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EDITORIAL 

EMF Research: A Commitment to Excellence 

EPRI t1as sponsored researcll into possible health effects from electric and magnetic fields (EMF) since 
the early 1970s. when anention focused on the electric fields generated around t1igll-voltage electrical 
facilities. HeaHh concerns about electric fields are now viewed as minor, a consensus partly based on 
results from this early EPRl-sponsored work. But more-recent studies have suggested a possible 1111k 
between magnetic ields and cancer. 

In light of these concerns. EPRl's EMF researcn was expanaed ana reoriented over the last 
several years to focus on magnetic fields. Since then, we have helped catalyze a much broader effort 
involving research-sponsoring organizations beyond the electric ut1l1ty industry. In 1989 our program 
accounted for about $6 million of a $15-million-a-year (and growing) worldwide effor! involving 
government agencies, academic research scientists. and utilities 1n a dozen countries 

EPRI is committed to finding the facts about health effects from EMF exposure Our research is 
done by independent scientists and consultants at major laboratories and universities. including Battelle/ 
Pacific Northwest Laboratories, Johns Hopkins University, Columbia University, Yale University, the 
University of Southern California. Carnegie-Mellon University, and the University of North Carolina. These 
researchers, many of them preeminent experts in their fields, are encouraged to publish results in the 
peer-reviewed scientific literature and are free to make their own interpretations of their results when and 
where they choose. All results have been presented at the annual public review of EMF research 
sponsored by EPRI and the Department of Energy. To further ensure the ob1ect1vity of the research. EPRl's 
program is guided by an independent scientific advisory panel composed of some of the nation's top 
experts in life sciences and public health. 

The broad range of EPRl's health studies, focusing largely on epidemiology and laboratory 
science. has been designed to significantly reduce the uncertainties about EMF and health over the next 
four years. If additional research 1s then needed, we will redirect and target the work as appropriate. But 
because EPRl's program also encompasses a substantial effort in exposure assessment-including 
exposure hardware. analytical software, EMF measurement surveys, and laboratory structures-we will 
also be much better informed about EMF exposures and about methods of reducing them, if that 1s 
necessary. 

Time will tell. At EPRI we are committed to taking the time. sponsoring first-class research with 
1nvestigators of the highest integrity and credentials, and objectively reporting the results to the public
and our utility members. 

A/?,. Af 
�� M. Hidy, Vice Pres1den 

Environment Division 
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PURSUING 
THE 

SCIENCE 

EMF 
Research on electric and magnetic 

fields and their possible effects 

on human health is entering a period 
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significantly narrow uncertainties 

about such health risks in the next few 
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A 
t l ,i bort'ltorie ,i nd resea rc h 
Cl'n ters in abou t a dozen 
cotr n t rie ·, an e. timated $ 1 5 
mi l l ion a yea r is being  spen t 

to investiga te whether electric or mag 
net ic field -such as those as ociated 
w i th power L ines, comrnm, hou e w iring, 
or a pplia nces-po e a  ht!a l th risk. Spon
sorship of EMF studies has recen tly ex
pa nd ed to i nclud e a v.i r i et of previ
ou sly uni n volved par t ies- the  a t iona l  
Can  er  I n  t i tu tc i n  the  United States, 
Sweden's ational Inst i tu te of Occu pa
t iona l  Hea l th, Fra nc 's E lectrici te de 
Fra nce, several Canad ian  u t i l i ties, and 
the World Heal th Orga n i zat ion. 

The ramp-up in in ternational  research 
mirrors a growing pu bl ic concern that  
has been gi ven a sharp edge of  urgency 
by recen t coverage in the popu lar med ia. 
While the tone is certain ly more sub
dued in the technica l l i tera tu re, cha n�e 
in view point regarding EMF a re also 
cropping u p  a mong members of the re
search community. 

The new per pective is renectcd i n  a 
pa per issued last  June by ongre 's Of
fice of Tech nology A - ·e :,men t and pre
pared by I nd i ra air, Gri'l nger Morga n, 
and  Keith Florig of Ci'lmegie-Mel lon 
U11 iversity's Departmen t of Engin eeri J1g 
and Public Pol icy. A cording to the OTA 
report, recent epidemiologic studies, al
though controversia l a nd fo r from con · 
elusive, arc begi nning to provide a bas i s  
for concern about risks from ch ronic e'l.
posure to E M F: "As recen tly as a few 
yea rs ago, scientist. were making c;:itc· 
gorica l st.:itements that on the ba:,i of a l l  
ava i la ble evidence there a re no hea lth 
risks from h uma n exposu re to power
freq uency fields,'' the au thors tate . " I n  
our  view, the emerging evidence no lon 
ger a l lows one to cate�orical ly as.ert  tha l  
th  re a re no risks. Bu t i t  does not  pro
vide a basi for asserting tha t  there is ;, 
signi fican t  risk." 

The careful  qua l ificJt ion is under
standa ble. The stud ies referred to in th 
OTA paper hove uggested that magnetic 
fields may ca use serious health effects-

"'P'-' i fi ·<1 l l v, t h J t  they m.iy promote 1..ii1-
rer-,1nd t ha t  they may h ,we ot her ef
fects, such as the a l terat ion of circad ia n  
( in terna l b iological) rhythms. For every 
!:>tudy tha t h.ts found evidence of a spe-

i fie ffcct, however, t here a re others thclt 
have shown no effect .  Stil l ,  as the report 
impl ies, there has been a sufficient accu
mu l at ion of po i t i . ve fi nd ings to wn rra nt 
broadening the scientific inquiry. 

" I t is ex tremely import;mt  for E PRJ to 
cont inue vigorou ly pursu ing  the scien
llfic and engineering qu st ions on beha l f  
uf  the dectric u t i l i ty industry," 0ays Dr. 
Leonard Sagan, a physician who head 
E PR J 's EMF stud ies. 'There i a great dea l 
we ti l l  do not u nd ersta nd about  EMF 
and that we  mu't know in order to  d e· 
termine what, if anyth ing, should be 
done. We are pu rsu ing  this know led ge 
through a broad resea rch program tha t  
encompasses epidemiology, basic sci
ence, a nd exposu re a, se 5ment." 

EPR J  sponsors what ha been for the 
last evera l year the world's largest .ind  
mo I comprehensive resea rch program 
i n  the field ; al  present the progra m com
prises 30 ;.tu d i es that cost abou t  $6 mi l 
l ion a ear. An advi!:>my pane l of dhti n 
guished scien t ist5 from ou tside the 
u t ility i nd ustry rev1 ew5 and g-uid e the 
EPRl re ea rch .  

T h e  emphasi of the present work i s  lo 
conduct tudies that el imina te as much 
as possibl the l imi ta t ions tha t  have 
clouded the re u lts of much past re-

l sea rch.  "The methodologies used in 
many of the epidemiologic 5tud ie hnw 
been more , u i table for g .. merating hy
potheses t h,m for testi ng them," says 
Leeka Khei fets, an epidem iologist who 
manages several EPR l-sponsored . tud 1 es . 
" W h a t  is needed a re stud i�s designed to 
test hypotheses, a long wi th better re
sponse ra te in both cases and controls 
am )ng tudy popu lat ions, and better, 
more-qua nt i ta tive exposu re as cssmc11 t 
method a -" 

Rigorous stud ies arc general ly  chJra -
teri.zed by huge ample sizes, a prospec
tive rather l han ret rospect ive d ata base, 

and careful ly desig11ed a na lysis of con
tuu11d ing factors, such a exposure to 
cigarette smoki: ur to other known c,1 1 • 
ci nogen5. The need for better exposure 
assessmen t in epiJ emiologic studies is 
pa rt icu larly ,,cute. Almo t a l l  past 
studies have used a pprox-ima tions or 
sunogate:, , uch a t he  con figu ration uf 
hou se wiri ng, to repr�sent levels of e -
posurc to magnetic fi · Ids .  

Accord ing  to Dr. G i J bert Omen n, d ea n 
uf l he  School of Public Heal th  and Com
mun ity Medic ine  at t he  Univer i ty of 
Wash ington ,1nd head of EPR t ' i ndepen-

1 dent advisory pa nel, "the ki nds of 
studie  now u nd r way, i nclud i ng those 
on better methods for measuring  what 
people a re actually expos(:d to , offer good 
prospects tha t  scien tists ,1 t1d the pu blic 
wi l l  have much better in formation wi th  
w hich to  evaluate the question of  EMr  
heal th rLks wi thi n  three year or  o. To
day, I thi nk the risk is high !  u ncert.:iin ."  

Expanding the epidemiologic 

database 

EPR I has �evera l key investigations in 
progress to narrow the u ncertain t ies in 
th epidemiologic know ledge base, In 
the area of resi dent ial  EMF expo ure, a 
tudy by the U n i versity of Sou t hem Cal i 

fornia i n  Los Angeles i s  test ing the hy
pothesis of an EMF associa t ion with 
childhood leu kemia .  Dire ted by Or. 
J nhn Peter , the study involves 230 case
con rrol pai rs .  Exposure assessment m
clud e 24-hour magnetic field measu re· 
men ts, engineeri ng-based classi fica t ion 
of nearby ou tdoor ut i l i ty l i nes, and an 
exten ive effort to col lect information on 
potent iaJ  confounding factors . Prelimi
nary  resul t  are expected th is spring. 

K hei fets say , " If importa n t  10 under-
la nd why a 1987 study by Dr. David 

Savil7. fou nd a weaker a ociation of 
childhood cancer and ach.1a l  measu red 
magnetic fields in the same da ta tha t re
vea led a n  a ociation wiU, a surrogate 
exposure, w hich was determined by 
wire code classifica t ion.  This is l ne fac
tor the USC tea m is invest igating. 
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The Spectrum of EMF Health Research 

Different types of stud ies have d ifferent st rengths and weaknesses . No one type can g ive the whole 
answer-al l three are necessary to determine i f  there are health risks from EMF. 

Epidemiology These studies are based 
on real peop le , but in formation , espec ia l ly  on 
exposure , is  often incomplete . Occupational 
stud ies offer somewhat better exposure data 
than other types . Prospective studies, which 
fo l low ind iv idua ls i n  rea l  time ,  give better 
information than retrospective stud ies but take 
much longer. Conc lusions from epidemiologic 
stud ies should be drawn only when multiple 
studies conducted on a var iety of populations 
g ive consistent resu lts. 

Laboratory studies Such stud ies of 
cel ls, t issues , and whole an ima ls offer better 
contro l-experiments can be des igned to 
produce graded exposures and to min imize 
the confou nding effects of diet, genetics , and 
the env i ronment .  I nvestigators can generate 
and examine spec i f ic hypotheses . Laboratory 
stud ies are better for estab l ishing dose
response re lat ionsh ips than ep idemiolog ic 
stud ies, and they prov ide the opportun i ty to 
identify which aspects of exposure are bio logi
cally important . A l im itat ion of an imal studies, 
however, is the di f f icu lty of extrapolating 
observations to estimates of risk for humans. 

Exposure assessment Measurement of 
actual exposure is important  to identify major 
sources . Exposure assessment instruments 
are be ing developed to provide the i n formation 
needed both to conduct epidem io logic studies 
and to accurately interpret the i r  resu l ts . 
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' 'The rcs ,db of lhe u::. �tudy wil l  bv 
no means be uefirn tiw, bu t t hey wi l l 
provide m, ire-precise 1 n !ormalio11 l hal 
w i l l complement and impmve 01, pn:-

irl \ rS i:h i ldhood ca ncer s tud ie,. We M� 
using a d ifferen t  l 1cJ t io11 , ,nd a la rger 
nu mber of leu kemia ca e , a nd Wt!' re 
hopi ng foi a much bet ter response rate 
among �a:,es a nd con trol!, . Wt! art• c,m· 
cen trating on cme disea I!, leu kemia, and 
we are  doing much more detailed ex po
su re a e. smen t," add Khei fels. 

EMF exposure has also been impli
ca ted in change i n  reprod uctive out
comes. As wi th cancer, the eviuence nf 
effects on reproducti ve ou tcomes is frag
menta ry. ne wed1sh study ob:,crved 
an increased frequency of ab normal 
birth ou tcomes among the wives o f  
workers at high -voltage wi t  hyards. l n  
t h i s  cou nt ry, Wertheimer and Leeper re
port longer gestation period 11 nd lower 
birth weights in babies born to users of 
heated water beds and electric blankets. 

I n  ew Haven, Cnnnect icu t, a Yale 
University med ica l research lea rn Lmder 
EPRI sponsorship is gearin� up for the 
first large prospective study of pregnant 
women and EMF exposure. Some 4000 
women who en ter the Ya le- ew Haven 
M ed icn l Cen ter for obstetr ic ca re over 
the  next 3-4 year will form the stud y 
group. Detai led exposu re assessmen L 
wiJ I  be conducted for abou t one-quarter 
of them, and the resul ts wi l l  be u ed to 
model expo ures for the res t .  Those 
moni tored w il l  wea r EPRJ -developed 
personal EMF dosimetry devices for 
week-long periods al severa l points d u r
ing thei r pregnancies. I n  adJ ition, EMF 
dosim • ters wi l l  be left in t he homes of 
these women for 24-hour pcfiods. 

A re arch team led by Dr. Michael 
Bracken wil l  look for s igns of reta rdat ion 
ui i n trau terme grow th and late (8-1 2  
weeks) spontaneous abortions. "This i 
t he fir t large prosp ctivc study of EMF 
and reprod uctive outcomes," no te,; 
Kh ifets. "We a re go ing to lea rn a Int 
abou t the EMF expo tul'� of the women 
i rt thls s tud y. A pilot study found that ,1 s 

JT\i1 11Y ils 15r1, of t he  pregnil.n l women in 
a smal l  s am ple u sed electr ic b la nket!> 
11 11d e l echica l ly hea ted wa ter beds, 
w 11 ich prud uct•d average exposun::, of 
1 3-�0 mil l ig,lU�:.  \ mC I , i-n in the h, 1 1  
study we s h  mid  be able t�, �ec the d
fect of those e, po u re if there a re ;i ny.'' 

Resu l ts shou ld become ava i lab le in 
1993. That's about a year a fter result a re 
e pee led from an EMF assessment re
cently added to a spontaneous abort ion 
h.1d y being conducted by state health 

resea rchers i n  Ca lifornia. "1 thi.nk these 
two stud ies, if the resu l ts are consisten t, 
wi l l  ett le the is ue of whether magnetic 
fields  affect rep rod uct ive OL1tcumes," 
ays Kheifets. 

In occupational epidem iology, fi nal 
results are e pect d i n  the next few 
mon ths from the fi rst l a rge EPRl s tudy. 
The retrospective study of former tele
phone workers 1s now wind ing down, 
having fou nd no a ociation between 
leu kemia and EMF exposure and sur-
pri ingly few te lephone workers who a re 
actua l ly ex posed to ' ign ificant magnetic 
fields on the 10b. 

Directed by Or. Genevieve Mata no ki 
of John Hopkins Univers ity, the st udy 
a nalyzed the occu rrence of leu kemia a� 
wel l  11 lhe magnetic field e).po ure of 
workers from a populat ion of over a mi l
lion former Bell System employees. Bob 
Black, the EPIU project manager, says de
tailed measurements w re made for �ti 
mation of t he  adua l  EMF exposu res of 
the leukemia cases and the controls. 
Other occupational risk fa tors-expo-
ure to organic solvents such as benzene, 

for exa m ple-were a l  o eva l uated . 
" We expected the EMf. exposures for 

ome jobs to be compa rable to t hose of 
e lectrir u t i l ity line workers, bu t that 
turned out not to be the ca e," B lack ex
plains. The onl y set ot te l ephone workers 
who do recei w  si� ni ftca nt job-related 
magnetic field exposu re , accord ing to 
Black, a re ca ble-splicers and oth r wlw 
often work in urb,111 undergrou nd vau l ts . 

One a nt icipated conclusion of U1e 
tudy i that , becau e few signi ficant 

mJ.g m,t ic Acid '<PO u re- were fou nd , 
the ,, pp,uen t  lack or a n  r1ssocra t ion be
tween 10b c l a ssit1cat iun a nd J eukl'mia ha:; 
m )t bcc1 1 conclu:,i vdy demonst rated . 
"St i ll , , t  w ,,s a big s l udy pupu ln t ion, in 
ol v i n,g genera l ly grea ter magnetic fieldi; 

t ha n <1 re typica l of residential environ
men ts," says Black. A more-recent 
fol low-on sh. 1dy appears to have found 
some po� i t ive as ociat ions bet, een occu 
pa t ional EMF exposu re and cancer, how
ever. (See bo>., p. . )  

Wha t  shou ld perhaps prove more per
suasive is another study now i n  lu l l  
gea r-a tuuy o f  eledric uti l i ty workers 
Five ma jor .S .  u ti l i lie.s are pa r! rdpating 
i n  a relrospect 1 Ve stud y o ome 1 50,000 
w h i te male employees who w1 , rkl'd f r 
the companies between 1 95(1 and 1 9  6. 
Wi t h i n  a b  u t  three yea rs, i t hou kl bl'
·, 1111e clea r whelher workers m certa in 
u l i l i ty jobs ru n an i ncreased r isk uf leu· 
kemia or bra in  cancer. 

The study will covl!r 2.5 mi l l ion 
persun-ye11rs, ·ay 131a J.... "There have 
been only a few ind u stria l ep1dem 1o!ogic 
st\1d i  that were bigger." he e plains, 
ci ting those of mbber lactory and ship
yard workers. David Savitz of th Uni 
versity of orth Caro l i na  is d i recti ng the  
epidemiology. Enertech Consultants is 
pe1'funning ex tensive mem,urement. f 
Lhe CMr e-\posu re of workers in va rious 
job l;;, ssi fkations that wi l l  be used to re
construct and estim11 te  emp loyee e.'i pn
su re hi tories. Con fou nding risk l actm 
w i l l  11! o be analyzed . 

In st i l l  another EPRl-sponsored s tud y, 
c,ucfu l mea su rement of EM f- exposu re-. 
of per on in certain job c11teiorie 11 re 
bei ng ma de. The popu l11t ions from three 
previo1.1s stud ies ( ea tt l  ,, Los Angeles, 
.1nd New Zea land) i nd icat ing increa sed 
leukem ia r.isk are being reanalyzed on 
the  ba sis ot actual £MF measu rements. 
E! 'R l ·developed i nstru ments a nd pro to
cols have been used t il. sess the e:>-po
su res of a bou t 7'10 worker· in the three 
location s . The earl ier stud ies d id not 
measure act ua l  exposu res but instead 
used on ly job ti tle for da · ifica t ion . I'e-
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Telephone Workers and EMF: 

D
espi te negative results in a na
tional tudy of telephone workers 

tha t  sought epidemiologic evidence of 
a l ink between occupational EMF ex
posur and cancer, preliminary resul ts 
from a recent fol low-on tudy are 
drawing attention becau e they appear 
to con trad ict the earHer find ings. 

Both tudies were conducted by re
sea rchers at John Hopkins University 
under the d i rection of Dr. Genevieve 
Mata noski, the principal i lwest igator. 
The original stud y, sponsored by EPR I, 
analyzed leukemia deaths during 
1975-1 980 among 1 .2  mil lion retired 
and active employees of the former 
Bell telephone system . Al though more 
information continues to be ad d d on 
the employmen t  and exposu re h i  to
ries of subjects in this nationwide 
stud y (known as a case-control study), 
the John Hopkins researchers have 
reported finding no evidence of in
creased risk of leu kemia among tele
phone lin men. This is the case when 
Linemen-workers who ar presumed 
to have great r-than-normal exposure 
to EMF-are analyzed as a grou p  and 
when they are analyzed as subgrou ps 
characterized by estima ted exp u re. 

In ana lyzing the resu l ts , however, 
Matano ki and her col leagu s became 
concerned that the study mjght be 
missing a significa n t number of leuke
mia cases among yow1ger, act ive 
worker . Only 40 deaths in the 20-49 
age bracket were observed in the ca e-
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A Closer Look 

control study; something like 200 
might be expected, given national leu
kemia mortali ty rate . 

With funding from the at ional In
st i tu te of Environmen tal Hea lth Sci
ence , part of the U.S. ational In ti
tu te of Health, the Joh n Hopkins 
group tried to find the supposedly 
missi 11g leukerrua cases in a 50,000-
per on ub et of act ive ew York ma le 
telephone workers, aged 20-49, who 
were employed during 1976-1980. The 
t a m  studied the incidence of al l  types 
of cancer at onset, ra ther than as a 
cause of dea th, by matclung records of 
the worker wi th those of the ew 
York Cancer Regi try, one of the few 
such extensive sta te data ba n ks. 

Al though the actua l numbers of can
cer cases found among the ew York 
workers were smal l, the incidence 
ra te for subjects with l ine-related jobs 
were higher tha n those for other tele
phone compa ny employees. This was 
particu larly true for cable-splicer , the 
most heavily exposed subgroup of line 
workers. Among the 4500 cable-
plicers in the ew York study, there 

were three cases of leu kemia, eqtdva
lent t a rate seven time higher than 
tha t for other telephone workers.  The 
cable-splicers a lso bowed a statis
tical Jy significant, 1 .8-times-higher 
overa l l  incidence of cancer when com
pared with other telephone work rs. 
Still, the overal l ca ncer rate for al l  l i ne
related workers in the study was be-

low that for all ew York males. 
The Johns Hopkins researcher 

fou nd two cases of ma le breast ca ncer 
in a ubgrou p of 9500 central office 
technicians, workers who were be
l ieved to be exposed to EMF primarily 
from older, electromechanical tele
phone switch ing systems. Zero ca es 
of such a rare mal ignancy i n  men 
wou ld ord ina rily be expected. Also, 
compared wi th non-l ine workers, 
centra l office technicians howed a 
l ightly h igher overall rate of cancer. 

I n  reporting these latest findings at 
the annual EPRI / DOE EMF contractors' 
research review last ovember, Dr. 
Ma tanoski ob erved that "there does 
appear to be an i ncreased ri k of leu 
kemia i n  the you ng workers" and that 
different exposures from li11e work ap
pear to resu lt in d ifferent patterns of 
cancer risk. Yet she also stressed the 
prel iminary na tu re of the results. 

Comments EPRJ's Leonard Sagan : 
"Beca use the two studies u ed differ
ent methodologie and involved d if
ferent populations, their results are 
difficu lt to reconci le .  In add i tion, there 
may be factors other than EMF expo-
ure contribu ting to the incidence of 

cancer a mong the workers. From the 
information we have seen, however, 
t lus clearly deserves to be followed up. 
E PRJ intend to pursue possibilit ies for 
further research in t his area wi th Dr. 
Mata noski to clarify the apparent dif
ferences in resul t  ." 



EMDEX Profi les Personal Exposure Through the Day 

A persona l  magnet ic exposure record taken with the EPR l-developed E M DEX device shows how the magnet ic fie lds an Ind ividua l  experiences can vary 
through the course of a day. Periods at home show peaks from k i tchen app l iances and other  electr ical househo ld items ,  inc luding a televis ion, an e lect ric 
blanket, an e lect r ic razor, and a microwave oven. At work , f ie lds were recorded as the subject passed bu i ld ing HVAC motors or worked at a desktop 
computer. Outdoors ,  the subject walked by ne ighborhood uti l i ty fac i l ities , inc lud ing an overhead transmission l ine and a d istribut ion substat ion . The f ie ld 
levels shown are not necessar i l y  typical of the sources indicated , but  the E MDEX profile demonstrates that a great variety of sources contr ibute to an 
1 nd 1v idual's tota l  magnetic f ield exposure and that f ie lds f rom such sources can vary widely 
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suit  of the reanalyses hou ld be ava i l
able next spring. 

Laboratory studies: 

back to basic science 

Epidemiology was the pri mary ou rce of 
the suggest d l ink between EMF and 
ca ncer. U l timately, however, val id a t ion of 
the nature and magn i tude of effects, i f  
any, wil l depend both on labora tory cel
lu lar  a nd anima l  studies and on epide
miologic evidence. 

Ethical  considera t ions, the d i fficulty in 
contro l l i ng genetic and envi ron.men ta l 
variables and exposu re, a nd the length 
of the huma n l i fespan together make i t  
impossible to rely solely on human data.  

1 2 :00 a .m . 3 :00 a.m. 6 :00 a .m .  9 :00 a.m 4:20 p.m. 
T ime 

Besides the need to val idate effects, there 
is a critica l need to better u nder tand the 
mechanisms of biological interaction. 
These and other questions-such a 
what is a useful concept of EMF do 
ag�a re most react i ly  answered in  labo
ratory stud ies of whole animals (mostly 
rodents) and animal (includ ing some hu
man)  cells a nd t issu e . 

'1f there are hea lth effects from EMF 
exposu re, then the  pr cess ha to  begin 
at some prima ry level, such as macro
molecu les or the cel l membrane, where 
these field s interact and cause fu nda
men tal  changes," says Cha rles Ra fferty, a 

I 
biophysicist who ma nage most of EPR I '  
EMF laboratory stud ies. "We need to  be 

able to identify the site of interaction and 
the physical  mechanism. U l timately, 
things have to be described in terms of 
the macromolecu lar systems that make 
up cell  and membrane -that '  the 
mechanistic level we need to know abou t ." 

Jn their genera l conclusions abou t the 
biologica l effects of EMF, the Ca megi e
Mel lon/OTA au thor ummarized what 
is known about central nervous system 
effects and the po sible role of EMF in 
promoting ca ncer. Whole-a nimal studies 
indica te tha t "subtle and  complex" ef
fect , inc luding al tered circad ian 
rhythms, can resu lt  from the interaction 
of electromagnetic fields with the cen tral 
nervous system, they say. The interac-
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E 
pidemiologic studies have pro
vided the major evidence relating 

residential EMF exposure to ch i ldhood 
cancers, including leu kemia, and re
lating occu pational exposure to leuke
mia and brain cancer-the health ef
fects that have attracted the most public 
interest as the EM F issue has evolved . 

Public concern and research interest 
in the possible health effects of expo
sure to relatively intense EMF began in 
the early 1970 with reports from the 
Soviet Union of nonspecific ailments 
including headache and loss of l ibido 
among workers at high-voltage switch
yards. But, in 1 979, resul ts of a case
control study of children in the Denver, 
Colorado, a rea by Wertheimer and 
Leeper focused attention on cancer and 
a possible l ink with relatively weak 
EMF in homes. 

Wertheimer and Leeper found an el
evated risk of al l  cancers and a twofold 
risk of leukemia among chi ld ren who 
were pre urned to have received 
greater magnetk field exposure be
cause of their homes' proximity to 
power distribution or transmission 
l ines or transformers. 

On the basis of a l imited set of actual 
measurements, the au thors cla sified 
as high or low the comparative magni
tudes of magnetic fields in the homes 
according to their nearness to pre
su med high-current utility l i nes. 

The results of the study were que -
t ioned in the scientific community be
cause of va rious l imitations in its de
ign and methods. The e included an 

wwalidated surrogate for estimating 
expo ure and a fa ilure to take account 
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of such potentially importa11t con
found ing causes of disease as exposure 
to rad iation or pas ive exposure to cig
a rette smoke. 

At least four other case-control 
studies of childhood cancer have been 
done since the original Wertheimer
Leeper report .  Two (one in England 
and one in Rhode Island) found no as
sociation with magnetic field exposure, 
while two others (one in Sweden a nd 
another in Denver, which was de igned 
to overcome the original tudy's weak
nesses) also ind icated positive associa
t ion 

The second Denver study, spon ored 
by the util ity-funded ew York State 
Power Lines Project and directed by 
David Sav i tz (an epidemiologist now a t 
the University of orth Carolina), 
looked at a different popula tion of chil
d ren diagnosed wi th cancer during a 
later period of time. Both wire-coding 
classifications and actual indoor mea
su rement were u ed to characterize 
EMF exposure. 

The exposure assessmen ts for the 
1987 Savitz study are today the source 
of much of what is known abou t resi
dential EMF levels, pending more
detai led assessmen ts. The overall study 
found that children with cancer were 
more likely to l ive in the homes with 
the highest assumed magnetic fields 
(as estimated by proximity to high
current-capacity u t i l ity lines and 
equ ipment), although the association 
with measured magnetic fields was 
very weak. o a socia tion of electric 
field with cancer risks was found . 

ln 1982, using a methodology for ex-

posu re as es ment simi lar  to the child
hood study, Wertheimer and Leeper 
also fou nd an associa t ion between resi
dential wiring configurations and ad ult 
cancers (of the nervous system, uterus, 
and breast ) .  The results have been 
questioned because the study was con
ducted mostly with a non-blind expo
sure as essment. 

Some 15 occupationaJ epidemiology 
studies have looked for a l ink between 
EMF and cancer. The expectation, ba ed 
on the usual concept of a Linea r dose
re pon e relat ionship, has been that 
any hea lth effects shou ld be most d is
cernible among workers in jobs be
Ueved to entail EMF exposures much 
higher than those in a residential envi
ronment .  

Such so-cal led electrical occupations 
have been assumed to include a lumi
num smelter workers; electrica l equip
ment a semblers and repair tech ni
cians; electricians; engineers; movie 
projectionists; power station personnel; 
power and telephone l ine workers; 
streetcar and subway operators; tele
graph, radio, and radar opera tors; and 
welders. 

The actual exposu res typical of these 
occupations have not, in fact, been 
measured previously, although current 
stud ies are substantially expanding 
the knowledge base. Lack of quanti ta
tive occupational exposure data up to 
now may b one reason the epidemio
Jogic data are mixed .  Ln some studies, 
for some job titles, the nu mbers of bra in 
and central nervou system tu mor 
and incidence of certain types of leu ke
mia are elevated; for others, not. 



tions may d epend on the frequl'ncy :ind  
in tensity of the  field,  the ea rt h '1, b,1ck
grou nd magnetic field, a nd Lh e li me a nd 
length of e posu re. "How a nd w ht'ther 
t he�l' finding hilve publ ic heJ l l h  i m pli
ca t ions rcma i 11s unclea r," the a u t hnrs 
nott' .  

Rei:;ard in):;  cancer promotion, t he  au 
thr,r.., sav  c l l ular- level experi me11 t pui n t  
tn t he cel l mem bra,w ii ;i i  l l';ist n n c  ite 
of EMF i nteraction . The cd l mem brnne is 
a known rl?ceptor ror chem ical c.i nrl'-f 
prom ters. At the i nd ividu a l cel l leve l ,  
l he  membra ne governs procl.'sses th.:i t  arc 
u . peeled of being ,l l lL'red by in teract ion 

wi th  "MF, mdu dmi i m m u ne response 
and  ommunicahon .:imon14 cel ls .  ln Ont! 
laboratory, EMF has been sh wn to in
crease production of a cel l  cr1zyme (or
nith i ne  deca rboxylase) tl1at i, cs entia l 
for normal grow th, a l t hough EMF does 
not cause the ver high ODC l evels t h a l  
are assoda l  d w i t h  ca ncer promotion, 
accord ing to CPRl 's Ra fferty. 

imilarly, to the e>. ten t that EMF' is i n 
v o l  e d  in a l tered protei n syn tl1esh 1 i n  
change - i n  immu nological o r  hormone 
• tatus, or in ,, l tered circadia n metabol ic 
pa t terns, the progression of a tumor in i 
tiated by some other agent might, in 
rum, be af fected, the Ca rnegie- Mel lon 
a u thors note. ElectriL fields have been 

hown in rats to depress the syn the is of 
the hormone mela ton in  b the pint>a l 
gla nd . Suppressed melaton in level,; have 
been ii� ociated wH h lhe growth  of  c.m
cer, w h i le admin i tration of mdatonin , 
u nder  ertain labora tory i.:ond i tiom, , can 
slow ca ncer growth.  

TI1e Carnegie-Mellnn au thor pl, in t  
out that, while the observat ions "a re con
sistent with the hypl th sis tha t ( E M F I  
may play a role i n  ca ncer or tu m r d e  
velopmL•n t ,  none of these con t itu te:; 
proof or even necessa rily a st rong i ndica
tion t hat i t  doc ." 

On the h<1.;is of his know ledge of the 
laboratory studies, Ra fferty do.: .  1101 �cc 
the evidence of biologica l e ffects from 
expo· ure to magnd ic held as clear and 
u nequ ivoc a l .  " I t h i nk  tha t 1 1verstates 

what we k11 11w, :,.., w(• l l  ,1 t he  st re11gth of  
the c,penmenb.  

''The problem is t h a t, a l t hough some 
good labora tories have done .urne wel l
designed experimen t�. t here ha st i l l not 
been go0d repl icatillll a mong labora to
r ies .  A l l  the posi uve  resu l L� from a l l  
s tud ies everywhere get t h rown i nto l hL· 
same bag, bul i n  genera l , they have  nnt 
been repl ic,1 tcJ , 1 1· c11p lnred t horough ly." 
says Ra fferty. 

"U nti l then• is ,,xreement among labo� 
ra tories that when you i;et a pa rtirnla r 
end point you ,·;in do thl same experi 
ment el ewhere and  gel egui va len l re
sults, I wou ld not say t hat we have un
equivoc11I ev id ence fur effocts a t  t he  ceU 
or macromolecu la r  level. Evidence for ef· 
fects in a nimills is also inconsisten t :  we 
...:ertain ly do n )t have convincing evi
dence for ha rm fu l  effects at  t he whole-
a nimal level ,"  R .1 fferty adds. 

Rafferty agrees with the OTA paper 's 
emphasis on the danger and the d i ffi 
cu l ty of e tr,1pola t i ng observed cel l ular 
phenomena to w hole organ isms. "Effects 
at the cell level don ' t  neces 11ril y tel l  us 
anything abou t  how such effect. might 
result in physiological changes in the 
whole anima l.  A nima ls h,we tmn� ho
meostatic mechanisms designed to com
pensate fur changes at one level wi th  an
other physiologic11 l change.  General ly, 
on ly very strong perturbation a t  the ce l l  
level will prod uce effect:. that ca n be 
seen at the lcwl of the whole orga n ism," 
Ra ff erty note:,. 

Probably the most e tensively <.ludii:d 
area of biologica r c ffl:CI<.  in EPR l 's re
search has been that of birth d efects; i n 
vestigations have been condu cted on 
va rious labor.i tury a nimab,  includ i ng 
swine and roden t . Rec�1t ly  concluded 
work at Ba ttcl le, racific orth west Labo
r,1 torie , i 1wo l ved rats exposed to electric 
fie ld a nd ,  most recently, tu magnehc 
fields. 

Both p11rt:. of t he stud} used grou ps of 
several hum.I red an ima l s  u nder ,evera l 
level of exposure.  Expo u re to power
frequency electric fields ra nging u p  to 

1 10 kV / m prnd uced no ... ignifica n l d
fecls .  The t ind ing · of t ht'  latest s tudy. i n 
vt) lvin� magnetic fie l d s  of u p  to  1 0  G , 
were ,1 J �o nega tive. 

Bob Bbck, thL' El'Rl  prnjal mana ger, 
.-, , y t he  rJt teratoh)gy stud ie!.> were 
a mong the l<1rge · t of thei r kind ever con
d uct d. Relfl ted ex perimen t  are b ing 
done in wcdt!n and  a nada .  Bu t  on U,e 
basi · of t he nega t ive Ba ttel le rccn.al ts. F P R t  
does n n t  ;rnt icipate major new efforts of 
i t s  own in llliS area. 

D •spi te epidem iologic tud ies a nd 
n·l l n l.ir-lcveJ experiments that sugge�t 
that  EMF may act as a cancer promoter, 
so t a r  there have been only l im.ited l abo
TJ tm studies in whole a n i m a ls to lest 
the hypothesis. EPRJ has been pla n ning a 
:,('T ies ot w hole-anima l a nd related ccl lu· 
Jar e>..perimen ts tha t ,  coll ct ivdy ,, nd 
even tua l ly, shou ld  he lp  a nswer lhe ques
hon. 

A W{)rk:.hop of lead ing cancer re· 
..,e,i rchers in the su mmer of 19 8 prn· 
vided major i npu t to t he  research pla n
n i ng.  Among Lhe stud ie recom mended 
w1:rt> ii chron ic tox.idty-ca rcinogenicity 
evoluat 1on employing the National Toxi
cology Pmgra m (NTP) protocol, a skin 
cancer pr 1motion s tudy in mice, a l iver 
ca ncer promotion stud y i 11 rn ts. _ tud i  s 
on leukemia and braj n ca ncer in m ice, an 
,rn ima l immune system study, a dinical 
s tudy on the human immune system, a 
tumor growth study, a cel l u lor study on 
can er promotion, 11 nd a battery of Le ts 
for genutoxici ty (a l t hough there is no ev
idt'nce tha t EM F i� ca pable of cau i ng 
gt'ne mut11 tfon ) .  

Ra fferty say  tha t  idea lly a l l  p f  L he  rec
ommended studies should be cnmpleted 
( 1 hether by El 'R I or by ot her sponsors) 
to <.'S ta bl ish the laboratory ba. is for con
sid eri ng the question 1f EMF  carcin<.1-
genici ty in humans . Other sponsors, in
clud i ng Canadian govern ment a�encies 
.:ind  ut i l i ties, as wel l  as the Swed i�h �ov· 
l'rn men l,  J J'C ftm d i 11g a nimal  c,pcri
ments cm · ki n ca ncer and  l iver Cil ncer 
promotion and the i.:ell u l n r  cancer pro
motion study. EPRJ is fol low ing U1C'se ef-

E. f'RI ,JOURNAL Ji< I I Lio:1 1 y/f'; l.H "" � IQ90 1 1  



forts and  a n hcipn tes · ponsuri ng some 
add ihona l cxperi mt:nts .  

ew projects wi l l  conshtu te the core 
of E PRl 's l aboratory sfudics on ca ncer. 
"The cornerstone oI t he  progra m is o 
study on leu kemia a nd brain h1mors i n  
mice and ra ts ," says Rafferty. The project 
w i l l expose everal thou sand roden ts of 
susceptible s t ra ins  to elevated magnet i c  
fie ld - over their fu l l ,  tw -year l ife span · . 
" I f  EMF is i nvol ved i n  the developmen t 
of ca ncer a t  any stage, t he  effect shoLi ld  
be  d emonstrable in animals. This stud y 
is design d to tel J  us whether m agnet i c 
fie lds  either in itiate or promote cancer or 
function in combination wi th known ca r
cinogens," adds Ra fferty. Results a re ex
pected by l a te 1 993. 

E P R I  is also coopern t ing with the a
t ional I ns t i tu te of Environmental Hea l th 
Science to develop a n  Tr-protocol 
eval uat ion of EMF to icity and ca rcino
gen icity (another of the recommended 
stud ies). I n  addi ti.on, immune system 
stud ies on both a n i ma ls and human  are 
planned . A ttunor grow th study in mice 
is also anticipated. 

The best-documen ted physiological ef
fect of EMF in a n ima ls, accord i ng to 
Ra fferty, is the su ppressi on of nighttime 
syn thesis of mela ton in LL11der exposu re 
lo elect ric fields .  "If  thjs obser vation i 
accurate-and we are now exa mining 
thi  -the po sibi li ty that EMF cou ld a f
fect human health th roug h  the alterat ion 
of pi neal gla nd function must be taken 
seriously," he say . Va rious ani ma l 
stud ies suggest that melatonin can mod 
ulate the i mmune sy tem and  even d i 
rect ly suppress the  growth of ca ncer 
cells. The hormone is also associated 
wi th regulating development and  repro
d uction and  with mod u lati ng behavior 
and related circadian rhythms. 

EPRI  is  sponsori ng fol low-u p sttid ies 
of publ ished work on electric fields and 
melatonIB synthesi a nd is planning an 
experiment to test the effect of melatonin 
suppression on tumor growt h. Bui ld ing 
on the results of these projects, fu ture 
stud ies wi J J  more fu l ly explore the hu-
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man hea lth impl ica t ions of these factors 
,md attempt to sp c i fy the thresholds of 
response for bot h electric and magnetic 
fie lds  a!> we l l  c1s the si te of biologica l in
terachon. A 1 988 pilot study of human 
volunteers using electric blan kets-con
ducted for E PRI  a t  Bat te l le-wa i ncon
clusive in id enti fy ing an effect of mag
netic fi eld exposure on melatonin 
syn thesis .  

The search for mechanisms 
The epidemiologic stud ies suggesting an 
associa t ion bctwi::en cxpnsu r to mag
netic field and cancer were con troversia l 
i n  the scientific commu n ity bemuse, 
a mong other reasons, they had puzzling 
impl ica tion. for the physica l  mechani m 
of biological da mage. Becau e there is no 
evidence tha t EMF tra nsfers energy capa
ble of damaging gene-ca rrying chromo
somes in ce l l s, and because in several 
cel l stud ies magnetic fields have no dam
aging effects on genes, E M F  does not fi t 
with in  the single-stage model tha t ex
plains how most known ca rcinogens 
cause cancer. 

A more-recent,  two-stage model of 
cancer suggests the  in teraction of an i ni
tia t ing agent ( i .e . ,  one that doe · d a mage 
gene ) wi th  l.  ter exposure to a promoter 
agen t that ca n st imula te abnormal 
growth bu t thnt mnnot by i tself cause 
cancer. E IF plau .  ibly could play a role 
as a promoter u nder this theory of can
cer. Moreover, the positive statistical as
sociations betw en ca ncer and EMF ex
posure that  have been fou nd in some 
epidemiologic stud ies have encompassed 
�evern l type of cancer, an observa t ion 
that eems more consistent wi th  the hy
pothesized rol e  of EMF as a ca ncer pro
moter. 

The biologica l re ea rch l i tera ture 
abounds wi th  reports of EMF effects, 
ranging from al tered calc i u m  ion flux 
across cd l membra nes to act iva tion of 
enzymes, cha nges i n  cel l ' i mmune act i v
i ty, endocrine system changes, and al ter
at ion of DNA, RNA, and prntein syn 
thesis .  Sti l l ,  note EPRl 's R.1 fferty1 "no 

mechanism of EMF i n teraction uniquely 
accounts for these effects." 

Among the hypothesized mechanisms 
of EMF i n teract ion arc the ind uction by 
magnetic fields  of currents in tissue thil l  
in some way al ter cell membra ne fu nc
tion; molecu lar  resonances at  certa in fre
quencies of an osci l lating mag net ic field 
in combinaUon with the ea rth's sta t ic 
magne t ic field , which cou ld a Hect the 
flow of ions acros the cel l  membra ne 
( the cyclot ron resona nce model ) ;  and the 
i n teraction of magneh c fields with mag
netite bodies in nerve cell structu res. 

Of these theories, says Ra fferty, i n ter
act ion wi th magnetite repre en ts the 
only wel l-defined biophysical mod el . I t  
is  knoW11 that bacteria containing 
ferromagnetic ma terial wil l  orient their 
mob.on a l ong an app l ied magnetic fie ld , 
''We don't  real ly k11ow how this migh t  
a ffect the  funct ions of higher organisms, 
or even if  it a pplie , but it' a very inter
est ing area of research,'' he adds.  EPRI
sponsored work at the Cal ifornia ln ti 
tutt' of Tech nol ogy is currently looking 
for a magnetic field receptor i n  the nerve 
cel l  s tructu re of salmon that is  bel i eved 
to be rela ted to their migra tion beha vior. 

everal  key experimen ts t h a t  gave rise 
to the cyclot ron resonr u1ce model, such 
.I!> stud ies of d ia tom movement and of 
calc ium Aux  in huma n  lymphocytes, are 
bei ng explored furthC'f, says Rafferty. He 
say� the hypothesis is ' t i l l considered 
high ly i mplausible beca use t he normal 
therma l  energy fl tLx in cel ls  is severa l or
d ers oI magn i tude grea ter than the very 
sma l l  cou pled energy that  may result  
from magnetic field resonance w ith ions. 

Other mechanistic studies that El,R l is  
support ing i nvol ve the a rea of gene ex
pre .ion . Al though EMF  does not appea r  
t o  da mage D A structure d i rect ly, i t  ha!
been suggested that EMF may a l ter cel l  
proces e s  b y  i n terfering wi th t h e  tra n
scription of R A, an intermediilte step in 
the process by which DNA dicta tes pro
tein production . EPRl -funded work at 
Colu mbia Univer ity and Hunter Col 
lege i ex ploring t h e  changes in R N A  



Magnetic Field 
Sources in Perspective 

The intens i ty of both elect r ic  and magnetic fields d im in ishes 

with d istance f rom the source , whether  it i s  a uti l i ty transmis

sion or d istribution l i ne or  any of a variety of e lect rical home 

appliances. Different rates of decay of field strength with d is

tance result from the e lectrica l  properties of the various 

sources . As the graph indicates, magnetic fie ld densities at 

close prox im i ty to many common e lectrical appl iances can 

great ly  exceed those experienced d i rectly underneath uti l i ty 

power l ines. But fields are generated on ly when devices are 

on ,  while the typically lower fie lds from power l ines tend to 

be more continuous. Whether br ie f  but intense exposures 

from electr i cal appl iances are more or less b iolog ica l ly sig

n i ficant than chron ic ,  low-level exposures is not known.  

Residential Magnetic 
Fields: A Dynamic Environment 

Key sources of magnetic fie lds in typical resident ial environ

ments inc lude overhead ut i l ity d istr ibut ion l i nes (both pri

mary and secondary circuits), the elect r ica l ground ing 

system (usually to the metal l ic water ma in ) ,  and indoor appli

ances (e.g .. telev isions) . Possible other sources include 

unusual wiri ng configurat ions ,  underground d istribut ion 

l ines, and nearby high-vo l tage transmiss ion l ines. In the 

case of overhead d istribut ion l i nes, magnetic fie lds in  addi 

t ion to those generated by balanced currents in the primary 

and secondary conductors can result from net currents-the 

vector sum of all the individua l wire currents (arrows)

which f luctuate as loads change . And in bu i ld ings that are 

typically grounded to the same maze of underground water 

pipes, indoor f ie lds can even be affected by return currents 

from loads in  neighboring structures. A ful ly wi red laboratory 

structure and d istr ibut ion ci rcu it s im i lar  to the arrangement 

in  the d iagram have been const ructed at EPR l 's H igh 

Vo l tage Transmiss ion Research Center to study the EMF 

environment under d ifferent s imulated loads and e lectrica l  

condit ions . 
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tra nscri pt ion and protei n syn thesis, us
ing the a Ii vary ceUs of flies a nd a va ri
ety of huma n  cells .  The insti tu te also 
closely moni tors mecha nism research 
being conducted i n ternat iona l ly. 

Getting a better handle on 

exposu re 

A major cha l lenge in both epidemiologic 
a nd basic l abora tory re earch, a nd a ma
jor pa rt of EPRT '  EMF research program, 
involves dosi metry and ex posure assess
ment .  Although high ly variable over 
t ime and spac , the electr ic and magnetic 
field s tha t  people norma l ly come i n to 
con tact wi th  a re though t  to be very 
wea k. Bu t  it i known that a round cer
ta in appliances and  mo tors, or in the im
mediate vicinity of any faci l i ty or equ ip
ment  tha t  control , ca rri , or u es l arge 
amount of electrici ty, th fields ca n be 
severa l to many ord rs of magni tud e 
more in tense. 

Get ting accurate information on the 
strength and distribution of these fields 
is crucia l  to the soundnes of tudy r -
u l t  and, more general ly, to the under
tand ing of the base l ine presence of EMF 

in the modern envi ronmen t .  J t  i in expo-
sure a e· ment that EPRJ has perhaps 
made the mo t headway to da te .  

A powerful compu ter progra m for ca l
culat ing electric a nd magnetic fields  

The Search for 
Cellular Mechanisms 

a rou nd high-voltage tra nsmiss ion l ine -
ENV IRO, a product of ear l ier  EPR l  Etvl f 
activi ty-is ava i lable a part of the 
TLWorkstationT\I a nd is widely used by 
util i t ies in tra nsmission sys tem pla nning 
and engi neering. Bu t  present research 
mu t consider a broader un i verse of ex
pos u re sou rce , inclu d ing d istr ibu t ion 
l i nes, household wiri ng, and  electri a l  
app]jances. 

To measu re field from uch ou rce , 
two new portable devices for measuring 
p rsona l  exposure have been com mer
c ia l ly developed and M b ing  u ed in 
the field. The fi rst, EM DEX (electr ic and 
magn tic d ig i ta l  exposu re system), is a 
ba ttery-powered, microproce"or-ba d 
device worn on a beltpack for sa mpling 
and recording field levels over extended 
period s. It weighs a bou t a pound and 
wa devel ped for EPRI by Enertech 
Con u l tants and  G nera l  Electr ic. ome 
60 u t i l i t ies ha ve conducted EMF u rveys 
of variou u t i l i ty occu pa t ional environ
ments using EM DE . 

E M  DEX is now being com merc iaUy 
produced u nder l icense by Electric Field 
Measurements of West Stockbridge, 
Massachusetts, at a cost of a round 2000 
p�r in 'tru ment .  At a ra te of up to one 
every second, E I DEX record the mag
netic field componen t a long three axes, 
electric fields, and motion in the geo-

Various mechanisms have been proposed to eKp lain how magnetic fie lds 
affect bio log ical systems and thus may be involved in promot ing cancer 
or in producing other hea l th effects . Some theories focus on the organ or 
macromolecu lar level . Accord ing to one , for example , magnet ic fields 
may suppress the human Immune system's res istance to the in itiation or 
progression of cancer from some other cause. This suppression cou ld 
result from direct effects of magnet ic f ields on lymphocytes or from the i r  
a l tering of the body's product ion of a key hormone, melatonin . Other 
hypothesized mechan isms of magnetic field interact ion extend down to 
the subce l lu lar leve l , involv i ng  al tered communication at  the Junct ions 
between cel ls or on ce l lu lar control funct ions involving RNA. 
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magnetic field .  A persona l  computer 
loaded w ith E M DEX' accompanying 
software is u ed to et up the instru ment  
at the s tart of a su rvey and to rec ive 
and analyze download ed d a ta .  

Accordi ng t o  tan Sus ma n, the EPRI 
project manager who has  gu ided the de
velopment of E M  DEX, th project ha be
come a model for fol low-on hard ware 
work. "The accelera ted a pproach to com
mercia l izat ion-encou raging a large 
nu mber of uti l i t ies to join in a coopera
t ive exposu re assessmen t effort-has 
b en inva l ua ble i n  peed ing  paral lel 
work on measuremen t protocol a nd in 
beginni ng the co l l  ction of measu rement 
data a on a po ible," ay Sussman. 

EPRI ha also sponsor d the develop
ment of A M EX (average magnetic field 
expo ure ineter), a two-ou nce wri 't
watch-style screening device. I t g ives a 
cumu l a t ive readou t of a si ngle-a x i  mag
netic fie ld measu remen t. A l im i ted num
ber of Llll i t  have been produced for use 
by E PRJ researchers a nd u t i l i t ie . adc 
in quanti ty, the AMEX wou ld cost abou t 
$100 per device. 

Sussman ays the nea r-term goals for 
next-generat ion expo u re mea u remen t 
hardware are to ad d the th ree-a is ca pa
bility to AMEX, to reduce the cost and  
size of EM DEX, and  to  make both instru
ments more rugged and re l iable. Proto-
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Related Studies Here and Abroad 

C
umulative EPRI funding for EMF 
research since the earliest projects 

began in 1973 now tot11ls more than $25 
mil l ion; the current program is i nvest
ing about $6 million a year. The work is 
conducted by le11ding i ndependent re-
earch cien t jsts at m11 jor universities 

and l11boratories and managed at EPRI 
by a team of expert in biology, epid e
miology, physics, publi hea l th, and 
risk 11ssessment. 

EPR T 's EMF re earch has been com
plemented in this coun try over the 
year by a basic sciences program spon-
ored by the U.S .  Depa rtment of En

ergy, cu rrently fu nded at around $3 
mill ion a year. Research progra m at 
the sta te level are also u nder way or 
have been completed i n  Cal i fornia, 
Florida, and ew York. 

EPR l  research managers and con
tractors al o communicate with re
searchers i n  many of the 1 1  other cou n
trie with active projects on various as
pects of EMF; collectively, funding for 
research abroad nearly eq ual that of 
the EPRT a nd DOE programs combined . 
Sweden's program is the largest, run
ning at just und er $2 mi l l ion a year. 
Studies are also u nder way i n  Austra 
l ia, Bri tain, Canada, Fin land, France, It
aly, Japan, ew Zealand, orway, and 
We t Germany. 

A study involving up to 1 2  countries 
i bei ng coordinated by the World 
Hea lth Organization's I n ternat ional 
Agency for R sea rch on Cancer, based 
in Lyon, Fra nce. That proj ct will exa m
ine over 3000 cases of chi ldhood ca ncer 

for perturbations in postnatal im mune 
ystem developmen t .  The chi ldren's 

residential EMF exposures will be as
es ed . 
Two closely l inked studies in Canada 

wi l l  be partia l ly  funded by EPRl , the 
Canadian Electrical Asso iation, On
tario Hyd ro, and H ealth and  Welfare 
Canada . The tudi  wi l l  be cond uct d 
by the Cancer Control Agency of Bri t
ish Columbia, McGi l l  University, and  
the Universi ty of Tor nto. Other ch i ld
hood cancer studies are u nder way or 
planned in Sweden and Bri tain. 

The a tional Ca ncer I nstitu te i over
seeing an EMF component of a stud y  a t  
the Univer ity of Minnesota that i i n
vestigating 2000 cases of acute lympho
blastic leukemia for variou environ
mental exposure risks and genetic fac
tors. 

Three stud ie  just beginning in Cal i
fornia u nder the joint d i rection of the 
sta te Department of Heal th  Service 
a nd the Public Uti l ity Commission are 
being fonded by the tate's electric u ti l 
ities as  part of a $2-mHlion-a-year, 
three-year EMF resea rch program man
dated by the legisl ature. One project 
adds an EMF expo ure componen t  to 
a ational Insti tutes of Heal th-spon
sored study at USC of childhood brain 
cancer. 

In another of the al ifornia s tudies, 
USC and Enertech Consul tant (a major 
EMF measurement a nd analysi con
tractor to EPRI) are repeat ing detai led 
expo ure a se sment  in 80 Denver 
homes that wer part of the Savitz 

chi ld hood cancer study. Finally, a study 
in northern Cal ifornia of the associa
tion between water qua l ity and the rate 
of pontaneou abortion in a large 
number of women over the next three 
years is being extended to include EMF 
e posure (based on L i mi ted m a ure
men ts) . Resu l ts are expected around 
1992. 

At abou t the ame time, resul ts are 
an ticipated from an occu pational study 
of leukemia and brain ca ncer among 
employees of the Canadian u t i l i t ies 
Ontario Hyd ro and Hyd ro Quebec and 
the French u t i lity, Electricite de France. 
EPRl 's Bob Black says the tudies of 
U.S. a nd Canad ian-French u t i l ity work
ers are on su fficiently parallel tracks 
tha t  if one tudy begin to find po i tiv 
re u l t s  in a particular type of ca ncer 
or job cla ss ification, researchers for 
the other tudy can be alerted. 

I n  Sweden, a cancer epidemiology 
tudy of u ti l i ty worker ha been ongo

ing for over a yea r under the direction 
of the country' ational Institute of 
Occu pational Healt11. The number of 
subjects being studied is substantially 
smaller than that in the U.S. and  Ca na
d ian studies; results are due in 1 991 . 

A econd Swedish study, under the 
d i rection of Dr. And rs Ahlborn, wi l l  
investiga te the r i  k of cancer among 
persons who live directly u nder or near 
high-vol tage transmission l ines. Direct 
measu rements of EMF expo ure wi l l  be 
cond ucted with in a sample of homes. 
Thi study should be completed in 1 991 
or 1992. 
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type second-generat ion AMEXs are an tic
i pated a round mid-1990. 

Equipped with EPRl 's EMF instruments 
and trained in measu rement protocols 
that have been developed m pa ral lel, 
uti l i ties and EPRJ on tractor on va rious 
projects are sampling and logging data 
on the d iverse EMF en vironmen t-on job 
si tes and  in home , office bui ld ing 
schools, and  other public bu i ld ing 

The half dozen research projects in the 
last few year tha t  have measu red resi
dential magnetic fields have shown 
mean field flux densi ties of 1 mG or 
lower. But peak levels grea ter by an or
der of magni tude or more are al o found 
indoors. Ongoing EPRI projects are fo
cused on ga thering a much more exten
sive database on residential  exposu re as 
wel l  as developing new analytic tool for 
as es ing them. 

A labora tory residen tial structure and 
part of a neighborhood d istribu bon sys 
tem have been bu i l t  a t  EPRl 's High Volt
age Tra nsmission Re earch Center i 11 
Massachusetts to measu rt:! and eva lua te 
the dynamic EMF environment under 
various wiring and curren t- loading con
figurations. At H VTRC, operated for EPRJ 
by General Electric, the setup i ncludes 
the ful ly  wi red laboratory house, served 
by a 1200-ft 23-kV overhead d i  tribuhon 
l ine  and with grounding connections to a 
special ly designed wa ter main system 
wi th  variable resistance, and a number 
of s imu lated residential and primary cir
cu i t  loads. 

According to Greg Rauch, a project 
manager in EPRl 's Electrical Systems Di 
vi ion, two types of three-a is magnetic 
field recorder developed primari ly for 
ut i l i ty field use wi l l  also be used at 
HVTRC, in the national su rvey, and in 
other r lated projects.  One device is a 
waveform capture system for record ing 
many simultaneous poin t  mea urements 
of fields and  current flows. I t  will be 
used at the laborntory house to study, for 
e am ple, how magnetic fields change as 
researchers vary the loads and grou nd 
resistance. Of particul a r  interest 
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EPRI Projects in EMF: Timetable for Results 

Some 30 EPRl -sponsored research projects spann i ng  epidemiology, exposure assessment , and basic 
science are invest igat ing var ious aspects of  the EMF heal th effects questio n .  The horizon for expected 
resu l ts  from most major stud ies is with in two to tour years . The work 1s conducted in leading un iversi t ies 
and laboratories and is gu ided by an independent advisory commi ttee of d istinguished scientists . EPR I 
a lso ma i n ta ins c lose ties wi th other leading nat iona l  and in te rnational EMF researchers .  

Expected 
in i t ia l  

results 
Epidem iolog ic Studies '\. 

Telephone workers 
Chi ldhood leukemia 

Ut i l i ty workers 
Reproductive outcomes 

Exposu re Assessment : Instrumentation 
AMEX 

EM DEX 
3-D AMEX 

Mate 

Exposure Assessment: Data and Models 
Job titles exposure 

Occupat1onal exposure (EM DEX) 
E lectr ic b lanket exposure 

RESICALC model 
Ch i ldhood exposure 

Basic Sciences: Cancer and Teratology 
Electr ic fie ld teratology 

Cancer l i terature rev iew 
Magnetic f ie ld terato logy 

Cell growth 
Tumor growth and endocr i ne  funct ion 

Leukemia . b ra i n cancer 

Basic Sciences: Behavior and Mec hanisms 
Genet ic fu nction 

Ci rcad ian rhythm workshop 
P ineal gland and melaton in 

Honeybees 
Cyclotron resonance 

Magnetoreceptors 

M agnetic Fie ld Character ist ics Studies 

• • 

• 

Expected 
final 

resu lts 

,-----• 

--· 

PIiot study --II 
Instruments 

Ass istance and i n format ion 
Software 

Measurement and ana lysis , .. ,__ ___ _ 

1988 1 969 1 990 1991 1 992 1993 1 99 1 



11re the fields from unba lanced retu rn 
curren ts t hat ca n result from norma l  
loads, from improperl y grou nded hou e 
wiri ng, and even from nc<1rby load s ou t-
ide th hou se. 

Rauch says ii second type ot field re-
corder known a� STA R (for stand -alone 
recorder) wil l  a lso be u ed at the laborn
tory hou .-,e bu t w i l l  be more ex tensively 
d eployeJ i 1 1  t hP '-U TVPY nnw 1 rnd er wa 
of resid�ntia l EMF in abou t  l 000 humes 
acwss thC' coun try. Some 25 u h l i t ie a re 
•xpected to participate. A 1<i88 pi l  t 

study invol ving six mem ber ut i l i t ies and 
53 homes was u. t>d tu d evelop the mea
surement protocol and instrumen tation. 
Separate! ,, represen tatives of some 20 
u t:i li ti were trained at an HV TRC sem i
nar  la st September in the use of STA R. 

Among other t hings, "the pi lot study 
iden tified net current and nonst<1 ndard 
wiri ng configura tion a p()t n Hal 
sou rce of sign ifica nt ind or m<1gnetic 
fields," says Rauch . ( et cu rren t i the 
vector sum of c1 I l curr n ts i n  a system of 
ct nductt r� suc...h  as a three-phase distri
bu t ion l i ne . )  On the other ha nd, a nearby 
h i gh-voltage tra n.mission l ine ca n also 
d omina te the indoor field, he adds. The 
research o far i nd irntes a w ide variabi l
i tv in indoor field levels and i n  the major 
�ources contribu t ing to those fields. 

· PR I i a lsc ponsoring measuremen t 
sur veys of a variety of nonr' ident ia l  en
vironments, i nc l u d ing  offices, public 
bu ild ings, �chools, and machine shop , 
as well  as power facili t ie (e .g . ,  �enern l
i ng  pla n ts and su bsta tions and switch
yard ) .  Most of the resu lts of both the 
residentia l and nonre iden t ia l  survey ,K

ti v i ty !>hould be ava i lable in 1 99 1 .  The ln -
t i lu te  i s  al o sptinsoring detai led m<1g· 

net ic field d1ar;icterizat io11 work on 
electric bl ankets at Ca rnegie-Mel lon Uni
versity. A computer progra m for m del
ing expo ure to such fidds is e pect d to 
be ou t by the middle of this yea r. 

Many of the data being gathered from 
EPRI projects and other projects on resi
dential magnetic fields ( their ou rces, 
their i n ten i t ie�, and hO\'- L h  y vary over 

I ime and space Lhmugh a structure) are 
to be i 11corporated as they become ava il
able i n to a powerful new software pack
age in the works. When i t is released in 
a bou t two yec1rs1 the progra m-dubbed 
R ESTCALC-wi l l  calcu late and d isplay a 
map of indoor re identinl mrignetic field 
for variou combinat i (  n cf ources a nd 
curr n t  flows. 

ow u nder devel opmen t  hy Fnertecl, , 
RES I LC wil l  feature a u er interface 
wi th three-dimension;-il CA D-ty pe color 
graphics, indudj ng icons for various 
structura l  featu r ·1 externa l and internal 
elcctr i  al w i ri ng, a nd appl ia nces. " I t 's a 
very ambi tiou software dfort,11 says 
Sussman, the EPRJ project ma nager. 
"Users wi l l  be abl to fie ibly define the 
d i mensions and Lhe mechanical a nd elec
trical layout of a structu re and see it 
modeled in three dimen ion l111 the 
�creen. After assigning voltage and cur
rent values i\11d pec i fying some time 
variables, they ca n dynamic<1Uy Cillcu late 
lhe magnetic fie lds  and view those in 
t hree d imen ion with the d iff rent in
ten ity leveL shown in  color a they 
vary th rough the interior space. 

"User cou ld also play 'what if' games 
a nd eva luate d1anges in the field at dif
ferent levels of power u e or cu rren t 
flow and d i fferent number and loca 
tions of field sou rces," add- Sus ·man . 
"The u l timilte de ign objective is to en
a ble the user to flexibly mod el an indi
vid ua l 's exposure a the per on moves 
.1 bou t the house, with the clock ruru1 ing1 

so to peak, and ome or a l J  of t he  
suu rce operat ing. One form of outpu t 
migh t be a gra ph of i n tegrated expo u re 
< ver t ime. '' REStCA LC w i l l be tested i n  
l im i ted release i n  tl1 e coming year. 

The cont inuing search for answers 

As the depth and breadth of EPRl's re
search progra m shou ld indicate, ugge -
tions in recent epidemiologic and labora
tory stud ies of a l ink between e lectric 
and magn t ic fields and riski, tl) huma n 
hea l th a re bei ng taken ·criously. A broad 
{fort has been mou n ted to invest igate 

t he  issul' and sort ou t t he  truth from a 
ma,:e of fragmentary, vagu e, a nd som 
times contradictory bscrvations. � th 
el ctric u ti l i ty i ndustry 's science and 
tech nology organiz<1tion, EPRI wi l l  re
main at th!::! cen ter uf the pursu i t  of the 
broadest base of objecti ve scientific u n· 
ders tnnd ing of EM F. 

EPRI and uther resea rch rganizat i cm 
i n  rhe Un ited States a re not a lone i n  t h i s  
p�1rsLt i t  of the tru th about Ei\itF health ef
fec t s .  Agencies and groups in some 
dozen coun tries a re independently en
gaged in ii coord ina ted research efforl .  
There is rea on to hope that within three 
to five years science wi l l  provide a much 
clearer understa nding of three basic 
questions that are at the heart of EPRJ's 
EMF research: ls there a r isk to human 
health? What are the biological ly ignifi
cant e posures, if any? And how does 
EMF cau e biologica l effects' 

Further read ing 
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tMDEX Sys1ern " EPl'll Te(:hrocat Stie l 'B ENV31 8 87 
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A 
! though ome of the exci te
ment has ubsided i nce the 
d iscovery of h igh- tempera
ture su percond uctors ( H TS s )  

in 1 986, R& D cm th s e  rema rkab le ma te
ria ls i s  st i l l  going trong al labora tories 
worldw ide. A better u nder!>ta nding of the 
poten t i a l  of HTSC i now emerging, in
clud i ng cau t iously opt imi st ic hope · for 
such u t i l i ty a ppl ications a - u pcreffic ient 
genera tor and su percond ucting tran -
m i  s ion cables. TI,e new· from the R&D 
lab , however, is that HTSCs in customer 
systems wil l  probably preced e 11 ppl ica
tions in the u t i l i ty grid .  I t  is in the end u e 
of electric i ty, in a wide va riety of electri
ca l ly powered machine , that HT and 
other superconducting materia ls a re l i kely 
to make t heir mo t immed i a t  a nd grea t
e t im pact on u t i l i t ies and the value of the 
elec tr icity they provide. 

The vi- ion taking hape i one of l ig ht
weigh t , highly effici en t  su percond uct ing 
motors d r iving pump , fa n , com p re ors, 
conveyor , and  vir tua l ly every other kind 
of i nd ustria l machine. Superconducting 
machine. t h a t  use magnet ic force. for 
such ra ·ks a eparating ores and clay , 
pumping of corrosi ve and a brasive l iq
u id  , fabricating sheet meta l ,  and im prov
ing the propertie of cera mks, pl a  tics, 
and meta ls may also come into wide use. 
In electronic , circu i t s  fashioned wi th  u
perconducting materia l cou ld boost the 
pro e· ing speed of compu ter , red uce re
s istancc los. es in motor control lers, and 
enhance the abi l ity of mag netic resonance 
imaging scanners and other nondestruc
t i ve e a m i na t ion device to . ense minu te 
changes i n magnetic fields .  Even th pro
cc s s of gett ing to work 11nd t ravel ing 
betw en major c i ties cou ld be tra n formed 
by su perconductor applications in ma g
net ica l ly levi ta ted trains. 

Al though formidable tech nica l ba rriers 
remain to be su rmou n ted before any of 
these visions can be rea l ized , t he  potent ia l 
b nefit  to u t i l i t ies and their cu tomcrs are 
too grea t to ignore. To bri ng both the op
por tun i t ies and the problems i n to focus, 
the U.S. D pa rtmen t of Energy and I RI in 

Utility interest in the development of the new, 
high-temperature superconductors-HTSCs
goes beyond their possible application in the 
power grid . The introduction of HTS Cs in cus
tomer applications is l ikely to have an even 
greater impact on utilities, increasing the 
value of electricity and expanding its use in vir
tually every area of life. According to a recently 
completed EPRI I DOE assessmen t, HTSCs 
could open a window of opportunity for many 
new uses of superconductivity-from powerful 
bu t compact electric motors to high-speed com
pu ters to magnet ically levita ted t ra ins . 
Researchers are now working to narrow the 
gap between the poten tial of HTSCs and their 
engineering practicality and are looking for 
ways to shape the brittle ceramic materials in
to useful forms. Recognizing the enormous 
potential of these revolutionary materials for 
both customer and utility applications, EPRI 
con tinues to monitor and support the national 
effort to pu t HTSCs to work. 
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Superconductivity and Everyday Life 

Special ized app l ications of low-temperature superconductors are already a rea l ity in medic ine ,  

experimental phys ics , a prototype levitated tra i n ,  and other k inds of mach ines .  By reducing costs 

and improving performance, HTSCs could expand the use of  these superconduct ing machines 

and lead to such entirely new appl icat ions as compact motors, e lectromagnetic pumps, and 

materia ls fabrication tech n iques . 

Magnet ic  resonance imaging (GE Medical Systems) 

High-qua l i ty s i l icon manufactur ing (Un iSil) 

Magnet ica l ly  levi tated train (Japan Ra i lways Group) 

C lay puri ficat ion system (E r iez Magnetics )  



Portable mineral separator (lntermagnetics) 

B1omagnetometer (Biomagnetic Technologies) 

early 1989 completed the first comprehen
sive assessment of superconductors and 
their potential for improving the energy 
productivity and cap,1bilities of electri
cally powered equipment. 

"We' re looking square] y at the question, 
'What good might superconductors be?' 
and learning that the answer could range 
across virtually every industry and area of 
life," says Thomas Schneider, senior scien
tific adviser in EPRl's Office of Exploratory 
Research. "By conceptualizing how we 
might bridge the gap between the scien
tific breakthroughs already made and the 
engineering practicality still in the future, 
we can better guide and set priorities for 
our R&D." 

A question of feasibility 

Superconductors have long showed po
tential for improving the efficiency and 
enhancing the cap;ibilities of electric;il ;ind 
electronic systems. When cooled below ii 

critically low transition temperature, su
perconductors lose all resistance to direct
current electricity; this property suggests 
tlrnt it might be possible to reduce or elimi
nate resistance in electrical systems, thus 
improving efficiency and generating 
stronger magnetic fields. In addition, su
perconductors show a unique tendency to 
exclude magnetic fields, known as the 
Meissner effect, whkh could conceivably 
be applied in new kinds of machines. 

Some speci;il applications of supercon
ductors, such as magnetic resonc1nce med
ical scanners and other scientific instru
ments, already exist. In addition, most of 
the large particle accelerators used in ex
perimental physics employ superconduct
ing magnets to control the direction of 
high-energy pilrlicles racing tow;ird the 
experimental target. The metaUic super
conductors used in these systems, how
ever, require extremely low temperatures 
to attain their superconducting properties. 
These transition temperatures of 23 K or 
lower can be achieved only by means of 
liquid helium refrigeration, which has 
proved too complex and costly for most 
ordinary uses of electricity. 

Today, the discovery of HTSCs has re
vived visions of a role for superconductors 
in many different industries. Some of the 
new, ceramic HTSCs are superconductors 
at temperatures well above the boiling 
point of liquid nitrogen, a plentiful and 
thermodynamically efficient refrigerant 
that is literally cheaper than beer. The 
prospect of liquid-nitrogen-cooled sys
tems has enlarged the window of oppor
tunity for superconductivity applications. 
And if scientists should succeed in devel
oping materials that become supercon
ducting at room temperature, this vista 
will expand even further. 

The obstacles to applications of HTSCs, 
however, seem built into the characteris
tics of the new materials themselves. Su
perconductors function as such only be
low certain critical values of temperature, 
magnetic field, and current density (the 
measure of the current a conductor carries 
per unit of cross-sectional area). HTSCs, to 
date, have demonstrated tolerances for 
relatively high temperatures and mag
netic field strengths; this suggests they 
may become practical for many applica
tions. But achievement of the most prncti

call y important charncteristic-high criti
cal current density- remains a vexing 
problem for researchers. 

For applications developers, the chal
lenge of achievh1g high current densities 
is complicated by other factors. First, the 
maximum current -carrying capacity of 
superconductors is reduced to a varying 
extent by magnetic fields, which wouJd be 
present in all practical applications. Con
tact with water vapor and with conven
tional conductors and substrates-from 
copper to silicon-can result in chemical 
reactions with the HTSCs that can quench 
their superconductivity. In addition, 
HTSCs are superconducting only when 
carrying direct current; therefore, ac ap
plications must include power conversion 
circuits or else sacrifice efficiency because 
of ac losses. The mag,1itude of HTSC ac 
losses is also not exactly known. 

Facing these hurdles, scientists are at
tempting to produce HTSC materials that 

EPRI JOURNAL January/February 1990 21 



Ciln ilChieve ,rnd milintain high current 

dern,ities ln real-world condition:,. lhis 
work has produced "ome success: current 
densities a� high ,is several million am

perec:c; per square centimeter h,we been 
achieved with thin films of U1e materials. 

These films, however, have been produced 

only on rigid, impractical, and costly sin
gle-crystal !.-ubstrates, such as strontium 

titanate, that do not rob the HTSCs of oxy

gen. Researchers are now exploring ways 
to insulate HTSCs from chemic,11 reaction 

while depositing them on silicon wafers 

and other practical substrates that can be 
readily manufactured for use in electronic 

devices. 
Other ilpplications will require more 

fle,ible forms of superconducthlg mate

ri,11. Fashioning the brittle ceramic HTSCs 
into wires and other bulk conductors for 

use in electric motors and electromagnets 

is proving extremely difficult. One possi
bility nov.· being studied is to make il bulk 
conductor out of many thin ceramic fibers 

that could be bound together into a suffi
ciently flexible superconducting ,-vire. To 
date, the best wires produced this way 

h,we demonstrated current densities in 

the range of 1000 A/cm2
, far short of the 

100,000 A/ c1112 that will probably be re

quired for bulk applications. The Japa

nese, however, have achieved values as 
high as 17,000 A/cm2 in il zero magnetic 

field by taking ,1 different approach, in 

which powdered HTSC material is in
st.-rted into tubes of pure silver. 

"Rather than developing the materials 

in forms used in n1nventio11nl machines, it 
may prove more productive to develop 
applications around the forms of the mate

rials that can possibly be made," says Dave 

Sharma, a subprogram mnnager in EPRl's 

Electrical Systems Division. ''The interac
tion between npplications development 
.ind basic research on theory ilnd mate

rials may produce entirely new equipment 
designs and uses for electricity." 

Magnetic appeal 

None of the possible applications for 
HTSCs would have more impact on ent:>rgy 
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productivity than 11se in electric motors, 
which account for about 64% uf all t'lt:'ctri

cal energy use in the United States. In con

ventional motors, the magnetic field in the 

.1ir g,,p between the stator and rotor is 

�enerally limited to r1 range of0.5-1.2 tesla 

by saturation ol the field in the iron stator 

nnd by the risk of overheating from too 
large a current in the windings. Tradition

ally, designers increilse the horsepower of 

motors by increasing the length and the 
radius of the rotor or by adding more 
turns in the winding. 

A superconducting winding 011 the ro

tor, however, could make it possible to 

increase the magnetic field in the air gap to 
5.0 tesla or more and thus boost power 

without necessilrily adding to the motor's 

weight and vC1lume. The strong magnetic 
tield in the air gap would make i t  not only 

possible but necessary to operate the sta

tionary ac windfog without the tradi
tiona I, flux-ilssisting role of the stator core 
iron. The stator core could be reduced in 

weight and volume, or even eliminated, 
further reducing rnre losses and making 

the motor e,·en lighter and smaller. Over
all, the reduction of losses from both the 
stator core and winding could make thi:,, 
i;uperconducting motor extremely effi

cient. 

In tht: recent EPRI/DOE assessment, re 
searchers at  Oak Ridge National Labora
tory looked at several different supercon

ducting motor concepts. One concept now 
in development at ORNL locates the de 

superconducting field winding on the sta

tionary portion of thl' motor. This unusual 
design, which uses a round superconduct
ing �tator bracketed by two rotating arma
tures, eliminates some of the complexity 

of supplying refrigerant to rotating cum

ponents of the motor. Yet it remains to be 

seen if this novel approach can nchil've the 
kind of energy efficiency ,rnd density that 

will make it practical. To explore the po

tcntinI of the concept, ORNL researchers 
are now building a prototype that uses a 

low-temperature superconducting wind

ing m;;ide of niobium-titnnium. Thb re
t-earch could help clear th!:! path for an 

HTSC \'t'r"ion of the motor ,,c; new mnte
rials become a,·,1ilable. 

In il separnte project, researchers under 
wntract to EPRJ ,1t Reliance Electric Com
pany are designing and building an HTSC 

electric motor in which the field winding, 

more traditionally, is located on the rotor. 
Like the ORNl design, this is an ac syn
chronous motor in which the supercon

ducting component can be served with a 

direct current. Following selection of ma
terials for an HTSC winding, researchers 

plan to build a 5-hp prototype by 1991. 

This work should help clarify such issues 
ils the design of a practical refrigeration 

system, the 5hielding of the �uperconduc

tor from magnetic interference, and the 

integration of power electronics. 
"This prototype is not intended as a 

commercially viable system," says Jim Ed

monds, a teclmicnl adviser in EPRl's Gen
erntion and Storage Division. "Our first 
prototype may even use a smaller milg

netic field and be less efficient thiln a con· 

ventional motor, but whilt we learn in Ute 
process could be i1willuable." 

Beyond electric motors, many other 

kinds of system could e,ploit the ability of 
superconductors to produce strong mag

netic fields. Magnetically levitated trains, 
or maglevs, <1re proving themselves in 
prototype demonstrations in West Ger

many and Japan. Levitated 10-]5 cm 

above their guidewnys by the repulsion of 
electromagnets in both the vehicle and the 

track, maglevs can zoom straight into 

downtown urban areas at speeds of  more 

than 300 mph. This couJd make them com
petitive in the Un.ited States with air travel 
for shorter routes, such as Boston to Wash

ington, D.C., where traveling to and from 

the ilirport often consumes more time and 

worry than the flight itself. Analy:,,es per
fonned nt Argonne National Lilboratory 

show that the use of HTSCs in maglcv elec

tromagnets could bring down the costs of 

those components, reduce energy con
sumption by 10-15%, and make the entire 

levit.1tion syt-tem easier and less expensive 
to maintnin. Although these savings 
would subtract only a small fraction of the 
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In Pursuit of Higher Values 
The comb,nat ,on o f  performance characteristics necessary for practical use o f  HTSCs w , 1 1  
va ry with d ifferent app l ications. Low-temperature superconductors have al ready ach ieved the 
h igh current dens i t ies and magnetic he ld st rengths necessary for  many k inds of commercial and 
research applications. HTSCs , however, must carry much larger currents  and main ta in  th is 
ab i l ity In s tronger magnet ic  fields before they are ready tor practical use . 

Th in-fi lm swilches 

Generators 

Magnetic separators  

Magnetic heat pumps 

Magnet ic  pumps 

Magnetic energy storage 

Maglev t ra ins 

Motors 

Cab les 

H igh-temperature 
superconductor 
(YBa2CuJ07; 77 K) 

Low-temperature 
superconducto r 
(Nb 3Sn; 4.2 K) 

Magnetic 
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techniques • 
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cost of building and operating a maglev 
system, they cou ld give a needed extra 
boost to a clean, energy-saving technology 
that increasingly seem to make sense. 

A more down-to-ea rth group of tech
nologies uses magnetic forces to separate 
pa rticles with differing magnetic proper
ties from process flows and from raw ma
terials, uch as the kaolin clay used in 
the paper industry. Although most mag
netic separation systems use conventional 
electromagnets, a unique, J iquid-hel ium
cooled system using a niobium-based su
perconducting magnet is now in service at 
the J . M . Huber Corporation clay process
ing plant in Georgia . Designed by Eriez 
Magnetics, the system has demonstrated 
superior capabi l i t ies and lower opera ting 
costs than the conventional alternatives. 
Again, the u e of HTSCs and l iquid nitro
gen could make such systems even more 
attractive and broaden their u e in many 
differen t  industries. 

The magnetic properties of su percon
ductors may a lso prove useful in the pro
duction and fabrication of materials, many 
of which can be engineered into useful 
shapes and, more funda mental ly, restruc
tured at the molecular level when sub
jected to magnetic fields .  Scientists in Ja
pan and the Soviet Union have demon
strated the use of magnetic forces to al ign 
crystals within such materials as sil icon 
and ceramics into the uniform structures 
needed for superior performance. Also, it  
is known that polymers formed in high
magnitude fields exhibit great ly increased 
strength due to the better al ignment of 
individual molecules with the fiber axis, 
but no industrial processes have yet been 
developed to exploit this effect. The avail
ability of powerful and economical mag
nets using practical HTSC mater ia l s  might 
change this. 

Su perconductors also show potential 
for use in the large-scale fabrication of 
meta ls and other materials, where re
searchers are exploring the use of mag
netic forces to mold solid materials into 
sheets or rod s, or hold liquid materia ls
such as ultrapure sil icon-in a levitated 
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Improving Crystal Structure 

Scient ists have ident i f i ed the random crystal structure o f  HTSCs as a factor  that Impedes the 

movement of e lectrons through the materia l  and l im i ts current dens ity. Us ing magnet ic  forces to  

real ign the HTSC crysta ls ,  E PR l -sponsored researchers at the University of Wiscons in  at Mad

ison are s tudying the relat ionship between crysta l  structure and ach ievable current dens i ty. 

Random crysta l  structure 

Magnetica l l y  a l igned crystals 



state so ilS l u  avoid contact w ith molds or 
die . Ju t a!> advance in digital electronic 
created the design systems needed for fu r
ther progress i n  tha t  field, a ppl ica t ion of 
new n'lilteri,1b to fabrication a nd process
ing task may he lp  move the ent ire field or 
m,1 terial  ience forward .  

Enhanced electronics 
Fxquisi tely sens i t i ve electron ic  in tm
ment �uch a magnetic re ona nce imag
ing canners and superconducting qua n
tu m interference d vice (SQU L Ds) repr -
sent the la rgest commercia l  appl ication of 
su perconductors today and could b 
made smaller, Jes co tly, a nd easier to use 
through application of the new HTSCs. 
SQUro I wh ich employ electron ic sensors 
to moni tor tiny d.istu rban es in magnetic 
fields genera ted by superconducting mag
nets, a re cu rrently used in geological re
search and in m dical in tmments-for 
detecti ng cha nges in soft t issue inside the 
bra in caused by head inju ries, epiJepsy, 
and other abnormal i ties .  

The use of TJTSC cou ld  reduce the 
bu lky insu la t ion needed to hou e l iquid 
helium for th se in tru men ts, improving 
their effectiveness by ma king i t  possible to 
po i tion them dos r to the bod y. HTS 
cou ld also reduce the size and po sibly 
lower the ca pita l  costs of superconduct ing 
instruments for detect ing microwaves and 
heat,  with one pos ible application being 
detection of submari ne l u rking far below 
the ocea n surfa e.  

Much of the e t nsive re earch being 
financed by the lectronics, computer, a nd 
commw1-icat ion ind ustries in the United 
States, J apan ,  and Europe today is moti
vated by the po sibi l ity of incorp ra ti ng 
superconductor into ma ny kinds of elec
tronic ci rcuits and switches. Re ea rch on 
u J trafast su perconducting computers is 
still in an early stage, bu t the e applica
tions may be <1mong the earliest ones be
cau e they wil l require on ly supercon
ducting films. A more releva n t  develop
ment from the standpoint of electric 
u t i l i ties may be the use of u perconduc
tors in motor control Jers and othe r power 

Chal lenge for Long-Range Research 

A veritable obstacle cou rse of tech
nical hurdle face researchers at

tempting to develop a pplication for 
HTSCs. The mo t thorough assessments 
of these chal lenges are cautiou ly op
tirni tic, empl1asizing the need for a 
commitment to Jong-range research. 

Two reports on HTSCs, one recen tly 
publi h d by Japan's ikkei Research 
Institu te of Indu try a nd Markets and 
t l1e other issued by t11e Congressional 
Re earch ervice in the United States, 
predict that the first HTSC applications 
are at lea st 5-10 yea r away. The re
ports agree tha t  these first app l icat ion 
are l ikely to use HTSC thin films in the 
circui ts of medical sensor , microwave 
detector , switche , and other elec
tronic devices . The development of 
more flexible and ver ati le ubstrate 
for the thin fi lms i a major gm1l of 
current re earch, along with th inven
tion of economical methods for manu
factu ring the films on a large sca le. 

A pplica tions requiring bulk mate
ria ls, such as electric motors, magnetic 
sepa ra tors, and other heavy industrial 
equipmen t, a re a t  least IO years in th 
future. Here resea rcher must contend 

with the poor mecha nical properties 
of ceramic HTSCs while also Looking 
for forms- uch as fibers, wires, or 
tapes-tha t ca n mai n tain their super
conducting properties while carrying 
larger currents. 

The effort to surmount these and 
many other obstacle is now in prog
re s around the world, involving thou
sa nd of re earchers in both private 
and public laboratories. The United 
States and Japan have taken lead roles 
in this work, with American re
searchers at the forefront of materials 
a nd theoret ica l resea rch and  the Japa
nese somewha t ahead in the devel
opment of commerciaJ appl ications. 
Looking to narrow thi gap, priva te or
ganization that include such technol
ogy giants as I BM, AT&T, Dupont, and 
Hewlet t -Packa rd have tepped up col
labora t ive HTSC projects with re
sea rchers at universitie and national 
labs. To ensure that uti l ity interests a re 
r presented in the development of ap
plica tion for both power companies 
and their customer , EPRI is  continu-
ing to moni tor and participate in these 
effort of national importance. 

J 
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Producing Practical Forms 
Pract ical use of HTSCs w i l l  req u i re mater ial forms with the righ t  balance of performance characterist ics and mechanica l  properties (e.g . ,  flexib i l ity and 

durabi l i ty) . Researchers around the world are experiment ing with several materia l  forms that cou ld prove usefu l , inc l uding HTSC wires ,  coi ls ,  tapes . and 

cables. 

M aking Coil at Argonne At Argonne  National Laboratory, a national center for HTSC app l ications work ,  researchers have succeeded in shap i ng the 

br i t t le  materia l into a flex ib le coi l for use i n  such app l ica t ions as e lectromagnets , e lectric motors, and generators . A paste of HTSC materia l  and a bind ing 

agent is ext ruded into a stri ng , which is  ro l led i n to a co i l and baked i n to a f lex ib le , superconducting form. The f in ished product is then bathed in  l iqu i d  

n itrogen to  test its current-carrying capab i l ity. 

Extrud ing the paste Fin ished product Testing for current dens i ty  

M a king Tape at M adison EPA I -sponsored researchers at the U n ivers ity of Wisconsin at Madison make an HTSC tape of the ir  invest igations of  

cur rent dens ity and other performance characteristics. HTSC material in  powdered form is  inserted into a si lver tube , wh ich is stretched into w i re and then 

rol led i n to a f lat meta l l i c  tape wi th  a superconduct ing center. 

F i l l i ng s i lver tube with HTSC powder Drawing wi re f rom fi l l ed tube Powdered HTSC with s i lver tube and fin ished tape 
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l..'h:c l ronic'> C(1mpone 11 ts u ... ed to con tro l  
,md m,rn ipu lt1 t c  dcctnci ty il t  rela t i ve ly 
h i gh cu rren ts and \'CJ I tt1gc� . Motor contrn l
l l'rs con s u me 11 bm1 t l ' •, o!  t h t · c,1wrgy ll .,cd 
by cll..'ctric motors , an energy kiss th,1 l  
migh t  lw 1:n t 1 rdy d i m 1 11J tcd t h roug h l hL' 
i1 ppl ic,1 t ion of t h i n-fi lm su percond u ctors 
in power wi tche5. 

The U'>l' of t hin-fiJ m  -.;u perrnnd u ctor� in 
puwt'r elcctro nks d evkl'S cnu ld  ;, J"n i m
prove the  e fficiency of -;u pcrconduct ing 
motors, a l l  of wl1ich w i l l  req u ire e!L"ctrnnic 
con t rol lers. I I  scien t i sh should l'\'Cn tu a l ly 
develop room-tempera hi re superconduc
tur.:;, their a ppl icat iun i n  the L'l ectron ic ba l 
J ,1sts L t st'd to con trol fluorc"cent hgh t;. 
cou ld produce large energy sa vi ngs.  

New l ife for old technolog ies 

An clement of the exci tement ca u sed bv 
the new HTS � is t he  possibi l i tv tha t 
the • may enable t he  .i ppl ica t ion of certa in 
e:xist i ng teclmol ogic on ,, much la rger 
-calL' . The u se of su percond uct i ng mag
nelir heilt p umps in rnm mercia l u n d  in
dustr io l rcfri�ern t ion ,  for cxampk>, a l 
tJ,oug h i t  eems ia rfetchcd tmi Jy, may 
t•ven tu a l l y prove pract ical  w i th th L' d evel
opment nf I I T · s .  Sma l l-sea le versions of 
the e systl'ms, using conventiona l elec
tromagnets, arc used in c ien t ific la bora
tor ies to achieve extremely lnw tcm pcr
a tmes. They work on the ha sb lll a prop
erty of gadol i n i u m  and  l1 t her r,ue ea rth 
materin ls I() absorb heat when :-.ubjccted 
to m,1gndic fields .i nd then release hea t 
w hen the  i ie ld is taken away. Sub..,Lanccs 
exhibi L i ng thb ma gnet oca loric t'ftcct  c,m 
t h u s  fu nct ion as refrigera nts do in cnn 
ventiL1!1 a l  cool i ng cycles or hea t pu mps, 
a bsorb ing and  releasing heat .  

Wi t h su perconductors de l iwr ing the 
magnet ic ( i  lds needed lo i nduce these 
tem perah1 re cha nges, t he  re!>u l t ing ga ins  
i n  cni:rgy efficiency comp.i red wi th  cun
,·ent ional  systems mig h t  more than off5et 
t he  hi�h costs of rare e.irths.  The 
EPR I  / DOE assessmen t emphasi/es t hat 
d iscovlc!ry of a l terna t ive, l ess cost ly mag
nctoca loric malcr i ab  could hel p dewl 
opt:rs ma ke t hjs t.-chnolngy pracH ,1 1 on a 

m uch l ,1rger '>C,l ll'. 
•\no tht.'r exuh, tedrnnlogy that cou ld  

bl'Cl\nll' mun.' cummnn placc � \  i t h the ap

p l i G:i t ion ot su pL'rcnndu ctors b thL' ell'c t ro
magnctiL pu mpi ng ot corro.;i ve ,1 nd ,1br,1 -
s 1 vc tl uid5, w h ich often cause ma i n tc
nancL" pmbll'lll� in ron vent iona l pu mps 
and prove d ifficu l t  to lram,-port . Eb:tm
magnctic pu m ps h,Wl' m1 sea l-; or mnvi n � 
parh thM come i n  011 t .1c t  wi th  the> work
ing fl uid , nrnk ing th1.•m ,1 l lract i ve ca1 1d i 
d,1 tes for  a ra nge of t rouble�nnw pu m pin� 
ta ks. They u se th1.• reac t ion of a ma gnet ic 
field ,md a n  elect ric cu rren t  i n t roduced 
in to tht' fl u id befog pu mped; so fa r they 
hc1ve been l i mi ted tc tht• pu mping ot e\ 
tremel y co nd uctiw flu ids such a<; the l iq
uid mctab used in breeder reactors. 

Th more efficient and 1.wnomica l  gen
era Hon of magnetic fields th rough the 
u se of supercond uctor m igh t make elec
tromagnetic �y-;tL•m.s more p rac t ical  
for pu mping less conduct ivt' fl u id s such 
a s  con !  sl u rr ies,  many kinds  of corm ive 
or ,1 brasi ve chem ica l s , and  rad ioac t ive 
wa�tcs. A re l ,, tl'd scheme, u ing the i n ter
act ion between a magnet ic field and .1 cur
ren t a ppl ied to a ch;,nnel of se,, �\ a ter 
pu mped through ,1 1 1  occangn ing vessel , 
hos been su ggeqed as a poss ib le break
t hrough propu lsion svstcm for l.i rge 
sh ip . 

From the possible to the practica l 

While  rt''>L'O rchers look a t  t he  prob lems of 
feasibi l i ty ,md -.c,1\e i nvulvcd in bwaden
i ng the  ,1 ppl ic;, tion� llf dl'ct romagnct il: 
pumping and  other tcL hnologies, new 
ideas for use� of <,u percond ucturs ;1 1 1d 
e lectrici ty are emerging  ,1 1 1  the t i me.  These 
vision� range from propu lsion systems for 
a new genera t ion of e lec tr ica l ly pu\wr, ·d 
va ns and cars to i m prm·ed photovol taic 
cel ls  for solar  power genera t ion . 

As resea rch c-rs work to ,kvelop n.:,w 
ma tL'r ia ls  a nd fo brica tc more usetu l form;. 
of t he  ones a l ready at hand, t hey w il l  con
tinue to narrow the g.ip between the 
promi-.c of ,;;u percond uctors a nd t heir 
seem ingly bou nd less possib i l i ty for appll 
ca t ion. A-,, mn tcri,1 l s  performance ba rril.' rs 

ML' -.urn11. 1u n led, is.,uEo; oJ  Cll'>l a nd '>C,1 IL' 
aw l i keh tn come mtir,· ck•,1rlv 1 n t p  rel ief. 
fhc e\p,1 mll'd  use of lnw-tem pera t u n: �l l 
pcrc()nduc t L J rs i n  .i ppl irn t ion-; �u ch a �  nm
tors and genl'riltms, m,1 t enal� �cp. i r,1 t ion . 
mag lev lra nsporla t mn, J nd med ica l d i ag
nost ics m,n h , [p cll'.i r u p  somt' nl tlw eco
nnmK qui:st inn-. thn t  w i l l  b 'M l > ll thl' 
cn•n tt1c1 l u st' ut I ITSCs. 

" I L ',; c le ,, r  that m,1 1 1y i nd u,t r ie� bP�idP-. 
the dectric u t i l i t ie · ha\·c a11 mlt're!'t i n t he  
d t·velopment  and  a ppl icat ion nf <.upl.'r
cunductms," �ay� Sc hneid er. "Tht' e mil ti:
ria l s  h,we cnormnu� potL•n t ia l tt> increase 
the v11 lue uf e lectr ici ty to our cu�tomers 1 11 
\ · 1 r t ual !y every J rt:'a o f  l i fe, nnd  to incre,hc 
the btmefits of dcctricity to �ociL'ly " 

Further reading 
[ntNqy •\pp/1c3:, ris , . H,nh - Tt-.,r nµeralure SoJJt1fL"'Onaucf,1t 
,1, vc,1s 1 ann 2 Sllrrtm.arv repurl lor m� 2 prepared by 
S i�'"" '  J D.alo $1;,n l� v  M Woll and f lnrnas 8 Sc lmt',de, 
l,,ou�r, 1,ic,r) f PH I 1:R-6nB2 

fri, s  a r 1 1c 1e was wr 1 1 en b'f' Jo,: Cot!�n. sc r11�8 v,,ntrr Tuc tm 1. 
· 1 b;,cko•0 1 inr1 PIOl'l"lm,on was p•ov,aea Dy I\Q'Tlils Sct,nc 

rJer 011 ,cc: ol Err 1ora1nry Re,;cn,cl1 D K s ,..., a [ :cc tr,ca1 
System$ D, v,s,M; -n(J J,ni f:o'llOnds �M ./ C Wn•t,;, Gen,,ni
,,y, an,j Sl0fil9" D1"w 1StCn 
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A
ckerman Lake in centra l M ichi
gan i a trou t angler 's Sha ngri
la . Its s l igh t ly a lka l ine water 
su pport a vigorou aquatic 

community-trout grow large and  trong 
feed ing on a n  abundant variety of i nsect 
pecies and freshwater hrimp, attract ing 

fishermen from around the world, who 
provide an important source of revenue 
to the local economy. Ackerman Lake' 
bounty i made pos ible in part by the 
ca lcium-rich oi ls and l i mestone for
mations that su rrou nd its shore. Rain
water and snowrnel t flowing through the 
water hed del iver a teady supply of nat
ural acid-neu tralizing materia l to the 
la ke, pre erving the favorable chemical 
environment in which Ackerman Lake's 
residents thrive. 

Thou and of other lakes, however, 
lack such a natural capacity t buffer 
acid . Woods Lake i n  e w  York's Adiron
dack Mountains, for example, is sur
rounded by weathered rock and sha l low 
oi ls that are deficient in acid-neutra l iz

ing compounds. I t 's also downwind of 
major industrial and metropolitan centers 
whose factories, power plants, and auto
mobiles emit acid-precursor chemicals. 

atural proce ses, such as the decom
position of organic matter, also serve as 
sources of acids in the basin. Acid car
ried in the water flowing through the soil 
of the watershed are only part ial ly neu
traliz d before enteri ng the lake it el f. 

Wood Lake i one of many acid water 
tha t  are unable to support health popu
lations of game fish. It has also been a 
subject of extensive environmental tudy 
since the mid-1970s, when EPRJ re
searchers began collecting data to learn 
why Woods was more acidic than two 
neighboring Adirondack lake haring 
similar characteristics and receiving 
similar inputs of acid rain. Some of the 
knowledge acquired during the cou r  e of 
tha t  research is now bei ng applied in a 
new experimen t-watershed l iming
that se ks to give Wood Lake a l ine of 
def n e against acid similar to the one 
that natura l ly protects Ackerman La ke. 

T H E  S T O R Y  I N  B R I E F  

Adding limestone to acidified lakes has proved 
an  effective and  environmen ta lly sou nd 
method of restoring populations of game fish 
and other aquatic life. Building on successful 
experience with lake liming, researchers are 
now going a step further by liming a water
shed-the land surrounding a lake-rather 
than the lake itself. Applied by helicopter, the 
limestone dissolves and saturates the ground 
with calcium ions, wh ich neutralize acidic 
runoff before it reaches the lake . Researchers 
are interested in whether deep soil layers are 
neutralized and how that affects the duration 
of treatment .  Over the next two years, re
searchers will measure changes in soil and in 
the acidity of the lake and its tribu taries, as 
well as monitor effects on aquatic life. A para
llel experiment in West Germany will lime a 
forested watershed to study effects on the ter
restrial ecosystem. An objective of both projects 
is to evaluate a computer model that simulates 
lake-watershed processes . 
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Liming the Watershed 

For the October  l im ing operation , pellet ized l imestone was trucked to a stag ing area near Woods Lake and was appl ied by a hel icopter equ ipped w i th a 
commercia l ferti l i zer spreader. Pe l lets penetrate the forest canopy more effective ly than powdered l imestone , permitting un iform coverage of the areas 
selected for treatment. Researchers will monitor the t reatment 's effects on the lake-watershed ecosystem for the next two years . 
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Restoring an ecosystem 

Last October, limestone pellets Wl'rl' ap 
plied by hdiwptcr to the fort>!>tL'd slopes 
above the two tributary slrl'ams kl'Jin)!. 
Woods Lake. Autumn showers quicl,,ly 
Jis!,olvl'd the limcslo11c, allowing il to 
'>oak in and saturate the top 15 cm ot soil. 
The idea is that calcium ion<; liberated 
from the limestone will increase the soil'c; 
buffering capacil), illlowing it to neutral
ize acidic inputs to the tributaries ,rnd the 
lake. Over the ne,t h�•o years researcher!> 
will measure changes i.n the acidity of the 
lake ru1d streams. as well as monitor the 
treatment's effects on the aqucltic commu

nity and the terrestrial ecosystem. 
EPRI is managing the project, with tech

nical and financial support provided by 
Living Lakes, a private not-for-profit or
�anization established to demonstrate 
that liming is a feasible sfrategy for re· 
storing <1cidified waters. Additional hmd
ing is being provided by the Empire State 
Electric Energy Research Corporntion, 
the U.S. Geological Survey, and the U.S. 
Fish and WildliJe Service. Cornell Univer
:,ity, Syrt1cuse University, Clarkson Uni
versity, Smith College, and the State Uni
versity ol Nt.:w York at Syrncuse will as 
�i<;t in the re-.earch. 

"The Woods Lake Wiltershed liming ex
periment will provide a unique oppor
tunity to under:,tand the underlying pro
cesses affecting acidification and m•utral
i:rntion," says Donald Porcella, project 
milnager in the Ecological Studies Pro
gram. "The results will help e,plain the 
functioning of watersheds and their eco
logical communities and will provide ;id
ditional information on how to restore 

and maintain fisheries." 
The experiment will also provide re

se<,rchers with hands-on expericllCl' in 
lhe practical aspects of conducting such 
,111 operahon. In the future this knnwl
l'dgc may be lran�ferred to private ur
gnnizations or government agencies 
who may be liming watershed:, on ,1 re
gional scale. Ln designing the Woode; Lake 
watershed liming experiment, research

ers systematically addressed a variety of 

ecological and lngh.tic;il c.:oncerns, i11clud-
111g llw qu,rnlily and the nature of lJ1e 
linw�tt,nl' to be applied, the amount of 
wt1tershed ;ire.1 tu be treated. and the sea
c;unal timing of the applic;iti.m. 

Two areas t1bove Woods L,1ke, repre
senlin� rou�hly 4oc1, of the total water
shed, Wl1rL' chosen for treatment because 
they have thick soils and encompass the 
primary tributary streams. Coordinates 
were set up in these c1rcas to mark appli
cation paths for the helicopter pilt>t to fol
low. The helicopter distribution system 
used in the experiment com,isted of .i 
Cl,mmercial fertilizer spreader thnl holds 
�OllO pounds of limestone, which w,1s 
suspended by a cable attached ll1 the 
underside of the helicopter. This arrangtc'
ment sped loading times by allowing the 
helicopter to hover over a staging area 
while technicians on the ground refilled 
the spreader. After flying his craft to the 
tre,1tment nrea, the helicopter pilot used a 
raclar navigation ,;ystem to npply the 
limestone precisely in successive paths to 
achieve uniform coverage of the selected 
areas with precilkulated dosages of 
+-5 tons per acre. The round-trip time for 
e.ich flight was about si '( or seven 
minute:,. 

[he lime..,tone itsdl \'nlS carefully SC'
lected. "We require a very high ct1kium 
carbonate content-93% ," says Porcella. 
"It's pelletized so it will pent:trah.! the for
est canopy and give us a more unifom1 
treatment than is possible with a dry 
powder." Cnnducling Lhe operation in the 
foll had sevcrc1l advantages, according to 
Porcella. "It\ thtc" time of vear when the 
trees are losing their leaves, c;o the falling 
pdlets won't damage the forest canopy. 
And ot course there's a lot of rainfall dur 
ing that period, "ll the limestone rapidly 
dissolves and s/Hurates the upper Javers 
of l he soil." 

Building on experience 

Adding limestone to improve the prodllc
tivitv of soil and water has been practiced 
since tJ,e time of the Romans. Farmers 
ruutinclv add agricultural lime to their 

fields to neulrali/e ,1cidity, and 1wer Uw 
past 30 years several government and pri
vatt• orga11i1..alions in the United States 
and Europe have r1dded limestone di
rt:-ctly to l,,ke-. lo counter acidification. 
According to Rnhl'rt Brocksen, executive 
director of Li,·ing L akes, liming has ma
tured beyond the research stage and into 
a practical tool for restoring acid lakes 
and c;trcams. 

L iving Lakes, which receiwo; ahnut c;3 
million annually from utilities and coal 
companies, has raken the lead in the lim
ing effort in the United States, dcvelnping 
methodologie'> for calculating ophmal 
lime dosages for specific wnters and us
ing an arrny of t1pparatus to apply the 
limestone. Helicopters. fixed-wing air
craft, barges, and pumps have been used 
to lime 40 lakes and 13 stre<1ms in differ
ent areas ot the Unitt:!d State�. 

The U.S. liming effort pales in compari

son with that of Sweden, which has limed 
some 4000 lakes to date and has about 
otl()() mort' ticketed for treatment. "Lim
ing is a fishL'ries management tool,'' says 
Brockse.i1. "It's a way of altering water 
quality to benefit ilLJUatic orgt1nisms." 

Adding limestone to an ,1cidified body 
of water produces rapid and drc1111at1c re
sulls. The alkaline limestone quickly neu
tralizes the water's acidity, allowing fish 
and other members of the aquatic com
munity to reestablish themselves and dis
place acid-tolerant organisms that may 
have taken hold while the l.ike acidified. 
Porcellt1 nnd Broeksen emphasize that no 
deleterious effects have been observed as 
::i result of liming. 

Adding limL'Stonl' directly to a lake has 
its limitations, however. For many lakes, 
such ,1s Woods, the benefits of direct lim· 
ing ,,re short-lived because thcir water is 
constantly being replaced. As water flow,;; 
from the lake's outlet stream. the lirne
slonc is flushed away as well, so the treat
ment has to be repeated when the lime
,tone is exhausted. Moreover, liming the 
body of a J,,ke does not neutralize acidic 
water flowing in from the wakrshed. The 
tributark•s c1nd groundwilter flows feed-

r=Pfil .IOIJRNAI ,1 aru,c11•11February 1990 :11 



i ng the lake conti nue to del iver their bu r
den of acid. The problem is especia l ly 
acute d uring the pri ng and fa l l ,  when 
snow ru noff and stom1s i n t roduce su rges 
of acidi fied water into feeder s t rea ms and 
shal low areas nea r shore, b Jth of which 
provide i mport an t  habitat for spa wning 
fish and for fish nurseries. 

Long-term benefits 

By l im ing the Woods Lake watershed , 
ra ther tha.11 the lake it elf, re earchers 
hope to overcome these l imitati  ns .  "We 
expect tha t t.l1e d i ssolved b me" ton wi l l  
be effect ive i11 neu tra l izing acid for the 
next 5-10 years ," says PorceUa . "We wil l  
b e  monitoring it  t o  see whether i t  actua l ly 
doe last that long. We also wan t  to see 
whether the treatment wil l  increa e the 
habitat for fish by making the tr i bu ta ry 
strea ms avai lable to them, a.nd whether i t  
w i l l  ta ke ca re of episodic acid i ficat ion
the pulses of acid that enter the shal low
water areas of the lake a f ter storms or 
snowmelt." 

Watershed l imi ng is thus an eco ystem 

approach to r !oration t hat i bui l t on 
the r u l t  of more tha n a decade of EPR I 
rese rch on t h  envi ron menta l  effects of 
acid ra in .  Much of this re earch ha fo
cused on the Adir ndack region, where 
acid rai n has been blamed for the decline 
of fisheries in numerous high -elevat ion 
l akes. To exam ine the pr ce ses invo.l ved 
in l ake acid ification, EPR I a embled a 
tea m of researchers represen ti ng severa l 
cientific disciplines to study three la ke 

in Adirondack Pa rk-Woods, Pan t J1er, 
and  Sagamore-from 1976 to 1 84. Thi 
ambitious projec t .  the In tegra ted La ke
Water hed Acid i ficat ion Stud y ( f LWAS), 
prod uced a weal th  of i nformation on the 
proce e tha t  determine why ome lakes 
acidify while others do not. The re-
ea rchers quickly learned tha t  l ake acid i

ficatic n wa fa r more com pie. than previ
ously thought .  For e a mple, each of the 
stu dy la kes, lo ated wi thi n  30 km of each 
other and receiving nea rly iden t ica l in
puts of acid , registered a d iff rent level of 
acid ity. Woods Lake was fou nd to be 
acid ic, w i th an average pH o( 4.7, whi le  

A Line of Defense Against Acid 

Panther Lake wa<. neu tra l, with an aver
age pH L)f 7 .  The pH of t he  th i rd lake, 
Saga more, fluctua ted between that of 
Woods and that of Panth r. W hy th d if 
ference? 

Robert Gold tein, who managed the 
I LWAS project for the Ecological Studies 
Program, expla i ns .  "Prior to I LWAS there 
existed a w ide pread miscon cption con
cerning :;;urfoce wa ter acid i ficiltion," he 
�ays. "Many people believed that a lake 
was l ike wa ter in a bea ker, and acid ra i11 
was H ke adding ac id to that beaker-that 
a si ngle factor det ermi ned the  acid-base 
statu of l ake . What f LWAS demon 
-trated was that the acid-ba,e sta tus of 
water in a lake or trea m i not imply a 
hmction of wht1t's fal ling directly into it, 
bu t rather a function of mu l t iple environ
mental factors. As preci pita tion move 
from the atmosphere to the la ke, it  can 
follow d i ff ren t pa thways. [t ca n fal l  
directly in to the lake, or i t  ma fir t be 
intercepted by the terre trial ecosystem. 
There, i t  can flow on the surfuce of the 
suil, or i l  ca n flow through the upper, or-

Some lakes are natura l ly  protected f rom acid if icat ion because water dra i n ing into them f lows through deep so i l s 11ch in acid-neutral izing materials. The 

shallow soi l  around Woods Lake has l lltle acid-neutral iz ing capabi l i ty-a condition that researchers aim to remedy by l im ing the watershed. As the 

l imestone d issolves . i t  saturates the soi l with ca lc ium ions : these Ions neutralize acidic runoff before i t  enters t r ibutary streams and the lake itsel f .  

Researchers w i l l  measure the effect ive duration of watershed l im ing compared wrth that of lake l immg and wil l  determine whether tr ibutaries become 

avai lab le to spawning li sh . 

Organic layer, 
where most flow occurs 

Sandy, leached layer 

Minera l  soil 

--- Watershed boundary 
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ga n ic laver ut the �oi l wh i  h MC i'ICid ic, 
ur it can ! low i J 1 tu t he  l ake t h rough the 
Jeeper, inorgan ic Ja vers, wh ich a rc neu· 
Lra l .  Depend ing un the pathway t hat th!:! 
water fol lows, it wil l  come in to  contad 
with d i fferen t componen ts f the ernw�
tem. I n  each of the e compmwnts there 
are proce. e tha t  can chanp;l' the w a ter'� 
chemica l cornpot>i t ion ." 

Th ' ,n·cr,,ge d pth f Lhe soi l i n  Lhe 
Pa n t her I . .i ke watersh d is abou t 2L1 me
ters, whi le the average soi l dep th  ot  
Woods is abou t  2 meters. I n  add it ion, the 
Pa n ther l> i l  are more permea b le  !hon 
th e a l  Woods.  onsequently, acidic wa
ter moving through the Panther Lake wa
tershed penetra t deeper and  remains in 
con tact with the soil part icles � r a longer 
period of time, al lowing for more neu trn l-
1zation to l akt' place b fore the water en
ters the l.:lke. In con trast , m st  of the wa
ter flowing t h rough the l s" perme ble 
soi l  a round Wood s remair, in th acid ic 
u pper fayer», so on ly further acidification 
t •ccu r·. 

Goldslein '1:, I LWAS teil m dewlupt>d a 
genera l  theory for und rstanding how 
such watershed proces&es int  ract to in
fluence lake chemistry. The theor ha 
bt!en incorporated in to a compu ter i m 
ula tion m1xl l t hat predicts a Ja ke's vu l
l)erabi l i ty to acidification. The ! LWAS 
model i s  now used by u t i l i t ies, by lhe U.S. 
Environmenta l Protection Agency, and b 
other organizal inns in the U nited tate 
,md E urope a a tool to pred1 l how 
changes in atmospheric a id deposition 
wi l l  hange the c1cidi ty nf surf,1ce waters. 
The a t iona l  Acid Preci pi ta t ion , e -
ml'llt Program ( APA I') is using the 
model's pred ictions in forming recom
menda tions on missions control strate
gies that w i l l  be contained in i ts fin..-il m,
sessrnent report, scheduled for rel a.t! 
next fa l l .  

TLWAS model s imu l,1 t inns were u ed in 
t he  design of the Wood Lake experi
m n t . The actual l i ming of the wa ter hed 
will in turn provide a n  opportuni ty t pu t  
the I LWAS mod el th rough a r igorous test 

f i ls pred ict ive p 1wert>, accord i ng to 

·o!d-.tem . The di\l .1 obl,1 in  d by field 
me surements wi l l  r vea l l1ow t he eco
system is respond i ng to the l imestone 
ITedtmen t, and wi l l  be compa red wi th  the 
m del's pntd idiun Lo dt! l  · rminc how ac
curate ly the model mi rrors lhe changes 
that are taking pl ace in t he  real world 

" ln  a l l  the ca'es wh re we've u ed the 
mod el to date, the J ake-watershed s
lems have been more c r le in equi
l ibr ium," Gnldste i n ays; "they ' re nol 
ch,mging wi th  t ime.  Yet the best test f 
the model is w hen systems change d ra
matica l ly. This experiment wi l l  a l low u s  
to real ly test the entire workings of the 
model: ho\ i t  predict the movemen t of 
wat r through the waters hed, and h w it  

imu late a l l  the biogcochemica l pro
cesses that influence Ute c mposition of 
tlte wa ter as i t  moves t h rough the en t i re 
eco stem." 

The I LWAS tn(>del will c1 I - o be pu t  to the 
test in a re lated e periment bei ng on
d ucted in Lhe mack Forest of West Ger
many. For more than a decade the forest 
ha-. show n symptoms of dec l ine in tlte 
form of need le losses a nd discoloration, 
w hich may be the resu lt  of soil acidifica
t ion and nutrient deficiencies.  This spring 
the ch luchsee Experimen ta l  Water hed 
in the sou th  n, portion of t he  Black For
e l will be l imed b the In ti tut · of ci
en e and Fore t u tr i t i  n of Lhe Alberl
Ludwig Univer i ty i n  Freiburg- Con
d ucted as a coopera t ive effort , the Wood, 
Lake and Schlucho,ee wa tershed experi
ment share simi lar objective , ap
proaches, and  measu rement technique. 
bu t d iffer i n  the purpose of treatment .  
The Gem1an study's main objective is to 

valua te the trea tment 's a bi l i ty to revita l
ize and ma i ntain th ecological functions 
of a ma naged forest .  The America n s tud , 
i n  con tra - t, i J i rected prima ri l y tu the 
eff cts on th aquo t 1  cco ystem . "These 
· imilarit i s and  d i f{ •rc 11e ;, will make the 
resu l t  more in terest ing and more 
broadly appl ica ble," Porce l l a  notes. The 
I LWAS model wil l be 1.1sed to in tegrate the 
re:,ults from lhe  A<l i mndack and Black 
forest s i tes becaus geographi and di-

int1 ti differ nces in the two region� n11l kt' 
com parisons d ifficu l t. The opportu nity to 
test the I LWAS model may prove to be une 
uf the most valuable aspect of the wor
dinated effnrt, accord i ng t Porcella. "Th 
e perinwnts in the two di fferent water
sheds wil l  provide the mo:.st rigorous test 
of the I LWAS model to date," he say 

A practical option 

Research by EPRI and Li ing Lr1kc , as 
well as that  conducted in Europe, has 
s l1l1wn liming to be a safe and cost-effec
t ive mitigation teclmique. The pract ice 
has been criticized , however, a a Band-

id !<ol u t ion that does not trem the prob
lem of acid rain at i t  source. Such a view 
reflects a narrow per pective, according 
to Brocksen, who maintains that l iming is 
a u efu I tool for manag ing water qual ity 
tha t makt•s scien t ific and  economic ense 
rega rd less of wh,1 t  regulatory act ions are 
taken to cm1 trol the emissions of acid pr 
cu r or . 

"There a re m uJ tiple ources of ac,d i tv,"  
he snys.  "But even if  we presu me th .i t  the 
bulk of that acid i ty come from slack 
emissions a nd that further emi sions re
duct ions will be mandated, the best scien
t ific  est imates indicate l hc1t  il ma lake 
20- 50 yea rs or more for some of th a f
fected Jake · to recover on their own ." 
Thu vc11 w i t h  emi sion s control of acid 
precu r or · , l iming would st i l l be a practi
cal way to hasten the recovery process. 

Further  read ing 

J • �  A� 1<.hl1v.H lor Ml1 1ga1 100 Pro1ec C.,mact1;1r, Joumal 01 
1-o'>l>�rie� and Aqwr1t. S, ,en=. Val 16, No ? Webruary 
1\16(1) Pf 4( 351:l 
Fies tor ao,,,, ol Aqua f,c amJ 1e11es/11a1 Sys/ems R W 
13re<,ks,m and J W1sr newsk1 K l uwer Ac:a11�•111- .  P 1 1U li�r ,  ,s 
Oora,echl The Nelherl ands 1988 
'Resl(lf 1ng ul.: 10 /\c 1<1,1 1e..i I a,e� · E.PRI J4'ur tu11. vol 11 . No 
.3 (Ap ril/May t98f,) l >fl 14 ;>1 
'L 1kt1 Seris 1!,vil y lu Ar.IC! Rani FPFI/ Jr;,,nn, 11 Vol 10 111,l. 5 
(J<JJIP. 1985) LJI) 16 21 
r, ,., lflleJ;Jra1ec1 l.1Jke-Warersllfi".1 A�,a,1,""1ion Stua� Vo• 1 
5"ummary or MdJor Results "lnal •epo,i for RP1109·5 pr�
p ·11ec1 by Tetra Te,11 I",; N""'emb�, 1964 E PR I  EA-3221 

T l , . a,r ,�e was Nnllen ny Da,id B<:Jura � oll Bar >y,wn •J " �  
lo, ,. ,d t,un was r;ntlv,o&d lly DondlO Po,�e �' ., ,u l'looe• Go1ct
;ieu ,  Ecolog,s;, I Stucue.s Poogran1 . and Rooort Broe�""''· L•v-
1rig Lake.r Inc 
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TECH 

TRANSFER 

NEWS 
$6 Bi l l ion Benefit 

From EPAI  Research 

S
ome of the largest benefits M wllt:!c-
tive R&D accrue in environment al 

researc h ,  where resul ts ca n help establ ish 
a scien t i fic bc1 is for recommenda t ioru, 
on industrywide regulatory pol icy. A re
cently completed ER a na lysi of EPRI ';. 
findings on fossi l  fuel combust ion waste 
i l lustrates how t he aggregate savings of 
electric u ti l i t ie ca n tota l bi l l ions of dol
lars . 

EPA and electric u ti l i ties were given 
time to develop a better u n d er. land ing of 
the ch.:i racter a nd env i ron men ta l conse
qu ences of scrubber s l ud ge, coa l combus
tion a sh, and  related wastes when on 
gres < in 1 980) adopted amend ments to 
the R source Conservat ion and Recovery 
Act ( RCRA). Because of the co t to change 
how these high-volu me wastes a re han
d led, they were temporari ly exempted 
from haL.ardou -wa · te c las ification and  
reg1.1 la tion.  Bu t the  RCRA amendment· 
a lso ca l led for E PA to study the mat ter  
and "submit a report on the adverse ef
fects on human heill th and the environ
ment, if a ny," from the disposa l il nd use 
of fly a h,  bottom ash, FC D scrubber 
sludge, and other by-prod ucts of fossi l  
htel p wer gener..it ion.  

In response to the amend men t s , the 
Ed i'on Electric I n  t itu te and  the U ti l ity 
Sul id Waste Activit ie, Group ( USWAG), an 
ad hoc committee of u ti l i ty repre en tc -
l ives, began su pplying i n formation to 
EPA . And EPR J 's Sol id Waste Environ
mentn l Stud ies project, stilbl ished at that  
t ime, provid ed a fou ndation of i ndepen-
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d nt resl:'a n:h 011 wh ich both Ut:>WAG .ind  
EPA came to  rely hea v i ly. 

EPA's report  tram i ts work, Wa,t�s from 
f/1(' Com/wst iv 1 1  n/' Cnt 1 /  /1_11 Lh·d ,•ir Utility 
Powa Ph1 1 1 ts , a ppc,1 red in J Y88. I t  cited 21 
Ff'R l rei.mrb dealing w i t h  such milttcr� a �  
t he  c herni il l  and  physicc1 l characterist ics 
of t he  wa tes, thei r leachi ng r1nd  trans
port in the en vin.,nm en t, grou ndwater 
analyses a t  d i spos.1 1 i te , a nd ei..traction 
methods for waste treatmen t  a nd reuse. 
The EPA report ca me u p wi th  three 
find i ngs: 
a That high-vol u me wastes from coal 

combustion ( main ly a, h,  Judge, anJ 
slag) hou ld be cla sified a,.. nonl 1a:za rd 
ous for regu l .:i t ion u nder federal and  sta te 
progra ms 
o That reu e of those wastes in iln envi

ronmen t a l ly sound  ma n ner hou ld be en
cotmiged 

D Tha t  a nu mber of low-voltm1e mate
ria l s, such as boi ler clea n ing wa te ilnd 
d cm1inernl izcr regenera nl , mc1y meri t c lils
sification as haza rdou s was te 

ince the EPA report came ou t , EPR l 
sponsored reseMchers have con t i n ued t o  
i mprove and  va l ida te model a n d  d e
velop new da ta  for predicting the release 
of chemica ls from u ti l ity waste a nd for 
tracking t hei r tra11spnrt , transformation, 
and u l t i m a te fate in the en v iron me11 t .  

ow, newly propo;.ed RCRA amend 
men t' tha t  cou ld  change EPA regulation 
of combust ion waste;. i n  t h  1990:; make 
th is ongoi ng work n i l  the more t imely. 

Bu t  duri 1 1g the interva l between the 
'1 980 a mendmen ts and t he t ime a ny new 
amendment · are l ikely to t ake effect, 
E PA est imates, the u t i l i ty indu ·try w i l l  
s,we roughly $3.7 b iU ion a n n u;i l ly
the avoid ed co:,l , na t ionwide, for d e  ign 
and i mplementation of the new facilities 
and procedures tha t  w�1U ld be needed if  

the high-vol ume , astes from coal-fired 
power plan t  were clas�i fied ,, s haza rd 
ciu !:>. The tot;il  benef i t cou ld a mo u n t  to 
more t h a n  5, 1 8  b i l l ion  over the next fi ve 
ye.i rs-ilnd USWAG attribute!:> nenrly $6 
b i l l ion of lhilt ;.aving to EPRI. The costs of 
c lec1 ning u p old plant si tes wou ld .:idd u p 
to that much, as wou ld the lo s of reve
nue tha t wou ld result  from r �u lat ions 
re:,trict i ng the Sil le ;ind  reu!:>1: of fly ilsh 
and other wa te:, for con!:>truction and 
other uses. [PR/ Cnfllac/ :  l,ltwar Mu
mrko, (4 1 5) 855-2150 

Production-Line R&D Cuts 

Transformer Core Cost 

M 
,mu factu rnbi l ity i t he bot tom l ine 
in technology developmen t; i t 

marks the last  opportuni ty to con trol 

prod ci ct cost . I n the ca e of new d istribu
t ion ttan,formers with low-loss amor
phous meta l ores, u ti l i ty  l{& IJ in volve
ment in manufactu ring techniqu es i · ex
pected to m;ikc the difference between 
u nr ea l iL.ed ma rk t poten t i;i l  and  broad 
commerc ia l  sue css. 

Several yea rs of R&D a nd fie l d  testing 
s i nce the 1970s ha e yie lded complete 
techn ica l success for the advanced trans
former -bu t cle,1r economic benefi t on ly 
for u t i l i l ie · whose pl ant cost , i n terest 
ralei;, demand cha rge , .ind  replacemen t 
power costs esta bl i h a high value ($5 a 
wa t t  or more) for a ny powt>r tha t can be 
s;ived by trn nsformer e fficiency. In a few 
cases, regu latory pressure to reduce ys
tem electr ica l losse� ha - added to the 
market .  

The early a morphous tra nsformers 
were expensive. The cc, t of the thin,  bri t
t l e  amorphous metal stri p i tsel f and  the  
co:;t of the lilbor- in tensive wre con�truc
tion l i m i ted the i n i t i ,1 1  marJ..d, a c\.ord i ng 
to EJ J l{ I  proj�ct milnager Harry g. Since 
1 987, therefore-a bout when the fi r t 
commercial units were sold-EPR I has 
a l  o sponsMed developmt:!nt of � ost
effect ive manu factu ring tech n iques . 



The r s u i t  1s a computer-d riven pm
d ud ion lme  tha t  tart d u p in D 't l'mh 'r 
1 489 at J ,E t nmsfornwr plan t  in I Ikkory, 
N orth Carol i nil. Automa ted processes cu t 
t l te ri bbons of J morphou meta l a nd as
•wmblr t h 1.•m i n to complete cores. Be
�.,u:,,., l h ,  cor'-' lr1minatiuns are onl y .ibou t 
U.001 i nc h  thick (ab u t  llne- len t h the 
t h ickne:.� of convcn t iu1 1a l cor lot , ( ), ,c
lraord inary pre i-. io11 is requir  d in cu t
t i ng t he sheets of meta l a nd ilS:.em bhng 
t hem in lu cores. 

E rn1omic al this key manu tactu nng 
stage �hould help bring dow n  the init i.-11  
cost of the tra n!.>furmers ·o that their com 
pet i t i ve advantilge of energy :wings 
and  lower opera t ing costs show u p b t
ier. " Wc ' r  nt'a ring the point at whkh 
a morphous-core trn nsformer will be 
competi tive for ;i t least ha lf the U .S. ut i l 
i ty  ma rket ," says Harry g. "There are 
abou l  25,000 amorphous uni t  now in 
"l•rvice, bu t  the figu re ough t  tu grow mp
id ly in what  i now a much ml,r� l Om 
peti t ive t ran�former market ." 

Com pared wi th  conven tiona l u n i t  , 
, , morphou s-core tra n former· red uce no
) ( )ad electrical lu · sc · by 60-70%. EPRl es
l i tn,l lt.!� tha t  na tionwide u e would  ave 
bi l l ions of ki lowa tthours, wi th an a nnual 
v,, lue nf $300-700 mj J l ion .  For :.peci fic 
prod ucl i n formation, con tact Larry Low
dermi lk  at General El ectric in H ickory, 

01 th ,rn. 1l in. 1 ,  (70-l) 462-31.B. I /'RI  
01 1 /od / Jal'l'y Ng , (415) 855-1973 

Val idation Speeds Use 
of IGSCC Remedy 

E 
l ' lf f  ,1i1 thcntication of 11c r ,pa i r 
.'.Im! m,1 i ntena nce techn ique:, for L1 t i l 

i t y  equ ipment helps :,peed the tran · fer of 
these tedmologj s from the laboratory to 
t he  power plant .  Recen tly, for e;xamplc, 
Com monwea l th Ed ison turned to E PRl 's 
Rep,1 ir  Appl ic.i t ions Cen ter (a speci.:t l ized 
,ll' tiv i ly of th DE Cen ter in Charlott '. 

ort h  ·,uol ina )  to confi rm the dfc ·li ve
ne s of a  tech nique-and quipm1:nt -for 

mechanica l ly sgu eezing a pi pe to prevent 
m tcrg-ra n ulc1r ;,!res� corrosion crack ing 
( lGSC ) i ll BWR .,iys t ... m;,. l:i l ' R l 's eval ua
tion contri bu ted to RC 11 pproval  of lhl! 
process, a nd its ub quent u se at i).  
ConunonweaJ th BW Rs prod uced a ben e fit 
a ses ed by the ut i l i ty at more than 5-lOO 
mil l ion. 

Developed by SMC O' Donn 1 1 , 1 1 \ . , t he 
mechanical str ss improvem n t  prnces 
( MSI P) fea tu res a cla mp that  in troduce:. a 
beneficia l  compressive tress at weld 
t hat a re uscepl lble lo 1 . In combi na
tion wiU1 regu l a r  in pection , MSJ P  can 
help util it ies avoid the e: tra in-ser vice 
in pection ,md c ,  t ly pipe replacements 
tha t ha ve been nece sa ry at many BWR . 

The new technique a ppeared cost
effecti ve early on, bu t  Commonwealth 
needed a11 objective eva luation a nd con
clusive evid ence of MSI P 's reliability in or
d r to ga i n  acceptan ·e from the RC. 
Herl' is where the Repa i r  Applica t ions 
Center was helpful, provid ing both ex
pert sta ff and a large-diameter pi pe- to
fit t ing mocku p for testi ng the pro es . 

Before-and-a fter ·tra in measurements 
documen ted t hat MSJP  changed the re id 
ual  stresses near the welds from ten ile to 
compressive. Tiie test re u l ts  were ub
mJtted 10 the R , which approved MSJ P 
as an JCS remed v ea rly in 1 988 ( UREG 
031 3, Rev. 2) . 

ommonw a l th ha u · ed t h · MSl P pro
c1:dure on a total  I f 333 wekb .:it i t · Dre -
den- 1 and -2. Quad it ies-1 and -2, a nd La 

ill le- 1 and -2 BW Rs. B the u t i J i ty's be t 
es ti mat , i t  wi l l  t hereby avoid some 
$ 34 m il l ion of c,pen e for pecia l i n 
serv ice i n  pe  t 1011� and replacemen t t f 
piping. MS IP  ,1 l:-0 cu t the occup;i t iona l 
radiation expl sur uf Commonwealth 
workers by abou t  20 person-rems for 
each of those avoided welds. For infonna
t ion on MSW, con tact E. J . Hampton a t  
SMC O' Don nel l  i n  I i t tsburgh, Pennsylva
nia,  (412 )  6S5-l 2UO. f.l'RI C,1,ancf. fo, • 
Gil 111n 1 1 , (.J15) 855-89 1 1 . or Wylie Cliilds . 
(4 15) 855-2n58 

Maintenance Equipment 
Data in Catalog Form 

I n .1ddition to i ts program of technology 
w ,rkshops.  eva lua tion :,,  and d emon

strat ions, E f 'RI 's NDE Cen ter i n  Char lotte, 
url l1 Carolina , is serving El'RI member 

u tilitit'S as .t clearinghouse for i nforma
tion 01 1  power plant ma inteno nc t'qu i  
m •nt . h i  t h <'t t  role the cen ter IMS a�em
h led ,, comprd1ensive file uf equi pmen t 
i n formation, including tech nical paper , 
NOE Ce1 1 ter e\'a lua tions and  performance 
data (not recommenda tion ), and vendor 
litera t u re a nd covering everyth ing from 
nuts  and bolt� to remotely con tr , l ied sub
mari nes for u nderwilter i nspect i  n. 

Now the center has responded to u tU ity 
i n tL"Test in specific topics by com pi l i ng 
tw0 new equipment  guide , th Va/ 1 1,· 
M11in lr:1 1m1Cc Eq1.1iµ111i > 1 1 t  Rt•[crcncc G11 id1• 
and  tbe 1<1wntc Eq uii1111rnl G1 1 idc: A Cvm-
1 1e1 1dir i 1 1 1  of Selected Types nf Robolfc Equip-
1 1 1 1 · 1 1 /  U,ecl in Hawrdo11s Ent'i ,·0 1 111 1c11ts .  
''Thc�e gu ,des a re a new ki nd f re ou re \ 
imp ;irt ial a ta logs of the eq u ipment avai l 
able in part icu lar a rea s of m a i n tenance," 
say El'RI program manager J im La ng. 
"They cover EPRl-cleveloped equ ipment 
and  include equ ipment dewk ped b 
0 thcr  organizations as well ." 

The Valve Mai11 te11a , ire Erp 1 i1 111 1c1 1 f /frfer
C!ICL' Guide fo u es on motor-opernted
valve perfonna nce test ing, rel ief-vil lve  
testing, v a l ve mach i n ing, va l  e-s at  hard
facing, and miscella neous type of va l  c 
ma intenance. The guide includes peci fi
cat ion �beets and pho tograph, of cur
ren t ly avaiJable equ.ipment .  

Th Remote Eq1 1iµmrnl G11 rdc prest•nt 
informa tion l n terrestria l  and u nderWJ 
ter rernote l operated v hicles,  pi p 
crawler;., and. ma nipulators. n elc -
tronic d a taba:,e of the information in th ' 
equ ipmen t guide is cu rrent ly u nder de
velopment. T0 obta i n  the u id es, contact 
Ken BriUa i n a t  t he  D , Center, (704) 
347-61 39.  • F/ 1/V C, 1 1 1 t11rl: f i 1 1 1  l.11 1 1:,:, (4151 
855 2038 
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RESEARCH UPDATE 

Dam Safety 

Concrete Gravity Dam Stability 
by Douglas Morris, Generation and Storage Division 

M 
ost of the dams associated with hydro
electric p lants are l icensed for oper

ation by the Federal Energy Regulatory Com
mission (FERC) .  In response to an Increased 
nationa l awareness of the need for a regulated 
dam safety program, the Code of Federa l Reg
ulations was amended to require that all l i 
censed dams be reanalyzed for stabi l ity and 
safe operation every five years . 

One of the loading condi tions to be analyzed 
ls the probable maximum f lood (PMF ) .  This 1s 
calcu lated for each dam site by using a worst
case sequence or prec ipi tation for the drain
age basin (ca l led the probable maximum pre
cip rtation, or PMP) and a possible, but worst
case. scenarlo for est imating the maximum 
runoff into the river. 

The concept of the PMF as a flood load for 
dams was introduced 1n the 1970s; therefore ,  
a lmost al l dams bu i lt before then are unable , in 
theory, to withstand that flood level . Very few 
remedies exist f0< this s i tuat ion If there is suffi
cient space, the spil lway capacity can be in
creased to pass tne flood around the dam. In 
the case of concrete gravity dams, a dam can 
be anchored by threading large anchor cables 
from the dam's crest through vertical holes .  
One end is grouted in mortar in the rock foun
dation and the other is post-tens ioned at the 
crest . EPRI has estimated the average cost of 
instal ling anchor cables to be $2 mill ion per 
dam. Rgure 1 . which shows a section of a con
crete gravity dam, provides an understanding 
of the major forces affecting dam stabil ity. 

EPRl 's dam research is aimed at helping 
uti l ities understand the stabi lity of the ir  dams 
under the more severe PMF loading conditions . 
Without this knowledge. dam owners are 
obliged to be overly conservative with the i r en
gineering designs and upgrading programs . 

Design conservatism ex ists in many areas. 
For example , the FERC stab i l ity analysis gu ide-
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l ines (which ref lect the design approaches of 
the Army Corps of Engineers and the Bureau of 
Reclamation) state that without adequate s i te
speclfic data to prove otherwise, the concrete 
should be assumed to crack under tensile 
stresses greater than 10% of its compressive 
strength ; according to the gu idelines, the ten
si le strength of the joints where new concrete 
was poured on o ld concrete might be less . No 
tensile strength 1s al lowed for the bond be
tween the concrete and the foundat ion (which 
is rock for concrete gravity dams) . Regardless 
of the actua l  strength of the bond, the FE RC 
approach assumes that the rock Jus t  below the 
surface has been damaged by blast ing or that 
adversely oriented geological joints cou ld fail . 
If any part of the dam goes into tension under 
load . then a crack must be assumed that w i l l  
run horizontal ly unti l a compress ion zone is 
reached . The uncracked portion must retain 
the stabi l ity of the dam. 

Uplift pressure is assumed to exist w1th1n a 
darn, at the darn-foundation in ter ace. and 
with in the foundation_ This pressure 1s caused 
by water seepage and can have a maximum 
va lue equivalent to the pressure head of the 
water 1n the reservoir. When a crack occurs . the 
crack 1s assumed to have the maximum upl ift 
pressure across its honzonta l area commensu
rate with its e levation and the reservoir level . 

Drains are included in dams to rel ieve uplift 
pressures. The FERC a l lowance for drain effec
tiveness depends on actual pressure mea
surements taken at the drain locations and on 
the maintenance program for drain c lean ing . 
More signiffcant to research studies is that un

less evidence is presented to the contrary. the 
drains are assumed to have no effect if inter
sected by a crack under nood condi t ions. 

These design assumptions compensate for 

a lack of knowledge about concrete crack ing 
characteristics and an in itial lack of computa-

ABSTRACT New federal regulations adopting a more stringent 

flood criterion have forced reanalysis of the nation 's older dams. The 

result is a reevaluation of many of the design assumptions that have 

been the basis of dam design and stability analyses for over 80 years. 

EPRI research is providing methods for obtaining more-accurate site 

measurements to characterize actual site conditions and is developing 

numerical modeling techniques to simuf ate concrete cracking and drain 

effectiveness. Although these studies have not yet been completed, the 

results are already reducing the costs required to strengthen dams. 



t 1onal tools for modeling the interactions oi 
forces on a dam They a lso compensate 101 me 
l ack of a reliab le history of va l id measure
ments. 

EPRl 's research stud ies seek to develop 
more-accurate models of concrete cracking 
mechanisms, to investigate the behavior of up
l ift pressure and dram effectiveness for ver y 
fine cracks ( 10- to 40-mi l  aperture) .  to model 
upl ift pressures in rock foundation 1oints and 

to int roduce methods of extracting credible 
data from exis 1ng dams for input to stabil ity 

analyses Implementation of the d ifferent 
methods should determine the conser vatism 
(Le . design margin ) in any given darn and 
permi t  the appl ication of this des ign margin 
toward meet ing the PMF criter ion wi th a mini
mum of addi tional strengthen ing 

Research results 

The EPRI stud ies , which are not yet completed. 

include gu idance for compil ing s i te-specific 
measurements to take advantage of site cond1-
t1ons that are usual ly better Ulan FERC's generic 
al lowances. A database of stab i l ity informat ion 
from 18 host dams representing older designs 
wil l be compiled to support ind ividual submis
s ions to FERC by showing typical ranges of 
strength , drain performance, and other param
eters . A fin i te-element coce based on the EPRl 
supported ABAOUS code is being designed 
for gravi ty dam stabil ity analysis to provide a 
convenient alternative to the over ly simpl ist ic 
cant i lever beam approach used by most dam 
engineers . Laboratory 1nvest1gat1on of the d ls
ribut 1on of up l ift pressure in concrete cracks 

and rock joints is under way lo delermine the 
effect of dra ins and different drain diameters 
on control l ing that pressure. Finally, an ana lyti

cal computer code that uses f racture me
chanics as the mechanism of concrete crack
ing wi l l  be used to predict the length and d irec

tion of potent ial cracks. 
EPRI has developed and f ield-tested de

tai led guidelines for the successfu l extraction 
of In tact core samples of concrete and rock 
from ex1st1ng dams. When the gu1de l 1nes are 
fol lowed. core samples have far fewer breaks 
from dri lling and handl ing than 1s normally the 
case Such good-quality samples. together 
w ith the recommended documentation proce-

Figure 1 Cross section of a concrete gravity dam. The weight of the concrete counters the force of 
the water rn the reservoir. The dam is init ia l ly prevented from sl id ing by the cohesion of the rock
concrete bond. If that bond were broken, s l id ing could be prevented by the friction force of the 
bonding maler ia ls. Few dams have the f lat base shown here; broken surface rock is c leared down 
to a sound foundation, creat ing trenches that provide addi t ional anchoring.  The upl i ft pressure 
shown is caused by water seepage in rock joints and cracks in the foundal lon and at the dam-rock 
interlace. 

Drainage 

du res, provide excellent records of in situ con
ditions-records capable of supporting argu
ments to FERC for us ing h igher values of mate
rial strength and better bond condi t ions than 
those in the gener ic case. The guide suggests 
videotaping lhe inside of boreholes and drains 
wilh a special 3-1nc ll-d 1ameter, remotely con
trolled telev1s 1on camera to record waJ I cond1 -
t 1ons and identify cracks. Methods are g iven for 
isolaling these cracks to measure any inflows 

or outf lows This work 1s associated w1 rh the 
compi lation of the stabil ity information from the 
18 sites representing a range of older dams 
and foundation geology 

The in formation obtained from mapping 
foundation cracks and rock Joints by borehole 

1nvestigat 1ons can be combined with surface 
observations of similar roe� anomal ies for rnput 
to an EPRl-developed numerical mocel of pres
sures and f lows 1n dam foundaUons .  The theory 
tor that mOdel resu lted from a proiect to 1nvest1 -
gate the d ist ribution of up l ift pressure 1n very 
fine cracks ( 10 to 40 mils ) The code statistical ly 

generates various hypothetical configurat ions 
of Joint sets 1n the foundation to compensate for 

those lhat escaped mapping The foundation 
model ca lcu lates and maps the uplift pressure 
actmg on the dam for the postulated JOtnt con
flgurat 1ons, then automatically creates another 
hypothet ica l configuration from the same basic 
input data That procedure rs repeated many 
times unt i l  an adequate range of results lias 
been obtained This approach can warn the 
engineer of the possib i l ity of unusually high 
values of upl ift pressure below the dam Such a 
condition would be typical of a join t  sel thal 
connects the reservoir to a point 1n the dam 
base downstream of the drains .  

As mentioned above EPRI 1s 1nvesligat1ng 
upl 1tt pressure d1str 1but1on 1n concrete cracks 
and the effectiveness of dra ins in reducing 

those pressures . A senes of concrete slab 
models of cracks 1n darns has been used to 
tes1 the effects of crack aperture crack rough· 
ness crack waviness, drain d iameter and en
try water pressure on flow 1n a crack and the 
result ing pressure paltern .  This 1nforrnar1on wil l  
al low the 1nvest 1gators to deve lop coefficients 
that characterize the parameters measured 1n 
t11e tests. Tile appropr iate coeff icient values 
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wi l l  be used to define actual conditions and, 
thus, dam stabil i ty. A simi lar approach to defin

ing concrete crack properties by coefficients 
wi l l  al low the back-calcu lation of apparent 

crack size for si tuations where a crack has 
been d iscovered in a dam and an estimate of 
Its posslb le length is required 

Crack propagation 
in concrete 

Concrete , like ceramics, is subject to brittle 
fracture ,  but the t rad i t ional approach has been 
to rreat concrete as 1 f  I t were a ductile mater ial . 
fracture mechanics was developed to model 
tractures of brittle materia l . EPRI research is 
Investigating how to apply fracture mechanics 
concepts to concrete dams so that crack prop
agation can be more accurate ly simulated . 

Th is work has al ready resulted in a computer 
code that models cracks in the concrete mass 
of a dam . Testing of laboratory models is con
tinuing in order to determine what happens 
when cracks intersect discontinu i t ies, such as 
the dam-rock interface or geological joints 1n 
the foundation. Sp l itting tests have been per
formed on large concrete samples of different
s ize aggregate to obtain fracture toughness 
values. I t was found that aggregate size d id not 
s ignificantly influence crack length . Further 
testing wil l determine if the shape of the aggre

gate is important ( rounded r iverbed stones 
versus sharp crushed rock). Other lest results 

Ecological Studies 

show that the fracture toughness of concreie 
inc reases as the crack length increases: that 
is . the material at the crack tip resists progres
sive tensile crack extension. Therefore, the un
cracked material has progressively greater 

strength . Th is resu lt suggests t11at ex isting 
dams have a greater capabi l i ty to withstand 
the PMF loading than previously assumed 

By adapting a genera lized fin ite-element 
ana lysis code called ABAOUS-EPGEN, EPRI IS 
also prov id ing a near-term method of more 
accurate ly calculat ing dam stabi l ity on the 
bas is of the conventional strength-of-materials 
method. The user wi ll not have 10 be fam1har 
w i tl1 f in i te-e lement analysis or 1J1e ABAOUS 
code to per form the stabil ity calcu lat ion. The 
essent ia l  input data requirements will be the 
dimens ions and parameters that define the 
dam and the foundat ion. The code wi l l se lect 
the appropriate fin i te-e lement mesh and wi l l 
be capable of ana lyz ing stat ic and dynamic 
load condit ions. Special code features will 
permit sensitiv ity studies to be convenient ly 
per formed so that a given dam's reaction to 
many d ifferent condit ions can be better under
stood and its structural weaknesses can be 
identified. 

Probable max imum 
precipitation 

The PMP values avai lab le from the Nat ional 
Weather Service (NWS) are ext rapolated from 

actual severe storms across hundreds ot mi les 
ol terra 1n . As a resu l t ,  the PMP may be overly 
conservative for many speci fic loca11ons. In 
one instance. FERG has accepted a PMP value 
substantia l ly lower than the NWS value 

Given this s 1 tuat1on , FERC has encouraged 
EPRI to improve the understanding of the types 
of extreme prec ip 1 tat1on storms that contribute 
to probable maximum flood est imates These 
studies are investigat ing weather data cap
tured on radar and satel lite plots over the last 10 
lo 20 years 1n an attempt to understand storm 

patterns and frequencies. These 1n 1Hal 1nvest1-
gations might eventua l ly augme�t the prec1p1-
tatJon gage data that form the bas is of the PMP 
values published by the NWS. Attempts wi l l  
a lso be made to quantify the effect of topogra
phy on precipitation . I t  is hoped that the results 
of th is research wi l l  encourage ut i lit ies to de
r ive the i r  own site-specific PMP values where 
appropriate . 

Although a dam might meet all current de
sign criteria, the expansion of local populat ions 
and their need for hous ing , work , and recre
ationa l  fac i l i t ies wil l vastly increase the poten
tial and cost of downstream damage. The re
su l t wi l l  be a continu ing need to assess 1 1,e 
status of dams. The tools being developed by 
EPRI tor realistical ly evaluating dam stab i l ity wi l l  
not be used just once per dam but wi l l  be 
requi red to assess continual ly chang ing condi 
t ions, new regulations, and the ravages of t ime 

Application of Genetic Ecology to Bioremediation 
by Robert Goldstein and Donald Poree/la, Environment Division 

A
pprox imate ly a year and a half ago, 
EPR l 's Envi ronment Olv 1s1on, in coopera

tion with Its Office of Exploratory Research, 
initiated research on developing a new cross
discipl inary field of science cal led genet ic 
ecology. Genetic ecology 1s the study of how 
environmental (phys ica l , chemical. and bio
logical) factors affect the abundance and 
funct ioning (express ion) of genes .  I t  is derived 
from the int roduction of the concepts and 

38 EPRI JOURNAL January/February  1990 

techn iques of molecu lar genetics in to an eco
logical context. 

Through the appl icat ion of knowledge de
rived f rom genetic ecological research, there 
exists the potentia l to develop new biotech
nologies to remediate polluted s i tes 1n situ 
This would be done by a ltering env ironmental 
factors at the s i tes to manipulate the genetic 
systems of indigenous microb1ota to control 
specific biochemfcal degradation or transfor-

mat1on processes ( EPRI Journal, September 
1988, p . 14) . Genetic ecology should not be 
confused with genetic engineering . which 1s 
the introduction into the field of exotic organ
isms that have been genetica lly manipu lated 
1n the laboratory. 

The pol lutants targeted for remediation may 
be e i ther organics or metals . The prime ob1ec
t1ve for organics is complete and rapid degra
dation . For meta ls , the obJect ive 1s to control 



ABSTRACT Research results support the hypothesis that an un 

derstanding of the relationships between the environment of genes 

and their abundance and functioning can be used to develop technol

ogies for in situ waste cleanup. Amplification and increased expres

sion of genes capable of mercury transformation and naphthalene 

degradation have been achieved in the laboratory through modifica

tion of the physical and chemical properties of their environment. 

b1ogeochemical cycling so as to concentrate 

the metal 111 a chemical species or physica l 

compartment that rn1rnm12es avai labil ity and 

toxic ity to macrob1ota . For instance, 1n aquat ic 

systems. the ob1ect ive might be to sequester 

the metal in an inso lub le form in t he sediments 

or to converl the metal in to a volati le form that 

would escape the water body. 

Why genes? 

gene or a smal l number of genes has so 

many fewer direct l inkages to the environment 

than a single species. the populat ion of target 

genes should be less r igidly constrained by 

the existing environment and hence be more 

amenable to manipulat ion. The hypothes is 1s 
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that, 1n general . a community of m1crob1al spe

cies 1s more stable wi th respect to its species 

structure than to its genetic structure: that 1s, 1t 

is  easier to al ter the abundance of a single 

gene than that of a single species. since 

cl1ang1ng a single species 1s 1n effect chang

ing Thousands of genes. Hence minor modi

ficauon of the genetic structure of an indige

nous microbial communi ty should require less 

environmental manipulat ion them modi ficat ion 

of the species st ructure 

Research approach 
EPRI maintains three ongoing contracts per

tain ing to the appl ication of genetic ecology to 

b1oremedia ion (RPB000-25, RP3015- t and 

RP3015-2) . The first two (being earned out by 

the University of Cal ifornia , I rvine : the Un iver

sity of Tennessee: the Un iversity of Arizona; 

Texas A&M. and the Univers ity of Cal i forn ia, 

Santa Cruz) focus on develop ing strategies 

to manage biotransformation and biodegra

dation processes in the f ield Cooperat ive 
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What are the potential advantages of focusing 

an rn situ b 1oremed1ation strategy on the ma

nipu lation of 1nd1genous groups of genes in

stead of on indigenous m1crob1al species? 

The princip le being used is that one gene pro

duces one enzyme. wh ich 1n turn controls one 

biochemical reaction In contrast. a sing le mi

crobia l species conducts hundreds of func

t ions . Manipulation  of a spec ies hence d i rect ly  

affects hundreds of  functions, whereas ma

nipu lation of a single gene affects only one

though , 1nd1 rectly, i i  could affect more Thus 

he genetic system 1s a f ine-control system 

relative to the species population st ructure of 

H1e microbial community. Also, the identities of 

the species that are producing the target en 

zymes are not necessari ly  re levant . An opt1· 

mal management strategy might be to induce 

the presence and expression of the target 

genes in al l species w1 th 1n lhe Indigenous m1-

crob1al community. Th is can potent ia l ly be ac

compl ished by stimulating natural processes 

of gene exchange in situ 

Occurrence o f  Mercury Translormation Genes (%) 

Funher, it is assumed that s ince a single 

Figure 1 Percentages of bacteria Iso lated at  two of the mercury-polluted field s ites that conta in 
different genes found on the mercury operon. The data were col lected at  different sampling 
locat ions and t imes. MerR Is the regulatory gene that turns the operon on and off . MerA is 
associa ted wi th the reduction of the mercur ic ion to elemental mercury. MerB is associated with 
the demethylation of methylmercury. Some operons possess the abi l ity to both demethylate 
and reduce, whi le others can only reduce. 
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figure 2 Distribut ion of logar i thmic conjugation (transfer) rates of the mer operon for bacteria 

capable of conjugation that were iso lated at two of the mercury-pol luted field sites. Not all 
bacteria that contain the mer operon possess the abi l ity to transfer the operon .  
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support Is being provided in this effort by 

Niagara Mohawk, Pacific Gas and Electric. 

Southern Ca l iforn ia Edison. Homestake Min

ing, the Wisconsin Department of Natural Re

sources. Oak Ridge Nationa l  Laboratory, the 

U.S. Department of Energy. and the following 

other EPRI research projects : Animal Re

sponses to Interact ing Stresses (ARTIS . 

RP2020) , Environmenta l Behavior of Organic 

Substances (EBOS. RP2879). and Health Ef

fects of Complex Mixtures (RP2963) . 
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The biotranslormation in aquat ic systems of 

methylmercury and the mercuric ion to ele

menta l mercury and tile b 1odegradat1on rn 

soils of naphthalene to pyruvate and carbon 

d1ox1de have been chosen as model pro

cesses to study. These were chosen because 

sets of microbial genes. known as operons.  

that contro l these processes have been identi

fied and characterized. In addition , mercury 1s 

a potentia l toxicant of concern to the e lectr ic 

power industry ( EPA/ Journal, December 

0 pg/ml Hg 

4 5 7 
nme (hours) 

Figure 3 In the laboratory, expression of the mer operon in the bacter ia l species Pseudomonas 
stutzerl, as measured by the amount of mer operon messenger RNA (r ibonucleic acid) present , 
Increases in response to the addit ion of mercuric ch lor ide. Values given are in radiat ion counts 
per m inute per 5 micrograms RNA at 4°C. 
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1987 , p 4 7), and naphthalene 1s a representa

tive polycycl ic aromat ic hydrocarbon (PAH ) 

PAHs are of concern to the e lectric power 

industry because they are contaminants at 

former manufactured gas planl s ites ( EPA/ 
Journal. July/August 1989. p 22) 

The research approach 1s composed of 

three stages. In the f 1 rs 1 stage water and 

sediment samples are collected at mercury

contaminated field s ites and soil samples 

are col lected at naph1halene-contam1na

ted s i les_ The abil ity of the bactena l commu

nity al these sites to degrade naphtha lene 

and transform mercury, the abundance of the 

bacterial operons present that control these 

processes (larget operons) .  and the potentia l 

to ampl ify the number ot target operons are 

measu1ed 

In stage two. microcosm experiments are 

conducted in the laboratory. where environ

menta l factors are varied under controlled 

conditions to determine how tl1e rate of ex

pression of target operons can be max imized. 

Expression is the product of the density of 

target operons and their express ion effic iency 

(the fract ion of target operons that are func

tioning). The fact  that an operon is present 

does not mean that 1 t  is funct ion,ng. 

Expression can be increased by increasing 

either the abundance of target operons or lhe 

expression efficiency. or both . Both abun

dance and effic iency are funct ions of env i ron

menta l  properties ; hence. 1! should be possi 

ble to manipulate abundance and expression 

in a predictive manner through a lleration of 

the env ironment. Hypotheses to be tested in 

the microcosms regard ing the dependency of 

expression on envi ronmental var iables can be 

suggested by correlation of the results from 

stage one with site environmenta l  data 

The results of stage two are used ro devise 

in situ remediation strategies that are then 

tested m environmental enclosures at held 

sites during stage three 

Results 

Although the research 1s only in ,ts early 

stages , a wide variety of intrigu ing results 

have al ready been achieved. 

Operons capable of mercury b1otranstor

mat ion and naphthalene b 1odegradation have 



been ident1flec! at he mercury- and naphtha
lene-pol l uted field si tes . respect ively (Figure 
1) Bacter ia isolated al the mercury-pol luted 
s ites were shown to have the abi l ity to lransfer 
to other bacteria, by conjugation , copies of 
the operon that transforms the mercur ic ion to 
elemental mercury Con1ugat1on 1s a natura l 
process whereby two bacterial organisms 
come adJacenl to one another and genetic 
mater ia l  is t ransferred from one (the donor) to 
the other ( the recipient). The measured coniu 
gat1on logarithmic rates , Which are ca lcu lated 
1n terms of the f ract ion of tl1e recip ient  popula
t ion to which the operon is transferred in a 24-
hour period, range over seven orders of mag
nitude (Figure 2). Naturally occurnng rates 
previous ly reported in the Hterature tended to 
be a mill ionth or a ten-mi llionth . I n  t h i s  study, 
rates as high as a hundredth were measured 
Since densit ies of recipients in the envi ron
ment may be as high as 100 mil l ion per gram 
or dry sediment. the total number of trans1ers 
occurring in a 24-hour penod cou ld be as 

Commercial Program 

high as one mi l l ion per gram. 
In the laboratory, abundance and expres

sion have been increased for mercury b10-
transformation operons possessed by bacte
ria isolated at the field sites . These increases 
were accompl ished by manipulation of tem
perature and of mercuric chlor ide concentra
tions in the growth medium . It has been dem
ons!rated that expression can be enhanced at 
temperatures as low as 4 °C through the addi 
tion of mercuric chloride ( Figure 3) . The 
potential s 1gn 1/icance of th is result is that al
though 11 1s commonly assumed thal transfor
mat ion rates are very slow at low tempera
tures, there appears to exist t11e potent ial to 
enhance detoxif ication rates at low tempera
tures through the modification of the chemical 
environment This pr inciple would have appl i 
cabi l ity to the development of in s itu manage
ment st rategies for c leanup s i tes that have 
cold winters. 

It has also been demonstrated in the labo

ratory that amplification and express ion ot the 

naphthalene-degrading genes can be in
creased by the addition of salicy late, a non
toxic intermediate 1n the degradat ion pathway. 
It has commonly been observed that detox
ification rates can be increased by the addi
t ion of the tox ic substance i tself. as was done 
with mercury in the experiments described 
above. But 1n actual cleanup 11 would be un
desirable to add the substance eventua lly to 
be removed. It 1s therefore significant to have 

demonstrated that degradat ion can be en
hanced by the addi tion of a nontoxic inter
mediate. 

In summary, resul ts to date have been 
h igh ly promis ing in that they have been con
sistent with the hypothesized conceptual 
framework upon which the research is based; 
that is. microbial genes capable of biodetox
ification are present at contaminated sites , 
and lhe rates of b1ode1ox i f icat1on potentially 
can be enhanced by increasing the expres· 
s1on rates of these genes through manipula
tion o env ironmental factors. 

National Electrical Code Revision 

by Kart Johnson, Customer Systems D1v1sion 

I 
n the 1950s and 1960s with The help of 40 
uti l it ies. Orin Z1mmerman , now at EPRI . in

t roduced the concept of d ivers i ty into u,e Na
t ional  Electrical Code. Drawing on data from 
over 100 restaurants , Zimmerman proved to 
the code panel chat as the number of cooking 

appliances 1n a restaurant increases. the peak 
demand 1or power relative to total connected 
load decreases. Demand factors (peak-de
mand load divided by total connected load ) 
decrease as connected loads increase. In 
simpl ified terms, as the number of e lectr ic ap
pliances increases ,  the probabil i ty that all of 
them wi l l  be cycling on at the same time de
creases 

tha1 in spite of Zimmerman's ear l ier work , res
taurants built to lhe current code specifica
tions still had surpris ingly large amounts of 

excess capac ity Careful analys is of the seven 
PREP restaurants found that service entrances 
were 24-55% oversized. EPRI contacted the 

ABSTRACT The National Electrical Code has just been revised 

to allow smaller service entrances and main distribution panels in new 

restaurants. Where the new provisions are applicable, first-cost sav

ings can be significant, improving the market position of all-electric 

restaurants. This is the first optional calculation method approved for 

In 1987 an EPRr -sponsored stucJy of Depart- the code since 1973. 
ment of Energy raw data from the ProJect on 
Restaurant Energy Performance (PREP) found 
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Figure 1 Demand factors ( the peak-demand road In e restauran t  over the prev ious year, d iv ided 
by total connected load) were computed for 262 resta urants f rom data suppl ied by EPAI member 
uti lltles and other Industry participants . Demand factors never exceeded 0 .5 In a l l-e lectr ic  
restaurants with connected loads above 325 kVA, nor dfd they exceed 0.8 In s imi lar  lacl l lt ies with 
connected loads below that. Demand factors were higher In m ixed-fuel restaurants. 
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Nat 1ona( Restaurant Assoc1at 1on (NR/\/ one ol 
the orig inal sponsor& of the study. to d iscuss 
these findings. I t  was agreed that panel sizes 
gen�ral ly appewed lo be too big and lhat the 
matter mer i ted fur ther study With lhe help of 
the NRA. the Ed ison E lectric Inst i tute (EE i  ) , and 
the E lectric L ight and Power Group ( ut i l ity 
specialists on Iha Nat ional Electrical Code) .  
EPR I in i t ia ted a study of 100 restaurants 

Restaurant data 

With EPRI s techn ical guidance. a contractor 
was h 1ied to col lect and analyze restauram 
data lrom EPRI and EEi member ut 1 l i t 1es Over 
20 ut i l1t1es responded. On the basis of data 
from the in it ial 100 restaurants . a proposal was 
prepared and submitted to the code panel . 
The proposal sought to extend the concept of 
d1vers 1 ty-o(ig rnaJly formulated by consrder-
1ng cooking and water-heating equipment 
on ly-to the wMle restaurant .  including l 1ght-
1ng . cool ing. retngeration , and other electrical 
equ ipment. This proposa l was re1ected 1n an 
1 Ho- 1 v0te because 1 t  was fe lt that more data 
were needed to support t11 1s change 

With the he lp of the sponsors and anott1er 
20 member util ities . EPRI expanded the res
taurant database to 262 al l -electric and 
mixed-fuel restaurants over the next year Only 
one restaurant out of the 262 was found to tal l 
(s l ight ly) outside t11e demand factors pro
posed by EPRI and the NRA 1n the i r  orig inal 
proposal (Figure 1 )  

Armed wrth this expanded database. which 
now covered all c limate regions and all ma1or 
restaurant types.  the proJect manager and the 
contractor cal led on lhe members of the code 
panel to 1dent1fy and address their coocerns 
Du1 1ng th is process a sample calculation was 
developed to Il lust rate the mechan ics of the 
new. optional method. Because safety rs the 
code panel 's principal concern. the example 
calculat,on selected was for t11e worst -case 
restaurant 1n the database-restaurant 256 
the one point that tel l  outs,cle lhe propo:;ed 
demand factors 

Optiona l method 

The prev ious code required more steps than 
the new method does to arr ive at a standard 
panel size (Figure 2) For example , to ca lcu-



Figure 2 Example calculal lon of panel s ize for restaurant 256 under the prev ious code and under the new, optional method. Previously, demand 
!actors could be appl ied only to food preparat ion and sanitat ion equipment in new restaurants. Under the 1990 National E lectr ical Code, demand 
factors can be appl ied to the ent ire connected load tor the reslaurant, thus greatly s impl ify ing the ca lcu la t ion and ohen reduc ing the s lie and cost 
of service entrances and ma i n d ist ribu t ion panels . 

METHOD UNDER PREV IOUS CODE 

Heating (2 1 k.Wl 
Larger va lue (34 1 kW) x 1 .0 

Coolrng (34 1 kW) 
Refrigeration (25 kW) � 1 .0 

Miscel laneous (62 kW) 1 .0 

Food preparation ( 1 4  kW) x O 65 

Sar n tat ,on (20 kW) x 0 .65 

L1ghllng (99 kW) x 1 .25 

OPTIONAL METHOD 

Heat ing (2 1 kW) 

Coo l ing (34 1  kW) 

Ae!r lge1at 1on (25 kW) 

Miscel laneous (62 kW) 582 kW. 1 797 A 

Food preparat ion ( 1 4  kW) x Demand Factor i0,71 

Calculated fu l l -load 

current ( 574 kW. 1 77 1  A) 

i 0% growth [ 1 77 A) 

Equ1pment -s 1 z 1ng 

current ( 1 948 A) 

Standard 
pane l  size (A)  

2400 

@ 
1 600 

1 200 

800 

600 

400 

225 

Standard 
pane l s ize (A) 

2400 

2000 

s 
1 200 

: Calcu lated full- load 
cur rent (407 kW, 1 258 A) 

Equipment-s12 1ng current ( 1 948 A) 
800 

600 

400 

225 

San 1 tat 1on (20 kW) 

Light ing (99 kW) � Growth ! 1 0% = 1 26 A) 

late the panel size for restaurant 256 by the 

trad itional method, demand factors are ap

plied to food preparation. sanitat ion. and l ight

ing loads Actual connected loads are also 

inc luded On the basis of the computation 

process under the prev ious code, a 2000-A 

panel would be required tor restaurant 256. 

Under the new. optional method ( 1990 NEC 

Artic le 220-36) , a11 the e lectrical loads 1n the 

bui lding are added. and then one demand 

factor 1s applied For faci l i ties with connected 

loads up to 325 kVA. the al l-electric demand 

factor is 0.8 and the mixed- fuel demand factor 

1s l O For those with connected loads over 

325 kVA. the a l l -electr ic demand tactor is 0 .5 

and the mixed-fuel demand factor is 0. 7 As

sumptions used under the old method to ac

cour1t for growth are also applied under the 

new method . Us ing a growth factor of 10%, a 

designer would select a standard panel s ize 

of 1600 A under the new method . 

Accord ing to actual bi l l ing records. the 

h ighest demand recorded 1n restaurant 256 

over the prev ious year was 1292 A, and the 

average monthly demand was 753 A. Thus . 

even in the worst case , safety would not have 

been compromised and nu isance t ripp ing 

would have been extremely unl ike ly with a 

1600-A panel 

After rev1ew1ng the rechnicat data and the 

various il lustrations provided, the code panel 

accepted the proposed optional  method at 

their meeting 1n November 1988. Thei r dec i 

s ion was confirmed by the fu l l Nat ional Fire 

Protection Association in May 1989. The 1990 

National E lectr ical Code was published Au-

gust 7 1989 and wi ll begin to be accepted by 

local and regional Jurisdictions early 1n 1990. 

EPRI . in cooperation with the NRA. is now 

preparing a detailed analysis of the cost re

duct ions that will be like ly lo resu l t  f rom imple

menting the new code. Estimates range up to 

a few thousand dollars for smal ler fac1l l t 1es , 

and savings wil l probably be even greater in 

larger ones. Because of the higher connected 

loads in al l-electric faci l ities , savings will be 

h igher for these restaurants than for mixed

fuel restaurants . These savings shou ld he lp to 

remove one of the classic market barriers to 

a l l-e lectnc restaurants. 

Var ious techno logy transfer documents are 

being developed at EPRr and the NRA An an

nouncemenl of the code change was made to 

local code enforcement of f i c ials through the 
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NRA publ icat ion Update in September 1989 A 
press conterence a1d art icles ,n various trade 
publ icat ions are scheduled tor ear ly 1990, 
when the code takes etfect EPRI 1s a lso work
ing on a technical brochure. to be publ ished 
In 1990. 

Customer service representat ives shou ld 

begin 1nform1ng customers who are planning 

Quality Engineering Activities 

NCIG Update 
by Warren Bilanm. Nuclear Power Divis ion 

T
he organ izat ion kriown as NCIG , under 
the sponsorship of EPRI . provides an ef

fective forum for the transfer of techno logy 

among member nuclear ut11 1t1es . With the 
completion of i ts fi rst task ,n 1985, establish ing 
visual weld acceptance criter ia ,  NCIG proved 
its effect iveness and abi l i ty to provide t imely 
and cost-effective solu t ions to industry con
st ruction problems The industry recognized 
the value and apphcab1 l ity ot some of t11e cn
tena not on ly for p lants under construction but 
also for the mod1hcat1on and repa i r  of oper
ating plants 

Formerly the Nuclear Construct ion Issues 
Group (estab l ished 1n 1984) ,  NCIG has under-

new restaurants about th is important code 
ctiange A workshop entitled "Applying the 
Optional Method For Sizing Serv ice Entrances 
1n New Restaurants" 1s to be given at the EPRI 
Foodserv ice Symposium ,n February 1990. 

The success of this campaign to change 
the Nat ional Electrical Code may well be a 
model for other act1v1ties ,n which lhe electric 

ut i lit ies in the solut ion of these problems 
(Table 1 ). 

Objective,s 

The NC IG charter establ fshed the following 
objectives .  

0 Develop a common approach to the reso
lution of technical  issues re lated to nuclear 
power plant physical facil ities that is ac
ceptable to both the nuclear Industry and 
the NRC 

0 Provide a means of sharing in formation and 

ut i l i ty industry, w1 t11 technical support from 
EPR I .  can identity customer needs and reach 
national solutions beyond the scope of any 
sing le ut1 l 1ty working alone . In add1 t 1on ,  the 
good work ing relat 1onsh1ps estab l ished with 
trade all ies. l ike the NRA. and EEi create the 
possibility for even more customer serv ice 1n 
the future 

concerns with profess1ona f organizations and 
soc ieties for purposes of obtain ing the i r in
volvement and support ,n the resolution of 
NCIG issues 

0 Provlde continuing support to the docu
ments developed by NC IG to maintain consis
tency with industry changes until such lime as 
these documents are incorporated, i f  appro
priate . into established consensus standards 
c Support the needs of the NCIG members 
and pursue those technical tasks that have a 
general appl icat ion to the nuclear industry 

gone a transformaoon rn the past years. Not ABSTRACT To meet the technical challenges of plant operation, 
only has the name changed . but the focus ot 

the organizat ion has been more c learly de- maintain conformance with licensing requirements, and contribute to 
l i ned and an organ ,zat 1ona 1 charter has been 
estab l ished and ratified by unanimous con
sent of the members . The name. which now 
consists only of the letters NCIG ,  is no longer 
An acronym for Nuclear Construct ion Issues 
Group The name and organizational focus 
were changed to better ref lect the eng 1neer-
1ng and operational nature of the work sup
porting the member ut,l i!ies .  Support issues 

3/fect ing the nuclear ut i l ities and the industr y 
as a whole have been identif ied, and task 
plans have been developed. approved by the 
members , and implemented EPRI has issued 
a number of reporrs to help standardize the 
approaches to problems and guide member 
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industry standards, a number of EPRI member nuclear utilities have 

joined forces with EPRI in a series of research and technology transfer 

efforts under the organizational name NCIG. As manager of the NCIG 

program, EPRI provides assistance at all stages. from task identifica

tion through information dissemination. After half a decade of oper

ation the organization 's activities continue to provide useful solutions 

to problems affecting nuclear plants. 



c Provrde a forum for sharing in formation on 
nuc lear issues for concerned organ izations ,  
1 e . . uti l i ties. constructors , professional organi
zat ions and soc 1et1es , industry, and the NRC 

NCIG's act1v 1 ties are rev iewed by the 
Nuclear Management and Resources Counc i l 
(NUMARC) and coordinated with the Institute 
LJf Nuclear Power Operations ( l NPO) and other 
industry organizat ions to obtain ,ecomme1, 
dations and comments as appropriate A l l  
tasks undertaken by NCIG are approved by 

lhe NCIG membership as wel l  as the EPRI ad
visory struc ture 

NCIG membership and 
EPR l's role 

The partic ipat ion of l he NCIG member ut1 ht1es 
l1as been, and w i ll be, the key to the cont in

ued success of this organ1zatron. Approx i 
mate ly 30 member companies provide sup
port to NCIG. NCIG members are util ities that 
accept and fund one or more NCIG tasks or 
make a substantial lechnical contribution 10 
the success of a task. An NCIG task is a work 
etlort with a wel l-defined obJective that has 
been accepted by the membersh ip .  Each 
completed task becomes the subJecl of a re
port NClG members partic ipate to varying 
degrees 1n the successfu l  completion of the 
tasks. All EPRI members , however, have de
rived benefi ts from NCIG's solutlon of engi
neer ing , technical. quality assurance. and ad
min istrative problems. 

EPRI manages the program for NCIG Pro
gram management responsibil i ties include 
technical and administrative assistance ,ri 
ident ificat ion and development of task act iv
ities :  contracl admin ist ration : and provision of 
technical and financial status reports and 
schedules to the NCIG membership. 

As appropriate , representatives ot arch i 
tect-engineers , constructors , specialty con

su l tants. equ ipment suppl iers . and codes and 
standards organizations may be 1nv1ted by tile 
NC IG chairman to partic ipate in NCIG general 
1 neet rngs and in the technical developmenl 
and per formance of NCIG tasks. 

Stat us of some c urrent tasks 

The TERI gu ideline (Technical Evaluatron of 
Replacement Items. NC IG-1 1 ), the most re-

Table 1 
EPRI/NCIG RE PORTS 

EPRI Reporr NCIG Tasll 
Number Numbe1 Title 
NP-S360 , 
Vol . I 

o ,  V 1sua Weld Accep1ance Cn ena-V1sua l Acceptance Cn tena lor S1ruc 1ura t  
We lding al Nuclear Power Plan!s 

NP-5380 , 
Vol 2 

02 V isual Weld Acceplance Cr1 1e1 , a --Samphng Plan 10, V isua l Re 1nsoec1 1on ol 
We lds 

NP-5380 
Vol 3 

03 Visual Weld Accep1ance Gn tena-Tra 1n 1ng Manual for l rr sp'"clors or S 1 ruc-
1ura1 Welds at Nuclear Power Plants Us,ng lhe Acceplance Cn lena of 
NCIG·Ol 

NP 5638 04 
NP-5639 05 

Gu idelines lor Preparing Specif icat 1ons lor Nuclear Power Pla 1 1 ls 
Gu1delones tor P10,11g System Recor'lCll1et,o.-

NP-56�0 .  
Vols 1 and 2 

C Nuc lear Plan1 Mod 1 1tca 1 1on and Design Cont rol Gwcrelines tor Gene11c Proo
lern Prevention 

NP-5652 07 Gu ideline for the Ul1hza t 1on of Com1ne 1c1al-Grade I tems 1n Nuc lea 1-
Saiety-Ae ra 1ed Appl!cahons 

NP-5653, 
Vols 1 and 2 

08 Guidelines lor tilt! Conte , ll ol Records 10 S 11µpo11 Nuclea r Power Pian !  Oper• 
�h0/1, Ma,n tenance , and Mod1f 1cat1on 

NP-6200 09 A Performsnce-Based Selec1 1 ve Inspect ion Process 
NP-6295 l O  
NP-6406 1 1  

Gu 1del1nes lor Ouahly Rac.ords ,n Electron ic Media tm Nuc lear Facr l l Hes 
Guideline lor the Tecnnical Evaluation ol Replacement I tems 1 11 Nuclear 
Power Plan ts 

cent1y completed rask ,  permits ut1 l lltes  to use 
a systema!Jc technical evaluation process to 
ensure that rep lacemen1 items procured for 
nuc lear power plants are equivalent to orig inal 
i tems. The reporr on this task was pub l ished in 
December 1989. 

A related report descr ib ing the acceptance 
and dedication process for commercial-grade 
i tems (CG I ) ,  EPRI NP-5652 ( NC IG-07) ,  was IS
sued in June 1988 

NCIG's Guidel ines for the Repair of Nuclear 
Power Plant Safety-Re lated Motors (NCIG-12) 

will permit ut1 l lt1es to have capable repair 
shops repair a l l c lasses of safety-related elec
tric motors , e i ther through the extens ion of the 
uti l i ty's own qual rty assurance program dunng 

repai r, or through acceprance and dedication 
of lhe motor as safety-related equ ipment fol
low ing repair as a commercial-grade i tem 

The report for thi� task will be issued in the first 
quarter of 1990. 

Guidel ines for Establ ish ing , Mainia ining , 
and Extending the Shelf-Life Capabil ity of 
L imited-Life I tems (NCIG-13) wi l l  a lso provide 

the user with recommendations for packaging 
and storing these i tems. a long with guidance 
for the evaluation of items with expired shelf 

l ives. The report on lhis task 1s scheduled for 

release In the ffrst quarter of 1990 . 
NCIG's Procedure for Se1sm1c Evaluation 

and Design of Small-Bore Piping (NCIG- 14) 
provides a rac ional . consistent .  and s impl i fied 
bas is lor the seismic design and evaluat ion of 
smal l -bore p ip ing.  By a l lowing more-f lex ib le 
systems and thus reducing thermal stress . 
this procedure wil l  help increase rel iabi l ity of 

p ip ing and reduce plan! pip ing congeslion 
and cost . The report Is schedu led to be is
sued by mrd-1990. 

Gu1del 1nes for Assuring the Qual ity of Pro
cured Items (NCIG-15) w i l l assist in ensur ing 
the technica l adequacy of procured i tems by 
emphasizing the importance of establishing 

technical and qual i ty reqwrements up f ront 1n 
procurement documents and also in proce
dures used for inspection at the time of re
ceipt Because of lhe complexity at this sub
ject .  the draft report on this task has under
gone several reviews and is currently 
scheduled for issue 1n the f i rst quarter of 1990 
A companion EPRI/NCIG document on the 
task Gu1def 1nes for Performance-Based Sup
pl ier  Audi ts (NCIG- 16)  is a lso scheduled for 
release al the same time. 

As part of the EPRI/NCIG transfer of technol
ogy, !our 10,n t CGI/TERI training seminars have 
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been scheduled The fi rst was held 1n Decem
ber 1989 in Orlando, Flonda. The remaining 
lliree wil l  be he ld 1n February 1990 in Newport 
Beach , CaHfornia . 1n March 1990 in Chicago. 
l l l lno1s . and 1n Apr i l  1990 ,n Char lotte, North 
Carolina . These tra ining seminars will consist 

Automated Distribution 
by Thomas Kendrew, Electrical Systems Division 

A 
llhough electric u t i 1 1 t 1es may be Ille larg
est industrial users of real-time data, the 

shar ing of those data among various ele
ments of a ut i l i ty network is stil l rud imentary. 
Most computers and communications sys
tems used in t ransmission and distribution op
erations were desig1ed to perform only spe
cific functions . such as load comrol or super
visory control and data acquisi t ion (SCADA ) It 
is rare for al l the corrponenls of these systems 
to come f rom the same vendor and to have 
compatible interconnections or standard com
munications protocols . As a result different 
systems usual ly have only a l imited ab i l ity, or 
no abi l ity, to communicate with each othe1 
thus h indering integrated operation . 

An automated d istribut ion system provides 
a way of connect ing a l l the components of a 
ut i l i ty's operational d istr ibution system into a 
single control and communications network 
The potential benefits of such integrated sys
tems are sink ing More than 40 d1st1nct func
tions can be centra l ly automated (e .g . , see 
Table 1 )  EPRI stud ies indicate that . through 
the improved productivity and remote moni tor
ing made possible by automated d 1s tribut1on, 
uti l l tles nationwide cou ld reduce thei r current 
annual $5 bi l l ion operation and maintenance 
budget by at least $250 mi l l ion. 

Single functions justify 
instal lation 

Automated d 1stribut1on systems have the po
tential to become the data highways for a seg
ment of ut i l it ies' data requ irements In u,e not
too-distant future. 
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of classroom-style lectures with quast1on-and
answer sess ions. Smaller groups wi l l hold 
roundtable d iscussions and workshops us ing 
examples and case studies from the industry. 

The positive resu lts of NCIG's programs are 
being felt th roughout the nuclear industry As 

Even today, some ut i l i t ies are d iscovering 
that instal lation of currently avai lab le auto
mated dis ribution systems can be justrfied 
economica l ly on the basis ot a single funct ion . 
One example is the new. "smarter" substation. 
Today·s microprocessors can operate in the 
harsh envi ronment of a d istribution substation 
and , i f  so ordered. make operating decis ions 
and issue commands . I n particular, these mi
croprocessors can provide far more automa
tion than existing SCADA systems. which pro
vide very l ittle knowledge of the distnbut1on 
substation , and none of the system beyond 
the substat ion feeder breaker. 

long as EPRI ut i l ity members continue to sup

port NC IG tasks, and the resu lts of the tasks 
provide practica l  solutions to problems affect
ing nuclear power p lants. the nuc lear industry 
wil l benef i t Future tasks are current ly be 1 1 1g 

developed by EPRI/NCtG uti l ity members 

Dunng a persistent fault cond1 1 1on with a 
feeder lockout. for instance, a dispatch oper
ator must make some decisions about the 
fault condi t ions on the bas is of intimate knowl
edge of lhe d 1stribut1on system. Before any 
decisions are made. the operator must ana
lyze operat ing maps of feeder routings. When 

the teeder route is ident i fied. an emergency 
repai r crew is contacted and feeder patrol l ing 

starts .  Alter the fau l t 1s located and iso lated, 
power 1s restored to other, unaffected areas. 
usua l ly through manual ci rcu i t switching 

Such restoration requ ires immediate inter
action between the dispatch operator. two or 

ABSTRACT The remote operation and coordination of utility dis

tribution components is capable of providing annual industry savings 

of at least $250 million. EPRI studies indicate that automated distribu

tion systems using expert system technology can automatically make 

operating decisions, coordinate components, issue commands, and 

provide real-time operating data. EPRI is currently sponsoring two full

scale demonstrations of automated distribution systems. A project 

with Texas Utilities Electric demonstrates a distributed architecture; 

the second project, at Carolina Power & Light. will demonstrate a 

large-scale integrated system using a more centralized architecture. 



three databases and f ield personnel The dis- l ion can a lso be adaptive (10 provide better 
1nbut1on dispatch center may have informa
t ion availab le concern ing the loading and 
3vai labi l ity of backup feeders-again through 
,iatabases (maps. logs. etc )-and the d is 
patch operator wil l use this 1n format 1on to de-
1erm1ne whether a switch can be c losed to 
pick up load for an isolated part of the taulted 
feeder After restoration of service to all unat
!ected zones ol a fau lted feeder which takes 

::m average of about three hours .  work can 
final ly begin on the faulted area 

The preceding example outl ines the re
quired response to a sing le-point  uti l i ty sy&
tem fault and the subsequent measures nec
essary to 1 es1ore customer service Ounng a 
maior storm . the complexity of this response 
may increase by one or two orders of magni 
tude. depending on the size of the storm area 
And the extent ot the util ity 1tselt . Under such 
condi tions .  a system operator must pr ior i t ize 
outage reports for a step-by-step 1nvest1gat,on 
of feeders ,  wh ich wlll 1nevilably result in longer 
outages for some customers .  

Simu lating operator 
deci sions 

Automated distribution systems have the ca
pab1l 1ty of performing the aforemen!Joned op
erations automahcally, using the same tech
niques Iha! an operator uses . The difference 
1s that the tau l l 1so tatron and service restora-
1 \on are done at the substation level by micro
processors that have been programmed to 
react as an operator would. A substation mi
croprocessor can a lso call on different data
bases to clear a faul t and wi l l queue up mulH 
p le faults , clear ing U1em on a previously es-
1ab l ished priority bas is . After a fau lt has been 
cleared. the microprocessor will cal l the d is 
patch center and report what has happened 
With an automated d istr ibut ion sys tem. resto

ration may rake minutes instead of t1ours 
Allhough ttie scenario described above 

louches on only one capabi l ity of an auto

mated d1str ibut1on system. such systems us
ing e pert system tectinology are capable of 
a full range of operation without human inter 
vent ion . Automated systems wil l have d rg 1lal 
protect ion capabi l ity far beyond the ab1 l 1ty of 
today's conventional systems. D1g 1taJ protec-

protection) and can have several subtuncuons 
bu i lt in-for example . t ime overcurrent and 111 
stantanoous overcurrent . automat 1r. rf!clos1ng 
undertrequency protect ion breaker backup 
sync check. and diagnostics TI11s capabil ity 
provides more !unctions 1n less space t lower 
cost . 

System load 

ma nagement tool 

Automated distribut ion systems can also aid 
in load management , balancing toad between 

substation t ransformers and allowing tor bet
ter ut i l ization of transformer capac,ty In th is 

way. an unattended dist r ibution substat ion 
could be considered "attended" through the 
use of an on-si te microprocessor With u,e on
s i te microprocessor. load can be transferred 
within minutes and power transformer s  can 
be loaded to ru11 nameplate rat 1ng-no1 lo 
50%. as some are now-to al low for the ta1lure 
al an adjacent t ransformer. This capabi l ity can 
deter capital investments for addi tiona l trans
former capacity and produce ma1or savings 

An integrated vol tage and VAR control func
t,on can also produce large sav ings by con
trol l ing losses and 1mprov 1ng vol tage control 

Th is function alone can often pay for the auto
mated d1stnbut 1on system Remote meter 
reading and load control are a lso possible In 
tact. the l isl of automated d istr ibution system 
capabi lities could describe more than 150 
programmable functions. 

Because of its power and flex ib i l i ty. auto
mated distribution is much more than just a 
communica ions or control system: 1 1s true 
automation in which software capabi l i ty actu
a l ly rep laces the operator 1n some rout111e u111-
1ty operations 

Because of their ab i l i ty to 1n terconnec1 sys
tems or databases that store data 1n many 
forms through a standardized communlca

t 1ons system. automated dist r ibution systems 
offer other ulllity disc iplines broader capa

b11 ittes. Ut i l i ty p lanners are now looking at spe
cific automated 1nstallat1ons that al low them to 
reconf igure their systems 1n ways that reduce 
the need for redundancy, defer construct ion 
of costly fac i lit ies . and rna1nta 1n rel1ab 1 l 1ty with 
reduced resources . Automated d1stnbut 1on 1s 

Table 1 
APPLICATIONS FOR AUTOMATED 

DISTRIBUTION 

Automat ic contro l 
fcl,1$ 5E'C lt0'18 1 1 tirlq 
Feeoer ,Jep1oymeri1 . sw 1 IGI ,ng . 
t t CI automat ic sect1on11l 11,rig 

I r fegrated vallage and VAR t:01111'111 
Sut,s 1a t 1ori-transtorr11e• l 11ad bal<Jnc 1m1 

Co1d 1oad fl "'�ur, on 1sedP.r� 

Manual control 
)1s 1 1 1 1Ju t 1011 1 , sp.itch cenh 1 118CADA in terlace 

Data acquisition and processing 
Analog oa 1a tre�u, 
Data ri,0 1 1 1 1oung 

Data logg ing 

In terface 
D1i.t1 1bu11on co111murnca!1011s 111\� r lace 

Protection 
Au lorne lw rec lo�u 19 
B L 1s ft11 1 i l p ro lec.l ion 

1n&1an 1aneoL1s over,:u r re11I 
Ti me overc1 1 rre111 
:iubsta t,on 1 1anslo,mer pwtec 1 1on 
Ur1der l reql1 t • r 11;y p101ec1 11,,1 

Load management 
Load conur,1 

Remore serv1c connec1101 1 .  d 1sr,1Jnnec1101 1 
Pass · th1uugh commarids 

Remote metering 
Load su rvey 
Peak demann meter ing 
Remote 1 11c1m progran, 1n1ng 

1arnpeong cte 1uct1c,11 

therefore 1ust as attractive to the designer as i t  
Is to the operator 

Automated distribut ion 

features 

The main component ot an automated d1stn 
bution system 1s ttie commun1cat1ons system 
The central computer must be able to receive 

input from remote sources. process data and 
transmi t  1nstruct1ons back to those sources or 
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Figure 1 Concept of integrated ul ll l 1Y system. An automated dis tribution system uses extended 
local area network concepts and appropriate communicat ion protocols lo address the require
ment for transparency to the user. 

E nergy 
management 

system 

Load 
management 

Automated 
distr ibution 
research 

Customer 
accounti ng 

sys tem 

D1stn1Jut 1on 
information 

system 

Control computer co munica tion network; 

Division 
automated 
distribution 

D1v1s1on 
automated 
d ist ribut ion 

D1vis 1on 
automated 
d is 1ribu1 1on 

Substat ion commun ication nerwork 

Substat ion Substat ion 

Dist r ibu 1 1on commun icat ion nerwork 

substat ions .  This central computer and data
base must also be addressable in a h igher
level language so that the software patched 
into the system from remote databases is in
d ifferenL to the location or format of the incom
ing data The system must convert information 
stored m a variety of forms, such as maps, 
text , and diagrams, and pass the 1nformat1on 
from network to network as requested e i ther 
by a microprocessor or at a human inter face 
( Figure 1 ). 

lnstal la!lon of an automated d 1stribut1on 
system also establishes a valuable inter face 
between the uti l i ty and the customer. Th is will 
al low t he connect ing and disconnechng of 
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Customers 

customer loads, automated bi l l ing and pay

ments . and di rect communication between 
ut i l i ty and customer. Automated d rs tr1but 1on 

can also of fer greater reliabi l i ty to customers 
and faci l i tate a moie economica l  use of a ut i l-
1 ty·s resources 

Demonstration projects 
The degree of compat ib i l ity between the auto
mated d istribution structure and a ut i l i ty's or
ganizational st ructure is a majo r factor in de· 
termlning the success of the automated distri 
bution system. Automation should be used to 
enhance the productivity of an operat ion; lh1s 
may be d ifficult lo accomplish i f  the system 

1tsel1 1s  a t odds w1 1 11 th str ucture ol the com
pany. Changes can be made 1n a utlhty"s orga
n izat ional structure . but the chances of suc
cesslu l integration of automated distribution 
wi l l  be greater 11 radical changes 1n the organi
zational structure are not requi red 

Such organizallonal issues as well as many 
other pract ical concerns involved in the 1nstal
la tinn of automated d istT1but1on systems, can 
best be addressed through f ield demonstra
tion . EPRI 1s currently 1 n  the testing phase ot 
such demonst rations in Texas and North Car
ol ina . At Texas Ul i l it ,es E lectric 1n Fort Worth, a 
General Electrrc system 1s monitoring a s ingle 
substation and three feeders 1nc lud1ng digita l 

protection . The system is on-trne and 1s capa
ble of complete automatic control of part of 
the ut i l ity's system 

A West inghouse automated distribution 
system has been sh ipped and 1s oe1ng in
stalled on Carol ina Power & Light's system. 
Automated distribut ion wi l l  integrate three 
substations and thei r feeders. In add i tion , i t 
can transfer load between substations to bal

ance the load, and It can control 1nd1v1dual 
loads and read meters 

Both systems can isolate and locate faul ls. 
regulate voltage and control VAR f low 

Future plans 
As utility loads grow, utility systems simply be
come more sophist icated; the large amounts 
of data necessary to operate these systems 
correctly could become unmanageable 
Computerized distnbul1on systems are wel l  
suited to tackle the chal lenges t11at are be
ing created by today's sophisticated sys
tems. Automation demonstration projects are 
ensuring that . as the need develops, such 
systems will be ready fo r incorporat ion into the 
d1str ibu1 lon operations ot both large and smal l 
utr litias 



New 
Contracts 

ProJ.,C/ 

Business Managemenl 

Ell�cls ol fue l  Sw, lch,ng on Gas Mar.e l 
Risks (RP2369-43 )  

l! hl , 1 v  Fu�, 0 , 1  Ma r,.el Tre11as ( Rf-2369-6 1 1  

Customer Systems 

E�tabl lsnment oi Iron E1ae1roae Proauclmn 
(RP24 1 5· 12) 

Cool-Storage TechM•ogy Developm�nr 
(RP2732·30) 
Bu, latng Energy Sysiems S1mu tar 1"� Tool 
I RP2983-5 J 

E lectrica l Systems 

Rea !· T ,me Phasor Measurements l, 11 
lmpro,cCI Mnn1 lo• 1ng a iid Conlrc,1 
(RP 1999·1 2) 

Geomagnet,cally l neluced Cu rre1 1 1  
lnvest 1ga1 1ans (RP21 l5-23) 

E llect� or Geomagno1 ,c D,sturoances an 
E lc.!Ctrtca l PCMoa, Trar sm1Qs1on SysTsms 
\AP21 15-2J) 

Small Pow r Syslem Performance W,m 
H1g11 W111dfarrn Penel r�l lor, (RP2� 73-\0l 

Magne11c F•eld Ro.search ar the H igh-
Vol lago Transmission Research Cen1e1 
(RP2. -12·6 1  
D,agnos1 ,c Alarm Processing (RP2944-4 /  

Prac l•e& I  A9pacts or Powe, System 
Res10,a11an I RP3 1 04· 1 )  

Mon , 1or,ng System for Lcad-Ao,d Cel l 
Sta1 1on Ballerics (RP4D00-9J 

Advanced Grnph1cs D isplay Capa 1,,111y for 
Powe, System Mon 1to1,ng a"d Cu1111ul 
(RP4000- 1 3J 

t nclus •Ofl al r,ansm,&s100 Rel 1ab,1 1 1y Costs 
,n Real-T1fr'e Pr,c1ng Oec1 s, ons 
( RP�OOO- t 41 

Para l lol Computer Archllc-cture ano 
Systems IO< Real-Tim.. Power Sysfem 
Apphcat1ons (RP4000. 15J  

ba1ua1 an or t ro  Cnergy Funou"" Me11 ,od 
Software lor Dynamic Sec�r ,1y 
(RP4000- 18) 
EPR IGEMS Module-Cable Ampac ,ty 
(RP7909·2) 

Sensors aoa Advanced Trench,nti 
Equrpment for tns talla 1ion or Trar11srri1 ss1rm 

Cable (RP79 1Q..6) 

En� ironmenl  

FASTCHEM Appt tcaroans and Se·1g1t ,v,1y 
AnelysuS (RPN85- 15J 

Fundinaf Co111racto1//;F'RI 
D11ra11on Pro,ecl Manager 

$50 000 Energy Van1ures l<nalysi,; 
8 months I nc /j Pl�II 

$.�2400 T ile Pace Consunams 
6 m,,nths I r� I H Mue11.,, 

$248.000 Eagle Piette, l ndL, slnes 
15 mon l l'l• I nc / R Swaroop 

$50 100 Mac�,e Assocrales I 
17 mamhs R Wendland 

S207 300 Syska 8 Hennessy Inc I 
14 monrM K Jolin= 

$ 1 10. 1 00 V i r g 1 11 1a Potyl eclinic 
22 n,anlhs l ns1 1tul<> / R Adaoo 

5137,900 M,nnesota Powe, & L ight 
12 n,onu,,; Co IB  Damshy 

S53.800 Georgia Tech Research 
12 mon1h.s Co• p / M R�bino,•11.: 

S70 100 Power Tec.Molog,os Inc I 
3 monlhs D Ct11 /1C,; 

$722 600 Genera• Eiectnc Co . / 
1 8  monms G Rauch 

$236 600 Energy  Cor11re1 
15 months Consultants l n� / 

D Curt,ce 

$475 .000 Pn tladelpt11a El�-clr ic Co . I 
23 mr.>lllhs C Frank 

$354,600 Spect ra Technnlog ,es 
12 mo11111s Inc IR Na�ala 

$99.800 un,ver s1ty of M tssour 1  al 
24 months Rolla/A Adapa 

$233.500 u n1 verS11 y 01 Wisc .,n•m I 
35 rnontns R Aaapa 

$ 106.900 Un1 ve rs,1y or Alabama/ 
24 monlhs D Maratuk11/am 

$99 900 Maoio Corp. / M Lat.by 
14 ,non tns 

$69 900  P' 1wer Technologies I nc. / 
7 momhs D $/1arma 

S2 500.000 Banolle Mt:mona l 
5 1  m.,r,lhs t ns!llule/ f  Rodenoaugh 

$264 900 S1a, ,rcrd Un1ve1 �ny/ 
18  months D Mc/rilos/1 

Funding/ CrJfltractortEPR/ 
Pro11:CI Durar,on Proiec/ ManagE!r 

Ep1e1em 10 1og1c SlucJy of Nuc1ea, u 1 ,1 , 1y $231 400 New York Un ive rsdy 
Workers-P,iol F'tla�e (RP2920-2) 18 rnonlhs Medical Canter/L Khe1/ers 

lmp:acls ol Cl ir,,al•c Change on Teriest, oa l  $48900 Science ard Pol ,c;y 
Ecosys1ems (RPJCM T-4) 9 months Associates Inc I l Pr/e/J,11 

Generation and  Storage 

H1gt1-Concen11a11011 Photovona 1c MOdule $96,900 New Me"co Slate 
Data Colleo 1 on, Oualtly Assuraooe encl  1 1  mpnth� Un,vers,1y I J Bigger 
Rapor t, rg (RP294&- 1 6) 

Superco11duchv,1y Ene,gy Storage $822 200 Ebasco Services Inc / 
(RP2988· 1 )  t 1 mori ths R. Sc1u1rnAer 

Conceolual Des,g n lor Town Gas Site $ 1 90 500 The  M t l l  C r eak Con,pa 11y I 
Mob1te Cleanup u, 1 11 (flP299 1 -3 )  6 rrianths C Kulik 
Fabrication and Slar !up of a Bench·Sca1e $ 12 1 , 700 Foss , ! Energy Resea,ch 
Cata•yst Test i ng Farn l ,ty (RP3004-8) 10 mOt'thS Corp. I J E Cichanow,u 

RAM Evaluaaon of Gas Tu ro1no NO,  $ 143, 100 P 101\ard , Lowe and 
Con trol Technologies (RP3032· 1 )  8 months Garr,ck Inc I H SchrBlber 
P,;euoapatenua l Ca1cu1ar 1oos Re levan t  10 $ 1 46,500 Iowa Stale Un1wrsdy ot 
the Sia&bler-Wroosk• Effect (RP3070.. l )  35 mC1<1lhs Sc,ence "nd Technoloyy/ 

T P�terson 

In S1 1u Solven1 E><1 rac�on ol Ta r s $285,000 Car11eg1e-Mel lon 
(R?3072-2) 34 m011ths Un1vers,1y IM McLearr1 
Transporlable P, lso-Jr,1 P 1tol Bagho-,se $ 193 ,200 HOW'den E11v1ronmemal 

(RP306J. 1 /  9 rno11t t·,s Services . Inc IR Chan;, 
Fabr,c f 1 l1er Pilot Plant Opera1Lot1 and $75,300 Southern Company 
Mamlenance (RP3083·2) 7 months  Se rvices Inc / R Altman 

ComP<)St1 1 1g S tudy lo, Co.;I far Was1es t288.200 M,ch,gan 81olechnology 
Benct>-Scale D.;monstfa1,on (RP3 1 19· 1 )  2 3  months lnst1 lulc / S Yunhor 
Chafacte, 11el1on and Reconsl roJc:lion o! �21!6400 Arctech Inc / S Yu11k11, 
Coal-Gas1ry 1ng M•xod CulturC!> 36 months 
(RPJ1 19·2 )  

Conduchve and Mag 11e1,c Sh1e la1eg $82.000 Untversuy of W1scor,s111 I 
Pt,enomc,na ,n H 1gh-1omperature 13 months D Sharma 
Supercanducl ,ng Macn,nes (RP31 49·2) 

Nuclear Power 

E ros1an-Corro,;jOr\ S,i,gle- .;nd Two- Phase $3 19,000 Siemens / V Che.,al 
Fl<.M' Tes1s iRP2420·72) 14  month, 

Pre1onizec! Gas E Jec tf lcal Eva l ua11on ol �69,700 U 111 vers,1y of Connec 11 cu1 / 
Unsh •uldod Power Plant Cable 10  month5 G Sliter 
(RP2614·4S I 

Pulsrel Energy SUt face  Alloy Mod 1 ficauon $54 700 Fa i lure A11alys•s 
(RP2614--l9 )  8 months Assc,ciates IL  Nelson 

E lec1rochem,cal !on fac�ange lo< lOMI $ 100,200 Bradlec Ltd I C. wood 
(RP261 4 .5() ) 10 rnoo1rns 

Solid-Stale Fus,011 E ;�nmeols $300 1 00  Stanlord Un1 ver s1l y I 
(RP261 4-52 1 7 months J Cllno 
CC\r tum Cnrieiret� ln1erai::11ons 1n 0 S!rar, 1 ,ed $55.00rJ Unive rs,1y oJ W1scons011 /8  
Geome try (RP2636-5) 15  mon1hs Sehgal 

Cer ium Coolatl•l lt\ Scoping T�sl $75,000 Argonne Na11anal 
(RP2636-6) 6 manl hs  Laboratory I B Sehgal 
Ana lysis al H 1gn-F,equency Seism,c $2 14,900 Jack R . Ben1am1n & As,11 ,  
[lt ecls (AP2722-23) 19 monlhi c tates Inc IR  Kassawa1<1 

Gu ,de lon�s lor Product Per formance Based $ 1 27 ,000 Sc ,enct Appl lcatoons 
Audits o! Suppliers (RP0 10H9)  1Q mMlhi;. lntornahonal co,o I 

W 8,lanm 
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New 
Technical 
Reports 
Requests lor cop ies o r  repor!s should O& <J i recl • 'd to 
llesea rch Repons Cen ter, P O  so� 50490 Palo Alto 
c;a 11fo 1n 1a 94303 ( 415 )  965-4081 Tnere ,s M r.narge 
for reports requested oy EPRI rnembc:• u l 1 l rt 1es U S 
un iver� 1ues. or government ager ,c,es Reporis w, 1 1  Oe 
provided to rmnmembe, U S ut, l r tres only uoon pur
chase ot a l icense . the pnce for wh,ch wi l l  be equa 
10 the price of EPRI nembersh1p Others 1n the 
Urnted States. Mex ico ,  and Canada pay l t 1e listed 
price Overseas price 1s douole the hstetl prrce ne
seercJ1 Reports Center wdl send a calatng nf E F'R I  
repor ts on request . To order one-page swnmertes o 
reports .  cal l the EPRI Hotl ine. (4151 855-241 1  

CUSTOMER SYSTEMS 

1987 Survey of Commercial-Sector 
Demand-Side Management Programs 
CU-6294 Rnal Report (RP2884- 1 ) : $100 
Contractor: Bauelle . COiumbus D 1v1s1on 
EPR I Projecl Managers P Hanser. W Sr 1, 1 1 , 

Evah.1at lon of Microcomputer Programs 
for Commercial Bu i lding Energy Analysis 
CU-6457 Fina l Report (RP2891 ·?) $100 
Contractor Althur D l r l t le Inc 
EPRI Project Manager M Blan 

Sol l and Rock Classificat ion According 
lo Thermal  Conduct iv ity : Design of Ground
Coupled Heat Pump Systems 
CU-6482 F inal Report (RP2892-3 ) $47 .'iO 
Contractor STS Consu ltants l td 
EPRI ProJect Manager P Joyner 

Residentia l  End-Use Energy Consumpt ion :  
A Survey ot  Conditional Demand Estimates 
Cu-6487 F ,na r  Report (RP2547-1 )  $100 
Contractors Cambrrdge Systematics Inc Regional 
Economic Research Inc 
EPRI Project Manager S Bra rthwa1 t 

1 988 Survey of Resident ia l -Sector 
Demand-Side Management Programs 
CU-6546 Final Report (RP2884- I ) . $ 100 
Cont ractor Sanel le COiumbus D1v1s1on 
EPRI  P ro1ec1 Manager P Hanser 

Operation and Performance of Commercial 
Cool Storage Systems, Vols. 1 and 2 
CU-6561 Special Report {RP2732-5) , Vol $100 
Vol 2 $ 100 
Co11t ractor Science Appl1ca11ons lntemal 1ona1 Corp 
EPAI Pro1ec1 Mariegers D Gerslef ! , R Wendland 

ELECTRICAL SYSTEMS 

Substation Vol tage Upgrading 
EL-6474 F inal Reporl (RP2794- l )  $10 .UOO 
Contractor Genera l  Electric Co. 
EPR I Project Manager J Porter 

Knowledge-Based System: 
Voltage and VAR Dispatch 
EL-6483 Final Report ( RP2944-2) i25 
Contrac tor Un ion E lectrrc Co 
EPR I ProJecc Manager D Cur1 1ce 

Proceedings: Power System Plann ing and 
Engineering-Research Needs and Priorit ies 
EL -6503 Proceect ,ngs (RP24 .,3-34 ) :525 
Con1ractor Sowtne1<1 <.;,omrian•t Se r v ices I n 
EPRI ProJecr Ma<1ayer M l.auov 

Pi lot Study of Residenl la l  Power 
Frequency Magnetic Fie lds 
EL-6509 Fina l Repor t  (RP29.!2) S40 
Con rac1o r Genera l  Elec 1 r 1c t;O 
EPRI Proiect Managers J M, 1sche. G Rauc t ,  

ENVIRONMENT 

EMDEX System Manuals, Vo ls. 1 and 2 
EN-6518 lnter•rn Repor t (RP799- 16 ) ·  Vol .  t, $25 , 
Vol 2 $32 50 
Cont ractor Ene, rech Co"sullants 
EPRI Pro1ec1 Manager S Sussma 

Pa leoeco loglcal tnvestlgallon of Recent 
Lake Aclditlcat lon (P IRLA): 1983-1985 
EN-6526 l n ter 11n Report (RP2174· 10 )  $40 
Contractor lncJ1ana Un1vers 1 ly Foundahon 
EPRI ProJect Manager R Goldste,n 

EXPLORATORY RESEA RCH 

Fiber-Optic Sens ing Workshop 
ER-b537 Proceedings (RPB000-34) $25 
Contractor Foster-M , l ler Inc 
EPRI ProJect Manager J We rss. 

G ENERATION AND STORAGE 

Reducing Power P lant  Emiss ions 
by Contro l l ing Coa l Quality 
GS-6281 Proceeoings (qP1400) ,  $500 
Cont ractor Wri t i ng Consu l tants Associared 
EPRI Pro1ec1 Managers C Hamson , J Hervol 

Operat ing Problems With Stanup 
Valves in U.S. and Japanese Supercrit ical 
Steam Generators 
GS-6397 Topical Reporl (RP1403- 19) $32 50 
Contractors Foste r  Wheele r Energy Corp 
lsh1kawa11ma -Hanma Heavy Industries Co Lid 
Ba1 1w Japan Co Ltd 
EPAI Pro 1ecl Manager W Bakke r 

Planar Solid Oxide Fuel Cel l Development 
GS-6504 Fina l Report (RP1676-9) S25 
Contractor Ztek Corp 
EPRI Pro1ec 1 Manager R .  Gold!iltll l 1 

Solid Panlcle Erosion of Steam 
Turbine Components: 1989 Workshop 
GS-6535 Proceedings (Rf>t885 6). $47 50 
Con t ractor Encor-Amenca I n c  
EPR I  P roject Manager V �u l rna 

Microbial Conversion of Coa l  
GS-6553 l' rm,1 Re1J1 .r 1 1 RP8003-�l  $3250 
Contractor Belle l le. Pacrt 1c Nortnwest 
Laboratorres 
EPR I Pro1ec1 Managers. S Yunk0r. 
I /\therlon 

Hydrogen Conference 
GS-6563 Proceed1 11gs (RP108u 22 ) $40 
Contractor Technology Tra11s11ron t;om 
EPR I  Pro1e,'.I MariaQer· B Mel1ta 

Nonlo�lc Foul-Release Coatings 
m,-651>6 f- 1 1a 1  Reper !RP1Ei89 9 1  5500 
Contrac tor Stc.ne: & Webster Engineering Corp 
EPAI Pro1ec1 Manaqer J rsou 

Targeted Chlorination Schedules 
GS-6576 F,na l  Report (RP2300-2) M" 50 
Contrac tor Stone & Webster Eng1rreerrng Corr, 
EPRI Pro1ec1 Manager W. Chew 

NUCLEAR POWER 

ARMP·02 Documentation Part I I, Chapter 5-
EPRI-PRESS Computer Code Manuals, 
Vo l .  1: Theory and Numerics 
NP-457 4-CCM Computer Code Manual 
( RP1252-6) $40 
Contractor S Levy Inc 
EPRI Pro1ec1 Managers W 1cl1 , R Breen 

Below Regulatory Concern Owners 
Group :  BRC Waste Variability Evaluallon 
NP-5685 Final Report (AP!Ol- 10 ,  - 16 ) , �1000 
Cont ractors Vance & Assoc1a1es: Na 1 1oria1 
Nuclear 
EPRI Pro1er. Manager P Robinson 

Valve Motor Ope<ator Improvements 
NP-!;696 Final Report (RP2233-2) $40 
Cont ractor Fos1er-M1 l le r  Inc 
EPRI Project Manager 8 Brooks 

In-Plant Measurement  of 
Corrosive Ions In Water 
NP-6308 Frnal Report (RP1447 l) $32 50 
Contractor General Elec rlc Co 
EPRI Pm1ec1 Manager· T Passel• 

Avoiding Steam-Bubble-Col lapse- Induced 
Water Hammers In Piping Systems 
NP·b447  lnterrrn Report (RP2856-2) .  $32 50 
Con t ractor Massachusetts lns! l l u te o f  
tec.11nnlogy 
EPR I Pro1ec1 Managers J Kim M Marl ie  

Lower-Bound Magnitude tor 
Probabilistic Se ismic Hazard Assessment 
NP-6496 r- 1nAI Report (AP2556-25) $47 'iO 
Contractor Jack R Beniarn 1 11 and Assoc rates Inc 
EPRI Pro1ec1 Manager J Stepp 

The Effects or Sol l -Structure lnteracllon 
on Laterally Excited Llquld-Storage Tanks 
NP-6500 1n1er im Repor t  (RP2907-2) ,  $40 
Contractor Rrce Univers i ty 
EPRI Pro1ect Manager H Ta 1 1g  



Functional Specificat ions for a 
Radioactive Waste Dec ision Support System 
NP-650 ! Frral Repor t ( RP2414-19) . $ 1000 
COfltracto, Odet1cs Inc. 
EPRI Pro1ect Managers F Gelhaus P Ro!J r G snn 

Steam Generator Model Validation 
and Advanced Feedwater Control 
System Design for the Maanshan PWR 
NP-6506 Final Reoon (RP2126-7) ;  $32 5l 
Contractor Weshnghouse Electr rc Con, 
EPRI Pro1ect Manager B Sun 

Appl lcatton of Modern Computer Technology 
to EPRI  Nuclear Computer Programs 
NP-6507 � inal Repon (RP296l 1 )  $3? 5(1 
COfl t rac tor r •ower C(impullng Co 
[PAI Project Managor J Naser 

In -Process Acoustic Emission 
Moni tor ing of Diss imi lar Metal Weld ing 
NP-6508-M Fina l  Report (RP2928-2) S25 
Cont ractor Chamt.er la rn Ma r iufac tu r ing Coi :.1 
EPR I Pro1ec1 Manager M Behravesh 

Corros ion-Product Release In LWRs 
NP-6512 Fmal RepM (RP200B- 1 ) ; $32 .50 
Cont ractor A tomic Energy of Canada Ltci 
[PAI  Pro1eC1 Manager H Oc\ien 

Re l /abi lity of the Southwest 
Research Inst itute TREES Rotor 
Bore Inspection System 
NP-65 13 r 1na 1 Report (RP1570·2J . $25 
Cont ractor J A .  Jones App lied Resoarr;1 1 c,, 
EPRI Project Manago, G Dau 

Robotics Prog ram Development : 
Applicable Lessons Learned From TMl -2 
NP-6521 F rnal Report (RP2558·2) $32 50 
Contracro r Pentek Inc 
EPR I  P roject Manager R Lamtiert 

E l imination of  Solub le Boron 
for a New PWR Design 
NP-6536 F rna1 Report (AP2614-24 ) $32 50 
Contractor Combus11on Eng rneeung Inc 
EPRI Prorect Managers W Sugnel J Yed 1d 1a 

Methodology Estimating Number 
of Fafled Fuel Rods and Defect Size 
NP-6554 Final Repor t (RP2229- 1 ) , $32 50 
Contractor Battel le Pac1f rc  Nor t 1 1wes 1 Laboratories 
EPRI Project Managers P Rudhng R Yang 

UTILITY PLANNING 

Customer Demand for Service Rel iability: 
A Synthes is  ot lhe Outage Costs Literature 
P 6510 F rnal Repo r t  ( RP280 1 - 1 )  $32 .50 
Contractor Laurils R Chrrstensen Aswcrates Inc 
EPRI P IOJect Ma, r;;iger H Chao 

Why Issues Emerge 
P-6552 F rna l  Repl'.lr l  I RP2345-55) , � 3::> 5(1 
Co,i t ractor J I Coates I nc 
EPAI Projec t Manager S Fet1o r 

New 
Computer 
Software 
The E tectnc Power Soflware Center (EPSC) prov ides 
a s1ng te d 1stribu t 1on cenler for computer programs 
de11e1oped oy EPRI The programs a re d1stribu 1eo 
unde, l icense to users EPRI mernoer ut r l 1 ! ies.  1n pay
Ing the, r membersh ip  lees prepay a l l royal t res EPRI 
soltware rs not availab le  10 nonmember U S 1Jfjt 1 ries 
No r oya l t ies are charged 10 nonuli l l ty pub l ,c  service 
organ12at rons 1n  the United Stales . 1nc lud 1ng govern
ment agencres. un rversihes . and othe r ta, -ei<empl 
orgamzat 1ons. Industr ial organ izat ions are required 
lo pav royalues Basic support 1n i nstalling the codes 
,s  avar l able at no charge J rom EPSC. however. a con
su lt ing fee may be charged !or ex tensive supper 

For more informat ion aboul EPSC and l icensing 
a r rangements EPRI member u!llr t tes, government 
agerrc: 1es . uruversi11es and other tai<-e�empt organ 1 -
zat1ons should contact tne Electric: Power Software 
Cente r .  Power Comput i ng Co .  1930 Hi L rne Dr ive . 
Da l las .  Te�as 75207 . (214)  655-8883. lndus t r ral orga
nizations shou lo cootacl EPR l 's Manager of l icens
ing , PO Box 104 12 . Pa lo Alto . Cahforn 1a 94303, (4 15 )  
855-2866 

APLUS:  Analysis of Plant Util i ty Systems 
Vers ron l O ( IBM PC) 
Contractor Tensa Ser111ces Inc 
EPRI Pro1ecl Manager K . R Arnarna th 

ASCON- 1 :  Adjustable 
Speed Drive Analys is Techn ique 
Vers1on 3 .  1 ( IBM PC) 
Cont ractor CRS Sirrine Inc . 
E PRI  Pro1ec t Manager Marek Samotv1 

BAPMAN: Technology Transfer 
and Beneflls Assessment 
Version 1 0  ( IBM PC ) 
Cont ractor ADROIT Sof tware 
EPRI Pro1ect Mar iager Edward Beardswor l l 1  

COOLAJO:  Thermal Energy Storage/Demand· 
Side Plann ing/Load and Market Research 
Ve rs ion 2 1 ( IBM PC ) 
Contractor· Reg ional Economic Research 
EPRI Pro 1ect Managers Steven Bra 1 t 11wa1 1 
Ron Wend land 

COIM: Coal Quality Information Manage, 
Version LO ( IBM PC) ,  GS-6393 
Cont ractor B lack & Vearch Eng rneers-Arch 1te ts 
EPRI Projec t Manager Arun Mehra 

D IRECT: Transient Energy Function Program 
Vers10r, 2 I ( IBM PC) . EL-4980 
Contractor Ontar io Hvdro 
EPRI Pro1ec1 Manager James Mrl.Sche 

EAM: Ecosystem Assessment Model 
VerS1on 1 0 ( I BM PC ) , EA-4907 
Contractor Tet ra Tech I n c  
EPRI Pro1ec1 ManaQe1 :  Donald Porcet l a  

EMTPIN : Front-End Processor for EMTP 
Version 2.0 (IBM PC VAX) 
Contractor Powe· Comp1.1trng Co 
EPRI Pro1ec1 Ma r , ayer Mark Lauoy 

FASTCHEM : Code for Predicting 
Groundwater F low and Solu te Migrat ion 
Version 1 0 ( I BM PC) . EA-5871 
Con tractor Bal le l le Pac r l i c NMllwesi 
Labora tories 
EPRI Protect Manager D811e Mcln tosl1 

HPSCAN: Heat Pump Screening Analysis 
Ver.ion 1 .0 ( IBM PC) ;  CU-6445-CCML 
Contractor IC I - Tensa Serv rces 
EPRI Project Manager I� R Arnarr iatt 

IMIS : Industrial Market Information System 
Vers ion 1 O (IBM PC) 
Con t racto r Battel le .  Colurnous Laboratories 
EPRI Pro1ecr Manager Rober !  Jeffress 

MULTEQ: Equi l ibr ium of an 
Electro lytic Solution With 
Vapor-Liquid Part i t ion ing and 
Prec ip itat ion 
Ve1s1on 8 0 ( IBM PC) ;  NP-5561 -CCM 
COfltrac ior S-CutJed 
EPRI P101ec t Manager Pete r Pa rne 

PULSE: Relative Share Estimat ion 
tor Resident ial DSM Programs 
Version ! 0 ( I BM PC) .  EM-6136-CCMl 
Contractor Nationa l  Analys,s 
EPR I  Pro1ec1 Manager Lairy Lew rs 

SGA-ACDCFLT: AC/DC F11u l t  Analysis 
Vers1m1 1 . 0  ( IBM) 
Contraclor Georgia lnsl i tu te ot Technology 
EPRI P101ect Manager G1 iber1 Atldls 

SGA-DCGRND: DC Grounding System 
Model 
Veision 10 ( I BM) 
Contractor Georgra lnstrtute of Tecllnotogy 
EPRI Project Manager G1 lber1 Aodis 

SGA-SGSVS: Substation Grounding 
Analysis 
Version 4 1 ( IBM 1 8M PC) 
Contraclor· Georgia Ins t i tute of Technology 
EPRI Pro1ec1 Manager · G11oer1 Add is 

SGWORKSTATlON : System 
Grounding Workstation 
Versron 1 .0 ( IBM PC) 
Contrac 101 Power Comput i ng Co 
EPRI Pru 1ect Manager G1 loer t Add is  

SSSP: Smal l  Signal Stabi l ity  Program 

Vers ron 1 1 ( IBM PC) ; El-5798 
Contractor Power Comput rng Co 
EPRI Projec t Manager Mark Lauby 

WHSIM: Wel lhead B inary-Cycle 
S imula tor 
Versjon 1 0 ( IBM PC) GS-6302 
Cont racto r  ESSCOR Int; , 
EPRI  Pmject Manager Jonne Bern ,ng 
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CALENDAR 

For additiona l  information on the meet ings 
l isted below, please contact the person 
ind icated. 

MARCH 

6-9 
lnternal lona l  Symposium: 
Performance Improvement, Retrofitting, 
and Repowerlng of Foss i l  Fuel Power Plants 
Washington . D .C. 
Contact: Gary Poe. (415) 855-8969 

7-9 
Industrial Appl ications of Plasma 
Palo Alto , Cal i fornia 
Contact Mary Kakaio , (415)  855-2561 

20-23 
EPRI-EPA Symposium : Transfer and 
Utll lzatlon of Particulate Control Technology 
San Diego, California 
Contact: Ramsay Chang. (415) 855-2535 

21-23 
2d National Conference and Exh ib it ion 
on Power Quality for End-Use Applications 
Burlingame. California 
Contact: Marek Samotyj. (415) 855-2980 

26-29 
Electric Vehicle Ride 
and Drive Demonstrat ion 
Anaheim, California 
Contact : Jim Janas ik , (415) 855-2486 

27-28 
Pulp and Paper Workshop 
Atlanta , Georgia 
Contact: Ammi Amarnath , (415) 855-2548 

APRIL 

2-6 
Analysis and Design 
of Transmission Structures 
Haslet. Texas 
Contact : D ick Kennon, (415) 855-231 1 

10-11 
Compet itive Power Markets: Impl ications for 
Utility Operat ions and Strategic Posit ion ing 
Bal t imore. Mary land 
Contact: Steve Chapel , (415)  855-2608 

17-19 
Conference: Life Assessment and 
Repair Technology tor Combustion 
Turbine Hot-Section Components 
Phoenix , Arizona 
Contact : Vis Viswanathan, (415)  855-2450 , 
or James A l len , (415) 855-8929 
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17-20 
Transmiss ion Tower Foundations 
Haslet , Texas 
Contact: Dick Kennon, (41 5) 855-2311 

23-25 
New Technolog ies: Issues In 
Occupational and Envi ronmental Hea lth 
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