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Storage: Strategic Element in Energy Management 

It is now national policy to reduce the consumption of oil in the 

United States, and electric utilities are working to respond to the 

challenge. Although new and renewable resources will be used 

to the extent feasible, the real option today is energy 

conservation and increased use of coal and nuclear. Energy 

storage, operating both on electric utility systems and on the 

customer side of the meter, can be a key element in the strategy 

for shifting energy consumption from oil to coal and nuclear in 

the electric utility, space heating, and transportation market segments. 

Baseload operation is the least expensive energy available in the utility system, 

and as described in this month's lead article, it is the availability of this low-cost, off-peak 

(night) energy that makes the concept of energy storage attractive and economically 

feasible. Supplying peak loads with stored baseload power will help utilities respond to 

the national policy of conserving oil in particular and conserving energy in general. Less 

energy, for example, would be used by a 70% efficient energy storage system charged 

by an efficient coal plant than would be used by a combustion turbine supplying the 

same power from coal-derived liquids. 

In another efficient alternative to managing energy, electric utilities today are 

actively pursuing load management by end-use storage to improve system load factors 

and reduce peak demand growth. This will reduce to some extent the need for peaking 

and intermediate units. However, our studies show that even extensive implementation of 

load management and end-use energy storage will not eliminate the need for the type of 

flexible generating unit best represented by today's pumped hydro and tomorrow's 

advanced storage technologies. For example, electric utilities even today can plan for 

incorporation of compressed-air storage or underground pumped hydro (both having 

more flexible siting possibilities than conventional pumped storage) in their operating 
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systems. The world's first compressed-air storage plant has been in operation in Huntorf, 

West Germany, since December 1978. Thus sufficient engineering detail is now available 

to assure us that no insurmountable problems remain for either compressed-air storage 

or underground pumped storage. 

The introduction of more advanced energy storage technologies, such as 

batteries and systems, will depend greatly on the success of ongoing research, 

development, and engineering efforts. The next several years should resolve the basic 

questions regarding the technical and economic potential of several battery concepts for 

both electric vehicles and utility applications. The commercial feasibility of cool storage 

systems for reduction of air conditioning loads is currently being explored. 

In our optimism for energy storage, it is important to recognize that the value 

and potential benefits that can be derived from energy storage require the availability of 

low-cost energy at periods of low demand. Energy storage is not an energy source-it is 

part of a strategy for managing energy. For energy storage to be successful, utilities 

must continue to build and operate baseload coal and nuclear generating stations. 

Further into the future these conventional sources may well be supplemented by solar, 

breeder reactors, or fusion. Energy storage owned and operated by utilities or operating 

on the customer side of the meter can assist in the most efficient and economic 

utilization of these resources. 

Thomas R. Schneider 

Manager, Energy Storage Program 

Energy Management and Utilization Division 
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Authors and Articles 

U
tilities have always stored energy as 

fuels of all kinds in holding tanks, 

stockpiles, and hydraulic reservoirs and 

in the delivery networks of railroads and 

pipelines. They have used those fuels in 

power generation technologies that can 

match the daily swings and even minute

by-minute surges of electricity demand. 

Now, however, the natural gas and (espe

cially) oil supplies for those most adapt

able power technologies are drying up. 

Putting Baseload to Work on the 

Night Shift (page 6) explains how elec

tricity can be generated continuously, 

with some of it converted to other energy 

forms and then regenerated on demand. 

Several EPRI- and DOE-sponsored proj

ects are science writer Jack Catron's 

sources, plus his discussions with 

Thomas Schneider, who has headed 

the Energy Storage Program of EPRI' s 

Energy Management and Utilization 

Division since January 1977. Earlier, 

Schneider worked four years for New 

Jersey's Public Service Electric and Gas 

Co., initiating and directing assessments 

of energy conversion and storage tech

nologies, including batteries, fission and 

fusion reactors, and electric vehicles. 

Schneider graduated from Stevens Insti

tute of Technology; he earned a PhD in 

physics at the University of Pennsylvania. 

• 

I t' s one thing for stored energy to fill 

a gap in power generation when elec

tricity demand surges momentarily up

ward. It's quite another for entirely new 

power options to fill the gap when spe

cific fuel shortages preclude former stor-
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age means and power technologies. 

Time Lag of Energy Innovation (page 

14) characterizes in one phrase the major 

problem that delays new energy re

sources and technologies. EPRI's R. L. 

Rudman and C. G. Whipple are the au

thors, assisted by writer Jack Catron, and 

they discuss various time-dependent 

phenomena that prevent our full use of 

new energy technology as quickly as the 

need arises. 

Rudman came to EPRI in March 1973 

as assistant to Chauncey Starr, founding 

president of the Institute. He organized 

EPRI's Planning Staff in 1974 and now 

directs the Policy Planning Division. 

Rudman is a graduate of the University 

of California at Los Angeles, with an MS 

degree in nuclear engineering from the 

same school. He worked at Los Alamos 

Scientific Laboratory on gas-cooled reac

tor design and was later an IBM consul

tant on engineering computing. 

Whipple has been with EPRI since 

June 1974, involved in a succession of 

assignments as manager of special stud

ies for the Planning Staff and since Sep

tember 1978 as a technical manager in 

the Energy Study Center. Whipple grad

uated in engineering science from Pur

due University; he added MS and PhD 

degrees at the California Institute of 

Technology. 

• 

M agnetohydrodynamics is quickly 

and mercifully abbreviated to 

MHD, so it's easy to miss what's going 

on: trading the kinetic energy of a fast

moving, ionized fluid for the de electric 

energy it induces in a circuit when passed 

through a magnetic field. The phenome

non has a twenty-first-century aura, but 

its first application will likely use coal, a 

fuel from centuries past, to produce the 

ionizing heat. 

MHD: Direct Channel From Heat to 

Electricity (page 21) summarizes the twin 

potentials of high efficiency and pollu

tion freedom when coal combustion 

gases are used to drive a combination of 

MHD and steam electric generators. The 

Journal's Nadine Lihach also writes of the 

wisdom and the ways of trading early 

efficiency for early reliability. And she 

taps the expertise of two project mana

gers who have guided EPRI's selective re

search in MHD. 

Paul Zygielbaum came to EPRI in 

December 1973, and MHD was his prin

cipal project management concern until 

November 1977, when he went to Port

land General Electric Co. on loan for two 

years in plant startup and operations and 

in generation planning. MHD now occu

pies him again, but only as a part of his 

work with combustion turbines in the 

Power Generation Program of the Ad

vanced Power Systems Division. Zygiel

baum holds a BS in engineering and 

applied science from the California Insti

tute of Technology; he also earned an MS 

in mechanical engineering there . 

Andrew Lowenstein, now a consultant, 

was EPRI' s project manager for MHD 

during much of Zygielbaum's absence, 

from June 1978 until January 1980. He 

previously worked more than four years 

in MHD power research at Avco Everett 

Research Laboratory, Inc. Lowenstein 



graduated in aeronautics from Rensse

laer Polytechnic Institute; he holds MS 

and PhD degrees in aeronautics and 

astronautics from Massachusetts Insti

tute of Technology . 

• 

F
or most of this century, as the U.S. 

gross national product rose year by 

year, we were content that this measure 

of national wealth was an inclusive and 

therefore satisfactory index of overall 

well-being. Moreover, for some 50 years, 

there was a nearly constant relationship 

between GNP and energy consumption. 

Quality of Life: An International 

Comparison (page 26) suggests the basis 

of a new index to well-being, or the qual

ity of life, one that uses international 

comparisons of many factors and, as a 

consequence, seems to resolve long

evident discontinuities between the U.S. 

energy-GNP ratio and those of other 

nations that have high living standards. 

The article was adapted by Jenny Hop

kinson, Journal feature writer, from a 

paper by C. F. Anderson, an EPRI senior 

economist, and Ben-Chieh Liu of the 

Midwest Research Institute. 

Anderson joined EPRI's Planning Staff 

in July 1976 and is now in the Special 

Studies Department of the Policy Plan

ning Division. He was previously with 

SRI International for 2 years. Anderson 

also worked in econometric analysis for 

several firms and lectured at several Cali

fornia universities over a 14-year period. 

He holds BA and MA degrees in eco

nomics from the University of California 

at Santa Barbara. 

Rudman 

Zygielbaum 

Whipple 

Schneider 

Lowenstein Anderson 
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Pulling Baseload lo 
Work on the Night Shift 
Energy storage could open the door to full employment of baseload power, allowing the 
excess output of nighttime production to be shifted to daytime consumption. This would 
help utilities and their customers to better manage electric load cycles, shift demand 
from the scarce fuels to the more plentiful and less costly domestic resources, and assist 
the gradual integration of solar energy into utility systems. A variety of technologies 
for both system-load storage and end-use storage are under development. 

1 
All utilities have a certain electric generating capacity that 
is designed to produce continuous power. This basic block 
of power-baseload-is typically generated around the 
clock from large coal and nuclear facilities. 

2 
All utilities face a cyclical demand for electricity that fluc
tuates by time of day and season of the year. The demand 
for power surges above baseload capacity during the work
ing portion of the day, when industry, business, homes, and 
transportation are simultaneously using large amounts of 
electricity, and dips below baseload at night. 
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3 
Intermediate Power 

Disparity between the peaks and valleys of demand and the 
constancy of baseload supply is traditionally reconciled by 
adding supplemental blocks of power during the day and 
cutting back on baseload power at night. Supplemental 
sources-intermediate and peaking generation-are typi
cally more expensive than baseload and rely heavily on 
such scarce fluid fuels as oil and gas 

4 
The unused portion of baseload power available at night 
would, in principle, create a block of reserve energy that 
could be lifted out and stored to help meet the peak de
mand of the following day. 

5 
Using some of the relatively inexpensive baseload power 
that was stored at night to meet daytime demand would re
duce costly intermediate and peaking power and oil/gas 
consumption. It would also make better use of capital in
vestment. 

, � 1,I 

Stored Energy 

I l 1 . l 
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U 
ntil now, demand for instanta

neous energy has been met pri

marily by the most convenient 

form of large-scale energy storage: fuel 

reserves. Oil and gas stand out as the 

preferred fuels for storage because of 

their high energy density and their ease 

of transport and combustion. Utilities, in 

particular, have come to rely on them to 

run the power plants that are started up 

and shut down each day to meet peaks 

of demand for electricity. 

All this is likely to change. During the 

coming decade, law and circumstances 

will force both electric utilities and their 

customers to sharply curtail their use of 

oil and natural gas. Coal, uranium, and 

to the extent possible, renewable re

sources will have to take up the slack, 

together with conservation and increased 

efficiency in energy use. Yet none of 

these major supply options are well 

adapted to meeting rapid variations in 

energy demand. Coal and nuclear power 

plants are better suited for continuous, 

baseload operation. Solar power is even 

less suitable because of its own intermit

tent nature and the vagaries of weather. 

So as oil and gas are phased out, other 

forms of energy storage must be found 

to accommodate the peaks and fluctua

tions in daily demand. Development is 

now proceeding rapidly on a number of 

alternative storage systems that can take 

advantage of surplus electricity gen

erated at night by baseload plants. In 

turn, they can help speed the transition 

from scarce to plentiful primary re

sources, improve utility load manage

ment, and reduce overall costs for utili

ties and their customers. 

Benefits of energy storage 

To grasp fully the prospective benefits 

of energy storage it is necessary to step 

back and view this vital link between 

supply and demand in the broad con

text of the integrated energy system. 

Benefits gained by any single part of 

such a system eventually accrue to the 

whole. 

Starting with the supply side, direct 
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and indirect storage of electricity from 

coal and nuclear baseload plants can 

displace the consumption of oil and gas 

in peaking and intermediate ( cycling) 

power plants. Present estimates are that 

fully implemented utility storage sys

tems could supply 1.5-2.5% of U.S. elec

tric energy (100-150 TWh) by the year 

2000, providing up to 15% of peak load 

demand from stored coal and nuclear in 

some regions. For each gigawatt of en

ergy storage plant in operation, 2-3 mil

lion barrels a year of petroleum could be 

saved. The total savings for the United 

States at the turn of the century could be 

as high as 150-300 million barrels a year. 

On the customer side of the electric 

meter, energy storage can have a com

parable impact. Performing customer 

load management with energy storage 

systems, daily variations in demand 

could be reduced. Given nighttime elec

tricity rates, storage could help the pene

tration of electricity into water- and 

space-heating applications. This ap

proach would substitute coal and nu

clear energy for heating oil and save 

30-50 barrels of oil a year for each elec

trically heated residence. Thus, every 

million residences converted from oil to 

stored off-peak electric heat would save 

30-50 million barrels of oil annually; 

if 30% of new housing units were so 

equipped, annual oil savings could reach 

500 million barrels by the year 2000. 

For utilities directly and customers in

directly, energy storage offers additional 

benefits. The capital costs of storage sys

tems will be lower than trying to meet 

fluctuating demands by building cycling 

coal units. Such systems also hold the 

potential to improve flexibility in power 

system planning and operation: They 

can provide efficient load following, re

duce the need for reserve generating 

capacity, and allow deferral of transmis

sion expansion because they can be sited 

closer to load centers. 

The environmental characteristics of 

both utility and customer energy storage 

systems are expected to be superior to 

those of conventional cycling units. 

Thus, storage provides an opportunity 

for transferring environmental control 

requirements from intermediate and 

peaking units to nuclear and fossil base

load plants. These are either inherently 

cleaner or can be equipped with more 

cost-effective emission control tech

nology. 

Electric supply storage 

In contrast to oil and gas, which are con

veniently transported, stored, and con

verted at the point of use, electricity has 

been more difficult and expensive to 

store and is usually generated on de

mand. Storage of electricity therefore 

requires conversion to a more readily 

storable form of energy, and an energy 

storage system can be considered in 

terms of three principal elements. The 

first is a converter, which accepts electric 

energy and changes it into a form more 

easily stored. A pump, for example, can 

be used to raise water to a greater height, 

converting electricity into mechanical 

(potential) energy. The second is a reser

voir. In the case of pumped water, the 

reservoir might be a small lake adjacent 

to the pumping plant. The third, a recon

verter (e.g., a water-driven turbine-gen

erator), is used to transform the stored 

energy back into electricity. 

Until recently, the only economic stor

age option available to electric utilities 

was the conventional pumped-hydro 

concept just described. Because the sites 

appropriate for such systems are quite 

limited, current R&D seeks to expand 

the choice of economic options, with 

emphasis on underground pumped 

hydro, compressed-air storage, and 

advanced batteries. 

The method of storing energy by 

transferring water between surface reser

voirs has been used in the United States 

since 1929. About 35 such systems, with 

a generating capacity of more than 25 

GW, are either in operation or being 

constructed in the United States. The 

largest of these plants is the Luding-

ton pumped-storage facility on the east

ern shore of Lake Michigan, with a star-



age capacity that can provide 15 GWh. 

Six reversible pumps raise water an 

average of 250 ft (76 m) into an artificial 

lake. As it is discharged, the water pro

duces 2 GW of power. 

Such facilities are obviously depen

dent on availability of suitable topogra

phy and they sometimes raise environ

mental objections. The artificial lake 

at Ludington, for example, must be con

tained by an earth-filled dam some 6 

miles (9.7 km) long. The size of the 

upper reservoir can be substantially 

reduced if the height to which water is 

raised can be increased. For conventional 

surface reservoirs this is frequently 

impractical, but engineers have begun 

to study the possibility of installing 

generating equipment and a lower reser

voir deep underground. 

EPRI and DOE are sponsoring site

specific design studies of such under

ground pumped-hydro storage systems. 

The height difference between the upper 

reservoir at the earth's surface and the 

lower one underground could be several 

thousand feet instead of the hundreds of 

feet common in conventional pumped

hydro installations. The required tun

neling techniques, cavern construction 

methods, and high-lift pumps are essen

tially in hand, and a commercial under

ground pumped-hydro plant could be 

built by 1990. However, the extremely 

high water pressure involved will still 

limit the locations where such facilities 

can be sited because of the need for rock 

formations of sufficient strength and 

integrity. More widely adaptable options 

are therefore needed. 

A mechanical storage system with po

tentially wider application employs air 

pumped into underground chambers 

during off-peak hours and later released 

to generate electricity (EPRI Journal, 

April 1979). Compared with pumped 

hydro, compressed-air storage has sev

eral advantages, including wider choice 

of suitable geologic formations, greater 

compactness, and a smaller minimum 

capacity. On the other hand, estimates 

of feasibility are less certain because 

of limited experience with compressed

air storage. 

Some of these uncertainties are now 

being resolved with the world's first 

commercial compressed-air storage 

facility at Huntorf, West Germany. This 

290-MW plant began operation in 

December 1978, using two 5-million-ft3 

(140-km3) salt caverns. 

EPRI and DOE are cosponsoring three 

preliminary engineering studies to pro

vide bases for design and decision by 

U.S. utilities interested in compressed

air storage. Each focuses on a particular 

storage medium: salt caverns, rock, and 

aquifers. The component technologies 

are largely available, and commercial

size plants (200-500 MW) could be op

erating in the United States by 1985. 

Another advanced technology, bat

teries, could become the preferred choice 

for daily cycle energy storage because of 

their potential for easy siting, operating 

flexibility, and short installation lead 

time. They could provide a significant 

part of daily peak loads and might ulti

mately represent up to one-half the util

ity industry's energy storage capacity if 

battery systems with sufficiently long 

life and low costs are developed. 

Although batteries were used in sev

eral U.S. cities more than 50 years ago 

to supplement the de power required 

by electric streetcars during rush hours, 

the conventional lead-acid battery is too 

expensive for large-scale application 

to modern power systems. A generation 

of advanced batteries, with potentially 

lower initial costs and longer service 

life, are now being developed; if success

ful, they could again make the large

scale storage of electricity in batteries 

attractive. 

Although some of the systems being 

developed may eventually last 2000 or 

more cycles and cost less than $50 /kWh 

of storage capacity, they tend to be more 

complex than conventional batteries. 

The sodium-sulfur battery, for example, 

must be operated at 300-350° C, while 

the zinc-chlorine battery depends on 

separate storage of chlorine in a solid, 

hydrated form. Before commercializa

tion, these advanced batteries must still 

pass several technical hurdles, including 

achievement of high efficiency to con

firm the durability of battery reactive 

and containment material, establishment 

of adequate cell and multicell battery re

liability, and development of truly low

cost manufacturing techniques. 

To assess the technical and economic 

prospects of the most promising ad

vanced batteries under development, 

EPRI and DOE have established the 

Battery Energy Storage Test (BEST) 

Facility. This facility, which is being 

cofunded and constructed by the Public 

Service Electric and Gas Co., New Jersey, 

is expected to begin operation in 1980. It 

will evaluate battery prototypes with a 

storage capacity of 5-10 MWh in a util

ity environment. The first prototype to 

be tested will probably be the 5-MWh 

zinc-chlorine battery now being built 

by Energy Development Associates, a 

subsidiary of Gulf+ Western Indus

tries, Inc. This battery will consist of up 

to 100 modules, each capable of discharg

ing for five hours at 10 kW. Another 

prototype, a 5-MWh sodium-sulfur 

battery, could be ready for testing by 

1985. 

To help ensure utility familiarity and 

acceptance of batteries as a practical 

energy storage option, DOE and the 

electric power industry have launched 

the storage battery for electric energy 

demonstration (SBEED) project. The 

1984 goal of this project is to demon

strate the operation of a 30-MWh lead

acid battery storage system connected 

to the grid of the Wolverine Power 

Cooperative in northern Michigan. The 

SBEED plant will be operated by utility 

personnel and will provide the realistic 

on-line performance, reliability, and 

economic data that utilities need to gain 

sufficient confidence to adopt battery 

storage on their systems. 

Although there are many other ways 

to store energy that may look attractive 

in principle, few of them are likely to 

be developed commercially during this 
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omparing costs of three utility storage 
ptions reveals that underground pumped 
ydro and compressed-air storage are 
1creasingly attractive when long periods of 
ischarge at ful l  power are sought. Many 
t i l ities look for discharge capabi l ity of 
-10 hours or more. For discharge periods 
,ss than 8 hours, battery systems become 
1creasingly attractive. 

-ecause electricity cannot be stored, it 
1ust be converted to a storable form of 
nergy and reconverted to electricity when 
eeded. Utilities are pursuing several 
1ethods of system-level storage, notably 
umped hydro, compressed-air storage, 
nd advanced batteries. 
At Seneca, New York, water is pumped 

1to an elevated reservoir at night and 
,leased to generate power during the day. 
bout 35 such pumped-hydro systems are 
ow in operation or under construction in  
1e  United States. Design studies are under 
·ay to place the lower reservoir deep 
nderground to increase the head of fal l ing 
·ater and thus reduce the size of the 
pper reservoir. 
At Huntorf, West Germany, the world's 

-st compressed-ai r storage plant went 
to operation in 1 978. During off-peak 
:,riods, electricity is used to pump 
)mpressed air into underground salt 
,verns. In the Un ited States, salt caverns, 
ick caverns, and aquifers are being 
�plored, and commercial-size plants 
100-500 MW) could be operating by 1985. 
At Hi l lsborough Township, New Jersey, 
,e BEST Facility is neari ng completion. 
unded by DOE and EPRI and operated by 
Jbl ic Service Electric and Gas Co., the 
ci l ity wi l l  become a major center for 
·sting advanced battery systems. Two 
·omis ing battery prototypes, the zinc-
1lorine being built by Energy Development 
,sociates and the sodium-sulfur being bui lt 
1 General Electric Co., wi l l  be among the 
·st to be evaluated. 

century at the utility system level. Their 

large-scale application must await the 

resolution of major technical and eco

nomic uncertainties. For example, var

ious methods have been suggested for 

directly storing the heat energy of nu

clear reactors or of conventional steam 

plants, but EPRI studies indicate that 

this type of storage will not become eco

nomically competitive in the nearer term. 

The development of technology for ther

mal storage is continuing, however, 

mainly as an adjunct to other energy 

management applications, including 

compressed-air storage, cogeneration, 

and solar power. 

Superconducting magnets could be 

used to store electricity directly, with 

very little energy wasted. However, 

useful installations would have to be 

extremely large, and the need for main

taining the system at cryogenic temper

atures raises great uncertainties of cost 

that have not been fully addressed in 

current conceptual designs. Flywheels 

are able to absorb and release energy 

very quickly, but they appear too expen

sive for large-scale utility application. 

Electric energy can be converted to chem

ical energy, producing a fuel that can 

be stored, transported, and reconverted 

to electricity. Hydrogen produced by 

electrolysis, for example, can be stored 

and subsequently used to generate elec

tricity efficiently in a fuel cell. However, 

the energy lost during this sequence 

of conversion steps and the cumulative 

cost of the required subsystems are at 

present too great for near-term consider

ation of this option on a large scale. 

End-use storage 

The residential, commercial, and indus

trial sectors of the national economy 

account for nearly 80% of U.S. gas con

sumption and about 37% of U.S. oil 

consumption. Direct burning to pro

vide space, water, and process heating 

accounts for most of this fuel use. 

If daytime demand for space heating 

and hot water is to be met increasingly 

by electricity from baseload coal and 

nuclear power plants, some of that elec

tric energy must be generated at night 

and stored. A cost-effective way to store 

baseload energy for such application 

could be to install a storage unit on the 

customer's side of the meter. Because 

this approach shifts the burden of capi

tal investment from the utility to the 

customer, the utility must offer a lower, 

off-peak electricity rate to create an in

centive for this investment shift. It must 

also be able to monitor time-of-use by 

customers. 

Several U.S. utilities have been mak

ing off-peak rates available for timer

controlled electric hot water heating, 

with a positive but somewhat limited 

impact on their load curves. A substan

tially larger impact can be expected if 

space heating is also provided from 

storage, which has been a growing prac

tice in several European countries for 

the past 10 years. In some parts of Ger

many, for example, electric storage 

heaters represent nearly 25% of the total 

demand for electricity, and in winter the 

daily load curve for a utility is almost 

flat. Various methods, including signals 

transmitted via radio waves or carried 

by electric power lines, are being ex

plored as means to provide utilities 

further control over the load represented 

by such storage units. 

The technical options for storage at 

the customer's side of the meter are 

constrained by the requirements of low 

cost, high reliability, and low mainte

nance. At present, these requirements 

are met by electrically heated water 

tanks, ceramic brick storage units for 

rooms, and floor slab heaters. All these 

are commercially available and are being 

studied as components of ongoing pro

grams to develop economic load man

agement strategies for utilities and their 

customers. 

For many U.S. utilities, air condition

ing represents a large portion of the load 

peak for summer days, and it would be 

very desirable to condition air with cool

ness produced by baseload power at 

night. Prototypes of cool storage systems 
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A typical profile of annual electric demand 
shows that utilities experience seasonal 
as well as daily cycles in electric load. Most 
util ities are now summer peaking, but with 
more than 50% of new homes going to 
electric resistance heating, a more balanced 
annual load may take shape. 

End-use storage devices that take 
advantage of off-peak rates wil l  also help to 
shave peaks and level load. Development 
is proceeding on both hot and cold storage,  
as  wel l  as  electric vehicles. Because air 
conditioning contributes greatly to summer 
peaking ,  cool storage is considered a more 
pressing need than heat storage, but it  is 
further from commercialization. The basic 
technical problem is that cool storage 
devices operate over a narrow temperature 
range (tens of degrees) whereas heat 
storage devices operate over a much 
broader range (hundreds of degrees). 

Below: A storage device to cool a 
typical residence for an entire day; 
residential/commercial heat storage devices 
-pressurized water tanks, floor slabs, 
central brick reservoirs, and room brick 
reservoirs; battery storage EVs-commercial 
vans and passenger cars. 



based on electric refrigeration to chill 

water or produce ice are now being 

tested (EPRI Journal, December 1978). 

Such systems tend to be more bulky 

and expensive than heat storage, but 

if these problems can be overcome 

through more research, the potential 

benefits would be substantial: Cool stor

age could reduce summer daytime air 

conditioning electric demand by up to 

50% in some areas of the United States. 

Further in the future, electric vehicles 

(EVs) charged at night for use the next 

day may eventually represent a signifi

cant form of energy storage influencing 

electric power load curves. From the 

technical side, the key to_ success will 

be the development of efficient, compact 

batteries for EVs (EPRI Journal, Novem

ber 1979). But social and economic 

changes will be needed as well; again, 

favorable off-peak utility rates could 

provide a strong incentive to use EVs. 

The potential payoff is large. For urban 

driving, EVs promise to be at least 50% 

more efficient than conventional cars 

in using coal as a transportation fuel, 

and they represent the only approach 

to using uranium as a transportation 

energy source. 

Storage of solar energy 

Solar energy-now being tapped for 

hot water and residential heating, even

tually also for electric power generation 

-provides an excellent example of how 

utility and customer storage can com

plement one another. On-site storage 

of low-grade, solar-derived thermal 

energy for buildings has an advantage 

over system-level thermal storage be

cause of the difficulty and cost of trans

porting low-temperature heat by water 

or other media. On the other hand, with 

solar electricity generation (by thermal 

or photovoltaic or wind energy conver

sion approaches), system-level storage 

permits better use of capital investment 

and makes available the economies of 

scale that result in lower cost per unit 

of storage capacity. 

In both cases, provision for backup 

energy supply will be vital to the even

tual large-scale adoption of solar power. 

Storage can provide the needed backup, 

coupling the inherently intermittent 

supply of solar energy to the fluctuating 

pattern of energy demand. In practice, 

if only a small fraction of a utility's gen

erating capacity is supplied by solar 

energy, storage would not normally be 

required because other components of 

the system could provide backup power. 

However, as solar electricity approaches 

10% and more of a system's total capac

ity, storage is needed to prevent more 

frequent and serious mismatches be

tween supply and demand. 

Utility storage systems will likely 

be commercialized before solar-electric 

generation, or possibly concurrently, 

and their presence will help utilities 

accommodate an extensive penetration 

of solar electricity without drastic sys

tem-level changes. Wide acceptance of 

hot water storage by energy users will 

likewise help acceptance of solar space

heating units. 

Outlook 

Facing the need to find substitutes for 

oil and gas to meet peak electric loads, 

most utilities will eventually have to 

adopt an integrated energy management 

system that incorporates both system

level and end-use storage. System-level 

storage (which includes all storage units 

connected to the power grid, regardless 

of geographic location) appears to be the 

most cost-effective means for storing 

electric energy. End-use storage (which 

includes storage units dedicated exclu

sively to a particular point of consump

tion) appears to be the most cost-effec

tive means for storing low-grade thermal 

energy. Yet the two categories of storage 

clearly interact. The problem is to deter

mine what blend of system-level storage 

and dedicated storage will work best to 

level utility loads, help bring oil-dis

placing energy resources on-line, and 

provide service at the lowest possible 

cost to the consumer. The preferred 

storage system mix will depend on the 

specific generating and energy resources 

available to a given utility and the eco

nomic, climatic, and meteorological 

characteristics of the region that help 

shape the profile of energy demand. 

Technologically, energy storage devel

opment is proceeding swiftly. Within 

five years several U.S. utilities are 

expected to announce plans to build 

underground pumped-hydro or com

pressed-air storage systems. Utility

level battery storage systems could come 

on-line by the late 1980s. Equipment 

to provide storage for residential and 

commercial water and space heating 

is already commercially available and is 

in widespread use abroad. Developing 

systems that can benefit both utilities 

and their customers will depend on 

more than an economic analysis of the 

technical options. 

Regulatory strategies will also strongly 

affect the role that energy storage will 

play. Pricing and tax policies aimed at 

reducing the use of natural gas and oil 

will increase the attractiveness and im

portance of energy storage, as will re

strictions and priorities in fuel alloca

tions. Tax credits and other financial 

incentives could promote the use of 

oil-displacing energy storage applica

tions. Wider use of off-peak rates will 

encourage customer energy storage, but 

such rates must be carefully designed to 

avoid shifting peaks from day to night. 

Despite the considerable uncertainty 

associated with our national energy 

scene, the breadth of applications, po

tential benefits, and technological poten

tial of energy storage appear sufficiently 

established to ensure an important role 

for storage in the energy systems of 

the future. • 
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Time Lag of Energy Innovation 
Providing alternative energy sources for the future requires more than just 
good ideas. New technologies take time to mature. 

by R. L. Rudman and C. G. Whipple 

The time it takes for a new idea to emerge from the laboratory and dominate a commercial market depends on the type of technology involved, 
the size of devices to be manufactured, the complexity of the manufacturing system that must be set up, and the type of market to be penetrated. 
In the electronics field, change is swift because the technological base developed quickly, the devices are small and simple to manufacture, 
and new markets are rapidly evolving. In jet aircraft, once the transition had been made from mi l i tary to commercial manufacturing, market 
penetration was rapid and complete-approximately 10 years. Nuclear power, despite favorable conditions, took over 30 years to achieve a sub
stantial penetration (10%) of the large and complex electric utility system. 

:T AIRCRAFT 

Bell Aircraft: 
first U .S .  

mi l itary jet 

)CLEAR POWER 

Fermi pile: 
rst controlled 
hain reaction 

1942 1944 1946 

I 
t took just 10 years after Thomas Edi

son patented the incandescent lamp 

for the electric generation and dis

tribution system he had developed to 

spread throughout the industrialized 

world. During the next decade, the 

fledgling electric power industry went 

through another revolution-the shift 

from Edison's low-voltage, direct-current 
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Boeing 707: 
f irst U .S. 

commercial j 
passenger ser 

E BR-1: first 
nuclear-generated 

electricity in 
kW quantities 

AEC: f ive-year 
plan for 
civilian 

nuclear power 

Nautilus: first 
nuclear-powered 

submarine 
launched 

Sh ippi ngport: 
first 

commercial 
prototype 

1948 1950 1952 

system to the complex high-voltage, al

ternating-current network we know to

day. Why, then, do experts warn that the 

emerging electric power technologies can 

have only marginal impact before the 

turn of the century? 

This question is being raised with in

creasing frequency by a wide variety of 

groups, each hoping to speed the inno-

1954 1956 1958 

vation process to meet its own set of 

priorities. "Push conservation; the tech

nology is already in hand," says one 

group. "What energy growth is needed 

could be supplied with simple solar tech

nology," adds another group. "No, no," 

replies a third, "only coal and nuclear 

energy will be sufficient to supply Ameri

can needs well into the next century." 



Boeing 727: 
fi rst commercial 

jet short-haul service 

J et 
penetration 

of commercial 
air traffic: 25% 

Dresden-1 
1d Yankee Rowe: 
irst commercial 
plants on-line 

1 960 1962 

Oyster Creek 
Report: 

commercial 
viabi l ity 

established 

1 964 

The controversy is familiar, but the 

role that time must play in resolving it 

is not. Even if a scientific breakthrough 

should suddenly occur-say, the develop

ment of extremely inexpensive photovol

taic cells-incorporating the new technol

ogy into the mainstream of electric power 

generation would remain a time-con

suming and expensive process. The main 

M ICROCOM PUTERS Computer on a chip: 
f irst 

microcomputer 

Market: 
commercial 
introduction 

of microcomputers 

Market: 
dispersion into 

industrial/consum 
applications 

1 966 

Jet penetration 
of commercial air 

traffic: 100% 

Nuclear plants 
on order: 91 

1968 1970 

reason, of course, is that the electric util

ity industry has become so large that 

sheer scale precludes the speed of change 

that was possible in Edison's day. But 

other factors are important as well. 

The way of change 

Generally speaking, a new technological 

idea must pass through four stages of 

1972 1 974 

Nuclear 
penetration : 

1 0% of electric 
power 

production 

development from the laboratory to 

widespread commercial use. Each stage 

is significantly more expensive than the 

one before, and insurmountable obsta

cles can appear unexpectedly at any point 

during the process. The cost of failure 

rises with each succeeding step, so that 

taking shortcuts can be an extremely 

hazardous approach. 
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The first stage is to prove a concept's 

scientific feasibility-that is, whether the 

concept can be demonstrated in a labor

atory environment. This stage usually 

gets the most publicity because of the 

exciting possibility of achieving a sud

den breakthrough. Yet even at this stage, 

the development process can become 

painfully tedious. For example, nearly 

40 years passed from the time Einstein 

showed theoretically that energy might 

be obtained from the breakdown of mat

ter until the first experimental evidence 

of nuclear fission. 

The next stage-to demonstrate engi

neering feasibility-actually involves 

several intermediate steps of construct

ing progressively larger devices, translat

ing the concept into practical application. 

First, a pilot plant is built that is just large 

enough to incorporate key subsystems 

and to check their performance. Next, 

the subsystems are individually scaled 

up to commercial size and incorporated 

into a medium-to-large demonstration 

plant to make sure that they can operate 

together. Finally, the first fully commer

cial-size plant (sometimes called the pio

neer plant) is built and tested to see 

whether total cost, performance, and reli

ability are acceptable. 

If the first two stages have been suc

cessful, the new technology enters the 

third stage-commercialization-during 

which private investors begin to place 

orders for equipment. For mature indus

tries like electric power utilities, the rate 

at which a new technology gains wide

spread application is usually very slow. 

Even if all new orders for equipment are 

suddenly shifted in favor of the new de

vices, market penetration lags because 

new plants take a long time to build and 

old ones take even longer to wear out. If 

the new technology involves fundamen

tally different methods of operation and 

maintenance, development of vital sup

port systems requires another major 

commitment of time and expense. 

Before a new technology gains signifi

cant use, it must overcome one last 

barrier. It must prove to be more eco-
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nomically attractive than the competing 

alternatives. Here, in this fourth stage, 

even the best ideas may meet crushing 

defeat. Industrialists often speak of a 

market window for any given technology, 

a period during which it may appear so 

attractive that it is swept into significant 

use relatively smoothly and rapidly. But 

when enthusiasts bring a new idea to 

market before all its problems have been 

worked out or when development is de

layed too long, competing technologies 

may sweep it aside. The window may 

close forever. 

Recent experience shows that the time 

required for a new technology to achieve 

significant use in the electric power in

dustry is now roughly 30-40 years, sig

nificantly longer than the decade or so 

common when the industry was young. 

Planning for alternative energy sources 

to generate electricity in the future makes 

it vital to account for this time lag. Even 

under the best circumstances, develop

ment and adoption of new power sources 

will be extremely time consuming and 

expensive. 

The nuclear example 

Nuclear power offers an excellent exam

ple of how a new energy source can be 

expeditiously developed to generate elec

tricity and of how delays can neverthe

less arise along the way. Born of wartime 

urgency, developed through government 

subsidization, and commercialized dur

ing a period of rapid economic growth, 

minimum regulatory delays, and una

bashed optimism, nuclear reactors still 

required 30 years to achieve a 10% pene

tration of the market in 1975. 

Nuclear power's four developmental 

stages were more complex than most 

people realize. Demonstrating scientific 

feasibility, in particular, was a tedious 

process; some reputable scientists pre

dicted that it would never be accom

plished. Einstein propounded his theory 

in 1902; fission of individual nuclei oc

curred in 1939; and the first simple reac

tor (literally a pile of graphite bricks and 

uranium fuel) began operation in 1942. 

During the next two years, five separate 

reactor concepts were introduced as pos

sible candidates for further development. 

The milestone in demonstrating engi

neering feasibility-the first kW genera

tion of electricity from atomic power

did not come until 1951. The nine years 

since the operation of Enrico Fermi's first 

simple reactor had been filled with fever

ish activity. Parallel development of sev

eral promising reactor designs was facili

tated by unlimited government financing 

and managed by the dynamic Hyman 

G. Rickover. 

At this point, the priorities of utility 

designers diverged from those of engi

neers developing reactors for nuclear 

submarines. Although old hands still 

argue about the wisdom of choosing 

the pressurized water reactor designed 

for submarines as a model for building 

the first commercial-size nuclear power 

plant, a 60-MW pioneer plant began op

eration in 1957. By 1963 commercial

ization was considered established when 

utilities began to place orders for major 

nuclear installations on the basis of their 

experience with the early prototypes. 

For the next 10 years, market pene

tration was rapid. By the end of 1972, 

160 power reactors had been ordered. 

Although new orders for nuclear plants 

have now fallen off, it would be hard to 

imagine faster development of this tech

nology from laboratory experiments to 

significant commercial use. 

Some of the reasons for the current 

retrenchment of nuclear power are, of 

course, unique to that technology. How

ever, many of the economic, regulatory, 

and political constraints that now affect 

reactors will also slow the development 

of other alternative energy technologies. 

They will have to compete in a time of 

reduced economic growth, slower turn

over of generating capacity, and dimin

ishing natural resources. Instead of 

sharing the postwar enthusiasm for 

technological development, the public 

demonstrates only a vague perception of 

the energy crisis. Perhaps most impor

tant, the tremendous growth of regula-



tory and licensing requirements for new 

power plants of any kind-environmental 

impact assessment, land use planning, 

and regulatory commission hearings

will slow the introduction of even the 

most attractive new alternatives. No fu

ture electric power option is likely to 

exceed the nuclear power speed record. 

Rising constraints 

Since the early days of the atomic age, 

both technology and society have be

come more complicated. Scientific break

throughs still occur, but the distance 

between bench models and commercial 

plants is rapidly increasing. Specifically, 

the side effects of any new technology 

must be more carefully monitored be-

cause the potential environmental dam

age in an increasingly industrial society 

has also grown. Despite growing public 

concern over energy shortages, total 

social commitment to any one technolog

ical alternative is unlikely; neither polit

ical power nor popular opinion is as co

herent as it was during the introduction 

of the nuclear power option. 

Just changing the fuel base for power 

generation would require a long lead 

time, even if present technologies were 

used. And in general, the more complex 

a technology, the longer is its develop

ment. Fusion energy will almost certainly 

take much longer to develop (if, indeed, 

it can be developed) than did fission reac

tors. The fundamental reason is clear: 

Development Phases for Future Power Technologies 

Significant 
Use 

Uti l ity 
I ntegration 

Commercial 
Feasibi l ity 

Engineering 
Feasibi l ity 

Scientific 
Feasibi l ity 

1 930 

Light water reactor Fusion 

1 950 1 970 1 990 2010 

Bringing a new electric power technology from the laboratory to the point of commercial 
penetration in the electric util ity industry takes roughly 35-45 years. The scale, complexity, 
and cost of hardware development increase sign ificantly with each stage in the develop
ment process: $1-$10 mi l l ion for scientific feasib i l ity, $ 10-$100 m i l l ion for engineering 
development, $ 100 mi l l ion-$1 bi l l ion for engineering demonstration, and $1-$ 1 0  b i l l ion for 
the first commercial plant. 

The pace of development for future power options is based on the example of nuclear 
l ight water reactor development between 1 945 and 1 970. The principal barrier to fusion is 
technological ;  to solar-e lectric, economic; and to the fast breeder, institutional. Given 
today's c l imate of constraint, these projections may be optimistic. 

There is no simple fusion equivalent to 

the first atomic reactor. To demonstrate 

the scientific feasibility of nuclear reac

tors, Enrico Fermi and his coworkers 

were able to construct a relatively inex

pensive model, by hand, underneath a 

football stadium. However, fusion can 

only occur under extreme temperature 

and pressure conditions, so large, expen

sive machines are required to support 

even the smallest fusion reaction. Thus, 

fusion energy's scientific feasibility has 

yet to be demonstrated, although recent 

progress has been very encouraging. 

The increasing complexity of energy 

technology requires sophisticated auxil

iary equipment and trained personnel. 

Both take time to develop. If, by some 

miracle, practical fusion devices could 

be demonstrated this year, a new set 

of industries would still be required to 

build them and a new generation of tech

nicians trained to operate and maintain 

them. But fusion represents an extreme 

example. 

The Industrial Fuel Use Act of 1978 

prohibits the building of any new oil- or 

gas-fired power plants (with a few excep

tions) and calls for phasing out entirely 

the use of natural gas for power genera

tion by 1990. To accommodate a shift 

away from petroleum and gas will send 

a shudder through the energy production 

establishment-from the demand for 

freight cars to transport coal to the in

crease of incentives for developing syn

thetic fuels. 

The case of coal also illustrates how 

tighter environmental regulation has in

creased the time required to install new 

energy sources, even for a mature tech

nology. About half of the 8-10 years 

required to bring a new coal-fired power 

plant into operation is spent obtaining 

the necessary government approvals. 

About 60% of the cost of a new coal sta

tion going on-line in the mid-1980s will 

be spent on environmental controls, 

which significantly adds to construction 

time. If the use of coal is increased as 

expected, even more delays must be ex

pected because of the provisions of the 
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Resource Conservation and Recovery Act 

and the Clean Water Act. 

Thus, the old adage time is money 

takes on new meaning for time-consum

ing constraints on technological develop

ment. Even if all the other technical and 

social barriers to rapid development of 

new energy sources can be accommo

dated, demand for painfully limited capi

tal will still remain. One-third of the U.S. 

consumption of primary energy resources 

now goes to generate electricity, and by 

the year 2000 that figure is expected to 

be one-half. Just to meet that schedule 

will tax capital supply because electric 

utilities represent about one-sixth of total 

annual business investment. Any sub

stantial effort to shift the energy base to 

new technologies could only come at the 

expense of other industrial investment, 

for they tend to be more capital-intensive 

than conventional power sources. 

As a result of these and other con

straints, EPRI scientists have developed 

a hypothetical scenario that provides a 

ceiling estimate of the rate at which any 

new power generation technology might 

be integrated into the existing system. 

In this scenario it is assumed that scien

tific feasibility has already been demon

strated, that a large demonstration plant 

could be completed in 1985, that utility 

orders for the technology grow rapidly, 

and that new plant construction time is 

eight years. Under these assumptions the 

new technology might provide 8.2% of 

the nation's electricity in the year 2000. 

However, if longer construction times are 

required or if generating capacity does 

not grow as rapidly as expected, market 

penetration by century's end will be 

far less. 

Against this background, the optimism 

sometimes expressed regarding quick 

development of various alternative tech

nologies begins to fade. 

The new options 

Promising ideas abound. Solar energy 

has captured the public fancy; the federal 

government has launched a massive syn

thetic fuels program; fusion power's sci-
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entific feasibility may be demonstrated 

by the present generation of experimen

tal devices; and new ways of tapping 

geothermal resources are being devel

oped. Yet, before any of these options 

can have more than a marginal effect on 

the total U.S. energy balance, many 

time-consuming experiments must be 

conducted. 

Geothermal energy has been used 

since the time of the Romans, who ex

ploited it to heat their famous baths. 

Some 500 MW of relatively inexpensive 

electricity is now being generated in the 

United States, using commercially avail

able technology. However, if this gener

ating capacity is to be expanded signi

ficantly, new technologies must be 

developed because the easily tapped dry 

steam being used represents only about 

0.5% of the total U.S. geothermal energy 

reserves. 

The time that will be required to tap 

additional geothermal resources varies 

according to the type of heat available. 

Hydrothermal (hot water) resources 

make up about 10% of the recoverable 

electricity-grade geothermal energy, but 

water temperatures differ considerably, 

as do mineral content and the presence 

of noxious gases. EPRI is sponsoring de

velopment of a binary-cycle technology 

that can use a variety of hydrothermal 

sources, but no commercial-size plant 

has yet been built. Tapping the geopres

surized reservoirs that lie in deep sedi

mentary strata or the heat of rocks that 

lie just above magma from the earth's 

molten interior will take much longer. 

Hydrothermal is the only geothermal 

resource that can make a noticeable con

tribution to U.S. energy needs during 

the balance of this century. By using this 

resource, total geothermal capacity could 

be expanded by a factor of 40 during the 

next 20 years (to 20,000 MW). Although 

this contribution would be important to 

the energy needs of the Southwest, it 

would only represent about 2% of the 

nation's total anticipated capacity in the 

year 2000. 

Synthetic fuel, in the form of coal gas, 

has also been commercially available for 

more than a century. To enable it to 

compete in today's market, however, new 

ways must be developed to convert coal 

into oil or gas or to extract a useful prod

uct from oil shale. Most of the technol

ogies in question have only reached the 

pilot plant stage of development, al

though one (gasification-combined cy

cle) is considered ready for commercial 

demonstration. But even if the relatively 

ambitious goals set for the new govern

ment synfuels program could be met 

(which many experts doubt), total pro

duction capacity in the next one or two 

decades would still be less than 10% of 

today's demand for oil. 

Solar energy must be understood as 

involving two different groups of tech

nologies, each involving a different set of 

delays. On one hand, solar units for resi

dential hot water and space heating are 

already commercially available, but bar

riers to their wider use are related to the 

shift of energy investment from utilities 

to homeowners. On the other hand, solar 

technology for utility-scale production of 

electricity is not yet here; it is just now 

entering the demonstration plant phase 

of development. 

The economic and social problems 

facing expansion of the home solar heat

ing market are typical for dispersed 

energy systems. As long as electricity 

or other forms of energy for consumers 

are delivered from central generating or 

distributing facilities, the burden of capi

tal investment falls on utilities and other 

industries. So also do the responsibilities 

for providing reliable service and meet

ing government regulations. But when 

the facilities are consumer-owned, other 

considerations emerge. For example, the 

interest rate for consumer investment in 

energy equipment is much higher than 

that for utility systems, although tax 

credits and programs for consumer fi

nancing are being developed. Further, 

only a handful of the nation's 10,000 or 

more municipal building codes provide 

for solar equipment installation or solar 

access rights, and the infrastructure 



1.2 Solar Heating for Residences 
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Solar energy devices for heating homes are now reaching the stage of commercialization, 
but significant market penetration will depend on the rate of growth and turnover of 
housing stock. If 22% of the new houses built in the next two decades incorporate solar 
heating, total residential heating demand from conventional sources would be reduced 
by 7% by the year 2000 (lower curve). This corresponds to 9.5 million solar-heated homes 
in 2000. If, in addition, 5% of the housing stock existing in 1985 is retrofitted with solar 
heating, heating demand would be reduced by 9% (upper curve). This corresponds to 13.2 
million solar-heated homes in  2000. 

needed to produce, market, finance, in

stall, and maintain solar units has not yet 

matured. 

Several years will likely be required 

to provide the economic and regulatory 

incentives that can assure homeowners 

of recouping their solar investment. Even 

then, the relatively slow turnover of the 

housing stock will further delay the 

significant impact of solar heating on 

total energy demand. If 20-25% of the 

new residences constructed between now 

and the year 2000 are installed with solar 

space heating and an additional 3.5 mil

lion homes are retrofitted, the savings 

would amount to roughly 9% of residen

tial heating demand, or 1% of total U.S. 

energy requirements. 

The eventual success of solar-gener

ated electricity will depend on the results 

of tests and experiments just now being 

conducted. A 10-MW solar-thermal 

demonstration plant is under construc

tion, and if technical and economic un

certainties related to this technology can 

be resolved, such systems may be com

mercialized by the early 1990s. As a 

result, solar electricity is likely to make 

only a marginal contribution to total sup

ply by the turn of the century. Once solar 

power does provide a significant fraction 

of a utility's generating capacity, a new 

set of considerations arise, including the 

need for storage facilities to compensate 

for irregularities of supply. 

As would be expected of a technology 

in the earliest stages of development, 

scientists are not yet sure which potential 

fusion power reactors look the most 

promising or how they might best be 

used. Scientific feasibility of the fusion 

concept (obtaining more energy from a 

reaction than is required to ignite it) will 

probably be demonstrated first in a mag

netic confinement device of the tokamak 

type. But there is intense disagreement 

over whether other magnetic confine

ment designs or fusion induced by laser 

beams may eventually provide the best 

model for scaling up to commercial size. 

Even after this decision is made, other 

critical uncertainties will remain, such as 
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the choice of fuel and whether to use 

fusion devices to breed fuel for nuclear 

reactors. In any case, the first fusion 

reactor to produce useful power will 

probably not be built until after the 

year 2000. 

Money and time 

If time is so precious, how much could 

the introduction of a new energy tech

nology be speeded up by throwing 

money at it? Not much. The main advan

tage of massive funding, as in the case 

of nuclear energy, is to promote the de

velopment of several design options, thus 

allowing more freedom of choice and 

increasing the chances for ultimate suc

cess.  Many young technologies can be 

tested on the pilot plant scale at the same 

cost as building a full demonstration 

facility for a single technology. Once the 

most promising candidates for further 

development have been selected from 

early experiments, progressively larger 

models must be built to prepare the tech

nology for commercialization. Each step 

is far more expensive than the one before, 

and taking shortcuts can lead to rude 

surprises. 

The American heat pump experience 

offers an example of what can happen 

when a technology is marketed prema

turely. Introduced commercially in the 

1950s, heat pumps were touted as a more 

efficient (and eventually a more econom

ical) way of residential heating and cool

ing, although they initially cost more 

than conventional units. But because not 

all the bugs had been worked out by 

thorough testing and the development of 

maintenance experience, many of the 

early devices were plagued by problems. 

Sales rapidly declined, and the experi

ence soured the market for a basically 

attractive technology for about two 

decades. Now, however, improved heat 

pumps are again being offered for sale 

and may eventually make a sizable con

tribution to energy conservation. 

Undue haste could be particularly 

detrimental to the development of solar 

technology. If the home units now being 
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marketed prove unreliable because of 

installation and maintenance problems, 

potential buyers may become disillu

sioned, as in the case of heat pumps. 

Although solar energy offers long-term 

potential for displacing scarce fuels, ini

tially the construction of solar devices 

requires a substantial fuel investment. 

The energy required to build solar sys

tems represents about 30% of the total 

energy they eventually produce, so that 

trying to rapidly accelerate the introduc

tion of solar equipment could actually 

result in a substantial short-term increase 

in demand for conventional power. 

If massive funding is not carefully con

trolled, flexibility may suffer. Out of 

several promising new technology op

tions, one may be pushed ahead simply 

because it is available, and thus it may 

capture a significant market share before 

other options are given a chance to com

pete. A crash program to develop syn

thetic fuels also runs this risk. If substan

tial production capacity is expected to be 

operating in a decade, the only way to 

meet this goal will be to build plants of 

a type already commercially available. 

But the only fully developed synfuels 

technology- the Lurgi process - is al

ready obsolete. Far more efficient and 

environmentally benign processes will 

soon be available, but not in time to meet 

massive production goals by 1990. 

Even conservation-the only available 

short-term option-faces some inherent 

time constraints that mere money would 

be powerless to remove. Energy-efficient 

new buildings, for example, can easily 

be constructed, but the turnover rate is 

so low that it will take years for this effort 

to have noticeable effect. Again, some 

retrofitting is possible, but just adding 

insulation and double windows to a 

home requires substantial investment, 

and legislation to provide incentives 

to make such a commitment has been 

slow in coming. Such energy-conserving 

technologies as cogeneration and urban 

waste conversion will take even longer 

to introduce. 

The importance of conservation and 

the inevitability of delay were empha

sized in a report prepared by the Com

mittee on Nuclear and Alternative En

ergy Systems of the National Research 

Council. 

"In the very near future, substantial 

savings can be made by relatively simple 

changes in the ways we manage energy 

use and by making investments in retro

fits of existing capital stock and consu

mer durables to render them more en

ergy efficient. 

"The most substantial conservation 

opportunities, however, will be fully 

achievable only over the course of two 

or more decades, as existing capital stock 

and consumer durables are replaced. 

There are economically attractive op

portunities for such improvements in 

appliances, automobiles, buildings, and 

industrial processes at today's prices for 

energy, and as prices rise these oppor

tunities will multiply." 

Time to plan 

The implication of the inevitable time lag 

associated with adoption of any new 

technology is sobering: Energy decisions 

must be made far in advance if a crisis 

is to be averted. This conclusion is espe

cially true for electric utilities, whose 

complexity makes them prone to partic

ularly long technological lead times. If 

the benefits of new technologies are to be 

harvested in the twenty-first century, the 

necessary research and development 

must be conducted now. 

Advanced electricity options, such as 

solar electric and geothermal, will pro

vide a small fraction of our energy needs 

in the next 20 years. Their contribution 

could be very important, but by them

selves they are unlikely to swing the 

energy balance in favor of adequate sup

plies. Even with extensive conservation 

and the orderly introduction of new tech

nologies, demand for electricity is ex

pected to at least double by the year 2000, 

and based on abundant domestic energy 

resources of coal and uranium, present 

power generation technologies must be 

responsible for most of this growth. 



MBD: 
Direct 

Channel 
From 

Beat to 
Electricity 

T
eam a conventional steam-electric 

power plant with an unconven

tional new technology and you get 

the promise of better efficiencies-but 

bigger engineering problems as well. The 

new technology now under development 

is magnetohydrodynamics, or MHD. 

In this new power plant's MHD top

ping cycle, terrifically hot, pressurized 

combustion gases would rush through a 

duct and through the field of a supercon

ducting magnet. The 4600°F (2200° C) 

heat of these gases would be far above 

the temperatures used in conventional 

turbines, but this heat and the judicious 

addition of an ionizing material would 

boost the gases' electrical conductivity. 

The flow of the ionized gases through the 

magnetic field would produce a direct 

electric current across the duct. The cur

rent would be amassed by hundreds of 

electrodes, converted to alternating cur

rent, and sent on its way. 

The exhaust gases, their conductivity 

reduced and now at 3600°F (1650° C), 

would then be routed through a bottom

ing cycle, where a special heat recovery 

boiler would raise the steam to run a con

ventional turbine unit. The steam portion 

of the plant would generate an amount of 

electricity roughly equal to that gener

ated in the MHD portion. 

With possible efficiencies 
of up to 50%, a power plant 
that combines conventional 
steam-electric generation 

with unconventional 
magnetohydrodynamics 

wou ld seem a compel l i ng 
choice .  But MHD sti l l  

has much techn ical ground 
to cover and plenty of 
competit ion before it 
can reach the electric 

uti l ity market. 

Promise-and problems 

The fifty-fifty combination of MHD top

ping cycle and steam-electric bottoming 

cycle could permit a power plant to 

achieve power conversion efficiencies of 

45-50% from direct coal firing, com

pared with the 35% efficiencies of steam

electric generation alone. Because of 

these higher efficiencies, less coal would 

be needed to produce the same amount 

of power, thereby reducing fuel costs 

and thermal pollution. The new system 

also offers the possibility of internal 

sulfur oxide control: The potassium 

carbonate seed used to ionize the com

bustion gases could recombine with the 

sulfur in those gases, and the sulfur 

would then be trapped as potassium sul

fate. Precombustion sulfur removal or 

postcombustion scrubbing would there

by be eliminated. 

But whether MHD power plants will 

be a part of the nation's energy future is 

a tough question to answer. MHD tech

nology is "high-risk, high-cost, long

term," according to Paul Zygielbaum, a 

project manager in EPRI's Power Gen

eration Program, which includes MHD 

research. Although most of the plant 

systems will be conventional-fuel stor

age, steam turbines, boilers, and the 

like-the critical MHD system is made 
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up of many subsystems that are new to 

utilities, in need of much development, 

or destined to operate in a hostile en

vironment. 

A high-temperature combustor; MHD 

generating channel; appropriate dc-to-ac 

power inverters; superconducting mag

net with cryogenic support system; and 

seed injection, recovery, and reprocess

ing systems are some of the major pre

requisites for an MHD power plant. 

Some have to be developed from the 

ground up; others have counterparts in 

other industries and need adaptation 

before being used on a utility system. 

Many of these subsystems will be sub

ject to MHD's greatly elevated tempera

tures and to damage from slag, potas

sium seed, and electrochemical erosion. 

Plainly, the task of developing MHD is 

not a small one. "MHD has sizable engi

neering problems, but there appear to 

be no insurmountable problems," says 

Andrew Lowenstein, a former EPRI 

MHD project manager who now has his 

own consulting firm specializing in MHD 

power engineering. "What's needed is a 

lot of building, trying, learning, and rede

signing." 

In recent years, MHD's engineering 

problems have been vigorously tackled 

with both federal and utility monies. Al

though funding for this complex tech

nology flagged in the mid-1960s when it 

appeared that the engineering hurdles 

were too formidable to merit large in

vestment, the dollars picked up again in 

the early 1970s when fuel shortages 

loomed. Since 1971 DOE and its pre

decessor agencies have invested some 

$250 million in utility-oriented MHD re

search; EPRI has contributed about $6 

million in utility funds. Although the 

EPRI investment is modest compared 

with the federal outlay, both Zygielbaum 

and Lowenstein agree that the returns 

on that money have been considerable. 

Through projects concentrated on critical 

research items, EPRI has been able to ex

plore for itself the MHD option, identify

ing important R&D needs, performance 

requirements, preferred applications, 
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and plant configurations for MHD' s 

ultimate buyer-the utility industry. 

These combined federal and EPRI in

vestments have already produced sig

nificant results in the development of 

major MHD subsystems. In 1978 a 500-

hour cycling test of an MHD generator 

was accomplished by Avco Everett Re

search Laboratory, Inc. DOE sponsored 

the test, performed under simulated coal

fired conditions at Avco's 20-MW (th) 

Mark VI test facility in Massachusetts. 

An MHD channel must endure punish

ing treatment, notably electrochemical 

erosion and corrosion by slag and potas

sium seed. Although the goal for gen

erator wall life is one year (about 7000 

hours), the jump from only minutes of 

operation in the 1960s, to a duration 

record of 95 hours in 1976, and from 

there to the present 500 hours is a sig

nificant achievement. 

Another important development was 

the 1977 milestone testing of a 5-tesla 

(50,000-gauss) superconducting magnet 

on the 20-MW (th) bypass loop of the 

USSR's U-25 MHD pilot facility near 

Moscow. The 40-ton magnet, built by 

Argonne National Laboratory for DOE, 

is the largest superconducting magnet 

ever built of the type suitable for MHD 

applications. The magnet has been ex

tremely reliable in its more than two 

years of operation. 

In still another MHD advance, a 250-

k W inverter developed by Avco Everett 

for EPRI has converted the de output of 

the Mark VI facility to ac power for 12 

hours. This test was the result of a joint 

EPRI-DOE effort to research power

conditioning and control circuitry. Dur

ing testing, the inverter started, adjusted 

load, and shut down without significant 

operation problems. Power was actually 

delivered to a local utility grid. 

The next big stage in the development 

of MHD is startup of a 40-50 MW (th) 

component development and integration 

facility (CDIF) in Butte, Montana. The 

plant, commissioned by DOE, is sched

uled to begin operation in late 1980. Dur

ing testing, CDIF will deliver power to 

the grid of The Montana Power Co. 

Although there are numerous MHD 

test facilities in the United States, CDIF 

will be the first integrated coal-fired plant 

for testing MHD components on a fairly 

large scale and under realistic operating 

conditions. The 20-MW (th) Mark VI 

MHD generator test facility, for example, 

lacks coal-firing capability and tests only 

channel and inverter components; DOE's 

20-MW (th) coal-fired flow facility, under 

construction near Tullahoma, Tennessee, 

will test downstream components, such 

as heat exchangers and seed recovery 

equipment, but will be equipped with a 

generator smaller than CDIF's. And al

though the USSR's U-25 is an integrated, 

functioning 250-MW (th) pilot plant, it 

runs strictly on natural gas; coal-fired 

MHD plants require considerably more 

engineering. 

When suitable MHD components 

have been developed at CDIF, DOE may 

engineer those components up to 250-

500-MW (th) scale for an engineering test 

facility that would go on-line around 

1990. The next step could be a com

mercial-size facility. 

Meanwhile, EPRI continues its MHD 

research, whose main objectives have 

been the development of design data 

for MHD generators, the development of 

power-conditioning equipment, and the 

design and analysis of first-generation 

MHD plants. EPRI-sponsored work at 

Avco Everett and at Stanford University 

has made key contributions to generator 

development in the areas of slag be

havior, electric current transport, electro

chemical reactions in the generator, and 

diagnostic instrumentation. Stanford is 

providing data on generator operation to 

support the development of power-con

ditioning equipment. Having completed 

development of the 250-k W Avco Everett 

inverter, EPRI now has Westinghouse 

Electric Corp. under contract to provide a 

3.5-MW inverter for DOE's CDIF, ac

cording to Robert Schainker, project 

manager. Through this major MHD sub

system effort, EPRI staff will have an 

opportunity to work closely with federal 



MHD in Principle 
When a conductive fluid, such as a gas, 
flows through a magnetic field, an 
electric field results. When the gas 
flow is contained within a duct (or 
channel) whose walls are electrically 
insulated from each other, those walls 
will be at different electric 
potentials. I f  electrodes at any two 
d ifferent potentials are connected, a 
direct current is produced. 

Inside the MHD Power Plant 

Load 

Magnetic field 

Electric field 

I n  an MHD power plant, power is produced through a combination of magnetohydrodynamics 
and steam generation. Coal and oxygen-enriched, preheated air are fired in a combustor, 
resulting in 4600°F (2200°CJ combustion gases. The conductivity of those gases is enhanced 
by the addition of potassium carbonate seed material. The pressurized gases rush through an 
MHD channel surrounded by a superconducting magnet. The flow of the ionized gases through 
the magnetic field produces a direct electric current across the channel. This current is 
collected by electrodes in  the channel walls and converted to ac power in an inverter. Meanwhile, 
the sulfur in the burn ing coal combines with the potassium carbonate seed material and is 
trapped as potassium sulfate. The 3600°F (1650°CJ exhaust gas then passes through a steam 
generator; the resulting steam spins a turbine, which in turn powers a conventional ac generator. 
The ionizing seed in the exhaust gases is later regenerated. Advanced plants might make more 
extensive use of exhaust gases to preheat combustion air, thereby eliminating the need for 
oxygen enrichment. 
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M H D  Hardware in Place 

DOE's 40-50-MW (th) Component Development 
and I ntegration Facil ity in Butte, Montana; 
startup is scheduled for late 1980. 
Photo courtesy MERO/. 

I ron-core magnet at COIF ;  a superconducting 
magnet will be installed later. 
Photo courtesy MERO/. 

The 250-kW inverter developed by Avco Everett 
Research Laboratory, I nc. ,  for EPRI .  

Maintenance work on a channel of the USS R's U-25 
MHD pilot facil ity near Moscow. 
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researchers at this key facility. EPRI's 

three major design and analysis studies

two by Westinghouse and one by STD 

Research Corp.-are now largely com

pleted, but EPRI may well continue with 

further design and analysis efforts. 

Future funding depends largely on MHD 

progress at CDIF and in other projects. 

The federal government, on its part, is 

expected to continue to pursue its sizable 

development program. 

Stiff competition 

These many recent advances have im

proved MHD's prospects, yet hardware 

advances alone are not enough to put 

MHD plants into commission by 2000, 

the year first-generation units might be 

expected to enter utility service. Ulti

mately, hardware must go to market, 

where the competition among advanced 

power systems is rough. For the long 

term, MHD, advanced gasification-com

bined cycles, molten carbonate fuel cells 

with gasifiers, and other technologies are 

all competing for the baseload power 

generation market. Many of these tech

nologies may require less engineering 

development than does MHD, and some 

have comparable attractions. Many have 

the added push of vendor support, some

thing that MHD, with its special devel

opment problems, lacks. 

But there may be a way to keep MHD 

in the running. "The utility industry sees 

the reliability problem as paramount," 

reasons Zygielbaum. So instead of con

centrating R&D efforts on reaching the 

highest possible efficiencies, researchers 

could plan a two-stage development pro

gram whose first stage stresses the re

liability necessary for MHD to get that 

all-important foothold in the utility 

market. 

Thus first-generation MHD plants 

could be built with relatively modest 

efficiencies of about 38-39%. These effi

ciencies would certainly not be the 

highest MHD is capable of, but they 

might be a sufficient incentive for some 

utilities to invest in first-generation 



MHD plants. At the same time, such a 

plant might have reduced technical risks; 

thus demonstration of reliable opera

tion might be more easily attained and 

utility confidence won. Second-genera

tion MHD plants with high efficiencies 

could then evolve to compete with the 

advanced technologies beyond the year 

2000. 

Operation and system analyses con

tracted by EPRI have indicated a first

generation MHD plant design that incor

porates more conventional technologies 

in key subsystems for improved reli

ability. One important part of such a 

design concerns the method used to help 

boost combustor temperatures to the 

4600°F (2200°C) necessary for proper 

conductivity. 

The researchers originally thought that 

heat from MHD exhaust gases could 

be used to preheat combustion air to 

temperatures of 2500-3000°F (1050-

15000 C), thereby elevating plant effi

ciencies. However, the practicality of 

such a design seemed questionable after 

thorough EPRI analysis. An advanced 

MHD plant with such a direct-fired pre

heater might attain efficiencies approach

ing 50%. Nevertheless, the high-tem

perature, potassium- and slag-laden gas 

would wreak havoc on downstream heat 

exchangers, ducts, and valves. 

Both the number of components in

volved in this design and the harsh en

vironment would result in poor reliabil

ity. An MHD plant with a separately 

fired preheater was another possibility. 

The fuel for this preheater would come 

from a small coal gasification plant. This 

design could result in an MHD plant 

with 40-42% efficiencies; again, however, 

the number of components required 

would constitute a reliability risk. 

Recent EPRI research has shown that 

oxygen enrichment of the combustion air 

tnight be the best approach for first-gen

eration plants. Granted, oxygen enrich

ment would use less of the available 

exhaust heat than would the other ap

proaches, would entail operation of an 

on-site oxygen plant, and would permit 

efficiencies of only 38-39%. However, 

oxygen production and oxygen enrich

ment are tried-and-true technologies that 

require little additional R&D to be 

pressed into service at an MHD plant. 

And recent work sponsored by NASA 

indicates that advanced MHD plants 

using oxygen enrichment might achieve 

efficiencies of up to 42%. 

Similarly, a first-generation MHD 

plant might rely on conventional scrub

bers instead of internal controls to clean 

the sulfur oxides from flue gases. Internal 

SOx control, where potassium carbonate 

seed traps SO
x 

as potassium sulfate, 

would save utilities the price of a scrub

ber. However, chemical regeneration 

would be required to retrieve the potas

sium carbonate seed from the potassium 

sulfate and an applicable system has yet 

to be developed. Accordingly, EPRI re

search suggests standard scrubbers in 

first-generation MHD plants to eliminate 

the need for seed regeneration. Potas

sium sulfate, instead of potassium car

bonate, would be used for seeding. The 

potassium sulfate seed recovered from 

the flow could then be recycled directly 

to the combustor. 

Low slag carryover from the com

bustor to the rest of the system might be 

another desirable characteristic for a 

first-generation MHD plant. Although a 

thin layer of molten slag can reduce heat 

loss to the walls of the channel and may 

even protect channel electrodes from 

erosion to some degree, cleaner combus

tion gases would reduce wear and tear on 

downstream components. A combustor 

that rejects about 90% of the coal ash as 

liquid slag might be used to improve re

liability over a combustor that does not 

remove slag from MHD gases. 

Unit sizes no larger than 500 MW (e) 

were also suggested to help first-genera

tion plants along. Such smaller-scale 

units would probably be easier and less 

expensive to develop than larger units 

and could have better operating avail

ability. 

MHD outlook 

These first-generation designs, however, 

will simply help put MHD in the race for 

a demonstration facility. To firmly estab

lish MHD' s niche in the utility grid, this 

demonstration facility will have to prove 

that the technology is economically com

petitive. 

The economics of MHD are hard to 

quantify just now, according to Zygiel

baum. There are too many variables and 

unknowns that still need to be dealt with. 

Generator electrode life must be brought 

up to a span of one year, with suitable 

reliability and cost. An MHD combustor 

must be developed that can attain the 

right temperature, pressure, slag re

moval, and other requirements under 

difficult electrical isolation conditions. 

Seed recovery and reprocessing need 

work. Even internal emission controls 

may not be good enough to meet future 

standards. For instance, MHD's high op

erating temperatures are expected to 

produce correspondingly high nitrogen 

oxide levels. Although internal com

bustion control can possibly bring these 

NOx emissions down to today's EPA 

standards, additional controls may have 

to be developed for the tighter standards 

projected for the mid-1980s. Once dis

crete hardware systems and overall plant 

configurations for MHD have been more 

accurately established, more reliable 

cost estimates for MHD can be at

tempted. 

Beyond this coal-fired MHD develop

ment program, MHD technology has 

a longer-term potential. Because MHD 

can be used to stretch the efficiencies of 

any high-temperature process, this new 

technology may well reappear in con

junction with such twenty-first-century 

technologies as fusion reactors and ex

tremely high-temperature nuclear re

actors. The high temperatures these heat 

sources are expected to generate will 

make it advantageous to couple them 

with high-temperature power-generating 

equipment, and MHD may turn out to be 

an ideal complement. • 
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W 
hen we think of advanced so

cieties, we picture skyscrap

ers, power plants, factories, 

and a vibrant economy that produces 

myriad goods and services for the benefit 

of its citizens. The image is one of a 

society that is advanced not only in terms 

of industry and commerce but also in the 

social benefits it can offer: opportunities 

for personal wealth, health, education, 

leisure, freedom, and satisfaction. Lately, 

we have tended to include energy in this 

picture because energy helps to provide 

more goods and services and, directly 

and indirectly, social benefits. The ques

tion for the future is whether limiting en

ergy will alter the well-being of a society. 

Up to now, the generally accepted indi

cator of national economic wealth, gross 

national product (GNP), has served to 

measure the so-called well-being of a 

society. But there has been a growing 

dissatisfaction with such national ac

counting measures as GNP because they 

do not and cannot fully reflect prevailing 

social and environmental conditions. 

GNP counts the number and value of 

goods and services - food, clothing, 

medicine, for example. But it does not 

account for pollution costs or the disad

vantages of urban living, such as com

muting to work along crowded roads. 

Correspondingly, GNP does not include 

such amenities as parks or the increased 

number of leisure hours. Thus, there are 

negative and positive values not in

cluded in GNP. What is desired is a mea

sure that incorporates these values to 

quantify the quality of life (QOL). 

In a sense, QOL is a new name for an 

old concept. It is a subjective term for 

the well-being of people that takes into 

account the environment in which they 

live. For an individual, QOL expresses a 

set of economic and noneconomic factors 

that when taken together, make the indi

vidual happy or satisfied. But human 

wants rarely stand still or reach a state 

of complete satisfaction. As one want 

is satisfied, another crops up to take its 

place. As a result of this fundamental 

The quality of life may or may not keep improving along with a continued increase in per capita GNP But gre 

Quality of Life: An lnle 
26 EPRI JOURNAL April 1 980 



human trait, the concept of QOL varies 

from person to person and from place 

to place. 

Measures other than GNP are needed 

to describe life quality, aspirations, goals, 

and satisfactions. Various branches of the 

federal government have recognized this 

need for a more adequate expression of 

human living conditions and impact of 

surroundings and have begun to delin

eate approaches such as social account

ing and social indicators. The United 

Nations and the Organization for Eco

nomic Cooperation and Development 

have initiated similar investigations, 

realizing the absolute necessity of mea

sures other than economic to determine 

real development in the Third World. 

If QOL could be conveniently mea

sured, it would be possible to examine 

the relationship of energy to QOL. But 

the task is not an easy one. As pointed 

out by Raymond Bauer in a study of 

social indicators, some social statistics 

are missing or inadequate, and there is 

still no accepted method of selecting sta

tistics with which to measure QOL. In 

international QOL comparisons, each so

ciety may have its own QOL goals and 

particular measures. Despite these diffi

culties, statistics do exist from which 

QOL status may be inferred, for exam

ple, measures of individual and societal 

wealth, health, or education. 

With such measures available, we can 

ask the following questions. Are energy 

production and consumption vital to 

maintain our quality of life? If electric 

power production and electricity con

sumption are reduced, how will QOL be 

affected? If energy production and con

sumption are accelerated, will the QOL 

improve? How important is GNP per cap

ita or energy consumption per capita in 

determining a society's overall QOL? Is 

one more important than the other? 

Measuring QOL 

Seeking a way to answer these questions, 

Claude F. Anderson, senior economist at 

EPRI, and Ben-Chieh Liu, principal econ-

nergy consumption and a better life do seem to go hand in hand, according to this study 

mtional Comparison 
EPRI JOURNAL April 1980 27 



Energy, GNP, and the Dual ity of Life 
INPUT 

To help measure the qual ity of l ife in 50 countries, selected 
variables were divided into 5 categor ies and 1 2  subcategories. 
The weights assigned to the 5 main categories were der ived 
from opin ion surveys to f ind out the most sign ificant concerns 
of people in four countries - United States, West Germany, 

Yugoslav ia ,  and Poland . The subcategories were weighted 
accord ing to est imates of the ir importance deve loped by 
Anderson and L iu . The plus and m inus signs for variables 
ind icate posit ive and negative effects of those variables on OOL . 

QUALITY OF LIFE MODEL 

Weighted Categories and Subcategories of Variables 

Social 124.0 ) 

Sat isfaction of basic human needs : 
standard of l iv ing 1 1 .21 
+ Index of food consumption per capita 
+ Steel consumpt ion per cap ita 1kg} 
+ Cotton yarn production per cap ita lton } 
+ Motor veh ic les in use per 1 000 populat ion 

+ Ra i l traff ic , passenger k i lometers per cap ita 

- Relative l iv ing-cost index 

Informed cit izenry w ith modern conven iences 10 .78} 
+ Te lev is ion sets per 1 000 popu lat ion 

+ Radio  sets per 1 000 popu lat ion 

+ Te lephone sets per 1 000 populat ion 

+ Newspaper ci rculation , cop ies per 1 000 
popu lat ion 

+ P ieces of domest ic mai l  sent per 1 000 
popu lat ion 

We lfa re and independent status 1 1 .02}  
+ Ratings of soc ia l  security and insurance system 

+ Average annua l rate of growth in pr ivate 
consumpt ion , 1 970- 1 976 

+ Ratio of economica l ly act ive to econom ical ly 
inact ive popu lation 

Adult i l l iteracy rate 

- Tota l fert i l i ty rate from desired fert i l ity 
rate , absolute values 

Economic 120.0) 

Indiv idua l economic we l l-be ing: 
f low and stock measures 1 1 .27 }  
+ GNP per cap ita 1 1 976 SUSI, adjusted by cost-

of-l iving index 
+ Motor vehic les per 1 000 populat ion 

--t! Te lev is ion sets per 1 000 popu lation 
- Average annua l  rate of inflation , 1 970-1 976 

Econom ics, structure and product ivity 10 .73} 
+ Cement production per 1 000 economical ly 

active popu lation lton } 
+ Cotton yarn production per 1 000 econom ica l ly 

act ive popu lation !ton } 

+ Percentage of l abor force employed by National vitality and security 1 19 .0 )  
manufactur ing industr ies 

Ratio of armed persons to econom ical ly active National  carrying capacity 1 1 .1 6 } 
popu lation i:::::::=============;= 

+ Average annua l growth rate of gross Human cap ita l 
domestic investment, 1 970-1 976 + Percentage of econom ica l ly act ive populatio1 

Health and education 122.0 ) 
+ Average annua l rate of labor force growth , 

1 970-1975 
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+ L ife expectancy at b irth , 1 975  + Acres of ava i lable land per cap ita 

Infant morta l ity rate per 1 000, 1 975 + Ave rage annua l growth rate of gross 

Crude death rate per 1 000 popu lat ion , 1 975  domestic i nvestment, 1 970-1 976 

+ Per cap i ta food consumption index, 1 974 Techno logy 
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==== + Percentage of exports in manufactured produ 

Popu lation 1 1 000 } per physic ian , 1 974 + Steel consumption per capita 

Popu lat ion 1 1 000 } per nurse , 1 974 Market stabi l ity and pr ice mechan ism + Percentage of popu lation with access 
to safe lor p iped } water, 1 975 - Index of re lative l iv ing cost 
Populat ion per hosp ita l bed - Average annua l  rate of inflat ion 

Educational atta inment 10 .82}  Internat ional security a nd independence 1 1 .0 } 
Adult i l l iteracy rate , 1 974 Econom ic and f inancia l considerat ions 

+ Numbers enrol led as percentage of 
age group, 1 975: in pr ima ry school ; + Export and import ratio 

in secondary schoo l + Percentage of labor force employed by 
+ Numbers enro l led as percentage of age group manufacturing industries 

20-24 in higher education , 1 975 + Gross internat iona l resources in 
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Environmental ( 1 5 .0) 
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+ Arable land, acres per cap ita 

Average annua l rate of tota l populat ion 
growth ,  1 970-1 975 
Rate of urban izat ion and urban growth, 
1 970-1 975 

Man-made envi ronmenta l prob l ems 10 .84}  
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- Number of motor vehicles in use per km2 
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manufactu ring industries 
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Dependence on fore ign trade 

M i l itary power 
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+ M i l itary expenditures as percentage of GNP 
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adjusted by cost-of-l iving index 
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-

+ Change in agricu ltura l product ivity per worker 
Percentage of population in urban areas 
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OUTCOME 

Each country's overa l l  OOL value is expressed as a deviation 
(from - 1 .0 to + 1 .0 )  f rom the average va lue (0 )  of 50 countr ies .  

RANK BY OVERALL QOL VALUES 
-1.0 -0 .8 -0.6 -0 .4  -0 2 0 0.2 0.4 0.6 0 .8 1 .0 

United States 1 •-111111-•-•---
Canada 2 •-•-•-•-• 

Austra l i a  3 •-•-•-
Sweden 4 •-•-• 

USSR 5 ••-• 
Norway 6 •-•-

New Zealand 7 •-•• 
Switzerland 8 •-•• 

Denmark 9 •-•• 
Germany ( East) 1 0  •-•• 
Czechoslovakia 1 1  �1 ::::: 

Japan 1 2  -
Un ited Kingdom 1 3  -

Netherlands 1 4  -
Finland 1 5 -

Germany (West) 1 6  -
Belgium 1 7

E Israel 1 8  
Poland 1 9  
France 20 -

Austria 21 §= 
Bu lgaria 22 

Italy 23 
Hungary 24 

Yugos lavia 25 � 
Spain 26 � 

Romania 27 � 
Ireland 28 • 

29 Ta iwan 
30 Greece 
3 1  Argentina 
32 Portugal 
33 Singapore 
34 Hong Kong 
35 Panama 

d:=;;;;: 36 South Africa 
c:::;:::=: 37 Venezuela 
c::::;=::=: 38 Kuwait -•-1 39 Costa Rica 
icac=::=i 40 Trin idad and Tobago 

c:::::;:::=:::i 41 Uruguay 
i::::::::i::=::::i 42 L ibya 

lc:::=:i== 43 Jama ica 
c:i:==i===i 44 Mexico 

... mmz:im 45 Brazi I 
c::;:::=:::i:===I 46 Lebanon 

c::::$::==!===1 4 7 Iran 
,--·--- 48 Iraq 

i:::::1i==1===== 49 Ch i le  
-=--=====::::::a 50 Saudi Arabia 

RELATIONSHIP OF OOL TO GNP 

AND TO ENERGY CONSUMPTION 

The data po ints represent the 50 countries inc luded in th is 
study. I n it ia l ly, OOL is seen to improve as GNP per capita rises. 
At a certa in point, however, OOL value tends to level off, and 
at even higher l evels of GNP per cap ita, it may decl i ne. The 
results of the study show a d i rect and positive relat ionship 
between per capita energy consumption and OOL; that is , they 
suggest a h igher OOL va lue accompanies h igher levels of 
energy consumpt ion .  

GNP AND QOL (1975) 
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omist at the Midwest Research Institute, 

have developed a social indicator model 

to analyze the relationship between en

ergy, GNP, and the QOL. 

The QOL model is based primarily on 

criteria originally developed by President 

Eisenhower's Commission on National 

Goals and on results of global surveys 

of individual concerns conducted by 

Hadley Cantril, who is now president of 

the National Council of Publicity Polls, 

Washington, D.C. Based on these foun

dations, Anderson and Liu define QOL 

as being an output of two combined in

put factors, physical and spiritual. The 

physical input consists of quantifiable 

goods, services, material wealth, and so 

on, while the spiritual input, which is not 

quantified in this study, includes psycho

logical, sociological, and anthropological 

factors, such as community cooperation, 

equality, freedom, and national prestige. 

In reality, the relationship between 

output and input factors is enormously 

complex. To simplify this model, it is 

necessary to ignore those spiritual vari

ables reflecting the cultural, religious, 

institutional, and political systems that 

organize individuals. As Liu explains, 

"What we call spiritual inputs are simply 

not quantifiable, and we have put aside 

their effects on the quality of life and 

concentrated only on those more defin

able variables that are available to mea

surement." Thus, only the physical 

inputs are employed in the model to 

measure QOL output. This physical in

put is described by some 50 variables 

in five major categories: social, economic, 

health and education, environment, and 

national vitality and security. (National 

vitality refers to natural and human re

sources, and security relates to depen

dence on foreign resources, among other 

variables.) 

Each of the five categories and their 

subcategories is weighted. The impor

tance of giving weights to these QOL 

categories is explained by Anderson. 

"People and societies don't value each of 

the categories equally, and it's important 

to make an adjustment for this fact." 
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Thus, the five categories and their 

weights are derived from an opinion sur

vey on the most significant individual 

concerns as reported by Cantril for four 

nations (United States, West Germany, 

Yugoslavia, and Poland). The major-cate

gory weights adopted are the average 

weights expressed by the people in these 

four countries. 

Liu describes the method they used 

for the subcategories and their weights. 

"Whenever possible, we used externally 

generated weights, as we wanted to pre

clude any possibility of personal bias. 

But in some instances, we were forced 

to make our own estimates for the sub

categories." 

Fifty countries with a 1976 GNP per 

capita exceeding $1000 were selected 

for QOL comparison, of which 37 were 

listed by the United Nations as devel

oped, and 13 as emerging. 

Outcome of QOL study 

The rankings of countries in the five 

major categories provide some insight 

into those areas where countries have 

excelled or have failed to develop. In the 

social category, Canada ranked first, the 

United States second, and Japan third. 

Iraq and Saudi Arabia ranked lowest on 

this scale. 

Based on the available economic indi

cators representing individual economic 

well-being, societal economic structure, 

and national productivity, the United 

States ranked above Canada, which 

appeared second in the economic cate

gory. Ranking closely with Canada are 

Australia, Sweden, Switzerland, Norway, 

and West Germany. Chile was found to 

have the lowest economic QOL index, 

while the USSR placed twenty-first. 

In the area of health and education 

indicators, the United States and Canada 

again occupy the first two places, while 

the Netherlands, New Zealand, Den

mark, USSR, Norway, Israel, Australia, 

Sweden, and Japan follow closely. Con

siderably below the average are Brazil, 

Mexico, Lebanon, South Africa, Saudi 

Arabia, Iran, and Iraq. 

Australia, Argentina, and the United 

States scored the highest in the environ

mental category primarily because they 

have either large expanses of arable land 

or relatively even geographic distribution 

of population. Singapore, Kuwait, and 

Hong Kong fell at the end of the list. 

The national vitality and security cate

gory is described by various elements 

that indicate human, natural, and capi

tal resources, technological growth, the 

degree of market stability, and the degree 

of military power and economic indepen

dence, including imports of fuel and 

food. Here, Israel, the USSR, Taiwan, 

Romania, and the United States rank as 

the top five countries. 

In the overall QOL measure-the com

posite measure arrived at by combining 

the results from the five major catego

ries-the United States ranks first by a 

wide margin. Canada is second, followed 

by Australia, Sweden, and the USSR. 

Japan, generally considered an economic 

giant, ranks twelfth in the overall QOL 

series. 

In some cases, comparing the overall 

QOL index with a country's GNP per 

capita reveals a significant difference. For 

example, Kuwait would rank first if GNP 

per capita was the measure of its well

being; in the overall QOL index, how

ever, it is thirty-eighth. Switzerland ranks 

second in GNP per capita, but eighth in 

overall QOL. Caution in interpreting 

these results is stressed by Anderson. 

"Let me emphasize that the QOL rank

ings depend on the weights we adopted. 

Any other weighting scheme would 

change our indicators and result in some

what different rankings." 

Energy, GNP, and QOL 

From an international standpoint, how 

significant are energy production and 

consumption relative to QOL measures? 

How closely can GNP per capita repre

sent and explain the worldwide varia

tions in QOL? Anderson and Liu provide 

some insight into these questions. Their 

study shows a significant relationship 

between per capita energy production 



and consumption and the composite 

QOL indexes. 

There are other researchers who have 

examined the relationship between en

ergy, income, and some set of social indi

cators serving as measures of QOL. 

Work in this area includes the interna

tional study conducted in 1971 by Allan 

Mazur and Eugene Rosa, who conclude 

that reduced energy consumption will 

have little long-term effect on QOL. At 

an EPRI workshop on the environmen

tal and social impacts of an electricity 

shortage, Mazur stated, "Our national 

energy activity is in large part identical 

with our national economic activity, and 

to that extent, a cutback in energy con

sumption is synonymous with a cutback 

in economic indicators; but it is not clear 

that this would necessarily have a long

term negative effect on the society." 

Laura Nader and Stephen Beckerman 

conclude in a recent article that there 

is no evidence that shows increasing 

energy use will increase the quality of 

American life, and further, they main

tain that contemporary rationales used to 

justify an increase in the production of 

energy are not viable in terms of QOL 

issues and patterns of living. 

In another study, James O'Toole fore

sees few severe social or economic dislo

cations in the United States in the near 

term (up to 1990) as a result of energy 

scarcity. 

On the other hand, a Brookhaven 

National Laboratory study prepared for 

the United States Agency for Interna

tional Development (USAID) concludes 

that improvements in living standards 

for emerging nations are likely to require 

substantial increases in annual energy 

consumption per capita. Further, in a 

different study, Clark Abt asserts that 

"the degree and scope of lifestyle 

changes will be a function of the amount 

and rate of increase of energy shortages, 

or the suddenness thereof." 

In his recent book W. Jackson Davis, 

too, argues that dwindling supplies of 

energy will alter our lives for the worse. 

Anderson and Liu present their find-

ings in two scatter plots that illustrate 

the relationship between GNP per capita 

and QOL and energy consumption per 

capita and QOL. QOL has a propensity 

to improve with higher GNP per capita, 

but tends to level off and possibly decline 

at even higher levels of GNP per capita. 

As Anderson explains it, "This result 

suggests that a country's QOL may ini

tially increase or vary with the level of 

income, but beyond a certain level, in

come will not necessarily enrich a coun

try's QOL proportionally." 

In contrast, there appears to be a direct 

and positive relationship between per 

capita energy consumption and QOL. 

That is, the statistical results suggest that 

higher levels of QOL go along with 

higher levels of energy consumption. In 

a variety of QOL models that Anderson 

and Liu tested, they found that energy 

variables not only seem to have a higher 

predictive value on QOL than do income 

variables but are also more stable than 

income variables. This means that energy 

plays an important role in a country's 

objective to improve its QOL. 

Additionally, electricity production 

per capita, which was employed in the 

model, was found to be strongly related 

to QOL indexes; again, more so than 

income. As Liu puts it, "Electricity pro

duction has the same relationship with 

QOL as total energy consumption." To 

further explore these issues, a U.S. state

by-state study has been initiated to 

examine specifically the relationship be

tween electricity production and con

sumption and QOL. 

In discussing the international study, 

Anderson emphasizes that the conclu

sions are preliminary and tentative. "At 

best," he explains, "the international 

analysis provides an opening wedge for 

further study. What we have provided is 

some evidence that QOL is not a simple 

linear function of material wealth and 

that the old formula 'the more, the better' 

may not be true. In this investigation 

we have found that energy and QOL 

are more closely linked than material 

wealth and QOL." 1111 

References 

Abt, Clark. "Energy Shortage and Changing 

Life Styles." Technological Forecasting and Social 

Changes, Vol. 10, No. 2 (March 1977). 

Anderson, Claude F., and Ben-Chieh Liu. In

come, Energy Requirements, and the Quality of Life 

Indicators: An International Comparison, 1975. 

Kansas City, Mo.: Midwest Research Insti

tute, 1979. 

Bauer, Raymond (ed.). Social Indicators. Cam

bridge, Mass.: MIT Press, 1966. 

Campbell, Angus, and Philip Converse. The 

Human Meaning of Social Change. New York: 

Russell Sage Foundation, 1972. 

Cantril, Hadley. The Patterns of Human Con

cerns. New Brunswick, N. J. : Rutgers Univer

sity Press, 1965. 

Davis, W. Jackson. The Seventh Year: Indus

trial Civilization in Transition. New York: W. 

W. Norton & Co., 1979. 

Mazur, Allan, and Eugene Rosa. "Energy and 

Life-Style." Science, November 15, 1974. 

Nader, Laura, and Stephen Beckerman. 

"Energy As It Relates to the Quality and Style 

of Life." Annual Review of Energy. Palo Alto, 

Calif.: Annual Reviews, Inc., 1978. 

O'Toole, James. Energy and Social Change. 

Cambridge, Mass.: MIT Press, 1978. 

Palmedo, Philip F., et al. Energy Needs, Uses 

and Resources in Developing Countries. New 

York: Brookhaven National Laboratory, 

March 1978. BNL 50784. 

President's Commission on National Goals. 

Goals for Americans. Englewood Cliffs, N. J.: 

Prentice-Hall, Inc., 1960. 

Workshop Proceedings: Environmental and Social 

Impacts of an Electricity Shortage. Special report 

prepared by Sigma Research, Inc., June 1979. 

EPRI EA-796-SR. 

EPRI JOURNAL April 1980 31  



WASHI NGTON REPORT 

National Academy of Sciences: 
Entering the Energy Debate 

Through its un ique system of vo l unteer 
committees and boards, the Nat ional Academy 

of Sciences (NAS) brings the best th inking  of the 
scientif ic commun ity to prob lems of sc ience and 
techno logy. I ncreasi ng ly, these problems have 

revo lved around energy issues . 

A
cross Constitution Avenue from 

the Lincoln Memorial in Wash

ington, D.C., is the prestigious 

scientific academy that Lincoln helped to 

create in 1863 and that today has become 

a major voice in the national energy de

bate. Most recently, NAS drew wide

spread public attention with the publi

cation of its 783-page report Energy in 

Transition: 1985-2010, the result of a four

year effort involving some 300 people 

working under the direction of the acad

emy's Committee on Nuclear and Alter

native Energy Sources (CONAES). In 

recent years NAS has also been in the 

forefront of discussions on such issues as 

the health effects of low-level radiation, 

the climatic effects of carbon dioxide 

(CO
2
) buildup, nuclear waste manage

ment, and synthetic fuels. 

Philip Handler, NAS president, is the 

first to admit that the academy is not 

32 EPRI JOURNAL April 1 980 

generally well known to the public, and 

in many cases misconceptions exist 

about its role and objectives. A common 

misconception is that NAS is a govern

ment agency or, as Handler puts it, "some 

club of fuddy-duddies." He notes, "Peo

ple don't understand that we're a private 

body created by the government, and 

that we're completely independent. We 

are free to be servant and critic of the 

government, and we do both. We bring 

to our role no political ideology of any 

color, and we do our best to see to it that 

scientific truth is our only yardstick." 

The Academy Complex 

NAS was established by an act of Con

gress signed by President Abraham 

Lincoln on March 3, 1863. The charter 

provided that the academy be self-gov

erning and that it act as an independent 

source of counsel to the government on 

matters of science and technology. Ac

cording to its charter, it may not accept a 

fee for such services. 

From 50 charter members in 1863 NAS 

has grown to 1281 distinguished scholars 

in scientific and engineering research to

day. Election to the academy is con

sidered a high honor in the scientific 

community, and membership is less than 

0.5% of American scientists. 

Although NAS is itself a single entity, 

when staffers of the organization talk 

about the academy they are usually refer

ring to a group of four organizations 

under one roof that together make up the 

academy complex. In addition to NAS, 

this includes the National Academy of 

Engineering (NAE), the Institute of 

Medicine (IOM), and the National Re

search Council (NRC). "NAS is the 

mother organization, or the corporate 

entity," explains Barbara Jorgenson, as-



sociate director of the academy's Office 

of Information. She notes that NAE, 

NRC, and IOM are "ribs" formed from 

NAS almost a century later. 

NAE was created in December 1964 as 

a parallel organization of distinguished 

engineers. It is autonomous in admini

stration and selection of members, but 

with NAS shares the responsibility for 

advising the federal government. As of 

July 1, 1979, membership numbered 950, 

including Floyd Culler, EPRI president; 

Chauncey Starr, vice chairman; and Mil

ton Levenson, director, Nuclear Power 

Division. 

IOM was chartered by NAS in the 

summer of 1970 to deal with problems 

associated with the delivery of adequate 

health services to all sectors of society. 

As of January 1, 1979, membership stood 

at 357 . 

NAS, NAE, and IOM join forces, ex

plains Jorgenson, in the National Re

search Council, which was established by 

NAS in 1916 as the operating arm of the 

academy complex. In the early years of 

NAS, academy members were able to 

handle most of the requests from govern

ment agencies for studies and informa

tion. They would organize themselves 

into committees to perform this service. 

With the outbreak of World War I, how

ever, interest rose in problems of science 

and technology, and the academy found 

its membership insufficient to respond to 

all government requests. In 1916, there

fore, NRC was established to extend and 

expand the academy's role by creation 

and management of committees, panels, 

and boards of volunteer scientists to 

carry out the studies of the academy. At 

the request of President Woodrow Wil

son in 1918, NRC was made a permanent 

part of the academy. 

NRC is the entity responsible for put

ting together the volunteer committees 

that are the heart of the academy's ef

forts. The 1100-person staff of the 

Handler 

academy complex works for NRC. Most 

professional staff members have tech

nical backgrounds but are oriented 

toward policy work. Most reports 

emanating from the academy complex, 

with the exception of those from IOM, 

bear the NRC name. The entire academy 

complex operates on an annual budget of 

$60 million. 

Philip Handler, by virtue of his job as 

president of NAS, also serves as chair

man of NRC. Courtland Perkins, NAE 

president, is vice chairman of NRC. Both 

men sit on the 14-member NRC Cover

ing Board, which acts as a board of 

directors and approves all programs and 

projects. 

Structured for Quality Control 

NRC operates by what Handler terms a 

time-tested set of mechanisms. Its struc

ture is elaborate and gives to the academy 

a uniqueness that sets it apart from other 

organizations in Washington, D.C., that 

also render advice to government agen

cies and private foundations. 

"There is nothing like it anywhere else 

in the world," notes Handler. "First of all, 

the academy as a body is the 1200-plus 

most distinguished scientists in the 

United States, and if what we have to say 

is credible, the credibility rests on the 

distinction and prestige of that body of 

members. Second, compared with most 

other organizations, our resource is the 

whole scientific community of the United 

States. Third, the machinery by which 

we do our work-the NRC-is a very 

carefully constructed hierarchical ar

rangement that ensures quality control." 

NRC is divided into eight working 

units called assemblies and commissions. 

Assemblies examine fundamental sci

entific questions that are within the scope 

of a single set of disciplines. They are the 

Assembly of Behavioral and Social Sci

ences, of Engineering, of Life Sciences, 

and of Mathematical and Physical Sci

ences. Commissions address large na

tional issues from the standpoint of a 

variety of scientific disciplines. They are 

the Commission on Human Resources, 

on International Relations, on Natural 

Resources, and on Sociotechnical Sys

tems. 

Working under these assemblies and 

commissions are boards and some 800 

committees. Boards are formed to pro

vide continuing advice to an agency or 

agencies in a particular program or issue 

area. For instance, there is the Environ

mental Studies Board under the Com

mission on Natural Resources. Commit

tees, on the other hand, are created on an 

ad hoc basis to address a particular prob

lem or conduct a specific study. 

Committees are composed of scientists 

who volunteer their time and expertise 

for the duration of a particular study. Al

though the NRC staff may provide as

sistance to the committee in carrying out 

a study, the volunteer scientists them

selves direct the work and are responsi

ble for the conclusion of the report. To 

serve on a committee, a scientist need not 

be a member of either NAS or NAE. 

"This is the aspect that makes the 

academy different from almost any other 

group," notes Jorgenson. "It is NRC's 
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great strength that it is able to marshal 

and mobilize the scientific community at 

large, both nationally and interna

tionally." 

Rarely, Handler explains, does anyone 

say "no, thank you" to an invitation to 

serve on an NRC committee or board. 

"They consider it at least a modest 

honor," he admits. "In the system at any 

given moment, there are something like 

9000 people serving on somewhere be

tween 750 and 800 different committees. 

The turnover rate is such that we make 

about 3000 new appointments to com

mittees a year." 

Handler sees this system as a partic

ular strength in that it allows the acad

emy to find the most competent people in 

any given issue area. "We don't have to 

say that we have 50 people here, and 

they're competent to do everything," he 

explains. "When a committee finishes its 

job, we disassemble it and look around 

for a new one. We don't have to find 

work for it." 

This system also gives the advantage 

of collegiality. "We never have a study 

done by a single individual," he says . 

"That's not our style . We do almost 

everything, however trivial, by com

mittee." 

Last year, according to Handler, some 

320 reports were completed, almost a re

port a day. They varied in size from a 

IO-page typed statement going to an 

agency to the 783-page CONAES report. 

Approximately 80 reports a year are 

published and sold. 

Handler believes that NRC reports de

rive much of their credibility from the 

elaborate structure by which projects are 

chosen, a committee is selected, the work 

is conducted, and the final report is re

viewed. This structure gives the reports 

several levels of what he calls quality 

control. 

The first level of quality control lies in 

the NRC Governing Board and in the as-
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semblies and commissions. These bodies 

decide the studies the academy will or 

will not undertake. They may also refine 

the original question. Although the 

academy's charter provides that it render 

advice to federal agencies, the academy 

exercises the option to choose which re

quests it will accept. Most of the acad

emy's work is done in response to federal 

agency requests; however, according to 

Jorgenson, some 20% of it originates in 

requests from private foundations. At 

times the academy itself may initiate 

studies. For example, last fall the Govern

ing Board convened a conference on syn

thetic fuels to explore areas in which 

NRC might make a future contribution 

to research on this technology. 

The second level of quality control 

comes in the system for appointing com

mittees, notes Handler. The primary 

source of recommendations for commit

tee members is the assemblies and com

missions, but the NRC staff also gets in

volved in this process. "We have on file 

names and notes about the competence 

of thousands of people," says Handler. A 

primary list of recommended committee 

members and a list of alternates are 

drawn up and sent to Handler's office, 

where a group of three professionals 

check on the recommendations. They 

make sure that the committee has all the 

kinds of competence it should; that it has 

the correct distribution in terms of 

disciplines, geography, and points of 

view; that it is balanced; and that the 

qualifications of the individuals are con

firmed. The final recommendations are 

sent to Handler, who in turn appoints the 

committee chairperson. 

Because the NRC seeks to appoint 

committees that will produce credible re

ports, it has established another level of 

quality control relating to conflict-of

interest. "Long before the government 

was concerned with conflict-of-interest 

in any way, we built a set of procedures 

for dealing with this problem," explains 

Handler. All committee members are re

quired to complete a form, On Potential 

Sources of Bias, which asks the member 

where his or her income comes from, 

whether he or she has made any public 

statements relevant to the substance of 

the work of the committee, and the like. 

"Then, at the first meeting of the com

mittee, the committee members go 

around the table and tell each other what 

those forms say, so they all know who the 

other players are," explains Handler. 

On the average, studies last from one 

to two years. During this time the com

mittee usually meets once a month for 

two or three days at a time. After the 

committee completes its study and pre

pares a draft report, the fourth level of 

quality control comes in the report re

view system. The report goes through a 

review process set up within an assembly 

or commission. Then, in most cases, the 

report goes to the NRC Report Review 

Committee, which is chaired by the vice 

president of NAS and has 15 members, 

all of whom are members of NAS, NAE, 

or IOM. The Report Review Committee 

surveys the membership of the three 

academies and appoints an entirely dif

ferent team to review the report. 

The review team eventually sends 



back to the committee a statement syn

thesized from those statements on the 

report made by each reviewer. The re

viewers are identified in the final state

ment only by code letters-reviewer A, or 

B, for example. "It works better this 

way," says Handler. "If they know who 

each other is, they might be a little 

gentler in the process. This is a no-holds

barred game." 

The report review team must be sat

isfied with the final report for it to be 

released. "It may become a very acrimo

nious debate," smiles Handler. "The 

committees have pride of authorship and 

they mean what they said." Sometimes a 

report goes back and forth a couple of 

times between the review team and the 

committee. If they continue to disagree, 

Handler is the final referee. No report 

may go out of the council unless he has 

initialed it. 

The average report takes from four to 

six weeks to go through the review pro

cess. The CONAES report had 22 re

viewers, who sent back to the committee 

what Handler terms "a small telephone 

book of comments." It took days and 

days for the committee to respond to the 

review. 

"It is this elaborate system that gives 

our reports credibility," says Handler. 

"The fact that volunteers serve on all 

those committees and they're not paid 

for their services and then they sit still 

for the review process is really quite 

remarkable." 

Energy Studies Expanding 

Although the academy is involved in a 

broad range of science and technology is

sues, energy has occupied an increasingly 

large portion of its effort over the last 

several years. Don Shapiro, who coordi

nates energy studies for NRC, remarks 

that a recent survey of efforts under way 

in the energy area turned up an impres

sively large and broad selection. 

"Absolutely, there has been a marked 

increase in the number of energy studies 

we have undertaken," affirms Jorgenson, 

who has been with the academy seven 

years. "And there's also been a change in 

the kind of problems we're addressing. 

In just this short time I've watched the 

academy grow toward broader policy 

areas. For example, rather than just look

ing at how much oil exists in a certain 

field, we are moving more toward analyz

ing options." 

When asked about energy, Handler 

immediately points to the CONAES 

study. "After all, the CONAES report 

was the largest, most violent, most diffi

cult, most frustrating exercise we ever 

undertook," he says. "And it probably 

took up more of my personal time than 

any other single study." He adds that the 

study was frustrating in yet another 

way-it held up many of the other energy 

studies NRC wants to conduct. 

"We have a whole series of other 

things we intend to do about energy 

problems, but while CONAES was in 

progress, we just didn't feel free to do 

other things. For one reason," he ex

plains, "CONAES occupied the time of 

300 of the people in the United States 

who are the most knowledgeable about 

energy. And because we were using 

them for CO NAES, we couldn't use them 

for something else. We've got lots of 

things we'd like to turn to next. Obvi

ously, energy is going to be on the front 

burner for years and years to come." 

For example, there is legislation before 

Congress directing NRC to keep an eye 

on the problem of CO
2 

buildup in the 

atmosphere and its possible deleterious 

effects on climate. An NRC committee 

first flagged attention to the CO
2 

issue 

and its possible greenhouse, or warming, 

effect in a report issued in 1977. "The 

climate effects of carbon dioxide release 

may be the primary limiting factor on 

energy production from fossil fuels over 

the next few centuries," said the com

mittee in its report Energy and Climate. 

Although the CO
2 

issue was not new, 

"that was the study that really brought 

the issue to the consciousness of policy 

makers in Washington," says Shapiro. 

"It opened people's eyes, and since that 

time there has been a tremendous growth 

of activity." The committee recom

mended that the problem be given 

"serious, prompt consideration by con

cerned national and international organi

zations and agencies." 

NRC's Committee on the Biological Ef

fects of Ionizing Radiation (BEIR) has 

recently revised a report issued last sum

mer on the effects of low-level ionizing 

radiation on human populations. That 

document, in turn, updates a 1972 report 

prepared by an earlier BEIR committee 

that is widely used as a reference for 

standards in regulating levels of human 

exposure to ionizing radiation. "It's the 

bible in the field," notes Jorgenson. 

NRC's Committee on Radioactive 

Waste Management will have its hands 

full for years and years, according to 

Handler. That group keeps surveillance 

over activities in this area of concern and 

"is more or less the last word in the field," 

he comments. NRC will also continue its 

studies on coal mining and burning tech

nology, advanced energy storage sys

tems, R&D needs in refining coal and oil 

shale liquids, and future energy alterna

tives. 

The CONAES Contribution 

The CONAES study, by Handler's own 

estimate, has been NRC's most signifi

cant contribution to the national energy 

debate. What does he hope that the pub

lic will take away from reading it? Two 

main points: there really is an energy 

problem; the solutions are not easy. "I 

think this study makes it clear that com

pared with much of the American past, 

we can't just luck out on this one," he 
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says. "We'll have to think our way out." 

He also believes that the thoughtful 

reader will derive a sense of the immen

sity of the American energy production 

and consumption system. "It's very dif

ficult to get your head wrapped around 

how large it is and until you do," the 

NAS president says earnestly, "it's easy 

to accept glib solutions; to think you have 

an easy solar energy solution, or a geo

thermal answer, or an idea that we'll 

build windmills. And that attitude has 

been worsened a bit by those of my 

friends who invented the word quad 

( quadrillion Btu). By compressing the 

scale into a few small numbers (we cur

rently use 75 quads a year), they don't 

give the impression of immensity. What 

you have to get your head around is what 

30 million barrels a day of petroleum 

really means or what a 100 million tons 

of coal is really like. And until you do, 

you can't learn to deal with these ques

tions realistically." 

Handler says that the American people 

must discover that they have some very 

political decisions to make. "It is true that 

we can get along on much less energy per 

capita than we do," he admits. "It would 

be a much different lifestyle, and it will 

be slow getting there from where we are, 

but we can do it. What we have to decide 

is, do we want to live that way or don't 

we?" He also concedes that we can con

tinue to live the way we do and still have 

the ratio of energy to GNP fall steadily 

to two-thirds or one-half of what it is 

now if we do it carefully over years and 

if we provide "motivating mechanisms

deliberate political actions-to make it 

happen." Such mechanisms include price 

rises that may not be natural to the mar

ket and performance standards for which 

there is no motivation other than the de

sire to have energy use per person go 

down. 

Handler hopes CONAES readers will 

come away with the understanding that 
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although conservation may be the one 

most important action we can take to 

address the nation's energy situation, it 

alone will not be able to solve critical 

problems. "They must also understand 

what we mean by conservation," he 

states. "It is something more than turn

ing out the lights or driving at 55 mph. 

It's very complicated and although we 

can make modest, real improvements to

day, most of it is a very slow process." 

Explaining that it takes 10 years to turn 

over the automobile fleet, 30 to 35 years 

to turn over the entire industrial physical 

plant, and 50 to 60 years to turn over the 

nation's housing, Handler insists that "to 

try to do it any more rapidly than that is 

to take foolish, uneconomic measures. 

The effects of conservation will be real, 

but slow." 

Actually, notes Handler, the CONAES 

report is really many studies in one. "It 

was the first study to point out that the 

time scale to find uranium is limited, 

and therefore the number of light water 

reactors that we can fuel between now 

and the year 2000 is also limited. And 

that isn't such a problem for the United 

States as a whole as it is for the admini

stration, which has told our trading part

ners and allies that we hope they will 

forgo the breeder and in exchange we 

will make uranium available to them. 

That's a promise we may not be able to 

keep." 

Handler also remarks that the study 

found nuclear power safer than coal for 

electricity production on a day-to-day 

basis, but that there is some statistical 

chance that one day there may be a large 

nuclear accident. "And whether you pre

fer day-by-day deaths or a single acci

dent with hundreds-perhaps thousands 

of deaths-is a political decision." 

He says the committee concluded that 

the radioactive waste problem is real but 

manageable, and that the breeder option 

should be kept open so that if the nation 

decides by 1990 or 1995 that breeders are 

needed, they can be built. 

Although the CONAES report has 

been applauded by many, it has been 

criticized by some for not laying out clear 

recommendations for policy action. Such 

was not the purpose of the committee, 

explains Handler in his letter transmit

ting the report to DOE. "It is the 

thorough analysis of almost all aspects of 

our energy circumstances and the de

tailed consideration of the possible al

ternatives available to the nation that 

constitute the principal contribution of 

this report. The major decisions yet to be 

taken must occur in the political arena 

and in the marketplace." 

This theme is central to the academy's 

role both today and in the future. "We 

shy away from those decisions we think 

are intrinsically political decisions be

cause that is not our role," says Handler. 

However, NAS will continue to act 

through its unique system of volunteer 

committees to shed light on these deci

sions by providing the best of scientific 

thinking, fact-finding, and analysis on 

problems of energy and on other science 

and technology issues for the future. 

"The machinery's in good working 

order, and we'll go on doing our thing," 

says Handler. • 



AT TH E INSTITUTE 

Funds Committed to 
Gasification Project 

Coal gasif ication-combined-cycle p lants look 
promis ing for futu re base load operation . 

EPR l ' s  $50 m i l l ion contr ibut ion to one such 
system represents the l nstitute 's  largest s ing le 

commitment of project funds .  

A
$50 million contribution by EPRI 

for the development of the na

tion's first commercial-size coal 

gasification power plant was announced 

in February. 

The $300 million project was initiated 

in 1978 by Texaco, Inc., and Southern 

California Edison Co. (SCE). Each com

pany committed $25 million to the effort. 

Bechtel Corp., also a $25 million partici

pant, has been selected as the prime 

design and construction contractor. Ne

gotiations are under way with several 

other organizations to complete the 

project funding. 

The facility will be built at SCE's Cool 

Water Generating Station near Barstow 

in California's San Bernardino County. It 

will use the Texaco coal gasification pro-

cess, in which coal is ground and slurried 

in water. The slurry is then fed into the 

gasifier. Synthetic gas is produced by 

partial oxidation of the coal feedstock. 

Researchers expect to demonstrate the 

benefits of operating the 1000-t/ d coal 

gasifier in conjunction with a combined

cycle power plant. In this type of opera

tion, exhaust heat from a gas turbine is 

used to generate additional power by 

boiling water for a steam turbine, thus 

increasing overall plant efficiency. The 

process conserves fuel by using what 

would normally be waste heat. 

The facility will be capable of produc

ing about 100,000 kW /d of electricity

the equivalent of the electricity produced 

from approximately 3500 barrels of oil. 

Final engineering design has begun, and 

construction will start in 1981. 

As EPRI Project Manager Thomas 

O'Shea explained, "Information gained 

from this research will establish the com

mercial basis for a new breed of coal 

power plants. These plants will be able to 

use various types of U.S. coal, operate 

efficiently and economically in an envi

ronmentally acceptable manner, and use 

less water than conventional coal plants." 

O'Shea added, "Gas from coal is a 

clean-burning substitute for direct-fired 

raw coal used by electric utilities, and 

eventually it may be a substantial re

placement for oil and natural gas. In fact, 

our studies indicate that the Texaco pro

cess is one of the most promising fossil 

fuel technologies for the power industry 

in the years ahead." • 
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Coal Gasification 
Contract Signed 

EPRI President Floyd Culler signs his name to a 
contract committing $50 million of EPRI funds to help 
develop the nation's first commercial-size coal 
gasification power plant. The contribution by EPRI 
represents the organization's largest single commit
ment of funds to a project. Looking on at a February 
press conference announcing EPRl 's commitment 
are (left) James L. Dunlap, vice president, Alternate 
Energy Department, Texaco, Inc. ,  and David J. 
Fogarty, senior vice president, Southern California 
Edison Co. Texaco, SCE, and Bechtel Corp. have 
already committed $25 million each to the effort. 

Successful Tests on 
BGC-Lurgi Gasifier 

Tests conducted for EPRI on the British 

Gas Corp.-Lurgi slagging gasifier show 

it has promise as a new and efficient alter

native for producing electricity from coal. 

Researchers say recent tests indicate that 

this gasifier can more than satisfactorily 

meet the load management requirements 

of U.S. electric utilities. 

These findings are based on three tests 

of five days each that were conducted on 

a 350-t/ d coal gasifier at Westfield, Scot

land. The tests are the result of a $2.6 
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million research agreement signed by 

EPRI and the London-based BGC in 

November 1978. 

EPRI Project Manager John McDaniel 

described the test results as important 

because they mean the BGC-Lurgi gasi

fier may be an efficient alternative for 

power generation in the United States. 

McDaniel said the findings also indicate 

that the process may be an excellent can

didate for combined-cycle operation. 

EPRI studies have shown that inte

grated coal gasification plants using the 

combined cycle offer distinct environ

mental advantages and are economically 

competitive with conventional coal

fired plants that use flue gas scrubbers. 

Environmentally acceptable uses of 

America's abundant coal resources be

come increasingly important as the coun

try strives to decrease dependence on 

foreign sources of energy. 

McDaniel said the recent tests of the 

BGC-Lurgi slagging gasifier demon

strated the following: 

o Satisfactory load-following character

istics. This means the plant's throughput 

levels were able to be rapidly changed, 

upward and downward, without sacrific

ing stable operation. 

o Excellent load downturn. This means 

the gasifier was able to operate at varying 

levels of output while retaining efficiency 

and stability. 

o Satisfactory performance with differ

ent sizes and qualities of coal. Two of the 

three tests used a strong-caking, high

sulfur Pennsylvania coal containing up to 

20% fines. The third used a weak-caking 

British coal, Rossington, which is similar 

in many characteristics to certain coals 

mined in Illinois. 

A technical report on the test runs will 

be published by EPRI later this year. 

The Lurgi process was originally de

veloped and used in Germany during 

World War II. BGC has modified it for the 

higher-temperature slagging operation 

and is continuing to develop the slagging 

version at the Westfield Development 

Centre. • 

Countering 
Small-Break LOCAs 

The Nuclear Safety Analysis Center 

(NSAC) has published a report, Small

Break LOCA Mitigation for PWRs, which 

concludes that such a loss-of-coolant 

accident (LOCA) can be successfully ter

minated at any phase of the transient. It 

discusses the manual and automatic ac

tions available to prevent the transient 

from proceeding further and thereby 

posing a threat. (The TMI-2 accident is 

classed as a small-break LOCA, even 

though there was no piping fracture. The 

relief valve that stuck open permitted the 

loss of coolant water from the reactor 

cooling system.) 

The report describes a number of sce

narios for countering a generic small

break LOCA in a PWR. It finds that the 

prbbability of core melting is substan

tially lower than that given in the Ras

mussen Reactor Safety Study (WASH-

1400). There are many existing and 

improvisable options available in a PWR 

system that could provide effective coun

termeasures against the progression of 

a small-break LOCA. 

Consideration of the range of options 

for supplying adequate cooling water to 

the core and the time available to take 

new or corrective actions shows that even 

in a major core melt the core would re

form to a coolable frozen state. There

fore, core melt is not necessarily followed 

by containment failure, as nuclear critics 

charge and WASH-1400 conceded. 

According to the NSAC report, several 

features of a PWR small-break LOCA 

enhance the ability to respond effectively 

and minimize damage. 



o Sufficient time is available to select and 

apply effective countermeasures to con

trol the progress of core damage at vir

tually any stage. 

o The magnitude of countermeasures re

quired is well within the capacity of each 

of several of the typical installed PWR 

coolant injection and heat-sink systems, 

meaning that there is inherent redun

dancy and a high probability of availa

bility of at least one effective system. 

o The deviation from normal system pa

rameters and heat-sink capabilities that 

marks a small-break LOCA provides 

many observable conditions that indi

cate both immediate accident state and 

trends; the scope and time scale of these 

observables permit rational selection of 

effective countermeasures and of bases 

for making emergency planning de

cisions. • 

On Scene at 
Crystal River 

When the Crystal River-3 nuclear plant 

near Crystal River, Florida, had a small

break LOCA on February 26, 1980, Flor

ida Power Corp. requested that NSAC 

and the new Institute for Nuclear Power 

Operations (INPO) make full evalua

tions. An NSAC team left California for 

Florida the evening of the 26th and spent 

a week at the plant. An INPO team stud

ied operational aspects of the event. 

The transient was terminated within 

two hours, and as of this writing it is be

lieved that there is no damage to equip

ment or to the core. The incident was 

triggered by loss of power to nonnuclear 

instrumentation, the cause of which is 

still under investigation. This malfunc

tion caused the feedwater control valves 

to choke down the flow of water to the 

steam generators and to increase reactor 

coolant pressure and temperature. The 

loss of power deenergized the power

operated relief valve and opened it in

stantaneously. Nevertheless, after the 

initial malfunction, the reactor was auto

matically shut down because of overpres

sure in the coolant system. The reactor 

protection systems functioned as in

tended by design and shut down the 

reactor. 

However, water from the primary cool

ant system escaped through the open re

lief valve and flowed through the drain 

tank into the reactor containment build

ing. The entire incident was over within 

two hours, but more than 40,000 gallons 

of radioactive water had been dumped on 

the floor of the reactor building. 

As of early March, significant progress 

had been made on processing that water 

to purify it. Filtering of gaseous and air

borne activity within the leak-tight reac

tor building was under way. • 

Reviewing 
Nuclear Events 

Some 30 reviewers representing 10 orga

nizations gathered at NSAC in February 

for a week-long workshop on developing 

an optimal process for reviewing and 

evaluating reports of nuclear plant out

ages and off-normal events. 

Each participating organization had 

previously reviewed 200 of 1000 ran

domly selected Licensee Event Reports 

(LERs) filed with the NRC in 1970. Two 

sets of 100 reports were distributed to 

each of the 10 organizations, so each re

port was independently reviewed by two 

different organizations. Each organization 

developed and brought to the workshop 

its own proposed criteria for separating 

significant events worth further study 

from routine, trivial, insignificant events. 

It was generally agreed at the work

shop that thorough review of LERs falls 

into two phases: a continuous coarse 

screening process to identify events hav

ing significant safety or cost implications, 

and an action analysis process applied to 

these events, including an in-depth re

view. The ability to recognize patterns of 

recurrence among events that would not 

be regarded as significant on an indi

vidual basis is of concern in both phases 

of review. 

It was also agreed that the screening 

process must be conducted by experi

enced technical people familiar with plant 

equipment who can recognize unusual 

circumstances in an event that may war

rant detailed evaluation or that may be of 

urgent interest to operating staffs at other 

facilities. • 

Coal Transportation 
Needs Studied 

A major study of how U.S. transportation 

networks will keep pace with growing 

demands for coal will be undertaken by 

EPRI. The $500,000 study will analyze 

more than 3000 transportation links be

tween mines and power plants in the 

United States. It will also take into ac

count projected use of slurry pipelines 

and coal used at the mine itself. 

EPRI believes the study is vital because 

current estimates show that coal move

ment between U.S. regions will increase 

from 600 million tons in 1978 to 1 .5-1.8 

billion tons by 1995. "This threefold in

crease in projected movements of coal is 

of particular concern to electric utilities," 

notes Edward G. Altouney, EPRI project 

manager, "because coal is increasingly 

viewed as the energy workhorse of the 

1990s." 

The study, which will continue through 

1980, will provide important information 

to electric utilities by analyzing existing 

data on all transportation networks (rail

roads, highways, barges, and pipelines); 

using this information to paint a valuable 

picture of coal movement throughout the 
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country; and forecasting where future 

movements of coal are likely to increase 

beyond the current projected transporta

tion capacity. 

The project will also take a critical look 

at rail capacity within the transportation 

network and develop improved methods 

for estimating track capacity under vari

ous physical and operational conditions. 

Using this information, the researchers 

will estimate the level of new investment 

required to upgrade existing and pro

jected transportation systems. 

A large share of the work will be car

ried out for EPRI by C.A.C.I., Inc.-Fed

eral, of Arlington, Virginia. C.A.C.I., 

which has performed extensive studies 

for the U.S .  Department of Transporta

tion and other clients, will analyze the 

various transportation supply options. 

Additional research is being done un

der a separate contract with Kenneth 

Ebeling, a professor at North Dakota 

State University and an authority in the 

field of coal movements. Ebeling is cur

rently gathering data on the location of 

new mines and new power plant sites so 

he can analyze the impact of expanded 

coal development on the national trans

portation system. • 

Testing Light-Fired 
Thyristors 

The first commercial test of a new, modi

fied electric switching device that is ex

pected to cut the cost of transmitting 

power over long distances was an

nounced recently by EPRI. Called a light

fired thyristor, the device uses a tiny laser 

beam and fiber optics to activate the thy

ristor. Thyristors, or solid-state control 

valves, are essential elements that fine

tune ac transmission systems to allow 

maximum stable power. 

Until recently, thyristor valves were 

triggered electrically. By using light as a 
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trigger, false triggering signals from the 

electromagnetic noise created by high

voltage transmission lines can be elimi

nated. In addition, light-triggered thyris

tors do not require high-voltage pulse 

transformers and auxiliary power sup

plies operating above ground potential, 

as do electrically triggered thyristors. 

Costs, therefore, can be reduced. 

Commercial testing of the light-trig

gered thyristors, which are being devel

oped by Westinghouse Electric Corp. 

under a $1,175,000 EPRI contract, is be

ing carried out at Minnesota Power & 

Light Co.'s (MP&L) Shannon substation. 

Long-distance transmission of ac is im

portant to MP&L because the company 

purchases power from Manitoba Hydro 

in Canada to help supply electricity for 

the large, energy-consuming taconite 

mines and mills in the iron-rich counties 

north of Duluth, Minnesota. This power 

is delivered over a 230-kV transmission 

line that extends some 300 miles. Capaci

tor banks are needed to maintain control 

of the transmission over such long dis

tances, and thyristor valves are needed to 

continuously regulate the injection of re

active current from the capacitors . 

EPRI's Gilbert Addis, an electrical sys

tems expert who is managing the project, 

said the successful commercial testing 

of light-triggered thyristors represents a 

technical breakthrough that holds great 

promise for "allowing us to do the job of 

stabilizing ac transmission much more 

economically." Westinghouse will con

tinue to work on improving the light

triggered thyristor to reduce external 

components and increase efficiencies 

during the next year. 

The light-triggered thyristor is a tech

nical extension of work previously un

dertaken in developing the static VAR 

(volt-ampere-reactive) generators that 

are needed for high-voltage transmission 

of energy over long distances. A VAR 

generator has been tested for a year on 

MP&L's system. If light-triggered thyris

tors succeed in reducing the costs of 

static VAR generators, these generators 

may become attractive as an alternative 

to the building of new transmission sys

tems to maintain stability over long dis

tances. • 

CALENDAR 

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

MAY 

1-15  
Electric Utility Rate Design 
Study, Regional Conference 
San Francisco, California (1 -2) 
Kansas City, M issouri (8-9) 
Washington, D .C .  (1 4-1 5) 
Contact: Gene Oatman ( 41 5) 855-2629 

21-29 
Lime FGD Systems Databook and 
FGD Sludge Disposal Manual Seminar 
Chicago, I l l inois (21 -22) 
Atlanta, Georgia (28-29) 
Contact: Dorothy Stewart ( 41 5) 855-2609 

Dean Golden ( 41 5) 855-251 6 

OCTOBER 

6-7 
Third NO, Control Technology Seminar 
Denver, Colorado 
Contact: Edward Cichanowicz 
( 41 5) 855-237 4 

20-23 
Coal Conversion Technology Conference 
San Francisco, California 
Contact: Seymour Alpert (41 5) 855-251 2 

27-29 
Coal and Ash Handling 
Systems Reliability Workshop 
St. Louis, Missouri 
Contact: I. Diaz-Tous (41 5) 855-2826 



Klein Named 
Senior Assistant 

Milton Klein, a former top official with 

the International Energy Agency (IEA), 

recently assumed the position of senior 

assistant to EPRI President Floyd Culler. 

Klein was director of research, devel

opment, and technology applications for 

IEA and was responsible for promoting 

and implementing the actions of the or

ganization's member countries in devel

oping new energy technologies. IEA is an 

organization that was set up by 20 indus

trialized countries after the 1973-1974 

OPEC oil embargo and is concerned with 

finding ways to reduce oil dependence. 

As senior assistant to Culler, Klein will 

be responsible for analyzing problems 

that involve the coordinated action of 

various EPRI programs and divisions. 

Specifically, he will assist in formulating 

technical and policy responses to issues 

and problems raised by government 

agencies, suppliers, and utility-sponsored 

organizations. Klein will also manage 

major studies aimed at resolving such 

problems. 

Before his affiliation with IEA in 1976, 

Klein was associate technical director for 

The MITRE Corp. of McLean, Virginia, 

where he was in charge of directing en

ergy programs. He has also held senior 

management positions with the U.S. 

Atomic Energy Commission, the Federal 

Railroad Administration, and the Na

tional Aeronautics and Space Adminis

tration. 

Klein received his MBA from the Har- specify (and then enforce) quality limits 

vard Business School in 1950 and earned for RDF. An RDF plant in which fuel 

his BS in chemical engineering in 1944 

from Washington University, St. Louis, 

Missouri. • 

Utility Experience 
With MSW 

More than 100 representatives of inves

tor-owned, municipal, and cooperative 

utilities participated in an EPRI seminar 

in Fort Lauderdale, Florida, and discussed 

their various experiences in using munic

ipal solid waste (MSW). 

Two strongly held points of view de

veloped in the January seminar on mu

nicipal solid waste as a utility fuel. Some 

utilities have committed their large power 

boilers to cofiring refuse-derived fuel 

(RDF) with coal or oil, while others felt 

that specifically designed units, basically 

water-wall incinerators, are the best way 

to recover energy from MSW. 

Several key conclusions emerged from 

the presentations. 

o Every utility boiler cofiring RDF had 

some significant startup problems, but 

several are now operating well. 

o Even with today's high fossil fuel cost, 

it is not clear that MSW should be re

garded as a cost-effective energy resource 

for electric utilities. However, long-range 

regulatory and economic trends may 

change that picture. 

o Despite a high level of commitment, 

many utilities were held partially ac

countable when solid waste projects got 

into trouble, even if the causes were to

tally out of the utility's control. 

o Fuel specification and supplemental 

firing guidelines are not available to help 

utilities make some very important de

sign decisions. R&D is needed to develop 

these guidelines and to help utilities 

quality is the primary objective has never 

been designed. The synergism of glass

rich RDF with coal ash has not been es

tablished and, most important, all the 

costs of using RDF (and there are many 

extra costs) have not been defined. 

EPRI is attempting to answer some of 

these questions and a number of utilities 

are cooperating in several research proj

ects. For further information on the sem

inar and EPRI's program, contact Charles 

McGowin at EPRI (415-855-2445). • 
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R & D Status Report 
COAL COMBUSTION SYSTEMS DIVISION 
Kurt Yeager, Director 

ADVANCED PRECIPITATOR RESEARCH 

A key environmental problem facing the 
electric utility industry is the increased em
phasis by regulatory agencies on the appli
cation of high-efficiency particulate control 
devices to pulverized-coal-fired boilers. This 
increased emphasis is manifested in the re
vised new-source performance standard for 
particulate emissions of 0.03 lb/ 106 Btu 
recently promulgated by EPA. In addition, 
considerable attention is being focused on 
control of fine particulates (less than 2 µm 
in diameter), trace element emissions, and 
plume opacity. In response to these con
straints, EPRI is conducting a major re
search program to improve existing technol
ogies and develop cost-effective alternatives 
that promise high-efficiency particulate con
trol. Several research efforts are directed at 
optimizing design and operating practice for 
electrostatic precipitators (ESPs) and at 
developing advanced precipitator configura
tions to achieve higher efficiencies and 
reliability. 

Until recently the ESP has been the primary 
emission control device for coal-fired power 
plants because of its low capital and oper
ating costs. However, new federal and state 
emission standards have required dispro
portionately larger and more costly ESPs, 
resulting in reliability and availability prob
lems. In addition ,  fine particles are difficult to 
collect with ESPs. The objectives of EPRl's 
particulate control research are to reduce 
the size and cost of control equipment, to 
increase collection efficiency, especially for 
fine particles, and to improve reliability. 
Much of the development work is being per
formed at EPRl's Emissions Control and Test 
Facility at the Arapahoe station of Public 
Service Co. of Colorado , which is capable 
of testing devices at temperatures of 300-
700 0 F (1 50-370 ° C) and at gas flow rates of 
5000-50,000 actual ft3 /min (2.4-24 m3 /s). 
This research is divided into two main areas: 
ESP technology and fabric filtration. The lat-
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ter area was discussed in an earlier report 
(EPRI Journal, October 1 979, p. 35). 

Improving ESP design and reliability 

Flue Gas Conditioning (RP724) EPRI is in
vestigating the influence of chemical addi
tives on precipitator collection efficiency. 
Normally, a precipitator is designed to meet 
certain performance criteria based on the 
properties of a specified coal and other 
operating parameters. If important coal 
properties should change (e.g. , the sulfur 
content), the resulting ash may be more diffi
cult to collect and the precipitator may no 
longer meet the design performance criteria. 
In some such cases flue gas condition
ing can restore precipitator performance. 
Conditioning agents that are presently 
being used with success include sulfur 
trioxide, ammonia, and ammonia-related 
compounds. 

Although gas conditioning has restored 
satisfactory precipitator performance in 
some installations, the results have been 
variable and sometimes disappointing. This 
project is investigating important aspects of 
gas conditioning through both laboratory 
and field studies. All the agents in wide
spread use will be examined. The product of 
this research will be a flue gas conditioning 
user's manual that will describe situations 
in which gas conditioning is effective and 
present an economic comparison with alter
native methods of solving precipitator per
formance problems. Preliminary results will 
be available by mid-1 980. 

Minicombustor (RP629) Certain properties 
of fly ash are significant for ESP design. EPRI 
is developing an improved procedure for pre
dicting these properties by laboratory-scale 
testing of the parent coals. The procedure 
involves burning small samples of coal in a 
laboratory combustor under conditions that 
closely simulate the physical and chemical 
conditions in a power plant boiler. 

In this development program, a data base 

is being compiled that consists of critical 
measurements (fly ash mass loading, size 
distribution, composition, resistivity, and 
gas-phase S0

3 
concentration) taken at the 

precipitator inlet of utility coal-fired plants. 
Samples of the same coals are then burned 
at a rate of 5 lb/h (heat release, approxi
mately 60,000 Btu/h) in a versatile labora
tory combustor capable of reproducing the 
temperature/time profile of the boilers in the 
data base. Measurements of the same pa
rameters are made at the combustor exit, 
permitting a comparison of the laboratory 
values with the full-scale results. 

Preliminary results from a l imited number 
of coals suggest that fly ash resistivity can 
be predicted to within an order of magni
tude for low-sulfur coals, a significant 
improvement over the capabilities of current 
laboratory procedures. 

Additional efforts in progress to improve 
the design basis of ESPs include a field eval
uation of pulsed electric power equipment, 
an assessment of the causes of perfor
mance deterioration in hot precipitators, and 
improved plate-rapping procedures that 
minimize reentrainment. 

Reliability Field Study (RP1401) One of the 
most significant factors involved in the se
lection of any particulate control technology 
is the confidence utilities have in the relia
bility of the device. It is important to quantify 
the operating experience of ESPs and bag
houses on coal-fired plants to define the 
reliability issues and develop a set of guide
lines to assist the utilities in specifying these 
systems. This project is doing that by com
prehensive engineering evaluations of 1 6  
ESP and fabric filter installations and their 
associated ash removal systems. 

The selected ESP systems represent a 
sampling of high-design- efficiency units 
(99.5% removal and above) in western and 
eastern coal applications. The fabric filter 
systems evaluated will be limited to those 
used on pulverized-coal units that have 



come into service since 1977. Initial results 
are expected to be available later this year. 

Advanced ESP technology 

High-Intensity Ionizer (RP725) EPRI is test
ing a high-intensity ionizer developed by Air 
Pollution Systems, Inc. These tests are being 
carried out at the Tennessee Valley Authority 
(TVA) Shawnee steam plant, as well as at the 
Arapahoe test facility. The ionizer consists of 
an electrode assembly that produces a high
intensity corona to charge particulate matter 
to a much higher level than possible with 
conventional ESPs. When the ionizer is com
bined with a conventional ESP to form a two
stage precipitation device, the higher parti
cle charge should result in higher overall 
collection efficiency. 

In tests at Arapahoe a high-intensity ion
izer-precipitator combination has been op
erating at an ionizer field strength level of 
about 7 kV /cm, significantly higher than the 
4-kV /cm level that can be maintained in 
a conventional precipitator. Ionizer field 
strengths up to 7 kV /cm resu lted in reduced 
precipitation emissions. Higher fields (up to 
1 1  kV/ cm) did not result in expected im
provements with the configurations tested 
to date. Modifications are being made that 
are expected to bring the test unit up to the 
theoretically attainable performance levels. 

Complementary larger-scale tests of the 
ionizer concept are being conducted at the 
Shawnee steam plant. TVA has installed an 
array of 90 ionizers in the duct just in front of 
one of the two precipitators on a 1 50-MW 
unit (i.e. , the ionizer array treats an amount 
of flue gas equivalent to 75 MW of power 
generation). The ionizer array at Shawnee 
was first operated in July 1979. EPRl
sponsored tests characterized the operation 
of the precipitator alone, the ionizer alone, 
and the precipitator-ionizer combination 
(RP1 456). Further tests at Shawnee are 
scheduled for mid-1980. 

Advanced ESP Prototype (RP1835) Al
though baghouse technology is a promising 
alternative to ESPs, the development of 
cost-effective improvements in ESP tech
nology must sti l l  be pursued, especially in 
view of the over 5800 utility ESPs already 
installed in the United States. Improved 
particulate collection may even be required 
for boilers already equipped with particulate 
control devices, and upgrading of existing 
ESPs must be regarded as the only cost
effective solution for most of the plants 
involved. 

The objective of another project (RP1 835), 
which began early this year, is to demon
strate at prototype scale (1 ) technology to 

reduce the basic size and cost of ESPs; 
(2) improvements in fine-particle collection 
efficiency; (3) reductions in the ESP's sen
sitivity to ash resistivity; and (4) technology 
to improve operating reliability. The initial 
efforts emphasize the near-term need to 
reduce ESP costs. This project will system
atically bring together the most promising 
ESP improvements developed and tested by 
EPRI ,  as well as by various ESP suppliers, 
to determine the most effective ESP config
uration commercially practical today. 

In addition to the high-intensity ionizer, 
promising technologies in this area are 
pulsed high-voltage power supplies, wide 
electrode plate spacing, and compartmen
talized rapping. While each of these tech
nologies is currently commercial ly available, 
their performance characteristics in utility 
precipitator applications and their cost
effectiveness have not been establ'lshed . 
Furthermore, no information is available to 
predict the effects of combining these tech
nologies. The technologies all address the 
critical problem of improving collection effi
ciency for fine particulates, and thus their 
succE\ssfu l  development should lead to cost 
reductions for new units and provide sound 
engineering alternatives for existing units. 

The prototype ESP at the Arapahoe facility 
will be used as the primary vehicle for testing 
advanced concepts on a continuing basis. 
It is well suited to this purpose because of 
its size (flue gas equivalent to 5-1 5 MW of 
power generation), which permits extrapola
tion of results to full scale, and the inherent 
flexibility of its design. The prototype will 
undergo baseline tests to characterize its 
initial fine-particle collection performance; 
subsequent modifications will be tested sep
arately and in combination.  

The results of advanced ESP research 
will become available over the next two 
years. Additional efforts to improve ESP 
technology include measurements of ESP 
performance (RP780) and development of a 
fine-particle agglomerator (RP533). Sub
program Manager: Peter Gelfand 

TURBINE-GENERATOR RELIABILITY 

Statistical data from the Edison Electric 
Institute (EEi) indicate that large turbine
generators (not including auxiliary systems) 
account for an availability loss in fossil
fueled power plants of approximately 13%, 
a large portion of the 35.5% total plant 
availability loss. EPRl's turbine-generator 
performance and reliability subprogram was 
structured to develop technology options 
to reduce outages caused by generic, in-

dustrywide problems relating to design, 
operation, and maintenance. A continuing 
planning effort based on EEi equipment 
outage data and input from utility industry 
working groups, the EPRI advisory structure, 
and manufacturers has produced an R&D 
program that allocates funding to turbine
generator components in relation to their 
contribution to availability loss. This work is 
expected to provide significant short-term 
and mid-term benefits to the utility industry 

The elements of the tu rbine-generator sub
system that are responsible for the largest 
availability losses . and, therefore, have the 
highest research priorities are turbine 
blades, bearings, and generators. In addi
tion ,  the requirements of unit cyclic opera
tion in terms of plant availability represent 
an important area of study. 

Turbine blades 

Blade fai lures that cause forced outages or 
extend scheduled outages pervade the util
ity industry. Most of these failures involve 
first-stage high-pressure and intermediate
pressure blades or later-stage low-pressure 
blades. The high- and intermediate-pressure 
blade failures generally result from solid
particle erosion, whereas the low-pressure 
blade failures result from stress corrosion or 
corrosion fatigue. The failu re mechanisms 
are basically different and require different 
research approaches. 

Low-Pressure Blades Low-pressure blade 
failures occur primarily in the next-to-last 
(L 1 )  stage. As shown in Figure 1 ,  40% of 
all blade failures that result in forced out
ages occur  in this stage. Thus EPRI has 
established a major effort aimed at develop
ing a fundamental understanding of the fail
ure cause mechanisms in existing designs 
and providing blading options that can elim
inate the problem. 

The service viability of a particular blade 
configuration depends on the interaction of 
steady stress, alternating stress, steam en
vironment, and material . This interaction is 
more complex at the L - 1 stage because it 
is a transonic stage (contains a shock wave) 
and is the normal location for supersatu
rated steam condensation (Wilson point) in 
the low-pressure turbine. The steam con
tains small amounts of dissolved salt impuri
ties that condense in concentrated form just 
before the Wilson point. When the Wilson 
point moves (as a function of load), regions 
of periodically moistened salt deposits are 
created that promote pitting and cracking 
of the blade material. The goal of RP91 2, 
a four-year project initiated in conjunction 
with RP1068 of the Nuclear Power Division, 
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Figure 1 Blade failures in the later stages of the low-pressure turbine account for most of the blade-related 
forced outages in steam turbines. The L - 1 row constitutes the most troublesome stage. Percentages are 
based on EEi data for the years 1 969-1 977. 
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is to gain a more quantitative understanding 
of environmentally related fatigue in low
pressure blading materials. The project will 
provide recommendations on acceptable 
water treatment practices, allowable levels 
of steam contaminants, and allowable static 
and dynamic stresses as a guide for plant 
operation that minimizes corrosion fatigue 
damage. It is scheduled for completion in 
mid-1 981 . 

The process of steam condensation in 
low-pressure turbi nes is not well under
stood. Yet to be experimentally determined 
are the effect of dissolved and particulate 
impurities on the condensation mechanism, 
the location of the Wilson point, the size of 
droplets at formation, and the droplet g rowth 
propensity. Work under RP735 will provide 
this critically needed information ,  which wil l  
facil itate the development of improved tur
bine steam-path design methods to reduce 
moisture losses and erosion damage. In 
addit ion, recommendations for the control 
of steam condensation and impurity depo

sition through feedwater chemistry will be 
developed. This project will be completed 
in December 1 980. 

Some limited field testi ng has revealed 
high cyclic stresses in later-stage blades 
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during operation at off-design conditions
low reheat temperature and high back pres
sure. A probable reason for these stresses 
is the unstable interaction between a pres
sure shock wave and supersaturated steam 
condensation in the blade passage ,  which 
creates blade excitation from periodic mo
tion of the pressure shock wave. In RP1 407 
this phenomenon is being investigated to 
experimentally determine the amplitudes, 
frequencies, and boundaries of the flow in
stability, as well as the possible forces on 
blade surfaces. The information obtained 
will help turbine blade designers accommo
date the excitation levels created and lead 
to operating procedures that minimize the 
undesirable effects. 

Knowledge of damping characteristics is 
a critical element in the fatigue design of 
turbine blades. Performing in situ tests pre
sents substantial difficulties, however, and 
data on steam turbine blade damping are 
sparse. RP1 1 85 was in itiated to develop an 
alternative testing method that simulates 
operating conditions and to provide damp
ing data on steam turbine blades with three 
different root configurations. The fi rst phase 
of this project was completed in 1 979, and 
a report wil l  be available mid-1 980. This 

phase developed and demonstrated the new 
testing method and provided data on blade 
damping as a function of axial load, vibra
tion mode, and vibration amplitude. The 
second and third phases of the project will 
determine more detailed damping charac
teristics for a wide range of blade designs 
and will investigate various means of in
creasing blade damping, thereby making a 
more fatigue-resistant design possible. 

Titanium alloys and coatings show prom
ise for reducing corrosion-related failures in 
low-pressu re turbine blades. Under RP1 264 
a free-standing titanium L - 1 blade that 
can be retrofitted into an existing machine 
is being designed, developed, and tested. 
In-plant telemetry testing is expected to be 
completed by the end of 1 980,  and the blade 
should be commercially available in 1 981 . 

RP1 408 will identify and evaluate one or 
more coating systems that can successfully 
protect turbine blade and rotor areas from 
hostile environments. This project will be 
completed in 1 982. 

High- and Intermediate-Pressure Blades 
The erosion of turbine parts, especially of 
the first-stage high- and intermediate-pres
sure blades, by hard particles has long been 

recognized as a utility problem. Typically, 
solid-particle erosion results in efficiency 
loss rather than forced outages. Experience 
has shown that substantial costs ($50-$1 00 
mill ion a year) are associated with this phe
nomenon as a result of degraded effic iency, 
extended outages, and maintenance ex
pense. The root cause of the problem is 
generally believed to be exfoliated oxides 
from boiler superheater and reheater tubing 
and from main steam piping .  The hard par
ticles produced are blown into the turbine 
and cause erosion of valves, nozzles, and 
blades. Thus far, research on this problem 
has emphasized the exfoliation process 
within the boiler. A ch romate conversion 
method that eliminates rapid exfoliation is 
being developed and tested ,  and a full-scale 
retrofit application will be conducted this 
year (RP644). 

Projects exploring ways to reduce the 
effect of erosion on turbine parts are under 
consideration for funding in late 1 980. One 
method involves turbine steam bypass sys
tems that circumvent the turbi ne during 
startup and blow the particles into the con
denser. More di rect methods include blade 
coatings that reduce erosion susceptibi lity, 
steam admission strategies that reduce par
ticle velocity, particle traps that separate 
particles from inlet steam, and monitoring 
systems that i ndicate when erosion is occur
ring. A comprehensive approach incorpo-



rating al l these methods is presently being 
planned. 

Bearings 

Development of technology options that wi l l  
help the utility industry reduce bearing
system fai lu res, which are the leading cause 
of forced outages in turbine-generators over 
600 MW, is a major objective of the turbine
generator subprogram. Work in this area 
is divided into three categories: lubrica
tion systems, bearings, and rotor-bearing 
systems. 

A comprehensive analysis of past fai l u res 
is being conducted to identify, define, and 
rank the root causes of generic bearing
system problems, and to develop a long
range R&D plan to address the sign ificant 
problems identified (RP1 265-3). This project 
wi l l  be completed in early 1 981 . Two projects 
addressing particular problem areas have 
already been initiated. One is examining how 
to reduce bearing power losses (RP1 648-1 ) ,  
and the other i s  assessing rotor-bearing 
analysis techniques (RP1 648-2). 

In addition, projects will be started this 
year in  the fol lowing areas. 

o Development of a device for monitoring 
particulates and water content in  lubri
cating-oil systems 

o Low-speed wear of large journal bearings 

o Transient performance of lubrication sys
tems during emergency shutdown 

o Ful l-flow filters for lubricating-oil systems 

o Design and construction of lubricating-oil 
systems 

The principal emphasis in each of these proj
ects wi l l  be on problem prevention and 
reduction through improved analytic meth
ods, proper specification guidelines, and 
improved hardware designs for new and 
existing bearing and lubrication systems. 

Because work in this area has just begun,  
results in a form directly transferable to the 
util ity industry will not be available until early 
1 982. 

Generators 

Problems with large generators account for 
a plant avai l ability loss of approximately 9%, 
according to EEi  statistics. Because it is 
l ikely that conventional generators will sup
ply the major portion of the utility industry's 
needs during the next 1 5  years, it is i mpor
tant to improve their reliabil ity through R&D 
in the areas of design and construction ;  
operation; monitoring and diagnostics; and 
maintenance. To provide a rational al loca
tion of resources in this effort, a root cause 
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analysis project simi lar to that described for 
bearing systems will be initiated this year 
(RP1 265-4). 

Unit cyclic operation 

There is a trend in the util ity industry toward 
cycl ing of large fossi l  un its in the form of 
two-shift operation and load following. This 
trend is the result of many factors, including 
increases in nuclear generating capacity 
and increases in fuel costs. New fossi l  plants 
over 500 MW are being specified for cyclic 
operation;  older plants are being relegated 
to cyclic operation after years of baseload 
operation. 

These operating strategies are producing 
a demand for more extensive engineering 
analyses of power plant components and 
for validation of these analyses. Turbine and 
boiler manufacturers are being asked to pre
dict thermal stresses and corresponding 
fatigue life and to determine component re
sponse through the use of modeling tech
niques. Such predictions will he lp util ities 
assess the reliabil ity and economics of var
ious operating modes when considering 
new plant designs or modifications in the 
operation of existing plants. 

RP91 1 is examining turbine and boiler 
metal temperatures and thermal stress in 
cycl ic operation in an effort to optimize 
starting and loading procedures and thus 
improve the reliabi l ity and economics of this 
mode of operation. I n  addition, plant model
ing techniques and thermal stress models 
will be validated , and heat transfer corre
lations improved. This project wi l l  be com
pleted late this year. 

Turbine bypass systems offer the oppor
tunity for significant improvements in plant 
cyclic operation. When successfu l ly devel
oped in this country they wil l  

o I ncrease operating flexibility between 
boiler and turbine systems, thereby de
creasing startup and shutdown times and 
improving avai labi l ity 

o Improve matching of steam and metal 
temperatures during startup and transients, 
thus reducing rotor and cylinder thermal 
stresses 

o Reduce solid-particle erosion of turbine 
valves and blades by reducing tube wal l 
overheating and subsequent internal oxide 
formation and carryover during startup 

o Enable boiler cleanup to be achieved 
before steam is introduced into the turbine, 
thereby min imizing corrosion 

A conceptual design and economics 
study of turbine bypass systems will be in i-

tiated this year to investigate their viabil ity 
in new and retrofit situations. 

Further research 

In addition to the fou r  major areas discussed 
above, the turbine-generator subprogram is 
planning significant research in the areas 
of monitoring and diagnostics, turbine main
tenance, and thermal performance. Several 
projects are ready to start, and work wi l l  be 
expanded in the near future. 

The goal of this subprogram-improving 
plant availabi l ity, especial ly for coal-fired 
baseload plants-is in keeping with the 
national goals of efficient energy use and 
reduced dependence on oil and gas. The 
R&D investment in this effort is relatively 
small and the possibi l ities of success are 
high ,  with potential ly significant benefits for 
the util ity industry. Project Manager: John 
Parkes 
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ELECTRICAL SYSTEMS DIVISION 
John J. Dougherty, Director 

OVERHEAD TRANSMISSION 

Wind-induced vibration 

Wind-induced aeolian vibrations are re
sponsible for fatigue failure of transmission 
line conductors throughout the world. Utility 
companies often must decide whether to re
place min imally damaged conductors (one
to-three-strand breaks) or to add vibration 
amplitude reduction devices (dampers) to 
the l ine in an attempt to arrest further con
ductor damage. The addition of dampers 
does lower line vibration amplitudes; how
ever, it is not known if this corrective pro
cedure is sufficient to ensure the full design 
life of the line. 

The question addressed in this research 
effort is whether the addition of dampers 
significantly prolongs the fatigue life of a 
l ine that has been minimally damaged by 
aeolian vibration (RP1 278). If this is shown 
to be the case, utilities using dampers could 
expect economy in the maintenance and 
replacement of overhead conductors and 
fewer outages caused by conductor fatigue 
failures. 

The approach in this i nvestigation is to ex
perimentally evaluate the effectiveness of 
two levels of amplitude reduction in arrest
ing deterioration of minimally damaged 
aluminum cable steel-reinforced (ACSR) 
conductors supported by standard short
radius suspension clamps. All experimental 
work is being conducted in the laboratory 
at Auburn University. Three representative 
ACSR conductors are being tested-a 4.03-
cm2 (795-kcmil) conductor with 45/7 
stranding, a 4.03-cm2 conductor with 26/7 
stranding, and a 2.01 -cm2 (397.5-kcmil) 
conductor with 26/7 stranding. Aeolian 
vibrations are simulated in the laboratory by 
inducing mechanical vibrations at a natural 
frequency of the conductor. After one-to
three-strand breaks are experienced, the 
addition of dampers is simulated in the labo
ratory testing by reducing the vibration 
amplitude. In each test the suspension 
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clamp is fixed (articulation is restrained) to 
accelerate fatigue. 

Fatigue failures are generally governed by 
highly localized material and geometric 
properties. Hence, fatigue tests , with thei r  
inherent sensitivity to local imperfections, 
tend to show considerable data scatter. To 
mitigate this effect, several tests are made 
on each conductor configuration and condi
tion to give statistical credence to the results 
obtained. Results to date indicate that ampli
tude reductions that simulate the addition of 
dampers for 2.01 -cm2 (397.5-kcmil) 26/7 
and 4.03-cm2 (795-kcmil) 26/7 ACSR con
ductors under the conditions tested do miti
gate fatigue damage. Tests indicate no ap
preciable additional fatigue damage after 
the simulated addition of dampers for test 
durations on the order of 30 X 1 06 addi
tional vibration cycles. 

The addition of dampers to reduce aeolian 
vibration amplitudes for minimally damaged 
transmission lines has been experimentally 
validated as a sound approach. The re
search is continuing to more clearly define 
the effect and to extend the testing. It is 
expected that this effort will aid the trans
mission l ine design engineer in determining 
whether fatigue failures have occurred or 
are l ikely to occur on a line and how these 
effects can be mitigated. Project Manager: 
Joseph Porter 

Phase-to-phase switching surge 

One of the problems to be considered in 
implementing transmission l ine compacting 
techniques, such as those developed under 
RP260, is the possibility of phase-to-phase 
flashover from switching surges. How flash
over is influenced by such parameters as 
line length, hardware, spacing, and phase 
configuration is not accurately known. A 
project was established with Power Tech
nologies, I nc. , to conduct phase-to-phase 
flashover tests on a prototype transmission 
line (RP1 202). The line was constructed 
and tested at Westinghouse Electric Corp . ' s  

EHV laboratory in Trafford , Pennsylvania. 
Switching-surge flashover measurements 

were made for phase-to-phase spacings of 
3, 6, and 1 2  ft on 30-, 1 50-, and 1 200-ft
long lines, strung with two or three con
ductors. The project data relate specifically 
to the design of 1 1 5-1 38-kV compact trans
mission lines, but the results are applicable 
to all designs using phase-to-phase spac
ings in the range tested. 

Advanced statistical methods were used 
to plan and execute the tests. Data analysis 
combined conventional computer methods 
of data processing with statistical analysis 
techniques specially developed for this 
project. The effects of weather on the pos
sibility of flashover were obtained as con
comitant variables, a procedure made pos
s ible by planning a sufficient number of 
tests over a range of weather conditions. 
All measurements were made with digital 
equipment to a high level of consistency. 

Results will be presented in a simplified 
form suitable for use in switching-surge 
design procedures similar to those de
scribed in EL-1 31 4, a report on 1 1 5-1 38-kV 
bundled-circuit design (RP260-2). When 
combined with the system performance data 
given in that report, these new results should 
provide a significant improvement in con
fidence for phase-to-phase switching surge 
performance, which may lead to construc
tion savings. The results confirmed the ease 
of compensation for design variables, estab
lished l imitations for conventional weather 
correction factors, isolated features of the 
data that l imit the accuracy of conventional 
analysis methods, and developed improved 
accelerated test methods. Program Man
ager: Richard Kennon 

HVDC transmission 
between ± 600 and ± 1200 kV 

In 1 976 EPRI and Bonneville Power Adminis
tration published Transmission Line Refer
ence Book, HVDC to ± 600 kV. Now that 
planners envision de lines in the ± 600-kV 



to ± 1 200-kV range, an extension of the pre
vious work is called for. 

Although construction of de l ines has 
been limited in the United States, this may 
soon change. The development of the 
thyristor has held down the cost of con
verters, and the line cost for de is less than 
for ac of equivalent capacity. In  preparation 
for an expected increase in HVDC l ine con
struction, EPRI is sponsoring two comple
mentary studies of l ines above ± 600 kV. The 
first (RP430) is being carried out at the 
lnstitut de Rech ere he de I' Hydro-Quebec 
( IREO). The other study (RP1 282), with Gen
eral Electric Co. , was reviewed earl ier (EPRI 
Journal, December 1 979, p. 54). 

The IREQ project is divided into three 
parts: power supply studies for insu lator 
pollution tests, insulation coordination 
studies, and corona studies for overhead 
l ine and bipolar cage configu rations. The 
most recent phase of this work analyzes 
long-term observations of a test l ine con
structed at IREO's facility near Montreal 
(Figure 1 ). Several conductor bundles were 
operated at voltages from ± 750 kV to 
± 1 050 kV, and measurements were taken 
of l ine voltage, corona losses, radio inter
ference, and audible noise under a variety 
of weather conditions. 

A convenient and inexpensive method of 
simulating de l ine conditions for a variety of 
conductor sizes and spacings is cage test
ing. By instal l ing the conductors inside a 
metal cage (Figure 2), the electric field 
found on an operating l ine can be dupl i
cated at the conductor. 

Of special importance to the station de
signer is a study of corona and electric field 
effects of buses at various voltage levels. 
B us size (for both single tubes and bundled 
tubes) and pole spacing were varied. 

Information on the work outlined above is 
contained in EL-1 1 70. Results of the i nsula
tion coord ination studies (EL-395) and the 
power supply study for insulator pollution 
tests (EL-397) are also avai lable. 

Research under RP430 wil l continue 
through 1 980 and wil l i nclude additional 
evaluation of cage studies, as well as a sub
jective evaluation of the annoyance effects 
produced by radio interference and audible 
noise. The development of an instrument to 
accurately measure the electric field of a de 
source at any point above ground will be 
completed. This project is the f irst step in 
the investigation of de l ines above ± 600 kV. 
It provides m uch useful information to the 
l ine designer and the station designer and 
gives direction to additional research ,  which 
will continue through 1 984. Project Man
ager: John Dunlap 

Figure 1 HVDC test line (6-conductor bundles) at IREQ on which long-term operating conditions are being 
measured at voltages between ± 750 kV and ± 1050 kV. 

Figure 2 Outdoor cage tests at IREQ for HVDC conductor bundles. All bundles that can be tested on the line 
can be tested in the 18 x 18-ft (5.5 X 5.5-m) cages. For the EPRI project, the central panels of each cage 
were removed so the cages could be combined for bipolar de tests. 

UNDERGROUND TRANSMISSION 

Oil leak location systems 

Most of the 3000 circuit mi les of h igh-voltage 
underground transmission l ine installed i n  
the United States are 69-345-kV pres
surized cables, insulated with oi l- impreg
nated paper. Over 75% are pipe-type cables, 
in which three insulated cables are installed 

in protected steel pipe, then fi l led and pres
surized with dielectric f luid. Some 500 cir
cuit mi les are lead-sheathed, self-contained, 
oil-fil led cables, and the remain ing 1 0% are 
gas-pressurized pipe-type cables. 

To maintain their high dielectric strength 
and long-time service integrity, these trans
mission cables must be maintained at rated 
operating pressures; if these pressures are 
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not maintained, the cables must be taken out 
of service. 

Some utilities with extensive underground 
transmission circuits in large metropolitan 
areas have encountered serious and expen
sive leaks leading to shutdown of pipe-type 
cables. In some instances, it has taken 
months to find oi l  leaks with present location 
methods. 

The objective of RP7869 with Power Tech
nologies, Inc. is the development and testing 
of advanced, accurate systems for locating 
leaks of cable oil and gas. The gases in
volved are nitrogen and sulfur hexafluoride. 

Methods under i nvestigation include 
acoustic emission, infrared survey, ground
penetrat ing radar, radioactive and stable 
isotope tracers, l iquid and gas tracers, and 
thermal flow indicators. 

The f inal system will have two modes of 
operation. The first wi l l  define the general 
location of the leak-for example, in an area 
between particular manholes. The second 
mode will employ one or a combination of 
methods to pinpoint the leak. The system 
should be able to detect leaks with flow 
rates as low as 3 gal /h  (0.01 1 4  m3 /h). 

The thermal f low indicator, for example, i s  
an established tool that can be made more 
reliable, sensitive, and accurate by upgrad
ing i nstrumentation and application. In the 
manholes, access for a probe into the oil 
pipe is made in the joint with fitted valves. 
The thermal probe can detect a leak flow 
direction when the oil flow rate is as small as 
3-5 gal/h (0.01 1 4-0.01 89 m3 /h). An acrylic 
mock-up of a joint casing, with connecting 
line pipes, insulated cable splices within the 
casing, and heating and i nstrumentation 
facilities is now being used to conduct sensi
tive flow tests under s imulated f ield condi
tions. 

To date, indications are that improve
ments of about one order of magnitude i n  
sensitivity and accuracy should be possible. 
With confi rmation of the flow d irections be
tween adjacent manholes and with the in
creased sensitivity anticipated, it may be 
possible to identify in which quarter of the 
length the leak should be found by detecti ng 
minute d ifferences in flow rates. 

It is obviously preferable to use tracer 
fluids as permanent additives to the dielec
tric oi l  in the operating system because such 
a detectable additive would exit at the leak 
source immediately after the leak starts. 
However, the need for long-time electrical 
and chemical stability and compatibil ity im
pose appreciable restraints on the types of 
fluids that are acceptable. At present, some 
30 candidate l iquid and gas tracers are 
being characterized, and further analyses 
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of detectabi lity and required concentration 
level are expected to reduce the selection to 
10 or less. Additional tests, including mea
surement of absorption and dispersion of the 
tracer fluids by soils and backfi l ls ,  are being 
conducted at buried-pipe facilities at Sara
toga, New York; here the controlled leak 
rates can be examined in various soils and 
under blacktop roadway. 

Additional promising detection methods 
and location techniques are being i nves
tigated and will be reported as more re
sults become avai lable. Project Manager: 
Stephen Kozak 

TRANSMISSION SUBSTATIONS 

Advanced thyristor valve 

A recent status report (EPRI Journal, July/ 
August 1 979, p. 51 ) announced the start of 
a project in which General Electric Co. is 
developing an advanced thyristor valve 
for HVDC transmission systems (RP1 291 ) .  
The thyristor under development wi l l  be 
a l ight-fired, 77-mm (3-in) diameter cell 
with a 5000-V blocking voltage, a low ther
mal resistance package, and zinc oxide 
block overvoltage protection for i ndividual 
thyristors. 

In addition to the low thermal resistance 
package, which can sign ificantly lower 
temperature excursions caused by transient 
overload, a related project with General 
Electric is developing a system for forced 
vapor cooling of thyristor valves (RP1 207). 
This cooling technique, which also tends to 
lower transient temperature excursions, is of 
primary value for improving steady-state 
heat dissipation. Success in these projects 
wi l l  not only lower HVDC converter costs 
(because fewer thyristors wi l l  be needed for 
a given power level) but will also lower the 
cost of capitalized losses by decreasing 
power losses. 

The project is progressing as scheduled in  
a l l  respects. A 77-mm, 5-kV, electrically 
gated thyristor has been developed. Modi
fications of the design necessary to reliably 
trigger the thyristor with i nfrared light are 
progressing with no serious problems. The 
advanced package has yielded the antici
pated gain of 30% in heat transfer capabil ity 
for both surge and steady-state heat ing,  
whi le pilot tests of forced vapor cool ing 
(using prototype coolant passages) indicate 
a further i ncrease in steady-state cool ing of 
up to 1 00% when the two techniques are 
combined. Paper design of an advanced 
valve (possibly 1 33 kV at 2000 A) is antici
pated by mid-1 980, and a search for a host 
uti lity is now under way. Project Manager: 
Gilbert Addis 

EHV current transducer 

A digital EHV electronic current transducer 
(ECT) has been developed by Westinghouse 
under EPRI sponsorship  (RP560). The target 
specification for the transducer was to meet 
metering,  relaying ,  and fault-recording re
quirements without provision of a battery 
supply at the high-voltage level. The fre
quency response, specified at 1 O kHz min i
mum, should be adequate for future current 
l imiter control systems and ultrahigh-speed 
relays as well. Digital techniques were 
specified for the conversion and signal 
transmission system of the ECT to gain ex
perience with a design that could be directly 
interfaced with future digital protective 
relays. Fiber-optic l inks were specified for 
the communication system . 

When last reported on (EPRI Journal, May 
1 978, p. 51 ) ,  the ECT had been installed in 
a Bonnevi l le Power Administration 500-kV 
substation (Figure 3), where it has been 
operating since August 1 978. 

The ECT is the fi rst uti l ity application of 
low-loss optical waveguides in which the 
waveguide is brought al l  the way from the 
control house up to an energized bus. The 
system uses two types of fibers. The first 
portion from bus potential to ground is a 
special Siecor fiber with a void-free mylar 
buffer. The major length, a 300-m section 
that runs from the base of the ECT to the 
control house, uses a conventional Siecor 
two-fiber cable. 

The 300-m fiber cable was i nstalled in a 
conduit for the first 70-1 00 m, and the rest 
was laid on conventional cable trays. Instal
lation was very fast and simple. No special 
precautions were taken except for some 
care not to exceed the maximum specified 
pul l ing force and min imum allowable bend
ing radius. The i nstallation demonstrated 
that util ity crews can handle a fiber cable 
by following relatively normal procedures, 
even though the i nstallation was not co
pletely problem-free. The mylar-buffered 
fiber was broken several times, and two 
problems were encountered during the in
stallation of the ECT electronics. Special 
precautions taken during the installation 
eventually resolved these problems, which 
can easily be avoided i n  future installations 
through slight modification of the packag
ing of the electronics at the top of the ECT. 
Also, one of the fibers in the main run to the 
control room failed i n  the first few months 
of operation. The fault was traced to a fiber 
breakage near a connector. The cause of 
this break is not known,  although it is be
l ieved to have resulted from handl ing .  The 
faulted fiber-optic cable was replaced, and 
the system has been operating continuously 



Figure 3 The ECT installed in a substation on the 
Bonneville Power Administration's system, against a 
background of conventional current transformers. 
Benefits of the ECT include improved safety features 
and the first application of low-loss, hair-thin optical 
fibers for transmitting the current signals. 

without further fiber problems since August 
1 978. Since then, there has been one elec
tronic component failure in the decoder unit ,  
probably j ust a normal early fail u re .  

The test program specifies monitoring of 
several key parameters, the most important 
of which are the number of parity errors i n  
received messages from the ECT encoder 
and changes in amplitude and phase errors 
in the output of the ECT. 

Over a four-month period, there were 
only 44 messages with a parity error out of 
an estimated 4.3 x 1 0 1 1  total transmitted 
messages. Since each message has 1 4  bits, 
this would indicate a bit error rate of be
tween 7 X 10-1 2  and 2 X 1 0-1 0

. Thus, the 
security of the fiber-optic data transmission 
appears to be qu ite good. To date, no major 
change has been detected in the accuracy 
of the ECT. The evaluation of the ECT is con
tinuing. Project Manager: Stig Nilsson 
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POWER SYSTEM 
PLANNING AND OPERATIONS 

Advanced computer concepts 

New analytic techniques for the advance
ment and application of model ing theory, 
control systems, large systems concepts, 
and network theory are being pursued in a 
project on advanced computer concepts 
(RP1 355). The topics for research result 
from periodic solicitations to un iversities. 
Four contracts have been let, and from four 
to six additional contracts are l ikely to be 
awarded in 1 980.Three of the four current 
contracts are discussed below. 

Researchers at Northwestern University 
are i nvestigating improved methods for solv
i ng power system network problems by 
means of a parallel array of inexpensive 
microprocessors (RP1 355-1 ). The objec
tive is to see if approximately 50 smal l ,  i nex
pensive microprocessors, working in paral
lel, can do the work of one large, expensive 
computing system. Executive software has 
been written to coordinate a series/parallel 
array of microprocessors that are pro
grammed to solve a sequential power sys
tem network algorithm. In this phase of the 
research the SO-microprocessor array is 
simulated on a CDC 6600 computer system .  

Under RP1 355-2, researchers a t  Cornell 
University are evaluating the computation 
efficiencies possible for solving ac power 
flow values when a modified, fast-de
coupled algorithm is executed on an ar
ray processor (Floating Point System's 
AP1 20B). The array processor is connected 
to a host serial digital computer. The host 
computer addresses the array processor 
and passes a portion of a problem to the 
array for its solution.  Whi le the array proces
sor is working on the solut ion, the computing 
resources of the host computer can be used 
for other tasks. When an array processor is 
used with a host computer, the result is a 
multiprocessor configuration capable of dis
tributed processing. Such a configuration 
can i ncrease the amount of work that can 
be accomplished in any time interval by a 
sign ificant amount. After the ac power flow 
solution has been checked out on the 
Cornell hardware, t iming runs wi l l  be made. 
The solution time for problems of various 
sizes are to be measured on three computer 
systems: the host-array hybrid system ,  a 
single serial digital computer (e.g . ,  IBM 
370), and the EPRI  analog-digital hybrid .  
The cost and performance of each comput
ing alternative will be documented. Val ida
tion of more responsive computing alterna
tives will improve support for power system 
planners and power system dispatchers. 

At Iowa State University a research team 
is developing a methodology whereby op
erators can recognize and predict when 
their systems are in a state of transition 
between the normal, alert, and emergency 
states (RP1 355-3). The purposes of such a 
capabi l ity would be to alert the system op
erator to situations in which a breach of 
security may occur and to recommend pre
ventative measures, if possible. 

System security, in the dynamic sense, is 
not well defined. Assessment of system 
transitions requires estimates of the final op
erating state of the system (which would de
fine acceptable and unacceptable operating 
conditions) and an estimate of the system 
trajectory during the transition period (which 
would define an acceptable dynamic per
formance of the system). 

The successful methodology for dynamic 
security assessment must perform five 
functions. 

o Provide a clear definition of the operating 
states of a power system and of acceptable 
dynamic system performance 

o Recognize (in real time) the dynamic 
state of the system 

o Detect potential contingent situations that 
may require correction 

o Assess the security of the system (the 
degree of the alert) 

o Identify the weak l inks and suggest appro
priate preventative measures 

Researchers at Iowa State believe their 
transient stability margin assessment tool 
is a valid means for predicting the dy
namic response of the power system to 
power perturbations. The power perturba
tions studied include the additional negative 
load (accelerating power) at the faulted bus 
at the instant of fault clearing, the additional 
negative load at the faulted bus at a later 
i nstant (after fault clearing) ,  the additional 
negative load at a bus other than the faulted 
bus, and changes in the mechanical power 
of certain generators. 

The researchers intend to carry out addi
tional validation studies and will explore 
ways of expressing the transient marg in  in 
terms of other types of system disturbances 
or perturbations. Project Manager: Donald 
Koenig 

Modular generation expansion 

Electric util ities are confronted with a for
midable challenge to evaluate an increasing 
number of alternatives for plann ing future 
generation requ i rements. Turbulence i n  the 
socioeconomic arena and the unsettl ing 
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political cl imate during the past decade 
have added a new dimension to the plan
ning of electric util ity capacity expansion. 
Although utility planners could once con
fidently opt for the lowest overall cost, the 
uncertainties in  future fuel prices, capital 
costs, and rate of growth of electricity de
mand now make the job of generation ex
pansion planning more formidable. For ex
ample, new generation technologies and 
energy storage devices have increased the 
variety and flexibi l ity of electric power 
sources available to utilities. Management 
decisions for generation additions must 
now balance short- and long-term policies 
for supplying electric power and must weigh 
present certainties in generation alterna
tives against future uncertainties in  new 
technologies. There is increased pressure 
to incl ude an analysis of the complex envi
ronmental regulations, regulatory require
ments, and financial constraints. With this 
backdrop, a need exists to develop a 
strategy for the expansion of a util ity's future 
generation that takes into account al l  these 
competing factors. 

A research project has been in it iated with 
Massachusetts Institute of Technology to 
focus on the development of a flexible, 
modular software program suitable for elec
tric utility capacity expansion planning 
(RP1 529). The contractor will develop the 
expansion computer program with special 
emphasis on a common data base. The pro
gram will be based on a selected set of exist
ing operating and capacity expansion 
criteria, as well as on additional factors 
developed during the study for analysis of 
the complex choices now facing electric 
utilities. For example, the electric generation 
planning framework will be expanded to in
c lude the ability to analyze the effects of 
consumer energy cost changes, load man
agement techniques, environmental screen
ing capabilities, renewable energy tech
nologies (such as solar and wind energy 
storage), financial data, transmission inter
connections on reliabil ity, and production 
cost This software logic wil l  also develop 
mathematical models to represent the use of 
energy storage devices in  the evaluation of 
production cost and an optimal generation 
mix. Production-grade generation expan
sion computer programs wi l l  be delivered at 
the completion of this project in  mid-1 981 . 
Project Manager: Neal Balu 

50 EPRI JOURNAL April 1980 

DISTRIBUTION 

Development of a 
failsafe surge arrester 

Present surge protection practices dictate 
the use of arresters on most overhead dis
tribution equipment in most geographical 
areas of the United States. Surge arresters 
are also frequently used to protect pad
mounted transformers and switchgear. This 
practice has resulted in a substantial num
ber of surge arresters being used by the 
utilities. Arresters in general have demon
strated an excellent field service record with 
a failure rate of 1 % or less per year. The 
total number of failures, however, is signifi
cant because of the very large number in 
service (presently estimated at 1 50 mi l l ion). 

When an arrester fai ls , the normally open 
or very-high-resistance circuit through the 
arrester c hanges to a low-resistance circuit, 
resulting in  a phase-to-ground fault This 
fault may be cleared in several ways, one of 
which is for the arrester to literally self
destruct With virtually al l  of today's ar
resters designed for porcelain housings, a 
destructive failure results in the scattering of 
porcelain fragments and arrester parts with 
sufficient force to harm nearby equipment, 
personnel ,  and publ ic property. 

Of the total failures, a significant portion 
will occur in the self-destruct mode with suf
ficient violence to be a matter of concern to 
the utility industry. 

General Electric has started a 21/,,-year 
project to determine the feasibility of el imi
nating or substantially reducing distribution 
surge arrester fai lures that result in frag
mentation (RP1 470). An investigation of 
the mechanical and physical conditions that 
exist during arrester fai lure wi l l  be con
ducted under various fault currents and 
durations. 

Models will be developed, fabricated,  and 
evaluated. Designs that show promise wil l 
be selected, and prototype 1 0-kV and 27-kV 
arresters wi l l  be built and evaluated in ac
cordance with applicable ANSI standards. A 
significant quantity of completed un its wil l  
be deliberately fai led to verify that the ar
rester developed is truly nondestructive. 
Project Manager: Robert J Stanger 

Distribution load forecasting 

Because of the size and nature of future 
distribution systems, system planners need 

a more refined load-forecasting and plan
ning tool so they can make the most efficient 
use of scarce capital. Such a tool would be 
particularly valuable for small areas involv
ing specific feeders and substations be
cause growth rates tend to vary radically 
across a wide service area. 

EPRI has just completed a four-year proj
ect that improved the existing forecasting 
methods (trend analysis) and provided new 
methods (multivariate spatial analysis) that 
wi l l  produce small-area load forecasts in 
which the distribution engineer can place 
increased confidence (RP570). Emphasis 
has been placed on the underlying factors 
that cause load growth, rather than on his
torical trends. Figure 4 i l lustrates that either 
the trend analysis or multivariate load-fore
casting technique can be used to arrive at a 
small-area load forecast Then, using the 
substation sizing model ,  location model, 
feeder model , and load transfer model , a 
util ity can arrive at an optimal plan for any 
future year up to the horizon year. This proj
ect produced all the above computer models 
for uti lity use. 

The load-forecasting models (either trend 
or multivariate) can be used with a range of 
computer hardware. The trend model should 
be attractive to the small utility that has a 
l imited computer capability. Those with 
large computer capability can handle the 
factors responsible for load growth and take 
advantage of the multivariate model. This 
choice between fully developed distribu
tion load-forecasting models has never been 
available to the distribution system planner 
before. Forecasting and planning programs 
and their respective user guides are avail
able from the Electric Power Software 
Center. These models have been tested by 
using actual data from operating util ities
Pacific Gas and Electric Co. and the Salt 
River Project The final report, EL-1 1 98,  is 
available from Research Reports Center. 
Program Manager: William Shula 

Distribution data base design 

Many utilities are in the process of design
ing and implementing computer-supported 
distribution system programs for plann ing, 
analysis, and control. Because of the size 
and complexity of utility distribution sys
tems, the amount of data required for these 
programs is often staggeri ng. In  many 
cases, the abil ity to compute and analyze 
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Figure 4 Distribution load forecasting is a complex task, but it is also modular in nature and can be handled in serial fashion. Once a small-area load 
forecast is made (using either of two methods), these data can be applied to the planning models-substation location, substation sizing, load transfer, and 
feeder sizing-to arrive at the optimal expansion plan for any year up to the horizon year. Although the data are ultimately developed in the sequence 
indicated by shading, they can also be accessed at any time from the four planning models (dashed lines). 

Historical 
Demographic 

load data 
and historical 

load data 

l 1 
Trend analysis Small-area Multivariate 

load-forecasting load forecast load-forecasting 
program program 

Unified distribution planning model data f i le 
Dynamic model 

1 
Substation Substation 

location sizing 
model model 

I 

I 
I 

I I 
I I 
,j, ,j, 

has exceeded the ability to organize the 

necessary data. 

The design and implementation of such a 

data base is also very costly. A previous 

EPRI project (RP329) has shown that many 

commonalities can be expected in  data 

bases designed by different companies. By 

determining where such commonalities 

exist, uti l ities planning to implement a dis

tribution data base can avoid costly dupl ica

tion of effort. 

A recently completed project (RP1 1 39) 

with Boeing Computer Services, I nc . ,  had 

the following objectives. 

o Determine the functions performed within 

a distribution department that should be 

supported by a distribution data base, con

sidering present and future requi rements. 

I 
l l 

Load Feeder 
transfer sizing 
model model 

I 

I I 
I 

I I 
I I 
,j, I ,j, 

o Develop a data base structure that wi l l  

support the defined functions without tailor

i ng the design for any part icular uti l ity, com

puter, operating system, or data base man

agement system. The design must permit 

uti l it ies to implement the various distr ibu

tion functions on a piecemeal basis and in 

any chosen sequence. 

o Develop the data base support system 

requ i rements. 

o Provide guidelines for an economic analy

sis that will enable a util ity to determine 

whether there is justification for implementa

tion of a distribution data base. 

The final report on this project is now 

avai lable (EL-1 1 50,  3 volumes). Program 
Manager.· William Shula 
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INDUSTRIAL RESPONSE TO 
TIME-OF-DAY PRICING 

The combination of rapidly rising energy 
prices and increasing construction costs for 
new electric generating capacity has re
newed interest in load management as a 
cost-saving tool for utilities. Load manage
ment can be direct load controls on end-use 
equipment or a pricing system in which elec
tricity rates vary by time of day. One major 
factor in evaluating the desirability of such a 

pricing system is determining how cus
tomers will respond to the rates. EPRl's De
mand and Conservation Program recently 
received results from one phase of a major 
project designed to investigate the potential 
response of industrial customers to time-of
day (TOD) rates (RP1212). This research 
identified several potentially effective strate
gies that industrial customers could follow in 
response to the adoption of TOD pricing. 
One particularly promising option appears to 
be increased use of in-plant generation dur
ing the time of peak period rates. 

The idea of time-varying prices for elec
tricity is based on the fact that generation 
costs vary by time of day, depending on the 
shape of the load curve and the fuel and 
generation mix employed. It is becoming in
creasingly clear that it would be efficient and 
cost-effective for uti lities and for society as a 
whole if electricity rates corresponded to 
these time-varying costs. In fact, some elec
tric uti l ities have already adopted TOD rates. 
Other util ities and state regulatory com
missions are currently analyzing the feasibi l 
i ty and desirability of implementing TOD 
pricing of electricity, particularly in response 
to requirements set forth in the 1 978 Publ ic 
Utility Regulatory Policies Act. 

EPRl's Demand and Conservation Pro
gram has sponsored several research proj-
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ects deal ing with the probable response of 
both residential and industrial customers to 
TOD rates. Projects focusing on the residen
tial sector are RP882 (residential demand by 
time of day), RP943 (TOD and seasonal load 
forecasting), and RP1 363 (residential re
sponse to TOD pricing). 

A separate study is investigating the po
tential response of industrial customers to 
TOD rates (RP1 21 2). Since such rates have 
not been employed extensively in the Un ited 
States, historical data from which to statis
tically estimate responses are sparse. Thus 
the project was divided into two parts, one of 
which is examin ing European experience 
with TOD rates in the industrial sector and 
determin ing how applicable those results 
are to the United States. The other part of 
the project, recently completed , examined 
several U.S .  i ndustries from a detailed engi
neering perspective in an attempt to deter
mine the potential response here. 

The European portion of the project, un
dertaken by The Rand Corp., is using util ity 
data and interviews with plant managers to 
identify the range of response to TOD rates 
in six major industries. Factors that appear 
to enhance or constrain responsiveness are 
examined in detail .  These include produc
tion processes, labor shift wage differentials, 
demand for the industry's product, and 
regulation of cogeneration of electricity. 
Load data are being studied for the majority 
of very large industrial customers in England 
and France, along with data on industrial co
generation in Sweden. This portion of the 
project is expected to be completed during 
the current year. 

The U.S. portion of the project, per
formed by Gordian Associates Inc. ,  was de
signed to provide an in-depth study (at the 
specific plant level) of the technical and 
economic potential for load shifting in re-

sponse to TOD pricing for certain key in
dustries. The procedure was to formulate 
specific load management strategies that 
are technical ly feasible under TOD rates 
and then assess the economic feasib i l ity of 
each strategy on the basis of a cost-benefit 
analysis. 

Seven industries were studied: petroleum 
ref in ing, ch lorine and caustic production, 
steel production, cement production, pulp 
and paper production, aluminum produc
tion ,  and pumping and pipel ines. These were 
chosen because of the large amount of en
ergy they use ( in particular, electricity), and 
their l ikely amenability to load shift ing. For 
each industry a representative sample of 
three or four plants (six for petroleum refin
ing) were chosen to maximize the diversity 
of plant age, size, location ,  production 
processes employed, and level of self-gen
eration of electricity. Data were col lected 
from each plant on thermal energy con
sumption, electric energy consumption, and 
load patterns. 

The study relied greatly on assistance 
from both plant personnel and utility person
nel. The local electric uti l ity was contacted 
and a meeting with the plant manager was 
requested. Al l  on-site interviews were con
ducted in the presence of a util ity repre
sentative and the plant manager or h is 
designated representative. On the basis of 
engineering information about the produc
tion processes used by the plant, Gordian 
developed potential load management strat
egies that could be employed under TOD 
rates. The plant manager was asked to 
evaluate the technical feasib i l ity of these 
strategies and to suggest alternatives. 

Load management options 

The following load management options 
were considered in the study. 



o Petroleum refining industry: off-peak 
product loading; increased cogeneration 
equipment for maximum electricity genera
tion during peak hours ;  i ncorporation of fuel 
cells 

o Chlorine industry: increased production 
capacity in diaphragm cell plants; replace
ment of existing cells with membrane cells 

o Steel industry: increased production ca
pacity and holding furnaces in min imi l ls ;  in
creased bar mi l l  capacity in integrated mi l ls  

o Cement industry: increased raw material 
grinding and storage capacity; increased 
clinker grinding and storage capacity; de
mand l imitation through off-season grinding ;  
increased use of grinding capacity during 
off-season, off-peak hours 

o Paper industry: storage of waste pulping 
l iquors for i ncreased self-generation during 
peak hours; i ncreased digester capacity; in
creased capacity for self-generation during 
peak hours 

o Aluminum industry: rotating load reduc
tions from cell to cell during peak hours; in
corporation of Alcoa's chloride process 

o Pipel ine industry: maximum schedul ing 
of pumping dur ing off-peak hours and in
creased storage capacity, as necessary 

Some of these options represent m inor 
technological changes i n  existing processes 
or changes in schedul ing, whereas others 
represent major changes in capital equip
ment or traditional manufacturing methods. 
From a technical standpoint, however, each 
of the strategies is feasible. 

The options requiring investment in new 
equipment fall into three general categories, 
which involve the following, 

o Increasing production capacity so that 
loads can be shifted from the peak to the off
peak period 

o Instal l ing some type of storage device so 
that an electricity-intensive process can be 
performed during the off-peak period and 
the output held for further processing during 
the peak period 

o Instal l ing or increasing the capacity for 
cogeneration during peak hours 

It is interesting to note that the goal of 
these load management options is some
what different from the usual goal of load 
management (Le . ,  flattening or level ing a 
load curve). Most of the industries studied 
here are very capital-intensive and already 

have load curves that are nearly flat. Thus 
the problem is not to shave the peak off a 
peaked load curve, but to take a portion of 
a relatively stable load and move it from the 
time of the system peak to the off-peak 
period. 

Economic feasibility 

To evaluate the economic feasib i l ity of each 
load management option, the estimated in
vestment costs (on an annual basis ,  i nclud
ing return on investment) and any additional 
operating costs associated with the option 
were compared with the anticipated savings 
under a hypothetical TOD rate schedule. 
The resultant costs and benefits were then 
evaluated in terms of the peak-to-off-peak 
rate differential that would be requ i red to 
make the option cost-effective. The conclu
sions are naturally sensitive to arbitrary 
financial assumptions about the requ i red in
vestments and to assumptions about the 
structure and level of util ity rates. However, 
the intent of the study is to provide a rough 
filter for screening out those load manage
ment options whose costs far outweigh the 
anticipated benefits under reasonable rate 
structures. The remain ing options can then 
be labeled potentially cost-effective. 

On the basis of these assumptions and 
methods, the load management strategies 
listed below appear to be potentially cost
effective under industrial TOD rates. 

o Petroleum refining industry: i ncreased co
generation equipment; incorporation of fuel 
cells 

o Steel industry: increased production ca
pacity and holding furnaces in min imi l ls 

o Cement industry: i ncreased use of c l inker 
grinding capacity during off-season, off
peak hours 

o Paper industry: storage of waste pulping 
l iquors for increased self-generation during 
peak hours; installation of cogeneration 
equipment for use during peak hours 

o Pipel ine industry: maximum schedul ing of 
pumping during off-peak hours 

These strategies, about a third of the tech
nically feasible options considered in the 
study, represent all the general categories of 
options. About half involve cogeneration in 
one form or another. 

Although cogeneration appears to be 
cost-effective as a load management strat
egy under TOD rates, there are numerous 
barriers to its widespread adoption by i ndus
try. These include institutional barriers and 
an aversion to economic r isk on the part 

of industrial customers. Many of the barriers 
and risks involved were discussed at an 
EPRI workshop on cogeneration sponsored 
last spring in San Antonio, Texas, by the 
Demand and Conservation Program as part 
of RP1 050. A quantitative assessment of the 
future impacts of i ndustrial cogeneration on 
util ity system loads wi l l  be made in 1 980, 
using a forecasting model developed under 
RP942. 

It should be noted that the cost-benefit 
analyses performed as part of this study are 
not intended to be definitive for any of the 
participating plants, companies, industries, 
or utilities. Instead, they are i ntended to 
serve as general gu idelines for future work 
by indicating potentially cost-effective load 
management strategies under industrial 
TOD rates. However, the strategies ex
amined are technically feasible in the sense 
that they represent real alternatives to 
present operations in the seven industries. 
The identification of techn ically feasible 
load management options provides a basis 
for potentially fruitful discussions between 
util ities and industries. Such discussions are 
a necessary fi rst step in designing programs 
to reduce both utility system costs and cus
tomer service costs. Project Manager: 
Steven Braithwait 

SULFATES AND MORTALITY: 
RISK ASSESSMENT 

Recent newspaper and scientific journal 
articles have cited studies that associate 
large numbers of deaths with sulfate pollu
tion from coal- and oil-burning power plants. 
EPRl-sponsored research (RP1316  and ex
tensive in-house research) has carefully ex
amined the studies relating sulfates to mor
tality and finds no general conclusion can 
be reached. Ambient levels of sulfate follow 
a general geographic gradient (west to 
northeast) and are highly associated with 
socioeconomic and demographic variables 
that follow the same gradient. This concur
rence leads to confusion about what specific 
effects can be attributed to each type of 
variable. To date, studies have not suffi
ciently addressed this problem. A report by 
two members of EPRl's Integrated Assess
ment Program detailing these findings was 
recently submitted to the National Commis
sion on Air Quality at its request. 

The media have recently given attention to 
studies purporting to show that large num
bers of deaths in the Un ited States are due 
to pollution by sulfates. The New York Times, 
for example, cited an estimate by Brook-
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haven National Laboratory that 21 ,000 extra 
deaths occur each year east of the M issis
sippi because of sulfates in  the atmosphere. 
The article also cited an estimate by two Yale 
University researchers that 1 40 ,000 deaths 
each year are related to air pollutants, prin
cipally sulfates ( 1 ) . 

EPRI is sponsoring research to assess the 
health effects of su lfates. To date the results 
from several animal toxicology and h uman 
cl inical studies do not support any hypothe
sis that health effects are related to sulfates 
at ambient concentrations that typically 
occur in the United States (2) .  An ongoing 
epidemiological study (RP1 001 ) is also ex
amining the health effects of sulfates, but 
there are not yet sufficient results to allow in
ferences to be made. 

Cross-sectional studies 

The studies cited by the media are known 
as cross-sectional studies. They compare 
mortality rates at several different locations 
(e.g . ,  cities or counties) and try to relate the 
geographic variation in  mortality rates to the 
geographic variation in  air qual ity. Mortality 
rates, however, depend on many factors 
in addition to air pol l ution. These inc lude 
demographic factors (such as age, sex, 
race), socioeconomic factors (such as in
come, education), c l imate, occupational ex
posure, stress, personal habits (such as 
smoking, diet ,  exercise), and past medical 
history and care. To correctly estimate any 
association between mortality and air  pol lu
t ion ,  these factors must be considered; 
otherwise, some of the health effects at
tributed to air pol l ution could really be due to 
an ignored factor that is associated with 
both mortality and air poll ution . 

This problem is particularly troublesome 
in the case of sulfates because of their 
geographic distribution. Sulfate concentra
tions tend to be highest in the industrial 
Northeast and lowest in the West, with inter
mediate concentrations in the South. Sev
eral other factors that could i nfluence mor
tality also vary geographically, such as 
cl imate, age and race distributions, occu
pational mix, diet, level of exercise, income, 
educational level, and qual ity of medical 
care. Unfortunately, good measurements of 
many of these factors are not avai lable for 
the areas of study. 

The Brookhaven estimate of 21 , 000 an
nual su lfate-related deaths east of the Mis
sissippi is largely based on the work of Lave 
and Seskin (3). Their study, probably the 
most widely cited one that l inks mortality to 
sulfate pol lution, uses a multiple regression 
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statistical procedure to examine differential 
mortality in over 1 00 urban areas (standard 
metropolitan statistical areas) throughout 
the United States. The authors conclude that 
an 88% decrease in sulfur oxide emissions 
and a 58% decrease in particulate emissions 
from the 1 971 control levels wou ld lead to a 
7% reduction in the unadjusted total mor
tality rate . 

The Lave and Seskin study analyzes data 
for three years: 1 960, 1 961 , and 1 969. The 
1 961 data set overlaps substantia l ly with the 
one for 1 960 and cannot be considered an 
i ndependent set The greater part of the 
study i nvolves analyses of the 1 960 data. 
These analyses suffer from data qual ity 
problems, particularly for su lfates. Of the 1 1 7  
sulfate data points for 1 960, only three were 
actually measured in 1 960. Most are from 
1 958, and some are from 1 957 and 1 959. 
This is of concern because there is ap
parently some downward trend in sulfate 
data during the 1 957-1 960 period. More
over, three different measures of sulfate are 
used, and the sulfate value used in the 
analyses depends on the analytic method by 
which it was determined. It is impossible to 
determine how these inconsistencies in the 
data will affect the results of the analyses. 

Despite the authors' conclusion, their re
sults, part icularly for sulfates, demonstrate 
variabil ity. The conclusion is based on a 
l inear model ;  however, some nonl inear mod
els seem to fit the data better. One of these, 
the quadratic mode l ,  suggests that at ele
vated levels of min imum sulfates, health 
benefits can result from i ncreasing sulfate 
levels. 

In  addition, Lave and Seskin 's  results are 
highly dependent on the adjustment vari
ables used (e.g . ,  socioeconomic, demo
graphic, c l imate). In the fundamental analy
ses on which they base their conclusions, 
they use a minimum of adjustment variables. 
When the full complement of adjustment 
variables is used, the su lfate effect becomes 
negative ( i.e . ,  mortality decreases with in
creasing sulfates). It i s  noteworthy that this 
finding has been ignored by Lave and Seskin 
in their conclusions, as wel l  as by the Brook
haven group. Other details of the Lave and 
Seskin study (statistical problems, for ex
ample) bring into question the valid ity of the 
conclusions that have been drawn from it. 

The second study mentioned in the New 
York Times article, the one estimating that 
1 40,000 deaths annual ly are related to air 
pollutants, is by Mendelsohn and Orcutt (4). 
This study is relatively recent and has not 
been presented in great detai l ;  hence, 

scrutiny of its findings has been l imited. It 
considers more adjustment factors than the 
Lave and Seskin study and compares the dif
ferential mortality of broader geographic 
un its (county groups). The overall results of 
this study show a strong positive association 
between su lfates and mortality. However, 
statistically significant negative associations 
are found between mortal ity and other pol lu
t ion variables-N02 , ozone, nitrates, and 
particu lates. These f indings, which are con
trary to biological and medical knowledge, 
strain the credibil ity of this study. 

Other cross-sectional studies have ex
amined the sulfate-mortality association. An 
EPA study (5) reports no quantitative re
sults but concludes that "su lfate air pol lu
t ion is statistically insignificant across al l  
diseases. "  A study by Lipfert (6), who is 
presently at Brookhaven ,  estimates largely 
negative associations between mortality 
categories and the sulfate variable. Thomas 
( 7) used the 1 960 Lave and Seskin data but 
reports few results for su lfates because the 
data are not consistent. 

Other studies have found positive asso
ciations between su lfates and mortality. 
These include a study by Schwing and 
McDonald (8, 9) and one by Hickey et al . 
( 10) .  Neither study considers total particu
late pol lution, however, which has been 
found (except by Mendelsohn and Orcutt) 
to be positively associated with mortality. 
With no consideration of this variable, it is 
difficult to determine the extent to which the 
sulfate variable is serving as an index for 
total suspended part iculates and/or inhal
able particu lates. 

In-house review 

An in-house literature review prepared for 
the National Commission on Air Qual ity ( 1 1) 
examined the cross-sectional studies that 
attempt to estimate the risk of exposure to 
ambient sulfate concentrations. This review 
concludes that there is no clear-cut evi
dence of either the presence or the absence 
of a risk. Existing studies suffer from statisti
cal problems and from ignorance about what 
adjustment factors are appropriate to con
sider. The results of existing analyses can 
be shown to be highly dependent on the 
choice of adjustment factors. Moreover, 
data from many potentially important adjust
ment factors are not available, thus l imit ing 
the comprehensiveness of analysis. In  the 
absence of a consideration of al l  the poten
tial ly important factors, it would be unwise 
to draw any conclusions. Program Manager: 
Ronald E. Wyzga 
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DECAY HEAT CONSERVATISMS 

Design standards for reactor cooling sys
tems are set according to models that 
predict plant behavior under abnormal oper
ating conditions. Because there is some 
uncertainty in the understanding and repre
sentation of certain physical phenomena 
that can occur during abnormal operation, 
safety margins (conservatisms) are built into 
the models. If such phenomena can be 
defined with greater accuracy and certainty, 
these margins can be narrowed, permitting 
greater reactor operating flexibility without 
reduction in real safety. One of the physical 
phenomena of interest is decay heat-the 
heat generated by radioactive decay of fis
sion products after shutdown of the reactor 
core. 

Decay heat conservatisms are specified by 
NRG in 1 OCFR50, Appendix K. For nuclear 
power plant l icensing applications, these 
regulations specify that the estimate of 
decay heat given in the 1 973 revision of 
American Nuclear Society (ANS) draft stan
dard 5 . 1  be increased by 20% .  Recent ex
periments sponsored by NRG at Oak Ridge 
National Laboratory and Los Alamos Scien
tific Laboratory, together with EPRl-spon
sored experimental efforts by the University 
of California at Berkeley and IRT Corp . ,  have 
sign ificantly improved the accuracy to which 
decay heat from 2 3 5U is known. ANS has 
arrived at a new draft standard by using 
this experimental i nformation and a summa
tion method based on the national nuclear 
reference library, ENDF / B .  This method 
sums the decay energy contribution from 
the various 235U fission products. The en
ergy contribution of each fission product 
has been determined in independent exper
iments, which were evaluated prior to inclu
sion in ENDF /B. These analytic efforts were 
performed at Oregon State University (spon
sored by NRG) and the University of Califor
nia at Berkeley (sponsored by EPRI). Early 
in 1 979, the 1 978 revision of ANS 5 . 1  was 
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adopted by ANS and the American National 
Standards Institute. 

The 1 978 revision of ANS 5 . 1  incorporates 
improved knowledge in two areas. Fi rst, the 
decay heat values are known to a better 
degree of accuracy. Second, the uncer
tainty of the decay heat values is specified 
in statistical terms, whereas the 1 973 revi
sion used an engineering estimate of uncer
tainty. As a result, the decay heat standard 
for the first 1 00 seconds has been slightly 
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lowered, and the range of uncertainty has 
been narrowed significantly. The new stan
dard falls entirely within the uncertainty 
band of the old (EPRI Journal, October 1 978, 
pp. 6 1-63) . 

To evaluate the impact of improved knowl
edge about decay heat values, sensitivity 
calculations were performed for a generic 
representation of a PWR plant. The PWR 
accident studied was a double-ended, in
stantaneous cold-leg break, which can also 
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Figure 1 Cladding temperature calculations based on decay heat values from the 1 973 and 1 978 revisions of 
the ANS 5.1 standard. The licensing case is the standard required under 1 OCFR50, Appendix K, which adds 
20% to the 1 973 ANS values. The 1 978 ANS + 1 .65 a curve results in a 95% probability with a 95% confidence 
level that the calculated decay heat is less than or equal to the specified decay heat. The temperatures in 
parentheses are the peak cladding temperatures during a large-break LOCA. NRG regulations require that the 
peak temperature remain below 2200° F (1478 K) to ensure the mechanical integrity of the cladding and 
the coolability of the reactor core under accident conditions. 



be referred to as a large-break LOCA. Ther
mal-hydraul ic boundary conditions were 
taken from a RELAP-4 computer code cal
culation, and NRC's FRAP-T code was used 
to generate the curves shown in Figure 1 .  
Four cases were run . 

o A l icensing case with the decay power 
specified by ANS 5 . 1  (1 973 revision), plus 
20% 

o A case with the decay power specified by 
the 1 973 revision of ANS 5 . 1  

o A case with the decay power specified by 
the 1 978 revision of ANS 5 . 1  

o A case with the decay power specified by 
the 1 978 revision of ANS 5 . 1  , plus 1 .65 a 
(where a is the standard deviation) 

This last approach is called the 95/95 
approach because there is a 95% probability 
with a 95% confidence that the decay heat 
will be less than or equal to the ANS 5 . 1  
standard, plus 1 . 65 a .  The 95/95 approach 
has been accepted by NRC l icensing author
ities as ensuring adequate conservatisms in 
other nuclear safety areas, and it is one 
option being informally considered in the 
revision of 1 0CFR50, Appendix K, which has 
been under way since 1 978. 

It is interesting to observe that the 1 973 
revision of ANS 5 . 1  is as conservative as the 
95/95 approach. The more realistic 1 978 re
vision results in a peak cladding temperature 
that is 1 75 K (31 6 ° F) lower than the one 
based on the current Appendix K standard. It 
should be emphasized that the calculations 
were representative and not performed ac
cording to strict l icensing methods. Resu lts 
are expected to differ on a plant-specific 
basis. The goal of this exercise was to dem
onstrate that the margin of safety intended 
by Appendix K can be maintained by adopt
ing a scientifically more accurate and defen
sible rule based on the 1 978 revision of 
ANS 5 . 1  , with potential benefits in terms of 
fewer operating penalties for nuclear power 
plants and more operating flexibi l ity. EPRI 
staff contact: Richard N. Oehlberg 

FUEL FAILURE MODELING 

L WR fuel rods are susceptible to leaks 
caused by cracking in the Zircaloy cladding 
tubes. Cracking occurs when high stresses 
to the cladding tube are combined with 
the movement of volatile fission products 
from the fuel pellets to the tube 's inner sur
face. Fuel suppliers have found that these 
fuel failures can be avoided by limiting stress 

buildup through restrictions on power 
ascension rates. However, by increasing the 
time spent at lower power, such restrictions 
reduce the capacity factor of nuclear plants; 

this lost capacity currently costs U.S. utili
ties an estimated $150 million a year for 
replacement power. A portion of these costs 
can, in principle, be recovered if an accu
rate fuel failure model is available to help 
guide fuel purchasing and operating deci
sions. This has motivated a large EPRI effort 
to improve fuel failure prediction capability. 

Historically, there have been two approaches 
in the development of fuel fai l ure models. 
One, based on a mechanistic phi losophy, 
involves model ing the separate phenomena 
of fuel failure-the stresses to the cladding, 
the transportation of volatile fission products 
to the cladding tube's inner surface, and the 
propagation of a crack across the tube wal l .  
Belgonucleaire's COMETHE code is an 
example of this approach .  The other ap
proach ,  based on an empirical phi losophy, 
involves the direct correlation of instances 
of in-reactor failure or nonfailure with design  
and operating experience for a specific fuel . 
The POSHO code, developed by Scand
power Inc . ,  is an example of this approach .  
EPR l 's involvement with both COMETHE 
and POSHO has been confined to evaluating 
their prediction capabilities and making 
relatively minor improvements. 

In formulating plans for developing its own 
code, EPRI recognized that it was impossi
ble to predict which approach ,  the mech
anistic or the empirical, would ult imately 
prove most usefu l .  Accordingly, the plans 
for EPRl 's SPEAR code development pro
gram incl uded both (RP971 ) . Fuel fai lure 
predictions from a mechanistic model were 
combined with predictions from a separate 
empirical model; the relative weights as
signed the two models in reaching a final 
prediction depend on their relative regime
by-regime prediction capabil ity. The two 
approaches were further combined by using 
some intermediate variables from the mech
anistic model (e .g . ,  predicted cladding 
stress) as independent variables in the 
empirical model . 

Some results on the relative merits of 
these approaches to fuel fai lure modeling 
have recently become avai lable. COMETHE 
has not been tested against statistically rel
evant quantities of experimental data, but 
some indication of its prediction capabil ity is 
provided by experience with the mechanistic 
model of SPEAR. This model is similar in 
scope to COMETHE and uses several of the 
same submodels for mechanics and chemi
cal kinetics, but it is probably superior in that 
it contains several substantial improve
ments. The prediction capabi l ity of SPEAR's 
mechanistic model is shown in Figure 2 ,  
which compares the results of simulation 

Figure 2 Prediction capability of the mechanistic 
model of the SPEAR fuel failure code. The results 
shown represent 1 70 events, aggregated into 1 O 
equally populated groups. The shaded band defines 
the expected statistical scatter from a perfect 
predictor. 
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Figure 3 Prediction capability of the complete 
SPEAR code, which combines the predictions of 
separate mechanistic and empirical models. The 
data base is the same as in Figure 2.  
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Figure 4 Prediction capability of a version of the 
POSHO code tested by EPRI in 1 977. These re
sults are based on the same data used in Figures 2 
and 3 except for 4% of the events, for which no 
POSHO predictions are available. 
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runs with data from Maine Yankee (PWR), 
Quad Cities-2 (BWR), and Riso (test reac
tor). The results from the 1 70 runs are aggre
gated into 10 equally populated groups. The 
prediction capability is found to be mixed, 
being good for the group with the lowest 
failure probability but poor for the other 
groups. A perfect predictor of fuel failure 
probabilities would generate data points that 
(for statistical reasons) would be scattered 
within the shaded band. 

Fortunately, while SPEAR's mechanistic 
model fails to adequately predict failures in 
the high-failure-probability regime, its empir
ical model is able to compensate for that 
shortcoming. Figure 3 compares the final 
SPEAR predictions, based on both mecha
nistic and empirical models, with the same 
data used in Figure 2. SPEAR predictions 
fall within the scatter band for high-failure
probability groups and only slightly outside 
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the band for low-probability groups. 
For comparison, Figure 4 shows the 

results of an EPRI evaluation of POSHO that 
used an almost identical data set. SPEAR's 
predictions are better than POSHO's by a 
factor of 2 in error magnitude. Perhaps more 
important, SPEAR predicts well for both 
BWR and PWR fuels; POSHO predicts well 
for BWR fuel but poorly for PWR fuel. 

Considering how greatly SPEAR and 
POSHO differ in content, it is not surprising 
that they make different predictions. POSHO 
relates failure to relatively few factors, the 
most important of which is power shock, or 
the estimated magnitude of stress induced 
in cladding tubes during power ascensions; 
it does not take into account the effects of 
the rod's internal chemical environment. In 
contrast, SPEAR relates failure to a much 
larger number of factors, prominent among 
which are various aspects of the internal 

rod chemistry. SPEAR's empirical model 
finds in the data a fracture process in which 
the controlling step is a prolonged crack 
initiation phase dominated by internal rod 
chemistry and cladding plastic strain .  Possi
bly it is only in the final crack propagation 
phase that the process is, as POSHO 
assumes, stress-controlled. 

A first version of SPEAR, version alpha, is 
being evaluated by a working group of rep
resentatives from four utilities to ensure that 
the code can be readily mounted by utilities 
and that its documentation is clearly written. 
The data base against which the code has 
been tested will be expanded slightly. Work
shops on effective use of the code will begin 
in May 1980. If the recommendation of the 
working group is positive, SPEAR should be 
available through the Electric Power Soft
ware Center by July 1 980. Project Man
ager: S. T. 0/dberg 



New Contracts 

Contractor I Contractor/ 
Funding EPRI Project Funding EPRI Project 

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

RP399-5 Feasibility Study for 9 months 39.7 Southwest RP1 393-3 Refueling Outage 2 years 753.8 General Electric 
Turbine Missile Research Improvement Co. 
Spin Tests Institute T. Law 

G. Sliter 
RP1455-5 Performance Analysis 1 8  months 303.1 Babcock & 

RP789-3 Development of 1 5  months 1 91 .7  Carrier Corp. of a Utility Boiler Wilcox Co. 
Advanced Air Source R. Mauro Firing Coal-Oil S. Drenker 
Heat Pumps for Im- Mixture Fuel 
proved Performance 

RP1 460-1 Protective Claddings 30 months 741 .3  General Electric and Reliability in 
Northern Climates for Utility Gas Co. 

Turbines J. Stringer 
RP1 030-9 Chemical Comminution 6 months 56.0 Catalytic, Inc. 

RP1 549-2 Probabilistic Analysis 2 years 176.9 Research of Coal R. Sehgal 
of Turbine Missile Triangle 

RP1030-13 Dewatering of Fine 2 years 1 49.5 University of Risks Institute, Inc. 
Clean Coal and Refuse California 8. Chu 

R. Sehgal 
RP1 584-1 Qualified Core 1 6  months 248.9 Battel/e, Pacific 

RP1 1 62-3 Transient Density 3 months 1 4.2 Atomic Energy Thermal Hydraulics Northwest 
Measurements in of Canada Ltd. Analysis Code for Laboratory 
Two-Phase Flow S. Pal Katra Utility Applications J. Naser 

RP1 1 79-6 Evaluation of Fly Ash 3 months 1 1 .9 General Atomic RP1 630-3 Western Regional Air 18 months 760.3 Dames & Moore 
Recycle for Fluidized- Co. Quality Studies G. Hilst 
Bed Combustion C. Aulisio 

RP1 646-2 Low Nitrogen Oxide 13 months 1 37.1 KVB, Inc. 
RP1 1 80-1 1 Evaluation of Emission 2 years 50.0 Kaiser Combustion Tests on D. Giovanni 

Control and Engineers, Inc. Arapahoe Unit 4 
Combustion Control 0. Tassicker 
Devices and Related RP1 654-1 Plastic and Coking 1 year 40.0 Pennsylvania 

Technology Behavior of Coals at State University 
Elevated Pressure J. Yerushalmi 

RP121 9-4 Transportation 1 3  months 44.9 Russian Hill 
Network Changes and Associates RP1 71 7-1 Transmission Line 5 months 206.5 Ebasco Services 
Their Effects on E. Altouney Mechanical Research Inc. 
Energy Supply Facility R. Kennon 

RP1 260-1 7 Review of Models and 6 months 37.5 Massachusetts RP1 768-1 Development of an 7 months 49.7 Sigma Research, 
Data for Predicting Institute of Alpha -Ionization Gas Inc. 
Performance and Technology Density Monitor V. Tahi/iani 
Evaporation from J. Bartz 

T1 09-2 Qualification of Last- 5 months 244.5 Boston Edison Cooling Ponds 
Pass Heat Sink Weld- Co. 

RP1 265-8 Failure Cause Analysis 1 year 76.6 KVB, Inc. ing, Using Stagnant M. Fox 
-Air Preheaters I. Diaz-Taus Water Cooling 

RP1 282-2 High-Voltage Line 4 years 4361 .5 General Electric T1 1 9-1 Pipe Repair Replace- 1 4  months 90.0 MPR Associates, 
Research Above Co. ment Design Study Inc. 
± 600 Volts J. Dunlap J. Danko 
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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 10412,  Palo Alto, Cali
fornia 94303; (415) 855-2000. 

Requests for copies of specific reports should 
be directed to Research Reports Center, P.O. 
Box 50490, Palo Alto, California 94303; (415) 
961-9043. There is no charge for reports re
quested by EPRI member utilities, government 
agencies (federal , state, local), or foreign 
organizations with which EPRI has an agree
ment for exchange of information. Others pay 
the listed price. Research Reports Center will 
send a catalog and price list on request. 

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

Microfiche copies are available from National 
Technical Information Service, P.O. Box 1553, 
Springfield, Virginia 22151 .  

ADVANCED POWER SYSTEMS 

Steam-Injected Gas Turbine Study: An 
Economic and Thermodynamic Appraisal 
AF-11 86 Final Report (TPS77-737); $3.50 
A steam-injected gas turbine was compared with 
a simple-cycle gas turbine and a combined-cycle 
gas turbine for the cost of electricity produced, 
specific power, and efficiency. The results show 
that the steam-injected gas turbine would produce 
electricity at a lower cost than either the simple
cycle or the combined-cycle turbine over almost 
the whole range of applicable capacity factors. 
The system would require a redesigned turbine 
expander with a much larger flow capacity than 
that of a standard gas turbine. The contractor is 
General Electric Co. EPRI Project Manager: 
Arthur Cohn 

60 EPRI JOURNAL April 1980 

Heat Rejection From 
Geothermal Power Plants 
ER-1 216 Final Report (RP927-1 ); $7.25 
Comprehensive computer programs were devel
oped to determine makeup-water requirements 
and electricity production costs associated with 
evaporative (wet) cooling and wet-dry cooling sys
tems, which are the principal technologies for heat 
rejection in hydrothermal power plants. Paramet
ric economic analyses were performed for both 
flashed-steam and binary-cycle conversion pro
cesses for various combinations of resource tem
peratures, climatic factors, hydrothermal fuel 
costs, and cooling-system makeup-water costs. 
Results are presented in curves showing busbar 
electricity costs as a function of makeup-water 
requirements. The contractor is R. W. Beck and 
Associates. EPRI Project Manager: P. N. La Mori 

Electrode System Maintenance 
Processes in Slagging MHD Generators 
AF-1223 Final Report (RP322-1 ); $8. 75 
The use of stable, flowing coal slag to protect 
cooled wall structures and to limit heat loss in the 
topping-cycle environment of a coal-fired, open
cycle magnetohydrodynamic (MHD) power gen
eration process was studied. Data were obtained 
on mineral deposition, slag coating growth mech
anisms and rates, and steady-state coating prop
erties. Combinations of several exposed refrac
tories and cooled metal substrates were evaluated 
as bonding surfaces for the slag coating. Flow and 
transport models were developed and compared 
with experimental results. The contractor is Avco 
Everett Research Laboratory, Inc. EPR/ Project 
Manager: P. S. Zygielbaum 

Coal to Methanol via New 
Processes Under Development: 
An Engineering and Economic Evaluation 
AF-1227 Final Report (RP832-1 ); $5.25 
This report presents an engineering and economic 
evaluation of two coal-to-methanol production 
schemes. The two coal conversion complexes 
described are designed to produce, per day, a 
quantity of storable liquid fuels with a heating value 
equivalent to that of 50,000 barrels of crude oil 
distillate. Two coals were investigated in two differ
ent plant configurations: Illinois No. 6 coal in an 
all-methanol scheme and Wyodak subbituminous 
coal in a methanol and d istillate fuel oil copro
duction scheme. The contractor is C F Braun & 
Co. EPR/ Project Manager: Nandor Herskovits 

Open-Cycle MHD Systems Analysis 
AF-1230 Final Report (RP640-2); $6.50 
This study investigated the performance and eco
nomic characteristics of six open-cycle magneto
hydrodynamic (MHD) power plant options: four 
with directly fired air preheaters, one with sepa
rately fired air preheaters, and one with oxygen 
enrichment. For the directly fired options, the 
study compared the effects of high-sulfur eastern 
coal and low-sulfur western coal, sulfur emissions 
control by seed regeneration and by wet limestone 
scrubbers, and slag removal performance in the 
MHD combustor unit. Critical components requir
ing further development were identified. The con
tractor is STD Research Corp. EPR/ Project 
Manager: Andrew Lowenstein 

Catalyst Development for Coal Liquefaction 
AF-1233 Final Report (RP408-1 , RP408-2); 
$13.50 
Research to develop improved catalysts for use 
in the H-Coal liquefaction process is summarized. 
Part 1 describes slurry oil production and the de
velopment and application of catalysts for lique
faction of various eastern and western coals. Part 
2 describes preparation of 500 lb of one ex
perimental catalyst, Amocat 1 A, to evaluate its 
commercial feasibility. Preliminary bench-scale 
evaluation of the catalyst is discussed. The con
tractors are Amoco Oil Co. and W. R. Grace & Co. 
EPRI Project Manager: W C. Rovesti 

Proceedings of the Third Annual 
Geothermal Conference and Workshop 
WS-79-166 Workshop Proceedings; $8.75 
This is a compilation of papers presented at the 
Third Annual Geothermal Conference, held in 
Monterey, California, in June 1979. Included are 
reports on EPRI geothermal projects and utility 
projects and plans, as well as summaries of the 
workshop panel discussions on the next gener
ation of geothermal power systems. The contrac
tor is Altas Corp. EPRI Program Manager: Vase/ 
Roberts 

COAL COMBUSTION SYSTEMS 

Nuclear Assay of Coal: Coal 
Btu Measurement Study
Monitoring of Moisture in Coal 
FP-989 Final Report, Vol. 5 (RP1048-7); $4.50 
Two electromagnetic techniques, capacitance 
response and microwave absorption, were investi
gated for on-line moisture monitoring of coal. In
struments using these techniques were tested on 
a representative range of U. S. coal types and 
moisture levels. Uncertainties in moisture deter
mination of less than 5% were obtained with both 
techniques. However, microwave interrogation 
was judged better for on-line application because 
it is both accurate and unobtrusive. In such appli
cations, this technique will allow the coal's Btu 
value to be deduced to accuracies of 2% or better. 
The contractor is Science Applications, Inc. 
EPRI Project Manager: C. J. Frank 

Conceptual Design of a Gulf Coast Lignite
Fired Atmospheric Fluidized-Bed Power Plant 
FP-1 173 Final Report (RP1179-1 , RP1180-1 ) ;  
$9,50 
This report compares the design and the capital 
and busbar power cost estimates for an atmo
spheric fluidized-bed combustion (AFBC) plant 
with those for a conventional power plant that uses 
wet SO, scrubbers. The comparison was based on 
the combustion of a low-grade Texas lignite. Ac
cording to the cost and performance estimates de
veloped, the AFBC plant can be expected to yield 
a cost savings of 10-15% in both capital invest
ment and levelized busbar cost of electricity for 
this type of fuel. The contractor is Burns and Roe, 
Inc. EPRI Project Manager: C. R. McGowin 

Evaluation of Flood Levels 
for Solid-Wasle Disposal Areas 
FP-1205 Final Report (RP1260-9); $7.25 
The potential impact on the utility industry of EPA 
regulations that restrict the disposal of solid wastes 



in floodplains are examined. Locations of present 
and future coal-fired plants with respect to riverine 
and coastal floodplains were surveyed, and a 
plant-by-plant computer listing of the survey re
sults is included. Federal Insurance Administra
tion methods of flood mapping, used to enforce 
EPA solid-waste regulations, are assessed, and 
preliminary guidelines for responding to EPA flood
level regulations are given.  The contractor is 
Hydrocomp, Inc. EPRI Project Manager: D. M. 
Golden 

Disposal ol Polychlorinated 
Biphenyls and PCB-Contaminated Materials 
FP-1 207 Final Report, Vol. 1 (RP1 263-1 ); $1 3 .50 
Results of a study on the disposal management 
of polychlorinated biphenyls (PCBs) and PCB
contaminated materials are reported. A PCB dis
posal data base is presented, which includes 
information on PCB production and use, PCB dis
posal regulations, projected regional PCB disposal 
requirements, available PCB incineration technol
ogy and proposed commercial facilities, and PCB 
landfill design and available commercial facilities. 
lndustrywide and utility-specific PCB disposal 
guidelines and recommendations are given.  The 
contractor is SCS Engineers. EPRI Project Man
ager: D. M. Golden 

Disposal of Polychlorinated 
Biphenyls and PCB-Contaminated 
Materials: Suggested Procedure for 
Development of PCB Spill Prevention 
Control and Countermeasure Plans 
FP-1 207 Final Report, Vol. 2 (RP1 263-1 ) ;  $5.75 
This volume provides specific guidelines for pre
paring spill prevention control and countermea
sure plans for activities involving polychlorinated 
biphenyls (PCBs). It reflects regulatory require
ments as of May 31 , 1979. Included are instruc
tions relevant to plan preparation, sample and 
optional blank forms for meeting requirements and 
documenting spill prevention and control at the 
facility level, examples of response and cleanup 
procedures, and a discussion of specific regula
tory requirements. Also included are forms that 
focus on individual facilities where PCB control 
may be important. The contractor is SCS Engi
neers. EPRI Project Manager: D. M. Golden 

Pulverizer Failure Cause Analysis 
FP-1 226 Final Report (RP1 265-1 ); $5.75 
This study examined the problem of pulverizer 
outages and identified root-cause failure modes 
for the major mill types currently in service. A 
data base of 469 pulverizers was compiled and 
analyzed to identify both design and operating 
problems. Five problem areas were established 
and evaluated: drive components, grinding zone, 
air system,  mill fires and explosions, and boiler 
problems associated with the pulverizer. Recom
mended solutions to some of the more common 
problems are given. The contractor is KVB, Inc. 
EPRI Project Manager: I. A. Diaz-Taus 

Mossbauer-Effect Spectroscopic 
Study of Pyrilic Sulfur in Coal 
FP-1 228 Final Report (RP267-2); $3.50 
This report describes the adaptation of the Moss
bauer spectroscopic technique for use in measur
ing the percentage of sulfur in coal samples. It 
reviews the method's salient features, outlines op
timal experimental techniques and required equip-

ment, compares the method with ASTM wet 
chemical procedures, and analyzes experimental 
error sources and measurement time require
ments. The contractor is General Electric Co. 
EPRI Project Manager: W W Slaughter 

Prediction of the Impact of 
Screening on Refuse-Derived Fuel Quality 
FP-1 249 Final Report (RP1 1 80-6); $4.50 
Systems for recovering refuse-derived fuel (RDF) 
from municipal solid waste, as well as means of 
predicting and evaluating the performance of 
these systems, were. investigated. Models were 
developed for four unit processes: size reduction ,  
air classification ,  magnetic separation ,  and  pre
trommeling. Results show that screening either 
the unshredded raw refuse or the product RDF 
stream improves the combustion properties of the 
RDF by reducing its ash, glass, and moisture con
tent. The contractors are Cal Recovery Systems, 
Inc. ,  and Midwest Research Institute. EPRI Proj
ect Manager: C. R. McGowin 

Plant Performance Testing 
and Evaluation Workshop 
WS-78-1 34 Workshop Proceedings; $1 1 .25 
A utility-vendor workshop on plant testing methods 
and their evaluation ,  held in Houston, Texas, was 
sponsored by Houston Lighting & Power Co. and 
EPRI in November 1978. This report contains the 
papers presented, a summary of the working 
group sessions, and the results of a questionnaire 
on plant testing.  The papers cover a wide spec
trum of topics, including detailed plant modeling, 
in-plant experience with boiler and turbine testing, 
and proper application of instrumentation and data 
acquisition systems. The contractor is Science 
Applications, Inc. EPRI Project Manager: David 
Poole 

ENERGY ANALYSIS 
AND ENVIRONMENT 

Evaluation ol a Cooling-Lake Fishery: 
Lake Sangchris Ecosystem Modeling 
EA-1 1 48 Final Report, Vol. 2 (RP573); $8. 75 
This volume describes the theories, supporting 
data, and mathematical formulations used in de
veloping models of the ecosystem of Lake Sang
chris, a cooling lake. The structure and function 
of each of the two major models developed-a 
physical model (TEMP) and a primarily biological 
cooling-lake ecosystem model (CLEM)-are fully 
documented. The contractor is the Illinois Natural 
History Survey. EPRI Project Manager: J. Z. 
Reynolds 

Correction of End Effects 
in Energy Planning Models 
EA-1 231 Final Report (TPS77-727); $3.50 
This report analyzes three procedures to mitigate 
end effects (i .e. ,  distortions) in planning-model 
outputs that result from planning over a fixed time 
span rather than the indefinite future. The proce
dures-the truncation, salvage or bequest value, 
and dual equilibrium methods-were compared in 
terms of simplicity, computation difficulty, gener
ality, and flexibility and then tested in calculations 
using an energy planning model. The dual equilib
rium method was superior on the basis of both 
theoretical and numerical considerations. The 

contractor is the University of California at Berke
ley. EPRI Project Managers: J. J. Karaganis and 
R. G. Richels 

Methodology for Assessing 
Population and Ecosystem Level 
Effects Related to Intake of Cooling Waters 
EA-1 238 Final Report (RP876); $7.25 
This report presents available methods for assess
ing population and ecosystem effects of the 
impingement and entrainment of major fish and 
invertebrate species. 11 describes quantitative 
techniques for determining the effects of power 
plant intake and water withdrawal on marine mor
tality, and presents a framework for using these 
techniques that relies on the investigator's judg
ment. It also provides guidance in the interpreta
tion of calculated or measured effects. The con
tractor is Lawler, Matusky & Skelly Engineers. 
EPRI Project Manager: J. Z. Reynolds 

Power Shortage Costs and 
Efforts to Minimize: An Example 
EA-1 241 I nterim Report (RP1 1 04-1 ); $3.50 
Estimates of the costs of a prolonged electric 
power shortage in Key West, Florida, during the 
summer of 1978 are given. During this shortage, 
users were periodically disconnected over a 26-
day interval. Willingness-to-pay estimates are pre
sented and discussed tor residential and nonresi
dential users. Also included is a discussion of 
shortage preplanning. The contractor is Jack 
Faucett Associates, Inc. EPRI Project Manager: 
A. N. Halter 

Workshop Proceedings: Integration 
of Environmental Considerations 
Into Energy-Economic System Models 
WS-78-95 Workshop Proceedings; $1 0.50 
An advisory workshop on integrating environmen
tal considerations into energ y -economic system 
models was held at Eastbound, Washington ,  in 
October 1978. These proceedings include a dis
cussion of integrated assessment modeling, the 
papers presented at the workshop, summaries of 
the workshop discussions, and research recom
mendations. The appendixes present supplemen
tary materials and a list of participants. The con
tractor is Sigma Research ,  Inc. EPRI Project 
Manager: Ronald Wyzga 

ENERGY MANAGEMENT 
AND UTILIZATION 

Detailed Designs and Construction: 
Individual Load Center-Solar 
Heating and Cooling Residential Project 
ER-1 206-SY Summary Report (RP549); $3.50 
This report summarizes the design ,  construction,  
and instrumentation of 10 experimental load
managed solar residences. It outlines the design 
and procurement approach for the experimental 
subsystems (solar, load management, heat pump, 
and instrumentation and control) and describes 
the information-processing procedure. A series of 
pictures shows the construction process, the inte
gration of solar collectors into houses of different 
architectural styles, and the solar and load man
agement systems. The contractor is Arthur D. Lit
tle, Inc. EPRI Project Manager: Gary Purcell 
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N EW TECHNICAL REPORTS 

Thermal Energy Storage 
for Steam Power Plants 
EM-1218 Final Report (RP1082-1 ) ;  $12.50 
The selection of four systems that integrate ther
mal energy storage (TES) with central-station 
steam power plants is discussed. Results of recent 
work, detailed conceptual designs, performance 
predictions, and cost estimates are presented for 
each of the four systems. Also included is a cost
value analysis (based on util ity economics) that 
compares the best of the TES-power plant sys
tems with conventional generation alternatives. 
Results show that in terms of performance and 
costs, even the best of these systems could not 
compete in near-term utility applications with 
cycling coal plants and typical gas turbines avail
able for peaking power. The contractor is General 
Electric Co. EPR/ Project Manager: W A 
Stevens 

NUCLEAR POWER 

U02 Pellet Fragment 
Relocation: Kinetics and Mechanics 
N P-11 06 Final Report (RP508-1 , RP508-2); 
$4.50 
This report describes tests that provided data on 
the complex behavior of uranium oxide fuel pellets 
under power. An experimental out-of-reactor 
apparatus was constructed that is capable of heat
ing a pellet column to operating temperatures. 
Power was provided by direct electric resistance 
heating of the pellet material itself, and heat was 
removed by a recirculating helium loop. A variety 
of sensors monitored the response to power 
cycling of both clad and unclad pellet stacks. 
Statistical analyses of the 13,000-event data base 
are presented. The contractors are Argonne 
N ational Laboratory and Entropy Limited. EPRI 
Project Manager: S. T. 0/dberg 

Human Factors Methods for 
Nuclear Control Room Design: 
Human Factors Enhancement of 
Existing Nuclear Control Rooms 
NP-1 1 1 8  Final Report, Vol. 1 (RP501-3); $3.50 
Human factors engineering concepts were applied 
to the design of control boards in nuclear power 
plants that are operational or near operational. 
Two levels of board enhancement were consid
ered: surface modifications that could be made 
without interruption of plant operation and more 
substantial reworking that could be accomplished 
during anticipated or scheduled shutdowns. The 
contractor is Lockheed Missiles & Space Co. ,  Inc. 
EPRI Project Managers: R. W Pack and H. L. 
Parris 

Computational Method to 
Perform the Flaw Evaluation 
Procedure as Specified in the 
ASME Code, Section XI, Appendix 
A: General Description and Background 
NP-1 1 81 Key Phase Report, Part 1 (RP700-1 ); 
$4.50 
This report presents the background, general des
cription, capabilities, and restrictions of the com
puter program FACET, which is designed to per
form quickly and accurately the flaw evaluation 
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specified in Appendix A of Section XI of the ASME 
Code. The contractor is Failure Analysis Associ
ates. EPR/ Project Manager: F. E. Gelhaus 

Water as a Means of Cable Fire 
Protection: Operational Effects Experience 
NP-1193 Final Report (TPS77-745); $4.50 
Cases of tire loss involving plant cable systems, 
switchgear, relays, and equipment rooms are doc
umented. The use of water on cable fires and the 
effects of water on electrical switching and control 
equipment are discussed. The study concludes 
that the most effective way to extinguish cable 
fires is with the rapid application of water, except 
for fires located where water would cause damage 
to switchgear and control equipment and thus 
increase the fire hazard. A list of criteria for the 
application of water is included. The contractor 
is Factory Mutual Research Corp. EPRI Project 
Manager: Roy Swanson 

Review of the PBF Program as a Source of 
Data for Qualification of Fuel Behavior Codes 
NP-1 202 Final Report (RP694); $4.50 
NRC's Power Burst Facility (PBF) test program 
was evaluated in terms of its usefulness in the 
qualification of fuel behavior codes employed in 
the licensing of nuclear power plants. Fuel per
formance parameter ranges from selected design
basis events were compared with experimental 
conditions. Data adequacy was judged on the 
basis of completeness and required accuracy for 
use in transient fuel behavior code assessment. 
The contractor is \ntermountain Technologies Inc. 
EPRI Project Manager: R. N. Oehlberg 

Comparison of Experimental Results 
With Analytic Predictions for LOFT L2-2 
NP-1 204 Interim Report (RP496-1 ); $7.25 
In  this report, analytic predictions of the first loss
of-fluid test (LOFT L2-2) are compared with actual 
test results. The predictions were made with the 
RETRAN thermal-hydraulic computer code. LOFT 
L2-2 was a full-area, double-ended, cold leg break 
simulation, with the core operating at 24.88 MW 
(maximum linear heat generation of 27.37 kW /m). 
The validity and usefulness of the experimental 
results are also reviewed. The contractor is Inter
mountain Technologies Inc. EPRI Project Man
ager: L. J. Agee 

Analysis of Pipe Whip 
NP-1 208 Final Report (RP1324-1 ) ;  $4.50 
This is a state-of-the-art assessment of the analy
sis of structural response to postulated pipe 
breaks. The work focused on the structural re
sponse of the broken pipe and of the restraints and 
other structures with which it interacts. Practical 
techniques are suggested for modeling the domi
nant phenomena involved in pipe whip: large mo
tions of beam-type structures, rate-dependent 
elastic-plastic material behavior, dynamic re
sponse, and impact. The contractor is Hibbitt & 
Karlsson, Inc. EPRI Project Manager: H. T. Tang 

Measurement of the Thickness of 
Liquid Film by the Capacitance Method 
NP-1212 Interim Report (RP1379); $3.50 
A technique was developed for measuring water 
film thickness in a two-phase annular flow system 
by the capacitance method. Theoretical principles 
were applied to estimate the capacitance value 

as a function of the film thickness. An experimental 
model of the flow system was constructed , with 
two types of electrodes mounted on the inner wall 
of a cylindrical tube. The ability of the apparatus 
to detect fluctuations and wave motions in the 
water film passing over the electrodes was eval
uated. The contractor is Lawrence Berkeley Lab
oratory. EPR/ Project Manager: J. P. Sursock 

Improvement of Nuclear Castings by 
Application of Hot Isostatic Pressing 
NP-1213 Final Report (RP1249-1 ) ;  $5.75 
Hot isostatic pressing (HIP) was investigated as a 
means of healing subsurface pore defects and 
tears in cast stainless steel valve components for 
nuclear power plants. When the internal defects 
were not connected to the surface of the casting 
by a gas path , HIP was effective in healing poros
ity ( even when oxidized surfaces were present) 
and in restoring material with hot tears to normal 
property levels. Defects connected to the surface 
by gas paths could not be healed unless the com
ponent was enclosed in an impermeable mem
brane. The contractor is Battelle, Columbus Lab
oratories. EPRI Project Manager: J. T. A. Roberts 

Fort St. Vrain Experience: 
Phase 4, Follow-On Studies 
NP-1214  Final Report (RP457-1); $5.75 
This report examines various aspects of the start
up of the first large high-temperature gas-cooled 
reactor and its initial operation at power levels 
from 30% to 70% of rated reactor power. Five 
specific topics are covered: resolution of core 
flux instrumentation decalibration questions, 
steam generator system thermal performance, 
overall performance of plant control and protec
tion systems, heat load distribution in the liner
cooling system of the prestressed concrete 
reactor vessel , and primary-system temperature 
oscillations. The contractor is The S. M. Stoller 
Corp. EPRI Project Manager: James Kendall 

Local Response of Reinforced 
Concrete to Missile Impact 
NP-1 21 7 Final Report (RP393-1 ) ;  $8.75 
An experimental and analytic study was con
ducted to determine the response of reinforced 
concrete to impacts from tornado debris and other 
missiles considered in nuclear plant design. The 
study included laboratory-scale missile impacts, 
experiments to measure material properties, com
putational model development, and two-dimen
sional simulations of missile impacts. Recommen
dations for model refinement and extension to 
other impact conditions are given. The contractor 
is SRI International. EPRI Project Manager: G. E. 
Sliter 

Preliminary Design: 
Duplex Tube Low-Pressure Saturated
Steam Generator for Large LMFBR Plants 
NP-1219 Final Report (RP620-29); $9.50 
The preliminary design was completed for a large 
duplex tube steam generator module suitable for 
an LMFBR plant operating with a saturated-steam 
cycle. The study identified areas of concern that 
must be resolved by development tests before a 
commitment to the detail design can be made. 
The work scope of these development tests was 
defined. The contractor is Foster Wheeler Energy 
Corp. EPRI Project Manager: J. G. Duffy 



A Review of Seismic 
Isolation for Nuclear Structures 
NP-1 220-SR Special Report; $5.25 
This is a state-of -the-art survey of seismic isolation 
techniques and an assessment of the feasibility, 
potential benefits, and possible problems associ
ated with the use of seismic isolation devices in 
the nuclear industry. It concludes that isolation 
devices that make use of springs, hysteretic dam
pers, friction plates, and floating platforms are 
feasible for nuclear applications. Recommenda
tions for further research are included. The con
tractor is Dames & Moore. EPA/ Project Man
ager: Conway Chan 

Evaluation of Near-Term 
BWR Pipe Remedies 
NP-1222 Final Report (RP701-1  ); Vol. 1 ,  $2.75; 
Vol. 2, $12.00 
This project is one of several that are examining 
the phenomenon of intergranular stress corrosion 
cracking (IGSCC) in welded type-304 stainless 
steel BWR piping. Volume 1 contains a brief sum
mary of the significant technical data generated in 
an evaluation of near-term remedies, including 
postweld solution heat treatment, application of a 
corrosion-resistant cladding to the weld-heat
affected zone, and heat sink welding. It describes 
the rationale for each remedy and the procedures 
involved in applying it. Volume 2 describes in 
detail (1) full-size welded-pipe screening tests 
conducted to determine the susceptibility of ref
erence type-304 stainless steel to IGSCC and 
to assess candidate remedies and protection 
methods, (2) a statistical evaluation of the most 
promising remedies and protection methods, (3) 
electrochemical studies of corrosion and oxidation 
potential, conducted both in the laboratory and in 
an operating BWR, and (4) a study of the effect of 
ferrite on the intergranular stress corrosion be
havior of type-308 stainless steel. The contractor 
is General Electric Co. EPA/ Project Manager: 
J. C. Danko 

Feasibility Study for a Plasticity 
Model to Describe the Transient 
Thermomechanical Behavior of Zircaloy 
NP-1224 Final Report (RP1321 ); $3.50 
This study assessed the feasibility of applying the 
endochronic theory of plasticity to the transient 
thermomechanical behavior of Zircaloy. Advan
tages are the simplicity of the physical basis of the 
theory and the unified manner in which it could 
account for effects of deformation history, tem
perature, and neutron irradiation. Computational 
comparisons of three constitutive models for Zir
caloy were made. The contractor is Systems, Sci
ence & Software. EPA/ Project Manager: R. N. 
Oeh/berg 

Crack Arrest Studies 
NP-1225 Final Report (RP303-1 ); $4.50 
This report describes crack arrest studies that 
addressed the issue of whether a simple proce
dure that uses linear elastic fracture mechanics 
and static stress calculation is adequate for deal
ing with crack propagation and arrest in reactor 

vessels. The report discusses the significance of 
crack arrest toughness testing, compares crack 
arrest methodologies, and considers crack arrest 
in a simulated loss-of-coolant accident. The codi
fied procedures for treating crack arrest were 
demonstrated to be adequate. The contractor is 
Materials Research Laboratory, Inc. EPR/ Proj
ect Manager: T U. Marston 

Development of an Ultrasonic 
Imaging System for the Inspection 
of Nuclear Reactor Pressure Vessels 
NP-1229 Final Report (RP606-1 ); $6.50 
This report describes the development of an ex
perimental model of an ultrasonic linear-array sys
tem for the inspection of weldments in nuclear 
reactor pressure vessels. The imaging system is 
designed to operate in both pulse-echo and holo
graphic modes. It uses a sequentially pulsed, 
phase-steered linear array to develop pulse-echo 
images and a line-focused illuminating transducer 
in conjunction with a linear receiver array to de
velop reconstructed holographic images. The con
tractor is Battelle, Pacific Northwest Laboratories. 
EPA/ Project Manager: J. R. Quinn 

Nondestructive Evaluation 
Program: Progress in 1 979 
NP-1234-SR Special Report; $16.00 
This is a comprehensive review of EPRl 's Non
destructive Evaluation Program. The major portion 
consists of contractor-supplied descriptions of 
current projects, which summarize progress and 
define project significance. An organizational 
overview of the program is also presented. EPA/ 
Project Manager: G. J. Dau 

Core Performance Benchmarking: 
Edwin I. Hatch Nuclear Plant, Unit 1 ,  Cycle 1 
NP-1 235 Final Report (RP1178-1 ); $8. 75 
The first combined application of CASMO, an 
assembly analysis code, and SIMULATE, an ad
vanced nodal core code, to BWR benchmarking 
is discussed. The codes were used to model cycle 
1 of Hatch-1 .  The SIMULATE results were com
pared with gamma scan measurements at the end 
of cycle 1 and with the process computer data at 
selected points throughout the cycle to evaluate 
that code's ability to predict power distributions 
and reactivity in an operating BWR. The contrac
tor is Southern Company Services, Inc. EPA/ 
Project Manager: W J. Eich 

Value-Impact Analysis 
NP-1237 Final Report (RP1233-4 ); $5.25 
This report reviews the state of the art of value
impact (benefit-cost) analysis and takes a first step 
in developing a comprehensive value-impact 
methodology for application in the nuclear in
dustry. Various methods of value-impact analysis 
are presented, and their usefulness in a particular 
nuclear licensing problem (anticipated transients 
without scram) is assessed. Recommendations for 
future development work are made. The contrac
tor is Science Applications, Inc. EPRI Project 
Manager: G. S. Lellouche 
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