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Controversy Over High-Voltage Effects 

The present controversy over possible health and environmental 
effects from high-voltage transmission lines points up how 
public concern can mount and how science and industry can 
respond positively to environmental problems. With a large 
dose of truth and a dash of cynicism. it has been said that 
in today's world, environmental issues tend to be emotional, 

/} J environmental decisions are largely political, and environmental 
solutions are scientific and technical. 

EPRl's environmental research program is aimed at developing an improved, 
reliable, and credible data base so that with time, the issues will become less emotional, 
the decisions less political, and the solutions more satisfactory and cost-effective. 
better balanced between engineering control and biological knowledge, and more 
clearly understood by the public. 

Whenever an environmental concern surfaces in connection with a 
technological option or process, the scientific and technical community makes an 
immediate assessment based on existing knowledge and experience. This is to ensure 
that any action needed to avoid imminent harm to the public welfare is taken promptly. 
Research on the possible effects of electric fields from high-voltage transmission lines 
began in the 1960s. Public awareness increased in the 1970s. triggered primarily 
by reports from the Soviet Union describing medical complaints from switchyard 
workers exposed to high-voltage gradients for long periods. 

Drawing on experience and observation. the immediate assessment shows 
that all living organisms have always been exposed to natural electric and magnetic 
fields from atmospheric electricity and magnetism; people are exposed to fields from 
household appliances without apparent effect; no harm has been observed from 
transmission lines up to 765 kV in the United States since 1969; no effects have 
been seen in studies of U.S. linemen who worked on 365-kV lines; and animal 
experiments so far have demonstrated no effects in the range of normal exposures 
found under transmission lines. From this experience there is good reason to believe 
that exposures to electric fields from transmission lines up to 765 kV would not 
produce harmful biological effects. 

The next step, usually a long-term effort, is to establish and implement 
whatever research program is needed to determine if there might be any subtle and 
undetected effects associated with the given technology and, if so, what the specifics 
and exposure-response relationships might be. The latter information is useful so that 
control measures can be used if necessary to minimize effects in a cost-effective 
way and to allow decisions of risk acceptance based on risk-benefit considerations. 

EPRI and ERDA are supporting research on biological effects of electric 
fields at an annual rate of about $3 million. Decisions on the adequacy of support 
levels for research are necessarily subjective. In our view, the combined EPRI-ERDA 
funding is adequate, judged from the significance of any effects that may be uncovered 
and their relative importance compared with environmental and health problems 
associated with other aspects of energy production and use. 
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The possible effects from high-voltage transmission lines include the 
production of ozone, audible noise, shocks, and biological effects of electric fields 
Ozone production has been accepted as being insignificant. Audible noise and the 
possibility of shock can be reduced to nuisance levels and below by proper 
engineering. The question of biological effects is more difficult to deal with. 

Living organisms have within them naturally occurring electric fields and 
currents. These play an important role in physiological mechanisms such as those 
involved in neural and muscular activity, tissue growth and repair, and cell membrane 

function. It is quite reasonable to question whether or not mechanically generated 
external fields can affect such functions. Fundamental studies of possible interactions 
are of great importance for an understanding of neurobiology, physiology, and certain 
behavioral mechanisms. However, from the practical standpoint of decisions about 

transmission lines, the issue is not whether these electric fields can produce 
biophysically detectable changes. but whether they would produce harmful effects 

in individuals exposed. 
No experiment, no matter how large or how well designed, can tell us that 

electric fields will produce zero biological effects. What we do hope to accomplish is, 
first of all, to repeat the usual exposures under carefully controlled conditions to 
provide more reliable data than are now available. Then we plan to identify any of 
the subtle effects that could occur from high-voltage transmission lines and, if found, 
relate them to effects on humans. This should help in determining if and at what point 
the risk from increasingly higher transmission voltages becomes significant enough 

to be a limiting factor. The benefits from the use of high voltages against which any 
risks must be weighed are economic (major reductions in transmission costs) and 
environmental (saving right-of-way space). These are critically important contributors 
to sorely needed efficiency in today's otherwise bleak energy outlook. 

There are those who believe that the benefits from the use of higher voltages 
are not worth the possibility of subtle biological effects that may be impossible to rule 
out by experiment. While our research, together with that of others. can provide 
information to help evaluate the risks and benefits, the final resolution involves 
public-political decisions. As an example, the New York State Public Service 
Commission is conducting extensive hearings on the health and safety aspects of 
high-voltage overhead transmission facilities. Although the hearings are still in progress. 
the commission has authorized the start of construction of a 765-kV line in New 
York State. We agree that experience thus far supports a reasonable contention 
that high-voltage lines can be operated with due regard for the public safety and 
welfare. 

A� 4 o-r1"-AJL 

Cyril Comar, Director 

Environmental Assessment Department 
Energy Analysis and Environment Division 
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Authors and Articles 

• The au tomobil e, the SST, and h igh ­
v<.1 l tage transmiss ion. U nques tionably 
they a re technological advances. U n­
question.-ibly they have produced side 
effects. Undesirab le  s ide effects have 
been cla imed for each, urgently and 
emphat ica l ly. But  wi th h igh-vo l tage 
transmission at l east ,  the p reponder­
ance of research so fa r does not sup­
port the con tention .  I n  "Concern 
Overhead" (page 6), EPR I 's Ha rry 
Kornberg discusses t h e  iss ues and 
revi ews the sc ien t i fi c evi dence. 

Kornberg is i n  cha rge of a $2 m i l l ion 
research effort specifica l ly  a ddressing 
biological and other ecological effect s 
o f  high-voltage e lect r ic fie lds ,  and he is 
manager of the overa l l  p rogram on 
eco logica l effects i n  EPRI 's  Envi ron­
mental Assessment Depa r tment . last 
summer he vis ited l abora to ries in 
England, France, Germany, and Sweden 
to consult  with E u ropean researchers 
studyi ng the biologica l effects of e l ec­
tric fields. This  month he i s  rev iewing 
EPRI 's program with visit ing Soviet 
scientists at Ba tte l l e, Pacifi c  Northwest 
Labora tory, where much of the l nsti­
tute's research on t his sub j ect is bei ng 
conducted. 

Kornberg spent several years with 
Bat te l le-Nort hwes t as a manager  and 
then as a consultant in environmenta l  
and l i fe sciences resea rch before joi n­
ing EPRI in 1 974. For 20 years, be­
gi nning i n  1 948, he managed the 
Hanford b iology progra m, a ma jor  
research operat ion sponsored by the 
Atom i c  E n ergy Commission's Di vision 
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of Biology and Medicine. Kornberg 
holds a PhD in bio-organic chemistry 
from the University of Texas and has 
wri tten more than 1 00 scientific papers, 
books, and specia l R&D reports .  

• "Ha lden :  EPRJ's Window on the 
Nucl ea r  World" ( page 14 )  i s  prima ri ly 
an exposit io n of what EPRJ is doing 
and why at that sma l l  town i n  south­
ern Norway. But Garry Thomas, EPRI's 
first techn ica l representa t ive there, 
a l so recounts some of h i s  fam ily's 
impress ions from their tr ip abroad as 
he reviews the  object ives and progress 
of EPRI 's  participat ion in t he in terna­
tiona l Ha lden Reactor Project. 

After earn ing a bachelor's degree 
at San Jose Sta te Univers i ty and doing 
graduate work in nuclea r engineering 
at the University of Ca l ifornia ,  Thomas 
developed a specia lty  in experimenta l  
irradiat ion operations and evaluat ions 
duri ng eight  yea rs a t  Genera l Electric 
Co. He was an e perimenter on 22 
trans ient overpower irra d iations at an  
AEC test reactor in Idaho. He a lso 
he lped establish a method of compara­
tive a nalysis of LMFBR sa fety tests 
performed by Argonne Natio na l  Lab­
ora tory for the fast fl ux test fac i l ity .  

This ba ckground, toge ther wi th  a 
family goal of spend i ng a year or two 
work ing in Europe, made Thomas ,1 

natura l when EPRl's Nuclear Safety 
and Materials Department needed a 
rep resenta tive a t  Ha l den. He jo i ned 
EPR I in Ju l y  1 974, six mon ths before 

going to Norway to s upervise EPR l ' s  
test irradiations in a program to im­
prove fuel perfonnance. 

During that t ime Thoma s  and h i s  
w i fe took Norwegian lessons, gra du ­
ati ng, he says, "a t a bou t  p rek inder­
garten leve l ." However, Thomas's 
contr ibut ions to the Ha Jden expe r iments 
-as we ll as hjs observa t ions of them­
are a t  adva nced postgraduate l eve l .  

• It's easy to watch energy conserva­
tion take place, and even to measu re 
i t .  Meter readings and load curves 
ultimately tel l the story. I t 's another 
thing to identify people's different  
conservation mot ives, and i t 's s t i l l  
tougher to dist inguish one from an­
other  in p ra ctice. What's most d i fficu l t  
i s  measuring the motives t hemselves, 
so as to project them ove r a n  enti re 
uti l ity system, for exampl e, and assess 
the effect of a given conservation 
oppo rtunity on that  system . Al l  t hese 
a re the concerns of Robert Crow, 
writ ing on "Energy Conservation : 
Behaviora l Considerations" ( page 20 ) . 

Crow makes the usefu l ,  clarifying 
poi n t  tha t  energy conservation is  rea l l y  
a special instance of energy demand. 
Conservation motives there fore a re 
demand influences, and put t ing num­
bers on them is a matter of demand 
anal ysis. Th is i n  itse l f  involves Crow, 
who has managed EPRl 's Demand and 
Conservation Program since 1 974 . The 
overtones of behavioral psychology 
also fi t neatly with one of his profes-



Korn berg Thomas 

sional interes ts, the theory of consumer 
behavior. 

A former faculty membe r in the 
School of Management at the Sta te 
University of New York at Buffalo, 
Crow has taught, consulted, and done 
research in the fie lds of regional 
growth, economic forecas ti ng, and 
urban transporta t ion planning .  He 
hol ds a PhD in econom ics from the 
University of Pennsylvania . 

• The conference room is a familiar 
setting for research evalua t ion .  The lab 
i tsel £ is a nother . The fi eld test site is 
a th ird and far l ess frequent-or even 
possible - choice. But  an  EPRl advi­
sory group hit on the poss ib i l ity th.is 
year, and it cou ld  set a p recedent. In 
"Reactor Safety Tou r" ( page 55), John 
Ken ton, the JOURNAL's specia l i s t  for 
nuclear power, reports what was seen 
by the Nuclear Safety and Ana lysis 
Task Force i n  a meeting a t  I daho Fal l s .  

Crow Tassicker 

• Owen Tassicker and James Schwab 
a re in cha rge of one of EPRl's success 
stories, and they record its techn ical 
substance in: "High-Intens ity Ion izer 
for Improved ESP Performance" 
(page 56 ) .  

The romance with t h e  ionizer orig­
inated in its poor but  hones t be­
gin.nings: a sma l l  R&D firm seeking a 
sponsor for a prom ising new concept. 
That firm was Air Pollu tion Sys tems, 
Inc. ,  in 1974. EPR I ' s  Owen Tassicker 
sensed the promise and init-iated a 
deve lopment contra ct to establ ish 
EPRI's sponsorshi p .  

An  EPRI pro j ect manager for three 
years, Tassicker was previously a 
member of the electrica l engi neering 
faculty at Austral ia's Univers ity of 
New South Wales for 12 years and an  
active in ternational consu l tant for 
much of tha t  time .  With the perspec­
tive of that experience he observes, 
'1t is posit ively uncanny how the ion-

Sc hwab 

izer has moved from bench to demon­
stration scale i n  only 30 months, so far 
wi thout any scale-up problems  el ectri­
ca l ly, ae rodynam i ca l l y, stru ctura lly, or 
mechanica l ly .  This never happens!" 

James Schwab, a co-in ventor of the 
high-i ntensity ionizer and now APS 
sen ior v i ce pres ident, acknowledges 
and welcomes the cha l lenge, but he 
says it isn' t al l  a iry exhil aratio n yet :  
"EPRI has l ots of expecta tions, under­
standably, and we have some o f  our 
own. There a re times when it gets to 
be a heavy load." S ti l l ,  Schwab l i kes 
it where he is, tak ing scienti fic ideas 
and doing the engineering analys i s  tha t 
wi l l  most qu ickly and cheaply deter­
m ine commercial feasibi l ity. That was 
the thread of his four years with 
Boeing Aerospace Co. - Schwab's firs t 
work after earning a BS in mechanica l 
engineering at Tri-Sta te College (Angola, 
Indiana) -and it cha racte rizes what 
he has been doing for APS si nce 1973 . 
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As transm ission l i ne  vo ltages 

have r isen ,  so has concern over 

bio log ical effects of exposu re to 

electromagnetic f i elds . EPRI  

and EADA a re cooperat ing i n  

extensive research to  determ ine if 

there are such effects . 

a An  EPR I  state-of-the-art feature 

Harry A. Kornberg 1s manager of the Ecological 
Effects P rogram in  the Envi ronmental Assessment 
Depanment of EPRl ' s  Energy Ana lysis and Envi­
ronment Divis ion. 
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CONCERN 
OVERHEAD 

by Harry A .  Kornberg 



T 
housands of miles of overhead 

tra nsm ission l ines that traverse 

the country are the superh igh­

ways of the electric ut i l i ty industry ­

carrying the cu rrent that powers inven­

tions ranging from a s ingle l ight bulb 

to a national b roadcast ing network .  

As demand for this essential powe r 

has increased, so has trans mission 

vol tage. It  has been demonstrated that 

higher voltages can trans mit more 

electricity over longer distances at less 

cost. For instance, a single 765 -kV l ine 

can carry as much power as thirty 

138-kV lines. The resultant conser­

vation in la nd alone is substantial - a  

765-kV line requires only 1/1 3 the land 

area per kilowatt of capacity as its 

equivalent in 138-kV l ines.  And con­

struction cost per kilowatt of the higher­

voltage l ine is typically 1 0  t imes less. 

The benefits of h igher transmission 

voltages include conservation of land, 

fuel, and funds, with uti l ity customers 

enjoying more efficient, reliable service 

at lower rates. 
There a re more than 200,000 circuit 

miles of overhead transmiss ion lines 

rated 138-kV or higher .  The Federal 

Power Com mission estimates that the 

14,000 circu it m iles of 500-kV and 

h igher lines wil l  increase to 24,000 

miles by 1980 and to 42,000 miles by 

1990. Experimental  ac and de l ines in 

the 1 200-kV range are also being 

tested .  W ithout the use of high-vol tage 

overhead transm ission, U .S .  uti l it ies 

would be unable to supply at a rea­

sonable cost the electricity req uired 

by the country's urba n centers. 

L ine 
Voltage 
(kV) 

1 200 

1 000 

800 

600 

400 

200 

0 
0 1 000 2000 3000 4000 

Rig ht-of-Way Width (ft) 

The h igher the voltage of a transmi ssion l ine,  the more power i t  can carry and the less land 
and money needed for its construction . A s i ngle 765-kV l i ne carries as much power as thirty 
1 38-kV l i nes , requi res Jib as m uch land per ki lowatt, and costs 10 times less to build. It 
would take n inety-fou r 1 38-kV lines to carry as much power as three 765-kV l ines. 
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EPR l i s  explor ing a lternat ives to 
high-voltage overhead t ra nsmiss ion 
and a v igorous research p rogram on 
underground tra n smissio n is under  
way. Howeve r, wi th  the p resent state 
of the a rt ,  underground t ransmiss ion 
costs from 1 2  to 16  t imes more than  
ove rhead .  I t  is estimated that i f  a l l  
future transm issio n l i nes were to be 
placed underground, the cost of elec­
tricity to the consumer wou ld rise 
30-50%. If existing l ines were a lso 
transferred underground , electricity 
bi l ls would at least double .  

EPRI is also investigating ways of 
generat ing power local ly th rough fuel 
cell s, which would place the power 
sou rce nea r where it is n eeded and 
requ i.re only low-vo ltage distr ibut ion 
lines . But fuel cells a re not expected 
to be avai lable for some t ime and 
wil l  be used prima rily to meet peak 
requ iremen ts ra ther than base loads. 

Concern ove r electric f ield s 

It is evi dent, therefore, that we w i l l  
be  l iv ing wi th ove rhead high-vo l tage 
tra nsm ission lines at least through the 
end of this century. That being the 
case, it is important tha t  the poss ible 
biological effects from exposure to 
electric fields generated by high-vol tage 
l ines be determined and understood . 
The U .S. uti l ity industry has been 
s upporting resea rch on high-voltage 
effects since 1 966 (through EPRI since 
1974) . EPRI is sponsor ing some $2 
mil l io n  in s u ch resea rch, wi th cooper­
a t ive work by ERDA of more than  $1 
mi l l ion. 

Public concern over high-voltage 
effects has been stimulated by hea rings 
before the New York State Pub l ic 
Service Commission on the proposed 
construction of a 150-mile, 765-kV 
transmission l ine Testimony on the 
health and safety aspects began i.n 
February 1975, cons idering matters of 
ozone production, audible noise, in­
duced electric shocks, and biological 
effects. Only the iss ue of biologica l 
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effects has kept t h e  hea rings open .  The 
poss ib i l ity of b io logical effects has 
likew ise been a key issue in hea rings 
on a p roposed 430-m i le, .!: 400 de l i ne 
that  wou ld  tra verse port ions of M inne­
sota and North Dakota .  

Phys ics ol  electric fields  

A grasp of some of the basic phys ics 
of electric fields hel ps in understand i ng 
effects tha t  may occur. The i nte nsity 
of a n  electr ic field at any point is de­
scr ibed by the magn i t ude and d i rect io n 
of the force tha t  wou ld be expe rienced 
by a unit charge placed in the field a t  
that point . I f  we  imagine a charged 
object, such as a sphere, l i nes can be 
drawn rep resen t i.ng fo rces between unit 
cha rges on the sphere and in space. 
These Aow l i nes map the electr ic  field . 
Lines per unit of area a re d i rect ly re­
lated to the magn itude of the elec-

Table 1 

ELECTRIC FIELDS (60 Hz) 
GENERATE D BY APPLIANCES 

Item 

Electr ic blanket 
Broi ler 
Stereo 
I ron 
Retrigerator 
Hand mixer 
Toaster 
Vaporizer 
Color TV 
Coffee pot 
Vacuum cleaner 
Cloak 

Electric Field 
(kV/ m) 

D 25 
0. 1 3  
0 .09 
0.06 
0 06 
0 .05 
0.04 
0 .04 
0.03 
0 03 
0.0 1 6  
0 .01 5 

F luorescent l ight (oflice) 001 
Electr ic range 0.004 
Incandescent light bulb 0.002 

M�asurerr,enlS made 30 crn 1 ,on, �ppllance 

tric field intensity . The fie ld  becomes 
stronge r as one app roaches the cha rged 
ob ject. Th is phenomenon occu rs in a 
clot hes  d ryer. Synthet ic c loth ing p icks 
up  an  e l ectr ic cha rge when it rotates 
in the d ryer, which causes the cloth ing 
to cl ing to itse l f  and to nea rby objects .  

J n  mapping electric field s i t  is com­
mon pract ice to d raw  the l ines of Aow 
and the equ ipotentia l  l i nes, wh ich are 
perpend icu lar  to the flow. When  a 
condu t ing ob j ect , such as a person, 
enters the fi e l d, t h e  field becomes d is­
torted. The l ines of Aow per unit a rea 
increase as they are "displa ed" by 
the object .  And the more pointed the 
object the  more i t wil l d istort the field, 
intensifying the cha rge . 

The h ighes t vol tage t ransm ission 
J ines in the U .S. a re nomina l ly ra ted 
a t  765 kV. Under  a typica l 765-kV  l i ne 
a t  i ts closest prox im ity to the ground,  
the field of intensi ty is about  8 kV /m 
at a measu rement point about  1 . 5  m 
(5 ft) above the ground.  A person 
s tand i.ng on the ground i.n this field 
would have about 1 20 m icroamperes 
Aowing th rough h im, about Yi o ooo of 
the current Rowing through a 1 00-W 
l ight bulb .  Leakage: cu rrents from rne­
tal J i c  household appliances cause 20-
300 microamperes of cu rren t  flow in 
grounded pe rsons hold ing t hem .  (The 
ANS[ standard maximum leakage cur­
rent is 500 m icroamperes for portable 
appl iances and 750 microamperes for 
stationary app l iances . ) To perce ive a 
cu rren t  flow, 500 microamperes typica l ly 
are requ ired. 

For a physica l agent to cause biologi­
ca l effects there must be a tra nsfe r  of 
energy from the physica l agent to the 
l iv ing materia l .  An e lectric field t rans­
fers energy by inducing cu rren ts in the  
body. A oO-Hz l ine a l ternates from a 
pl us to a minus cha rge 60 times a 
second , caus ing a change in pos i t ion 
of the plus and m inus charges on 
and with in the body. As the ac fie ld 
changes polar i ty, the induced charges 
l ikewise change, wh ich, in tu rn, cau ses 



body current to flow. Under certain 
conditions, a person standing under a 
765-kV, 60-Hz line can perceive the 
field by the tingling of skin on a raised 
forearm. 

Wavelength is the key 

Energy is transferred to an object near 
a 60-Hz power line via the electro­
magnetic field generated by the line 
currents. The fraction of this energy 
transferred to humans is negligible 
compared with that transferred from 
other common sources of electromag­
netic fields, such as television trans­
mitters. The reason is that the amount 
of energy absorbed by an object is a 
function of the wavelength of the in­
ducing field. For a given object, energy 
absorption becomes radically smaller 
as wavelength becomes longer. Thus, 
the energy absorbed by a person stand­
ing in a 60-Hz power line field (wave­
length 5000 km) is approximately 1012 

lt!ss than the energy that person would 
absorb from being in a 60-MHz electro­
magnetic field of equaJ intensity (wave­
length S m), a frequency at which a 
television station may broadcast. 

As the frequency of the electromag­
netic field is increased, the wavelength 
is reduced to where it is comparable to 
the size of the object. Many typical 
biological tissues and organisms have 
dimensions comparable to a microwave 
wavelength (1 mm-1 m) and thus 
undergo resonant energy deposition at 
microwave frequencies (300 MHz-300 
GHz). This physical property is at 
work in microwave ovens to enable 
virtually total transfer of the power 
in the electromagnetic field to the food, 
causing rapid heating. The process of 
resonant energy collection and dissi­
pation is entirely different than that 
occurring at 60 Hz and is much more 
effective in energy transfer. 

Infrared radiation has an even shorter 
wavelength than microwave, between 
a few tenths of a millimeter and less 
than a micrometer. This is in the size 

range of living cells. Such radiation is 
readily absorbed by the skin and is 
felt as warmth. 

Energy from visible light is absorbed 
by specific receptor bodies in the retina 
of the eye and enables us to see. This 
radiation is in the range of tenths of 
micrometers. Shorter still is the ult-ra­
violet band, with a wavelength the 
dimension of certain molecules in tht• 
skin that become chemically trans­
formed as a result of energy inter­
change, causing sunburn or tanning. 

So humans, whose height is well 
under 2 m (6.5 ft), can interact effec­
tively with many types of electromag­
netic radiation, but cannot do so with 
radiation from 60-Hz transmission lines 
with a wavelength of 5000 km. Then 
why the concern and extensive research 
on biological effects? for two reasons: 
Although minute, some energy is ab­
sorbed by biological matter from a 
60-Hz field; and there are reported 
incidents of biological effects claimed 
to have been caused by high-voltage 
fields. 

Reported effects 

Reports of such biological effects that 
are receiving attention come from the 
Soviet Union. They describe unfavor­
able, nonspecific disturbances-loss 
of appetite, listlessness, diminished sex 
drive-in switchyard workers occupa­
tionally exposed to high-voltage gra­
dients for long periods. As a result, the 
Soviet government has set time limits 
for exposure to electric fields greater 
than 5 kV /m. 

Only one other similar experience is 
known. In Spain, five of eight switch­
yard workers, transferred to a new 
500-k V power station, reported head­
aches, fatigue, and loss of appetite. 

In the U.S., carefully conducted 
medical and psychiatric examinations 
were given over a nine-year period to 
10 utility linemen who worked on 
energized lines and were exposed to 
electric fields of various intensities. 

None of the LO showed any changes 
in physical, mental, or emotional char­
acteristics in several thorough exami­
nations given during the nine years. 

An analysis was made of the medi­
cal records and medicine purchases of 
two groups of French people of the 
same social class, one living within 
25 m of a 200-kY and a 400-kV trans­
mission line, the other residing at least 
120 m distant. No difference was re­
vealed between the two groups in the 
amount of their medical care and drugs 
or in the frequency of medical exami­
nations. 

Experiments involving field strengths 
up to 20 kV /m have been performed 
on volunteer human subjects in West 
Germany and Sweden under carefully 
controlled conditions. No physiological 
or biochemical changes were observed 
in the Gerrnan study. And no changes 
were evident in test performance and 
subjective responses in the Swedish 
investigation of psychological effects. 

A direct correlation cannot be made 
between these studies and the Soviet 
experience since maximum exposure 
in the studies was three hours, while 
the Soviet reports indicate the syn­
drome developed after prolonged ex­
posure. Yet extended exposures of 
linemen and switchyard workers else­
where have failed to produce a similar 
syndrome. Attempts to explain the 
difference have suggested that envi­
ronmental factors such as noise, noxiou s  
vapors from plants, oil fumes, chemi­
cals from switchyard equipment, and 
possible disease may have been the 
cause. To determine whether one or 
more such factors are accountable for 
the effects would be difficult since 
these environmental agents change 
with time. One method for verifying 
the Soviet results is by using experi­
mental anjmals. 

Animal and human experiments 

The most extensive research on biologi­
cal effects at power line frequencies 
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Table 2 

AMERICAN AND WESTERN EUROPEAN TESTS OF ELECTRIC FIELD EFFECTS 
(50 Hz and 60 Hz) 

Subject Exposure Indicator Result 

7 humans 7.5 kV. 2.5 kV, 27 EKG No effect 
kV; 30-min. 

525 humans Fields within 25 m Checkups by No significant 
of 200- and 400-kV physicians; use of difference observed 
line: fields beyond medicine: medical between subjects 
125 m for control histories and control group 
group; long-duration 

1 0  males 25 kV /m Psychological test; No stat1st1cal 
1 0  females subJeclive responses difference observed 

in test performance; 
some discomlort 
reported by a few 
subjects: subJ ects 
also influenced by 
weather 

Farm workers Fields lrom Questionnaire No significant 
and livestock 765-kV line response effect 
on 1 8  farms 
1 0  American Fields encountered Physical exami- No effect 
linemen in normal line and nation: cardiovascu-

bare-handed work lar, EKG. kidney, 
visual, auditory, 
emotional status 

10 humans Physical examina- No slgnllicant 1 kV, 1 5  kV�m; in-
termittent. 5 min tion· EKG, EEG, change; small 

pulse. blood pres- decrease in reaction 
sure, reaction time time 

6 humans 1 kV/m. 15  kV/m. Physical examina- No pathological 
20 kV /m; alternat- lion: EKG. EEG. changes 
ing, 45 min blood pressure, 

reachon time 

is being done by the U.S. Navy in 

connection with its Project Seafarer. 

(Seafarer is the Navy's proposed com­

munication system of several hundred 

kilometers of buried cable, operating 

at a frequency of 30-90 Hz. (The 

network is designed for communication 

with submarines.) Although the fre­

quencies are in the 30-90 Hz range, 

the voltage gradients are much lower 

(0.01-0.02 kV/m) than those from 

high-voltage lines, while the magnetic 

fields are higher (2-3 G). Some 40 

separate experiments have been per­

formed by various investigators using 

a variety of biological materials, from 

soil microorganisms and fruit flies to 

cows and humans. The biological e f -
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fects looked for ranged from genetic 

to behavioral. 

All results except one were negative. 

Some of the several human subjects 

exposed for 24 hours to alternating 

magnetic fields of 30-90 Hz experi­

enced a rise in their serum triglycerides 

24-48 hours after exposure, with a 

subsequent return to normal. Continued 

high serum triglycerides is a condition 

sometimes associated with propensity 

to heart disease. Transient increases 

are not considered significant. The 

scientist reporting this work pointed 

out that the increase could have been 

due to forced changes in personal living 

habits, such as diet and confinement. 

However, this observation led a West 

German scientist to investigate whether 

high-voltage fields as well as magnetic 

fields would cause the same effect in 

humans. Volunteers were exposed to 

20 kV /m for three hours. The results 

indicated no increase in serum 

triglycerides. 

More recent animal research in the 

Soviet Union describes a variety of 

physiological responses attributed to 

electric field exposure. But since details 

of these investigations are not given 

in the published reports, it is impos­

sible to make an evaluation. Adverse 

biological effects in laboratory animals 

exposed to 60-Hz electric fields have 

been reported recently by one group 

in the U.S. However, similar experi­

ments performed in the U.S. by others 

have shown no such effects. 

Such conflicting results have called 

for further research to resolve the dif­

ferences. 1t is essential that research of 

this nature be conducted under care­

fully controlled laboratory conditions 

and precise procedures. The transfer 

of energy from electric fields to living 

matter is minute, even at levels 10 

times that which can be encountered 

under transmission lines. If there are 

effects, they will be subtle and difficult 

to recognize, so great care in experi­

mental design and control is crucial. 

If, for instance, the experimental elec­

trodes are not specially designed and 

made, ozone can be generated that 

could swamp subtle effects and be 

misinterpreted as an effect of the field. 

Effects can also be attributed to an 

electric field that are actually caused 

by a trivial mediator. For example, 

when experimental animals are exposed 

to 100 kV/ m (more than 10 times 

the maximum that can be encountered 

underneath transmission lines), their 

hair vibrates at the frequency of the 

field. This hair stimulation is readily 

felt by the animals and generally ex­

cites them to increased activity, which 

may easily be mistaken for changed 



metabolic rate resulting from the 
electric field. 

EPRI-ERDA investigations 

ln long-range tests being performed 
for EPRT by Battelle, Pacific Northwest 
Laboratory, groups of Hanford miniature 
swine, a specially bred experimental 
animal that serves as an analog for 
humans, will be continuously exposed 
to a voltage gradient of 30 kV /m (a 
level at which hair stimulation does 
not occur in these animals). Guidance 
on the parameters being measured in 
these animal experiments is coming 
mainly from observations on rodents 
in parallel tests sponsored by ERDA. 
These cooperative EPRT-ERDA tests 
on large and small animals represent 
the most comprehensive research so 
far undertaken on the biological effects 
of high-voltage fields. The research 
team is made up of behavioral scien­
tists, electrical engineers, mathema­
ticians, hematologists, physicists, 
physiologists, and pathologists. Both 
EPRl and ERDA are optimistic that 
some definitive answers will be forth­
coming within a couple of years. 

Some answers have already come in 
from experiments on high-voltage 
effects on vegetation. In tests performed 
for EPRI by Westinghouse Electric 
Corp. and Pennsylvania State Univer­
sity, it was determined that leaf tip 
damage occurs at between 20 kV /m 
and 22 kV /m for pointed leaves­
about 1% of the leaf is damaged, but 
photosynthesis is not affected. Extended 
exposure up to 50 kV/m caused no 
damage, however, to row1d leaves. And 
no effect on plant growth was observed. 

The Penn State investigators also 
looked into the effects on chicken eggs. 
They found no effect on hatchability 
and that exposure of chicks to 80 kV /m 
for 30 minutes had no effect on growth 
or development. Exposure of chicks 
for three weeks to 80 kV /m resulted 
in a temporary increase in growth rate, 

but this did not occur with exposure 
at 40 kV /m. Heart rate increased from 
exposure at 40 kV/m and 80 kV/m, 
but not at lower gradients. 

EPRI is also supporting research in 
effects on bees. A beehive is a complex 
social structure and ln many respects 
is an excellent system for determining 
subtle effects. The interdependence of 
all members of a colony-queen, 
drones, and workers-in their produc­
tion of honey makes the beehive a good 
model for studying effects on eco­
systems. In this field experiment, bee­
hives have been placed on a small 
hill between two 765-kV transmission 
towers owned by Commonwealth 
Edison Co. Possible effects are being 
carefully monitored. 

A laboratory study has been com­
pleted by IIT Research lnstitute for 
EPRI on the effects of electric fields 
on pacemakers implanted in baboons. 
It was found that electric and magnetic 
fields from overhead lines will not 
affect the majority of pacemakers. I n ­
terference with pacemaker operation 
can occur in rare cases where highly 
sensitive pacemakers are implanted in 
uncommon configurations. In these 
cases the pacemaker reverts to a con­
stant pacing mode while in the electric 
field and then returns to normal oper­
ation when out of the field. This "re­
version" is not considered s�ificant 
by most doctors. Nonetheless, results 
of this study will be discussed by car­
diologists and representatives from 
the Nabonal Heart Institute, the 
National Bureau of Standards, and the 
Food and Drug Administration at a 
workshop sponsored by EPRI this fall. 

Since the U.S. study of effects on 
humans exposed to electric fields i n ­
volved only 10 utility linemen, EPRI 
asked Equitable Environmental Health 
Associates to assess the feasibility of a 
similar but much larger study. EEHA 
reported it would be feasible, but dif­
ficult. Two of the difficulties: lack of 

knowledge of any physiological effect 
attributable to the electric field and 
lack of knowledge of exposures. EPRJ's 
biological research program is expected 
to uncover the former, if it exists. On 
the latter, EPRI is having General 
Electric Co., as part of Project UHV, 
develop a portable field meter that 
can be worn by linemen and switch­
yard workers to determine exposures. 

To further strengthen its investiga­
tions of hjgh-voltage effects, EPRl in 
1975 formed the Advisory Committee 
on Biological Effects of Electric Fields 
to assist in developing plans and pri ­
orities for continuing research and 
for reviewing research in progress. 
The committee consists of 10 distin­
guished scientists, engineers, and rep­
resentatives from government and 
industry. 

As it is 

This is what can be said about the 
biological effects of electromagnetic 
fields at 50 Hz or 60 Hz: 

o Reports from the Soviet Union of 
effects in switchyard workers cannot be 
confirmed from examinations of similar 
workers in Canada, England, France, 
West Germany, Italy, or the U.S. 

o No experiment thus far has dearly 
established that electric fields even 20 
times as high as those encountered 
under 765-kV transmission lines can 
cause a biological effect of significance. 

o If  electric fields can cause biological 
effects, it appears that they will be 
subtle, possibly elusive, and extremely 
difficult to identify. 

If indeed there are such effects, EPRT's 
extensive research program, together 
with ERDA's parallel efforts, is 
applying the best scientific methods to 
identify them. 

Details of EPRl's research program 
on biological effects of electric fields 
follow. 

EPRJ JOURNAL June/July 1977 1 1  



Pro1ect and Contractor Funding and 
Duration 

Environmental Assessment Department 

RP129; Ecological Influence $376,000 
of Electric Fields; Westing- May 197 4-
house Electric Corp. March 1977 

RP679; Effect of 60-Hz Electric 
and Magnetic Fields on Pa­
tients With Implanted Cardiac 
Pacemakers; IIT Research 
Institute 

RP799; Electric Field Effects 
on Large Animals; Battelle, 
Pacific Northwest Laboratory 

RP857; Biological Effects of 
Electric Fields-General Sup­
port Study; IIT Research 
Institute 

RP934: Field Evaluation of 
Effects of HV Power Lines: 
Bioconcern, Inc. 

TSA76-79; Basic Introduction 
to Effects of HV Power Lines, 
IIT Research Institute and 
NUS Corp. 

TPS76-639; Feasibility Study; 
Epidemiology of Linemen and 
Switchyard Workers; Equita­
ble Environmental Health, Inc. 

$110,000 
September 1 9 7 5 -
December 1976 

$1 ,200,000 
March 1 9 7 6 -
February 1978 

$130,000 
August 1976-
Ju!y 1977 

$122,000 
August 1 976-
December 1978 

$20,000 
May 1 976-
0ctober 1976 

$17,000 
April 1 976-
September 1 976 

Note: An international workshop on biological effects 
of electric fields is under consideration. 
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Table 3 

EPRI RESEARCH PROGRAM ON BIOLOGICAL EFFECTS OF ELECTRIC FIELDS 

Objective and Current Status 

Ob1ec11ve: Investigate the effects of electric fields at power line frequencies on 
plants and chicken embryos at Pennsylvania State Un1vers1ty. 
Status. Defined and simulated electric field environment under power lines. 
Chicks exposed to 40-80 kV /m during incubation show temporary increased 
growth rate. 
Plants with pointed leaves show tip damage about the first week of exposure. 
No effect on plant germination at 50 kV /m. 
No effect on egg hatchability or embryo activity at 50 kV /m. 

Objective: Investigate the effect of 60-Hz HV-electric fields on cardiac pace­
makers implanted in baboons and translate any effects to the human case. 
Status: In rare cases "reversion" occurs but is not considered significant. 

Objective: Study effects of chronic exposure of Hanford miniature swine to HV 
electric fields. Test animals will be exposed from conception through duration o! 
pr.:,ject to field levels greater than those found under power lines but below per­
ception levels. Constant clinical assays will be taken to identify even subtle effects. 
Status: Exposure facilities are under construction 
Electrode exposure system is being tested. 
Operating procedure and safety rules for exposure system are prepared. 
Breeding protocols for two generations of animals have been designed. 
Objective: Update state-of-the-art study initiated in earlier proJect (RP381 ), ab­
stract foreign literature and translate key documents, provide technical support 
for the EPRI HV effects program, determine the applicability of various Seafarer 
data to power line environments, and study internal currents and dosimetry 
associated wi th HV fields. 
Status: Foreign literature review and abstract translation Is near completion. 
Translation of key documents is under way. 
Domestic literature is being reviewed. 
Objective: Investigate effects of exposure of honeybees to maximum fields under 
a 765-kV line. Study honey and wax production, reproductive success. hive 
health, activity, and behavior as indicators of neurological effects. 
Status: Feasibility study completed and hives established under contract 
TPS76-630. 
Objective: Prepare a primer to inform the public on facts relating to effects of 
electric fields. 
Status: In preparation. 

Ob1ec11ve: Assess feas1billty of conducting epldemiolog1cal studies on workers 
routinely exposed to HV fields. 
Status: Preliminary report has been reviewed. 



Pro1ect and Contractor Funding and 
Dura/Ion 

Related HV Projects in Electrical Systems Division 

RP68: UHV Transmission: $15,500,000 
General El ectric Co. January 1967-

December 1979 

RP566: Study of Electrostatic 
and El ectromagnetic Effects 
of UHV Lines; General Elec­
tric Co. 

RP753: Model Field Measure­
ments; Ohio State University 

RP1097; Model field measure­
ments: Ohio State University 

RP742; Induced AC Poten­
tials in Pipelines; IIT Research 
Institute (with American Gas 
Association) 

RP104; HVDC Transmission: 
Bonneville Power Adminis­
tration 

RP430; HVDC Transmission 
Between ± 600 kV and 
± 1200 kV; Hydro-Quebec 
Institute of Research 

$385,000 
January 1976-
December 1977 

$105,000 
January 1976-
July 1977 

$11 0.000 
August 1977-
June 1 979 

$300,000 
January 197 4-
December 1977 

$866,000 
January 197 4-
June 1976 

$444,000 
January 1975-
December 1977 

Objec/lve and Current Status 

Objective: Investigate corona phenomena. insulation. and electric fi eld effects for 
voltages up to 1 500 kV on three-phase test line. 

Status: Transmission Line Reference Book-345 kV and Above has been 
published. 

Objective: Accelerate UHV research under RP68, study methods for reducing 
electrostatic fields at ground levels, and investigate electrostatic effects due to 
transi ents and electromagneti c effects. 

Status: Studied various underbu It energized conductors and groun::ting systems. 
Developed mathematical predictive equations for effects of underbuilt energized 
conductors and grounding systems. 
Constructing underbuilt energized conductors at various voltages. 

Objective: Determine if miniature model substations are valid predictors of electric 
field strengths in substations and develop small measuring devices. 

Status: Model of existing 345-kV substation built and tested. 
Tests demonstrated that an energized scale model is a valid analog design tool 
for an ac substation and can be used to map and modify the electric field. 
Further work is under way to develop a simplified model for ac substations and 
to expand its range of use. 

Objective: Similar to RP753 for HVDC substations. 

Status: Contract In negotiation. 

Objective: Prepare tutorial handbook on induced ac potentials on pipelines. 

Status: Prepared outline and supporting materials. 
Field verification under way. 

Objective: Research corona phenomena. insulation, electric fields, and mainte­
nance practices for de lines to = 600 kV. 

Status: Project completed and design reference book to be released shortly 

Objective: Study corona phenomena. insulation. and power supply requirements 
for contaminated insulator research. 

Status: Insulation and power supply studies completed: continuing long-term 
corona tests. Extension requested to expand electric field studies. 
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Halden: EPRl 's 
Window on the 
Nuclear World 
t> y  Garry R Thomas 

A personal  account  of what is 

being done at the Halden Reactor 

P roject i n  No rway, why E P R I  is 

part ici pati ng  i n  that internationa l  

venture, and what it was l i ke 

to spend 1 8  months i n  Norway. 

o An EPR I  program feature 

Gar ry R , Thomas 1s proJecl manage r  lor lesl reac1ors 
1n EPRl ' s Nuclear Power DMs1on , Systems and 
Mater ials Depanrnent 
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R
ega rd less o f  t he  d i rect ion my  
future ca reer may  take, I wi l l  a l ­
ways look back on t h e  18-month 

period of February 1975 th rough J uly 
1 976 as one of my mos t  challeng ing and 
enjoyable experie nces-both from a tech­
nical and a personal veiwpoint . Tha t was 
when my wife, two ch i l d ren, and T pu l led 
up stakes and moved to Halden ,  a small 
town in the southeastern corner of 
Norway. 

Why were we there? r had become 
EPR l 's first foreign site representative, 
and my assignment was the Halden Reac­
tor Project . HRP is a sma ll but very im­
press ive international cente r for nuclea r 
power research with a staff of 1 70 tha t  
includes 60 techn ica I specia l is ts , about 
20 of whom a re non-Norwegians (such 
as myself) on temporary assignment. 
Despite-or  more probably because of 
-its relatively sma ll size, HRP has  de­
veloped a repu tation for s uccessfully 
tackl i ng extremely complex in-core 
studies of nuclear fuel rod behavior, 
using the highJy versatile Halden boiling 
heavy water reactor (HBWR) . Heavy 
wate r is the common name for deu terium 
ox ide (020), which is simila r to ord inary 
water but the hydrogen has been rep laced 
by its isotopic relative, heavy hyd rogen, 
or deu terium, twice the wejght of ord i­
nary hydrogen .  

HRP is  now international; it i s  s pon­
sored by the 24-nation Organization for 
Economic Coopera tion and Development 
(OECD) and operated by Norway's ln­
stitutt for Atomenergi- the official 
agency for nuclear power research in 
Norway-on behalf of the nat ional nu­
clear agencies of those 9 OECD countries 
that join tly fund HRP: Aus tria, Denmark, 
Finland, West Germany, Italy, Japan, 
Netherlands, Norway, Sweden, plus 
EPRJ and th ree associate members. ( EPRl 
is the only nongove rnmental body that 
is a fu II s ignatory member.) The associate 
members are Combustion Engineering, 
Inc. ,  General E lectric Co., and the U .S .  
Nuclear Regulatory Commission .  The 
proj ect is governed through a represen­
tative boa rd of directors . 

HAP history 
Norway, th rough the J ns t i tutt for Atom­
energi ( I FA), was a pioneer among 
smal ler nations in nuclea r reactor tech­
nology; i t s  firs t reactor, J eep (a nuclea r 
properties research reactor at Kjeller, 
nea r Os lo) became operat iona l in 1 95 1 .  
By the second ha lf of the 1 950s, IFA was 
develop ing concepts for using reacto rs 
to produce power for Norwegian indus­
tria l and residentia l consumption. Be­
cause of the plent iful natura l hyd ropower 
ava i lab le  for e lectricity generat-ion, these 
efforts were geared toward using nuclear 
power to produce process heat, prima ri ly 
to support Norway's heavy industry and 
in particu lar ,  one of its major exports, 
processed wood products. At the same 
time, the ready availa bil ity both of large, 
highly stab le  rock formations (Norway 
has been described as consisting of 80% 
ba re rock, 27% forest , and 3% arable land) 
and the wel l-developed Scandinavian 
technology of shaping and moving that 
rock (e.g. ,  cu tting tunne ls about  32 km 
(20 mi )  th rough solid rock for moving 
water to areas of greater hyd roelectric 
potential), led IFA to cons ider using rock 
mountains for secondary nuclear con­
ta inment, that is, emplacing reactors 
underground in sol id  rock. 

Thus the HBWR was bu ilt deep in the 
side of a cl iff, 92 m (300 ft) back from the 
cliff face and d irectly across the road from 
the large Saugbrugs paper mil l . This  lo­
cation is only abou t a ki lometer (half a 
mile) from the center of Ha lden and less 
than 50 rn { 1 50 ft) from the closes t res i ­
dential properties atop the mounta in 
containing the HBWR. The reactor be­
came opera tional in 1959. Si nce then, 
despite its heavy resea rch load, the 
HBWR has continued to fulfil l  its original 
process heat production objective qy 
supp l ying, when on line, a sma l l  portion 
of the steam requ ired by the ad jo in ing 
paper m i l l .  

The overa l l  ini t ia l  objective of the 
HBWR and the Ha l den project that grew 
up around it was to gain practica l exper­
ience in the design, construct ion, and 
ope ration of natu ral ly circu lat ing, boiling 
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heavy water reactors. To this end, the 

design of the HBWR primary contain­

ment (the reactor pressure vessel) pro­

vided many instrumentation monitoring 

positions through multiple, conveniently 

located access ports. This permitted a 

versatile and detailed monitoring of over­

all reactor operating characteristics. 

For the first several years of HBWR 

operation {1959-1963), the effort concen­

trated on attaining these objectives. How­

ever, the Norwegian government turned 

over administrative control of the reactor 

to the OECD-sponsored HRP. For with 

the changing environment-both within 

Norway (which de-emphasized its long­

term commitment to the use of nuclear 

power) and with the worldwide growth 

of light water reactors-there was no 

longer a strong need to continue develop­

ment of heavy water reactor technology 

at Halden. Instead, as the years passed, 

the built-in advantages of ease of access 

to the HBWR core through its multiple 

access ports in the reactor vessel head 

rapidly made it one of the world's most 

versatile reactors for performing detailed, 

closely monitored experimental studies 

of individual LWR fuel rod behavior. 

(The differential effects of studying such 

behavior in heavy water versus ordinary 

light water at the same temperature and 

pressure are inconsequential.) 

By 1967, the HRP objectives had 

shifted strongly toward emphasizing 

study of water reactor (mostly LWR) fuel 

performance in general. Activities cen­

tered on in-core instrumentation devel­

opment designed to increase the ability 

to observe such performance in detail 

at levels never before achieved. These 

efforts, taking advantage both of the 

easy accessibility to the HB WR core and 

of a creative staff composed of a per ­

manent cadre and temporary members 

on loan from participating organizations, 

topped by a truly master-craftsman 

machin e -shop capability, created an 

unusual environment for studies involv­

ing highly detailed control and monitor­

ing of the behavior of nuclear fuel rods 

during power operation. At the same 
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HALD E N : A H I STO R ICAL TOW N  

The  town of Halden is loca ted in  one of 
Norway's major fa rming areas, among 
rol l ing, rocky h i l l s  broken by forests, 
fa rmland, a nd marshes. I t  is on the 
shores of ldde Fjord, a long and narrow 
offshoot fjord nea r the base of the much 
larger Os lo f j ord, which stretches some 
100 km (60 mi) north to the Norwegian 
capita l , Os lo. The Norwegian word fiord 
refers to any relatively long saltwater 
bay extendi 11g inla nd from the open sea, 
not the typical tourist interpreta tion of 
toweri ng mountains fa l l ing steeply i nto 
a narrow, deep bay. Wh ile this picture 
is true of f jords on the western coast of 
Norway, the word is more general . 

The Jdde Fjord, generaJJy a ki lome ter 
or so wide, is a section of the Norwegian­
Swedish frontie r. The ma jor h ighway 
between Norway and the rest of Europe 
passes about  10 km (6 m i ) west of 
Halden on its way north to Oslo and 
south to Sweden over a spectacularly 
beautiful bridge spanning the ldde 
Fjord at a point that is everyone's class ic 
idea of a Norwegian fjord . 

Halden, wh ich is also a main rai l j unc­
tion, is nestled in a va l ley with the Tista 
River Aowing through the center of 
town into the ldde Fjord .  l t  has a com­
mercia l harbor, but the main loca l in­
dustrial act ivities center around the 
Large Saugbrugs paper m i l l  on the Tista, 
upstream from the center of town. The 
present popu lation of Halden and its 
surrounding fa rm ing and suburban 
areas is about 27,000. 

This region has been popu lated vir­
tually since the dawn of reco rded h is­
tory. It has been continuously cultiva ted 
for thousands of years, with numerous 
traces of early history rema ining in 
hundreds of graceful rock ca rvings, 
great longboats, and burial mounds­
al l  within a short distance from Halden . 

Geograph icalJy, HaJden is s ituated 
at a land bridge, important in more re-
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B ridge over the l dde Fjord 

The Fred r iksten fortress 

cent h istory, tha t crosses from Sweden 
to Norway with the Oslo Fjord and the 
North Sea immed iately to the west and a 
grea t expanse of dense, marshy forest to 
the east .  This fo rest was nearly impass­
able for large groups on foot or on horse­
back. For nearly 300 years ( 1536-18 1 4 ) 

Norway was a l oose ly connected par t  
of  a joint kingdom ruled from Copen­
hagen, and Halden was the scene of fre­
quent ba ttles between the Swedish and 
the Danish-Norwegian k ingdoms. Be­
cause of Ha lden's ab i l ity to wi ths tand 
Swedish a ttacks, it was granted the priv­
i leges of a town in 1665, and because of 
i ts military importance in blocking that 
crucia l land bridge, a large fortress, the 
fredriksten, was erected on a high b.luff 
about 120 m (400 ft) above the town of 
Halden. This fortress st i l l  proudly dom­
inates the city's skyl ine. I t  was never 
captured in armed conAict-not even 
during the Great Nordic War of 1716 
when Halden was set aflame by i ts own 
inhabitants to drive ou t an occupying 
Swedish a rmy, nor in the siege of 171 8. 

Liv i n g  i n  N orwa y  

When I arrived in  Halden in February 
1975 with my wife Linda , my son Jory, 
and my daughter ii\a, we did not have 
a housing prob lem because the Ha lden 
Reactor Project has its own modem 
condominiu m apartments .  

We had looked forward to our so­
journ with a great deal of positive antic­
ipation although we knew there would  
be an ad justment in moving from one 
culture to another and from the large, 
cosmopolitan San Francisco Bay Area 
to the smal l-town- ru ra l  environment of 
Halden. My wife and l prepared for our 
trip by studying Norway and its cu l ture. 
and took lessons in the Norwegian lan­
guage, graduating a t  a prekindergarten 
leve l .  

A l though much o f  our  p replanning 
was aimed at reducing the expected 
cultu re shock, the shock was sti l l  the re. 



We moved overnight from rela t ively 
warm and l ight Ca l iforn ia  to a dark and 
defi n itely cold Ha lde n in win ter . N or­
way has very Jong winter nights, com­
pensated for by del igh tfu l ly  long su m­
mer d.:iys. 

As a fam i ly, we found the ad j ustment 
period lasted a bout four mon ths, but 
we grew to l ove the much more relaxed, 
ou tdoor-oriented l ifestyle of t h e  Nor­
wegians .  Jory, i m mersed i n  a tota l Nor­
wegian env irnn m ent at Sentru m School 
i n  down town H a lden, rapid ly ca me to 
the point w here Norweg ian was his 
first l a nguage, a nd English wa s used 
only at home. The conve rsion was so 
complete tha t to our amazement he 
even spoke Norwegian when he ta l ked 
in his s leep. N ina, too young to go to 
schoo l ,  social ized with the ne ighbor­
hood child ren, most of whom were 
from Ha lden Pro ject fam i lies, some 
foreign l i ke us and others No rwegian . 
As a result, she ended with a u n iversal 
language used by all the younger ch i l ­
dren, com posed of Engl ish, Norwegian,  
Danish, German, and a touch of Brazi l ­
ian. My wife and I fina l l y  progressed 
from prekinderga rten to k inderga rten­
leve l Norwegian. 

The re were many o ther  ad j ust m ents 
as we l l, s uch as a signi fica n t  change i n  
die t .  Norwegian cheeses a re p lent ifu l  
and excel lent, a n d  m y  daughter a n d  I 
even mas tered a taste for Geitost, a 
strong goat's m i lk cheese . We also dis­
covered that a l though prices a re  h igh 
in the U .S. ,  i t  is not the most expensive 
place in the world to l ive: many ba sic 
commod ities (e .g . ,  food and cloth ing) 
a re priced s ign i ficantly higher in Nor­
way ( and in Scandinavia in gene ra l )  than 
in the U . S .  

The 1 8  months went b y  unbe l ieva bly 
q u ic kly, and we were on our  way home 
a fter a tru ly  wond erfu l expe rience, 
having become much more a wa re of 
the similarit ies and diffe rences between 
other cu l tu res and our own . 

ti me, H B W R  ,i nd its a ssociated da ta- ma l ly  associated w i t h  the worldwide 
acq u is i t ion system displ ayed a broad 
capab i l i ty for accepting many high ly 
inst ru mented experimental  assemblies. 
or rigs, so tha t  a typ ica l core load i ng at 
present may conta in as many as 45 ex­
per ime ntal assemb lies ou t  of a total of 
60; in other words, as l i tt le as 25% of the 
core may be composed of sta ndard d rive r 
fue l assemb l ies . From 45 such experi­
menta l rigs, more than 500 individua l 
instru mentation s ign a ls can be mon itored 
s im ultaneously. 

The thrust on i mproved in-core i nstru ­
mentatio n  continues, with the res u l t  that 
H RP has been a ble to ma inta i n  a lead ing 
role in the deve lopment of h ighly sens i­
tive instru menta t ion for the i n -core 
monitoring of fuel rod be hav ior. Fo r 
example, the present zen i th  of HRP's 
operational ex perimenta l assembl ies is 
the three-rod ove rpower-diameter rig. 
While at powe r  i n  the HBWR core, this 
rig ca n s im u ltaneous ly :  

a Maneu ver powe r l eve ls i n  t h ree rods, 
i nde pendent of HBWR core powe r, by 
a fa ctor of a lmost t wo and ove r a wide 
ra nge of time dependencies 

o Measu re the res u l tant rig output power 
through use of slow- and fa st- response, 
sta t i c  and mova b le  neu tron detectors; 
a nd com b ined coolant  Aow and te m pe ra ­
ture meas u re ments 

a M on itor at a ny give n t ime a l l  three 
rod s  for fuel rod cl adding length cha nges 
to with in 0.0025 cm (0.00 1 in) and fuel 
rod cla dding diam etra l  changes along the 
en t ire fue led reg ion of the rod to with m 
0.0 13 cm (0 .0005 in) 

a S ip  the coolan t co ntin uously for pres­
ence of fiss ion prod ucts i nd icat i ve of fue l  
rods fail ing in the r ig 

a Measu re, in specia l cases, fuel rod 
in ternal gas pressure, fuel stack length 
cha nges to wit h in 0.0025 cm (0 .00 1 in ) ,  
and fuel  stack cen terl ine temperatu re 

EPRI  participat ion in HAP 

Ea rly in EPRl 's history, the Nuclear 
Power Divis ion fel t  the need to be for-

nuclear power commun ity, pa rt icu la rly 
with the Eu ropean and Ja panese sectors, 
as a method of promot ing  a greater ex­
cha nge of informa tion i n  the economi ­
ca l ly i m porta nt a rea of reactor fue l  per­
forma nce. HRP offered EPRT the first 
importa nt opportun ity for such an asso­
ciation, with two signi fica n t  adva ntages 
for j oining: 

a Th rough H RP,  EPRI would  step into 
a n  existing international nuclear com mu­
ni ty  hav ing OECD s ponsorsh i p  and the  
act ive i nvo lvement of  more than a doze n 
mem bers from around t he wor ld .  

a EPR I wou l d  pa rticipate in an unusua l ly 
q ua l ified resea rch group,  a world leader 
in the experimenta l eva lua tion of nuc lear 
fue l  performa nce. 

Th is ea r ly  i nvolvement in the in ter­
nationa l project provided a base for 
init ia l  contacts tha t  have ei the r led di­
rect ly to or great l y fac i l i tated EPR l 's 
forma l  pa rt icipa tion with severa l Euro­
pean a nd in ternat ional  research and 
industry groups, such  as contracts with 
Sweden's Stud svik L nter-Ram p and 
Over- Ramp projects (RP507 and RP-
1 026);  technica l excha nge agreements 
with Sweden's nuclea r industry g ia n t, 
Asea-Atom Co.; and w i t h  The Uti l ity 
G roup {TU G), a working group of  eight 
European u t i l i t ies in seven count ries. 

E PR I  jo ined HRP in J a n ua ry 1 974 and 
is cu rre ntly opera ting under its second 
three-yea r agreement cove ring partici­
pation (RP2 1 6) .  EPRI members h ip in the 
project perm its EPR I a nd util ity members 
to use the information ge n e ra ted by the 
HRP base progra m and resu lts reported 
in the  formal H R P  d ocu mentat ion .  To 
date, more than 1 50 of the specia l ized, 
h ighly instru mented experi mental rigs 
have been irradia ted in the  H B W R, and 
more tha n 200 H R P  reports have been 
issued . 

EPRI  par ticipates in the form u la tion 
of the HRP experi mental program 
th rough forma l m embership in the 
Ha lden Progra m Gro u p, wh ich over­
sees H R P  program p la nning act ivit ies .  
E. L Zeb roski , Di rector of EPRI's N uclea r 
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Sys tems and Materials Depar tment, is 
currently chairman .  Mi l ton Levenson, 
director of EPR I's Nuclear  Power Divi­
sion, is the EPRl representat ive on the 
HRP Board of Directors. 

ln addit ion, under its charte r as a mem­
ber of HRP, EPRI  has become actively 
invo l ved as a d i rect experimenter through 
sponsorship of complex experimental 
rigs for studying the effects that changes 
in axial power shape during powe r ope ra ­
tions can induce i n  the  pe l let-c ladding 
interaction (PCI) phenomenon, which 
can degrade the performance leve l of a 
fuel rod by reducing effective rod l ife­
time . 

Economic sign i f icance 

Today's LWRs operate under  a va riety of 
restrictions ( imposed by the ut i l ity, the 
reactor, or the fuel manufacturer) on t he 
ra tes at which the power production level 
can be a ltered because of variations in 
the requ ired output l oad ing demands or 

fueling outages is equ iva lent to a loss in 
capacity factor of 4-6%. Such a l oss in 
capacity is a direct loss in tota l U.S. elec­
tric generating capabi l i ty. To express 
this in terms of money:  Ca lcu lat ions 
show that a 1% increase in plant capacity 
factor for one 1000-MW nuclear plant 
(whi ch can serve the needs of a city of 
one m i l l ion) wi l l  save the pa rent uti l ity 
$1 -$2 mi l l ion each year in the cost of 
pu rchasing a l terna tive fue l  (oil ) .  Thus, 
the U.S . a s  a whole in 1985 alone cou ld 
save about $300 mi l l ion (a t  1 977 oil 
prices) for a 1% improvement in capacity 
factor .  Hence the 4-6% loss in p lant 
capacity factor att ributable to reduced 
fuel rod rel iab i l ity is worth $4-$12 
mill ion per year for each reactor now 
operat ing. 

Th js is the great  incentive for work on 
improving fuel rod reliabi l ity .  The de­
tai led study of fuel rod behavior, such a s  
EPRI i s  doing i n  test reactors a t  Ha lden 
and Studsvik, supplemented by the Jess 

the necessary shutdown -startup cycles . deta i led but  more numerous behaviora l  
These restrict ions, prima rily on the rate 
of power rise, detract d irect ly from nu­
c lear plant opera ting capacity factor, 
(wh ich is, essentially, the ra t io of power 
nchrnlly produced to power tha t  wo uld 
be produced i f  the p lant  ra n a t  fu l l  power 
24 hours a day, 365 days a year) . They 
a re the resu l t  of a conserva tive approach 
to avoid inducing excessive PC! .  Fuel 
rod damage that may be caused by ex­
ceed ing these res trictions or by following 
res trictions that a re not suffic ient ly q ual i ­
fied can further reduce capac ity factor 
and pla n t  ava i lab i l ity by shortening rod 
l i fet ime .  

In add ition to the above restrictions, 
NRC may impose licens i ng restrictions 
on peak operating powers. These l im i ta­
t ions are usua l ly related to safety con­
s iderations but may be d i rect ly related 
to fuel rod performance, as occurred in 
1 973 when seve ra l power reactors were 
temporari ly dera ted pend ing study of 
fue l  pel let densifica t ion (a problem since 
corrected) . 

I t  has been estimated that the tota l  
effect on capacity factor of these restric­
tions and the number and length of re-

studies in U .S .  power reactors, provide 
the basic building blocks of the under­
stand ing necessa ry to improve this rel i ­
abi l i ty. 

EPR l 's  experimenta l rigs 

The EPRl-sponsored experimen ta l pro­
gram at Halden used a rig design simi lar 
to that  described above,  but  wit h  the i m­
portant addit iona l capabil i ty of being 
able to maneuve r the rod power levels 
axia l ly on a regiona l basis, as wel l  as do­
ing so s imultaneously over the ent ire 
length of the fueled region. Thus i t  cou ld 
close ly simulate the effect tha t  control 
rod movements during power operation 
can have on the axia l  power shape .  

ln summa ry, the fol low ing specific 
features are incorporated in EPRl's two 
Halden expe rimenta l  rigs ( lFA-435 and 
I FA-5 12) :  

o Each rig can contain three BWR-type 
fuel rods. 

o Four  axia l ly segmen ted coi ls  contain ­
ing hel i um-3 (a neutron absorber) sur­
round the rods, providing the capabi l ity 
of local ized and independent ly contro l led 



changes in axial power shape and magni­
tude by changes in helium pressure in 
each of the coils. 

o Fuel rod dimensional changes are mon­
itored by cladding profilometers that can 
measure rod diameter at one azimuthal 
location and axially over the fueled length 
of each rod and by rod length extensom­
eters. Both systems provide real-time 
data during reactor power operation. 

o Rig heat balance is monitored by neu­
tron detectors (one of which travels with 
the profilometer), coolant flowmeters, 
and thermocouples. 

o The design of the rigs allows for re­
moval and replacement of rods during 
reactor shutdown (i.e., the rig design per­
mits reuse). 

Operations and achievements 

Operation of EPRl's !FA-435 rig started 
in December 1975 and ended prema­
turely in October 1976 because of instru­
mentation failures. Data from the rig was 
intended to provide high-quality charac­
terization of the evolution of the mechan­
ical conditions (e.g. fuel rod diameter and 
length changes) resulting from a con­
trolled power-time cycle. The objective 
was to combine such data with detailed 
pretest fuel rod characterization and 
posttest nondestructive and destructive 
examinations to give a comprehensive 
data base for use in investigating the local 
effects on fuel rods caused by control rod 
movements at power. 

The If A - 435 rig was successful from 
the standpoint of proof of principle, de­
spite the premature end of its service 
life. It demonstrated excellent opera­
tional characteristics, both in regional 
power control and in measurement ca­
pability. 

An importa11t result of its operation is 
that the three test rods, which for the 
most part had modern BWR-type diam­
etral gaps between fuel and cladding ( or 
smaller), survived five large-magnitude, 
relatively rapid power increases with 
apparently only elastic diametral pellet­
clad mechanical interaction. These tests 

were ,1t low burnup-about3000 MWd/t. 
Because of IF A-435's instrumentation 

failure, a second and nearly identical rig, 
IFA-512, is being fabricated for insertion 
into the Halden reactor in August 1977. 
The new rig incorporated refinements in 
both instrumentation and general design, 
based on experience gained with IF A-435 
and other rigs. 

The general experimental objectives 
for IFA-512  will remain the same as those 
for its predecessor, including incorpora­
tion of preirradiated fuel rods into the rig 
for first-time power ramping at medium 
burnup levels (5000-10,000 MWd/t). 

Computer control work 

Parallel with the studies of fuel rod per­
formance, HRP has extensively investi­
gated computerized tracking and control 
of reactor operation. The OPCOM (oper­
ator-process communication) system has 
been one of the major products of this 
work. This system consists of computer­
controlled color television displays, com­
bined with a desk-size control console, 
to provide both an information exchange 
between the operator and a process and a 
direct operator control of the process. 

As applied at Halden, OPCOM is a 
complete secondary control system (still 
only desk-sized) that can impose total 
operational control on all HB WR sys­
tems, from direct control of reactor power 
through fmaJ disposition of the end­
product steam supplied to the Saug­
brugs paper mill. 

At a simulated level, variations of 
OPCOM have been used to manage 
core power in large commercial-scale 
reactors. Additionally, current studies 
are extending the concept to real-time 
fault-tree analyses of perturbed reactor 
systems that not only provide the oper­
ator with predictions of expected events 
if left uncorrected but also with recom­
mended control steps for correcting the 
perturbed conditions. 

EPRI and HRP in perspective 

fn addition to its active experimental par­
ticipation, EPRI also maintains close 
follow-up of HRP and selected experi-

ments by other sponsonng participants. 
This entails active participation in plan­
ning the base program experiments and 
guiding data analysis activities. 

Starting in 1977, under EPRl manage­
ment, the HRP has increased efforts to 
translate the results of the base program 
experiments into qualified data packages. 
These can be used quantitatively in the 
verification of fuel performance models 
aimed at more reliable predictions of 
dimensional behavior of power reactor 
fuels. As such, the data packages will be 
actively incorporated into the data base 
for an EPRl project on fuel rod mechan­
ical performance monitoring (RP971). 

To facilitate implementation of this 
experimental program, two EPRI staff 
members are now stationed at Halden: 
David Franklin, with the fuel testing pro­
gram, and Mike Miller (on loan from Pa­
cific Gas and Electric Co.), with reactor 
control and instrumentation. 

HRP has contributed greatly to our 
understanding of the basic effects that 
produce fuel distortions and eventually 
failures. Experiments have addressed 
both the mechanical and the chemical 
(stress-corrosion cracking) aspects of the 
PC! failure processes. In the former cate­
gory, it has been shown by pioneering 
in-core diametral measurements that the 
uranium oxide fuel pellets can force the 
cladding to expand and deform perma­
nently in the early stages of irradiation. 
Subsequently, the cladding and pellet 
stack appear to adjust to each other and 
no further deformation occurs, unless 
the irradiation conditions are changed 
(e.g., maximum power increased). This 
adjustment phenomenon is called fuel 
conditioning. The PCI behavior of fuel 
rods is a major factor in shaping manu­
facturers' operating recommendations 
to the utilities. Controlled modification 
of the rod PCI behavior to permit a wider 
spectrum of operational choices and to 
attain a consistently long, effective life­
time (a more compliant system) is the 
main thrust of the EPRT Fuel Performance 
Program, and we anticipate that our in­
volvement in HRP will help greatly i.n 
achieving this goal. 
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Energy Conservation: Behavioral Considerations 
b y  Robert Crow 

When ind iv id ua ls and soc iety are 

faced with energy-conservi ng  

po l icies and tech no log ies, how do 

they respond? EPR I  uses data about 

economic vari ab les, technolog ical 

change and performance,  and 

market restr ictions  to assess the 

conservation issue real ist ical ly .  

o An EPRI  p rogram artic le 

Roben Crow 1s lhe manager of the Energy Demand and 
Conservation Program 1n the Energy Analysis and 
Environment Divis ion . EPRI .  
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Govern ment slogans and higher prices aren 't 
going to force me to give up what I need. 



E 
energy conservation has become 

virtually everyone's objective. A 

number of technological and social 

means have been advanced to reach the 

objective, but the means themselves have 

seldom been carefully investigated as to 

their feasibility or their more far-reaching 

societal and economic impacts. This lack 

of evaluation presents an obvious prob­

lem. Energy conservation is vital to the 

nation's energy future, and the degree of 

its success will significantly influence 

technological changes and the increased 

capacity in energy production, transmis­

sion, and distribution that will be needed. 

Relatively little research has been done 

to assess the public's acceptance of 

energy-consuming technologies. Most 

research has been expressed strictly in 

terms of financial and engineering con­

siderations. Little has been done to deter­

mine the way in which people react to 

cost differentials and to various character­

istics of service provided by the different 

energy-related technologies. A great deal 

more needs to be learned about how 

energy costs influence the rate of tech­

nological change and how they influence 

the use of given stocks of energy-using 

equipment. Such behavioral factors are 

considered in the research being carried 

out by EPRI's Energy Demand and Con­

servation Program. 

Defining the terms 

Webster's New Collegiate Dictionary defines 

con5en)(1/iv11 as "a careful preservation 

and protection of something, especially 

the planned management of a natural 

resource to prevent exploitation, destruc­

tion, or neglect." In applying this defini­

tion to energy, the key is "exploitation" 

-usage that is i n  some sense excessive. 

Thus, in talking of energy demand and 

conservation it must be clear that these 

are not two separate topics; conservation 

is one aspect of the more general problem 

of energy demand or use. (An EPRI pro­

gram title of "Energy Demand, lncluding 

Conservation" would make greater sense 

semantically.) 

Implied in the definition of conserva­

tion is action that would not be w1der­

taken by individuals or groups motivated 

solely by self-interest. Conservation is 

either an altruistic act by individuals or a 

social act in the form of public policy, 

where it is perceived that society's well­

being is not necessarily the well-being of 

self-interested individuals. 

Also associated with conservation is 

action arising from a revised perception 

of sel£- interest due to price changes 

("Since energy costs more now, I will use 

less"); and changes in tastes ("l find I 

actually sleep better with the thermostat 

turned down than l did when I kept it at 

72 degrees all night"). 

Changes in values and public policy 

Altruistic energy conservation and 

changes in tastes are both concerned with 

changes in the values of individuals rather 

than with changes in the external environ­

ment to which individuals respond. The 

distinction between them is that altruism 

requires forbearance and a concept of 

ethical behavior ("I would like to and can 

afford to air condition my house to 70 

degrees, but it would be socially irrespon­

sible to do so"). Simple changes in tastes, 

however, have no ethical content; they 

simply reflect the fact that people now 

like some things more and others less. 

[n practice, it is very difficult to disen­

tangle these motivations. What may 

originally have been an act of altruism 

might evolve to a set of preferences that 

would endure regardless of the original 

motivation. It is even more difficult to 

determine the extent of such changes in 

values. Certainly there is no overwhelm­

ing evidence that a conservation ethic has 

materialized for the population as a 

whole. However, it is possible that such 

a change in values could be carried for­

ward by people in their twenties who are 

just now entering the labor force and 

starting families. This would suggest that 

such changes in values are evolutionary, 

rather than immediate, but potentially 

significant nonetheless. 

Another question concerning values is 

whether they change systematically over 

an individual's life cycle. If they do, then 

the apparent demographic shifts in the 

United States toward a generally older 

society may have important energy con­

servation implications. 

It is important to keep in mind that 

questions of changes in values are not 

limited to the residential sector. Changes 

in values in terms of social responsibility 

in the industrial and commercial sectors 

may also play a significant role in energy 

conservation. 

Public policy, in the form of moral 

persuasion, may also influence changing 

tastes and stimulate altruistic motives. 

Usually, however, public pol.icy manifests 

itself through more direct methods by the 

creation and adoption of standards-such 

as the 55-mph speed limit and ASHRAE 

90-75 for the construction of new build­

ings; by rationing, such as FPC control of 

gas supplies, the FEA gasoline allocation 

program, or a World War Il-style coupon 

program; or by influencing the market 

through a tax on the use of a scarce 

resource or by a subsidy to promote more 

efficient use. There may also be combina­

tions of policy tools. An excise tax on 

sales of automobiles that get less than 25 

miles per gaJlon of gas is an example of 

the combination of a standard and a tax. 

Role of the marketplace 

Conservation also takes place through 

lhe naturaJ interplay of market forces. In 

all societies-rich or poor, socialist or 

capitalist, primitive or advanced-as a 

given resource becomes more scarce, a 

greater amount of other resources must 

be given up in order to obtain it. Or, more 

simply, the less there is of something, the 

higher its price. Since higher energy 

prices mean that a greater amount of one's 
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We're using too much 
too fast, when we really 

need to save for the future. 

income or wealth must be given up to 

obtain energy, there is a natural tendency 

on the part of households and firms to use 

it more carefully, or limit its use. 

In relation to energy, market forces 

operate through two mechanisms. The 

first is the reduced utilization of energy­

using equipment of a given type-such 

as turning off lighting and machinery 

when not needed, waiting until there is a 

full load to wash dishes or clothes, turning 

down thermostats in winter or turning 

them up in summer. The second market 

mechanism is that an increase in energy 

prices induces users to purchase equip­

ment that is more energy-efficient or that 

uses less expensive forms of energy. It be­

comes clear to manufacturers of energy­

using equipment that potential customers 

will be taking energy consumption into 

account in purchasing decisions. Thus, 

there is an incentive (through technolog­

ical innovation) to develop more efficient 

equipment or manufacturing methods, 

such as more energy-efficient ways of 

producing industrial process heat and of 

improving the efficiency of appliances. 

Also, there are new ways of accomplish­

ing old objectives, such as heating and 

cooling with heat pumps in conjunction 

with solar heating. Finally, market forces 

create an incentive to invest in methods 

22 EPRI JOURNAL June/July 1977 

that make existing capital more energy­

efficient, such as increased insulation and 

installation of heat recovery devices. 

Market forces involving the use of any 

type of durable equipment-and durable 

equipment is always involved in the use 

of energy-take a long time to work 

themselves out. The costs of replacing 

less energy-efficient capital equipment 

with more energy- e fficient capital equip­

ment are likely to be so high that they 

overwhelm the savings to be realized in 

energy conservation. Thus, conservation 

effects from technological change occur 

only as equipment is replaced in the 

normal cycle of business and household 

activity, with relatively minor (at present, 

at least) accelerating tendencies resulting 

from high energy prices or unavailability 

of sources. This implies that in looking at 

the effects on energy consumption repre­

sented by such measures as long-term 

price and income elasticities, the fact that 

these are lo11g- term effects should be kept 

clearly in mind. 

Finally, there are interactions among all 

the motivating factors for energy con­

sumption, particularly between public 

policy .ind market forces. Standards, 

rationing, persuasion, taxes, and subsi­

dies aimed at energy conservation would 

all be expected to result in the initiation 

and acceptance of new technologies 

oriented to using energy more efficiently 

and to modifying energy conswnption 

behavior with a given stock of equipment. 

What are we really conserving? 

A somewhat separate, but critical, aspect 

of energy conservation is the careful iden­

tification of what is being conserved. 

Energy per se is not especially scarce or 

valuable. What is scarce is a supply of 

energy resources that can be converted 

with reasonable ease to human purposes. 

While it may be true that "a rose is a rose 

is a rose," a Btu (of coal) is not a Btu (of 

petroleum) is not a Btu ( of natural gas). 

Those resources that are easily used, have 

multiple purposes, and have low reserves 

or high extraction costs will be expensive. 

This, in a nutshell, is the "energy crisis." 

Petroleum and natural gas satisfy all the 

above criteria for costliness, with the 

added complication that supplies often 

respond to political rather than economic 

forces. 

The implication of differential char­

acteristics of fuels is that energy conser­

vation is often, more precisely, "interfuel 

substitution." Electricity, of course, uses 

coal and uranium -fuels that do not meet 

all the criteria that make prices high or 

cause administrative restrictions on 

supply. Thus, one result of conserving 

petroleum and natural gas may be to 

increase the consumption of electricity 

as gas and petroleum users switch. This 

results in an apparent paradox-a rela­

tively "inefficient" conversion of energy 

(from fuel to electricity) could substitute 

for an "efficient" one (direct combustion). 

This has been the cause of a great deal 

of confusion on the part of those adhering 

to a strict Btu interpretation of energy 

conservation. 

The paradox is resolved by separating 

thermal efficiency (in which one Btu is as 

good as another) from economic effi­

ciency (in which the scarcity of the energy 

source and the usability of the Btu are of 

paramount importance). The implication, 

of course, is that meaningful energy con­

servation (in the sense of conserving the 

scarcest, most usable fuels) could actually 

Our company had to put 
tight limits on energy use 

because of new gove,nment 
restrictions. 



result m more Btu's being consumed by 

the process of "inefficiently'' converting 

abundant, otherwise unusable energy 

sources. Solar energy conversion is a 

prime example. 

EPRl's role 

In order to understand EPR!'s research 

efforts, it is vital to realize that EPRJ itself 

does not design or foster any type of pub­

lic policy. This position is necessary in 

order to maintain credibility and accepta­

bility of research sponsored by an insti­

tute created by an energy industry. One 

facet of EPRI's research is focused on the 

development of energy-conserving end­

use technology (in the Energy Utilization 

and Conservation Technology Program 

of the Fossil Fuel and Advanced Systems 

Division). Another facet of conservation­

related research is limited to a passive role 

of understanding conservation behavior 

and assessing the impact on energy 

demand of conservation-oriented tech­

nology and policy, as well as market 

forces (in the Energy Demand and Con­

servation [ED&C] Program of the Energy 

Analysis and Environment Division). 

Two important focuses of EPRI's research 

in this area of energy conservation, then, 

are behavioral research studies and analy­

sis of economic factors. 

The role of behavioral research in 

energy conservation is to assess the extent 

to which policy proposals and techno­

logical options reach their desired objec­

tives or are accepted by the marketplace. 

Thus, conservation is inherently one 

aspect of the more general problem of 

energy demand or usage behavior and is 

inextricably woven into ED&C's more 

general demand or consumption studies. 
This orientation is rPAPctPd in F.D&C's 

overall effort to forecast energy consum p­

tion, and therefore conservation, under 

alternative sets of assumptions about eco­

nomic variables, technological change, 

and restrictions on supply. 

The research areas in which ED&C 

projects are underway are the residential, 

industrial, commercial, and t-ransporta­

tion sectors, as well as time-of-day, 

seasonal, and regional studies. The types 

It's getting expensive, 
and I'm cutting down 

to cut my costs. 

of research under way are: 

a Aggregate time series analysis 

o Assessment of energy-conserving tech­

nological change 

o Microlevel behavioral studies 

o Technical performance and measure­

ment studies 

Analyzing economic influences 

Economic variables affecting energy con­

sumption are those related to levels of 

income or economic activity, to prices 

of electricity and other forms of energy, 

and (in the case of manufacturing and 

agriculture) to prices of other factors 

of production. Of these variables, relative 

prices have the primary influence on 

conservation and interfuel substitution. 

Higher electricity prices relative to prices 

of other forms of energy and other factors 

of production wouJd imply a decline in 

use, due to an inducement to increase 

efficiency and to switch to other energy 

forms. Increases in income or output 

would have the effect of increasing energy 

consumption in general. 

One way of conducting studies on 

these general economic issues is through 

the analysis of aggregate data (data on 

state or national consumption over time). 

Such data are generally on global figures, 

such as total kWh for a given sector or 

system peak demand. Also, they may be 

on detailed aspects, such as a breakdown 

between stocks of energy-using equip­

ment and their rates of utilization. 

An example of an aggregative study 

used currently in EPRl's internal fore­

casting efforts is Tire Residential Demand 

for Energy (EPRI EA-235). This study 

investigates energy use and appliance 

purchases, with special attention to the 

effects of the electricity rate structure, 

weather effects, and personal income. 

In addition, studies are conducted on 

microlevel data (data on individual house­

holds and firms). Samples of such data 

allow analysis to be much closer to the 

theory of household behavior and the 

theory of the firm and permit analysis of 

factors obscured by aggregation and 

factors that change slowly over time, 

such as shifts in demographic compo­

sition. 

Assessing impacts 
of technological change 

As stated earlier, energy-conserving 

technologicaJ change will be induced by 

changes in energy prices and supply 

restrictions. Change may also occur 

autonomously for reasons largely unre­

lated to energy conservation, as in the 
case of transistors replacing vacuum 

tubes. 

The implications of both induced and 

autonomous technological changes are 

incorporated in ED&C's consumption 

forecasts. Since the development of a 

new energy-conserving technology is not 

necessarily followed by its adoption and 

use, a major aspect of the program's re ­

search is oriented toward answering a 

sequence of questions: 

o How well do aisling and prospective e11ergy-

11sing technologies 5atisfy user
s need�? What 

are the capital costs, the energy-using 

characteristics, and other relevant factors 

(such as reliability and ease of operation) 

that will in.fluence acceptability to energy 

users? In the case of the electric automo­

bile, for examp[e, such factors would 

include the vehicle's range, rates of accel-
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Frgure t This cycle of interaction oetween EPR l 's research programs indicates how state-of-the-a rt technology, economics , ana 
consumer preferences are integrated in  the development of advanced ,  energy-efficient technology. 
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eration from a stand ing stop and at pass­
ing speeds, and interna l space . 

o W/rn /  a re /li e p rospec/s of su pply ing /lie new 

leclmology 011 ll s 11fficie11 J scale mid nl II low 
enough prier fo r i i  lo be adopted? Assessment 
of the ma rket potential for new technolo­
gies and of the capability of their bei ng 
supplied a t  various prices makes it possi­
ble to determine how much capacity is 
needed . 

o Wlia/ 11 re !he impliwtions of the tultnvlogres 
for eleclrir  u lil i fy sys/em loads ? In.formation 
on seasonal  and t ime-of-day loads, as 
wel l  as on annual kWh sa l es, is req u i red. 

One investigation of the a bove issues 
is a s tudy on t he impact of e lectric passen­
ger automobiles on uti l i ty system loads, 
1985-2000 (RP758) . 

Were va lues concerning energy con­
sumption to cha nge, they would have a n  
impact separa te from either economic 
factors ( income or price) or technologica l 
innovation . Our  working hypothesis has 
been that such changes are less importa nt 
than the in fluences of income, price, and 
technology, and we have largely ignored 
them to da te. However, we recognize tha l  
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this hypothesis sho u ld  be exam ined care­
fu lly, and the im portance of changing 
va l ues wil l  receive i ncreased attention in 
futu re ED&C resea rch . 

Techn ical performance 
and measu rement stud ies 

In many cases, basic information is lack­
ing on energy consum ption behavior and 
on the performance of energy-consuming 
technology. Thus,  EO&C engages in fun­
damental data development tha t encom­
passes su rveys and group load research 
and in engineeri ng ana lyses of technica l 
performance. This su rvey resea rch pro­
vides direct inpu t  to behaviora l stud ies 
of energy consumption. Also, i t  is coupled 
with  studies of the acceptabi l ity and im­
pact of particular technologies,  such as 
residential heat pumps .  

A major  effort in th is type of a nalys is 
is to determine the d i fferences between 
theoretica l or design efficiencies and 
actual operati ng efficiencies . Much of 
th is work invol ves engineering analysis 
and experience with engineering mea­
su rement, as wel l  as stat ist ical survey 
design. Therefore, there is close inter­
action between th is E D&C work and that 

of the efforts of the Energy Uti l ization and 
Conservation Technology Program to 
develop new technology ( Figure 1) .  (For 
additiona l discussion of these progra m 
interactions, see "The Heat Pump: Re­
newing an Option," EPRI JOURNAL, 
October 1976, p. 20 .) 

Forecasti ng 

The various types of energy dema nd 
research - the influences of income and 
prices, the influence of technologica l  
change, a n d  the techn ical performance 
and measu rement studies - are integra ted 
in the ED&C in-house effort to p rod uce 
forecasts of national energy consu mption 
and typica l ut i l ity load profiles u nder 
alternat ive assumptions concerning eco­
nomic growth, conservation policies, and 
cha nges in energy prices a nd other re l e­
vant p rices. The way in which this in te­
gration takes place is shown in Figure 2 .  
Data from technica l performance a n d  
measurement stud ies, col lected o n  a 
household or establ ishment basis ,  a re 
used in the microanalytic stud ies of the 
influence of income a nd prices and in the 
studies to assess the impact of techno­
logica l change. These a re combined with 



Figure 2 Basic data are used to const ruct models of energy usage beh av,or , which , in tu rn , a re comb i ned with I n formation on pol icies . 
prices, and econom ic growth to produce forecasts on energy use. 
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models of aggregate behavior to provide 
energy demand forecasting eq uations. 
These equa t ions, in turn,  are combined 
with price informa t ion ( whlch may or 
may not con ta in  information on energy 
co nservation pol icy), with informat ion on 
eco nomic growth, and with information 
on nonprice pol icies and othe r i nst itu­
tiona l  information rega rd ing energy con­
se rva tion. Th is com binatio n of m odels 
and assu m pt ions res u lts in an a nnual set 
of energy consu m pt ion forecas ts . Thus, 
what  is prod uced is a ra nge of possible 
futures ra ther than a s ingle-point  fore­
cast.  In the future, these forecasts w i l l  be 
integ ra ted with the work of the Supply 
Program and the Systems Programs to 
produce a n  integrated, comprehensive 
forecast of e nergy su pply and demand 
a nd their  impacts on economic growth. 
Th us, it wil l  be poss ible to obtain a com ­
prehensive view o f  the role of energy 
conse rvat ion policy in energy consu m p­
t ion a nd national economic growth. 

Market disequ i l i bri um 

A major p roblem in energy demand and 
conservation ana lysis is t hat e nergy mar­
kets have had,  and probably wil l have, a 

behav ior  mtormat ron 

Pol icy and 
ins t ,tut ,ona l 
in format ion 

seriou s diseq u i libr ium between supply 
and demand. It is  tempt ing to rega rd 
phe nomena such as the A ra b  oil emba rgo, 
restrictions on inters ta te gas suppl ies, 
and poss ible future i nadequate electric 
power capacity as short- ru n problem s. 
Howeve r, not on ly is the Jong ru n  made 
up of ma ny short runs but  short-run 
prob lems have Jong-run impl ications. 
Th is is cu rren tly seen most c lear ly in 
natu ral gas markets, where cu rta i l ments 
and restrictions on new connections 
a ppear to be resu l t ing in the insta l lation 
of a sign ifica nt amou nt of electricity­
us ing eq u ipment where economic consid­
erations, even wi th cons iderably higher 
gas prices, would norma l ly  dicta te  gas­
us ing eq u i pment.  Moreover, even if these 
res trict ions were l i fted tomorrow, many 
industria l plants and residentia l  and com­
mercia l  build i ngs would cont inue to have 
electric equipmen t - the savings in 
switching back to gas being insufficient to 
offset the tost of rep lacing the  equ ipment. 

Such market diseq u il ibriu m cons idera­
t ions a re  a major co ncern in ED&C's fore­
cas t ing effo rts and a re  one n handled on 
an ad hoc bas is- formal a nalysis bei ng 
incapable of hand l i ng what  a re essent ia l ly 

--

L ., 
--,, Energy - consurnp1 1on 

r-: lo recasts 

adm inistrat ive constraints .  Problem s of 
this sort also place a premium on regiona l 
ana lysis, a h igh-priority area i n  the ED&C 
p rogram .  

Looking ahead 

En ergy conservatio n is and wi l l  be an 
important element in the U .S .  energy 
futu re. rn addit ion, as energy prices 
increase, the marke tpl ace wil l  encourage 
energy conservation  through red uction 
in the rate of use of existing equip­
ment and through techn ologica l change 
oriented towa rd increased efficiency. 
Changes in val ues are a lso likely to have 
some impact on energy consu mption, and 
we ca n expect many pol icy p roposals and 
technologica l innovations related to 
energy conservation to be adva nced. 

A s  noted earlier, behaviora l research 
on energy conservation has been rela­
t ive ly neglected. In such research it is 
crucial to bring knowledge of energy 
conserva tion from the rea lm of specula­
t i on  on what the effects ought to be to 
that of rea list ic assessmen ts of the be­
havior of i J1d iv i duals and socie t ies faced 
with energy-conse rv ing policies and 
technologies. 
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At the Institute 

New Insulat ing Materia l  Cuts Costs by Half  

A new trans miss ion-line ins ulating ma­

teria l ,  wh ich has twice the d ie lectric 

strength and ha l f  the cost of porcela in, 

has been successful ly d eveloped (RP480) . 

The new mater ia l ,  Po lys i l ,  is a kind of 

polyme r concre te developed by W est ing­

house El ectric Corp. under an EPRI  con­

tract . 

Polymer concrete as a n  insulating ma­

ter ia l  was the sub ject of a Ma rch 14 and 

15 workshop sponsored by EPRl and 

held in Pa lo A lto, Cal ifornia . The work­

shop a l lowed polymer concrete special-

ists to sha re their knowledge and to rec­

ommend techniq ues for field -testing 

Polysi J .  Representatives from the uti l ities, 
research institu tes, government agencies, 

and manufacturers a ttended.  

According to Robert Perry, director of 

the EPRl Transmission Department, the 

potential savings are sign ifi ca n t  for uti l­

ities that begin to use polymer concrete 

insu lators . He estima tes that ut i l i ties 

cou ld save u p  to $7.5 mi l l ion annual ly 

if a me re 5% of their i nsu lators were 

made of polymer concrete. 

Four of the partic ipants in an EPRI workshop on polymer conc retes were (f rom left) Les l i e  
Sm i th , Nationa l Bureau of Standards; Larry Kukacka,  Brookhaven Nat ional Laboratory ; Robert 
Perry, EPR I ;  and Clarence Zeise , West i nghouse Electr ic Corp.  
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This l ightning arrester housi ng  model conta ins  
Polysi l ,  a new material deve loped by Westi ng­
house Electric Corp. 



Reg iona l  Meetings Focus on Electr ic Energy Options 

Pay a l i tt le now or a lot later .  
That was the message from Chauncey 

Sta rr, EPRI  pres ident, to more than 1 200 
uti l ity executives and t he i r  guests who 
a t te nded EPRJ regiona l meet ings i n  seven 
major U.S. c i t ies i n  March .  

Starr described resea rch and deve lop­
ment as  a means of "min im iz ing the fi­
nancial impact of the many uncerta int ies 
facing the e l ectric ut i l i ty industry for the 
ba lance of the century." 

The EPR l  president to ld  h i s  aud ience 
that the rea I j ust ifica t i on for a large R&D 
program is i ts potent i a l  for hold i ng down 
capita l and operati ng costs and t h ereby 

he lping to provide electrici ty at a rea son­
able cost to the consumer. 

The regio na l  meetings were held to 
bring util ity execut ives up- to-da te on 
EPRI  act i vities, accompl ishments, and 
futu re p l a ns, as wel l  as to genera te  feed­
back from uti l ity managemen t rega rd ing 
EPRI  policies and performance. 

One-dc1y meeti ngs we re held in Po rt­
la nd, Los Angeles, Da l las,  Atlanta, Chi­
cago, Col umbus, and New York City. 

Workshops re la t ing to the speci fic ac­
t ivit ies of the fou r EPRI  techn ica l d i v i ­
s ions were h e l d  in add i t ion to presenta­
tions by Sta rr and the d ivi s ion d i rectors . 

Conservation and the Development of A l l  Energy Sources Urged 

Reducing the nation's dependence on 
foreign oi l  must be the chief ob ject ive of 
any U .S. energy pla n ,  but many ques tions 
rema i n  as to how this can be done, sa id  
EPRl Pres i dent Chauncey Starr, at a 
March 1 9  conference sponsored by the 

ational Newspaper Associat ion. 
At t he Wash i ngton, D.C. , conference , 

Sta rr acknowl edged that o i l ,  wh i l e  in­
creas ing i n  cost, wil l  probably be avai l ­
able worldwide in substant ia l  quantit ies 
for many decades, a l though oil resou rces 
in the U .S .  a re curren t ly  i .nsufficient for 
our  needs. 

"Our la nd a reas are pockma rked with 
exploratory wel ls , and un less our  off­
shore con tin enta l  she lf revea l s  large n ew 
fie lds, we wi l l  have to import c1 very large 
Fraction of our  oi l ," he said, add ing that 
this is a ci rcu msta nce fraugh t  with for­
eign pol icy c1nd in ternat iona l  economic 
conseq uences . 

Sta rr, who, as head of EPRI, leads a 
nat ionc1l e l ec t ric e nergy research program 
that wi l l  be spendi ng more than a bi l l ion 
dolla rs ove r the next five years for im­
provements in the technology of e lectr ic 
uti l i ty opera t ions, also cd l l ed for a "prag­
mat ic balance of va lues in a l l  enviro n-

menta I decis i ons." He  sa id that the recent 
extreme concern w i th environmental 
impacts has crea ted a new d imension that  
i s  often in confl ict with a l l  the ene rgy­
us i ng act ivit ies of our  soc iety. "Balancing 
environmenta l  object i ves wi th other so­
cia l ly  desi rab l e  goc1ls is ou r country's 
second ma jor  energy problem," he as ­
serted .  

The c lose rela t ionship between eco­
nomic we l l -be ing and sufficient energy 
supp l ies was also d iscussed by Starr .  
He said that  because energy costs are a 
basic inpu t to the total cost of a l l  goods  
and services, h igher ene rgy p rices c reate 
a substant ia l increase i n  al l  costs . 

"But  even more important," he noted , 
"is the vita l need of ou r economy for 
cont inu i ty of energy supp ly. Thus, 
OPEC con trol of export o i l  prices and 
ava i l ab i l i ty, combined wi th the h igh ma r­
g ina l  costs of domes tic fue l  substi tutes, 
resul ts  in a s igni ficant  present and fore­
seeable econom ic b u rden on  our na tiona l  
outpu t of goods and serv ices, as we l l  as 
a con tin u ing t hreat of economic crises ." 

According to Sta rr, the most importa n t  
issue for publ ic  consideration i s  decid i ng 
the leve l of econom ic growth that would 

A 22-minu te, 1 6-mm co l or-sound mo­
tion picture, recently produced by EPRI , 
was given i t s  first showing a t  the meet­
ings .  The fi lm, ent i t led "Energy Real­
ities," dea ls with present and futu re el ec­
tric energy technologies . ln pa r t icu l a r, 
it he lps clarify some m isunderstand ings 
about s uch future energy sou rces as solc1 r  
and fus ion .  

"Energy Reali ties" cos ts $135 .00, with 
a 10% discount  for purchases of 1 0  prints 
or more . I t is also ava i l a bl e for preview 
from Fi lm Counselors, I nc . ,  500 F if th 
Avenue, New York, NY 1 0036 . 

be acceptable to the country. ' ' I f we es­
ta b l is h  the hist rica l growth in ave rage 
income per worker and Fu l l  employment 
of the labor force as goa ls, we wi l l  a lmost 
certa in ly need an annua l energy supp ly 
about tw i ce the present consumption by 
the year 2000- even w ith reasonable con­
serva t ion by improved technology." 

Starr furt her stated tha t  a n  in tense 
ded ica t ion to conservation by lifestyle 
change wou l d  reduce this need, as wou ld 
a lower e pectation of income growth. 
"And i n  the end , ' '  he sa id ,  "energy mal­
nu t r i t ion may force us to make such 
changes." 

The EPRI pres ident concluded by u rg­
i ng increased efficiency of energy use  
through techno logica l improvemen ts, 
as wel l  as the increased developmen t of 
al l  domest ic energy sou rces. 

"Simple a s  th is recipe sounds, enthu­
siastic public support of  these steps has 
been lacking so far-probably because 
increased consumpt ion of OPEC o i l  i s  a 
l ess demanding a l ternative . We a l l  hope 
that bet ter pub l ic pe rception of the  rea l 
alternatives wi l l  move us to more effec­
tive nationa l  action." 
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Conference on Rate of Discount 

A two-day conference in  Washington, 
O.C., attended by many of the world's 
lead i ng econom ists, was recent ly held 
as pa rt of an EPRl resea rch project to de­
velop and pub lish a book on the appro­
priate rate of discount fo r energy i nvest­
ment and R&D decis ions (W576-91 - 1 ) .  
Discounting is a method used t o  com pare 
doUars paid and received d uring different 
time periods .  It is an important part of 
any investment decision because such 
decisions genera l ly invo l ve comparing 
present cost ou tlays aga ins t  benefits re­
ceived at d ifferent times in the fu ture .  

Accord ing to EPRT Sys tems Program 
Manager Martin Greenberger, who init i­
a ted the project, there is conside rable 
questioning of the 1 0% d iscount rate pre­
scribed by the U .S. Office of Manage­
ment and Budget as a national standard.  
The d iscount ra te can be a critica l param­
eter in the energy investment and R&D 
decis ions current ly being ta ken by indi­
vidua l companies, the industry, and the 
federa l government .  A company's deci­
s ion on whether to convert to coal and 
the cou ntry's decis ion on whether to pro­
ceed with fus ion development  are impor­
tant cases i n  poin t .  

The  conference, sponsored by  EPRT,  
was orga n ized by Professor Robert Lind 
of Cornel l  U n iversity and admin istered 
by Resources for the Fu ture, I nc.,  a Wash­
ington, D.C., research organization .  Pa-
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The appropr iate rate of  d i scount for energy i nvestment and R&D decisions was the subject of  
a Washington, D .C . . workshop sponsored by EPR I  and Resources for  the Futu re.  I nc .  I n dis­
cussion are (from left) Gordon R .  Corey , v ice c hai rman ,  Commonweal th Ed i son Co. :  Kenneth 
Arrow, professor of economics ,  Harvard Un iversity; M arti n G reenberger, manager , EPR I Sys­
tems Program; and Robert Li nd ,  professor of publ ic pol icy and admin istrat ion , Corne l l  Un iversity. 

pers and discuss ion from the conference 
wUl be revised by the pa rticipan ts and 
ed ited by Lind and G reenberger in a vol ­
ume to be publ ished by Resources fo r 
the Future under the tentative t i t le ,  Rnte 
of O isco11 1 1 / :  Lis Men n ing and A ppropri11 /e11ess 
in  E11ergy ln ves/men l and  R&O Decision 
Making. Greenberger and Lind w i l l  wr i te 
addit iona l chapters for the book on the 
fundamenta ls of the discount  ra te ap­
proach , prior wo rk on the subject, new 
directions be ing purs ued by con tr ibutors 
to the project, a nd the ma j o r  co nclusions 

and insights coming ou t of the ana lyses .  
Nobel  Prize winners Kenneth Arrow of 

Harvard and Tja l l ing Koopmans of Yale 
wil l  be a mong the twen ty or so con tr ibu­
tors to the book. They, a long with nu­
merous other d istingu ished eco nom ists 
and pol icy resea rchers, were among the 
pa rt ic ipa nts in the Washington confer­
ence. Representat ives From Consol idated 
Edison Co., Commonwea l th Edison Co. ,  
TV A, other util i ties, government agen­
cies, and resea rch institutes also part ic­
ipated . 



Project H igh l ights 

Ground Broken for Solar Home 

I n  Apr i l  construction started on a res i­
dential solar experiment that is expected 
to yield the most comprehens ive techni­
cal and cost i nformation to date on solar 
hea ting and cool ing systems. 

f n  a cooperative venture wi th bui ld ing 
contractors and loca l ut i l i t ies, EPRI will 
eva l uate nearly 100 va riations of n ew and 
proven energy-conserving systems and 
features in 10 houses being constructed 
in the northeast a nd southwest reg ions of 
the United States .  Designed and man­
aged by Arthur D .  Little, Inc., the EPRI 
program is the first solar heating and 
coo l ing experiment to conside r the im­
pact of residential solar sys tems on u til ity 
systems together with customer benefits .  

John E. Cummings, act ing manager of 
EPRI's Sola r Energy Program, com­
mented tha t the need for backup power 
during periods of cloudy weather "makes 
it essent ia l  that solar heating and cooling 
systems be designed to work with the 
u t i l i t ies. If properly managed, solar en­
ergy systems that are compatible with 
convent ional power suppl ies cou ld real­
ize savings for both users and utilities by 
reducing u ti l i ty requirements for gener­
ating capacity." 

Among the energy-conserving options 
being studied by EPRl in conjunction 
with so lar  energy a re load management 
(a system tha t sh ifts demand for e lectric-

i ty to off-peak periods) and hea t pumps.  
A heat pump is a d evice tha t  can extract 
energy from relatively low-tempera ture 
thermal sou rces ,  such as outside ai r, and 
convert i t  to a h ighe r, more usable tem­
perature for heat ing homes. A va riety of 
heat pumps will be tested in severa l  of 
the experimental homes. 

In addition to tighter construction, 
other energy conservat ion measures un­
der study include improved insulation 
and double glazing. 

On completion of the three-year pro­
gram, EPRJ will make the designs of the 
houses and so lar energy systems ava i l ­
able to the nat ion's elect r ic uti) jt ies and 
bu i lde rs . Operat ing data wi l l  be d istrib­
uted as they are coUected and ana lyzed . 

Both trad i t ional and contemporary 
architectura l  designs a re used in the ex­
pe rimenta l houses, which wi l l  be occu­
pied by famLlies in early 1978. A lthough 
the experimental mode ls are in the 
$60,000-$75,000 range, the data gen­
erated wil l be applicable to houses in a l l  
price categories .  

Dan iel Nathanson, manage r of Arthu r  
D. Litt le's Energy Systems Group, i s  di­
recting the EPRl residen tial experiment. 
In designing the program, his task force 
team se lected for compa rison four gen­
era l classes of hea ting and cooling sys­
tems that apply to al l-electric, single-

family res idences . Conventional systems, 
such as el ectric resistance heat or heat 
pumps, wil l be eva luated separately, a s  
wel l  as with load management and solar 
energy systems, singly and in combina­
tion .  

Nathanson points out t ha t  in addition 
to cost and reliab i l ity analyses, solar en­
e rgy systems must be examined in terms 
of the ir  compatibility within a specific 
util ity service area. "Util i t ies a re con­
trol led by autonomous state public ser­
vice comnt issions, and regu lations va ry 
widely from state to state." 

Accord ing to Nathanson, the find ings 
from the research pro j ect wi l l  provide 
uti l i t ies wi th the data they need to s truc­
ture equitable ra te schedules for their 
so l a r  and nonsolar customers .  

long Island lighting Co. and PubUc 
Service Co. of New Mexico are the utili­
ties participat ing in the study. Five houses 
wi J I  be constructed within each of the two 
service a reas in Wad ing R iver, Long Is ­
land, New York, and Albuquerque, New 
Mexico. 

The builders a re Clarendon Construc­
tion, I n c., Long is la nd, and Mossman ­
Gladden, A lbuquerque . 
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Chemica ls for Preserving Wood Poles 

Three volati le chemica ls from the dgri­
cu ltura l industry ca n control in terna l 
decay in Douglas fi r  power poles for at 
least seve n yea rs , accord i ng to a n  interim 
report released rece ntly by EPRJ ( Co 11 /r-ol­
l i 11g B iolog iwl Deterio rn /io11 of Wood With 
Vo la tile Chem irnls, £PRJ EL-366. ) 

The l i qu id fumigants, Vapam, Vorlex, 
and chloropicrin, will be evd l ud ted over 
the next th ree yea rs to determ i ne the ir  
effectiveness in contro l l ing decay fungi 
in the other tree species u sed for power 
poles,  western red cedar  and sou thern 
yel low pine.  

The research p roject is being jo in t ly 
funded by EPRI and Oregon State Un i ­
versity. The Forest Research Laboratory 
of OSU is the contractor for the project 
and has been conduct ing resea rch on 
Douglas fir poles for over 10 yea rs. The 
early research was fu nded by Bonnev i l l e  
Power Administra tion, Northwest Pub l ic 
Power Associat ion,  Pacific Power & Light 
Co., and Portland General Electric Co. 
EPRI, shortly after its formation in  1 973, 
joined this research effort. 

As pa rt of the research, investigators 
a re develop ing more efficient  methods for 
applying fumigants, as well as eva luat ing 
improved methods for detecting i nternal 

Automating Distribution Systems 

The s ign ing of four  contra cts for a $7 m i J ­
l ion project to test the feas ibi l ity of using 
two-way commun ication systems for 
automating e l ec t ricaJ d istribution sys­
tem s  was announced in April by EPRI 
and ERDA. 

The two-year effort is a lso geared to 
he lp ing u ti l i t ies in load management, 
which is the attempt to even out the 
peaks and va l l eys of electricity demand. 

The research object ive is to eval ua te 
the ca pabil ity of communicat ion and 
control systems to accura tely record, 
transmit, and receive b i l l ing and contro l  
informa t ion .  If successfu l ,  two-way com­
munication systems wil l al low ut i l i ties to 
set d i fferent  ra te structu res, for example ,  
three diffe rent t ime-of-day ra tes. 
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decay i n  wood poles . 
According to Robert Tackaberry, E PRI 

pro ject ma nager for th is  resea rch , a bout 
500,000 fir poles a re rep laced a nn ua l ly at 
an estimated labor and mate ria ls cost of 
$500 per pole .  I f, for exam ple, 1 00,000 
poles last an addit iona J  10 years because 
of the new fumiga n t  trea t m ent, ut i l i t ies 
cou l d  save about $9 m i l l ion annua l ly. 
The cost of replacing wood pol es has in­
creased stead i ly  and was a major  factor in 
helping to sp u r  interest i n  th is research . 

The volati le chemica ls are poured into 
holes in de ay ing Douglas fir po l es and 
d iffuse th rough the wood for about  8 ft 
above and beJow the grou ndline to elim­
inate decay fungi .  Re-trea t ing poles with 
these chem ica ls at interva ls of seven 
years or longer ex tends the service l ife of 
poles i ndefi n i te ly . 

Ten uti l it ies a re cooperating w ith OSU 
in field eva lua tion studies . The u ti l i t ies 
are Bonnev i l l e  Power Admin istra tion; 
Commonwea l th Ed ison Co . ;  Consumers 
Power Co., Inc. ;  The Detro i t  Ed ison Co.; 
Forest Grove Light & Power Dept . ; Geor­
gia Power Co.; Pacific Power & Light Co. ;  
Portl and Gene ra l  Electric Co . ;  Sa lem 
Electric Cooperat ive; and V i rg in ia  Elec­
tric and Power Co. 

As part of the pro ject, fou r  manufac­
tu rers wi l l  install a com m u nica t ion  sys­
tem on the faci l it ies of its host u t i l ity. The 
four manufacturer- ut i l ity tea ms a re 
Westinghouse Electric Co. and Detroit 
Ed ison Co.; Com puguard and Ca ro l ina  
Power & Light Co.; A merican Science and 
Engineering and Sa n Diego Gas & Elec­
tric Co.; and Darco Corp .  and Omaha 
Publ ic Power District. 

"Each of the fou r systems be ing tested 
wi l l  a u tomatica l ly record da ta da i ly  at the 
cus to mer's meter for three t ime  periods," 
expla ins Wi l l iam E. B la i r, EPRJ project 
manager in the Electrica l Sys tems D ivi­
sion .  Accord ing to B lai r, the data wi l l  
then be transm itted to a cen t ra l  l ocation 
and stored in a computer. 

A researc h  project, joi ntly fu nded by EPR I 
and Oregon State University, has found 
chemicals to control i nternal decay in  certa i n  
types o f  wood power po l es . As  part o f  the 
proiect , an OSU researcher dr i l l s  a hole for 
insertion of the chem i ca l fumigants. 

"Even tua l ly, this data can be used by 
the ut i l ity to set a ra te sched u l e  that gives 
the customer an opportun ity to Sdve 
money by us ing energy at off- pea k pe­
riods," says B la i r, who is in charge of th is  
project for £PR ! .  

During certain hours of t h e  day, the 
demand for electricity is very h igh, while 
at other t imes, demand is ve ry low. Ut i l i ­
t ies a re ob l igated, however, to  have suf­
ficient genera ting capacity to meet peak 
periods of electrici ty dema nd -even 
though fu l l  capacity is rare l y  needed .  To 
reduce peak dema nd and to use sys tem 
equipment more effective ly, electric 
water heaters and air cond i tioners,  fo r 
exa mple, cou ld be tu rned off for brief 
periods during peak times of powe r de-



mand .  Accord ing to Bla ir, experience ha s  
shown tha t  customers are not ordinar i ly 
inconvenienced by such con trols.  

" In the long run ," says Bla ir, "these 
two-way communication systems shou ld 
prov ide sufficient  energy savings to help 
offset ris ing electric, gas, and water b i l l s ." 
According to the  EPRI project manager, 
such savings would occur because the 
systems wou ld i m p rove the efficiency, 
opera t ion, and rel iab i l i ty of  u t iu  ty service . 

B la i r  cautions, however, that  ut i l i t ies 
"cannot be expected to buy this com mu­
n icat i ons equipment unless it is cost­
effect ive . It must be ava i la ble for about 
$ 100 per customer in today's dol lars to be 
at tract ive to the ut i l i t ies." 

Each of the systems being tested wi l l  
monitor a min i mum of 700 locat ions, in­
dud ing a t  leas t 650 customer meters. The 
mete rs can be read faster than one per 
second, so a l l  meters in each t rial  system 

Reducing NOx Emissions 

New methods for reducing the emission 
of n i t rogen oxides ( NO,.) into the a i r  
from coal-bu rning power plants wi l l  be  
explored du ring a $2 mi l l ion project an­
nounced recent ly by EPRI .  

EPRI  has awarded $1 .6 m i l l ion to Bab­
cock & W i lcox Co . in A l l iance, Ohio, to 
cond uct t he two-year project tha t w il l  
seek t o  deve lop a cost-effective tech­
nology for controlling NOx em issions 
( RP899) .  Ba bcock & Wilcox, an  in terna­
tional power generation equ ipment  man­
ufacture r, w i l l  p rovide the rema ining 
fu nds. 

"The federa l  government  current ly re-

Uran ium Resource Study 

Eva luat ing information on uranium re­
sources in the United Sta tes is the subj ect 
of a new study u nder way at EPRl .  

As part of the study, the  resu l ts of  
ERD A's Na tiona l  Uran ium Resou rces 
Eva l uat ion ( N URE)  program a nd the U .S. 
Geologica l  Su rvey's u ra ni u m  resea rch 
progra m a re be ing e a m ined ,  as wel l as 

ca n be read in less than 15 minutes. The 
u n its wi l l  a lso be des igned to make meter­
tampering extremely di fficult. 

ln addi tion, each system will have the 
capab il ity of switching ca pacitor banks, 
sect iona l izing feeders,  a nd aid ing in l o­
cat ing fa u lts .  The systems w i l l  also dem­
onstra te  the capabil ity f monitoring 
equ ipment pa ramete rs, s u ch as trans­
former temperatu res. 

The systems wi l l  be tested in a wide 
range of industrial, com merc ia l,  and res i­
dential  service loca tions. The locations 
have been chosen to i nc lude customers 
served by undergrou nd and overhead 
l ines in u rban, subu rban, a nd rura l areas.  
In the indu strial areas, the systems wil l  
mon itor t h ree-phase and s ingle-phase 
ki lowatt demand as well as ki lowatt­
hours. 

Genera l l y, u t i l i t ies have used only one­
way systems for switch ing loads  and con -

quires contro l of three emissions from 
coal-fired power plants," explained Don 
Teixeira, p roject manager in EPRl 's A ir 
Qua l ity Control Prog ram. "These a re su l­
fur  oxides, particulates, and n itrogen 
oxides. Technology is wel l  into the com­
men�ia l deve lopment phase for su lfur 
oxides and particu lates . However, tech­
nology to provide for NOx erruss 1on 
control is sti l l in its ear l iest  stages of 
development." 

Teixei ra explai ned that nitrogen oxides 
can be formed in two ways . The firs t oc­
cu rs when nitrogen in the  a i r  combines 
with oxygen a t  h igh tem pera tu res when 

new concepts in uraniu m exp lora t ion and 
mineraliza t ion. 

The results of the EPRl s tudy wil l  faci l­
itate ura nium exploration and ass ist the 
electric power industry in u nderstanding 
data on uranium resou rces, accord ing to 
Jeremy Platt of EPRI's Energy A nalys is 
and Environment Division . 

trol l ing distr ibution equ ipment.  Jeffrey 
A. Se rfass, p roject manager in the ERDA 
Electric Energy Systems Division, how­
ever, s tates that if t ime-of-d<1y meteri ng 
"merits implementation by u t i l i ties,  then 
com bin ing the meter read ing of these 
more complex devices w i th  other l oad 
ma nagement strateg ies wa rrants the use 
of two-way communication systems." 

Accord ing to Serfass, the advan tage of 
a two-way system is that  the ut i l i ty ca n 
not on ly transmit  commands but also re­
ceive data on the distribution system . 

Serfass says tha t  once the project is 
comp l eted and the four comm unica tion 
sys tems a re eva luated, a u til ity may con­
fident ly choose the best system for i ts 
pa rt icu lar  requirements. "U lt imately," 
he says, "many u t i lit ies may choose a 
hybrid sys tem involv ing combinations of 
power l ine carrier, telephone, and rad io  
to meet their particu lar  needs." 

any foss i l  fuel is burned. The second oc­
curs when organic nitrogen prese nt in 
fuel reacts with oxygen d u ring the com­
bustion process. The current i nvestiga­
tion is aimed at developing techniques 
tha t will  minimize the conversion of this 
organic ni trogen in coal into NOx . 

"Th is is clearly the most cos t-effective 
approach for NOic. control ," Teixei ra 
said .  "Other approaches i nvo lve com­
plex sys tems, which a re not on ly ex­
pensive but frequently convert an air 
po l lu t ion p roblem into a sol id waste or 
water pol lu t ion problem ." 

The study, which wi l l  be carr ied out by 
Dames & Moore, engineering, environ­
menta l ,  and economic consu l t ants , wi l l  
enta i l  a omprehensive review of over 
3000 private and federa l  reports related 
to uranium resource evaluat ion (RP870). 

The fi na l  resu lts of the s tudy shou ld be 
available by ovember 1 978, 
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EPRI Negotiates 54 Contracts 

Number TIiie Dural/on 

Fossi l Fuel and Advanced Systems Div is ion 

RP358-2 U -Gas Process 5 months 

RP359-2 Aulo lgn 1 11on Lim i tallons 1 6  monlhs 
ol Premixed Lean 
Combuslors 

RP373-2 Ut r l lzation of Agricultura l  4 mon1hs 
Waste Water lor Power 
Plant Cooling 

RP468-2 Eva luat ron of Electrode 1 5  months 
Materials for S lagg ing 
MHD Generator 

RP636-2 H igh-Strength, High· 3 years 
Toughness, Aus1en 11,c 
Alloys ror Generator 
Retaining Rings 

RP7 1 4-3 Hydrogen Product ion  6 months 
f rom L iouefact1on 
Res idues 

RP 726-2 Electrolyte Development 18 months 
fo r H igh-Temperature 
Sodium Batter res 

RP738- 1 Performance Test ing and 7 mon1hs 
Model Development tor a 
Wet/Dry Cool ing Tower 

RP779-9 Development o l  t yea r 
Improved Technique ror 
Solldll icat lon o l SAC 

RP779-1 0  P ,ocess,ng Coal-de rived 3 months 
L1qu fds by KVB Process 

RP779- 1 2 Study ol Deac l iva l ton o l  9 months 
Methanol Synthesis 
Calatysts 

RP790-2 Assessment of 13 months 
Thermopho1ovolta1c 
Conversion Usrng S1 1ico1 1 
Photovoltaic Cel ls 

RPB39-1  Behavior o f  Fine 2 years 
Par1 1cles rn a Flu 1cl1zed 
Bed ol Coarse Malerial 

RPB99- t Low NO, Em ission Coal 23 months 
Combustor Developmen t  
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Conrractor • 
Funding EPRI Prr>tect 
(SOOO) Manager 

6 4  Ray zanradnik 
Consutl lng Inc 
S B Alpwt 

262 .S  Sola r  D1v1s ion , 
l n le rnahonal 
Harvester Co 
o TemJ1ra 

1 5  0 Kaise r Eng ineers 
R Jorden 

65 0 Lockheed 
MISS I ies & Space 
Co. , Inc . 
P Zygrelbaum 

1 80 0 Un ivers i t y ol 
Cal i 1orn 1a al 
Berkeley 
R. Jaffee 

300.0 Texaco, Inc 
R. Wolk 

2 1 0 0 LabOralo i res de 
Marcouss rs , 
France 
J Birk 

54 . 0 Southern 
Ca l i forn ia 
Edison Co. 
J Ma1.1/betSCll 

1 1 5 .4 E I. duPont de 
Nemours & Co . , 
I nc  
N Stewart 

5 0  KVB , Inc 
H. Lebow,11 

29 9 Lehigh Un 1verMy 
H Lebowitz 

90.0 Stanford 
University 
E DeMeo 

90 0 Un i vers i ty ol 
Bradlord , 
England 
T Lund 

1 , 604 .8 Babcock & 
Wilcox Co 
D. Teixeira 

Cr>ntracwr 
Funding £PR/ Pro1ecr 

NumtJer ntle. Dwatlon /S000! Milnager 

RP9 1 5- 1  llquefacloon Da ra  17  months 227 S Tha Lummus Co 
Correlat ion and Ana lysis H Lehowrll 

RP920-1 Vahclahon at the Data 6 monlhs 97 0 Science 
Base for Fusion App l icat ions , Inc 
Reactors F R  ScoU 

RP92 1 - l  Background Study or I yea 1 225 0 General A lom1c 
Linus Sysrems lo r  Co 
Transmullng F 1ss1on N AmhPrd 
Reactor Wastes 

RP980- I Coal Prepa ration Using 5 mon1hs 46. 9 lnex Resources . 
Magnetic Separa tion Inc 

S Venkatesan 

RP980-2 Coal Preparat ion  Using 5 months 59.9 Magnetic Corp 
Magnetic  Separation o! Amer ica 

S Venkatesa11 

RP982-4 N i t rogen Ox ides StacK 2 months 1 3 .4  KVB. Inc  
Ermssmn Measurements M Mcffroy 

RP984- 1 Vibrat ion Analys,s on 1 yea, 55 0 Kenneth 
Rola llng Aux i l i ary Medearis 
Machinery Assoc,a tes 

D A n .snn 

Nuclear Power D ivis ion 

RP3 1 1 -4 Steam Generato r 8 months 25.0 CBl'l l !e Beige 
Corms ron S 1ud1es d 'Etude de la 

Cor ros ,on 
T Passel! 

RP355-9 For the Pertormance ot I year 50 0  lnst 1 1utt lo r 
Work Rela led to Ha lden Atomenerg 1 
F ue l  Pe rlormance Data A Roberrs, 
Analysis and G Thomas 
Ouahfrcat ron 

RPS01 -3 Human Factors Review 1 6  months 1 56 .5 Lockheed 
o f  Nuclear Power Planl M issiles & Space 
Control Board Des ign  Co , Inc  
Approaches R Pacf. 

RP6 1 3 -2 Benchmark Analys ts 3 months 1 2  2 Babcock & 
tor Transu ran rcs al W i l cox Co 
1 OnC 1 /g Level M Lap1des 

RP822-3 A P rogram to Develop 9 months. 2 .0  Ph i lade lphia 
a Por1able Racliograph1c E leClrlC Co .  
System lor  I n-Service E Reinhart 
and Repair lnspecl tons 

RPB25-2 Radiation Cont rol ,n 42 months 644 0 Westinghouse 
the Pr tmary Coolant E l ect ric Corp 
Loop ol PWR Plants a Sha w 

RP829-5 Eicammal ton ol Asea 4 months no cost Asea -Atom Co 
Oskarshamn- 1 Fuel J r A Rober/s 



Numt1e1 1 , 11 . .  

AP884 - l  Ass.essmen1 of Analysis 
and Maasuremenl 
Techl11Ques tor 
Pred1c 1 1ng BWR Cont rol 
Rod React,v,ty Insert ing 
Rate 

RPB90- 1 Assessmenl of Class IE 
EQuipment Aging and 
Oual ihcat ,on 
Techn,Ques 

RP892-4 Impact Stuoy of 
In-Serv ice Inspection 
ReQwements on the 
Nuclear Industry 

RP893-l Evaluation and lest of 
Improved F1 re- res1stant 
F lwd Lu t:>flcan 1s tor 
Water Reacto r Coolant  
Pump Motors 

RP894-2 Lrm1 l1ng F actor Analys is 
al H1gh-Ava1 lab 1 l r ty 
Nuc lear Plants 

RP897- 1 A Self -actua ted 
Shutdown System tor a 
Commercial Size 
LMFBR 

RP958- 1 Development of Models 
for Reactor Trans,ent 
Effects 

RP963-2 Multid 1mens,ona l Steam 
Generator Modeling 

RP964- 1  F l u 1d-Struclure 
lnteracuon Caused by 
Se1sm ,c Events 

RP965-1 Ana lysis ot 
LOCA-mduced 
Flu id-S t ruc ture 
1 n teract 1on 

RP970- 1 De1erm1ne Elec1ncal 
and Mechanical On-line 
1nst rumenta\1on 
Mon,tor1ng Needs for 
Generatn rs  

RP972 - I  Monie Carlo Analysis 
for Validat ing F uel 
Management Codas 

RP973 - l  Cornpuler Analysis o f  
Ouad Cit ies Reactor 
Irradia t ion 

Duraf,rm 

22 months 

1 4  months 

3 monlhs 

2 years 

1 4  months 

9 months 

2 years 

3 months 

1 1  months 

4 montns 

3 ,non hs 

16 months 

1 yea, 

Contractuu 
F- 1,(1(/,ng EPRI Pm1ec t 
(Snf JOJ Manag,11 

n, r, :;,;,ence 
App t 1cat 1ons. Inc 
,I Nase, 

1 •18 0  T l ie Frankl in 
Insti t u te  
D Ca,n 

6 0  General Physics 
Corp. 
G HP1f!/1a11 

592 1 Wesllnghouse 
Eractrrc Corµ 
R. Swanson 

:MO 0 Combust ion 
Eng ineer ing ,  tnc 
R Swanson 

1 5 1 2 Combust ron 
Eng 1neenng .  Inc , 
B Sehga l  

498 1 Energy 
Incorporated 
L Agee 

25 0 Cham ot North 
Amer ica , Inc 
J SurSOCk 

89 6 Science 
Applications ,  Inc 
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2 yea r s  
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Energy Analysis and Environment D ivis ion 

RP852 - 1  Human Response to 1 1  months 
Low-Leve l Noise 

RP942- l Forecasting In-Plant 20 mnnt t 1s 
Generation 1n the 
lndust r 1a 1  Sector 

RP954-1  1rnt 1at1on ot Supply, I monl tls 
Demand . and 
Environmental 
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RP1 004 - 1  Mate1 1a l Damage Costs 1 year 
trom Sul lu r  Oxides 

RP1 005- t Ana lys is of Household 9 rnnn1hs 
Appl iance Choice 

RP1 01 1 · 1 Incorporat ion of New 1 year 
Technotog,es 1n Supply 
Es1 1ma tes 

RP1 0 1 5- 1  MOClel Ver i fication and 3 months 
Assess1nent  Proiecl 

RP1 0 1 6- 1  Methods for Combin ing 2 years 
Energy Methods 

1..ofl lmc10, 
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C-o 
N Hlngoranr 
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J McCarro/1 

200 0 Mathtech , Inc 
L Wilhams 
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Texas al Aust i n  
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8 1 7 The Research 
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J Boyd 

70.0 J_ Daniel 
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J Searls 
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Research 
R Ric/leis 

1 1 6  0 S1anford 
University 
R Michelson 
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R & D Status Report 
ENERGY ANALYSIS AND ENVIRONMENT DIVISION 
Rene Males. Director 

ENERGY USE IN 
ELECTRIC VEHICLES 

Wharton Econometric Forecasting Associ­
ates (WEFA) is completing a study on analy­
sis and forecasts of energy use for transpor­
tation services (RP757) and Mathtech, Inc., 
is finishing one on the impact of batter y ­
operated electric vehicles on utility system 
loads, 1 985-2000 (RP758). 

The WEFA project is concerned with fore­
casting the quantities of all types of energy 
used in U.S. transportation services. Their 
forecasting model is broken down into urban 
and intercity transportation and into per­
sonal and freight transportation. The model, 
which analyzes the demands for transporta­
tion on each mode separately, will serve two 
important purposes at EPRI. First, it will pro­
vide improved forecasting equations for 
energy use in U.S. transportation. The trans­
portation model will join similar energy fore­
casting models for the residential, industrial, 
commercial, and agricultural sectors and will 
provide EPRI with a firmer basis for in-house 
forecasts of U.S. energy use. Besides its 
forecasting application, this model furnishes 
a framework within which new transportation 
technologies can be analyzed. 

An example of how the model is used in 
this context is illustrated in Volume 1 of Math­
tech's final report on electric vehicles, to be 
published soon. The demand side of Math­
tech's model of the electric vehicle market is 
linked to the WEFA demand equations for 
automobiles by size and type. Thus, the total 
market penetration by electric vehicles as 
projected by Mathtech is consistent with the 
demand projections for all automobiles in­
cluded in WEFA's model. 

Mathtech's analysis of the impact of elec­
tric vehicles on utility system loads is derived 
from a complete supply and demand model 
for electric vehicles. The cost or supply func­
tion for electric vehicles is derived from cost­
estimating equations for each engineering 
subsystem within the vehicle. For instance, 
the cost of a battery is a function of its chief 
technical characteristics, such as its energy 
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capacity. The study looked in detail at four 
types of batteries spanning various technol­
ogies-from the state- o f -the-art advanced 
lead-acid battery through lithium-chlorine 
batteries, which may reach commercializa­
tion before the turn of the century. The de­
mand for electric vehicles is modeled with 
a logit equation that relates the probability 
of purchasing an electric vehicle to its price 
and performance characteristics. The elec­
tric vehicle model of energy use has different 
driving-cycle options for urban, suburban, 
and commercial use of the vehicle. The com­
mercial driving cycle is characteristic of the 
driving cycle of the U.S. electric postal de­
livery van. 

Preliminary calculations with Mathtech's 
model show that the impact of electric vehi­
cles on time-of-day load patterns may not be 
a significant load component before the year 
2000. These early results should be treated 
with caution by utility planners. They are 
based on relatively optimistic assumptions 
about the increased fuel efficiency in gaso­
line-powered automobiles, no more stringent 
air pollution regulations than are currently 
in force, no government subsidies for the 
production of electric vehicles, and an un­
sophisticated demand model. In the work re­
ported in Volume 1 , Mathtech concentrated 
on developing reliable models of electrjc ve­
hicle costs and energy use, while devoting 

Preliminary conclusions of an EPRl-sponsored study predict that electric vehicles are not 
likely to add significantly to utility system loads before the year 2000. Utility planners are 
cautioned, however, that this forecast is tentative, pending further study. More than 100 
Battronic battery-powered minivans, such as this, are being used by some 60 utilities in the 
U.S. and Canada in a program supported by the Electric Vehicle Council to demonstrate the 
feasibility of electric vehicles. 



relatively less attention to the demand prob­
lem. The tentative conclusions are: 
a Even under optimistic assumptions, elec­
tric vehicles would not have a major impact 
on the automobile stock before 2000. 
o Electric vehicles should not add signifi­
cantly to electricity loads before 2000. 

o The unclear future of electric vehicles 1s 
not due to uncertainty about future pnces of 
energy but to uncertainty aboul the future 
initial prices of electric and internal combus­
tion powered vehicles. 

Further research 1s needed to obtain reli­
able medium-range forecasts of the elec­
tricity demands for transportation EPRI 
anticipates research within the neX1 year 
into the demand for personal transportation 
and the potential role of integrated or auto­
mated transportation systems, including all 
types of mass transit. An EPRI working pa­
per, available in mimeograph, develops a 
sophisticated, discrete choice model for au­
tomobiles, based on performance charac­
teristics. Both this model and the one used 
by Mathtech are qualitative-choice models. 
but EPRl's model is more sophisticated and 
uses data on more characteristics. It remains 
to be seen whether the use of more elaborate 
demand models will after Mathtech's pessi­
mistic preliminary forecasts of the market 
penetration by electric vehicles. 

On the issue of the potential role of inte­
grated or automated mass transit systems, 
EPRI has contracted with Howard R. Ross 
Associates to investigate the impact of tran­
sit systems on electric power consumption 
in the period 1 980-2030 (RP1051 ). This 
project will provide a comprehensive over­
view of the potential use of electricity in all 
types of transit systems-those in existence. 
as well as economically feasible future sys­
tems-through the first three decades of the 
twenty-first century. Of particular interest 
are systems that allow conventional auto­
mobiles to be used in a bimodal fashion-on 
an integrated-automated guideway and also 
driver-controlled on conventional roadways. 
Project Manager: Anthony Lawrence 

DATA AND 
METHODOLOGY DEVELOPMENT 
Current proJects in the data and methodol­
ogy development subprogram are directed 
toward incorporating uncertainty measures 
into energy forecasting, integrating physical 
and behavioral sciences and economic and 
engineering techniques in the study of 
energy supply, applying measures of reli­
ability to data collection, and developing 
and analyzing data bases. 

A pro1ect appraising net energy analysis 
(RP760) concerns the usefulness of energy 
analysis concepts. The notion that the 
energy content of goods and services should 
be measured originated tong ago with scien­
tific and engineering specialists. Since the 
OPEC 011 embargo, the idea has attracted a 
great deal of public attention. It has aroused 
the interest of public policymakers and of 
researchers in a wide range of fields. The 
Nonnuclear Energy Research and Develop­
ment Act of 197 4 requires ERDA to make an 
analysis of the net energy potential of non­
nuclear technologies on which it sponsors 
research and development. 

Energy analysis is defined, 1n general, as 
the computation and measurement of en­
ergy flows in society and, m particular, as 
the quantification of the volume of energy 
resources embodied in goods and services, 
directly and indirectly. The basic objective 
of energy analysis is to measure the effi­
ciency with which energy resources are 
employed in delivering products to their final 
use. Net energy analysis, as a part of energy 
analysis, examines only energy conversion 
and conservation technologies in terms of 
their net energy payoff. 

Several broad claims are made in support 
of the importance and relevance of energy 
analysis. The usefulness of the methodol­
ogy, however. is the subject of active debate. 
Many users believe there are severe limita­
tions of energy analysis and confine them­
selves to special applications. One claim 1s 
that energy analysis, particularly net energy 
analysis, is capable of producing a single 
summary statistic, comprehensive enough 
to be used without supplemental information 
in individual decision making and by policy 
decision makers. A second claim is that 
energy analysis reduces all goods and ser­
vices to a single common denominator that 
can be applied consistently and without 
distortion. across time periods, between 
technologies. and among generations. This 
claim suggests that energy analysis provides 
a more reliable and comparable evaluation 
than dollar evaluations and hence has been 
extended to embrace an energy theory of 
value. Finally, claims are made for energy 
analysis based on three assumptions: 

a Energy resources are scarce. 

a The scarcity of energy resources in­
creases with the passage of tlme and the 
growth of society's activities. 

a Society must focus on the consequences 
of 1he scarcity and on the actions that create 
it by employing criteria of physical efficiency 
rather than of economic efficiency. 

Applications of energy analysis 
The fields of food production and energy 
conversion provide examples of the many 
energy analysis applications that have been 
made. 

In a study ol U.S. corn production between 
1945 and 1970 ( 1 ). a downward trend in 
yield was found, as measured in units of 
energy relative to energy inputs: that is, the 
energy benefit-cost ratio diminished. Over 
this period, average corn yield rose from 
roughly 34 to 81 bushels/acre, while aver­
age energy inputs climbed from 0.9 million 
kcal/acre to 2 9 millton kcal/acre. Hence, 
the energy benefit-cost ratio of U.S. corn 
production declined from 3.7 kcal to 2.8 
kcal/kcal of input-a 24% decrease. As a 
result of this analysis, the researchers rec­
ommend consideration of alternative tech­
nologies to those presently used in U.S. 
agriculture, for instance, more labor-inten­
sive methods, substitution of natural sources 
of nutrients for chemical fertilizers, reduced 
use of herbicides in favor of mechanical 
cultivation, minimum tillage, and the devel­
opment of insect- and disease-resistant 
plants. 

The field of application that most intrigues 
energy analysts is energy conversion or 
net energy analysis. Net energy analysis 
focuses on the efficiency with which primary 
energy resources are converted to work or 
to other useful forms of energy. The principal 
reason for examining the energy conversion 
industries is that they are the largest con­
sumer of primary energy resources. A study 
of uranium mining and enrichment pro­
cesses (2) found the results to be sensitive 
to the size and specifications of a proposed 
nuclear power plant. Since the uranium fuel 
input represents the largest single energy 
investment in the construction of nuclear 
power reactors, the gross energy require­
ment of a fuel rod is quite sensitive to the 
grade of ore originally mined and the degree 
of enrichment specified for the operation of 
the reactor. Because significant reductions 
in ore quality are expected in years to come, 
the net energy of a new nuclear power plant 
will decline with time, while at the same time 
its economic advantage over other forms of 
generation may increase. 

The strong proponents of energy analysis 
argue that the choice among alternative 
technologies and public policies should be 
based only on physical energy efficiencies. 
Those 1n the middle ground argue that physi­
cal energy efficiencies should be used to 
supplement monetary evaluation and that 
both should be used in choosing among 
alternative technologies and public options. 
The skeptics say that the results of energy 
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analysis are already inherent in an economic 
analysis and that separate analysis is un­
necessary. 

In research conducted under RP760, diffi­
culties in energy analysis are found to stem 
from three sources: 
a Bona fide doubts that the assumptions and 
value judgments underlying the analysis are 
valid and that energy analysis is a more ac­
curate representation of true social and 
resource costs than economic analysis 
o A growing understanding in the scientific 
community that the energy theory of value is 
unrealistic and may lead to absurd results 

o The diversity of methodologies used by 
energy analysts, which creates disagree­
ment among themselves as well as among 
potential users of their investigations 

The contractor for this project concludes 
that energy analysis alone cannot answer 
the critical question of how to allocate scarce 
resources now or over time so as to permit 
equitable treatment of present and future 
generations. II is also concluded that be­
cause of its concentration on the flow of 
physical variables through the economic 
system, energy analysis can be a useful com­
plement to economic analysis. 

The usefulness of energy analysis can be 
improved in a number of ways. First. the view­
point of energy analysis should be broad­
ened to include the flows of other scarce 
resources such as water.

fr
nonfuel minerals. 

and so on. This broader v wpoint could be 
called physical resource nalysis. Second, 
energy analysis should adopt some valua­
tion procedure beyond an energy theory of 
value. Without an explicit or 1mplicit valua­
tion procedure, energy analysis is hampered 
in answering resource allocation questions. 
And third. energy analysis should allow for 
the possibility of factors other than energy 
being or becoming scarce. A more precise 
description of technological processes 
would include the flow of land, labor, cap­
ital, and nonenergy minerals. Therefore, to 
choose among alternative technologies or 
public policy options, some value should be 
given to these other inputs. Project Man­
agers: A. N. Halter and Rex Riley 
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ECOLOGICAL EFFECTS 
OF ACIDIC PRECIPITATION 

The Scandinavian countries are making a 
major assessment of ecological effects from 
acidic precipitation. Many lakes and streams 
in eastern Norway and southern Sweden 
have been subject to increased acid levels 
due to acidic precipitation. This appears to 
be causing a decline in the fish populations 
in these regions. The extent of the ecological 
change and the sources of the acid being 
deposited have been the subject of debate 
and controversy between several European 
countries. 

Increased acidic precipitation has been 
observed also in some lakes in the eastern 
United States. Ecological effects in these 
regions have been reported that appear to 
correspond to those observed in the Scan­
dinavian countries. It seems reasonable to 
assume that the acidification results from 
deposition, although direct evidence of the 
mechanisms involved is not available. 

Research has indicated that acidic precip­
itation consists mainly of strong acids (sul­
furic and nitric). Since fossil fuel combustion 
releases relatively large quantities of sulfur 
and nitrogen compounds, industry has been 
identified as a possible major source of the 
acidic materials. 

So far. EPRl's Environmental Assessment 
Department has concentrated its efforts (in 
the area of fossil fuel combustion effects) on 
studies of characterization, transport and 
conversion of effluent species, and potential 
health effects. Past studies of ecological 
effects related to fossil fuel combustion ef­
fluents have been limited primarily to spon­
sorship of a workshop, "Sulfur and Biolog­
ical Systems," which was organized by the 
Missouri Botanical Garden. This workshop 
provided a broad background for develop­
ment of a research program. 

Acute effects on individual organisms of 
exposure to high levels of pollutants, such as 
S02 , are relatively well characterized. How­
ever, better understanding is still needed 
of the complex biological, geological, and 
chemical (biogeochemical) processes in 
terrestrial and aquatic ecosystems that are 
supposedly being affected by chronic acidic 
precipitation in the Scandinavian countries. 

The assessment of ecological effects re­
lated to deposition of fossil fuel combustion 
effluents is complicated by a number of fac­
tors. On a global scale a number of elements, 
such as sulfur, are assumed to be released 
to the atmosphere by natural (biogenic) pro­
cesses in quantities equal to the anthropo­
genic (human-produced) input from fossil 
fuel combustion. Washington State Univer-

si 1y is undertaking a project (RP856) to char­
acterize and quantify biogenic sulfur emis­
sions for a variety of ecosystem types 1n the 
eastern United States. 

Another problem is the paucity of long­
term chemical and biological data charac­
terizing ecosystems that could be affected 
by fossil fuel effluents. Without inlormalton 
describing b1olog1cal and chemical cycles 
and trends. it is difficult to observe subtle 
changes in ecosystem function that may be 
caused by inpul of fossil fuel combustion 
effluents. 

The Ecological Effects Program is devel­
oping an integrated effort to assess effects 
on ecosystems related to deposition of fossil 
fuel combustion effluents. The effort will 
focus on the assessment of vulnerability of 
different ecosystem types to input of fossil 
fuel combustion products; the development 
of a network of calibrated watersheds for 
measuring fluxes of materials and assess­
ment of long-term effects; and the develop­
ment of aquatic and terrestrial microcosm 
systems suitable for assessing deposition 
effects. 

The first phase of this effort will emphasize 
acidic precipitation. Specific research plans 
are being develope-d to investigate possible 
effects in the Adirondack Mountains. A field 
project will focus on aquatic ecosystems 
with the major objective of assessing bio­
geochemical changes related to lake acidi­
fication. As part of this work, sediment 
profiles in lakes will be studied in an attempt 
to determine historical aspects of the pro­
cess of lake acidification. Another project 
will be initiated to study effects on funda­
mental biochemical processes of soils of the 
Adirondack region. 

At the same time. a state-of-the-art study 
will synthesize and critically evaluate data 
on sulfur biogeochemical cycling in the 
eastern U.S. The study will identify major 
information gaps and provide a basis for 
planning additional research. Ecological 
effects studies will be closely integrated with 
other departmental research that relates to 
questions of identification and quantification 
of .deposition of fossil fuel combustion efflu­
ents. These studies include the SURE proj­
ect (RP862), the biogenic sulfur emissions 
study (RP856), dry deposition in the SURE 
region (RP938), plume chemistry in the 
SURE region (RP860). and the removal of 
pollutants from power plant plumes (RP858). 
Research will also be coordinated with pro­
grams sponsored by federal and state agen­
cies in this country and with the British and 
Scandinavian efforts. Project Managers: 
Robert Goldstein and Robert Kawaratani 
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NUCLEAR POWER DIVISION 
Mitton Levenson, Director 

PROCESS COMPUTERS 
IN POWER PLANTS 

Reliance on process computers tor surveil­
lance and operation of power plants has 
increased dramatically as the complexity of 
plants has grown with the demands for Im­
proved availability, efficiency, and safety. 
In the past, plant process computers were 
frequently designed as elements peripheral 
to plant operation. and as a result, computer 
performance suffered. However, the grow­
ing dependence on the newer advanced 
systems means that any inadequacies may 
have serious implications tor plant opera­
tion. Consequently, it is important that past 
experience be used to enhance the potential 
for the success of future systems. 

Utility experience of this type was recently 
documented by Macro Corp. in order to 
provide a better understanding of the prob­
lems associated with specifying, procuring, 
installing, testing, operating, maintaining, 
and upgrading plant computer systems 
(RP61 8) Detailed questionnairAs were used 
to obtain technical information about 334 
installations at power plants of 1 00-MW 
capacity or greater in the U.S. This is a very 
high percentage of the plants having com­
puters that were built since 1960 or were 
under construction. For about half the sys­
tems, qualitative information was solicited 
from the station superintendent, results 
engineer, chief operator, and project man­
ager. Detailed responses were received 
from 70% of the individual contacts, permit­
ting the rating of 156 computer systems. 

The technical and qualitative information 
has been compiled, analyzed, and 1s being 
published in Documentation of Utility Ex­
perience With Process Computers in Power 
Plants, Vol. I and its Technical Compendium, 
EPRI NP-290. These documents satisfy 
the following basic project objectives: 

a Provide a compilation of power plant 
process computer types and applications to 
facilitate interut1lity communication 

c Document utility experience with procure­
mAnl, npAratinn, anrl maintenance of these 
systems 

c Formulate and evaluate future R&D ettorts 
relating to process computer applications 
in power plants 

Importance of computer systems 

Eighty percent of the power plants that be­
came operational in the last two years had 
process computer installations. In general, 
computer systems are an important element 
in the operation of power plants. The re­
sponses from 78 plant superintendents 
indicated the impact that computer un­
availability would have at their plants, 
specifically: 70% delay startup, 54% hold 
power generation level. and 22% derate. 
This level of reliance on the process com­
puter 1s significant, and it is supported by 
the responses received from other cate­
gories of plant personnel (i.e., results engi­
neers and chief operators). In addition, 
many of the respondents rated the computer 
system as being the most important device 
for determining unit conditions. 

All utility respondents were questioned 
about the goals sought with computer sys­
tems or the benefits derived from their use. 
The responses were somewhat surprising 
in that the items most often cited were really 
computer system attributes or  computer 
system functions rather than goals or bene­
fits. It was expected that the respondents 
would indicate such goals as increased 
plant availability or improved plant perfor­
mance. Such operations-related goals were 
Infrequently mentioned, perhaps due to the 
difficulty in measuring quantitatively the 
degrees to which they were achieved. 

The plant computer systems now operat­
ing were judged to be useful by almost all 
respondents. The respondents identified 
the following functions as being the most 
important and helpful to the operator: pro­
viding improved process monitoring, alarm-

1ng, and logging; better operational data; 
performance calculations; and trending 
capability. The most often cited problems 
included inadequacies in the man-machine 
interface. performance calculation. and 
turbine startup and control. The last two 
are functions most often discarded. 

Complexity and performance rating 

The detailed technical and qualitative in­
formation obtained for each computer 
installatlon from the various categories of 
utility respondents was analyzed in a con­
sistent manner to provide a complexity 
and performance rating for each system. 
Figure 1 shows the increasing complexity 
of systems during the past 1 5  years. The 
most dramatic change has occurred in 
nuclear plants. Figure 2 indicates the im­
provement in the functional performance 
of these computer installations during the 
past 1 5  years. However, when the perfor­
mance of all 156 rated systems is con­
sidered, 33% were judged poor, 50% fair, 
and 1 7% good. 

The completeness of planning activities 
associated with computer procurement was 
found to correlate closely with final system 
performance rating. For example, all the 
"good" systems had planning activities, 
including the establishment of a review 
committee, while less than half of the ''poor'· 
systems had any planning and only a quarter 
had a formal review committee. Similar, 
but not as pronounced, correlations were 
observed for the other computer procure­
ment activities. 

Management support 

The executive and superintendent respon­
dents strongly supported computer systems 
in power plants. For example, 1 00% of the 
executives felt that plant computers can 
be a worthwhile investment: 82%. Iha! they 
improve plant performance; and 90%, that 
more will be done with computers in future 
plants. Plant superintendents were equally 
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Figure 1 The relative complex i ty of power p lant process computers p lotted against ti me tel ls a 
stri k i ng story of increasing complexity. This is not as marked in coal-fi red plants , qu i te sharp i n  oil 
and natural gas plants, and dramatic in nuc lear power plants. 
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Figure 2 The functional performance of power plant compute rs has i mproved over t ime a lmost as 
much as their complexity has increased . Again ,  nuclear power p lants show the greatest rate of 
change. 
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enthusiast i c .  with 92% report ing that com­
puter systems are h elpful in the perfo rmance 
of thei r dut ies,  93% that they are a positive 
force in plant performance, and nearly 1 00% 
that the i r  operators rely on the computer 
system 

Future role  
The  importance of the computer system's  
role in the power p lant is  i nc reasing . Eac h 
class of respondents i ncluded a very h igh 
percentage who fee l  that more shou ld be 
and wi l l  be done with computer systems. 
Among station su perintendents, 88% in ­
dicated that they would want a computer 
system included in any pla n t  to whic h  they 
might be assigned . At t he same t ime, the 
total number of computer systems com­
pared with the total number of un i ts i nstal led 
shows that in the fut ure al most every thermal 
un i t  of any s igni f icant size wi l l have at least 
one computer syst em.  However ,  t he suc­
cessfu l  implementat ion of these systems 
wi ll require t hat t he utility industry pay 
spec ial conside rat ion to certa in  underly ing 
technical issues. A summary of the cu rrent 
status of advanced computer systems 
(ACSs) for use in power plants suggests 
that :  
a ACSs are being designed t o  assist oper­
ators with the analysis and in teg ration of 
plant stat us i nformat ion . However, the re 
are few tools available for t he q uant i tat ive 
evaluat ion of the impact of different desig n 
alternat ives on an operator 's perfo rmance. 
a Adequate data are not current ly available 
for assessing the effects of d i fferent cont rol 
system designs on operator performa nce or 
the effects of th is  performa nce on plant 
avai labi l ity . 
o A review of current ACS designs indicates 
that many have i ncorporated the concept 
of funct ional modu lari ty at the hardware 
level .  Th is should simplify val idation and 
modificat ion , and help min imize the effects 
of obsolescence. At the same t ime . it is 
noted that there 1s d ive rs i ty in the various 
design approaches and implementat ion 
schemes. 
o Avai labi lity requirements for ACSs wi l l  
i ncrease as their importance to plant ope ra­
tion is proved. With the improvi ng re l iabil i ty 
of computer hardwa re, software errors may 
be the maio r problem in achiev i ng the de­
sired object ives. 
a The lack of emphasis on dynamic ACS 

test ing by the dome st ic vendors compared 
with other organiz at ions was ident ified .  
Does the absence o f  di rect control in do­
mestic applicat ions Justify th is de-emphasis? 



o The ability to modify existing process 
computer systems ls judged to be inade­
quate by many utilities. The flexibility and 
expansion capability being designed into 
ACSs should minimize this problem for 
ACSs. 

c The more sophisticated ACSs will require 
increased utility involvement during pro­
curement and subsequently for support. 
This may present a problem because staffing 
and training of appropriate utility personnel 
were judged to be poor at many existing 
process computer installations. 

Based on the results of both studies dis­
cussed above, It appears that the application 
of ACSs within power plants should prove 
beneficial to plant operation. The increasing 
complexity of plant control that will be re­
quired to maximize availability and still 
satisfy stringent safety and environmental 
requirements, plus the continued advances 
in electronics, will also provide strong im­
petus for implementing ACSs. With proper 
attention to the associated problem areas 
discussed previously, the objectives for 
these systems should be attained by the 
industry. Project Manager: A 8. Long 

FAILURE ANALYSIS 
AND FAILURE PREVENTION 

EPRI is working to define more accurately 
the reliability of components by analyzing 
the frequency and severity of malfunctions 
that result in outages or that have potential 
safety significance (RP700-1 ). The project 
consists of three types of activities: 
o Failure diagnostics (Task 1 ), which ex­
tracts the detailed information and under­
standing from performance and failure 
experience 

o Methodology development (tasks 2-6), 
which provides new or improved analytic 
and experimental tools required to effect 
improved reliability or cost reductions 

o Specific engineering applications (tasks 
7-9), which utilize existing and improved 
methodologies to eliminate or reduce the 
impact of generic problems. 

The work is being carried out by Failure 
Analysis Associates. 

Diagnostics 

Recent Task 1 failure diagnostic efforts 
have been concentrated in two areas. First. 
the pitting, corrosion, and cracking of low­
pressure turbine blades have been analyzed 
to determine whether these phenomena are 
potentially generic problems. Operational 
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and environmental factors were reviewed in 
meetings with utllity personnel. Detailed 
laboratory metallurgical analyses of actual 
blading and specimens exposed in service 
environments showed concentrations of 
contaminants known to produce pitting. 
Significant differences in pitting perfor­
mance were noted between the blading 
materials of two major manufacturers. 
Metallograpny also suggested that pit cor­
rosion probably occurred during shutdown 
or startup rather than during steady -state 
operation. Slight differences in the composi­
tion of blade material could contribute; 
however, significantly different startup pro­
cedures specified by the vendors may be 
even more important. 

Second, a review of structural failure 
potential associated with steam generator 
tube denting has been initiated. Simplified 
analytic models of the buildup of corrosion 
products and their effect on stresses and 
deformations in the steam generator tubing, 
tube support plates, and overall assembly 
(e.g., U-bend areas) have been utilized. 
The analyses to date predict flow-slot 
closure and tube stresses to be in excess 
of yield level. High stresses are calculated 
in both the circumferential and axial direc­
tions, suggesting that both circumferential 
and axial cracks might occur. However, 
more rigorous elaslic-plast,c models, which 
require numerical solution, are required 
for verification. Partly as a result of this 
diagnostic activity, the inspection engineer­
ing task (Task 9) has been expanded to 
provide an extensive effort on eddy-current 
lnspection development. 

Methodology 

Five technology development tasks have 
been identified as necessary to achieve 
the program goal. Task 2 is devoted to 
improving methods of structural and me­
chanical analysis, particularly of cracked 
bodies. Task 3 is developing methods to 
define the actual component loading condi­
tions and environments; and Task 4 is 
improving methods to obtain the appropriate 
materials and initial defects (nondestructive 
inspection). Task 5 provides i n -service 
evaluation and simulation testing; and 
Task 6 develops the analytic methods for 
failure rate prediction and techniques for 
development of failure prevention strategy. 

In Task 2, considerable progress has been 
made in developing the influence function 
methods for more accurate and inexpensive 
analyses of cracked structures. A significant 
portion of this effort was devoted to develop­
ing new influence functions to analyze 
cracks that might develop in the corner 

of pressure vessel nozzles. The library of 
influence functions has been incorporated 
into an efficient and general computer 
program called BIGIF. 

BIGI F can analyze a wide class of three­
dimensional elast,c crack problems. When 
the initial crack size and shape and the 
materials' subcritical crack growth rate are 
specified as input, BIGIF can calculate the 
appropriate crack solutions and numerically 
integrate the crack growth function to predict 
flaw extension. BIGIF was applied to an 
analysis of the BWR feedwater nozzle corner 
cracking and was shown to be 1 000 times 
less costly than a similar analysis by finite 
element techniques. 

Significant progress has also been made 
In obtaining simple relationships tor the 
maximum stresses in pressure vessel heads. 
A new method has been developed that 
uses asymptotic expansions to obtain 
approximate solutions for the shell be­
havior. Approximate results are found to 
be in close agreement with experimental 
measurements and with more complex 
numerical calculations. 

In Task 3, actual operational transient 
experience with nuclear steam supply com­
ponents has been reviewed for seven plants 
and compared with the design base loading 
transients. Differences between the number 
of design-postulated and actual shutdown 
transients have been identified. The anal­
yses showed that a plant wear-in time exists 
during which the number of transients per 
unit time 1s much higher. The significance 
of these differences depends on both the 
number and magnitude of the temperature 
and pressure differences. Plant instrumenta­
tion systems to record temperature and 
pressure were reviewed, with the conclusion 
that additional instrumentation is required 
to provide sufficient input data for fatigue 
life evaluations. 

In Task 4, improved methods have been 
developed to define inspection uncertainty 
directly from field inspection experience 
or from flawed specimen laboratory inspec­
tions. These methods have been applied 
to analyze the results from two round-robin 
inspection surveys. Inspection uncertainty 
analysis has been shown to provide much 
more quantitative information on inspection 
reliability. Specifically, inspection uncer­
tainty analysis shows that existing pressure 
vessel Inspection procedures have a very 
high probability of detecting defects of con­
cern. while the conventional analysis was 
inconclusive. 

Task 4 has also been developing micro­
mechanical models of deformation and 
fracture. Because the failure of Zircaloy-
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fuel pellets has proved very costly 
to the utilities, a major portion of the con­
tractor effort addressed this problem. The 
effort 1s closely coordinated with projects 
that EPRI has funded at Stanford Research 
Institute (RP455-1) and Stanford University 
(RP456-1 ), and the joint effort is directed 
toward understanding and establishing 
quantitative criteria for clad failure that 
can be incorporated into operational fuel 
rod modeling codes. Although some cladding 
failures have resulted from severe mechan­
ical loadings, these analyses indicate that 
a generic clad cracking results rrom a stress 
corrosion cracking mechanism in the fission 
product environment. 

The approximate models used to date 
show that crack initiation and the very early 
stages of crack propagation occupy most 
of the clad life. Furthermore, interfacial 
frictional forces between the clad and the 
fuel pellets, and metallurgical parameters 
that could be changed within the Zircaloy 
system, are estimated to have little effect. 
The feasibility of a microbeam X -ray device 
to measure crack tip behavior more accu­
rately has been demonstrated, both analyti­
cally and with preliminary experimental 
measurements. Additional substantiation 
with actual cracked parts Is planned prior 
to assembly of a prototype apparatus. 

In Task 5, field instrumentation plans have 
been developed to determine ( 1)  the fit-up 
stresses in BWR bypass lines, (2) the 
stresses and temperatures in both bypass 
and main recirculation lines, and (3) the 
temperatures of both metal and fluid and the 
stresses in BWR feedwater nozzles. 

Fit-up stresses have been measured for 
one stainless steel bypass line during re­
moval of that line from an operating reactor. 
Peak axial stresses were found to be lower 
than previously calculated from cold spring 
measurements made at another unit. De­
tailed plans have been made for the second 
and third types of instrumentation, but 
neither has yet been executed. 

In Task 6. improved methods of failure 
rate prediction have been developed, as 
have systematic methods of making optimal 
structural and mechanical decisions with an 
appropriate balance between risk and cost. 
Specifically, a new methodology to combine 
advanced engineering analysis with a limited 
amount of field operating data has been 
developed that can accurately calculate 
reliability and draw definitive conclusions. 
This method, called combined analysis, has 
been demonstrated by analysis of ( 1 )  rotat­
ing turbine equipment to establish a rotor 
life extension program based on removal for 
cause and (2) roller bearing failures to es­
tablish a cost-effective inspection program. 

40 EPRI JOURNAL June/July 1977 

A statistical characterization of a material's 
properties, required for probabilistic fracture 
mechanics analysis, has been collected and 
stored in computer data bases, using con­
cepts from statistical decision theory. Op­
timized failure prevention strategies have 
been developed for proof-testing reactor 
pressure vessels and the trade-off between 
increased reliability and redundancy in 
various plant systems 

Engineering applications 

Three specific engineering analyses have 
been performed. Crack initiation from the 
inner clad surface of the nozzle and sub­
sequent subcritical crack growth into the 
nozzle wall have been analyzed as a po­
tential failure mode for the BWR feedwater 
nozzle. The crack propagation part of the 
analysis uses the general computer program 
BIGIF developed in Task 2. The statistical 
reliability analysis has been formulated and 
a Monte Carlo computer program applied 
to implement it. 

Three separate safety margin parameters 
have been developed that correspond to 
vessel rupture, vessel leak, or crack sizes 
exceeding a specified size for each. The 
result of this preliminary analysis is the 
probability distribution of the three safety 
margin parameters as a function of opera­
tion time through the pressure vessel life. 

In Task 8, several specific aspects of 
welding in nuclear systems have been 
evaluated. First, a weld damage parameter 
for assessing the resistance to intergranular 
strnss corrosion cracking has been devel­
oped further The damage parameter, which 
is a complex integral of time and tempera­
ture, has been evaluated. using data for 
BWR piping welds. Weld sensitization is 
found to be dependent on the number of 
weld passes and the heat input. Future 
efforts will attempt to measure directly the 
degree of damage (sensitization) by stan­
dard and potentiokinetlc methods. Second, 
the effect of weld repairs used without 
subsequent postweld heat treatment ,n low­
alloy-steel pressure vessel materials has 
been evaluated. Such repairs may become 
necessary if code-required inspections de­
fine unacceptable indications. The alterna­
tive methods available for weld repairs have 
been reviewed and specific needs for 
additional information have been identified. 

In Task 9, controlled reluctance eddy­
current generator (CREG) principles have 
been shown lo permit the design of eddy­
current transducers with much better reso­
lution and versatility than is possible with 
present designs. This demonstration effort 
was expanded to apply CREG principles to 
develop new eddy-current transducers with 

improved capabilities for steam generator 
inspection, including: ( 1)  higher resolution 
for detection of tube cracking and pitting 
in the vicinity of the tube support plate, 
(2) measurement of the degree of denting 
at support plates and tube ovalizalion at 
dents and at U-bends, (3) detection of 
circumferential cracks, and (4) early detec­
tion of crevice corrosion products before 
denting develops. A CREG probe having 
the first capability has been fabricated, 
tested on defective tubes. and evaluated, 
and It has shown an order of magnitude 
improvement in flaw size resolution. It 
greatly improves the inspection capability 
in and around the tube support plates, 
compared with the presently used probe. 
Probes with the other three capabilities 
are presently under construction or design. 

In addition to the nine specific tasks, 
Failure Analysis Associates has acted as 
an extension of the EPRI staff m addressing 
four potential problem areas. They are BWR 
bypass-line cracking, fuel rod clad cracking, 
PWR pressure transients. and turbine re­
liability. The most extensive effort was on 
stress corrosion cracking in BWR piping. 
Fracture mechanics analyses were per­
formed to determine the rate of stress 
corrosion crack growth and the limit load, 
leak, and rupture criteria for various size 
lines. Assuming that both small and large 
pipelines have the s.ame initial flaw size and 
residual stress distributions, propagation 
lives should be significantly longer for the 
large lines than for the small ones. Pro­
gram Manager: Floyd Gelhaus 

CORROSION IN LWRs 

One aspect of the corrosion and stress cor­
rosion problem in L WRs is the surface film 
that forms on metal components. 

EPRI is carrying out research to define, 
understand, and predict the behavior of 
power reactor components when a metal 
substrate, a surface film. and a chemical 
environment interact with the component 
mechanical environment ( 7 ,  2, 3). Such an 
interacting system is shown schematically 
In Figure 3. 

The behavior may be divided into two 
categories: corrosion and corrosion fatigue. 
Corrosion may be ei1her general or local 

Within local corrosion one may include 
problems of crevice corrosion, pitting, and 
stress corrosion cracking. The phenomena 
of stress corrosion may be considered in 
terms of initiation and propagation or 
grouped together 1n terms of susceptibility. 
Corrosion fatigue should be evaluated in 
terms of both initiation and propagation. 

The problems of defining, understanding, 
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Figure 3 A metal-fi l m  environment system in a power p lant of the kind being studied in the effort 
to defi ne ,  understand, and predict the behavior of power reactor components in such an 
interacting system. 
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and predicti ng component behavior may be 
restated i n  the form of these questions: 
c How is the behavior of metal components 
in LWRs affected by the envi ronment i n  
which they funct ion? (These envi ronments 
may be expected or unexpected .)  
c How can troublesome condit ions be pre­

dicted and thereby avoided? 

a How can observed problems be cor­
rected? 

EPRl 's approach to these problems is two­
fold . The fi rst may be descr ibed as phenom­
enological and involves defini ng corrosion ,  
stress corrosion , and corrosion fatigue be­
havior by appropriate testing over the broad 
range of materials and envi ronments of i n ­
terest . The second attack is or iented more 
toward mechan isms and involves developi ng 
an understanding of how the metal-film en­
vi ronment elements interact to produce ob­
se rved behavior .  This general understanding 
is essential to develop a predictive capabi l ity 
and to formulate and eval uate options for 
corrective action. 

EPRl's project with Ohio State University 
(OSU), one of fou r parallel efforts (RP31 1 - 1 ) ,  
has recently reported 14  f indings. 

Important accompl ishments 

a General corrosion technology: Discrete 
zones of st ress corrosion cracking exist as a 
function of oxid izing potent ial, temperature , 
and environmenta l concent rat ions. These 
zones are part of a systematic change in t he 
surface morphology t hat a lso includes phe­
nomena of pitting , passivity , and immunity 
a BWR pi pe c racki ng : The stress corrosion 

C> 0 

0 1 0  • 1 0  • rn 
0 0 0  f lh 1r:k 

cracking of sensitized type-304 stai nless 
steel depends critically on t he temperature 
and oxygen concent rat ion, wi th an activa­
tion energy for 8 ppm oxygen of 1 00 kcal 
The s low strai n-rate tensile test has been 
shown to be a rap id and effective method for 
obta i n i ng  crack velocity data for th is system. 
a Tu rb ine  blade rel iabil i ty : The type-403 tur­
bine blade material is not significant ly sus­
cept i ble to stress corrosion c racking at 
1 00 ° C in caustic environments but is ve ry 
suscept ible to stress corrosion c rack ing I n  
sulfate a n d  chloride environments, regard­
less of whether the cation is NHt o r  N a + . 
o Condenser reliabili ty: Admiralty brass 

condenser tubing is susceptible to stress 
corrosion cracki ng i n sodiu m sulfate solu­
t ion with in the pH range of 2-1 2 and above 
potentials of + 0 . 2  V. This ind icates that am­
monia is not requ i red for such cracki ng and 
shows that the presence of oxygen Is a crit i ­
cal factor in  the performance of condensers . 
a BWR p ipe cracking as influenced by oxy­

gen:  The measurement of electrochemical 
potential of sta inless steel in BWR environ­
ments correlates very closely with envi ron­
ments measu red i n  the OSU laboratories. 
The oxygen  dependence of potent ial at 
250 ° C fol lows a special pattern involving a 
jump of about 500 mV 1 n  the range of 0 . 1 
ppm oxygen . 

o Steam generator tubing re l iabi l i ty: Sulfu r  
segregates prominently to  the grain bound­
ar ies of pure n ickel, lnconel 600 ,  and type-
304 sta i nless steel. Seg regation fol lows a 
regular dependence on ti me and tempera­
ture.  The mobili ty of sulfu r near the surface 
i s  greatly enhanced over that of the bulk .  

Depend ing on t ime , temperature, and cold 
work ,  other species seg regate signi f icantly 
on the grain boundaries, such as carbon, 
phosphorus, boron , n i trogen , chlo rine ,  and 
cadmium.  

The reactivity of  grain boundaries with 
segregated sul fur has been measu red 1n 
room temperatu re acid sol ut ions and shown 
to be approximately 1 00 times greater than 
the reactivity of the nickel matr ix mater ia l . 

Seg regation of impu rity species to g rain 
bounda ries correlates well with that at the 
surface, permitt ing the latter to be used as a 
grain boundary substitute to obtain data 
more rapid ly and economically. 

Us i ng electrochemical measu rements, the 
corrosion kinetics of pure n ickel have been 
defined in  phosphate solutions. showing the 
current at constant potential with the time 
exponent of the rate as 0.5 or 1 , with the 
h igher val ues progressively found at higher 
potent i als and pH . 
c BWR pipi ng reliabi l ity : I n  caust ic environ­
ments ,  the corrosion fat igue behavior of 
type-304 sta i n less steel exhibits a great re­
duction of fatig ue strength to the point where 
there is v irtually no endurance lim i t . This 
contrasts with behavior of the same alloy 
in  acid solutions where an endurance l imi t  
is observed . 
c Steam generator tubi ng corrosion : Char­

acterization of the corros ion of lnconel 600, 
using polarizat ion techniques up to 250 ° C 
for phosphate and sulfate envi ronments, 
shows that pH is the dominating influence on 
the corrosion rate , with the rate bei ng min i ­
mum when the ox ide exh i bits its maximum 
thermodynamic stabi l i ty. 
c Corrosion testing method development: 

The st rain i ng elect rode has been developed 
into a major tool for low-temperatu re and 
high-tempe rature autoclave st udies of stress 
cor rosion cracki ng . 

c Electrochemical corrosion measu rements 
and monitor ing: Techniques for electro­
c hemical measu rements of corrosion rates 
in h igh-temperature autoclaves have been 
improved and an i mportant advance has 
been made in the use of the silver chloride 
reference e lectrode, which provides a 
very reproduci ble reference in the OSU 
laboratory. Project Manager: Thomas 
Passel/ 
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UNDERGROUND TRANSMISSION 

The Underground Transmission Program 
has recently been redirected as a result of 
new planning guidelines and new budgets. 
Specifically. tlae Underground Transmission 
Task Force has reaffirmed its commitment 
to taped cables, with a parallel emphasis on 
the new manufacturing techniques that will 
be needed to take advantage of the inherent 
qualities of cross-linked polyethylene (XLPE) 
insulation. 

In line with this, we are also implementing 
a search for new polymers that will be applic­
able to both taped and extruded cables. In 
addition, the task force has recommended a 
more relaxed program on cryogenic cable 
development, with the funds released from 
this subprogram to be applied to projects 
involving cable installation and operation. 
This does not mean, however, that there has 
been no progress in cryogenics. Los Ala­
mos Scientific Laboratory (LASL) recently 
achieved a breakthrough in producing 
Nb

3
Ge with losses at 12  K that are com­

parable to those of the best Nb3Sn samples 
at 4 K. This is a factor-of-3 increase in the 
operating temperature, which is equivalent 
to a factor-of-27 increase in heat capacity 
and a factor-of-3 reduction in refrigeration 
needs. Substantial work remains to be done 
before this material can be produced in cable 
lengths, however. A follow-on project with 
LASL has been under way for nearly a year 
(RP7855). 

Extruded cable systems 

The development of 138-345-kV XLPE cable 
by General Cable Corp. is being augmented 
by the development of 1 38-kV splices and 
terminals to ensure near-term availability 
of 138-kV systems (RP7829). In addition, 
splices and terminals rated 230 kV and 345 
kV will be developed by General Cable to 
complete the 230-345-kV systems. 

De transmission 

Work will be undertaken by BICC Power 
Cables. Ltd., of England to establish the max-
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imum design voltage that can be attained in 
de cables insulated with oil-impregnated 
cellulose paper, currently the best material 
available for this application (RP7859). This 
project is predicated on the potential need 
for very high voltage overhead de trans­
mission lines by the 1 990s. Such overhead 
lines require matching underground cable 
for such portions of the transmission corridor 
where constraints, such as urbanization, 
preclude the use of overhead lines. The 
benefits of this project will be twofold: in the 
near term it will provide information for opti­
mized <.:able designs at the lower voltage 
levels; in the long term, it will establish prior­
ities for de dielectric development. Project 
Manager: Felipe Garcia 

Concrete cutting system 

Most research and development related to 
the reduction of costs of underground trans­
mission has been in the area of new, less 
expensive cable designs that have higher 
MVA ratings. An area of equal importance 
is in installation techniques and construc­
tion methods. These can account for ap­
proximately 50% of installed cable circuit 
costs. 

In an effort to reduce overall installed cable 
costs, a recently authorized project will un­
dertake to develop an advanced concrete 
cutting system that uses high-pressure water 
jets (RP7860). This type of cutting system 
should be faster, cleaner, and quieter than 
conventional techniques, such as jackham­
mers or concrete cutting saws. This water­
jet concrete cutter uses multiple nozzles, 
each expelling a continuous stream of high­
pressure water at approximately 386.1 1 
MN/m2 (56,000 psi). At this pressure the 
cutter should cut a kerf through 8 in of con­
crete or asphalt-concrete composite. The 
diesel motors, intensifiers, and accumula­
tors will be mounted on a self-advancing 
hydraulic vehicle, making the overall system 
much more compact and requiring a mini­
mum of personnel on site (Figure 1 ). Flow 
Industries, Inc., the contractor for this proj-

ect, has made smaller commercial units in 
the 37.3-kW (50-hp) range. This unit will be a 
186.5-kW (250-hp) cutter. 

Soil stability 

The optimization of cable thermal perfor­
mance in the future requires an understand­
ing of the thermal conductivity and stability 
of the soil along the route chosen; this calls 
for accurate development of instrumentation 
for data acquisition pertaining to soil param­
eters. A project has recently been autho­
rized that will investigate the stability param­
eters of myriad soil types and develop a 
thermal probe capable of measuring thermal 
conductivity, specific heat, and moisture 
content simultaneously in the field (RP7861 ). 
In measuring these parameters along a pro­
posed cable route, one can determine those 
areas where a thermal bottleneck could 
occur and where better thermal backfill ma­
terials will be needed. Ontario Hydro. which 
has been a leader in determining soil stabil­
ity, is the contractor. Project Manager: 
Tom Rodenbaugh 

SYSTEM PLANNING, 
SECURITY, AND CONTROL 

To improve the economic operation of power 
systems, continual changes in electric util­
ity operating conditions require a reevalua­
tion of the methods used to ensure security 
and provide adequaie control. A major in­
centive for such a reevaluation is the recent 
escalation of fuel prices, which caused sig­
nificant changes in power system operating 
constraints. 

The objective of a new effort is to develop 
advanced methods for reducing the cost of 
power system operation while retaining ac­
ceptable security and control (RP1 048). The 
work has been divided into three problem 
areas. 

The first problem area requires the identifi­
cation of the key faciors needed to analyze 
the performance of each member of an inter­
connected power system. This evaluation, 



Figure 1 Sketch of se l f-advancing hydraul ic vehicle for cutting conc rete with water jets. 

called a control performance analysis , must 
be performed by each member or eac h con­
trol area of an i nterconnection . In addit ion ,  
methods wil l be devised fo r determin ing the 
i mpact o f  these key factors on control and 
ope rat ing economy. 

The second problem area requ i res an 
evaluation of present d ispatch ing methods .  
An examinat ion w i l l  be made of  the cost and 
feasibi l i ty of  improving the data bei ng used 
by dispatchers. The project will also evalu­
ate the impact that turbine-generator con ­
stra in ts  have on power system operations. 

The th i rd problem area cal l s  for an assess­
ment and expansion of the methods now 
used for planning generator load ing and fuel 
management. Methods for evaluating alter­
nat ive generat ion sc hedules and fuel man­
agement. cal led fuel d ispatching ,  wi ll be 
developed . 

A total of five contracts valued at $ 1  mil­
l ion have been negotiated to perform the 

work in these th ree problem areas . 
A two-year , $332 ,000 effort on control 

performance analys is will be conducted by 
Autocon Industries , Inc. , (a divis ion of Con­
trol Data Corp.) and Northern States Power 
Co. (NSP). The purpose of this contract is 
to develop c riter ia, guidelines , and working 
tools for analyzi ng the performance of a con­
trol area .  Autocon wil l demonstrate the c ri ­
teria and guidelines, usi ng NSP data for 
different system-operat ing co ndit ions (RP-
1 048- 1 ) .  It will then translate the criter ia a nd 
guidelines into work ing tools for use by d is­
patchers in daily plann ing and operations .  

The Autocon work will be augmented by 
the results of a second contract in this area. 
Ph i ladelphia Electr ic Co. (Peco) has been 
awa rded a one-year ,  $1 07 ,000 contract to 
provide a d igital power system sim ulation 
program for use by Autoco n (RP1 048-4) . 
Peco will modify a computer program it 
developed for use on the Pennsylvania-
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Je rsey-Maryland interconnection to study 
multiarea control performance . At the end 
of the contract , Peco will conduct a work­
shop on the use of th is computer program 
for analyz ing the performance of a control 
area . 

A separate contract with Peco wi ll be 
awarded for work in the second problem 
area .  improved dispatch methods . This will 
be a two-year ,  $354 ,000 contract .  The ob­
ject ives of this project are to assess im­
proved methods of representing a turbine­
generato r (used in economic dispatch) and 
to evaluate the effects of turbine-gene rator 
operating constrai nts (RP1 048-3). 

Peco w i ll evaluate the methods now used 
to dete rmine and update tu rb i ne-ge nerator 
i nput-output representations . I t  will research  
standard test procedu res and  standa rd test 
condit ions used to measu re in put-output 
cu rves and w i ll dete rmine the inst rumenta­
tion and analytic requi rements needed to 
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update the input-output curves frequently. 
Peco wilt also identify the various turbine­
generator operating constraints that must 
be considered by the dispatcher and will 
evaluate the constraints imposed by boiler 
types and fuel types used. In addition, the 
impact of equipment limitations and con­
straints will be assessed. 

For the final problem area. fuel dispatch­
ing, two contracts have been awarded. A 
two-year. $158,000 effort concerns the daily 
fuel dispatching of a pool (RP1048-5). This 
work will be done by Power Technologies. 
Inc., in conjunction with the New York Power 
Pool. 

Power Technologies and the New York 
Power Pool propose to develop an efficient 
daily fuel-dispatching computer program. 

A daily fuel-dispatching procedure should 
satisfy most, ii not all. operating require­
ments, while optimizing a cost function. The 
operating requirements to be considered 
include: constraints on thermal units, such 
as unit minimum up and down times; oper­
ating limits; response rates; limitation of fuel 
supply; operation of conventional hydro gen­
eration; a variety of reserve requirements; 
operation of pumped-storage hydro genera­
tion; and transfer limitations for multiarea 
operations. 

A second contract in fuel dispatching has 
been awarded Boeing Computer Services, 
Inc. This will be a one-year, $1 1 6,000 effort 
to study the problem of coordinated long­
term, mid-term, and short-term fuel dis­
patching (RP1048-6). 

The purpose of this project is to develop 
a summary of fuel-dispatching requirements 
for representative utilities, to develop func­
tional specifications for long-term, mid-term, 
and short-term fuel dispatching, and to 
identify the most promising algori thmic ap­
proaches for developing computer programs 
for fuel dispatching. Project Manager: 
Charles J. Frank 

AC SUBSTATIONS 
Power circuit breakers that are designed 
with today's technology to meet Increased 
power -handling requirements tend to be 
more complex. They require more interrupt­
ers in series for higher voltage and more 
massive parts for bigger load currents and 
larger fault current stresses. This all adds 
up to a greatly increased mechanical oper­
ating effort just to meet today's required 
interrupting times. Interrupter efficiency 
must be improved to meet these tougher 
system requirements without imposing the 
disadvantages of increased size and com­
plexity and reduced reliability. 

EPRI is sponsoring work with the General 
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Electric Co. to develop basic information on 
gas-flow interrupters (RP246). This effort 
is directed to developing a better under­
standing of the physical phenomena in­
volved in gas-blast interrupters. The work 
attacks the greatest problem in gas inter­
rupters, that is, thermal reignition of the arc 
immediately following current zero due to 
short-line faults. This problem increases in 
severity as fault duties become larger. 

Work of this nature is not new, and much 
has been done by many investigators. But 
lack of coordinated effort by the many inves­
tigators has produced information in bits 
and pieces that do not fit together to provide 
a complete picture. This project is therefore 
a four-year effort to coordinate and expand 
our knowledge of the basic factors affecting 
arc interruption. 

The program will take advantage of scaled­
down interrupter models and employs mod­
ern analysis of arc physics, aerodynamics, 
and plasma chemistry to gain Insight on the 
thermal aspect of interrupting problems. The 
effects of electrode vapor contamination 
and of nozzle and electrode geometry on 
arc interruption have been investigated. A 
limited number of gases or gas mixtures 
other than SF6 have been investigated for 
thermal-interruption performance. Important 
gas characteristics have been identified and 
a simplified theoretical model developed for 
the behavior of the gas-blown arc at the 
times near current zero. This model is useful 
in predicting the relative order of perfor­
mance of gases under investigation. The 
results of the first two years of effort of this 
program are covered in the recent EPRI pub­
lication Fundamental Investigation of Arc 
Interruption in Gas Flows (EL-284). 

The second phase of this program is just 
getting under way. It will build on the work 
completed. The investigation of the impor­
tant axial regions of the nozzle, together 
with the effects of gas turbulence on inter­
ruption. will be made. There will be further 
study on the effects of gas composition and 
a study of the transition from thermal to 
dielectric recovery. 

The results of these efforts will enable the 
switchgear designer to produce more effi­
cient interrupters for today's breaker ratings, 
as well as to meet future breaker require­
ments. These designs should be less costly 
and more reliable because of our new un­
derstanding of arc interruption technology. 
Project Managers: Narain Hingorani and 
Glenn Bates 

Electric fields 
The environmental effects caused by elec­
trostatic fields from high-voltage lines and 

substations are presently subject to exten­
sive research. Accurate instrumentation and 
meaningful measuring methods are needed 
to support such research. Further, it is nec­
essary to be able to predict the field strength 
that will exist around lines and within substa­
tions prior to construction of any new facil­
ities. In recognition of present and future 
needs, EPRI initiated a model study of elec­
trostatic effects in substations (RP753). The 
contractor, Ohio State University, has de­
signed and built a scale model of an exist­
ing substation within the Columbus and 
Southern Ohio Electric Co. 's network, de­
veloped instrumentation needed to measure 
the electrostatic fields in the scale model, 
and verified the model measurements by 
means of measurements in the modeled 
substation. These measurements were made 
with full-scale, 60-Hz instruments of the 
same type as those used m the model. Con­
ventional, accepted instruments were also 
used to verify the fie Id measurements. The 
results to date are very encouraging be­
cause the model predictions fall within about 
5% of the field measurements in the actual 
substation. 

As is well known, a large substation is 
structurally very complex. Crisscrossing bus 
bars, bus supports, lightning masts, build­
ings. m addition to all the other electrical 
equipment, perturb 1he electrostatic field. 
All these must be considered when one at­
tempts to predict the field at any specific 
point in or around the substation. A three­
dimensional model is obviously necessary 
and a physical scale model was selected 
for this study. This approach was deemed 
to produce the most simple method for elec­
trostatic field prediction. It should be of use 
to all utilities that have a need to know or 
wish to modify electrostatic fields at ground 
level in ac substations. 

The scale factor for the modeled substa­
tion (Figure 2) is 1 :66. 7. The voltage scale 
factor is 1 : 1000. The field-strength scale is 
therefore 1 :  15. The model is energized with 
a 24-kHz power supply, which gives a fre­
quency scale factor of 400:1 . The high 
source frequency is selected in order to en­
able use of reasonably sized instrumenta­
tion probes for the scale model measurE'.l­
ments. The power supply source is, of 
course, a three-phase system with stable 
frequency and voltage levels to minimize 
measuring errors. A miniature capaci tive 
probe and a miniature monopole antenna 
have been developed and used for model 
measurement of the vertical component 
of the electrostatic field at the ground level. 
Dipole probes and a balanced plate capaci­
tive probe have also been used for free-
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Figure 2 Scale model of an existing substation built by Ohio State University to study electrostatic 
fields in HV substations. Thus far, readings taken in the actual substation on the Columbus and 
Southern Ohio Electric Co. system have verified model predictions within 5%. 

space, electrostatic field, vector measure­
ments. The same types of 60-Hz probes have 
been used for verification measurements in 
the modeled substation. 

The project has already demonstrated 
that a scale model made with simple acces­
sories can be used to predict electrostatic 
fields in high-voltage substations. Ongoing 
work will attempt to simplify the model fur­
ther and to investigate the effects of varying 
heights and spacings and of grounded ob­
jects. Then the optimum placement of com­
ponents for the lowest possible electrostatic 
field levels in critical high-field strength 
areas can be determined. 

The changes of the electrostatic fields as 
a result of switch operations will also be in­
vestigated. The scale model could become 
a very useful design tool to utility design en­
gineers. Project Manager: Stig Nilsson 

DC CONVERTER STATIONS 

A key factor in gaining the benefits of HVDC 
transmission systems is the availability of 
simple, inexpensive converter valves. All the 
new de systems under construction rely on 
thyristors, which are parallel and series­
connected to attain the necessary valve rat-

ing. Simplification of the thyristor-firing cir­
cuits was recognized as a major step toward 
simpler, more reliable and less expensive 
valves. EPRI therefore initiated work to de­
velop a suitable high- power, high-voltage 
thyristor that can be turned on by means 
of a light signal applied directly to a light­
sensitive area on the thyristor wafer. The 
light is generated from readily available 
light-emitting diodes or lasers and brought 
to the thyristor via conventional, optical 
waveguides that provide high noise im­
munity with good insulation integrity. 

Two projects, one with Westinghouse 
(RP567) and one with General Electric 
(RP669), emphasize different thyristor ap­
plications and approaches, even though the 
two projects have several things in common. 
Westinghouse has worked on thyristors suit­
able for a controlled volt-ampere-reactive 
generator, whereas General Electric has 
concentrated on thyristors suitable for HVDC 
valve applications. Basic investigations of 
the amount of carriers generated by the light 
versus the wavelength and intensity of the 
light have been carried out. The parameters 
affecting the light sensitivity of the thyristors 
have been studied. The turn-on characteris­
tics and the voltage and current rate-of-

change characteristics of the thyristors with 
many different gate designs (including single 
and double amplifying gates) have been 
studied extensively in an effort to reach an 
optimal performance level of the thyristor. 

Investigations of suitable light sources 
and optical waveguides for coupling the 
light into the thyristor have been performed 
in parallel with the thyristor design studies. 
A significant effort has been spent on the 
packaging of the thyristors in order to intro­
duce the optical waveguides into the her­
metically sealed thyristor package in the 
most cost-effective and beneficial way (Fig­
ure 3). Some studies of self-protection fea­
tures have been conducted for the HVDC 
thyristor. It is well known that a thyristor can 
be inadvertently turned on by a switching 
surge with a high rate of change across the 
thyristor. If the turn-on process can be con­
fined to the normal gate area of the thyristor, 
damage to the thyristor can be avoided. 
The work has shown that this is feasible, 
although at present the yield in the produc­
tion of such a thyristor may turn out to be 
sufficiently lower, making this feature un­
economical. 

Both these projects have reached a point 
where the feasibility of the light-firing con­
cept has been proved. Project Managers: 
Narain Hingorani and Stig Nilsson 

Figure 3 Comparison between a conventi onal 
Westinghouse thyristor that has electric gate 
control (left) and a new thyristor that uses 
fiber optics for gate control. 
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R&D Status Report 
FOSSIL FUEL AND ADVANCED SYSTEMS DIVISION 
Richard E . Balzhiser , Director 

FUEL CELLS 
The E PR I Fuel Cell Program is now three 
years old ,  having been i n i t iated by the t rans­
fer of project management responsibili ty for 
advanced fuel cell technology from an EEi 
steering comm ittee to EPRl ' s  technical staff 
(RP1 1 4) . Du ring th is  period , critical issues ,  
both tech nical and nontechn ical ,  have been 
identified . A comprehensive fuel cell pro­
gram to add ress these issues has been for­
mulated .  

The issues 
The nontechnical issues c r it ical to the suc­
cessfu l  commercialization of ut i lity fuel ce l ls 
were discussed in an earlier issue of the 
JOURNAL (April 1 976) , and inc l ude: 

a Formulat i ng a national fuel cell p rogram 
to coord inate and focus projects sponsored 
by E PR I , ERDA, DOD, EPA ,  GA i ,  and NASA 
a Formulating a mechan ism to expedite 

commerc ializat ion of the FCG-1 power pla nt 
in conj unction with the support provided by 
n ine uti l i ties and United Technologies Corp. 
a Ide ntifying fuel supply and fuel processing 

scenarios that would permit widespread inte­
gration of fuel cells in utility systems 
o Def ining the role a nd economics of fuel 

cell power plants i n  uti l ity systems 
I n  1 97 4 ,  EPR I  considered three techno­

logical options for an advanced fuel cell 
with the goals described in Table 1 .  Each 
option faced crit ical technica l  issues, which 
included : 

a The FCG- 1  phosphoric acid elect rolyte 
fuel cell required a major breakt hrough in 
electrocatalys is to reduce the heat rate from 
9000 Btu / kWh to 7500 Btu /kWh . 

a The life capability of the molten carbonate 
fuel cell was questionable due to the 650 ° C 
(1 200 ° F) ope rating tempe rature and the 
corrosive env i ronment .  
a The req u i rement for removal of all carbon 

dioxide in the alka l i ne fuel cell reactant 
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Table 1 

FUEL CELL PROGRAM GOALS 

Criterion FCG- 1 Advanced Fuel Cell Technology 

Appl ication Dispersed 
generator 

Fue l Naphtha 

Capital Cost 250 
( 1 975 $ /kW) 

Heat Rate 9300/9000 
(fu l l / part load) 

Life (years) ' 20 

'Assumes fuel stack refurbishment I n  40.000 h .  

streams seve rely impacted the power plant 
cost , complexi ty , and efficiency. 

a Conventional methods for process ing dis­
t i llate and heavier fuels to hyd roge n-ri ch  
st reams acceptable to fuel cells were n ot 
consistent with the heat rate objectives . 

The prog ram 
The EPRI Fuel Cell Prog ram that has been 
structured in coordination with other U .S .  
fuel cell activities to  add ress these issues 
is  su mmarized in  Ta ble 2.  The National Fuel 
Cell Coordination G rou p (N FCCG) has been 
established , with membe r age ncies expend­
ing approximately $50 million an nually on 
terrestrial fuel cells . The ERDA commitment 
to a su bstantial national fuel cell prog ram 
was a key to the formation of the NFC CG and 
to i mplementing FCG - 1  comme rcia lizat ion 
activ it ies . 

A joint EPR I-ERDA-UTC-host ut i lity proj­
ect to design ,  fabricate , i nstall and test a 4 . 5-
MW (ac) mod ule of the FCG- 1 power plant 

Dispersed Central station 
generator 

Distil late or Coal ( integra ted 
c lean-coal with a coal gas i f ie r )  
l iqu ids 

200 600 ( includ ing  gasi f ie r 

7500/ 7200 7500 / 7500 
(coa l to ac power) 

20 20 

was init iated i n  July 1 976 .  This project will 
provide for the early ver if icat ion ( on a ut ility 
system) of the fuel cell's un ique capabilities , 
provide indications of the system defic ien­
cies , and pe rmit corrections to be imple­
mented i n  upgrade d production power 
p lants.  This effort wil l  requ i re approximately 
$60 mi l l ion ($42 mil l i on for module design 
and fabricat ion ;  the remai nder will accom­
modate insta llation , t est ,  test support ,  and 
technology improvements) . EPRI has autho­
rized $1 1 mi l lion for 1h is project . 

The fuel su pply and  fuel cost issue was 
assessed by Arthur  D. L i ttle , I nc . , in 1 975 
and the concl usions were: 

a Naphtha,  a light hydrocarbon fuel, would 
be i n  adequate supply for the FCG-1 th roug h  
1 985 .  

a Advanced-technology dispersed genera­
tors must be capable of using a wider range 
of fuels (at least distillates) to ensu re an ade­
quate fuel supply. 



Table 2 
FUEL CELL PROGRAM 

Pro1ect Objective issues and Priorities 
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RP842 Fabr icate and test 2 3 
United Technologies Corp. 4 .5-MW fuel cell 
and host uti lity power plant 
RP3 1 8  Determine fue l  avai labi l ity 2 2 
Arthur D. Litt le ,  I n c .  a nd  cost scenarios 
RP 1 042 Update RP3 1 8 2 2 
Arthur D. Litt le ,  I n c .  
RP91 9 Determine promis ing fuel- 2 3 
Catalytica Associates, I nc .  process ing concepts 
RP729 Assess the fue l cel l 's  2 2 
Pub l ic Serv ice E lectric role in large utili t i es 
and Gas co. 
RP91 8 Assess the fuel cel l 's 2 2 3 
Burns & McDonnell role in small uti l it ies 
RP 1 1 4  Develop advanced 3 2 
United Technologies Corp. phosphoric and molten 

carbonate fuel cel l  
techno logy 

RP584 Evaluate potentia l 3 2 
Exxon Enterprises Inc . of alkaline technology 
RP583 Improve phosphor ic 3 
Exxon Enterprises , Inc .  ac id electrode l i fe 
RP634 Improve phosphor ic 3 
Case Western ac id electrode 
Reserve Univ. performance 
RP37 1 Improve molten 3 
Northwestern carbon e lectrode life 
Univ . 
RP39 1 Determine techno- 3 2 
Giner ,  Inc. economics of CO2 remova l 

from fue l st ream 

o Coal-derived liquids and gases could not 
compete economically with petroleum fuels 
in d i spersed generators through 1 990 . 

ca rbonate fuel  cells .  Systems analysis efforts 
are also conducted on a cont in uing basis to 
assess the compat ibi l i ty of the fuel cell sys­
tems with coal gasifiers and , if req uired , to 
provide direction to the fuel cel l  development 
efforts . To develop the use of dist i l late f uels , 
a su rvey of fuel processing developments in 
t he petrochemical industry is being con­
ducted by Catalytica Associates . I nc .  
(RP9 1 9) .  Both state-of-the-art and novel 
concepts employed in the U . S. , Japan ,  and 
Europe have been reviewed . Several Ja pa­
nese and Eu ropean f irms have active devel­
opments unde r way to reform heavy fuels 

o Central stat ion f uel cells , integrated with 
coal gasifie rs .  cou ld be an attractive long­
term option. 

The Arth u r  D .  Little conclus ions have been 
i mplemented in the prog ram in seve ral ways . 
The advanced-technology fuel cell project 
(RP1 1 4) is exploring two variations of com­
me rcia l fuel-processing tec hniques t hat 
show promise for economical and efficie nt 
integration with phosphoric acid and molten 

Schedule 

.� ..... � .:J ';,.o 
.,:_- f -,,_Q;"l if� 
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3 3 June 1 976-
June 1 980 

2 October 1 974-
October 1 975 

2 March 1 97 7-
October 1 977 

2 2 September 1 976-
April 1 977 

2 Novem ber 1 975-
December 1 976 

2 September 1 976-
October 1 977 

3 (Continuous) 

June 1 975-
December 1 976 
January 1 976-
December 1 977 
J une 1 975-
J u ly 1 977 

November 1 974-
November 1 977 

November 1 97 4-
November 1 975 

(including c rude oil) . These developme nts 
are being analyzed for compl ia nce with pro­
g ram goals and for possible in c lus ion in the 
technical program. 

The role and economics of fuel cells i n  
electric ut i lity systems i s  being  add ressed in 
two projects. Public Service Electric and Gas 
Compa ny has completed an assessment 
of the role of fuel cells in large utility systems .  
typically those of  several t housand mega­
watt capacity ( RP729) . A s im i lar effort under 
way with Burns & McDon nell ( RP91 8) is 
focused on small util i t ies ( i . e . ,  m unicipals 
and rurals with less than 500 MW capacity) . 
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The PSE&G study evaluated the long­
range economic benef its of dispersed FCG- 1 
and advanced fuel cells .  The benefits of 
fuel cells ' unique characte rist ics ,  such as 
lower heat rate . relatively flat heat rate char­
acterist ic ,  better availability , red uced con­
st ruction lead t i me ,  and d ispe rsed sit i ng 
were sepa rately quantif ied , utilizing re li­
ability , production cost , and opt imum gen­
eration mix methods fami liar in generat ion 
plann ing .  

This study concluded that FCG-1 fue l  ce l ls 
are attract ive for intermediate d uty if the 
EPRI projected goals of $250 / kW installed 
capital cost, i ncluding fuel storage and elec­
t rical con nections. and 9300 Btu / kWh heat 
rate are met. The market penetration would 
depend on factors specific to an ind ividual 
util i t y ,  such as fuel ava i lab ili ty and cost , en ­
vironme ntal constra ints ,  a nd load factor , 
coupled with the relevancy of special fuel  
cell penalt ies and savings, such as standby 
or sta rtup costs ( i f  used dai ly) or T&D defer­
rals (if dispe rsed). 

Advanced fuel cells will have sign ificant 
market penetrat ion at installed capital costs 
of $200- $300/ kW and a 7500-Bt u / kWh 
heat rate .  This penet rat io n will probably be 
constrai ned only by fuel price and avai labi l ity . 
Table 3 gives an example of the st udy results. 

PSE&G also identif ied average c red its of 
$29-$66 / kW as the value of deferred T&D 
that could result f rom dispersed s i t ing and 
$1 6-$42 / kW as the value of the red uced 
reserve requ i rements that cou ld result f rom 
inc reased rel ia bility . These credits were not 
used in the market pe net ration estimates. 

The advanced-technology fuel ce ll re­
search has focused on resolving the molten 
carbonate and phosphoric acid tec hnical 
issues ( RP1 1 4) .  Significant prog ress has 
been made in molten carbonate technology 
s ince 1 97 4. The h igh l ights i nc lude: 
o Demonstration of the cell voltage requ i red 
for a heat rate of 7500 at power densities 
consistent with the desired capital cost 
o Operat ion of small s ingle cells for 1 2 , 000 
hours 
o Identificat ion and solution of two l i fe­
l imiting mechan i sms 
o A 1 400-hou r test of a stack of n ineteen 
1 -ft2 cells , operated in a self-sustained mode 
(outside an oven) to verify the thermal man­
agement model 

The major advanced phosphoric acid de­
velopment was the identif ication and verif i­
cation of a new, low-cost stack concept . 

The potential of the alka l ine electrolyte 
fuel cell to meet the adva nced fuel ce ll goals 
was assessed by Exxon En te rpr ises Inc .  
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Ta ble 3 
FUEL CELL MARKET P OTENTIAL 

(baSe fuel pnce case) 

Heat Rate 
(Btu / kWh) 

9300 

7500 

9300 
7500 

7500 

7500 

7500 

Operating Cost i Capital Cost 
(mills/kWh) ($/kW) 

22.79 250 

1 8.38 350 

22. 79 
22 .05 

1 8.38 

22.05 

1 8 .38 

250 
200 

300 

200 

200 

Special Case 

I nc ludes startup 
cost 

N uclear fue l  at 
$0 .45 / 1 06 Btu 

Possible 
Fuel Ce// 
Penetration3 

J 0-20% 

Nuclear fuel  a t  
[ 

$045 / 1 06 Btu and 
r 

20-40% 
ruel-cel l fuel 
at 20% premium 

N u c lear fuel at 
$0.45 / 1 06 Btu 

Fuel-cell fuel 
at  20% premium 

J 40-65%' 

75-80%' 

Source EPRI EM ·336 (RP729). prepared by Pu bloc Serv,ce Electric and Gas Co 

' Base fuel price case from RP3 t 8 ,  Arthur D L,nle ,  Inc 
Nuclear S0.60 1 0' Blu 
Coal S 1  20 . 1 o• Blu 
No. 2 0,1 $2.45/ 1 o• Blu 
No 6 0,1 $2.05/ 1 0• Blu 

•0pera1,ng cosl ( fuel only) = hear rate (Btu /kwn) x No. 2 od pnce_(S.· 1 0• Blu) 
1 000 

3Cred,ts lor such luel cell charac1ens1,cs as d ispersed S1tlng (T&D deferred) and oncreased avallabohty are nol mcluded 

•11 rs lokely lhat Ille luel supply w,rr constrain market pene1ra�on at 40'1b. 

(RP584) . .  At the t ime,  Exxon was i nvolved 
with Alsthom (France) in the world ' s  second 
largest (to Un ited Technologies Corp. ) ter­
restrial fuel cel l act iv i ty. A detai led systems 
analysis effort focused on m i n imizing the 
cost and heat rate by optimiz ing carbon 
oxide removal and heat integrat ion with in  
t he system .  The study concl uded that ( 1 ) the 
advanced heat rate goal cou ld be ach ieved , 
but capital cost project ions were consider­
ably above ta rget; and (2) the alka l ine fuel 
cell would require considerable R&D to meet 
cost , performance, and l i fe objectives. 

Based on these conclus ions ,  i t  was mutu­
ally agreed that the alka l ine system was not 
a v iable option unti l fundamental fuel cel l  
electrode problems were resolved .  

Prog ram plans 

Unde r future budget constra i nts, only one 
advanced fuel cell technology can be sup­
ported at the leve l requ i red for successfu l  
implementation .  The molten ca rbonate fue l  

cel l has been selected as the advanced 
concept , based on its rapid tec hnical prog­
ress and demonstrated capabil ity to meet 
heat rate goals . The low-cost , phosphoric­
acid stack will be transferred to the 4 . 5-MW 
FCG-1 module demon stration projec t .  �ome 
R&D support for phosphoric acid w i ll be 
cont inued;  t hese plus iierative im provements 
made in product ion may reduce the FCG- 1  
heat rate s ignif icant ly .  Fuel-processing ef­
forts to expand the ran ge of fuels that can be 
used i n  fuel cells will be cont inued .  This effort 
supports both the advanced-tec hnology and 
the FCG- 1  dispersed ge nerators . 

Because a s ing le advanced-tec hnology 
approach offers subs tant ia l  risk, EPRI will 
partici pate in (cofund) a paralle l  molten 
carbonate act ivity in i t iated by ERDA , man­
aged by Argonne National Laboratory,  and 
involving a group of contractors , which 
include the Institute of Gas Technology, 
Energy Research & Consultants Corp. , and 
General E lectr ic Co .  
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Figure 1 The fue l  cel l program is geared to the commercia l  i n t roduction of f i rst-generat ion un i ts in the ear ly 1 980s, fol lowed by 
advanced dispersed power plants in  the late 1 980s and coa l- I ntegrated systems in the ear ly 1 990s. 

1 975 1 980 1 985 

First Generation (FCG- 1 )  
Petroleum fuel 
• 4 .8 MW demonstration 
• Field evaluat ion 
• Commercial use 

Advanced 

Dispersed - petroleum 
or clean-coal fuels 
• RD&D 
• F ie ld evaluat ion 
• Commerc ial use 

Central slalion-coal gas 
• Breadboard system 
• 5 MW demons1ra 1 1on 
• 145 MW demonstrat ion 
, Commerc ia l  use 

Time l ine 
The projected t ime li ne for the fue l cell pro­
gram is shown in Figure 1 . The FCG- 1 wi l l  
enter commercial service in 1 982- 1 983 . 
This will be followed by the advanced power 
plant in  1 987-1 988 . EPRI is now eval uati ng 
meani ngful coal integration scenarios that 
wi l l use the molten carbonate concept. This 
power plant will probably not be commer­
c ial ly ava i lable prior to 1 990. Program 
Manager: A rnold Fickett; Project Manager: 
Edward Gillis 

SOLAR PHOTOVOLTAIC 
ENERGY CONVERSION 
Over the past two decades , t he  direct con­
vers ion of sunlight to elect r ic i ty with arrays 
of photovolta ic devices has developed i nto 
a well -esta blished technology for extrater­
restr ial e lect r ic power applications. Dur ing 
the past several years, a small, te rrestrial 
market for photovoltaic a r rays has also 
emerged .  based pr i nc i pally on remote power  
applications . Howeve r ,  these arrays are  at 
present very expensive power sou rces , and 
the total annual  market for a l l  types of photo­
voltaic devices does not exceed several 
mil l ion dollars and seve ral hund red ki lowatts . 
Neve rtheless , the generat ion of electr ic i ty 

C 

. 
•r-

I 

c::: 
. 

d i rectly from the l ight of the sun  with no i n te r­
mediate thermal machine ry has a strong 
in nate appea l ,  owing to a g reatly reduced 
dependence on moving pa rts and the atte n­
dant possibi l ity of reduced ope rating and 
maintenance requirements. A n umber of 
research and technology programs are 
current ly under way, both i n  the U . S. and 
abroad , a imed at red ucing photovoltaic ar­
ray costs to levels that would a l low econom­
ical ly viable , large-scale appl icat ions.  ERDA, 
through its sola r  photovoltaics program , is 
a pr incipal supporter of much of this activity , 
and several programs are operating with 
corporate su pport . E RDA 's FY77 photovol­
taics expenditu res are est imated at $35 
mill ion . 

EPR I ' s  photovolta ics activities are, at pres­
ent , a imed pr imar ily at assessment of futu re 
potential prospects for photovoltaic conver­
sion devices .  Proiect activit ies are intended 
to complement federa l  efforts , with electric 
utility requirements and im pacts as one 
pr ime focus. An early goal o f  EPR l 's efforts 
is the development of a set of cost and per­
formance object ives that photovol taic cells 
and arrays need to ach ieve fo r central power 
deployment in order to reach th resholds of 
economic viabil ity. These objectives are 
bei ng expressed in terms of a l lowable array 

1 990 1 995 

and cell costs per unit area and requi red 
convers ion effic iencies .  rat her than the cost 
per peak kW designation that is commonly 
used. (Array output i n  peak kW is obtained 
only at solar  noon on a clear day with the 
array perpendicular to the sun rays . )  Cost 
pe r peak kW is very misleading si nce it does 
not allow the estimat ion of total power plant 
cost and is often e rroneously interpreted 
to be that total cost. One important com­
ponent of any photovoltaic power plant 
that has often been overlooked is array sup­
port structure ,  i nclud ing land, s i te prepara­
t ion , anchoring ,  and w i ri ng .  I ts cont ribu­
t ion to total plant costs wi l l  be su bsta nt ia l  
and cannot be estimated un less conversion 
eff iciencies are known . 

The ERDA program 
The ERDA photovolta ics program has sev­
eral major thrusts . By far the largest, funded 
at a level of approximately $20 m i l l ion 1 n  
FY7 7 , is a sil icon technology prog ram that i s  
aimed a t  substant ia l ly reduced single-crystal 
si l icon array costs and g reatly inc reased 
production capability.  The approaches are 
pr imar i ly  e ngineer i ng development and 
ma rket st imulat ion and include a series of 
scheduled array purchases , wh ich , although 
small by electr ic ut i l i ty standa rds , are sizable 
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for the photovoltaics industry. The ERDA 
photovoltaic program cost goal for large­
scale production of single-crystal silicon 
solar cell arrays is $500 / peak kW by 1 986. 
This cost objective is based on a "learning 
curve" projection, using the solid-state de­
vice industry for comparison. Even though 
scientific similarity exists between silicon 
solar cells and other solid-state devices, the 
learning curves of other solid-state devices 
reflect the reduction in labor and materials 
achieved through large-scale reduction in 
physical size of the devices and not merely 
an increase in production output. Because 
solar cells must capture the diffuse solar 
radiation. large array areas must be de­
ployed, thereby limiting the potential for 
reduction in size to only the thickness of 
the solar cell. Consequently, significant 
doubt exists about the feasibility of achieving 
the cost objective of $500/peak kW, regard­
less of the size of the increased production 
the ERDA program plans to finance. 

Other thrusts of the ERDA program in­
clude efforts to reduce photovoltaic cell 
costs through deployment of solar flux con­
centration; systems applications and con­
ceptual design studies; experimental field 
test and applications projects in the public, 
private, and military sectors; and an R&D 
program in advanced photovoltaic materials, 
which has been relatively small but is now 
growing. 

EPRI R&D 

Large-scale utility applications of photovol­
taic systems are not likely unless one or more 
major advances occur in photovoltaics re­
search, technology, or economics. Through 
its efforts in photovoltaics, EPRI intends to 
maintain an informed position on the state of 
the art and to ensure that electric utility in­
dustry requirements are made available to 
the federal photovoltaics program. At pres­
ent, a number of photovoltaic devices and 
systems based on a variety of semiconduct­
ing materials and deployment schemes are 
under investigation. Since none of these 
has yet demonstrated superior potential for 
achieving economic viability in large-scale 
applications, it is necessary to maintain bal­
anced R&D efforts, with support for a num­
ber of options at above-critical levels. EPRI 
plans to maintain the flexibility to investigate 
novel, promising approaches as they arise. 
Both the in-house development of objectives 
and contracted assessment efforts are pro­
viding key inputs for setting priorities and 
establishing the perspective with which the 
significance of developments can be mea­
sured. EPRI has at present no activities in 
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conventional single-crystal silicon technol­
ogy, since preliminary EPRI assessment 
indicates that the single-crystal silicon po­
tential for large-scale electric utility applica­
tions is remote, and ERDA is already ade­
quately funding this area. 

Thin-film photovoltaic devices appear to 
have potential for low cost. These devices 
require one to two orders of magnitude less 
photovoltaic material per unit area than 
single-c rystal silicon photovoltaic devices. 
However, their performance to date has 
been inferior to that of silicon. An assess­
ment of the most developed of these, copper 
sulfide-cadmium sulfide cells. has been 
carried out for EPRI at Brown University. 
This assessment concludes that cadmium 
sulfide, thin-film devices have sufficient po­
tential for achieving acceptable costs and 
performance to warrant an extensive R&D 
program. The assessment suggests a broad 
outline of program activities. A number of 
these activities are in progress with federal 
and corporate support. 

The EPRI effort will determine nominal 
cost and performance objectives for central 
photovoltaic power plants which, when com­
bined with several hours of storage, can 
serve intermediate loads. Such plants typi­
cally might displace scarce, expensive fuels, 
such as oil and gas. not competing with con­
ventional baseload generation plants, but 
complementing them, allowing the achieve­
ment of the high overall grid reliability re­
quirements typical of electric utility systems. 
The objectives for photovoltaic power plants 
are based on conditions thought to reflect the 
threshold of economic viability and therefore 
probably indicate upper limits on the value 
of these power plants relative to today's 
perception of long-term economic condi­
tions. These objectives will be reviewed as 
changes occur in photovoltaic and conven­
tional generation technologies and eco­
nomics. 

Cost versus efficiency 

The objectives are expressed in terms of 
allowable installed costs per unit of active 
solar flux aperture area as a function of the 
annual average insolation collected and the 
overall photovoltaic power plant efficiency 
for different deployment and tracking config­
urations. These area-related costs include 
photovoltaic devices, concentrators, array 
support structures and sun-tracking devices. 
land, site preparation, and interconnecting 
wiring. These costs will make up the major 
part of total power plant costs. The key pa­
rameter in describing total power plant costs 
is the ratio of the area-related cost per unit 

aperture area, CA , to the product of the an­
nualized average insolation collected per 
unit aperture area, 1819

, and the overall power 
plant efficiency, TJ

pi· Preliminary objectives 
are based on a hypothetical photovoltaic 
central station serving intermediate loads, 
assuming a 1 990 time frame and levelized 
busbar energy cost of 60 mills/kWh in 1976 
dollars. This busbar energy cost leads to a 
total plant cost of $ 1 650 / kW ( rated) at a 
50% capacity factor and a value of the key 
parameter CA /TJ

p
/avg 

of $1 600/kW (avg). 
The average insolation collected varies with 
the deployment scheme, with generally 
higher values as the degree of sun-tracking 
increases. In addition to the cell efficiency, 
the overall plant efficiency reflects losses 
associated with other plant components, 
such as inverters, storage, and wiring, and 
includes optical losses in concentrators. 
if these are employed. 

Preliminary cell efficiency objectives have 
been obtained for several deployment 
schemes currently under consideration, 
assuming operation in a high- i nsolation. 
southwestern U.S. location and using sup­
port structure costs judged to be realistic. 
Flat panel, fixed-tilt-angle arrays will prob­
ably require panel efficiencies of 15% if 
panel installed costs near $30/m2 can be 
achieved. Panel efficiencies below about 
10% would probably preclude viability, even 
if panel costs of only several dollars per 
square meter are coupled with optimistic 
values for support structure costs. On the 
other hand, high-concentration, two-axis 
tracking systems having additional costs 
associated with concentrators and tracking 
devices, as well as increased optical losses, 
will probably require cell conversion effi­
ciencies near 30%. These systems would 
allow the use of expensive cells, since re­
quired cell areas and therefore cell costs 
per unit aperture area would be greatly 
reduced. Low-to-medium concentration 
systems, requiring only single-axis tracking, 
would require about 25% cell efficiencies if 
cell costs could be insignificant. Even com­
pound parabolic concentrating systems may 
require efficiencies near 25%, since reduced 
support and tracking requirements are offset 
by cell costs that cannot be negligible be­
cause very low concentration ratios (about 
3: 1 to 5: 1) need to be employed if con­
tinuous tracking is to be avoided. 

Even if the 1 986 silicon goal is achieved, 
it falls far short of the above objectives. The 
$500 / peak kW corresponds to a panel price 
of $75/m2 at 15% panel efficiency, to which 
costs for delivery and installation must be 
added. Also, the higher efficiency objectives 



for the concentrating schemes are beyond 
the practical achievable limits of silicon. To 
date, no device has been identified that 
approaches these efficiencies, though sev­
eral possib11it1es have been proposed. 
Achieving these efficiencies will probably 
require expensive photovoltaic devices. 
indicating very limited value for low and 
moderate concentration schemes-for 
which cell costs would not be insignificant­
unless unforeseen substantial reductions in 
support. tracking, or concentrator costs can 
be achieved. Cells employing gallium ar­
senide are under development, and these 
may reach efficiencies in the 20-25% range, 
but their costs are expected to remain high. 
As a result, their use would probably require 
high concentration and two-axis tracking, 
causing even these attractive efficiencies to 
fall short of the above objectives. 

These cost and performance objectives. 
therefore, suggest two principal avenues to 
economic viability in large-scale applications 
of photovoltaic devices: activity aimed at 
very low cost, flat photovoltaic panels with 
acceptable efficiencies, and activity aimed 
at very high-efficiency devices intended for 
high-concentration applications. Thin-film 
photovoltaic devices have demonstrated 
efficiencies up to about 8%. Developmental 
efforts have been initiated with potential for 
achieving 10% and possibly greater efficien­
cies. This, when coupled with the low-cost 
potential of these devices, indicates that 
thin-film activities should rank very high on 
a scale of photovoltaics R&D priorities. 
Hence the recent growth trend in ERDA 
thin-film photovoltaics activities is a positive 
development and should be encouraged. 

At present, the second avenue is receiving 
less attention, partly because only a very 
few candidate schemes have been identified. 
One approach of this type is being assessed 
under EPRI support at Stanford University, 
where a research team is investigating ther­
mophotovoltaic (TPV) conversion with sili­
con photovoltaic cells (RP790). This is a 
high-risk project, but if successful, the pay­
off may be high. In concept, TPV conversion 
employs a high-temperature radiator that 
is heated by highly concentrated sunlight 
and combines spectral shifting with infrared 
energy recycling to give greatly increased 
cell conversion efficiencies. ·Potentially 
achievable cell efficiencies are thought to be 
In the range of 30-40%, and the Stanford 
effort is aimed at determining experimentally 
whether these cell efficiencies can actually 
be reached. 

Other key issues that will need to be ad­
dressed if experimental results are favorable 
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include concentrator performance, overall 
concentrator-converter-cell energy balance, 
including cooling requirements. and high­
temperature radiator durability and lifetime. 
After several preliminary experimental runs, 
TPV cell efficiencies of 12% have been 
achieved. Subsequent experiments with test 
diodes have isolated two major problem 
areas and have led to preliminary improve­
ments, which, when transferred to com­
pleted TPV cells, are expected to double 
the efficiencies. At present, no major im­
pediment precluding the predicted high 
efficiencies has been identified. 

System evaluation 
An additional key element in EPRl's assess­
ment of photovoltaics is a utility-oriented 
requirements assessment of photovoltaic 
electric power systems by the General Elec­
tric Company (RP651 ). This project is aimed 
at a detailed assessment of the value of pho­
tovoltaic systems in several utility systems 
representing different geographical regions. 
Photovoltaic systems are being compared 
with conventional generating apparatus for 
supplying incremental system load, using 
detailed utility industry methodology for 
generation expansion planning, including 
system loss-of-load probability, production 
costing, and investment analysis. Major 
photovoltaic system characteristics are 
treated parametrically, including costs, per­
formance, penetration, array aggregation 
level-from residential units to central sta­
tions-and storage capadty and type. Prin­
cipal results are expected to include a de­
tailed set of photovoltaic components and 
systems cost and performance objectives 
for each utility system studied, and an as­
sessment of the impacts of the photovoltaic 
systems on these utility systems as functions 
of the degree of success in meeting these 
objectives. Recommendations will also be 
made on R&D needs and priorities. Utilities 
cooperating with this study are located in 
Arizona, Florida, and Massachusetts. Proj­
ect completion is scheduled for later this 
summer. 

The potential environmental impacts of 
photovoltaic central power plants are being 
addressed as part of an environmental as­
sessment of major solar central station al­
ternatives. This study, being carried out 
by Black & Veatch, consulting engineers 
(RP955), will identify both primary and sec­
ondary environmental impacts of alternative 
photovoltaic systems and is expected to be 
useful to utilities in preparing the technologi­
cal alternatives section of the environmental 

impact statement for conventional power 
plants. Project Manager: Edgar A. DeMeo 

SOx CONTROL 
The objective of the EPRI SOx control sub­
program 1s to support the utility industry in 
developing the most cost-effective technol­
ogies for controlling SO, emissions. Envi­
ronmental regulations for the remainder of 
the century are forecast to be about 90-95% 
emission control for coal-fired sources, even 
in the face of growing controversy over the 
validity of the basis for such standard. The 
EPRI SOx control subprogram provides a 
central technical support capability for the 
large and growing capital commitment by 
the utility industry to flue gas desulfurizalion 
technology. 

Unless much more stringent control levels 
are required, flue gas desulfurization (FGD) 
is, and is expected to remain, the least ex­
pensive option for continuous control of SOx 
emissions for direct coal-fired plants. EPRl's 
efforts will be primarily compiling. evalu­
ating, and communicating the massive in­
dustry data base in FGD technology and pro­
viding test, design, hardware development. 
and field technical service to the industry. 

This program will initially emphasize pro­
viding the site-specific design and operating 
bases that will allow the utility industry to 
implement its current $4 billion (40,000 MW) 
lime/ limestone scrubbing commitment with 
the least impact on power plant perfor­
mance, reliability, and operability. Longer­
term emphasis is on (1) supporting the devel­
opment and demonstration of improved FGD 
systems that minimize by-product disposal, 
water pollution, and land use impact at a 
capital cost of $100-$200/kW (1975 dol­
lars); and (2) maintaining data on the state 
of the art and associated cost of SOx control 
technology so that the utility industry can 
evaluate the cost-benefit trade-offs of vari­
ous levels of control. Wherever possible, 
EPRI will monitor utility-sponsored demon­
stration projects and participate in testing 
new processes, making useful data available 
to the industry 

Program objectives 
Specific obJectives to be achieved are: 

a By 1978, establish and operate prototype­
scale scruf:'\ber development and evaluation 
centers for ooth eastern and western coal. 

a By the final quarter of 1978. develop the 
design and operating support basis that will 
allow the utility industry to confidently pur­
chase. if necessary, large-scale, closed-
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loop, lime/limestone scrubber and associ­
ated by-product disposal systems for high­
sulfur coal combustion. 

o By 1 980, complete the pilot-scale (20-50 
MW) development, tests, and evaluation of 
advanced regenerable stack gas desulfuri­
zation processes on coal-fired facilities. 

Lime/Limestone FGD 

EPRl's Air Quality Control Program has 
funded a number of projects that will provide 
a firm data base for lime/limestone scrubber 
design. Battelle, Columbus Laboratories 
evaluated the scrubbing installations across 
the U.S. (RP209). This project summarized 
the state of the art of lime/limestone scrub­
bing technology and highlighted a number of 
major generic problem areas that restricted 
the performance, reliability, and cost of this 
technology. To address these problems, the 
EPRI program has focused on each of the 
subsystems that make up a scrubber. These 
subsystems, which include reheaters. de­
misters, contactor-absorbers, recycle tanks, 
and dewatering devices must be designed 
properly to ensure their individual reliability 
and thus the reliability of the entire scrubber 
system. However, making the situation even 
more complicated, each subsystem must 
be designed to incorporate site-specific 
variations stemming from the high degree 
of chemical variability in coal. Thus the 
success of a scrubber at one location does 
not ensure its success at another site. 

Each scrubbing system must be a site­
specific hybrid, incorporating subsystems; 
no single lime/limestone scrubbing system 
will satisfy the S02 emission requirements 
of the utility industry. 

EPRI has recently completed unit studies 
on two subloops identified in the Battelle­
Columbus report as limiting lime/limestone 
scrubbing capability-mist eliminators and 
reheaters. 

An improperly designed mist eliminator 
builds mudlike solids and scale on mist elim­
inator blading (Figure 2). This plugs the 
assembly and requires the shutdown of the 
entire scrubbing system for cleaning. Good 
mist eliminator design results in lower oper­
ating costs by minimizing the amount of 
moisture carryover that requires reheating 
along with the scrubbed flue gases. Exces­
sive moisture carryover can result in a signi­
ficant waste of energy in the reheaters. How­
ever, in attempting to minimize the carryover 
of moisture from the demister, the design 
engineer may design a demister subloop 
that plugs easily. This and other trade-off 
problems are addressed in the report Guide­
lines for the Design of Mist Eliminators for 
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Lime/ Limestone Scrubbing Systems. EPRI 
FP-327. 

The report evaluates 1 5  parameters that 
must be considered in designing a reliable 
and efficient mist eliminator. It also summar­
izes the operational experience with mist 
eliminators of all scrubber systems presently 
operating in the U.S. The problems encoun­
tered with these operational mist eliminators 
and the design parameters that would have 
minimized or eliminated them are described. 

After a flue gas is scrubbed, it is reheated 
from a saturated temperature of about 52 °C 
(1 25°F) to a stack exit temperature of 80°C 
(1 75 ° F) to avoid downstream condensation, 
visible plume, and/or to disperse emissions. 
Reheating a scrubbed flue gas is the major 
energy requirement of a scrubbing system 
(which amounts to 25-50% of the scrubbing 
system's energy needs). This can account 
for 1 -3% of the total boiler output. Any sav­
ings in energy requirements for reheat will 
result in substantial decreases in operating 
costs of scrubbers. In a second unit study 
recently completed, Stack Gas Reheat for 
Wet Flue Gas Oesulfurization Systems, EPRI 
FP-361. guidelines are given on how to se­
lect the most efficient ( energy input) re heater 
system for reheating a stack gas. The study 
evaluated reheat methods currently in use: 
in-line reheat, indirect hot air reheat, and 
direct combustion reheat. It was determined 
that the reheat temperature required de­
pends on the objective for the reheat. while 
the minimum heat requirement depends on 
the degree of reheat, the method, and the 
quantity of mist carryover from the scrubber. 

The smallest amount of reheat is needed 
when only the avoidance of downstream 
condensation is required. (An in-line re­
heater requires the least energy.) The mini­
mum calculated heat requirements for avoid­
ance of downstream condensation showed 
that the indirect hot reheat and the direct 
combustion reheat required 12% and 18%, 
respectively, more heat input than that pro­
vided by in-line reheat. 

A third unit study examined the relative 
performance of existing and innovative ab­
sorber designs. Of particular interest is the 
evaluation of a new contact-absorber using 
cocurrent flow (gas and scrubber liquor in­
jected in the same direction) while scrubbing 
a flue gas, rather than the commonly used 
countercurrent mode. The cocurrent con ­
tactor-absorber tower is able to scrub gases 
having a through velocity of 5.8 m/s (19 
ft/s). Most scrubbers are designed for gas 
velocities of 2.5- 3.0 m/s (8.5- 1 0  ft/s). 
Therefore, smaller and fewer contactors 
are required and capital costs are reduced. 
The testing was performed on a 1 -MW pilot 

Figure 2 Side view of mist eliminator after 
134 hours of operation. Improper design of 
mist eliminators results in pluggage, requiring 
frequent cleanings. 

plant at TVA's Colbert Power Station. Re­
sults indicate that the sulfur dioxide removal 
efficiencies are equal to those obtained by 
conventional countercurrent scrubbers but 
at much lower power. A project has been 
initiated to incorporate a 10 -MW cocurrent 
scrubber in the advanced FGD development 
and test facility at TVA's Shawnee plant 
when the operation of the facility becomes 
the responsibility of EPRI in 1 978. 

Utility industry operation of the Shawnee 
facility will provide a versatile, highly instru­
mented test bed for developing scrubber 
system technology under coal-fired utility 
operating conditions and at a scale that per­
mits the results to be readily transferred to 
utility practice. EPRI also plans to operate 
two additional scrubber configurations: a 
countercurrent venturi-spray tower oper­
ated with lime/limestone and a double alkali 
system, using basic aluminum sulfate as a 
reagent with lime/limestone tor regenera­
tion. The Shawnee test facility will test totally 
integrated scrubbing systems whose design 
and construction incorporate the subloop 
philosophy. 

Developing the technology of lime/lime­
stone scnibbing by this subsystem approach 
should establish a firm data base to allow 
confident design of scrubber systems where 
they are required. To communicate this data 
base to the utility personnel who are in the 
most need of it. a project has been initiated 
in the Air Quality Program to compile and 
publish a lime slurry data guidebook. The 
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Table 4 

EVALUATION SUM MARY OF REGENERABLE FGD PROCESSES 

Process 

Carbon adsorption 
Moving bed ' 

Fluidized bed2 

Copper oxide ' 

Sodium salt scrubbing 
Thermal regenerat ion 1 
(Wel lman-Lord) 

High-temperature 
reduction2 

Electrolytic 
regenerat ion 1 

Citrate as butter 
(or phosphate)2 

Ammonia scrubbing 
Thermal regeneration ; 
su l fur d ioxide reduction' 

Bisu lfate regenerat ion 1 

Magnesia scrubbing3 

(mag-ox) 

Catalytic oxidat ion3 

(Cat-Ox) 

L ime/ Limestone 
scrubbing 

Calcium sulfite-
su l fate reduction3 

Company 

Bergbau-Forschung; 
Foster-Wheeler Energy 
Corp. 
Westvaco 

Shell-UOP 

Davy Powergas 

Atomics I nternational 
Div. ,  Rockwell 
I n ternational  Corp. 
Ionics 

Pfizer , Inc . ; Peabody 
Engineering Corp. ; 
Chemico Div. ,  
Envirotech Corp. 

Pul lman Kellogg Div. , 
Pul lman Inc . ; Cata lyt ic 
lnc . - lFP 
TVA 

United Engineers & 
Constructors, Inc . ;  
Chemico Div . ,  
Envi rotech Corp . ; 
others 

Monsanto Co. 

Various 

1 E1lher su lfur or sulluroc acid can be produced as by-product 
' Only sulfur as by-product 
'Only sulfuric acid as by-product 

Demonstration 
Size (MW) Main Advantages 

20 

0 .2 

40 

220 

1 -2 

0 . 75 

30 

1 . 2 

1 60 

1 1 0  

(Absorber) 
800 +  

Dry ; uses coal as d i rect 
reductant ; prototyped 

Dry ; relatively s imple 

Dry; very good for NO,; 
prototyped 

Good SO, removal ; wel l -
deve loped, s imple operation 
of absorber 
Semidry; uses coal as 
d i rect reductant 

May provide backlit sodium 
regeneration 

One-step sulfur production; 
no concentrated su l fur 
d ioxide stream as a gas 

Excel lent su lfur  d iox ide 
remova l ;  prototyped ; sim ple 
sulfur d ioxide reduct ion 
Low l iquid-to-gas rat io ; 
good absorpt ion 

Relatively simple ; 
prototyped 

S imple; low labor cost ; 
dry 

Known scrubbing; 
regeneration loop can 
ret rof i t  

Remaining Concerns 

Much solids handling ; hot 
spots in adsorber ; proving 
Resox 
Fluid-bed operation ; 
Sulfate emission ; requi res 
H2 ; absorbent att r i t ion 

High capital cost ; highest 
energy consumption requires 
H2 ; mechanical ly complex 

Wet; su lfate waste produced ; 
gaseous reductant requ i red 

Del icate absorber control ; 
h igh temperature in reducer; 
particulate control 
Wet;  gaseous reductant 
requi red; h igh power 
consumption ;  weak sulfuric 
acid as by-product 
Diff icult product 
separation ; hydrogen sulf ide 
requi red as reductant; wet 

Fume potentia l ; syngas 
required as reductant ; wet 

Fume potentia l ; bisu l fate 
very corrosive; wet reducer 
operation 

H igh-temperature operat ion ; 
wet 

High cost; su lfate 
emission ;  electrostat ic 
precipitator required; 
mechanical operation 

Wet; high-temperature . 
h igh-cost regeneration 
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FOSSI L FUEL AND ADVANCED SYSTEMS D IV IS ION R&D STATUS REPORT 

1 nformat 1on presented may be used to sup­
plement the knowledge of those fami l i a r  with 
ut i l ity operations but not with chemical op­
e rations. Specif ical ly ,  the guidel i nes wil l  
techn ically integ rate and summarize the 
combi ned resu lts of the extensive ut i l i ty , 
a rchitect-engineer , vendor . EPA . and EPRI  
investme nt in the development of  l ime sc rub­
bing technology .  The results wil l pe rmit a 
uti l i ty to forecast real ist ica lly the perfor­
mance , reliabi l i ty, and main tenance charac­
teristics that can be expected fo r a l ternative 
l ime scrubbing system designs as a function 
of site-specific var iables. Such a forecast 
can be used by a u t i l i ty to improve the quality 
of b id specif icat ions, as well as to improve 
its capability to judge the responses re­
ceived 

Regenerable flue gas desulfurization 
In l ine with the specific objectives of the SOx 
cont rol subprogram, EPRl 's  work in regener­
able f lue gas desul furizat ion has been set up 
to complement the lime /limestone work. I t 
provides options for improved S02 removal , 
red uced wate r  pollut ion and solid waste 
impact , reduced raw mate rial use ,  and lower 
cost systems at specif ic sites. The EPR I  
development approach is progress ing from 
( 1 ) process comparison and technical evalu­
ation to (2) detai led site-specific design and 
then to (3) construction and test ing of an 
appropr iately sized demonstrat ion facil ity . 
I n  add ition , EPR I 1s evaluating fu l l -scale 
demonstration plants in conju nct ion with the 
host ut i l i ties . 

The first step of the development work has 
been publ ished in a report by Radian Corp. , 
Evaluation of Advanced Regenerable Flue 
Gas Desulfurization Processes, Vol . I and 
Vol . I I ,  EPRI FP-272 ,  which reviews emerging 
processes and evaluates 1 2  systems , includ­
ing 3 that have been tested on a la rge scale 
(Wellman-Lord , magnesia , a nd Cat-Ox) and 
l i me / l imestone as a baseline . The report 
evaluates sl udge regeneration from the 
l i me / limestone scrubbing , su l f u r  versus 
sulf uric acid production, and gasif ier prob­
lems. It has chemical, mass, and energy 
balances for the processes and puts the sys­
tems on a common design bas is .  Operat ing 
costs were calcu lated, but deta i led capital 
costs were not estimated because the pro­
cesses differ w idely in the i r  state of develop­
ment and the comparative equipment costs 
would not be real istic without more detai led 
est imates. 

Some general results of the evaluation are :  
o Calcium sulfate /sulfite sludge regenera­

t ion is not cu rrently practical due to cost , 
energy use , and chemical complex i ty .  
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Table 5 
FGD: ENERGY USAGE AND COST 

Process 

Copper oxide 

Sodium salt scrubbing 
( e lectro lyt ic 
regeneration) 

Ammonia scrubbing 
(b1sulfate 
regeneration) 

Carbon absorption 
(flu id ized bed) 

Carbon absorption 
(moving bed) 

Ammonia scrubbing 
(thermal regenerat ion) 

Sodium sal t  scrubbing 
(thermal regenerat ion) 

Sodium salt scrubbing 
(high-temperature 
reduct ion)  

Sodium sa l t  scrubbing 
(ci t rate or phosphate 
as butter) 
Magnesia scrubbing 
(acid production) 

Lime /Limestone scrubb ing 

Cata lytic oxidation 
(Cat-Ox) 

a The magnesia and Wellma n-Lord systems 
a re further developed and are not inherently 
infe rior to other  less-developed regene rable 
processes. 
o The less-developed processes have spe­

cif ic advantages in var ious subsystems of 
the process , but these processes require 
more development at pilot or prototype 
scale before being confide ntly installed com­
merc iall y .  

Each FGD system under  evaluation has 
unique design featu res that present pote ntial 
advantages and problems i n  acceptance of 
the process by the electric ut i l i ty i ndust ry . A 
l ist of FGD processes , their development 
status, advantages, and concerns is shown 
in Table 4. The energy pe nalt ies and to­
tal ut i l i ty raw material costs are shown i n 
Table 5 . 

Detailed i nfo rmat ion , including f low 
sheets, chemical energy balances, informa­
t ion on su l fu r versus sulfuric acid produc­
t i on ,  gasif icat ion subsystems, and add i t ional 

Total Utillty and 
Energy Penalty Ra w Material Costs 

(Btu/ kWh) (mills/ kWh) 

1 420 4 . 0  
1 1 60 2 .4 

1 030 2 . 5  

950 3. 1 

900 2 . 3  

860 2 .0  

840 1 . 7 

670 1 . 2 

670 1 .4 

604 1 . 2 

380/390 1 / 0.8 

290 0 .5  

process in formation ,  is avai lable in  the two­
vol ume f ina l report.  

The next step in the regenerable FGD pro­
gram is currently under way. This step is the 
deta i led design of the most promising pro­
cesses against specific sites. P roposals 
have been received and eval uated for 1 0  
processes. Of these , the most promising 
subloop ( Foster Wheeler Energy Corp. ' s  
Resox process) makes elementa l su l fur  from 
concentrated S02 , usi ng coal as a reduc­
tant. This evaluat ion recommended desig n 
and construct ion of Resox as a " back end" 
to a Bergbau-Forschung char adsorpt ion 
unit now i n  ope rat ion at a STEAG unit I n  
Lunen , West Ge rmany. This back end , when 
matched with f ront-en d systems under study , 
is pro1ected to be economical and relatively 
uncompl icated . Economic and technical 
eval uation results wi l l  be publ ished in a re­
port prepa red for EPRI by the contractor on 
t his pro1ect . Stone & Webster Engi neer ing 
Corp. Project Man.agers: Stuart Dalton 
and Tom Morasky 



Reactor 
Safety Tour 

A meeting of EPRl's Nuclear Safety 

Task Force at the Idaho National 

Engineering Laboratory will be of 

value in EPRl's continuing R&D 

in reactor safety. 

A tour of safety-related facilities taken by 
EPRl's Nuclear Safety and Analysis Task 
Force at Idaho Falls, Idaho, may become the 
model for similar tours. 

Each department task force is made up 
of utility management and engineers who 
advise EPRI on R&D needs of the utility in­
dustry, assess needs, and measure priorities 
and program values. According to the chair­
man of the Nuclear Safety and Analysis Task 
Force, Jack B. Moore, "The task force used 
this opportunity to obtain a firsthand view of 
government-supported safety research of 
potential importance to the utility industry." 

The 1 5 task force members and 7 mem­
bers of EPRl's staff reviewed the technical 
programs and experimental facilities oper­
ated by EG&G Idaho, Inc., for ERDA's Idaho 
National Engineering Laboratory (formerly 
the National Reactor Testing Station). The 
work is funded by the Nuclear Regulatory 
Commission. 

Major attention was given the power burst 
facility (PBF), the loss-of-fluid test (LOFT) 
facility, and a small nonnuclear facility called 
Semiscale. 

As PBF was operating at the time of the 
task force visit, the group inspected it first. 
getting a description of the facility, its objec­
tives, and the status of the program. The PBF 
reactor can be operated at steady- state 
power up to 28 MW thermal. Sample fuel 
rods are placed in the water -cooled reactor, 
which can be operated in a transient mode 
to simulate abnormal reactor power opera­
tion. Without affecting the flow rate m the rest 
of the core, the flow of coolant water past the 
sample rod can be adjusted by valves to sim-

ulate undercooling effects on the sample rod. 
The test conditions are directed toward ob­
taining information about fuel rod behavior 
for three classes of accidents postulated for 
LWRs: power-cooling mismatch, Joss-of ­
coolant accident (LOCA). and excess reac­
tivity insertion. 

PBF has been in operation for about 1 8  
months and has conducted tests, some with 
multiple independent fuel rods, at a rate of 
about one per month. During this operational 
period, the PBF program has developed very 
advanced techniques for controlling and 
monitoring the experimental environment of 
the test fuel rods. The result of the new tech­
niques is a high usability factor for the PBF 
experimental data. 

The EPRI Fuel Performance Program plans 
to incorporate appropriate results from this 
program into the fuel performance data base 
being created by a research project on 
fuel rod mechanical performance modeling 
(RP971). 

Test Area North facilities 
After a brief stop at the radioactive waste 
management complex, the group went to 
Test Area North where LOFT and Semiscale 
are located. While differing considerably in 
size and flexibility, both are used to simulate 
plant behavior in the unlikely event of a 
LOCA. They are used to provide data for 
development and verification of PWR safety 
analysis codes. Through its contractors, 
EPRI is involved in both pre-and postanalysis 
of experiments performed at LOFT and at 
Semiscale. These analyses are contributing 
directly to EPRI 's development of the RE LAP 
and RETRAN plant simulation computer 
codes for use by the utilities. It is anticipated 
that the results of this and related work will 
permit conservatisms built into present 
safety analysis methods to be quantified, per­
mitting greater reactor operating flexibility 
at no cost in real safety. 

Semiscale, about 'ho the size of LOFT in 
volume, is more flexible and the first of the 
two to begin operation (1 965). Early experi­
ments involved simulation of separate as­
pects of a LOCA (e.g., expelling coolant from 
a small simulated reactor vessel by a blow­
down nozzle). More recently, more of the 
plant was simulated, leading to the present 
configuration. called MOD- 1 .  The MOD-1 
system contains 1 1i2 loops, has a 1 .68-m 
(5.5-ft) core, and simulates the LOFT system. 
More than 40 experiments have been run in 
Semiscale MOD-1, several as counterparts 
to planned LOFT experiments. 

The LOFT facility is 1/so the size of a large 
commercial PWR. In contrast to Semiscale, 
which operates with electrically heated rods 

to simulate core power. LOFT will contain 
actual nuclear fuel. The initial core will be 
1 .68 m (5.5 ft) long although the system can 
accommodate a 3.66-m (1 2-ft) core. (Plans 
for MOD-2 in Sem1scale are to include 3 66-m 
heater rods to compare the relative behavior 
of 1 .68-m and 3 66-m cores.) 

Experiments in LOFT began in 1976 with­
out nuclear fuel This first series of tests was 
used to check out the plant and verify its 
behavior in isothermal conditions (i.e., no 
core heat). Nuclear fuel will be loaded in 
1 977 and experiments run with the core at 
power in 1 978. 

Extensive measurements of pressure. 
temperature, flow rates, void fractions. and 
so on, are made during each experiment in 
each of the two facilities. These variables are 
used for comparison with calculations to 
verify-or reveal any weakness in-the cal­
culation methods used for safety analysis. 
It was clear from the presentations that the 
continuing development and testing of in­
strumentation used in these facilities is a 
major portion of the program. 

The productiveness of the tour. hosted by 
W. B. Hannum, deputy manager of the ERDA 
Idaho Operating Office, suggests that visits 
to other facilities should be made in the 
future. "Occasions for the task force to 
observe directly the safety work in progress 
enhances our ability to review our program 
1n considerable detail," observes Walter 8. 
Loewenstein, director of EPRl's Nuclear 
Safety and Analysis Department. 

The mobile LOFT reactor shown entering its 
"home" with the aid of a switching engine. 
The facility is designed for maximum flexibility 
in experiments to verify safety. 
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High-Intensity 
Ionizer for 
Improved ESP 
Performance 
by Owen Tassicker and James Schwab 

Savings in the size and cost of 

electrostat i c p recip i tators appear 

possi b le with an ion izer that imparts 

from th ree to five t imes h igher 

partic le charges in a shorter travel 

and at faster gas velocit ies. 

Resu ltant improvement in co l l ectio n  

efficiency means less col lector area 

is needed fo r a g iven control 

capabi l ity . 

o An EPR I  techn i cal feature 

Owen Tassicker is a project manager in the Air Ouahty 
Contro l Program of EPRl's Fossil Fuel and Advanced 
Systems Divis ion . James Schwab is sen ior v ice pres i ­
dent of A i r  Pollution Systems. Inc. 
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A major constraint on the f iring of  pulve r ized 
coal in electric uti l i ty boile rs is the collect ion 
(not to me ntion disposal) of large quant it ies 
of fly ash . Trad i t ionally , th is has been the job 
of the electrostatic precipitator (ESP) .  How­
ever ,  although a collection eff ic iency of 95% 
was formerly satisfactory,  some new regu­
lations requi re an effic iency in excess of 
99.5% .  At the same time, the shift toward 
low-sulfur coal generally leads to a low­
conductivi ty ash that ser iously i nterferes 
with preci pitator pe rformance . As a result ,  
prec ip i tators have become la rge and  expen­
sive , with efficiencies that a re dif f ic ult to pre­
dict accurately . Also, reliabi l ity i s  not as high 
as formerly , s imply because of the large 
number of wi res . plates , and ra ppers . 

EPRI has examined seve ral tec hnological 
improveme nts or alternat ives to the ESP in a 
search for a fine-pa rticle removal apparat us 
with high efficiency and low e n ergy con­
sumption . Th is screening has narrowed to 
th ree tec hnologies - improved convent ional 
ESPs , fabric f ilt ration , and advanced ESPs. 
An advanced dry ESP tech nology involv ing 
a h igh-inte nsity ion izer developed by Air 
Pollution Systems, Inc . ,  (APS) is examined 
in  th is discussion. 

Impact of particle emission standards 
Dur ing recent  years the permitted emission 
of sol id pa rt iculate has been gradually re­
duced to the cu rrent federal sta ndard of 
43 g / 1 09 J (0 . 1 l b/ 1 06 Bt u), indicat ing the 
d i rect relat ion between allowable emissions 
and the amount of elect ric power generated . 
In a typical case t h is emission standard cor­
responds to 60 mg / m3 (0 . 024 g r  /ft3) and 
requ i res that about 99 .5% of the fly ash be 
col lected before discharge from the stack .  
Since the size of  a n  ESP is determined by the 
efficiency of f ly  ash collection requi red , an 
inc rease i n  required fly ash col lect ion eff i ­
c iency requ i res a co rrespond ing increase i n  
equi pment size a n d  cost .  

Current federal sta ndards fo r the emission 
of sulfur dioxide gas from coal-f i red power  
stations allow 51 5 g / 1 09 J ( 1 . 2  l b / 1 06 Btu) . 
For an average coal with a heat val ue of 
23 x 1 06 J / kg (1 x 1 04 Btu / lb) , t he perm i t­
ted max imum combustible sul fu r content 
in  the  fuel is thus - 0 . 6% .  Coal with lower  
sulfu r  content , used to minimize sulfu r  diox­
ide emissions. generally yields highly resis­
tive dust. Because t he size of the precip i­
tator also i ncreases w i th  inc reasi ng elect r ical 
resistivity of the fly ash ( 1 ). the use of low­
sulfu r  coal further increases the size and 
cost of the prec ipitator .  

This resistiv ity problem has been avoided 
in some cases by usi ng condit ion ing age nts 
(2-4) or ope rat i ng the precip i tator at t he 

economizer out let (hot-s ide precip i tato r) 
(5) . These solut ions are not as universally 
attractive as previously expected (6) . Some 
ashes do not respond to condition ing agents . 
Other ashes st i ll have res ist ivity problems 
unde r hot-side cond i t ions ,  especially u nde r  
light load when the precip i tator tempera­
tu res may be reduced . 

Separate ESP stages 
Two-stage electrostatic prec ip itation has 
always been att ract ive i n  t heory as a means 
of optim iz ing the use of elect rostatic forces 
in the collect ion of f ine part ic les . Devices 
bu i lt on t his pri nciple , such as room vent i la­
tion ESPs , ion ize the gas and c harge the 
particles i n one stage ,  1hen collect the part i ­
cles and dispose of them in a second stage . 
Unt i l the present t ime , two-stage precipi ta­
tion has not proved practical at the vast gas 
volumes t reated in t he  electr ic power utility 
industry, where 1 000 MW leads to a flue gas 
f low of about 1 400 m3 /s (3 x 1 06 ft3 / min) . 

Conside rable insight into the ope ration 
and l imitat i ons of conv entional precipitators 
is provided by reference to prec ipitator t he­
ory summarized below. 

A version of an advanced electrostatic 
precipitator embodying two-stage principles 
is shown in Figure 1 ,  whe re a high- intensity 
ionizer precedes three conventional col­
lector f ields. 

Precipitator theory 
For either s i ng le-stage or two-stage pre­
c i pitation , the modif ied Deutsch -Anderson 
equation represents th e behavior fa i rly wel l 
( 7, 8) :  

where 

T/ = 1 - C (wk A / Q)o ( 1 ) 

11 = callee t ion efficiency of 
precipitator 

wk = mean part icle mig ration 
veloci1y , m/s  

A = total collect ing plate area , 
m2 

0 = gas volume f low rate,  m3 / s 
b � 0 . 5 , accounting for disper­

sion of part ic le size ,  non­
uniformity i n  gas flow , and 
so on 

A simple dynamic analysis of the motion 
of a single charged pa rticle (> 1 µm) in an 
elect ric f ield subject to Stoke-Cunn ing ham 
viscous drag results in the followi ng i nfor­
mative equat ion of its ideal migrat ion ve­
locity : 

(2) 



H igh- Intensity 
Ion izer 

TWO- STAG E 
PR ECI PITATION 

HV d i scharge cathode 

HV support tube 

Cathode su pport 

I n let cone 

Bulkhead 

Porous anode 

Pressu r i zed high-voltage compa r tmen t 

Elect r ic  rapper 

Secondary a i r  i n let 

Gas d ist r ibut ion gr id 

Ionize r ar ray 

Dusty gas in let 
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Wire-P late 
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Anvi l  

Rapp ing sha f t  
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HV discharge cathode 
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Figure 1 Two-stage precipi tation. A h igh-intensity ionizer precedes three conventional col lector f ie lds. F l ue gas from the air  pre­
heater approaches the ionizer array at 2-3 m / s  (6 .5-1 0 ft/s) . The array acts as a d iffuser plate , with each perforation contain ing an 
inte nse corona d ischarge in  which gas is t reated at about 25 m /s (80 ft/ s) . The h ighly charged d ust enters the col lect ing fie lds at 
1 -2 m/s (3-6 ft/s) . High-intensity ionizer. Each e lement com pr ises a cathode d isc concentr ica l ly  contai ned with i n  an anode venturi 
throat. The ionizer array is a matrix of many such elements. As gas passes through  the radia l  corona, most of the flow 
energy i s  recovered, s ince ::,,p :ec '/. in H 20. The electr ic fie ld across the gap is  nearly constant at  1 0-20 kV /cm . The rat io of cath­
ode to throat area is about 0 .2 .  Conventional wire-plate col lector. Corona discharge emanates from the HV electrodes, t raverses the 
inte relectrode gap,  and reaches the col lecting electrodes. Charged dust m ig rates to the col lect i ng  e lectrodes, from which i t  is  dis­
lodged ( into hoppers below) by regular blows from the rapping mechanism. 
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HIGH-INTENSITY IONIZER FOR IMPROVED ESP PERFORMANCE 

where w = ideal terminal particle 
migration velocity toward 
the collecting surface, m/s 

€0 = 8.854 X 10-12 (permittivity 
of free space) 

p = constant depending on the 
dielectric constant of the 
particle (::::. 1 .5 for fly ash) 

E0 = charging electric field, V /m 
Ep 

= precipitating electric field, 
V/m 

r = particle radius, m 
µ = host gas viscosity modified 

by the Cunningham correc­
tion factor, kg/ms 

The equation is modified for submicron 
particles where diffusion charging domi­
nates ( 1. 9), charge on the particle increas­
ing with ion density N0 in the charging zone. 

A great deal may be inferred about precip­
itator operation from these equations. 

o Clearly, the higher the effective particle 
migration velocity w or the larger the specific 
collecting area A/0, the higher the effi­
ciency will be. 

o The migration velocity w of a single particle 
is proportional to particle radius-confirming 
the common experience that large particles 
are more easily coll ected. 

o More important in this context, a higher 
charging electric field £0 or precipitating 
electric field E

p 
leads immediately to en­

hanced migration velocity and efficiency. 

In a conventional single-stage precipita­
tor, E

0 
and E

P 
become the same, so that 

E8v = E0 = EP 
= V8

/I (3) 

where V8 
= applied voltage 

I = wire-plate spacing 

When a layer of resistive material is de­
posited on the collecting or charging elec­
trodes, there is a voltage gradient, E1, across 
it due to the corona current flow given by 

where 

E1 = J0p (4) 

E, = voltage gradient in dust 
layer, V /m 

J
0 
= corona current flux density 

on collector plate, A/m2 

p = electrical resistivity of 
deposited fly ash, fl•m 

If this voltage gradient exceeds 1 2-20 
kV /cm, the dust layer breaks down, and the 
damaging phenomenon of back ionization 
sets in. 

Optimizing performance 
It is clear from Eq. 1 that for a given gas flow 
rate Q, the required collector plate area (and 
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the cost of the precipitator) depends directly 
on the mean particle migration velocity wk 

toward the collector surface. Anything that 
can be done to increase wk will enhance the 
collection efficiency. From Eq. 2, increasing 
the average charging field £

0 
or the precipi­

tating field EP 
are two such opportunities. 

Therefore, by whatever means the applied 
voltage across the electrode gap can be in­
creased (Eq. 3), enhanced average migra­
tion velocity and efficiency result. However, 
to meet today's stringent emission stan­
dards, an extended plate area, A, of the con­
ventional precipitator must be provided in 
order to collect both the required fine and the 
coarse particles. This is accomplished gen­
erally by increasing the precipitator size 
(length) in the direction of gas flow. 

The high-resistivity ash often associated 
with western coals causes deterioration in 
both the charging and the collection pro­
cesses. When the breakdown field is reached 
in the ash layer as described in Eq. 4, the 
formerly passive layer of ash erupts into 
hundreds of tiny glowing needle points. 
These emit positive ions into the gas space 
that previously contained only negative ions. 
Voltage that can be sustained drops dramati­
cally, excessive sparking sets in, and collec­
tion efficiency deteriorates. While some 
electric field E, is needed to provide a hold­
ing force to retain the dust on the plates, it 
should be kept below the threshold of back 
corona. Typically, this occurs when the ash 
resistivity is about 2 x 108 Q.m. 

As a remedy for this situation, corona 
current flux density J

0 
must be reduced in 

accordance with Eq. 4. Unfortunately, co­
rona current density can only be reduced by 
reducing the applied voltage V

8
, since the 

two are implicitly linked by the corona V - 1  
characteristic, a typical example of which is 
shown in Figure 2 (wire-cylinder geometry). 
Hence, reducing the voltage gradient in the 
dust layer to avoid excessive back corona 
can be accomplished only by reducing 
both the charging field and the precipitating 
field Eav to a value of from 4-5 kV /cm for 
low-resistivity ash to around 3 kV/ cm for 
high-resistivity ash. The resultant loss of 
migration velocity implicit in Eq. 2 (where 
substitution gives a field strength term of 
E�.) can only be compensated, in accor­
dance with Eq. 1 , by increasing plate area. 

Ideal two-stage precipitation 
The limitation of the conventional electro­
static precipitator has always been that i t has 
not been possible to separate and optimize 
the charging and collection processes. Two­
stage precipitation has always offered the 
possibility of attaining this separation. 

Such a two-stage device depends for its 
success on several criteria: 

o The electric charging zone operates at a 
much higher field strength E

0 
and ion density 

N
0 

than is presently achieved. 

o The electric charger will handle boiler flue 
gas streams of 1400 m3/s (3 x 106 ft3/min), 
the scale of a 1 000-MW power plant, from 
electrical. mechanical, structural, and aero­
dynamic viewpoints, and with the degree of 
reliability expected in the utility industry. 

a The charging zone can be immunized and 
cleaned of unwanted, parasitic deposition 
of fly ash. 

a High gas velocities can be accommodated 
so that the device is physically small. 

o The cost of the overall system of charger 
followed by a matched conventional collec­
tor must be less than that of a traditional 
precipitator. 

Whereas earlier efforts at two-stage pre­
cipitation were successful in meeting some 
of these criteria ( 10), none appears to have 
been capable of meeting them all. 

High-Intensity ionizer 
APS has developed a new electrode geom­
etry (Figure 1)  that promises to meet all the 
above criteria. An intense, highly stable 
corona-expanding both radially and axially 
-is established in the gap between the 
cathode disc and the venturi anode. The 
axial length of the corona on the venturi 
boundary is quite small (about 1 O cm) since 
it is contracted by field-iocusing electrodes. 
Average electric fields across the gap of 
1 2-24 kV /cm have been achieved, depend­
ing on the gas temperature and velocity and 
the type of ash loading in the gap. Such fields 
lead to particle charges 3-5 times higher 
than those obtained in present precipitation 
practice. The unique nature of the discharge 
depends on the correct choice of disc-to­
anode spacing, following which the corona 
expands in a three-dimensional fashion. 

Special measures to keep the anode clean 
and to deal with highly resistive ash are now 
possible because parasitic deposition of 
dust occurs only in a 1 0-cm or so length of 
anode. In conventional geometries, such as 
wire-cylinder or wire-plate, it is not possible 
to maintain clean anodes immunized against 
highly resistive ash because of the large 
surface areas. 

Whereas anodes of from 1 5 cm to 40 cm 
diam have been built and tested, the optimal 
commercial size appears to be around 30 cm 
diam. With an HV busbar assembly to ener­
gize them, an array of s.uch ionizers can be 
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Figure 2 Corona V-1 characteristics: comparison of the h igh-intensity ionizer and conventional 
wire-cyl inder geometry is startl i ng. In a moving gas, the average electr ic field in the ion izer Is 
four ti mes higher . Ambient laboratory ai r test condi tions: w i re diam 0 .3  cm , cyl i nder d iam 
30 cm ; Ionizer anode diam 30 cm , length 12 cm; cathode d iam 9.8 cm . 
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bu i lt as indicated in F igure 1 ,  resembling a 
diffuser plate commonly used for the correc­
tion of gas f low. The device is capable of 
ex pa nsion to any gas f low by increasing the 
numbe r of ionizers in the a r ray. Si nce an 
indiv id ual ionizer is compact and sol id ly 
bu i lt , the array is a r igid mecha nical  struc­
ture . 

As gas velocity in the corona zone is as 
hig h as 30 m / s  ( 1 00 ft/ s) (in contrast to con­
ventional precipitator gas f low of around 
2-3 m / s) ,  t he APS high- intensity ionizer is 
physical l y  very compact. 

Corona and gas-dynamic effect 

Since efficie nt ope rat ion of the ionizer and 
the collector stages depends on the electr ic 
f ields E0 and Ep , i t  is important to examine 
the V-1 corona characte r istics that dete r-

mine them. V-1 corona data for a conven­
t ional wire-cyli nder and a hig h- intensity 
ionize r are shown in Figure 2. The average 
field strength that can be established across 
the gap in the wire-cylinder before break­
down is arou nd 5 kV /cm in either a still or a 
moving gas. Whi le a f ield E0 of 1 6  kV / c m  may 
be sustained in the case of the ionizer in st i l l  
gas, i t  is seen that at a typical gas velocity of 
30 m/s in the charging zone, the field r ises 
to 22 kV /cm . Using ambient air at this veloc­
ity, field st rengths of 24 kV /cm have been 
regularly produced i n  the APS ionizer geom­
etry . Th is may be regarded as t he upper 
l i m it because even for idealized flat plates 
separated by 1 O cm in ambient a i r the spark­
over g radient is 25 kV / cm. 

The improved stability and inte nsity of the 
corona under high transverse gas veloc ities 

is due to the  movement of the ion space­
charge cloud and the dissolution of the 
st reamers that precede breakdown .  

Proposed instal lations incorporat i ng an 
Ionizer are bei ng conservatively designed 
today with c harging f ields E0 of 1 2  kV / cm. 
But because techn iques for immun i z ing the 
anode from the effects of h igh-resistivity ash 
are so rapidly being developed , the ultimate 
goal for the ion izer technology is for an E0 

of 20 kV /cm . 
At present , for two-stage precipitat ion 

incorporati ng a high-i ntensity ionizer and 
t reating h igh-resistiv i ty f ly ash ,  the values 
placed in Eq. 2 are E0EP = 1 2  x 3. For a 
conventional precipitator ,  E0EP = 3 x 3. 

The ion de nsity N0 in the gap, which en­
hances the charg ing of l ine part icles ,  is 
greater by a factor of 1 00 for the h igh­
i ntensity ionizer .  

Particle charg ing  

Pa rtic le-charg i ng efficiency has  been st ud­
ied with respect to gas velocity (res idence 
t ime). I mpl icit in Eq. 2 is the c lassical cha rg­
ing theory of Pauthenier ,  extended by othe rs 
( 1 ,  9) ,  so it is importa nt to be able to com­
pare the measu red and calculated val ues of 
satu ration charge . F igu re 3 i l lustrates the 
gas velocity effect on charging of f ine par­
ticulate . Charge-to-mass measu rements 
were made at gas veloci t ies up to 40 m / s  
( 1 30 ft/ s) and field st rengths u p to 1 6  kV /cm. 
These data show that at 30 m / s ( 1 00 11/s) 
the actua l  charge on a particle is equal to the 
theoretical calculated satu ration cha rge in 
a st i l l gas.  At gas velocities less than 30 m/s , 
the charge on a particle would be even 
higher than classical f ield-charging theory 
would indicate. 

Th us ,  i n  addit ion to being able to sustain 
much higher electric f ields than other geom­
etries ,  the h igh-intensity ionizer actual ly 
imparts charges by these fie lds that a re some 
40% higher than any theory would predict. 
This be neficial a nomaly is att ributed to a 
free electron charging effect ( 1 1 ) created by 
the high field in the h igh- intensity ionizer. 

Anode development 

A prima ry advantage of the high-i nte nsity 
ionizer is the relatively small anode (ground) 
su rface ( :::::: 0 . 08 m2 per m3 /s or ::::::0. 4 ft2 per 
1 03 ft3 / min) t hat must be maintain ed in an 
ash-free condit ion .  The dry charging stage 
must be protected against the phenomena 
of back corona and excessive sparking 
problems associated with parasit ic deposi­
t ion of h igh-resistiv i ty  ash ,  even though the 
high gas velocity in the venturi th roat tends 
to be self -cleaning. 

The most successful development to date 
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Figure 3 Particle charging efficiency: actual charges imparted to pa rtic les by the h igh- intensity 
ionizer are compared with the maximum (steady-state saturation) charge ca l cu lated by c lassical 
theory. At zero gas velocity, the measured charge is 40% h igher than the theoretical . With 
reduced residence time, charges decreases as expected . At 28 m / s (90 ft/ s) , measured 
charge equals theoretical steady state . Charging in a convent ional  ESP  t reat ing  h igh-resistiv ity 
ash is shown for comparison. Particles: Ti0 2 dust (mass mean d iam 0.5 µm);  E., = 1 1 .6 kV /cm ; 
I = 1 mA; anode diam = 1 5  cm. 
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has been the porous or gas-swept anode , of 
whic h various mechanical configu rat i ons 
have been built and tested . It is kept relat ively 
f ree of fly ash (and back corona) for long 
periods by a small flow of clean gas ( -6% of 
the gas stream) .  I ts present construction 
consists of a series of spaced d iscs , each of 
wh ich has an i nne r  l ip g uiding the bleed 
gas parallel to gas flow, so establ i sh ing a 
bou ndary layer . 

Heated anodes (above 3 1 5 ° C, 600 ° F) re­
duce ash resistivity at the surface so that no 
back corona develops. Steps are being taken 
to i nvest igate reducing the energy con­
sumed in heat ing the anodes .  

Cooled anodes (65-1 20 ° C, 1 50-250 ° F) , 
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which consume less energy than heated 
anodes ,  are also unde r  development . Labor­
atory and field pi lot tests of the porous anode 
that employed cooling through the injection 
of gas at 20-70 ° C (70-1 60 ° F) have been 
conducted . 

An anode with a th inly depos i ted semi­
conductor coating has shown no detrimental  
back corona with h igh-resistivity fly ash 
deposits up to 5 mm thick. The max imum 
cu rrent density in laboratory tests has been 
1 0  µ.A /cm2 -1 00 to 1 000 times h ig her 
than that found in conventional precipitators. 
Promising candidate mate rials with h ig h  
puncture resistance are being eval uated for 
further laboratory and field tes t i ng. 

Field pi lot test progra m 

Field test ing of the h igh-i ntensi ty i onizer was 
conducted at the John Sevier steam plant 
of the Tennessee Val ley Author i ty (TVA) , 
under the auspices of the TV A Power Re­
search staff, EPR I ,  and APS . An array com­
prisi ng two 23-cm (9-in)  diam ionizers was 
attached d i rectly to the inlet face of a stan­
dard th ree-f ield pilot ESP of Svenska F lakt­
fabriken design . A gas sidestream with a n  
isok i netic ext ractor of 1 . 6 m3 / s (3500 ft3 / 
min) capacity was i nstal led between the 
mult ic lones and the station preci pi tators on 
boi le r No. 2 .  The resu lts of th ree months of 
fu l l-t ime and two months of part-time testing 
disclosed :  
o Particle penet ration th rough the collectors 

was reduced by 70-80% with the ion izer 
energized when t reating h ighly resistive ash .  
To gain maximum benefit from the system, 
the collecting fields must be matc hed to the 
i onizer stage ;  th is cou ld not be done on the 
tests at the John Sevie r  plant .  
o The ionize r mai ntained exce l lent e lectri­

cal. mechan ical ,  and structura l  stabil i ty and 
there was no detectable erosion . 
o N o  new gaseous species were detected at 

the outlet as a resu l t  of the h igh-intensi ty 
corona . 
o The i onizer performed equally well on run­

of-the-station coal (S = 1 . 7-2 .5%) and on 
Haddocks coal (S === 0 _8%) 
o On the low-su l fur coa l ,  average fields E0 
= 1 0 .8 kV /cm with a current flux on the an­
ode of J0 = 6 .33 µ.A/c m2 were sustained for 
long pe riods of t ime . By contrast , in the co n­
ventional col lector stage following , the cor­
responding values were 3 . 3  kV /cm and 
0 .01 3 µ.A/cm2 , respectively.  

The tests at TV A are sufficiently encourag­
ing to wa rrant l a rger scale tests from which 
fi rm design c riteria and c ost-benef it analyses 
will be derived. 

Prototype testing at Arapahoe 

Given t he successful laboratory and field 
pilot tests to date ,  confi rmation of the com­
merc ial potent ial of the ionizer must be based 
on complet ion of an o rderly development 
prog ram ( 7 2) planned at the EPRI Advanced 
Pa rt iculate Control Faci lity i n  Denver .  Of 
particular importance will be the prototype­
sca le  1 6. 5-m 3 / s  (35 x 1 03 ft3 / mi n) tests 
comprising a 3 x 5 array of 25-cm-diam 
ionizers ( 7 3) followed by collector stages, 
which (though essential ly conventional) wi l l 
be matched to the ionizer array to take full 
advantage of the precharg ing  ( 7 4) . This 
will entai l f itting the collector stages with 



larger-than-normal discharge electrodes 
and operating with current densities 
J

0 
< 0.02 µ.A/cm2. 

The slipstream will be taken from the No. 4 
boiler of the Arapahoe Power Station of the 
Public Service Company of Colorado, which 
normally fires Energy coals with a sulfur con­
tent of 0.74% and an ash content of 14% 
(which is in the medium-high resistivity range 
of 1 09-1010 Q.m). Design criteria for 
eastern-type coals will be derived by sulfur 
trioxide conditioning of the flue gas. 

To secure rapid commercialization, the 
high-intensity ionizer is being given high 
priority in the testing program during 1977. 

Commercialization 
and cost benefits 

There are two possible uses of the high­
intensity ionizer: as a retrofit to existing in­
stallations that do not comply with emission 
standards and in new installations ( 15). 

In retrofits, a slice would be made in the 
duct upstream of the existing precipitator 
and the ionizer array slipped into position. 
While costs vary from site to site, current 
cost estimates prepared for a 1 42-m3 /s 
(3 X 105 ft3 / min) gas passage retrofit for 
TVA are around $4750 per m3 /s ($2.25 per 
ft3 /min) installed. This represents a cost 
saving of some 30-60% compared with a 
conventional ESP retrofit, with considerably 
less plant space occupied. 

In a new installation, savings gained by 
the use of the high-intensity ionizer (based 
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on observed laboratory migration velocities) 
are expected to be in the order of 30%, with 
no energy penalties incurred. 

During the coming tests at Arapahoe, both 
the cost-benefits and firm design criteria for 
full-scale installations will be determined. 
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ELECTRICAL SYSTEMS 

Proceedings of an 
Engineering Foundation Conference. 
Power System Planning and Operations: 
Future Problems and Research Needs 
EL-377-SR Special Report 
In August 1975 a conference on the state of the art 
of power system planning and operations was held 
at New England College in Henniker, New Hamp­
shire. The format of this conference was so suc­
cessful that it was used again for the Henniker 
Conference held August 22- 27. 1976. 

The 1 976 conference was sponsored by the 
EPRI System Planning, Security, and Control Task 
Force with the endorsement and cooperation of 
ERDA and under the auspices of the Engineering 
Foundation. James L. Davidson of the Long Island 
Lighting Company served as general conference 
chairman. 

The themes of the planning sessions were: over­
view of planning practices, impact of load man­
agement on planning, current generation and 
transmission planning methodologies, load fore­
casting, and system reliability. The themes of the 
operations sessions were: problems in power 
system operations, control and security consider­
ations, research needs for operations. and coordi­
nation of planning and operations. The sessions 
covered domestic and foreign practices as well as 
planning and operations for small uti lities, large 
utilities. pools, and regional councils. 

This report includes the papers presented at the 
1976 conference, together with edited summaries 
of the panel discussions. 

Research and Development 
on DC Circuit Breakers 
EL-379 Final Report (RP91 ) 
This report describes development of a laboratory 
prototype of an HVDC circuit breaker. Testing of 
this prototype was carried out on the Pacific NW­
SW DC lntertie rearranged to represent a three­
terminal system. The fundamental ditterence from 
previous breaker configuration concepts was the 
partitioning into separate devices of the following 
breaker functions: carrying the continuous cur­
rent, interrupting fault or load current. and absorb­
ing energy. This power system device is capable 
of interrupting over 1000 A against 100 kV. It 
features an in-line mechanical switch capable of 
full opening (1 in) in 1.6 ms. Hughes Research 
Laboratories 
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Development of a Current Limiter 
Using Vacuum Arc Current Commutation 
Phase I: A Feasibility Study for Using Arc 
Instability in Vacuum for Current limitation 
EL-393 Final Report (RP564· 1) 
Electric utilities have stated a need for fast-acting, 
current-limiting devices, which insert impedance 
into power circuits. Impedance insertion during 
the initial rise of fault current reduces the fault 
current peak and simplifies interruption require­
ments of conventional circuit breakers. Reduction 
of the fault current peak also reduces electromag­
netic forces, which would otherwise damage 
circuit components. 

This report documents progress in Phase I of 
this program. an investigation of forced instability 
of vacuum arcs to insert an impedance during 
fault current rise. A transverse magnetic field 
proved to be an effective and atlractive method 
for causing current commutation into a current­
limiting resistor. The interaction of vacuum arcs 
with applied transverse fields has been analyzed 
theoretically and experimentally. Experiments 
were also performed to investigate the current 
commutation ability of sealed vacuum devices. In 
addition, the program involved development of 
high-speed repulsion coil actuators, analysis of 
circuit transients associated with current limiters, 
and design of magnetic-field-coils and their asso­
ciated power supplies. Westinghouse Electric 
Corp. 

ENERGY ANALYSIS 
AND ENVIRONMENT 

User's Guide to the 
Data Tapes From EPRI Projects 

EA-235 Final Report (Vol. Ill) (RP431) 
This volume provides a user's guide to the three 
data tapes from RP431 reported in volumes I and 
II. The primary purpose of the guide is to assist 
those interested in conducting analyses using the 
data, and as such it is not required material for 
those interested only in the RP431 analysis. The 
tapes contain the data reported and analyzed in 
the first two volumes, as well as the disaggregate 
data on which those estimates were based. In 
many cases, the procedures for constructing the 
data are also on the tapes. In general, these data 
consist of state appliance stock estimates and 
declining block rate structure data series. Data 
Resources, Inc. 

Proceedings of the Workshop on the 
Measure of Intangible Environmental Impacts 
EA -405-SR Special Report 
An understanding of comparative environmental 
impacts associated with alternative technologies 
or geographic sites is needed for rational decision 
making, and EPRl's Environmental Assessment 
Department is directing a sizable research pro­
gram to achieve this end. Another category of 
effects has aroused public interest and must also 
be considered. These intangible effects. such as 
esthetic impacts, visibility reduction, and low-level 
noise, are less easily specified or quantified. 

This report presents information generated at 
a workshop on the measurement of intangible 
envi ronmental impacts. One purpose of the work­
shop was to learn the st te of the art on the mea-

surement of these impacts so that they can be 
considered properly in the future. A second objec­
tive was to define specific research topics that 
EPRI might pursue to improve existing techniques 
for quantifying intangible impacts. The methodo­
logical approaches considered were the hedonic 
approach, decision analysis approaches, ap­
proaches based on observations of individual 
behavior, bidding game and asking approaches, 
and approaches that combine social and technical 
ractors. Sigma Research, Inc. 

FOSSIL FUEL 
AND ADVANCED SYSTEMS 

Technical and Economic 
Assessment of Phase Change 
and Thermochemical Advanced 
Thermal Energy Storage (TES) Systems 
EM-256 Final Report ( 4 Vols.) (RP788-1) 
In December 197 4 EPRI initiated research on 
high-temperature, gas-cooled central receivers 
for solar energy. In February 1976 an EPRI­
ERDA program coordination was initiated to 
examine in greater detail the technical feasibility 
of higher-temperature thermal energy storage 
(TES). The two advanced systems are a phase­
change energy storag, with inorganic salts and 
a reversible thermochemical -reaction energy stor­
age system. A third system, a sensible-heat, 
pebble-bed energy storage system, was investi­
gated as a near-term benchmark. 

The report on the information developed through 
June 1976 is presented in Volume I of this docu­
ment. Vol ume II describes the computer program 
used in conceptual studies of phase-change 
thermal energy storage systems. Volume Ill de­
scribes the computer program used to size and 
evaluate the S02 /S03 thermochemical energy 
storage device for application with the high­
temperature, gas- cooled solar power plant. Vol­
ume IV describes the computer program used to 
simulate the operation of the high-temperature, 
gas-cooled solar power plant. 

The results of the second part of the research 
program will be reported in November 1977 in an 
ERDA technical report. An interim summary report, 
available from EPRI, provides an overview of the 
study. Boeing Engineering and Construction 

A Technoeconomic Analysis of Large-Scale 
Thermochemical Production of Hydrogen 
EM-287 Final Report (RP467) 
This report presents capital and operating costs 
and overal l process efficiency for a four-reaction 
thermochemical process. which produces hydro­
gen from water. These results were obtained 
from a detailed preliminary plant design made 
after the selection of a suitable process and the 
establishment of a design basis. 

Process selection involved the evaluation of 
estimated process efficiency, materials problems, 
and availability of data for known thermochemical 
cycles. This initial screening resulted in the iden­
tification of four cycles, which appear promising 
in terms of cost and efficient hydrogen produc­
tion. A detailed analysis of these four cycles 
involved the preparation of mass and energy 
balances, including the interface with the nuclear 
heal source and the specification of separation 
techniques and operating conditions. Process 



thermal efficiency was reestlmated and the prob­
lems involved 1n the design of a large-scale plant 
were evaluated In more detail. A four-step meth­
anol process was selected for the detailed plant 
design, cost estimation, and efficiency analysis. 
University of Kentucky and Combustion Engi­
neenng 

Doublet Fusion Experimental 
Power Reactor Conceptual Design Study 
ER-289-SY Summary Report (Vol. IV) (RP323-1) 
The nuclear fusion process can provide all of our 
society's energy needs In the twenty-first century. 
Because of the large. long-range efforts required 
for success. most research is supported by gov­
ernment agencies, primarily ERDA. However, in 
order to evaluate progress and Involve the utility 
industry in early development, EPRI supports 
research and development etlorts in fusion to 
assure a user viewpoint. 

This document reports the results of a study 
of an experimental fusion power reactor. It 
attempts to present the salient features of a pos­
sible future device, which may be constructed to 
bridge the gap between present research and the 
ultimate commercial fusion power plant General 
Atomic Co. 

Guidelines for the Design 
of Mist Eliminators for 
Lime/ Limestone Scrubbing Systems 
FP-327 Final Report (RP209) 
This report presents the current state of the art of 
mist eliminator design for lime and limestone flue 
gas desulfurization (FGD) scrubbing systems. 
Chevron and baffle-type mist eliminators were 
treated extensively while radial vane, radial baffle, 
and electrostatic precipitator mist eliminators 
were covered to a lesser degree. Background 
information covered collection, reentrainment. 
and mist eliminator failure mechanisms. Design 
factors affecting the performance. cost. and col­
lection efficiency (such as mist eliminator con­
s1ructlon, configuration, and wash systems) were 
also presented. Extensive tables summarize: 
scrubber background information, mist eliminator 
design specifications, and mist eliminator wash 
system specif1cat1ons, for all operational lime and 
limestone FGD systems in the United States. 
Batte/le, Columbus Laboratories 

Conference Proceedings: Low Activation 
Materials Assessment for Fusion Reactors 
ER-328-SR Special Report 
This conference examined the case of a low­
activity fusion reactor. Possibilities for hands-on  
maintenance were judged to  be increased sub­
stantially for a low-activity design. The resultant 
reduction ,n maintenance time and improvement 
in plant availability were identified as the greatest 
potential payoff for a low-activity reactor. Con­
siderable differences of opinion were expressed 
about the location within the reactor core where 
hands-on maintenance may be possible. Other 
potential advantages discussed were siting, acci­
dent downtime. public acceptance. and transpor­
tation/storage of activated components. Material 
choices discussed for low-activity, first-wall/ 
blanket structure were limited to aluminum, vana­
dium. titanium, silicon carbide, and graphite. 
McDonnell Douglas Astronautics Co. 

EPRI Asilomar Papers on the 
Possibility of Advanced Fuel Fusion 
Reactors, Fusion-Fission Hybrid 
Breeders, Small Fusion Power Reactors 
ER-378-SR Special Report 
In December 1976 an EPRI ad hoc advisory panel 
met at Asilomar, California, for a three-day general 
discussion of topics of particular interest to utnity 
representatives. The three main topics considered 
were: the possibility of advanced fuel fusion 
reactors. fusion-fission hybrid breeders, and small 
fusion power reactors. This report describes the 
ideas that evolved at that meeting. 

An example of a neutronless fusion reactor 
using the p -1 1  B fuel cycle 1s described along with 
the critical questions that need to be addressed. 
The importance to the utility industry of using 
fusion neutrons to breed fission fuel for LWRs is 
outlined, and directions for future EPRI research 
on fusion-fission systems are recommended. The 
desirability of small fusion power reactors to 
enable the early commercialization of fusion and 
for satisfying users' needs is discussed, and areas 
for possible EPRI research to help achieve this 
goal are presented. 

Application of the Alsthom/Exxon Alkaline 
Fuel Cell System to Utility Power Generation 
EM-384 Final Report (RP584-1) 
Exxon Enterprises Inc. has completed an evalu­
ation of Alsthom/Exxon alkaline fuel cell technol­
ogy for application to utility power generation. 
The purpose of this study was to determine how 
close the technology could come to EPRI effi­
ciency, investment. and related targets and to 
begin to define limitations yet to be overcome. A 
systems analysis was conducted to explore the 
effect of variables, such as fuel cell operating 
temperature, fuel type, and degree of carbon 
oxides preremoval on efficiency and cost. Most 
of the effort centered on minimizing cost and heat 
rate by selecting appropriate process techniques 
and heat-integrating various parts of the process. 

Two routes were found for meeting the EPRI 
heat rate targets: 7100 Btu/kWh with methanol, 
and 7500 Btu/kWh with naphtha as starting fuel. 
The simplest route involved reforming followed by 
pressure swing absorption, yielding a nearly pure 
hydrogen feed to the fuel cell. Use of carbonate 
scrubbing required an increased fuel cell temper­
ature of 393°K: thus waste heat could be used for 
carbonate regeneration. Investments for a 400-
MW plant were between 20 and 30% higher than 
the target of $200/kW in 1974 dollars. Since the 
estimates contain no allowance for contingen­
cies, it would be unrealistic to proJect lower costs. 
Exxon Enterprises, Inc. 

Solar-Thermal Conversion to 
Electricity Utilizing a Central-Receiver, 
Open-Cycle Gas Turbine Design 
ER -387-SY Summary Report (RP4 75-1 )  
This report presents a completed conceptual 
design of a solar electric power plant intended for 
intermediate load range utility application. This 
effort encompassed all principal aspects of the 
plant system. with particular attention directed 
toward the crucial hel iostat field, high-temperature 
solar receiver, and turbine-receiver interface 
elements. 

The plant des,gn Incorporates as the prime 
mover a conventional and commercially available 

open-cycle, regeneratiVe gas turbine. A high­
temperature ceramic heat exchanger is used 10 
capture concentrated solar radiation and to heat 
air to the high temperatures required tor efficient 
turbine operation. The generator unit and the 
solar receiver-heat exchanger are both located 
atop a steel-reinforced concrete tower surrounded 
by sun-tracking, reflecting surfaces (heliostats) 
Costs are estimated lower than those for a water 
steam solar electric system. while efficiency 
appears to be superior Black & Veatch 

Considerations on a Tritium-reprocessing 
System Using Solid Tritium Getters 
In a Lithium-cooled Thermonuclear Reactor 
ER-388 Topical Report (RP236-1) 
This publication reports the investigation of a 
triti u m -reprocessing system using a solid tritium 
getter 1n the lithium-cooled controlled thermo­
nuclear reactor (CTR). Kinetic considerations of 
the solid tri ti um getter are examined in detail with 
particular emphasis on the yttrium metal. Since 
the startup tritium inventory Is known to depend 
significantly on tntium-reprocessing time, a dy­
namic model of this system is used to determine 
tritium transfer rate and associated tritium inven­
tory. Properties and behaviors of aging yttrium 
tritide were studied to determine the effects of 
prolonged use of this metal. Considerations of 
imperfect drainage of lithium and consequent 
formation of lithium tritide were considered during 
the reprocessing stage. Since the impurity coat­
ings of stable yttrium compounds, especially the 
oxide coating, may Impede the transfer rate, 
numerous metal impurity getters were selected for 
simultaneous removal of Impurities in lithium. 
University of California, Los Angeles 

Effect of Smoke and Corrosion Suppressant 
Additives on Particulate and Gaseous 
Emissions From a Utility Gas Turbine 
FP-398 Final Report (RP462-1 ) 
The objective of this program was to totally char­
acterize the effects of smoke and corrosion sup­
pressant additives on the solid and gaseous 
emissions from a utility gas turbine representative 
of current combustor design. Selected concen­
trations of three different smoke suppressant 
additives were investigated. Representative 
exhaust samples were extracted from the gas 
turbine stack and analyzed for total particulate 
mass loading and composi tion, particle size dis­
tribution. size and chemical state of the emissions 
derived from the additive base element, polycyclic 
organic matter, and gaseous emissions including 
NO, N02 , CO, 02 , unburned hydrocarbons. S02, 

and S03• Tests were conducted at both industrial 
baseload (nominally 20 MW) and an intermediate 
load of 15  MW KVB. Inc. 

Lead-Acid Batteries for 
Utility Application: Workshop I I  
EM-399-SR Special Report 
The second lead-acid battery workshop capped 
two years of studies directed toward providing 
information that would allow a determination of 
the viability of today's lead-acid battery for utilrty 
application. Cost, technical specifications, and 
performance of lead-acid battery peaking plants 
have been reviewed. However. Information about 
market or attordable costs and cost credits is not 
yet available. An extensive survey of the electric 
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util ity industry is planned . inc luding : a letter to 
uti l ity executives sol iciting in terest in a demonstra ­
t ion plant ,  and a detai led survey of uti l ity planners 
regard ing the elements involved 1n spec i fic system 
expans ion stud ies that  impact upon the com peti­
tiveness of lead-acid batteries . 

It is ant icipated that inputs from these su rveys 
wil l be completed by early 1 977 . EPRI , ERDA. 
and utility advisers will rev iew the results and 
decide on EPRI participat ion in  a demonstration 
plant . I f the results are positive , an RFP (request 
for  proposal) wi ll be sent  to interested uti l ities . 

Continuous High-Pressure 
Lump-Coat Feeder Design Study 
AF-4 1 0  Final Report (RP526) 
The purpose of th is project was to deve lop a con­
t inuous lump-coa l dry feeder for a pressur ized 
flu id ized-bed combustor .  The approach was to 
adapt the commercial ly avai lable Fu l ler-K inyon 
pump to feed coal aga inst a pressu re different ia l 
of 1 00 psi or more . The pump was modif ied and 
tests were performed at various pressure d iffe ren­
t ia ls ,  with d i fferent ly  pi tched screws, two screw 
rotational speeds, and various seal lengths and 
configurations . Although the resu lts of this project 
are not conclusive . test data a nd observations 
ind icated to the contractor that higher-pressu re 
d ifferent ials could be attained by further modifica­
tions of  the test setup . Gard, Inc. 

NUCLEAR POWER 

Human Factors Review of 
Nuclear Power Plant Contro l Room Design 
NP-309 Fina l Report (RP501 ) 
The Reactor Safety Study ,  WASH-1 400 , critic ized 
the des ign of controls and d isplays and the i r  ar­
rangements on operator panels in nuclear power 
plants as deviat ing from human engineering stan­
dards generally accepted in other industr ies and 
specified for the des ign of man-machine systems. 
The EPRI Task Force tor Nuclear  Engineer ing and 
Operations expressed s im i lar  cr i t ic ism and sug­
gested EPRI  retain an organization to review the 
human factors aspects of the control rooms of 
nuc lear power p lants that have recently become 
operationa l .  Human factors eng ineering is  an in­
terd isc ip l inary specialty concerned with influenc­
ing the design ot equ ipment systems, fac i l ities , 
and operat ional environments to promote sate , 
efficient , and re l iable operator performance. 

The review covered five representative nuc lear 
power p lant  control rooms. Methods included a 
checkl ist-guided observation system ,  st ructured 
in terviews wi th operators and t rainers , d i rect ob­
servat ions of operator behav ior , task analyses 
and procedure eva luat ion . and h istorica l error 
analyses . 

The human factors aspects of des ign practices 
are i l lustrated in this f inal report ,  and many im­
provements in  current practices are suggested . 
Current nuc lear pract ices are evaluated in the l ight  
of  knowledge developed in other indust r ies .  and 
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the sign if icance of the differences is est imated 
in terms of !heir potent ia l  effects on reactor safety 
and plant  reliab i lity. The rev iew a lso covered the 
t rain ing simulators corresponding to the selected 
power plants Lockheed Missiles & Space Com­
pany, Inc. 

Model i ng and Estimating 
System Avai lability 
NP -326-SR Special Report 
The need to assure safe and re l iable operat ion of 
a nuc lear power generation stat ion has resu lted 
m the redundant  in t roduct ion of many systems, 
subsystems ,  and components . Th is redundancy 
is expected to increase power p lant avai lab i l i ty . 
However , estimates of the effect iveness of a 
potential modif icat ion are also necessary. Such 
effect iveness can i tself be measured in terms of 
system or subsystem ava i lab i l i ty. Thus, avai labi l­
ity is an important statistic for measuring cost­
effectiveness. 

Th is report rev iews several models that d i rectly 
consider the random nature of malfunct ion and 
repai r , Its pr incipal purpose is to show how est i ­
mates ot system avai labi l ity may be constructed 
from component  data and how the statist ical 
stab i l ity of these estimates may be assessed 
d i rect ly l rom the data . I l lustrat ions are for small 
systems of com ponents. but generalizat ion to 
larger systems is  impl ic it .  

This report is basica l ly mathematica l in  nature 
but not so much so that the dedicated engineer 
cannot make use of it . The proced ure of secur ing 
good estimates of ava ilab i l i ty from sparse data 
may be particu larly usefu l .  

Field Ionization 
!or Laser Isotopic Separation 
NP-334 F ina l Report ( RP506-3) 
The use ot laser excitat ion for en r ichment 01 
uran ium isotopes, under intensive investigation at 
many laborator ies ,  has rece ived much pub l ic i ty . 
Sca le-up f rom present laboratory exper iments to 
industr ial p ract ice requ i res ext rapolat ion of laser 
and vacuum technology to reach reasonab le effi­
c iency, rel iabi l ity , and produc ibi l ity . For some 
cases of interest , 1 1  1 s  evident that the requ is ite 
laser has not yet been obtained on even a labora­
tory scale . 

The EPRl-sponsored effort descr ibed in th is  
report does not j udge laser isotopic separat ion 
or  the most probable path of i ts development. 
Instead, a bas ic eva luat ion was undertaken of the 
prospects for reducing the demands on laser 
technology , which might be offered by atoms in 
h ighly excited states (high Rydberg number 
atoms) . The purpose of th is study was to demon­
strate that such excitation could be ach ieved and 
is in principle appl icable to isotopic separation .  I t  
a lso became apparent dur ing lhis invest igation 
that extens ion of availab le laser wave lengths might 
s impl ily  sca le-up problems re lated to throughput .  
Th is report provides a background study of  laser 
isotop ic separation methods together with a 
descript ion or f ield ionization methodo logy and 
exper iments Stanford Research Institute 

LWR Fuel Rod Model ing Code Evaluation 
N P-369 Final Report (RP39 7 -1  ) 
This document presents the detai l s and overall 
conc lus ions for Phase I l l  of this LWR fuel rod 
model ing code evaluat ion .  

S ix luel rod model ing codes were evaluated for 
potentia l use by the e lect r ic ut i l i ty indust ry .  The 
eva luation cons ists of a summary and qualitat ive 
compa rison of relat ive code attributes and weak­
nesses, and a ranking of the codes according to 
objective and subject ive criteria. The codes have 
been ordered as fol lows · COMETH E- I I I J  ( 1 ) , 
BEHAVE-4 and L I FE-THERMAL - 1  (2) , GAPCON­
Thermal-2 (4) , and CYGR0-3 and FMODEL (5) . 
COMETHE- I I IJ is genera l ly 1he most versati le and 
accurate and is easy to use and re lat ive ly inexpen­
s ive to run . Belgonuc lai r e , develope r  of the 
COMETHE code ,  has thorough ly documented its  
foundations and irriprovem en1s and has bench­
marked i t  aga inst a more extens ive data base than 
was ut i l ized in  this pro1ect .  The COMETHE code 
is ava i lable to U .S ut il i t ies 1hrough EPRI and wi l l 
be inc luded as the deterministic code in Task 1 E 
of the forthcoming model ing project (RP97 1 ) . 
Combustion Engmeer/ng. Inc. 

PLANN ING 

EPRI Economic Assessment Workshop 
PS-31 0-SR Spec ia l  Report 
This report presents the proceedings of lhe Eco­
nomic Assessment Workshop he ld in Chicago in 
September 1 975.  Partic ipants from the e lect r ic  
u l i l i ty industry and from EPRI staff d iscussed 
util i ty methods of economic assessment , system 
analysis , and application cr ite ria as related to the 
selection of new technolog ies for use by lhe indus­
t ry Gu idance was provided for estab l ish ing 
EPRI  's  methods and criter ia  for technology assess­
ment , economic evaluation, and cost -benefit 
ana lysis . 

Inc luded 1s a delai led report of lhe discuss ions 
of three task groups :  evalu at ion criteria for R&D 
alternalives, app l ication of econom ic assessment 
to R&D  p lann ing , and appl icat ion of system ana l­
ysis techn iques to R&D pla nn1ng . 

Each month the JOURNAL pub l ishes summaries 
ot EPRI ·s most recent reports. Supporting mem ber 
uti l i t ies receive copies of reports in  program areas 
of their designated choice. Supporting member 
uti l i t ies may order additional cop ies f rom EPR I ,  
Prin t ing and  Graph ics ,  P .O. Bo)(  1 04 1 2 , Palo Al to ,  
Ca l iforn ia 94303 . Reports are publ ic ly avai lable 
from the Nat ional Techn ical l n1ormation Serv ice , 
P .O .  Box 1 553.  Springf ield . V i rg in ia 22 1 5 1 : and 
from Research Report Cen1er , P .O. Box 1 0090 , 
Pa lo Alto . Cal i forn ia 94303. 
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