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Ed i oria l 

Taking the In itiative on Reliabi l ity 

1 n h is editor ial  in t he Wimer 1999 i ue of t he  jour­

nal .  EPRl Pre idem and EO Kun Yeage r " arned 

abou t  the  i ncreasing vu l ne rabi l i t y of the  onh 

merican power de l i.very y tem and ca l led for ol u­

t ion that go beyond imply fi · i ng the  problems as 

t hey exi t today. At the  reque t o f  a numbe r of u t i l i ty 

EO , the  I o rth American Elec t ric Rel iabi l i ty Coun­

ci l  ( E RC), I EEE , and o the r  i ndu t r , organi.zati n , 

EPRI  ha lau nched the Power Del i,·e ry Reliabi l i ty 

In i t ia t ive to pur  ue uch ol u t ion . Work u nder the 

ini t i a t ive eek not on lr to iden t i fy way of reducing 

near-term problem but also to clari fy the  root cau e 

of recen t  ou tage and ou ide tech nolog)' deve lopmen t 

to en u re long- term re l iab i l i 1r 

The near- term th reat i one of co n::, id  rablc urgenC). 

I n t e rregional bulk power mm. fer ... have been incr a< ing  

exponen t i a l ly, wi t h  ome major transmi.s. ion operator 

now participa t ing in a many t ransaction in a da • as 

th ·y u ed to handle in a week. The l im i tat ion o f  the 

cu rr n l  power dcl i 1 -cry sy rem ha,·e :ti read · bee n dra­

ma t ica l !  ' revealed by ome high ly vi ib le outage , such 

a t hose in ew York and Ch icago la t ummer, and by 

unexpec ted whole ale price in tabi l i t ic . 

E PRr Powe r De l ivery Rcl iabi l i t}' l n i t i a t i  e w i l l  

adcl res these problems by  cond uct i ng  eparate rel ia ­

b i l i ty asses m e n  ts fo r  each ER region a n d  for reprc-

en tal ive ut i l i ty di str ibution sys tem . , ork hop of 

ex pert i be i ng held arly th i  year 10 identi fy actio n 

t hat can be taken immediacely 10 reduce the  risk of 

fur ther ou taoes; t hese re uhs will be avai lable for ut i l ­

i t y  u c th i  u m  m e r  . .-1.naly e of t h e  da ta from t he 

regional as c mcm w i l l u pport the formu lation of 

deta i l ed recom mendat ion_ for cnhan ing re l iabi l i t) 

over th · next few ·ears . Many of the olu t ion are ex­

pected LO invoke t he wider deploymen t of current ly 

available techn logie , bm in ight - pro1•idcd b · the in i ­

t ia t ive wi l l  also he lp guide I he long- term development 

of new po\ er del i very tcdmolog i e  , uch as tho e 

de cribcd i n  E PRI' Elet:L rici t · Technology Road map. 

Conduct ing this wide- rangi ng , e ment i no ea , 

task .  For tran ·mi  ion sy tern , t he rapid i ncrca e i n  

bulk power 1 ran act ion ha l e d  to grid ope rat ions o f  
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su h com plcxi t ' that th e  a re di fficult to ana l  ze wit h  

t radi t io nal m ethod . A s  an al ternative, t he  regional 

re l iabi l i t)' ana ly e a re u ing probabi l ist ic risk a e -

ment ( P RA ) methods original !  developed i n  the  air­

l i ne and nuclear power industrie . These met hod have 

proved part ic u larl)' eff ct ive in analyzing rel iabi l i t 

prob lems ari l ng  from the  i nt eract ion o f  mu l l iple fac-

tor i n  com plex )' t em . hen appl ied to t he ER 

regio ns, t he  P RA 1 1 1  t hocls are expected to iden t i fy 

act ion that can be take n i n  t he near term to reduce 

the  r i  k of major tran mission outage 

Rel iabi l i t  ' a essment of mi l i l  di tribmion y tem 

i a l  o d i fficu l t .  i n  pan becau e of igni ficant di fferences 

in · 1cm ar hitecture, equipment , and opera t ing pro­

cedure aero t he induslr), The i n i t iat ive wil l therefore 

analyze five rcpre emative distribution y tern Lo iden­

t i fy wea kne e that are generi to the  i ndu try as a 

\ hole. The in ights result ing from the e analy hou ld 

prove im media te !}' u eful for reducing di tr ibu tion y . 

Le m outag th rough hardware u pgrades and change 

in operations maimenanc , and planning criteri a .  

For t h long r term , E PRI w i l l  u e re u l t s  from the  

in i t ia t ive to guide i t  ba  e re earch program toward 

the deve lopmen t of new hard\ are and o ftware to help 

meet t he re l ial i l i ty demand of an increasing! com­

plex P°' er gr i d and an emerging digital econom . I n  

addi t io n .  EPR I  and o t her i nclu try repre entatives are 

hol d i ng discussion about f nni ng a publ ic-priva te 

pan ner·hi p  t hat could u e the i n i t iat i ve r u l t s  Lo focu 

and accelera t e  the funding of new technology needed 

for p we r ' tern re l iabi l i t )' e nhan ement. 

o far. ome 30 u t ilit ie aero the cou n t ry are par­

t ic i pat i ng in t he Power Del ivery Rel iabi l i ty In i t ia t i  e .  

Given t h e  cen t ral imponanc of th i  , o r k  to t h e  indus­

t ry and the  na t ion ,  i t  eems only prudent  that a l l  ut i l i ­

t ie commi t  to thi co l laborative effort. 

Kar l  ta l 1  l kopf  

ice  Pre idem , Power Del i  ery  Prod uct ector 
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Renewed Interest in Space Solar  Power (page 6) 

\/ as writ ten by Taylor oore ,  Journal senior feature 

writ  r. 

T YLOR MOORE joined E PR! i n  1 982 aft e r  wo rking 

for McGraw-H il l  Publ ica t ion Com pan as a reporter 

for Bu ine s Weeh magazi ne . Befor t hat , he  was an 

ocia L d Pre n w man i n  Ken­
tuck}( Moore received a BA degree 

in Engh h from Ea tern Kentucky 
n iver i t  and an MA in energy and 

reso u rce from the niver i t }' of 

Cal ifornia at  Berkeley. 

Dynamic Ratings Boost Transmiss ion Margins 

(page I ) was , ri t ten Ta lor M oore. Journal enior 

fea ture writer, with tec hnical a i tance from Abdel-

t Edri of EPRI'  ience and Tech nology Develo p-
men t  Div ·  ion.  

BDEL-A TY EDRI i manager for transmission ub­

tations and earl ier was manager for FACT ( Flexible 

C Tran m i  ion tcm ) t echnolog . He j oi ned EPRI 
in 1992 after 12 year with ABB ea 

BrO\ n Bo eri in wedcn and the 

U n i ted tat . t A BB, he worked on 

the developme n t  and appl icat ion of 
reactive power com pen ator and 

h igh-vo l t age de tran mi s  ion .  Edri  

recei degree from a i ro n iver i t  , an I from 
in ham ni vers i ty (al  o in airo) , and a PhD from 

the Chalmer Univer i ty of Tech nology in weden .  

U rgent-Respo nse Serv ices for a Fast-Paced 

Industry (page 26) wa written b)' J ohn  Douglas, 

e ienee wri ter, wi th tech n ica l a is tance from th ree 

P R ! t a ff membe r . 
KARL STAH LKOPF i vice pre idenr for power 

delivery at EPRl and the president and CEO of EPRl ­

sol ut ion . He jo ined EPRL  i n  1973 

as a project manager and has go ne 
on to hold a number of increasing!}' 

responsible management position 

Many of hi  a ign ment  at  E P RI 
ha e involved work wi th  inter-

nat ional u t i l i ty conso rt ia , govern men t and pr i  a te 

pa r tner h i p , and new tech nology ven t u re . Ear l ier 
i n  h i  aree r, t ahlkop f . pe n t  ven yea r i n  t he . .  

lavy, w here he pec i a l ized i n  n u  lear propul ion .  He 

holds B degree i n  e l ect rical  engi n eer ing and naval 

c ience from the U n i ve rs i t )' of Wis onsi n at Mad i on 
and M ancl PhD degree i n  engi neeri ng from the 

Uni ers i ty of California al  Berl eley. 

KE PRIE  T ha man aged the  T D Engi neer ing 
and Tes t e n ter i n  Lenox ,  Mas ach u  e t t  , and H a  le t , 
Texa , s ince J anuary 1 99 . He came to E P R I  a head 

of the G rid Operat ion  and Plan­

nin bu ine a rea in 1 996, bri ng­
ing more t han 25 car of u t i l i ty 
indu t ry e. perience . Among the 

po i t ion he has held ar E of 
emikron l A , manager of pm er 

)' tem projects a t  iemen Energy and Automation, 

and manager of ad vanced engineeri ng proje t deve l ­

opmen t  at  Genera l  Elc t ri . Pr ie  l ha  a B i n  engi­
neering phy ic from Cornel l  nivcr i t '· 

RO B E RT WI L H I T E  i ervicc l i ne leader for the 

ap pl icat i  n of P R I  prod uct in the reta i l  ctor. He 
joined EPRI  i n  1 996 a cu Lomer ervice manager for 

re ide n t ia l and  commerc ial  tech­

nologic . Before t hat , he worked for 

.J O  yea r a t  F lorida Power & Ligh t ,  
ul t i mate !)' developing and manag­

i ng com mercial  energy rnn crva­

tion program and r carc h p roject· .  

i lh i te ea rned a B i n  compu ter c i e nce fro m the 
Georgia L n  t i tute of Tech nology and a n  MBA from 

Florida l mernat ional  Univer i ty. 
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Electronic Earthquake 
Experience Database 

-
Del ivera bles now ava i lable to EPR I  members a nd customers 

U t i l i ty engineer who need to evaluate the 
seismic adequacy or various lecrrical and 

mechanical equipment now have fa t ,  easy 
Internet access to the Seismic Quali fication 
Uti U ty Group's earthquake experience data-
ba e, thanks LO a new Web site called 
eSQ G . Available via the EPRI Web si te 
(www.epri .com) ,  the eSQUG database documents how equip­
ment representative of nuclear plant safety systems performed in 
strong-motion earthquakes at elec tric powe r and industrial faci l ities. Access to 
the elect ronic dat aba e ,  which draw on an extensive library gathered by the nuclear power industry since 
1 98 1 ,  is  restricted to SQ G funders. The u er's manual describes the databa e and explain how to conduct 
searches and download information ,  including pho tographs and sl ides from survey of earthquake si tes. 
• For more i 1iformat ion, contact Robert Kassawara, rliassawa@epri . com, 650-855-2 775. To order the manual (TR-
1 13 705), call EPRl Customer e,-v ice, 800-3 1 3-37 74. 

ASAPP2 

B oth regulatory and economic issues are spurring mil i t ie to track the quanti t ies, locaLions, 
and cosLS of wa tes generated and managed at their facil ities .  EPRl's Accounting Software 

Application for Pol lution Prevent ion,  newly upgraded in version 2, provides a systematic method 
[or col lecting, compiling, and reporting daLa on ol id and hazardous wa te , from initial designa­
tion to final dispo ition . A A PP2 contain significan t ly i m prov d account ing and data manage­
ment  capabil i t ies and can more do ely match an organization's wa te management approach and 
procedures . Intended for u e in routine act ivit ies, the so£tware can also be appl ied to upport reg­
u latory compliance and to idenrily opportunities for reducing costs and improving waste manage­
ment efficiency. It omes wi th  a four-volume manual on etup and u e. 

i • fa,, more infomw.ti.on, con tact Mary M Leam, mmclea111@epri.com, 650-855-2487. To order t ile  soft­
� wure (AP- 1 1 3 7 1 1 ), call EPRT Customer Service, 800-31 3-3 774. 

Turbine Steam Path Damage 

I ntegrating a cen tu ry  of work by hundreds of researchers, designers, and turbine operators, 
th is two-volume hardcover 1·eference ummarizes the state o [  knowledge about prob-

___..--:-!ems that occur in the turbine steam path in fossil fuel pov er plants ( including � -, 
combined-cycle and industrial un i ts )  and nuclear plants . The topics covered for ,e_;:'.-��::.-
each problem include damage features, common locations and susceptible units , 
mechanisms, root cause , repairs, and long-tern1 corrective action _ Be°'u e many 
tu rbine problem do not originate in that component, the authors take a uni lwide 
perspective to help the reader understand how to avoid steam path damage .  They 
al o link, for the first time, mechan ical aspects and chemical environmen tal factors. 
• For more information, contact Tom McCloshey, t 111cc!osl1@epri. com, 650-855-2655, or 
Barry Dooley, bdooley@ep1i .com. 650-855-2458. To order tlte report (fR- 1 08943), ca l l  EPRl 
Customer Service, 800-3 1 3-3 774.  
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3-D BurnVision 1 .0 

T hi e a  y- to-use computer graphics program has t h e  po tential to enhance con i tency and 
tandardization i n  evaluat i ng Lhe c l in ical Latu of pat ien ts with e lec t rical or other bum . 

De e loped by re earcher at the niver i t>' f hicag Ho pita ! Burn enter, 3-D Bum i ion 
neraL a t h ree-di men iona l  b d image t hat i expected t b an improvement ov r the two­

dimen ional , hand-drawn charts trad i t i  nal ly  u eel to do u m  n L  u r face burns.  Thi image can 

J 

EMF Modeler 1.0 

be vie, ee l  from any angle and a l  o can be 
mod i fi ed . fter med ica l pe r on ncl  i nc l icaL 
on the image the ex t en t  and depth of the  
pa t ien t '  burn wound , t he  o rt ware com ­
pute  t h  pe rcent ag of t ota l body urface 

area burned . er ion J .0 run on the 
Wi ndow 95 ,  9 , and 1T perat i ng 
y t cm . I t  i n t i ntended that u t i l i ­

t i c  u c 3 -D Burn i · i n d i rect ly but 
ra ther t hat t h e , donat e it to local 
burn cen te r  a a publ ic crvice. 
• For 1 1 1orc i 1 1f on1 1a t  io 1 1 , co 1 1 tnc1 Jcm i r 

Yagc1; jayagcr@cpri. co1 1 1 ,  650-855-2 72-+ . To order t h e  soft­

ware (AP- 1 1336 1 ) , cal l  EPRI Customer c 1  •ice , 800-3 1 3-3774. 

P
owerfu l yet i mple to u e ,  EMF  Mode ler i the ne. t -gencrat i on o ft warc for mapping 
magnet ic fie ld from ub t at ion equ i pment ,  tran mi ion l i ne , and p ri mary and 

econcla r , d i  tr ibut ion l i ne . De igned for the 9 and T pe rat i ng y ten , 
i t  com bine t he be t feat u re o f  i t  predec r w i th  uch new feat ure a t he ab i l i t  1 

to ca l c ulate fi e ld v r uneven terra i n and t he abi l i t  to compu t induced curren t  i n  
p a  sive wire loop a n d  lightn ing h iclcl , i re . To fac i l i tate d a t a  en t ry, t he  deve lop r 

t ..J l .... l . _.�, 

de igned a ne, 
u er in terface 
wi th many of the  
feat u re found i n  
mai n t ream bu ine 
p ro ram . Becau e of 
th ft wa r ' nex ib le  

• .,l � ,  ... .._ ._.._ imula t ion capabi l i t ie , u t i l i t  I per nn  I can u i t  for � hat- i f 
. ....... · -'""" , .., ,_ 
_ _,_ 
. ...... 
-. .,J C-- 1 _,_ .... 

j �  -
• .J "-

exerci es to asse s hm vari u param ter mi ht affe t field at 
pccific  locat ions and to compare potent ia l  expo ures fr m variou 
ourc . M F  Modeler  complements, bll l is not i ncluded i n , the 
PR! M F  ork ta ion. 

• For more i 1 1Jo11nat io11, contcl t Ra11dall 1i:1 /w11oto-Hamblero11, rtahemot@ 

epl i .com, 650-855-2248. To order the software (AP- 1 1 3 725) , ca l l  EPRl 
Cus tomer Service, 800-3 1 3-3 774. 
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i th  l i t t l e  fanfare, an idea fi r  L 
proposed more t han 30 years 
ago for upp lying Eanh wi lh 
abundant ,  zero-ca rbo n elec­
t r i c i t  fro m olar ener i b -
ing revi i ted-on l  t h i  L ime 

the  pe rcei ed n eed for uch a ource i 
greater, and the  long-term ou t look for its 
economic feasibi l i ty is m re favorable .  B)' 
the middle or th i  cemur)', ome ph ici L 
and re earch engi neer c nte ncl , a large 
hare or t he world' demand for e lect r ic i t 

cou l d  be me t  by a conste l lat io n of ery 
large space-based so l a r  photovol taic ( PV) 
arrays. Transm i uer conne  Led LO the  e ar­
rays would each beam  as much a e eral 
bi l l ion \ au of power to a rt h  at m i cro­
wave rad io freque nc i e  fo r ol le t io n  by 
wide-area rect i fyi ng gro u nd anten nas and 
co nver  ion L O  elect r ic i ty. 

The phy ics and the  fu ndam enta l  tech­
no logy for uch a scheme are we l l  k nown 
and largely i n  hand , advo ate a , a l­
though prod igiou engi neeri ng develop­
men t wou ld be nece ary 1 0  acwal l bu i ld 
a space power y tern . The grcatc t barrier 
Lo rea l i z i ng  t he pote n t ia l  of pO\ e r  ate l ­
l i te i n  h iah Eart h orb i t  i t he  ame  a i t  
wa t h ree decade ago-t he h igh co L o f  
launchi ng hu ndred o f  thou and of ton 
of olar a rray and o ther equi p mem i n Lo  
pace and a embl i ng t hem.  For evcral 

rca on , howeve r, the cha l l e nge no\ ap ­
pear omewhat l e  dau n t ing  t han i t  d id  
30 years aoo . ( Ano ther, a rguabl less ig­
n i ficant , ba rri er rema in ing fro m t he past 
i p u bl i c  conce rn about envi ronmenta l ,  
health , a n d  a fety ri k of large- cal e pace­
to - Ean h m icrowave e ne rgy t ran mi sion . 
Experts say such ri ks a re exceecl i ngl 
ma l l ;  ee s idebar, p .  1 0 . ) 

The  mo t ba ic idea fo r pace power 
stretche a l l  the \ a back Lo one of the 
founders of the clec t r i age and the di -
coverer o f  � i rc le  rad i o .  iko la Te la . 
' 'Th roughou t  pace t here i e nergy," he 
told the merican l n  t i tute of E l ec t r ica l  
Engi n eer in  l 8 1 .  " I r [ i t  i I ta t i c , our  
hope are in vai n; i r  kinet ic-and lh i  we 
k nm i t  is for certain-then it i a mere 
quc t ion o r  t i me when men \ i l l ucceed 
i n a t tach ing  t hei r ma h i n e r)' LO the er 
wheeh ork  of nature ." 

li -la's prophecy-and his a t temp ts to 

8 EPRI JOURNAL pi ing 2000 

demonstra te terrest r ia l  w i reless power 
tra nsm ission-i nspi red later v is ionaries or 
space olar powe r. As noted by R. Br an 
Erb f t he  Canadian pace gency, the 
Ru ian Kon tan t i n  T iolkov ky u t cl 
in 1 9 1 2  t hat ro kc try wou ld enable the  col­
lection in space f olar energy in amount  
b i l l ions or t i mes greater than avai lable on 
Ear th .  

ha i r  centur later-\ i th  the pace age 
und r way-Peter G ia er, a ice pre id nt 
at Art h ur D . L i t t le , became a n  important 
proponent or pace o lar power. In the  
1 960 , i n  wor l  for the  go e rn ment  on 
spacec raft reentry hea t h ie lcl materia l s 
and other problem co n rront i ng the space 
p i o nee r , G ia er and other con u l t an ts 
were a keel L O  app ly t he i r expert i e and  
t h  i r  i magi nat ion l O e mergi ng energ)' is-
ue o f  t erre t r ia l  con e  rn .  G i a er beca m 

acquai n t ed wi th the  re o urce eco nomist 
M . K i ng Hubbe rt . \ hose emi nal work on 
t he de plet ion  of fo i i  en ergy re ource 
ale rted pol icy maker Lo the need fo r long-
1 er 111 ncrg plann ing and R&O. 

"H ubbert co nvi nced me that i n  t h i n k ing 
about energy r ource for the long te rm , 
we hou l d  focu on the  resource that . in-
afa r  a a n }'On e knm . wi l l  probabl be 

around for a nother bi l l io n years- olar 
ene rg ,, .. recal l G ia  e r, now ret i red. " olar 
ce l l  , a- , e l l a he i ng u eel i n  pa e ex p lo­
rat ion , were begi nni ng t o  be u ed on Ea rth 
for va riou appl ica t ion ; bu t  t hey were 
good for on! one-shi ft dai l operation on 

art h and t herefore cou ld  not provide base­
load power wi thou t  e normou amount  of 
e nergy s to rage . I came 10 the co ncl u ion 
t hat t he be L p lace t o  co l lect o lar energy 
wa i n  pa e, out ide Earth 's a t mosp h e re, 
whe re l arge a rra can be i n  d i r  ct u n  ex­
po ure near!)' a l l  t he  t ime ." 

lase r fi r t propo ed space po, er ate l ­
l i t e  ( P ) in 1 968, and in 1 973 he recei eel 
a U . patem on a concept ua l  de ign for 
uch a a t e ! l i te . rom 1 972 to 1 982 ,  G ia er 

cond ucted tech n ica l and economic eva l ua­
t ion or P }' ten15 for the  a Li nal Aero­
nautic and pace Ad min i  tration ( 1 A) 
and the  Depa rt men t of Energy (DOE) a nd 
its predece or agency. The i nventor of nu­
merou pace 111 1 1011 p rimen , i nclud­
ing  ome tha t  t i l l  operate on the moon , 
Gia er erved a presiden t  of the ln terna-

t iona l  olar Energy ocie ty and as ed i tor­
in-chief of it journal , ola r E1 1ergy. He aJ o 
o rganized man i n ternational co n fere nce 
on P sy t e ms. 

Solar power's brighter appeal 

in space 

Emergi ng a round l he t ime o f  t he 
Apol lo 11100 11 la ndi ngs and U . .  and oviet 
clevelopmem program t hat grea t l y a 1 -
vanced P tcchnolog , the  P co nce p t  
c a n  be een  a a logica l o ut grow t h of h u ­
man pa<.:e explorat i on .  

I n  geo Lationary Earth o rbit (GEO)  a t  
a n  a l t i t ude of 3 5,900 km (2 2,300 m i) , a 
un-facing olar arra receives,  on a erage, 
ome eigh t t ime a m uch unl igh t  (abou t 

HOO /ml , or 130  \I /ft2) a can be ob­
tained at a n h' urface . The fa l r re­
spo n  ib le  for t he  l ower terre t r ia l  amoun t 
are Earth' da -nigh t  c de (a 50% redu -



lion), the oblique angle of sunlight to Earth 
except over the Tropics at noon (a 50% 
reduction of the remaining amount), and 
the obscuring of the sun by clouds and at­
mospheric dust (another 50% reduction). 
In some areas, sunlight may be almost com­
pletely blocked for days on end. 

Even when the atmosphere cooperates, 
various efficiency and conversion losses in 
today's terrestrial PV technology limit the 
average power output to 3-4 W/m2. Tech ­
nology advances may eventually raise this 
average to 17- 20 W/m2. 1 n contrast, the 
microwave-receiving ground antenna of a 
space solar power system would have an 
output, per unit area, greater by a factor of 
10 to 80. 

Glaser conceded in a 1968 article in Sci­

ence magazine that "the use of satellites for 
conversion of solar energy may be several 
decades away." And his preliminary calcu-

i 

---' 
lations indicated that the array needed 
would be very large indeed. Even using 
the high PY conversion efficiency (80%) 
he believed to eventually be possible with 
certain organic semiconductors, Glaser cal­
culated that an array capable of meet­
ing the 1966 power requirements of the 
northeastern United States would weigh 
150 metric tons (330,000 lb), not count­
ing support structures. The transmitting 
dish antenna, composed of klystron am­
plifiers, would be about 2 km in diameter 
and would generate a diffuse microwave 
beam that would irradiate an Earth receiv­
ing antenna about 3 km in diameter. Solid­
state dipole rectifiers in the receiving an­
tenna, called a rectenna, would absorb the 
microwave energy and directly convert it 
to de electricity, which would then be con­
verted to ac for supply to a utility distri­
bution network. 

Glaser envisioned that by the time a 
complete space solar power system could 
be developed and implemented, prolonged 
human stays in orbit would be common­
place. lndeed, such a capability would be 
essential to supporL the construcLion, op­
eration, and maintenance in space of very 
large solar collectors and microwave a n ­
tennas. "We should not underestimate the 
development efforts that will be required 
to construct, launch, and operate the sug­
gested solar power generating satellite," 
Glaser noted. But he added that "solution 
of most or the difficulties is expected to be 
within the projected capabilities of sys­
tems engineering, and not to require the 
discovery or development of new physical 
principles." At the time of Glaser's writing, 
however, the necessary technology was in­
sufficiently advanced to permit a detailed 
analysis of the concept's cost and benefits. 

Reference system defined 

Through most of the 1970s and imo the 
early 1980s, DOE- with support from 
NASA and such aerospace contractors as 
Boeing and Rockwell-extensively evalu­
ated, refined, and elaborated Glaser's orig­
inal SPS concept. In this work, an SPS ref­
erence system design featuring a 5-GW 
satellite was developed. Operating in GEO 
or possibly in low Earth orbit (LEO), the 
satellite would provide power to one or 
more rectennas. In a key advance in sup­
porting technology, William C. Brown of 
Raytheon developed a rectenna system for 
the efficient collection and conversion of a 
transmitted microwave beam. 

The reference system solar array was 5 
by 10 km. At one end was a magnetron­
based microwave-transmitting antenna 
that was 1 km in diameter and operated at 
2.45 GHz. This frequency is in a band al­
located by international authority for in­
dustrial, scientific, and medical use and is 
the same frequency used by today's ubiq­
uitous microwave ovens. The weight of 
one such SPS was put at 30,000 to 50,000 
metric tons. 

On the ground or ocean surface, rec­
tennas 10 by 13 km would intersect the 
microwave beam. Although generated at 
high power density, at ground level the 
beam would have an energy density of 
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200-2 50 W/m2 , or only about one- fift h  o f  
t he  average ene rgy intensi ty of direct sun­
l igh t a t  the  equator  at noon .  A demonstra­
t ion of te rrestrial po int-to-po in t  w i reles 
t ransmission of microwave energy i n  1 97 5 
showed that the type of rectenna designed 
for the  re fere nce y te rn  could d irec t ly  
convert a 2 .45-G Hz beam to de e lectric i ty 
at a remarkab ly  h igh average efficienc of 

more than 80%. A coded re ference radio 
signal beamed from the cen ter of the  rec­
tenna to the t ran mi n i ng an t enna wo u l d  
b e  u ed to ensure the  po int ing accu racy 
and afe operat ion of t h e  microwave power 
system. 

An SP in GEO could be oriented so that 
i t  would be exposed to the un 24 hour 
a day for mo t of the year ;  the only i n ter-

0 
ffl icrowaue rower : Issues and Percepl i ons 

W
hen solar power sate l l i tes (SP  ) 
were fi r  t eval uated i n  the 1970s, 
uncerta in t ies about the heal th and 
sa fe ty  aspects of m icrowave energy 

raised co ncerns in some quarters. A mong 
the concerns were the potent ial for cata­
strophi c accidents, harm to wildl i fe , and 
ad erse effects of ch ronic human ex posure 
to L ow level of m icrowave energy. With 
the advent o f  commercial m icrowave ap­
pl ication subject to standards for safe 
exposure-such as communications and 
cooking applications-many of these early 
worries have been dispel led at the level of 
cientific  u nder tandi ng. But some believe 

that the jury is still out on the use of cel­
lular telephone handsets. 

By design, an SPS's microwave beam 
would  have a wide diameter to ensure Lhat 
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its energy densi ty always remai ned low. 
The beam would have a Gaussian dis t ri ­
bution , meani ng t hat i ts energy den i t y  
would b e  greate t in the  center a n d  wo u l d  
fa 1 1  to a 111 uc h lowe r l eve l at t he edges. 

ASA' John ank ins says that the con­
cept now under evaluat ion wou l d involve 
beam wi th  an ene rgy den ity at the center 
of about 230 W/m2 (23 mW/cm2) ,  or abou t  
one- fi fth the intensity of um mer  unligh t 
at noon .  At the beam edge , t he den i ty 
wou ld be 1 % to l 0% of t he center L eve l .  
The ground rec tenna wou ld  be et in an 
open area and surrounded by a fe nce at 
which any residual energy would  be far 
below the current U . .  microwave sa fety 
standard of 1 mW/cm2-and e en the most 
conse rvat ive l im i t  (0.0 1  mW/cm2) used 
anywhere in the world. 

The photovoltaic arrays now used to power 
sate l l ites may be e ither r ig id structu res with 
crystal l ine PV modules or flexible thin fi lms 
that can be unrol led in orb it. Those shown 

here, designed for the Internat ional Space 
Stat ion by Lockheed Mart in, cons ist of thou­

sands of individual solar ce l ls on a flexible 
backing. Such current-technology arrays are 
very expens ive and prov ide l imited power. 
To make large-sca le space-to-Earth transmis­

sion of solar power commercia l l y  attractive 
would require producing arrays of thou­
sands of square meters at greatly reduced 
costs-more than an order of magnitude 
lower than today's. 

ruptions would be approxi mately hour­
� long ec l i pses o f  the sun  by Eart h for 22 
;;; 

j days before and 22 days after t he vernal 
s and a u tumnal equi noxes. The maximum 
� dai ly interruption wou ld  be 72 minu tes 

and would occur near local midnigh t .  Ac­
cording to Glaser, the ecl i p es would re-
duce the olar ene rgy received in G EO by 
about 1 % of the total ene rgy avai lable dur­
i ng  a year. 

"Wi th  this year- round conversion capa­
bi l i ty, an SPS could be used to generate 
continuous baseload power on Earth wi th 
mi nimal requirements fo r  ene rgy torage," 
ay Gia er. "Fun hermore , the ab ence in 

space of environmen tal and gravi tational 

The satel l i te's microwave transmitter 
could be designed to make inadvertent fo­
cusing of the beam to higher energy densi­
t ies i mpo ible and t o  t ran mit power only 
when correct ly al igned with a pilot radio 
ignal from the rectenna. Airspace restric­

t ions around t he beam up to 40,000 feet 
( 12 km) would normally keep aircraft from 
intersecting the beam, but even i n  the un­
l ikely event t hat happened ,  NASA's pre­
l imi nary analysis say the energy would be 
insuffic ien t Lo cause harm or ma lfu nction. 

De p i le  the reassur ing preli minary con­
clusio ns, Mankins says A is taking 
very seriously the possibil i ty of perceived 
and actual envi ron menta l ,  health, and 
sa fety i sues a sociated wi th space solar 
power and wireless power transmission. 
"We have activit ies under way in this 
year's program to better understand thi 
area-including e fforts to better determine 



constraints on the erect i on  of 
l ightweight, extensive,  and con­
tiguous structures would permit 
the deploymen t of P arrays 
over large areas in orbi r "-at al ­
ti tudes greater than 1000 km. 

In the re rerence system de­
sign work, i t  was calculated that 
rnicrometeoroid impact wonld 
degrade 1 % of an SPS array area 
over 30 years of operation ; large 
meteoroid impacts i n  GEO were 
expected to have very low prob­
abil i ty. More recently, however, 
the amount of accumulated de­
bris in Earth orbit , particularly 
in LEO, has been interna tion­
a l ly recognized as a problem for 
space developmen t-a problem 
that l i teral ly could impact la rge­
surface-area PS arrays . 

he SPS reference concept envisioned 
that a sys tem ized to meet the U .S. power 
demand a L the L ime would total sixty 5-
GW satel l i tes, each beam ing microwave 
energy lO one or more recten nas. Lift ing 
each satelli te's 50,000 metric tons into 
LEO would requi re a reu abl heavy-l i ft 
launch vehicle weigh ing 250 me u·ic tons.  
At a LEO-based pace factory, 300 to 500 

what the perceived issues wil l  be and hO\ 
LO address them, whether there are real 
issues, and, if so, whether they are show­
stoppers or can be resolved ." 

Mankins concludes, "To the best of our 
knowledge at this t ime, wireless power 
transmission confined within fences will be 
statistica l ly safer to the su rrounding pop­
ulation t J1an sunlight-which can cau e 
skin cancer, heat stroke ,  and so on-not Lo 
men tion other large-scale energy sou.rces 
l ike coal or nuclear. evenheless, we in­
tend to work this issue very hard . "  

John  Osepchu k, an expert on micro­
wave technology who has wrillen and con­
sul ted extensive ly about b io l ogica l effects, 
hazards, and standards development, says 
that the earlier DOE-NASA work on an 
SP reference ystem i nc luded everal 
studies of potential effec ts of powe r beam 
on bi rds, bees, mice, and hu mans. I n  the 

trained space workers wou ld be needed 
over an anticipated 20 years to consLruct 
the satellites and send them imo higher 
G EO o rbi L .  Even ir the C t o f  reaching 
LEO and GEO de l ined to  the lowest lev­
el imaginable , the e timated cost of 
achievi ng i n i t i a l  power output from an 

P )' tern would be around 250 bi l l ion 
( in 1 996 dol lar ) .  

on ly po i t ive evidence of  an e!Iect , micro­
wave energy a t  the rderenct: t ern's de-
ign frequency and its beam power le el at 

the rectenna was det ctabl by some bird 
species. This suggest , Osepchuk explains, 
tha t  "migratory bi rd Oying t h rough the 
beam may suffer some disruption of their 
Hight plans. Blue jays seemed to experi­
en e me the rmal stres al 25 m /cm2 , 

suggesting that birds of t hat size or larger 
ma suffer thermal stress at that power 
density al 2 .45  GHz. " 

Since 1986, Osepchuk has argued that 
a l though public fear of microwaves may 
represent a greater obstacle to the eventual 
deployment of P technology, t he mo t 
serious  technical problem in the near term 
is that of radio- frequency interf rence (RFl ) 
a nd the re lated issue of frequency a l loca­
Lion. Over the pa L 20 years ,  many commu­
nications c mpanie have been using fre-

The space power sate l l ite refer­

ence system design developed in 

the 1 970s featured a r ig id solar 

array measur ing 5 by 10 km <1nd 

a ma9netron-b<1sed transmitting 

antenna 1 km in diameter. Ground­

or ocean-based rectennas measur­

ing 1 0  by 1 3  km would receive the 

microwave beam on E<1rth and 

deliver up to 5 GW of electricity. 

This cost ou tlook, coupled 
with other SPS shortcomings and 
the quiLe different  space appl i­
cat ion interests of the i ncoming 
R agan adm i nistration in 1981 , 
re u l ted in a low priori ty for SPS 

! work by DOE and NASA. And i n  
ffi 1984 plunging oil prices evapo­
� 
� rated any sense of urgency for de-
� velopi ng solar energy in  space . 

NASA takes a fresh look 

1n 1995, after a decade and a hal f of lit tle 
official interest in SPS, ASA revisited the 
ubject in what came to be cal led the  

Fresh Look study. This effort assessed 
whe ther SPS-related technologies had ad­
vanced enough-and whether other fac­
tors had emerged-to significantly alter 
t h  out look on t he econom ic and Lechni-

quencies in the 2 .4-2.5-GHz microwave 
band supposedly re erved for indu Lria l ,  
scien t i fic , and med ica l  u e ,  crowding the 
specLru m in which SSP systems were en­
visioned LO  operate . S P power beams are 
l i kely to po e an RFL threat to nearb, com­
mun icalion syste ms that  opera te i n  the 
same frequency band. 

For this reason,  says Osepchuk ,  " i t  ap­
pears that 1 ASA now favors 5 .8  GHz as 
r he  frequency for mi crowave power t rans­
mi i n, wh ich would probably require 
new bioeffeclS studies to be done at that 
frequency. It is a lso l ikely to require in­
genious so lutions i n  transmitter and rec­
Lenna design and development .  H igh­
efficiency microwave generators-such as 
magnet rons-that operate at 5.8 GHz are 
no t  yet available . " Developing t hem may 
require the application of advanced high­
power e lectronics. o 
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Concepts emerging from NASA's Fresh Look study in the late 1990s include the use of large 

modular elements that could be mass produced and at least partly self-assembled in orbit. The 

Sun Tower power satellite concept, two versions of which are shown here, incorporates these 

features. In the version below, concentrating thin-film reflectors would focus sunlight onto 

multi-bandgap solar modules of about 1 MW each. A multistrand high-temperature supercon­

ducting cable would connect the modules. In both this and the version on the right, a phased­

array microwave generator at the bottom of the tower would beam energy to Earth-based 

rectennas. A constellation of 20 such solar satellites could provide a total of 20 to 80 GW 

divided among multiple rectenna sites. 

cal feasibility of space solar power. The 
study found that a great deal had changed. 

First, the energy future is constrained 
by an agreed-on need to limit atmospheric 
concentrations of carbon dioxide from the 
burning of fossil fuels. Tn this context, 
the imperative of meeting the developing 
world's demand for energy-specifically, 
electricity-creates a huge global market 
for new, noncarbon energy sources. "When 
we evaluated space solar power in the 
1970s, the absence of direct carbon emis­
sions was recognized, but concern aboul 
the risk of climate change from carbon 
emissions was quite embryonic then," says 
Frederick Koomanoff. who managed that 
space power assessment and later DOE's 
climate change research. "We didn't really 
know whether carbon emissions from fos­
sil fuels were a problem." 

John C. Mankins, who as NASA's man­
ager for advanced concept studies oversaw 
the more recent assessment, says. "Now, 
major priority is being given to the devel­
opment of renewable energy resources." 
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He notes that such countries as India and 
China, where much of Lhe growth in pop­
ulation and energy demand is projected LO 
occur, are very interested in large-scale en­
gineering solutions to electricity supply­
for example, China's Three Gorges dam. 
And according to EPRl's Electricity Tech­
nology Roadmap Initiative, new, break­
through energy concepts must also be im­
plemented in order to provide sustainable 
energy for the global population of 10 bil­
lion expected by 2050. 

Second, the cost outlook has brighl­
ened. Placing payloads in orbit still costs 
tens of thousands of dollars per kilogram, 
not the hundreds of dollars originally con­
sidered essential for the SPS reference sys­
tem concept, but U.S. policy has set a goal 
for NASA to dramatically reduce Earth­
to-orbit transponation costs over the next 
20 years regardless of decisions about $PS. 
Moreover, key developments in such areas 
as information technologies, autonomous 
systems and robotics, power generation, 
and electrortics- along with diverse new 

SPS system concepts and archi­
tectures- have revealed ave­
nues for research and technol­
ogy that promise to reduce the 
cost of SPS electricity 

''Since the 1970s, there have 
� been staggering advances in 
e composi1es and other light­
s weight materials, modular fab­
J rication methods, robotics, and 
� intelligent control systems. All � 

of these-even the emerging 
reality of superconducting cable-may 
help bring SPS closer to reality," notes 
John Maulbersch. The former EPRI man­
ager for stTategic science and technology 
(now retired) has followed space solar 
power since he first heard Glaser describe 
the concept in 1970. 

The Fresh Look study identified several 
promising concepts as alternatives to the 
SPS reference system- concepts sugges t ­
ing Lhat order-of-magnitude lower costs 
might be possible. And even more recently 
developed concepts now under evaluation 
point to significantly lower overall system 
and first-power costs. 

Third, there is broader Lhinking about 
how some of the key technologies and sys­
tems needed for SPS could be used in other 
space applications. Opportunities are envi­
sioned in space science missions, human 
space exploration, and the commercial de­
velopment of space (e.g., for manufactur­
ing or tourism). Niche markets for space­
generated electricity-both in space and 
on the ground-may exist at power levels 



o f several hundred megawau s  rat her t han 
t.he gigawaLLS origi naUy cousiue red fo r ter­
re tr ia l  use.  

F ina l ly, there is substan L ial imernational 
in terest i n  and  su pport for the con t inu­
ing i nves t iga t ion o f  P teclmol ogy, judg­
ing from key Leclmi al demon­
stra t ions a l ready conducted or 
pl.an ned by organiza Lion in Ja­
pan , Canada, Europe, and Rus-
ia (see sidebar, p. 16) .  Thi in ­

te rest i ndicaL poten t ia l  fo r  a 
long-term i n ternat ional com­
mitmem-capi tal izing o n  the 
co l laborati ve model est.abl ished 
fo r the I n ternac iona l Space Sta­
ti on-to obtain a maj or new 
source of carbon - free electric ity 
for r he  planet . Moreover, A A 
and the aerospace industry are 
evo l v i ng a new paradigm fo r 
re lat ionships in space develop­
ment  and  co m me rcial izat ion . 
Th i model e mpha izes t he gov-

In contrast to earl ier concepts 

for space-based sola r  arrays, 

advanced concepts now under 

consideration by NASA-such as 

the Integrated Symmetrical Con­

centrator-feature u ltral ight· 

weight mater ia ls and structures 

that promise to great ly reduce 

the projected cost of space solar 

power. In this concept, mirrors 

would reflect and focus sunl ight 

onto multi-bandgap, th in-film PV 

arrays located next to a phased­

array microwave transmitter. 

ernmem's role in R&:D for r isk reduct io n 
and  in m issi.on app lica t ions and l eaves 
much o f  the actua l deve lopment  of opera­
tio n a l sysLern to the  co m mercia l ec 1 or. 

The bouom L ine of the Fresh Look study, 
1 h ich was com pleted i n  199 7 ,  was t hat 
"space o la r  power  loo ked a lot  more rea­
so nable a n d  a lot more afford ab l e-al ­
though t i l l  qu i t.e  h igh i n  co t-than l t  did 
i n  1980 , "  says Mankin . Encouraged by 
the resu l ts ,  Congress fu nded a fo l low-on 
SPS concept d efin it ion s tudy in 1998, led 
hy re. earch er. a ,  N ASA's M arsha l l  S pace 
F l igh L Ceme1. This work ex plored i n  
greater detai l va riou p o s  ib l e non -SPS ap­
plica t ions fo r l arge , low-cost space power 
systems. "The e space appl icat ions uggest 
t ha1 you don't have t o  wai t 20 t o  25 years 
before  you  begi n LO ge t ta ngible benefits 
fro m an investment in SPS technologies," 
Mank ins ex pla i n s .  " I n  tead, there can be 
a con t in uous st ream of govern men t  a n d ,  
po t emi a l l y, com mercia l appl ica t ions  for 

these technologies i n  space as progress is 
ac hieved toward the long-term goal of 
power from space for terrestri a l  markets . "  

As a resul t o f  bi partisan support from 
Congress and  t he  CL in LOn admi nistrat ion , 
addit iona l funding for an SPS explora tory 
re earc. h  and tech no l ogy program was au­
th or ized fo r fi scal year 1 999 and is con ­
t i n uing i n  the currem fiscal yea r. " La rge 
power systems a re l ike ly Lo be esse ntia l for 
achievi ng ambi t ious space science and ex­
plora tion goals, including both extra-solar 
sys1 m rohot i c  pro he .� and  the  develop­
ment o[ large , pennanenl instal lat ions o n  
t h e  moon ,  Ma rs,  o r  other targets , such as 
near- Eart h and mai n -bel t asteroids , "  says 
Ma nk i ns.  

"Whi le  no new fundamen ta l c ience is 
requi red ,  severa l areas of enginee ri ng R&D 
must be pursued to enable diverse space 
app l icat ions for a ffordable large power sys­
tems," he contin ues .  "T hese areas i nclude 
sola r power generat ion , w i re less t ransmis-

s ion ,  powe r manageme m and 
distr ibu tion , thermaJ manage­
ment and materials, mate r ia ls 

Ultra l i gh tweight arrays of 
so l a r  co ncent rator mirrors 
in a space-frame structu re 

a nd structu res, and space t ra ns­
porta t i o n .  l f  t he  n i t ed States 
a nd other co u ntries with space 

Arrays of mult i ­
bandga p PV 
co l lectors 

Phased-a rray 
m icrowave 
t ransmitter 

deve lopment program cou l d 
support an i ntegra Led, evo lu ­
tionary scenario for affo rdable 
large space power ystems over 
the next. severa l decades, then 
the many interim space uses of 
uch systems would have the 

po ten tia l t o  energize su·ategic. 
i nvest ments i n  the n ecessary 
technologies . Such investments 
cou l d  t h u  mal e po ib le  1 he 
even rua l development of very 
large solar power sa tell i tes [or 
terresuial markets and  revo lu -
L ionary space appl icat io ns . ·• 

Space solar power and 

the moon 

For nearly as long as Peter G la­
ser has been ta lki ng about the 
potentia l  fo r SPS sy terns, oth­
ers have envisioned chat the 
moon wi l l  u l t imately prov ide 
a n  e legant solutio n to the heavy 
mass, la unch cost ,  and  orb i ta l 
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debris problems of satellites. The lunar 
soil could supply silicon for solar arrays 
and metals like iron and aluminum for 
support structures, and the moon's vac­
uum environment and low gravity- only 
5% that of Earth- would make it far easier 
and less expensive to get this material into 
space. la addition, the moon's surface it­
self could support enormous expanses of 
solar arrays. Advocates of lunar solar 
power contend it is the only way to ensure 
that solar electricity beamed to Earth will 
be affordable for its intended beneficiaries. 
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ln a 1975 Science article, the late Prince­
ton University physicist Gerard O'Neill 
proposed that manufacturing facilities in 
deep space could build SPS from raw ma­
terials extracted and brought from the 
moon, whose space-launch energy require­
ment is lower than Earth's by a factor of 20. 
At such a deep-space colony- capable of 
sustaining 10,000 or more inhabitants­
satellites could be constructed and relo­
cated in GEO at a lower cost than if they 
were built on and launched from Earth, 
O'Neill said. He noted that if solar satellite 

for developing large-scale solar power sys­

tems that beam microwave energy to Earth. 

In one long-term vision (above), up to a mil­

lion people could be stationed at the moon's 

constantly sunlit north or south pole in a 

permanent colony built in a crater and cov­

ered by a protective pressure dome with a 

translucent center. Solar arrays around the 

rim of the colony would continuously gener­

ate electricity, and a curved reflector on a 

circular track would project sunlight through 

the dome's center to support greenhouse 

agriculture. In addition, distributed solar 

arrays could form a wireless power transmis­

sion grid for operations on the surface (left). 

power was to have a major impact on the 
problems o[ energy resources, "the elec­
tricity rates al which I the satellites] oper­
ate must be low enough so that they will 
achieve market penetration" for new gen­
erating capacity in preference to terrestrial 
fossil or nuclear plants. 

The DOE-NASA investigations of space 
solar power in the 1970s included research 
at the Massachusetts Institute of Technol­
ogy and at General Dynamics on the po­
tential use of nonterrestrial materials for 
solar array construction and support. The 
work evaluated four approaches to pro­
ducing an SPS. Three involved the use of 



lunar materials, and the fourth was a ref­
erence SPS deployed from Earth. The smdy 
concluclccl 1hat 9 0 -96% of such a sa1ellite's 
mass could be lunar in origin. 

General Dynamics conceived o[ a lunar 
base supporting al>out 4500 people, 1000 
ol whom were directly involved in pro­
cessing material and producing compo­
nems for shipmem to a space manufactur­
ing facility, where several hundred workers 
would assemble SPS systems. The cos1s of 
the lunar-derived satellites and the satellite 
launched from Earth were projected l<) he 
about e({ual umil the deploymem of 30 
units, after which the lunar-derived units 
would be less costly. 

For many years, the banner for lunar­
based sohr power development has he.en 
carrie<l by Daviu Crbwell, <llrccwr o[ the 
lnsLirutc for Space Systems Ope.rations at 

the University of Houston. ln 1970s work 
for NASA based on samples returned from 
the Apollo mission landings, Criswell and 
Robert Waldron analyzed bow lunar soils 
and rocks could be processed in10 glasses, 
metals, and other compounds thaL engi­
neers could use in making a wide range of 
produtts. Criswell points out 1hat using 
the moon as a source o[ construcLion ma­
terials and as the plalform on whicb to 
gather solar energy would eliminate I he 
need [or extremely large platforms in 
space, most of the transport and reassem­
bly or components in space, and th<' need 
for a. space manufacturing facility. !:'or the 
same rate of capacit)' installation, rhe neet 
of rockets required for moving people and 
things around in space would be smaller 
by at least a factor of 50 than Lhat neces­
sary for �PS deployment from t::arth. 

"The environment of 1·he moon is very 
rnn<ludve to large-sc�e solid-state devices 
such .lS solar photovoltaics," says Criswell. 
"It is as close to a perfect vacuum as you 
can find in the inner solar syscem; it is 
IOlally dry and extremely benlgn mechan­
ically and seismically; and there is ab­
solutely no weather. All of the things 
that make solar energy difficult on Earth 
are absent 011 the moon. l t  is reasonable 
LO foresee very large thin-film devices or 
very large concentrator arrays that are very 
thin and moss-e[[icien.r. Furthermore, all 
these componenLS and production pro-

cesses can be fully developed and tested 
on Eanh, as was done with complex de­
vices like the Lunar Rover and the Apollo 
lunar surface experiments. before a rewm 
to the moon." 

Criswell says that "there is an abso­
lutely dependable, predictable flow of so­
lar energy at tJ1e moon's surface.'' He envi­
sions LWO large solar generating bases on 
the lunar disk's outer edges (called limbs). 
,vith some arrays al each base located just 
over lhe limbs on the side hidden from 
Earth . .. You could nhtain virtually con1in-

Beyond the next 20 years or so, human space 

exploration missions of around 1000 days' 

duration may be undertaken to Mars, to its 

moons, or to near-Earth asteroids. The Solar 

Clipper Is an advanced concept for using 

affordable large power systems to provide 

reliable space transport between a near­

Earth staging orbit and distant targets. Such 

reusable, long-lived systems are considered 

essential for making long-term space explo­

ration campaigns economically feasible. 

uous electricity from one or the other base 
for transmission toward Earth," he says. 
Microwave relay satellites in Earl'h orbit 
would provide load-following power to 
rectennas on !he side of the planet away 
from the moon. 

According to Criswell, lunar solar power 
could supply a year 2050 world popula­
tion of 10 billion people with 2.0 tcrawalls 
(1011) or more of elecuicity- enough en ­
ergy to meet all basic human needs-at 

low cost and with few, if any, of the envi­
ronmental downsides of 01 her energy al­
ternatives. "The moon is really the only 
option available for making world energy 
prosperity possible in this century," he 
says, "because the lunar approach to large­
scale solar electricity would be far less ex­
pensive I han any other. To enahle energy 
prosperity, we've got to bring the cost or 
space solar electricity down to where the 
developing world can afford it, which in 
my view means a target of 1¢ per kilo­
wallhour. At that level. you could provide 
everyone in the developing world the 
equivalent of 2 kW of generating capacity 
at a cost of approximately $200 a year per 
person. 

"As a pla1form for solar energy collec­
tion, the moon already exists. We cou'l d 
send modular factories there to produce 
hundreds to thousands of Limes their own 
mass in tJ1in-film solar arrays, the primary 
constituent of which would be si.licon and 
glass re.fined and manufactured from lu­
nar soil. Some electrical components and 
housings could easily be Lransported from 
Earth. But by manufacturing the ana_)'s 

1 and siting the solar power stations on the 

! 
moon, the cost of space transportation be­

o comes much less importam to the overall 
� � cost of space sobr electricity.·· 
I Cri.swell believes that "installation of 

lunar solar power bases could begin after 
as little as 10 yeats of R&D. A complete 
system could be installed over 40 years. A 
lunar solar power system could bring a 
major source of noncarbon, nonpolluting 
energy into use-one that would empower 
humanity to get oul of the box of extract­
ing resources from the biosphere and hav­
ing to ameliorate the effects of bumiog 
molecules and nuclei. Once we get away 
from handling atoms and mass ,1nd in­
sLead process photons and electrons, we 
will hav<c> the means for cleaning up every-
thing else." 

Beginning a journey of small steps 

Most ardent believers in the potendal for 
space-based solar power stop short or sug­
gestfng that an urgent. capital-intensive 
development effort should be an objective 
for the near term. Myriad technical, eco­
nomic, envirnnmental, legal, and regt1la-
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wry issues w i l l  have to be resol ed on an 
i nL e rnaLional basis  before a conse n u to 
pu rsue such de elopmen t  can be ach ieved. 
Yet any t ra n  i l i on  fr m t oday' carbon­
ba ed energy economy to one t hat i more 
gloha l ly usta i nab le \ i l l  email  i mi l a r  
compl ica t ion . The  d cv  lopmen L of extra­
terrest rial energ and materials resou rces 
in th.is cen tury \ o uld po e formidable 
cha l l enge i ndeed-cha l l eng  commen-
urate w i t h  the  magn i t ude of t he pr b lem 

bei ng add re  ed .  
Poi n t i ng ou t  tha t  every jou rney i a e­

r i e  o f  many sma l l  tcp , upporter of 
pace olar power a that the ignificant 

progres ach i eved t h u  far i n  demon t rat­
i ng  the technology and fea i b i l i t y of w i re-

le pm er t ran mi io n  from pace make 
t h  ca e for pur  u i ng co n t i nued evo l u ­
t ionary progre 

"The devel opmem of power from pace 
for use on Earth is an ach ievable appl ica­
t ion of known space technology that can 
be demonstrated duri ng the next decade ," 
say Peter G ia er. The P concept "repre-

nts a n  v l ut io na ry d i rect ion for ex­
panding human  act iv i t ie in pace and en ­
abl i ng t he u e o f  ex t ra terres t rial  materi ­
a ls . " Wi t h  proven feasib i l i ty and no known 
howstopper , G ia er a , P could con­

tr ibute to meet i ng global energy demand 
i n  th i  cem ury. 

G ia  er and ot he r  have noted t hat given 
t h e  ri k of global env i ronmen ta l  change, i t  

0 
The neH I s1eps Toward space Solar rower 
n A A i not a lone i n  p ur u i ng t he po­

te mial of pace olar power. round 
t he world , a n u mber of other re­
earch organ i zat ion arc \ orki ng on 

key tec h nologies ne es ary for u lt imately 
deploy ing pace power a t e l l i te ( P ) . 
lmponam comribution have been made 
by scient i. ts in Canada , Ch i na, urope , 
I nd ia. Japan, Ru ia, and kra i ne .  

Man experi ments  and demon tra t ions 
have been conducted i n  Japan i nce the 
1980s, including worl involving the tran -
m i ssion of microwave energy i n  pace from 
a mother ate l l i t e  1 0  a mal l daughter  atel­
Li te . I n  addit io n ,  re earcher i n  J apan and 
Canada have demon t rated ground -ha eel 
L ransm i s ion or m icrowave energy for pow­
ering model a i rplanes and air hip . 

Among the various projects proposed 
by a worki ng group of Japane e gove rn ­
ment and academ i r e  earc l, cienti t i 

PS2000, conceived of a an operat i onal 
t e  t-bed for key P te h n ologies, inc lud­
ing ground-based reclennas (around 1 km 
in diameter) for convening beamed micro­
wave energy. The  y tern would feature a 
1 0- W pilo t P de igned to operate at 
1 100 km i n  an equatorial Earth orb i t  and 
lO provide intermiuen1 po\ er LO about  15 
recteru1a i les i n  countrie located with in  
3 degrees (about 300 km) of the equator. 
The satel l i te would pa o r an point i n  
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i ts orb i t  every 100 minutes and would be 
capable or t ransm i t t ing power to any spe­
c ific recten na for about 200 econds. The 
\ orki ng group proposed that the project  
begin in 2000 , bu t t he Japane e go ern ­
ment  ha yet to  annou nce \ hether it wi l l 
fund the effort. 

Pa tr ick oil in , a guest researcher at Ja­
pan's ational pace Development Agency 
( A DA), says he and colleagues have vis­
i ted 10 of the 1 1  equatorial countries that 
have ex pre ed in1 ere L i n  hosting one o r  
more o f  the  p l a nned 1 5  rectenna . Col l in  
decl i n e  to  pred ict whet her ru ncling for 
the  p i lot  demon tration wil l  materialize. 
But he acid , " l kno\ the re is major d is­
cus ion abou1 what A , t he European 

pace ge ncy, a nd DA hou ld  do after 
bu i l d ing the  pace t a l i on .  A clear l y 
wan t  to go LO Mar , et the  U . .  Congress 
wan t it to do omet h ing wi th eco nomic 
val ue .  om pared wi th  the ten or bi l l ion 
o f  dol lars tha 1  govern ments pend every 
year on civ i l ian pace proj ect and ene rgy 
development ,  I be l ieve t hat e en a rew bi l ­
l ion for an P pi lot plant is  j u  tified and 
\ ould be ve ry popular \ ith the public . " 

Meanwhi le ,  re earchers at C c , the 
French nat ional pace agency, are up­
port i ng plan for a commercial pilot plant 
to demon t rate Lerre tri a l  wireless power 
t ransmi i on  on La Reunion , a French i -

i i m perat i v  to conside r al l po ib l  en­
e rgy r ource opt ion with as clear and 
con istem an u nde rstanding as possib le  or 
the  heal th , env i ronmenLal, and safety con­
cerns each option raises. He quo tes Buck­
min ter F ul ler and H i roaki Kuromi  a to 
frame t he big pic t u re :  "The great l chal­
lenge or hi Lory i , how do we make th 
\ orld wo rk for 1 00% of h umanity i n  the 
sh o nes t possible t ime through spon tane­
ous cooperat ion , without ecological dam­
age or di advan tage to anyone? " 

David Cri wel l  u naba hedly favo r a 
major U . .  and i n ternational com m i t m en t  
t o  deve lop olar power p lan t  on  the 
moon . "The l unar olar approach cou ld  be 
i n i t i a t ed  at a fast pace within the cu rren t  

land in the Indian Ocean o ff the  coast of 
Madaga car. The aim of this effort , known 
as the Grand Bassin project and headed 
by the indust rial engineering laboratory or 
the regional u niversi ty, is to beam micro­
wave ome 700 meters across an ecologi­
cal ly en i tive val ley to su pply electrici ty 
to a remote resort .  The project team seeks 
to demonstrate the environmental advan­
tage of microwave power a an alternat ive 
to the ons r ruct ion of overhead transmis-
ion l ine or underground cable . An in­

du tr ia l  prototype system is now unde r 
development .  I f  it is success fully demon­
strated and the final approvals are ob­
tai ned , the fu l l  ystem is expected to stan 
up in 2004. 

" Operat ing a terrestr ia l  wire less power 
t ran mi sion y tern is one el f- ustai n i ng 
act iv i ty in the process of 'terracing' toward 

P technology, as Peter G laser describes 
i t ," ay Guy Pignole t , C E futu re Lud­
ie engineer. " o i ngle govern me n t or 
agency i l i ke ly  LO decide to pur  ue an P 
program a t  thi ear ly tage, so i.f progres is 
lO be made, intermediate steps with their 
own hon-term rat ionale mu t be found. 
ocial acceptabil i ty and good environmen­

ta l  i megra t ion w i l l  b e emia l  for the 
m icrowave pace po\ er recten na , and 
t his i the forem o  t considera tion in the 
G rand Bassi n project . · o 



U.S. expenditures on civilian and defense 
space activities. Private funding would be 
attracted after power delivery to Eanh at 
commercial levels, say tens o f  megawatts, 
has been demonstrated and the essential 
legal and political commitments have been 
made. The United States must lead the 
international community. If the economic 
growth of developing nations can be accel­
erated by clean, low-cost electricity, then 
the world potentially can be a much more 
attractive place for everyone." 

John Mankins of NASA says that the 
agency's Fresh Look study and continu­
ing assessments have helped dispel per­
ceptions that space solar power is simply 
beyond the pale of economic feasibility. 
"Certainly, solar power satellites should 
no longer be viewed as requiring unimag­
inably large initial investments in fixed 
infrastructure before the emplacement of 
productive power plants can begin," Man­
kins observed in a 1997 paper. "Moreover, 
space solar power systems appear Lo pos­
sess many significant environmental ad­
vantages when compared to alternative ap­
proaches to meeting terrestrial demands 
for energy- including requiring consider­
ably less land than terrestrial-based solar 
power systems. 

"The economic viability of such systems 
depends, of course, on many factors and 
the successful development of various new 
technologies- noL the least of which is the 
availability of exceptionally low cost ac­
cess to space. However, the same can be 
said of many other advanced power tech­
nology options." 

ln a recent interview, Mankins said, 
"Space solar power may or may not ulti­
mately emerge as a serious candidate 
among the options for meeting the energy 
demands of the twenty-first century. But 
the questions before us now are, what are 
our options, in terms of both existing 
technology and new technology, and what 
should our investmenl portfolio be to en­
sure that when we do need new power 
sources, we will have options from which 
co choose?" 

As emphasized in EPRl's Electricity 
Technology Roadmap Initiative, solving 
the "trilemma" of population growth, re­
source consumption, and environmental 

Advanced concepts for human outposts on the moon, Mars, and near-Earth asteroids include 

the predeployment of large numbers of identical habitation modules, each with an indepen­

dent solar power supply. These mobile, "smart" modules could self-assemble into an outpost in 

advance of the arrival of astronaut-explorers. In the concept here, cylinders of advanced, thin­

film solar arrays atop the modules would generate electricity continuously, since some surface 

area would always be exposed to sunlight. 

cost and providing a sustainable global 
supply of electricity in the twenty-first cen­
tury will require "out of the box" thinking. 
Says Kurt Yeager, EPRl� president and 
chief executive officer, "To look beyond 
the planet for a solution is indeed think­
ing OUL of the box. While much research 
and technical effort are centered on the 
shorter term, the lower risk, and the incre­
mental advance, it is heartening to realize 
that the energy, enLhusiasm, and intellect 
of some dedicated technologists are di­
rected toward the pursuit of a revolution­
ary, as opposed to an evolutionary, solu­
tion. Whether solar power satellites will 
eventually come to pass remains to be seen. 
l3ut much can be learned in an attempt to 
answer the important questions that ac­
company such a vast undertaking." • 
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TH E STO RY I N  B R I E F  

Dynamic  thermal  rati ngs fo r  power eq u ipment make it poss i b l e  to 

i ncrease the load ing of transmiss ion c i rcu its u nder  most weather  and 

system cond it ions  and  to reduce the r isk of fa i l u re under u nfavorab le  

conditions .  Powerful  software now ava i l ab le from E PR I  i ncorporates 

real -time load and weather data from re latively i nexpens ive monitor ing 

techno logy to calcu late such  dynamic rati ngs, wh i ch  are far more real -

i sti c than the conservative stat ic rati ngs no r-

ma l ly used .  By revea l i ng a c i rcu it's true thermal  

l im it, the software lets system operators move 

more power with l ittl e  add itiona l  i nvestment i n  

equ i pment: they not on ly can seize opportu-

n ities to de l iver mo re electric ity duri ng h igh-

demand per iods  but also can avo id  unnecessary 

load s h edding when conti ngenc ies ari se .  The 

software's current vers ion,  wh ich  i n corporates 

app l i cation knowledge deve loped s ince 1 992, 

has been ver ified i n  extens ive fie ld testi ng by six 

member companies .  by Tay l o r  M o o re 

• • 

ransm1ss1on 

H E  H I G H - VOLTA G E  t rans m i -

s ion l ine that form the backbone 

of the orth American power grid 

are becoming an increasingly hot 

property wi th the advent of compe-

t i t ion in whole ale electricity markets. Utili­

ties, their unregulated generating subsidia­

ries,  and independent power producer are 

relying to an unprecedented degree o n  the 

grid's interconnected tran mi sion networks 

to transfer large amounts of bulk power over 

greater di Lances. There is substantial growth 

in power generating capacity, primarily due 

to the rise of merchant prod ucers, who typi­

cal ly sel l  much of their ou tput on the open 

market .  Yet despite the heavy de mand on the 

power delivery y tern, which are expected to 

continue to grow, virtually no new transmis­

ion drcuits are being buil t .  



The DTCR software includes proprietary EPRI thermal 

models for the three main types of equipment that 

make up a transmission circuit-overhead lines, under­

ground cables, and transformers. Integrating the models 

with real-time load and weather data, DTCR calculates 

and continuously updates dynamic ratings. 

The construction of new 
circuits or even the physical 
upgrading of existing cir­
cuits is problematic, often 
involving extended public 
hearings and lengthy delays. 
This is especially true for 
overhead transmission lines 
because of their visibility; in 
many residential areas, pub­
lic opposition to lines is 
nearly certain. Sometimes, 
the opposition extends even 
to substations and under­
ground cables. 

Moreover, for utilities owning tnnsmis­
sion facilities run by an independem sys­
tem operator (as is now the case in Cali­
fornia and Texas and soon will be in other 
states), there is little incentive to make 
large capital invesunents to add u·ansmis­
sion capacity that may benefit competing 
electricily providers. In the brave new 
world of compeLition and open access Lo 
transmission systems, most companies 
prefer to pursue small, much less expen­
sive capacity increases L11at can yield sub­
stantial economic advantages. As a result, 
transmission engineers face considerable 
pressure to make greater use of existing 
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equipmem and facilil.:ies while mainLain­
ing or improving the reliability of an aging 
system. 

As the electrical loadings on transmis­
sion 1ines increase, the lines are more 
likely to approach or exceed their static 
thermal ratings, which are set to avoid 
equipment failure due to overheating. In 
such a fai_lure scenario, high loadings, 
combined with high ambicm tcmpera­
LUres, resulL in the the1111al expansion and 
subsequeni sagging of overhead conduc­
tors. In extreme cases, this sagging can 
lead to mechanical failure or an electrical 
ground fault. However, as transmission 

engineers are well aware, static line ratings 
are conservatively based on worst-case 
weather conditions (fulJ sun, high temper­
atures, and no wind) in order to maintain 
minimum line-to-ground clearances for 
safety. More-realistic ratings would often 
allow the small capacity increases needed 
for todays loadings. 

Over most of the past decade, EPRI has 
been developing a nexible, low-cost tech­
nology for increasing the current rating of 
transmission lines and related equipment 
on the basis of acwal weather conditions 
and real-time monitoring of equipment 

tempera Lu res and load­
ing. 1 n most cases, these 
weather-based, dynamic 
ratings permit higher 
short-term loadings than 
allowed by normal static 
equipment ratings and 
do not increase Lhe risk 
of exceeding thermal 
limits, which could lead 
to equipment failure and 
system outages. 

EPRl's Dynamic Thermal Circuit Rating 
(DTCR) technology combines a powerful 
calculation engine with a set of EPRl­
developed proprietary thermal rating mod­
els covering most types of transmission 
equipment. The engine incorporates real­
time weather and other environmental 
data, along with equipment temperature 
data, from commercially available monitors 
and sensors. The monitoring equipment 
(weather stations, conductor tension and 
temperature monitors, digiral data loggers, 
and the like) used will1 the DTCRsoftware 
can often be installed with little or no out­
age time and no environmental impact. 

More than half a dozen EPRl member 
utilities have participated in field tests and 
demonstrations of the DTCR tedtnology 
at different stages of development. The 
field tests verified the reliability of vari­
ous real-time monitors and communica­
tion methods. They also demonstrated that 
the DTCR technology can monitor and 
dynamically rate multiple circuits and cir­
cuit elements at the same time. Analyses of 
the field tesl data indicate that, although 
dynamic ratings vary widely by system and 
location, typically they are 5-15% above 



onve n t iona l  t a t i c  ratin gs for ove rh ead 
t ran mi ion ll ne , u ndergro u nd cab le  , 
and po\ er mm form ers .  Each of t he  tests 
revealed pe riods of high loading whe n ,  
\ i t hout rea l - t ime mon i tori ng, equ i pmen t 
rnu ld have been damaged o r publ ic su r  t)' 
compr om i  eu .  

Ver i o n  2 . 0 o f  DTC R ru ns on the  Win­
dows 95 and T ope rat ing systems and ob­
tai ns real - t ime e l ectrical load and weat her 
data d i rect l y  from a ut i l i l }'S su pervisory 
co n t rol and da ta acquis i t i  n ( A D  ) 
databa e. 

" u r  DTCR tec h n ol ogy fu r t he rea l ­
t i m e rat i ng o r  t ra n  mi ion  and u b  ta t ion 
equipmem i s  a m u  h -n  ecled deve lopmen t 
t hat he lps max i m ize the  use o r  the  c tH i l ­
i L )' as e ls wi thout  ri k ing equ ipment dam­
age , · ·  a s Abdel-Aty Edri , EPRI manager 
ro r  F CT ( Fl ex i ble C Tra n m i  ion y -
tem ) te h nol ogi es . ''The u e o[ DTCR I eth­
nology on t herma l ly  l im i ted circuits cou l d  
resu l t  i n  mode  l bu t  econom ical l y  qui te  
val uable i ncreases in transmissi on and 
ub t a l i on  equ i pmen t capaci ty." 

Deve lopment background 
L i l i t ie u e many d i ffe relll me t hou and  

assum p t ion i n  ca lcu l a t ing the  the rma l  
rat ing or power  equi pmen t .  The dynamic 
therma l  m ode ls developed for DTCR in ­
cor po ra te  the  latest ava i lab le  resea rch re-
u l 1  . The can he appl ied al var i  u leve l 

o r  ph i t ic:al io n  and w i t h  use r- pec i fied 
equ i pmen t parameters and  rat i ng  l im i t  

Tran mi ion c i rcuits typica l ly  con i I of 
severa l e lemen t s-i n c l ud i ng o nducLO rs. 
Lran former , and switches-con nected i n  
e r ie . T h e  the rmal capac i t y  or a se r ic c i r­

cu i t  i e l  b t he  e l eme nt t hat ha t he  low­
, t therma.1 nu i ng. -or pa ra l le l-c n ncc tetl 
c i rcui LS ,  the 1 hem1a l capaci t is a funcl ion 
or the impedances and dynamic rat ing or 
the ariou  equ i pmen t co m bi nat ion . 

or ci rcu i t s  i n w hich the t herma l  ra t ing 
dete rm i n ed b)' re l a t ive l y inexpen ive 

com ponen t - , t h i.:  si m p lest wa}' Lo i nc rc::i e 
t he  c i rcu i t ra t ing i Lo rep lace the  l i m i t ­
i ng e l em e n t w i th  new eq u i p m  n l  havi ng 
a higher s t a t ic rat ing. But dynamic ra t i ng 
me t hod are t he p relerred opt io n for i n ­
creasi ng t he t hermal capac i ty o r  equ ip ­
menL  t hat ca n n o t  cas i l )' be  remov ·d  fro m 
erv i ce  o r  is ex pe n i e to rep lace ;  t he)' are 

PC i n  engineering office or D.I 
o perations cente r I C:,  e1·· 1 

Data from rea l - Data from rea l - .- - - - - - - - - - - - - - -
t ime  SCADA t ime non-SCADA I I 

mon itors mon itors ----+- I I I nput I I 
data -+t DTCR I 

fi le I I 
I I 
I I - -r - - - - - - i - - - - -

H isto r ica I fi le Rea l - t i m e  output 
of rea l -t ime  f i le ( e . g . ,  ratings, 

data tem peratu res )  
r--. _./ 

SCAD A 
data base 

- , [1 1rJ Output display i n  engi neering 
off ice and/o r operat ions ce nte r 

Some of the data DTCR uses to ca lculate dynamic thermal rat ings-current-loading data, for 
example-are already routinely supplied to a uti l ity's supervisory control and data acqui­
s i t ion (SCADA) system or energy management system. Low-cost, commerc ia l ly  avai lable 
equipment l ike temperatu re sensors, conductor tens ion monitors, and  sma l l  weather moni­
tor ing stations can be insta l led d i rectly on a circuit to provide addit ional real -time data. From 
this input, DTCR's equipment models calculate real -t ime critical temperatures and mult iple 
dynamic thermal rat ings, which become part of the SCA DA database for display to system 
operators and engineers. 
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A transmiss ion circuit's normal thermal l imit is its static rating, ca lcu lated once and based con­
servative ly on worst-case weather condit ions. In this example, the load distribution is appro­
pr iate for the circuit 's static thermal rat ing, s ince it never exceeds that l imit. But a probabil ity 
distribution of actual thermal rat ings-ratings based on tem perature and l i ne tension mea­
surements from monitors instal led on the circuit-shows that the c i rcuit can safely carry more 
current under most weather conditions. Such a monitor-based dynamic approach a l lows oper­
ators to increase circuit loading most of the time. They rece ive an alert when the dynamic rat­
i ng  drops to a level requiring a temporary load reduction .  

a l o p rde rrecl fo r mu l tiple circu i t  i n  t he 
ame area a a \  ay L o  i ncrea e power tran -

fer l i m i t  . 
The  E m pire la te  E lec t ric E n  rgy Re­

search orporn t i on ,  a New York u t i l i t y  

R& D con on i u m , co n d uc t ed o n  of the  
ear l iest L Udi of the  prnc t i ca l i ty of dy­
nam ic t he rmal rat i ng met hods. om pleted 
i n  1 987 ,  the [ EERCO L udy was the f i rs t  
to de termine  I hat u i ng  rea l - t ime met hods 

Spr ing 2000 EPRI JOURNAL 2 1  



can resul t  i n  thermal rat ings 5-1 5% h igher 
than conven t io na l  name-plate or worst­
case s tatic rat i ng . I t  al  o concluded that 
rea l - t ime t herm, 1 rat ing ba ed on weather 
condi tions and ci rcu it e l ectrical load a re 
fairly si m ple to i mplement i f  the measure­
ment o f  equipme n t  tempera tu res is not 
required. The study not ed t hat dynamic 
rat i ng met hod hou ld  be appl ied i mul ta­
n eou ly to mu l t i ple c i rcu i t  in order to d -
rive the maximum economic benefi t  by i n­
creasing area power tra nsfer l l mits. 

Building on the resu l ts of the ESEERCO 
st udy, EPR l bega n \ ork in 1 99 1 to develop 
a nd fie ld- t e t a perso nal compu ter-ba ed 
so ftwa re package for a k u lat i ng rea l - t i me 
t h ermal c i rcu i t  rat i ngs with maximum flex­
ibi l i ty and m inimu m co t .  The goal was to 
i mprove e L imate of ra t i ngs thro ugh the 
moni tori ng of weather and oi l  condition 
and elect r ica l l oad i ng. 

Designed for u e by many d i ffere n t  u t i l ­
i t ies w i t h  a wid variety of operat ing con­
dit ions and type of power equi p m em , 
EPRI's DTCR oftware and associated mon­
i toring hardware offe r portabi l i ty, low i n -
ta l la t ion  co L ( i n  mo t c a  e le t h a n  
1 00 .000) . i m pl ici t)'· a n d  flexibi l i ty. The 
oftware· ke equf p ment thermal model 

are DY A P for ove rhead l i nes, PTLOA D 
for power tra nsformer , and ACE for un­
derground cable . 

Georgia Power wa one of the fir L u ti l ­
i t ie LO fie ld- t t t he DTCR oftwa re . Al­
though t h e  l imi t  cl Le L d id  not i nvolve the 
com munication of dynami them1a l  rat ­
i nos to the  com pany' opera t ions  ce n ter. i t  

1 500 Cl Cl 

1 400 
Cl a lb 

a 
1 300 

Cl 

5 1 200 

.g 1 1 00 

1 000 

900 

800 
0 

did demonstrate the abi l i ty of the  software 
to rate mu ltiple power equipment types 
and c ircu i ts imu l taneou ly. The test also 
high l igh ted the i m portance of u i ng im­
ple ,  commercial ly avai lable mon itors and 
the need for thermal rat ing models t ha t  do 
not requ i re detai led data on equ ipmen t  
parameters .  

Fou r other ut i l i t ies-PECO Energy, a l t  
Rive r  P roject (SRP) , San Diego Gas & 
El ct ric, and l l l i noi Power-i n tai led the 
DTCR tech nology o n  overhead tran mis­
sion l ines and tested it for accuracy and re­
l iabi l i t)'· PECO Energy and Co nsolidated 
Ed ison Com pany of New York conducted 
fie ld te ts of i n  ta l la t ion o n  power trans­
fonners, and BC Hydro appl ied the tech­
nology to the real - t ime m oni toring and dy­
namic rating of underground cables. 

The alue of DTCR-and i ts potential 
for m uch greater value-is mo L apparent 
i n  the  documented case tudie of three 
of the i nsta l la t ion where the techno l ogy 
con ti n u es in opera tion toda at. ! l l i noi 
Power, RP, and BC Hydro . 

Maximiz ing asset util izati o n  
l l l i noi P o ,;  e r  ought a n  eco nomical wa 
to determine rea l - t i m e  l ine capacit and 
achieve more fl exib i l i ty i n  l ine loading. 
Th rough a tai l ored co l laboration proj ect 
wit h  EPRI , it found the solmion it needed 
i n  the DTCR technology. The ut i l i ty has 
ucce fu l l y  applied the technology Lo two 

1 38-k t ransmi sion l ine  . 
By mak i ng l L  po i ble t o  u e 1 on-

e rvative t a t i c  ra t i ngs for t he l i nes. the 
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DTCR applications have increased the 
maxi .m u m  al lowable 1oad flow. U nder con ­
t inge ncy conditions or whenever the load 
of a l i ne exceeds the stat ic ra t i ng; the 
DTCR oft wa re can, via solar- powered cel ­
l u lar te lephone, d i a l  up ten s ion moni tors 
i nstal led on the  l ine and calcu lat e a real­
t ime rat ing, which is then displ ayed to the 
system dispatcher. 

T h e  DTCR insta l la t ion have a l lowed 
I l l ino is Power to de fer ph1 n ned upgrades 
of both 138 -k  tran mi i n l i ne -u p­
grades v i th an est imated total cost of 
$ 300 ,000 . Moreover, the u t i l i t  1 expects 
t ha1 for one l ine  i nsta l lat ion alone, the  
5-1 5% i ncrease i n  u efu l t h ermal capaci ty 
r u l t i ng fro m the appl ica t ion of DTCR 
\ i l l  increase revenue by a bo u t  1 m i l l ion 
o e r  the next decade . 

'r\.sset ut i lizat ion is t he  ba t t l e er a we 
head into deregu la tion ,"  sa s Frank Ferra­
cane , ch i e f  transmi s ion engineer for I l l i ­
noi Powe r. "EPRl ' DTCR tech nolog)' en­
ab l e  u to  afdy and f lexibl)' move more 
power over exi t ing l ines without t he  cost 
of l i ne upgrades." 

Ferraca ne adds t hat a needed fu rt her 
de elopmen t i to in tegrate the DTCR dy­
namic rat ing dara wi th  u 1 i l i 1 y energy man­
age ment y t e rn ( E M  ) comp uter . I n o r­
der for DTCR to be impleme n t ed on a l l  
t herma l ly l im i ted c i rc u i ts i n  a y tem,  he 
say , the so ftwa re's ou tput m u  t be fn te­
grated with an EM that would regula rly 
gi ve dynamic rat ing i n formation t o  )' tern 
operat o r wi t hout t heir having to deal 
manua l ly  w i t h  OT R, 
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-- Weather monito r i n g on ly a Weather and tensio n monitor ing --- Static rat ing 

As th i s  week's worth of  DTCR results shows, dynamic thermal rat ings-whether based on weather monitor ing data alone or on a combination of 

weather and l ine tens ion monitor ing data-are usual ly substa ntially h igher than the flat static rating. 
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" I f appl ied in i ts curren t  fo rm to many 
ind ivi d ual L i nes, DTCR ould p re en t a 
problem for dispatchers by providi ng too 
ma ny input to disti ngu i h and proce ," 
explai n Ferracane. " I n tegrat io n wit h  EM 
compu ter i a logi ca l n xt tep t oward a 
com mercial product that can be appl ied 
systemwide." 

Greater use of a critical path 

RP cu rren t ly u the DTCR tech nology 
o n  Lv o key t ransm i ion  l ine  to enable 
short-te rm loadi ng beyond t he i r  tat ic ra t­
ings, and the com pan pl an  Lo com plete 
another i nstal lat ion-on a l ine  it operate 
joimly with Arizona Pub l ic  ervi ce-by 
next summer. RP ay the  fi rst i nsta l la­
t ion a lone is a l low i ng it to elder t he con­
s t ruc t ion  of a new t ra n  m i  ion l i ne  fo r as 
long as five year  , for co t av ing of at 
l east $9 mi l l ion . 

That original insta l lat ion ,  the product of 
a ta i lo red col labora t ion project w i t h  E PRI , 
is on RP' 230- k Agua ria-\1 c twing 
l i ne ,  which carries m uch of t he power t he 
u t i l i ty i m pons i n to  the  greater Ph oen i  
area. I n  t h e  fal l  of 1996, RP planners 
asked the tran m i  ion de ign departmen t  
to n nd a \ ay t o  i ncrease the l i ne' power 
t ransfer capaci ty in t i me to handle ex­
pected load i ncrea the  fol low ing um­
mer. Concern abo u t  t he l ine· apac i L }' \ a 
drive n by un precedemed load growth  i n  
the Phoenix area , which w a  ca us ing dra­
matic increases in tota l peak  load each 
sum mer. Construct i ng a com pleme n tary 
new tran mis  ion  l i ne \ oul d have o lved 
the proble m ,  but at great cxpcn e and w i th 
great del ay-five car for i t ing, perm i t ­
t i ng, des ign , and const ruct ion .  

R P's transm ission y L em de igner  
suspected that the ac tual wea t her con d i ­
t ion in t h e  area of  t he l i ne were more fa­
vo rable than tho  e a  umed in calcu lat i ng 
the  l i ne' original tat i c  rat i ng. l f  I hat wa 
the ca e, the l i ne \ a operat i ng bclo\ i t  
true capacit)', and l i n e- to-ground l car­
ances exceeded indu t ry requ i reme n LS .  
The ut i l i ty needed a way to va l idate the e 
assumption and der ive ne, . more appro­
priaLe rat i ng Lhat would a l low for gr aLer 
l ine  u t i l izat ion . 

On the ba i of i n format ion about proj­
ects demonstrating E PR I ' DT R Lec hnol-

()HR - lhetmal Ratings Repml · _ - _-:-:-�·-:-=-::...--::-

Ci rcui t Circuit Elements 
.... 

Date: 02/ 1 2/99 2L40 Newel l Malvern Caiada_Way 
T ime: 1 3: 1 9  b1 150UG60 b1 150UG90 b1 1 50UG180 

Normal 1 787.6 

I 
880 .8 84 1 .4 787.li 

1 00  Hr. Amps 95 1 .2 1 024.2 992 .3 95 1 .2 
24 Hr. Amps 1003.2 1 079.7 1 046.2 1 003.2 
8 Hr . Amps 1086. 1 1 1 71 .2 1 1 34 .0 1 0 .6 . 1 
C i rcuit Load Amps 506.4 

J 
506.4 506.4 506 .4 

Time To Over loadl Minutes N.A. N.A. N.A. N.A. 
11TTO computat ion based on Normal Descript ion 

• Amps Hows Cap Bank MVAR jo .o 2l40 From Barnard lo Newel l v ia Hi ll 
Ave. Terminal 

O MVA (i) Minutes Load Power Factor � 

Ii QI( �pd ale �tails 1 !:!elp Automatic Update 

1 200 
100  
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DTCR 24-hou r rat ing 80 
1 000 DTCR 1 00-hou r rating u 

"-
� 70 

900 iii 
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Q 
u E 

800 DTCR n orma l  rating 50 � 

Stat ic norm al rat i ng 40 
700 

30 
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DTCR is he lp ing BC Hydro defer replacement of two 230-kV underground transmiss ion cables 
insta l led near Vancouver. By calcu lat i ng the circuits' actua l  dynamic capacity, the software 
al lows the ut i l i ty to maximize use of the exist ing cables and l i mit the potent ia l  for overload 
damage unti l the cables can be replaced. DTCR reports the circu i t  thermal rat i ngs (top) and 
can be used to generate output plots (bottom) of short-term and long-term dynamic ratings. 

og>', RP contacted EPRI  and agreed to a 
ta i lored col laboral ion e ffo r t  LO deploy t he 
techno logy on i t  y t e m .  The u t i l i ty had 
barely fi c month to om plete the  i nstal­
la t ion befo re the  pe riod tj une 1 to ep­
tember 15) when com pa ny policy doe not 
pe rm i t  scheduled mai n tenance on 230-k  
l i ne becau e of t he high Lcmperaturc and 
tormy weather L 1pical then .  

Th is  DTCR in  tal la t ion at RP was the 
fir t to u e pread-spectrum radio, which 
l inl· the tens i on  mon i tor and met  oro-

logical tat ions  L O  a com pu t e r a l  t he  ua 
- ria ub 1 a t i on .  Data o n  co nduc tor  ten­
ion , w ind peed, w i nd d i recl ion , a m bien l  

a i r  tem perature , and olar gai n  were a l l  
co l lected i n  real Lime. RP re ur c e<l lhe 
l i ne 1 0 p rod uce an u p-to-date mode l  of 
l i ne- to-ground and cro over clea ra nce .. 
The u rve>' bowed that a l  the  present 
conduct  r t  mpera ture l im i t  (75° ), t here 
wa ample clearance for a l l  pan , and at 
1 05°C, on! five span had clearance prob­
lem . Resolving the e clearance i ue en-
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abled RP LO increase the conductor rar i ng  
to 105°C, a ve r  sign ifican t  ga in .  

I n  addition , an anal i of 24- h  u r  
\ eat her da ta enabled RP Lo i ncrease the  
l ine' o rigin al ta t ic rat ing of 1 800 am­
peres. The  new rat i ngs are 2200 a m pere 
at n igh t ( J O  p. m . LO 1 0  a . m . ) and 25 0 am­
peres d u ring  the day ( 1 0  a . m . 10 1 0  p. m .) . 

Lrong w i nd d u ri ng Lhe day and a prcv i ­
ou Ir u n re ogn ized d rop i n  w i nd peed 
aft r l p . m . a re the re ons for t he  nigh t­
day capac i ty di fference. 

ince t he DTCR sy tem became fu l l  ' 
opera t i  na l  i n  J ul ' 1 997, the gua F tia­
We t wing l ine ha operated at the  h igher 
l i ne rnt i ngs w i thou t  i nciden t . RP reponed 
J O% grow t h  i n  tot a l  pea k load the  f i r  1 

su m mer. I n L 999. it in ta i led moni tor and 
commu nicat io n l i n k  o n  a econcl 2 30-
k l i n e ,  the  Goldfield- i lvcrk i ng l ine. The 
OT R data for th i  l ine arc i n put LO the 
u t i l i t  · EM to prov ide  rea l - L i me , on - l i ne 
i n�  rmat ion 10 y tem ope rator . 

B , delaying the con truct ion of an add i ­
t iona l tran m i · ion  l ine on the  Agua Fria­
We twi ng circu i t ,  RP e L i mate avoidcd ­
co· t av ing of l .  mi l l ion for each car 
of deferral . A a resu l t  of l he expa nded S}' -
t em opera t ing opt io n and avoided gen -

erat io n costs made possible by the OTC R  
system , t h e  ut i l i ty real izes addi t iona l  cost 
aving of ben ecn _ 600,000 and 2.6 mil ­

l i on  a year. 
·Th e 230- k gua Fria-We 1wi ng l i ne 

i a cri t i ca l  pat h  for economical ly r.• i ng 
the  Phoenix metro area,� a , B i l l  Ph i l l i p  , 
a n  R P  transmission design engineer. 
" E PRr OTC R  t ech nology let u use real ­
t i me infom1at ion to d e t  rm ine the  l ine rat ­
i ng, and t he re u l t  i a ignifican t  i n  rea e 
i n  t ran fer ca pabi l i l }' w i t hou t  anv ::idcl i ­
t ion to  t he l i ne . ·· 

Robert Ko n dzio lka. manager or Lran -
m i . ion plann ing for R P, adds, "OT R 
e nab le  u to opera 1 e  a l i ne clo e r  L O  i L S  
t h  rm::i l  l i m i t I i t hout reduci ng re l ia bi l ­
i ty. The t ec h n o l ogy al lowed u t o  move 
much  fa ter to add re l oad grow t h  t han  
we could have w i t h  other opt ion -and a t  
a m uch lower co -1 . � 

onclz i l ka no te thill wh i l e  DTCR a l ­
low a l ine to be  perated b rond i t  t a t  ic 
rat ing i n  the hon t e rm ( evc ra l hour  ) , 
t he  extra capacity t h a t  is avai lab l e cannot 
be pre ch edu led or old for u e by other 
on a firm ba is .  � t lea t i n  today' envi ­
ro n mem . •ou can·1 e tab l i  h a ta l i  · t ical 
ba i t hat would enable ou 10 presel \  the 

ex t ra capacity. Bu t  in the ba k of our 
mi n ds, we're con idcrtng wa}' to pro ide 
the s ta t is t ical data necessary LO make that 
po ible . 

"v e arc h pi ng L u c t he  OT R 
me th  do looy t o  bu i l d  a da taba t hat 
ho\ the  t rue apaci L , or rat i ng  f a  l i ne 

on a n  hourly ba i and t hen LO demon-
t ra t e  by calc u lat ion wha t  the deviat ion 

m ight be fo r that basi . I f  we can provide 
the  a ppropriate ta t i s t ical model Lo our re­
p;ional re l iab i l i t  cou nc i l , the We tern y -
tcm Coor l i nat i n Counci l , I b l ie e we 
m igh t  be ab le  to actu a l \  market the  true 
capabi l i ty o f  the  l in e. '' 

for u t i l i 1 i es t h a L  have the rmall l i m i ted 
L ransm i ion l ine w i th  ufficient l ine- to­
gro und clea rance and t hat need i m med i ­
a t e  ho n - t e rm capac i ty rel ie f  bu t do n 1 
p lan s ign i ficam l i ne upgrad for at lea t 
t h ree year , Kondz io lka ce DTCR as "an 
ideal opponunit and olution . .. 

Taking real-time  operation 

underground 

The anad ian u t i l i t ' BC H dro ha in ­
. tal lcd OT R on two 230-k underground 
Lran mi ion cable c i rcu i l s  near Va n cou-
ver. cord i ng to the  u t i l i ty, which ha 

Rea l -time data 

Com pute r with 
DTCR software Internet server 

(e .g . ,  load,  tens i on, ....-­

temperature) 

Development 
com p uter 

Version 2 .0 of DTCR was written in programming languages that enable it to run on non-Windows operat i ng systems.  These languages-Java for 
the graphical user interface and  C++ for the calculation eng ines-wil l  a lso faci litate the future development of an Internet-based server appl ica­
t ion . Operating on a computer at EPRI ,  DTCR would receive util ity-specific weather and load data for producing and updat ing dynamic ratings i n  
real ti me. Transmission system operators a n d  engineers a t  various locations could rev iew the resu lts s imultaneously o n  an Internet Web s ite. 
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over 1.5 million customers in its 948,000-

square-kilometer territory in British Co­

lumbia, the OTCR technology has helped 

i t  defer cable replacement for one year­

thereby contributing Lo one-time savings 

of abom $1 million. 

The underground cable circuits. in­

stalled in 1957, serve South Burnaby, one 

of Vancouver's steadily growing suburbs. 

Given the areas annual population growth 

of about 2.5% and load growth of about 

1.6%, the circuits now frequently carry 

more loaJ 1han their original static rating 

prescribes. Because of the cables' high. 

age-related maintenance costs and declin­

ing reliability. as well as a pressing need to 

ex'])and transmission capacity, BC Hydro is 

planning 10 replace the circuits, one in 

2001 and the other in 2002. 

Meanwhile, the utilil y is striving Lo 

maximize use of the existing cables and 

limit the potenl.ial for excessive overload­

ing, which could damage cable insulation. 

vVhen replacement does get under way, BC 

Hydro will face another challenge: while 

one circuit is out of ser\"ice for about six 

months, the other must reliably carry al­

most three-quarters of the combined load. 

Early in the 1990s, BC Hydro began to 

look for methods that would help it deter­

mine and use the actual-versus the con­

servative, worst-case-circuit capacity of 

the cables. lts search soon led it 10 EPRl. 

where it became an active member of the 

DTCR development project review team 

and a cofunder of several custom modifi­

cations that directly addressed its under­

ground cable application needs. After an 

initial trial in 1995, the utility installed 

OTCR on three underground tircuiLS in 

1997, including the two serving South 

Burnaby. 

By October 1998, the DTCR system was 

integrated with I he company's area control 

center-a first in utility application. The 

results of DTCR calculations performed at 

the tomrol center are immediately avail­

able lO dispatchers on the $CADA and 

EMS displays they use to operate the T&D 

system. This easy access to accurate. real­

time line ralings helps the dispatchers to 

manage the Burnaby congestion by safel>• 
maximizing cable use and to make more­

confident decisions about handling unan-

ticipated overloads or maintenance out­

ages. According to Allen MacPhail, a spe­

cialist engineer in BC Hydro·s Transmis­

sion and Distribution Engineering Group. 

the utility expects DTCR to be vital for 

managing overloads during the extended 

outage for circuit replacement. 

B)' establishing the control center com­

munications link, BC Hydro has laid the 

foundation for applying DTCR on other 

tJ1ermally limited circuits and equipment. 

ll already has plans to install the technol­

ogy on a significant number of power 

transformers. 

MacPhail says rhat, like SRP, BC Hydro 

is keenly interested in using DTCR to pro­

vide a basis for marketing transmission ca­

pacity, which is increasingly in demand by 

the wholesale power market. "There may 

be times-when the air is particularly cool 

or the load is particularly light-when we 

have extra capacity in our lines, cables, or 

transformers that has commercial value. 

On a short-term basis, we could sell that 

capacity and receive additional revenue." 

While competing dynamic equipment 

rating systems are commercially available, 

MacPhail says he hasn't run across one 

that is as generic as EPRl's OTCR or as 

powerful or as capable of rating multiple 

lines and mulliple elements having differ­

ent equipment. "It's really quite good in 

those respects. For general utility applica­

tion, DTCR appears 10 be the best of the 

technologies on the marker.·· 

Areas of future focus 

While DTCR 2.0 is powerful and robust 

and has undergone considerahle field test­

ing in utility applications, EPRl's Edris 

says that a number of developments are 

necessary for the technology to become a 

fully commercial, self-sustaining product. 

One is an enhanced ability to make so­

phisticated statistical capacity estimates 

be)'Ond the present-for the next day and 

week. The goal is tu enable DTCR to rea<l 

and use predicted circuit load and weather 

data for fmure periods and to presem the 

resulting cslimates of fun.ire loads and 

load limits through graphic displa)'s. An­

other needed de, elopment is interactivity, 

so users can pose what-if questions and 

modify equipment models in real lime. 

Beuer integration of DTCR output with 

utility SCA DA systems is widely agreed to 

be n priority. adds Edris. "The only way to 

build conhdence in the use of dynamic 

thermal ratings is through additional field 

tests and better integration with SCADA. 

Future field tests should emphasize com­

munication with the utility SCADA data­

base, and DTCR should be moclifie<l to 

facilitate interaction with utility SCADA 

systems, both in obtaining real-time input 

data and in providing radngs and other in­

formation for SCA DA displays. Additional 

field tests under heavy electrical load con­

ditions arc also needed." 

To gain acceptance of DTCR by overseas 

utility affiliates, EPRI is funding the addi­

tion of the International System of Units. 

or SI uni.LS, Lo the software and the addi­

tion of other equipmem models, such as 

1he CIGRE and IEEE thermal models for 

overhead lines and the CIGRE 1ransformer 

model. South Africa's Eskom is collabo­

rating with EPRI in DTCR development 

b> adding a CIGRE model for overhead 

lines and applying a predictive method for 

weather conditions. And 1he Polish Power 

Grid Companr recently finalized an agree­

ment with EPRI to develop and implement 

DTCR on its system. 

Edris's ultimate vision for a real-time. 

around-the-clock platfom1 for DTCR is to 

run it on an EPRI server and make it avail­

able through an Internet Web site. Mem­

ber and nonmember utilities could pay 

usage -based fees for high-security access 

w the site, where they could observe com­

pany-specific weather and electrical load 

data and dynamic ratings produced by 
DTCR and updated in real time. Engineers 

and opcrators could view the results si­

multaneously. Real-time input data for this 

Web application could be obtained from a 

utility's SCADA database over the utility's 
computer network, over its imranet, or 

over the lnternet. • 

Further reading 

Douglas, D. A., et al. •oynamic Thermal Ratings Realize 
Circuit Load limits." IEEE Computer Applicot/ons in Power. 
Vol. 13, No. 1 (January 2000), pp. 38-44. 

Development ond Field Applicotion of £PR/ Dy11omic Ther­
mal Circuit Roting (DTCR) Technology. EPRl. August 1999. 

TR-1 13391. 

Bt1d1p,11mml inf,Jnuation Jo, 1/tis ,111idr was pnwided 
/J) J\/Jdel-Aty 1:llw (llf<l11s@epn.com). 
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THE STORY IN BRIEF Recent power outages in major urban 

areas have highlighted the industry's growing need for quick technical 

responses to business-critical problems. Reductions of in-house engi­

neering staffs have made such problems even more difficult to deal 

with in an emergency time frame, and many utilities are relying more 

heavily on outside expertise to provide timely solutions. Anticipating 

this need, EPRI has reconfigured some of its most valuable analysis and 

troubleshooting capabilities to mobilize urgent-response services for 

the industry. Much of this assistance will be provided by EPRI's special­

ized technology centers located throughout the country and by EPRI­

solutions-a new service-oriented subsidiary. by J o h n  D o u g l a s  
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E 
ven before August 12, the summer of 1999 
had been hard on the American Midwest and 
its electric utilities. More than 200 people had 
died from heat-related causes; parts of six 

states had been declared agricultural disaster areas; and 
at least 24 power systems, from Georgia to Wisconsin, 
had set new electricity demand records. But it was the 
outage of August 12, which shut down part of Chicago's 
business district, that most shook the electric power in­
dustry and suddenly focused attention on the impor­
tance of having the highest-quality technical services 
available at a moment's notice. 

Chicago's elecaic utility, Commonwealth Edison, had 
been concerned about the state of its distribution sys­
tem for some time. In March 1999, ComEd had prom­
ised the city to spend more than $1 billion on system 
improvements. Then, beginning in late July, a series of 
outages climaxed a two-week heat wave in which peak 
demand records had been broken more than half a 

dozen times. Over 100,000 customers lost power in 
those outages. 

The immediate series of events leading up to Au­
gust 12 began about a week earlier, when ComEd re­
moved one of four transformer banks from service at its 
Jefferson substation, which serves the vital South Loop 
business district of Chicago. On August 11, the failure 
of a 69-kV cable knocked out a second transformer 
bank. At 9:40 a.m. on August 12, another 69-kV cable 
failure led to the removal of a third transformer bank. 
To relieve the growing overload at the Jefferson substa­
tion, ComEd switched some power to a new spare trans­
former at its LaSalle substation, but this unit quickly 
began to overheat because of a problem with its circu­
lation system. Finally, in the early afternoon, ComEd 
issued a 45-minute warning that power would have to 
be cut to much of the South Loop while system repairs 
were undertaken. 

The effects of the outage were widespread. Along 
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with scores of major commercial buildings, 
the Chicago Board of Trade was forced to 
close and the Options Exchangt: halted 
trading temporarily. Closure of the Dirk­
sen Federal Building affected offices of the 
FB1 and the U.S. attorney and dozens of 
federal courtrooms. 01her cus1omers, in­
dueling the UniYersity of Illinois at Chi­
cago. had to rely on backup sources to meet 
their power needs. AL a press con­
ference LhaL afternoon, a visibly an­
gry 1.ayor Richard Daley expressed 
Lhe sentiments of m,my Chicagoans 
when he said of CornEd: "We're 
sick and tired of them, and they 
had betcer change." 

ComEd acted quickly Lo under­
take a thorough analysis of what 
went wrong and what changes 
would be needed to prevent a re­
currence. "'vVe must improve our 
maintenance and inspection proce­
dures," said the utility's chainnan, 
John Rowe. "We are going to do 
this root and branch. I'm going to 
get more people involved, includ­

ily for ensuring that required maintenance 
wa� actually clone, a lack of communica­
tion between departments, and an over­
centralized organization in which manage­
ment was often detached from events in 
the field. 

The initial results of this assessment 
were presented to a panel of industry ex­
perts in formal sessions on August 26 and 

ing contractors." of problems that led to a major power outage in Chi­
cago's South Loop business district last August. A 
quickly assembled EPRI response team of two dozen 
experts worked on-site with Commonwealth Edison 
personnel to analyze the sequence of events, identify 
their root causes, and create a comprehensive plan 
for avoiding recurrences. Com Ed has since launched a 
two-year, $ 1 .s billion upgrade of its downtown distri-

To help organize this erfon, 
Corned officials called on EPRl, 
whose response team members be­
gan to arrive in Chicago the day a f ­
ter the outages. Eventually more 
th::in two dozen EPRI staff experts 
worked on-site for 12 straight days, bution system. 

and support continued for months. Re­
sults from the investigation formed the ba­
sis of ComEds formal response to the Illi­
nois Commerce Commission and to the 
city of Chicago. 

The EPRI team worked side by side 
with si." ContEcl teams Lo conduct a com­
prehensive review of operaLion and main­
tenance practices, equipment condition 
and design, planning procedures, and or ­
ganizational issues. The teams discovered 
instances in which alarms on critical 
equipmenL bad been disconnected, cable 
and transformer maintenance had not 
been performed as needed, and both field 
staff and engineers at company headquar­
ters were unfamiliar with equipment i n ­
strumentation. More important, the teams 
identified several root causes for 1hese fail­
ures, indutling a lack of clear responsibil-
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September 10. AfLer Lheir comments were 
incorporated, a final report was submitted 
ro Mayor Daley on September 15- almost 
exactly a month after the South Loop out­
age. Describing the results as "sobering, 
but essential." ComEd Chairman Rowe 
concluded that "for the first time, we have 
a dear and complete picture of what and 
where. the problems are. We also have a 
clear idea of exactly what needs w be clone 
and when." 

Need for urgent-response services 

More and more, as profound changes 
sweep Lhe electric power industry, EPRI is 
providing the kind of urgent technical re­
sponse just described. At the same time 
that electricity generation, delivery, and 
encl-use technologies are becoming more 
sophisticated. many ulilities- focused on 

cutting costs- are reducing in-house tech­
nical staffs and maintenance budgets. As 
a result, utilities are increasingly finding 
thal they lack the internal resources re­
quired LO handle technologically complex 
emergencies. Rapid problem solving is es­
pecially important in the power delivery 
area, where failures can impact customers 
directly and immediately. The Com Ed out­

age was not an anomaly; reli­
ability problems, particularly 
1hose related LO maintenance, 
have become more frequent in 
the industry in the past sev­
eral years. 

For example, 011 August 26 
of last year, lndianapolis Pow­
er & Light contacted EPRI for 
assistance in investigating se­
vere corona discharge activity 
in Lheswitchyard ofiLS Peters-

burg power plant. Problems occurring over 
a two-month period had led lP&L to tem­
porarily shut down 1700 MW of genera­
tion and had resulted in the destruction of 
rwo generation step-up transformers. The 
day after the utility's request, EPRl had an 
investigator on-site to begin a series of de­
tailetl inspections, which included the ap­
plication of a recently developed camera for 
detecting corona activity in daylight. (See 
the Winter 1999 issue of the Journal for 
more information on this technology, the 
DayCor camera.) 



The investigaLOr found the problem 10 
be severe contamination of electrical insu­

lation in the switchyard and on the exil­

ing transmission line. The root t:ause of 

this contamination was cooling tower ef .  

Ouent, more of which was present than 

usual because of damaged and deterio­

rated bafnes in the tower. The enluent also 

had a higher-t.han-normal concentration 

of dissolved solids. The investigator rec­

ommended a new cleaning program for 

the insulating material. Longer-term rec­

ommendations included the installation 

of new eqU,ipmenr-monitoring procedures 

and 1he streng1hening of preven1ive main­

tenance efforts. 

Equipment contamlna1ion was also re­

sponsible for reliability problems on the 

69-kV system of Maui Electric Company. 

For some time, MECO had been experi­

encing insulator Uashovers, which can re ­

sult in severe outage conditions. On De­

cember 28, 1998. a downpour of about 

1.5 inches (3.8 cm) of rain in one hour 

nearly caused an island-wide blackout 

The following week. at MECO'.s request, 

an EPRI team conducted site inspections 

and analyzed insulaLOr performance. The 

team concluded tha1 1he insulators had 

high contamination levels and required pe­

riodic washing. On-site discussions with 

the utility:S substation and line mainte­

nance personnel led to the identification 

of other system problems. These included 

the unexplained tri pping of double-circuit 

lines, role-iop fires occurring upon amo­

reclosure into an existing fault due lo un­

reliable communication be1ween line-end 

relays, and the misoperation of lightning 

arresters due LO degradation of grounding 

schemes by vandalism. A report document­

ing all the findings was provided promptly 

10 MECO for use in hearings with local 

regulatory bodies. 

The need for such immedia1e technical 

problem solving is likely LO grow substan­

tially as the elecLTic power industry contin­

ues to evolve. EPRI is answering this need 

by providing new urgent-response services 

based on 1he unique expertise of its siaff. 

Increasingly, such technical suppon will 

be of
f

ered tbrnugh a new service-oriented 

subsidiary, EPRisolutions, Inc. (see side­

bar, p. 30). 

One of the first services to be offered by 

EPRlsolutions is a power delivery system 

performance :iudiL designed 10 prevent the 

type of costly failures experienced at Com­

Ed, IP&L, and MECO. Such an audit is 

conducted by a team of EPRI staff mem­

bers, including personnel fTom the T&D 

Engineering and Test Centers in Lenox, 

Massachusetts, and Haslet, Texas, which 

are operated for EPRI by EPRlsolu1 ions. 

Typically a team has a dozen members or 

so- experts in system engineering, equip­

ment rating and condition assessment, 

system planning and operations, and main­

tenance practices and policies. The team 

works with customer staff-usually for two 

10 three weel<s-10 identify sys1em weak­

nesses, propose remedies, and prepare a 

strategic plan for implementing changes. 
A similar service will be offered to cleler­

mi11e the root causes of problems that have 

already developed. To date, more than half 

a dozen utilities have expressed interest in 

receiving a power delivery system perfor­

mance audiL 

Services by subscription 

Another type of urgent-response support 

is provided by EPRl's Nondestructive Eval­

uation Center in Charloue, North Caro­

lina. EPRI members subscribing to 1he 

NDE Center can dedic.:ate up Lo 20% of 

their funds for Subscriber-Requested As­

sistance (SRA)- expen assis1ance with 

current NOE-related problems at nuclear, 

fossil ,  and hydro plants. SRA results are 

communicated to other subscribers in or­

der LO extend the henefi1s of this work. In 

1999, a LOtal of l69 SRA activities were con­

ducted for 39 subscribers. 

When South Carolina Electric & Gas, 

for example, requested help with heat ex ­

changer tube leaks a1 its V. C.  Summer nu­

clear plant, NDE Center staff conducted 

an on-site review of ou1age inspection ac­

tivilies. In analyzing eddy-currenL data for 

selected heat exchanger tubes, the EPRl 

team found evidence of internal pitting, 

which could have been contributing LO the 

leaks. The removal and destructive evalu­

ation of one tube confirmed the presence 

of pits. 

Another SRA Learn helped Niagara Mo­

hawk Power assess ultrasonic examination 

data that seemed lo indicate intergranular 

stress corrosion cracking (IGSCC) in re­

circulation system welds at the Nine Mile 

Point nuclear plant. The indications were 

puzzling, since the type of stainless steel 

used in the welded joints was considered 

to be especially resistant LO .LGSCC. To de­

termine the cause of the ultrasonic exami­

nation anomalies, the NDE Center experts 

performed a detailed review of each weld. 

They concluded that the irregularities were 

related to the fabrication of Lhe joints, not 

t0 IGSCC. 

The Maintenance and Diagnostics 

(M&D) Center in Charlotte, which is op­

erated for EPRI by EPRlsolutions, also 

provides urgent!>' needed technical sup­

port to utilities. In particular. it helps them 

avoid problems at fossil-fired power plants 

through predictive maintenance programs. 

AL  the Salem Harbor and Brayton Poinl 

plants of New England Power, for exam­

ple. M&D Center experts worked with 

plant staff in using infrared chermography 

(IRT) LO anLidpate equipment problems. 

An !RT survey a1 Salem Harbor during es­

pecially hot weather revealed that the only 

operative auxiliary cooling water pump on 

one generation unit had a motor lead that 

was abolll to melt. It also found that a 

large (2500-hp) boiler feedpump moLOr 

was overheating because of a clogged air 

filtration system. 

ln another effort, an M&D Center team 

helped Cinergy develop a predictive main-

1enance program for detecting incipient 

failures in electric motors. The program 

technologies included !RT, curre111 moni­

toring, lubricating oiJ monitoring, electri­

cal tests, and vibration analysis. By follow­

ing the team's recommendations. Cinergy 

detected and repaired problems in four 

large motors, for estimated cost savings of 

$182,000 over the three-year period dur ­

ing which failures would probably have 

occurred. 

End-use services 

Many of Lhe technical problems members 

bring to EPR! for urgen1. expert assistance 

involve an electrical end-use application al 

a cusLOmer site. In such cases. solutions 

may be provided either by the EPRL tech­

nical development staff or by one of the 
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centers and offices t hat make up the Retai l 

Tech no logy Appl ications etwork. 

When the ew Yo rk Power Aut hori ty 
( YPA) had a prob lem with fluorescen t  
lamps al t he  World Trade Center, for ex ­
am ple, i t  cal l ed  on EPRI  PEA Corpora­
tion in Knoxvi l l e ,  Ten nessee , fo r  tec h nical 

support . (Formerly cal l ed the  Power Elec­
t ronic A pp l icat ions Cen t  r, PRl PEAC is 
now a ub idiary of PR lsolut ions. ) Ear­
l i er, the problem had seemed simp le :  som e  
compac t  fluorescent lamps i nsta l led by 

YPA in the lobby of the twin-tower  office 

complex were flicke ri ng and needed to be 
replaced . The o rig i na l l amp d id  in fact 

prove L O  be de fec t ive ,  bu t  t he  new ones 
also be haved i n  a puzzl i ng manner :  they 
d im med each L ime the  complex's HVAC 
system was witched off for t he  night. 

YPA was concerned noL on ly abou t  fix­

i ng the proble m but a l  o abou t  fi n d i ng a 

way LO m i n im ize on- i te work and di rup­

L ion to the customer' business operations. 
PEA C wa able Lo meet both of th ese 

needs by imulat ing the lamps' operat ing 
enviro n ment i n  a laboratory at the niver-

s i ty  of Tennesse . Tests on samp le lamps, 

fix t ure , and ba l lasts revealed t hat-con­
trary to i n i t ia l  pecu lat ion-l ight ou tput 
did not change simply as a resu l t  of cooler 
ambient  temperat ure . H owever, further 
exper iments showed that when the  lam ps 

were subjected Lo a cold dra ft of a i r, t hey 
d i m med d rama t i ca l ly. The  i nvestiga t o rs 
conc l uded t hat the cau e of the  di m m ing 
problem was the f low of cold air through 
t h e  l obby's p lenum w hen the  H AC sys­
tem was tu rned of

f

. 
On the basis o f  t h i  fi nding ,  PEAC staff 

recommended a su rpri i ng ly  i mp l e solu­
t ion-ins ta l l i ng i nexpen ive gasket over 
ho les in the lamp fixtu res to keep out the 
d rafL . This o lu t ion , which was verified in 
the test chamber be fore be ing p u t  i nt o  
pract ice , e l im i na ted the d imm ing problem 

and a l l owed YPA to avoid the co l o f  re­

p laci ng the  lam ps and fix t u re . 
Becau e of i t  re pu tat ion fo r i n tegri Ly, 

E P R L  is al o i n  a n  excel l ent  position to 
quick ly pro ide cu tomer with obj ect ive 
in format ion  abou t  clai ms made by en­
dors of end-u e equi pment .  Orange and 

Rock land t i  I i  t ies ,  for exam ple, con tacted 
EPRls Heat ing, Venti lat ion , Air Condi t ion­
ing, and Refrigeration ( HVAC&R) Center 
in Mad i so n ,  Wisco nsin, fo r he lp  in deter­
mi n i ng whether a new re ident ial t hermal 
sLO rage un i t  wo u ld  al low ho meowner LO 

be nefi t  from the  u t i l i ty 's o ff-peak prici ng 

progra m . Such u n i t  ty pica l ly  consi st of 
elect r i c  res istance str ips buried inside a 
la rge mass of bricks. At n ight ,  the bricks 
are h ea ted by means of i nexpe nsive elec­
tr ic i ty ; t h en ,  during the day, t hey provide 

heat w i l l, t he  he lp o f  a mal l  fan .  The 

product i n  que  t ion , h owever, c la imed to 
pro ide t h  se benefi ts without the need for 
a massive storage medium , which raised 
the u picions  of ut i l i t  personnel who 

were a ked whether t hey would recom­

mend the  prod uct .  
Expert s  at the  H &R Cen t e r con -

fi rmed t hat the  man u fact u re r' promi  es 
were i ndeed too good to be true .  The 
product turned ou t  to be a si mple  base­
board electr ic resistance tr ip heater, w i t h  
a la}1er of i nsu la t ing mater i a l  wrap ped 

around i L .  Even t hough the  dev ice so l d 

EPRisolutions: Latest Member of the EPRI Family of Companies 0 ne imponant side effect of elec­
tric power i ndustry res t ructur­
ing has been a reduction in the 

huma n and capital resources alloca ted 
for introduc ing new technologie . In par­
t i cular, the e ngineeri n g sta ffs o f  many 

util ities have been cut , and cri t ical main­
tenance and operations functions have 
been outsourced . The resu l t  is a growing 

demand for technol ogy-related services, 

includ ing produc t  custom izat ion , i nstal­
latio n , and t rai ning. As a major source of 
technologica l i nnovat ion for t he indus­
try, EPRl is in a u nique position to pro­
vide such service , both Lo members and 
to no nmembe rs. Because some of these 
private-benefit  ervices l ie b yond t he 

scope o f  EPRl's tax-exem pt m i  ion to 
cond uct a co l l aborat ive R&D program in 
the  publ ic in t e rest ,  they can best be pro­
vided through a new taxable subsidiary­
E PRJsolutions, J nc .  

"Through PRlsolution , EPRI wi l l  be 
able to explore new marke t and reach 
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new custo mers, " says Karl Stahlkopf, an 
EPRl vice president and the CEO of EPRI­
solmion . "The primary purpose of set t ing 

up the nev subsidiary is to increase the  
satisfact ion of EPRl  members by  offer ing 
them a broader range of ervices t han we 
could before. We also want to serve the 
needs of other companies-both inside 

and outside the electric power industry­

in order to enhance EPRl 's reven ue base 
and Lo at tract new k inds of customers." 

�EPf21 
r- .� S O L U T I O N S 

EP R!sol.ul ions is be ing formed th ro ugh 

the merger o( two previously existing sub­

sidiaries , E P RI C  G and EPRLG E . Those 
subsidiar i e were created to al low EPRl to 
conduct proprietary R&D on behalf of in­
d.ividual funders, who would retain r ights 
to the i ntel l ectual property i nvolved . I n  
addit ion LO con t i nuing t h i  acl ivi t y, EPRl ­

solut ion wi l l  provide customized t echnol-

ogy application and consul ting services . 

EPRI olu l ions formall y came in to bei ng 
January 1 , 2000. 

"By helping customers adapt EPRl 

products to meet their specific needs and 
by t raining t h eir sta ff in how to use these 

products more effectively, we can enhance 
the value o( the technologies a lready de­

vel oped through E PRl's widely respected 

research program," Stahlkopf concludes. 
"Our focus is on offering integrated service 
packages-that is solutions to everyday 
business problems-rather than isolated 
services. In addi tion , the organizational 
leanness of EPR!solutions wil l  help us re-

po nd more quickly to meet customer ' 

urgent needs." 
For EPRL m embers , many of the ser­

vices provided by EPRlsolutions wi.l l  be 
coordinated through the planning activi­

t ies of EPR I ' Sec tor Applicat ions s ta ff. 

onmember c usto mer of EPRlsol ut ions 
can tap the  expertis of EPRl  sta ff on a 
con tract basis . D 



can help a utility select a 
cost-saving new technology 
that will be useful in attain­
ing regulatory compliance. 
When onhwestern Public 
Service was looking for a 
better way to remediate soil 
at a manufactured gas plant 
site, it asked EPRl for advice. 
Working directly with the 

3 utility'.s environmental con­
� sultant to assess the situa-

__..,_-+--w ! tion, EPRJ staff saw a unique 
? opportunity to use a mobile 
i rotary kiln and oxidizer to 
� separate coal tar residues 

for four times the price of 
the heater alone, the main 
selling point was thal its 
installed cost was far less 
than that of an electric heat 
pump. What the advertise­
ments did not say was that 
the heat storage capacity of 
the insulating material was 
far too low for this type of 
application and that the unit 
would consume two to five 
times more electricity than 
a heat pump. Armed with 
this information, Orange and 
Rockland decided not to rec­
ommend the product to its 
residential customers. 

The New York Power Authority called on EPRI PEAC Corporation for assis- from the soil and destroy 
tance with an intractable lighting problem at a high-profile customer site: the them. With this advanced 
lobby of the World Trade Center's twin-tower office complex. By simulating technology, the utility was 

able to treat almost twice as 
much soil as originally an-

Response to environ­

mental challenges 

the lobby's lighting setup and operating environment in the laboratory, PEAC 

was able to pinpoint the source of the problem and develop an inexpensive 

solution without disrupting business operations at the center. 
In the environmental area, 
EPRl staff members spend considerable 
time each year responding to industry 
needs for expert tescimonr on regulatory 
issues and to requests from indi\'idual util­
ities for help with regulatory compliance. 
The stakes are often high, and the re­
sponses must be timely. 

One of EPRI's most important comribu­
tions in support of science-based regula­
tion was to provide the U.S. Environmen­
tal Protection Agency with information on 
high-volume combustion ash and sludge 
from fossil-fired power plants. This infor­
mation influenced the EPA's determination 
that the ash and sludge should be regu­
lated as nonhazardous waste. The Utility 
Solid Waste Activities Group credited this 
regulaLOry input for nearly $6.4 billion in 
benefits. Currently, EPRI experts are work­
ing with the EPA on issues critical to the 
accurate measurement of fine-particulate 
emissions. In light of this ongoing work, 
the EPA has decided to postpone its im­
plementation of new fine-particulate stan­
dards until after 2002. and Congress has 
urged the agency to coordinate its research 
plans with EPRJ's. 

The type of regulaLOry compliance as­
sistance available to individual utilities can 
be illustrated by an air qualil)' modeling 
effort with Golden Valley Electric Associ­
ation. GVEA's coal-fired power plant in 

Heal}', Alaska, is located just outside De­
nali National Park and Preserve, and there 
was concern that when a new generation 
unit was added to the plant in 1998. total 
emissions of sulfur dioxide would exceed 
ambient air quality standards. The EPA 
computer code used to model the air qual­
ity indicated that 501 emissions would vi­
olate hourly standards unless an expensive 
control system was installed. This model 
was relatively old, however, and was be­
lieved to overestimate ground-level 502 

concentrations for the specific building 
configuration and meteorological condi­
tions at Healy. 

GVEA turned to EPRI, which had been 
developing a more refined air quality 
model called PRIME. The two collabo­
rated closely to modify PRJME to ensure 
its applicability for modeling plume rise 
and dispersion at the Healy plant. Results 
from the customized model indicated that 
501 concentrations near the plant would 
be only about one-half as high as calcu­
lated earlier-meaning that a less expen­
sive control system could be used. When 
EPA staff agTeed that PRIME was the more 
accurate model in this case, the state of 
Alaska approved an air quality permit for 
the Healy plant, with concurrence from 
the U.S. National Park Service. 

Sometimes, EPRI environmental experts 

ticipated while still finish­
ing the job on schedule- and at a much 
lower cost than possible with other alter­
natives. As a result, orthwestern received 
an EPA Region Vlll Outstanding Achieve­
ment Award for leadership and Innovation. 

Services for a competitive era 

EPRl's new service initiative is expected to 
have a broad impact. Certainly it will en­
hance EPRI's ability to serve its current 
members effectively and open up new 
markets for its technical expertise. And as 
EPRl President and CEO Kurt Yeager 
points out, larger issues are also at stake: 
"Technology holds the ker to success in a 
more competitive electric power industry, 
but applying advanced technologies is dif­
ficult in an era of severe cost cutting. Pro­
viding new technology application ser­
vices. both as part of EPRL's collaborative 
R&D program and as a commercial busi­
ness venture through EPRlsolutions, will 
play an important role in keeping our in­
dustry at the cutting edge of innovation in 
an unprecedented period of rapid techno-
logical change." • 

Bacl1g1ound infonnaLion for this article was provided 
by Karl S1ahlhopf (lmah/l,o@epri.com), Rob \\/illrite 
(nvilhite@epri.com), Ken Huffman (11hu1Jman@ 
epri.com), Don Von Dollen (dvondoll@epri.com). Ken 
P,ie"5t (hpriesl@epri.com), Bill Coleman (wcoleman@ 
epri.com), and Peter Millett (p111illett@epri.com). 
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I n  the Field 

Phased-Array Technique 
for D isk Inspection 

E 
PRI has developed a phased-arra 
ul trasonic technology that provides 

11 better, faster, and cheaper nond� true­
l ive exam i na t ion (NOE) teclmique for 
inspecting nuclear steam turbine compo­
nents. Last fall, Arizona Public Service 
and Al liant Energy each successful l  used 
the techni que during a plan t outage to 
exam ine tu rb ine di k blade attachments .  

uclear plant operators have used a 
variety of surface-sensitive DE tech­
niques-for example, l iquid penetram, 
magnetic particle, and eddy-current tech­
niques-to inspect b lade attachment re-

gions. For some designs (axial entry) , in 
which certain areas of a blade attach ment 
are exposed. these procedu res can be ap­
plied wi.th the blades in place. Bu t for the 
straddle-mounL design , in w hich a blade 
straddles the ent i re attachment , urface 
inspections can be conducted only wi th 
the blades removed. To pe rform inspec­
tions on rotors of this design with the 
blades in place, an u ltrasonic technique 
featuring a broad-beam , fixed-angle r rans­
ducer set was developed in the 1960s and 
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Demonstrat ion and  appl ication of EPR I  sc ience and technology 

ha been u ed with l i ttle variation ever 
since. However, the i nadequate resolution 
and sizing capabil i ties or this approach , 
along with a propensity for false cal ls , 
have made it necessa,y to remove blades­
a time-consuming and expensive proce­
dure-to veri fy i ndica tions. 

fn 1 997 ,  a an a l ternative to the con­
vent i onal broad-beam approach , EPRl 
developed t he phased-a rray uluasonic 
technique, which sho rtens inspec tions, 
reduces the ra te of fa lse cal ls, and offers 
improved depth sizing. The new tech­
n ique u es a l i near array probe contain i ng 
a series of mall individ ual u l trasonic 
transducer elements .  When the probe is 
programmed for the blade attachment 

applicat ion, i t  successively and rapidly 
generates longi tudinal-mode or shear­
mode sound beams or both. The beams' 
angles typically range-in increments of 
l degree or Jes -from 30 to 80 degrees. 
In contra t ,  ound heams from a conven­
tional probe have a ing le ,  c n tant angle . 

The first commercial appl ication of the 
phased-array technique took place a t  Ari ­
zona Public Service's Palo Verde plant . 
'The results were as good as or better than 
we expected," reports Bill Lehman of APS. 

Because better data were gathered, i t  was 
possible to make more-rel iable interpre­
tations, he says. The system performed 
within the a llollecl t i me and i expected 
LO reduce the t i me for turb ine disk blade 
attachment inspections. Speedier in pec­
tiol15 will be importan t  in future outages, 
since outage schedules are hrinking. 

At A l l iant  Energys Duane Arnold plam, 
person nel had origina l ly  planned to use 
the new technique only LO obtain baseJj ne 
i n formation be.fore performing a mitiga­
t ion process that i nvolved removing the 
turbi ne blades and machining the dove tai l 
area. -when it was discovered that remo -
ing Lhe blades could damage t hem or the 
rotor, however, phased-array ul t rasonic 
in pection became the only way to asses 
the condi tion of the blade at lachments. 

The pha ed-array technique provided 
"good data and an accurate pi cture of lhe 
condit ion of the dovetail ,"  says Al liant's 
Mark H ul i ng, addi ng that i t  "picked up  a 
smaU crack through a 4- to 5-inch metal 
path wi thout blade removal . ' Fluorescent 
magnetic particle test i ng was used LO con­
firm the crack location . Th crack was o 
tight, H u ting says, that i ts location had Lo 
be poimed oul LO the examiner. 

All iant's confidence in the inspection 
data enabl ed it to cancel stress corrosion 
crack ing mi tigat ion and thus avoid the 
possibi l i ty of damage to the dovetail dur­
ing blade removal. The cancel1aLion also 
reduced the turbine outage chedule by 
everal days.  Hu ting cal ls the phased­

array 1 echnique " the most i mpre sive new 
technology I have seen in a lo ng time . "  

The EPRI project'.5 commercial ization 
program provided information on the 
technique' de e lopmem to parcicipacing 
inspection companies in order to reduce 
economic and technical risks and facil i­
tate customization for their applications. 
General Electric agreed to pursue the 
technology and subjected i t  to i ts Si 
Sigma Qual i ly Control program , a re og­
nized program for reducing product error. 



After the successful completion of t hat 
program last Se1 tember, GE began o ffer­
ing commercial appl ications. WesDyne 
In ternational i curren t ly di cu ing a 
s imilar commercializati on arrangement 
wilh EPR! for appl).fog the technique LO 
axial-enrry blade attachments. 
• For more i 11fonnatia11, contact Pau l  Sabourin, 

psc1bou ri@epli .com, 704-547-61 55. 

Maintenance Optimization Yields 
Savings for Nevada Power 

I n order LO mee L 1.he growi ng demand for 
low-cost electrici� many energy com­

panies are implementing new mainte­
nance s trategies to improve equipmen t 
rel iabi l i ty, un i t  avai labi l i 1 y, and work pro­
ces flow. Power plan t  maintenance an 
be react ive ,  pre entive, or planned-or a 
combination of the three. Optimal main­
tenance i t he lowest-cost mai ntenance 
that achieves the desired level of equip­
ment rel i ability. 

At Nevada Power's Clark-Sunrise-Harry 
Allen (C HA) combust ion turbine com­
bined-cycle complex , past maintenance 
strategies mainly entai led time-based pre­
ventive main tenance, which was under­
u t i l ized ,  and correct ive maintenance, 
which was u ed aggressively a nd created 
a reacr ive environment. The company de­
cided to develop a condition-based pre­
dicti ve maintenance (PDM) approach . 
A l Lhough ome PDM technologies and 
to Is were in place at C HA, the  informa­
tion provided by Lhose technologi wa 
not being u eel as effect ively as possibl 
to guide maintenance decisions . Nevada 
Power sought EPRI's hel p in formatizing a 
PDM approach. The company wanted its 
program to integrate al l t l1e  avai lable data 
relevant for making timely decisions on 
equipmen t maintenance. 

To help Nevada Power establish the pro­
gram , staff from EPRI'.s Plant Maintenance 
OptimizaLion Target, Maintenance and 

Diagnostics Center, Cu tome.r Assistance 
Center, and Combustion Turbine Cen ter 
conducted a PDM and performance assess­
ment study for 12 gas turbine ornbined­
cycle units at CSHA. The project, which 
began in 1 997, produced a detai led plan 
and schedule for the development, imple­
mentation, and coordination or a PD. 
program at the complex and al l  associated 
support organizations. The plan empha­
sized the step to be tal en LO develop 
meaninofu! PDM implemen tation , perfor­
mance irnpr vemenl, and combustion 
turbine long-term planning and mainte­
nance management programs. 

The project incl uded PDM leve.1-of­
awareness trai 11ing that required active 
partic ipation and communication by 
many plant and central support person­
nel--critical ingredients for a successful 
condition -based maintenance program.  
Tbe final project report to  Nevada Power 
listed the strengths and areas for improve­
ment identified ac CSHA and laid our a 
comprehensive plan for implementing the 
re o mrnendaUons. Among the steps rec-

ommended were that existing perfor­
mance information be distributed to op­
erations staff at a l l  levels and that such 
key data user as plant operators consis­
tently take into accou nt diagnostic and 
performance informat ion .  

Increasing the effectiveness of infor­
mation management al CSHA resulted 
in improved uni t  efficiency and immedi­
ate performanc gai ns. For the first si x 
momhs of the PDM program ,  evada 
Power e.stimared net savings of approxi­
mately $309,000 for maintenance on tur­
bines, transformers, batteries, and pumps. 
On t he basis of current capacity factor , the 
company projects total annual benefits or 
$600,000 to $900.000 from plant mainte­
nance opt imization , primari ly in the form 
of reduced costs for maintenance and 
increased electricity production. "Because 
or this predicti e maintenance project, 
we're doi ng a better job of deciding what 
we should be doing and bow often we do 
i t , "  says Ne ada Powers B ruce Humes. 
• For more injonnation, contact Madi 

DcCostcr, mdecoste@ pri . com, 650-855-254 1 .  
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To place an order, ca l l EPRI Customer Service at 
800- 3 1 3-3 774 or 650-855-2 1 2 1 , a nd  press l for 
software or 2 for tech nical reports. Target fund­
ers can download an Acrobat PDF fi le of a tech­
n ica l report by searching for the report number 
on EPRl 's Web s ite (www.epr i.com). 

Energy Delivery 

Disaster Planning and Mitigation Technolo­
gies: Interim Technology Inventory Report 
TR-1 08972-V4 
Target: D i saster P lann i ng  and M itigation 
Technologies 
EPR I  Project Manager: R .  Bernstein 

UPS-Substation™: Evaluation, Conceptual 
Design, and Generic Specification 
TR- 1 1 1 09 1  
Target: Substat ion Assets Ut i lization 
EPR I  Project Manager: 5. Eckroad 

Femtosecond Communicat ion: Time 
Multiplexing on an FS Time Scale 
TR-1 1 1 786-Vl 
Target: Disaster P la n n ing and M it igation 
Technologies 
EPRI Project Manager: R. Bernstein 

Eval uation of field Diagnostic Techniques 
for Transmission Cable Accessories 
TR-1 1 2676 
Target: U nderground Tran smission 
EPRI Project Manager: W. Zenger 

Integration of Distributed Resources In 
Electric Uti l ity Distribution Systems: 
Distribution System Behavior Analysis 
for Rural and Urban Feeders 
TR-1 1 2737 
Target: Distributed Resources Informat ion and 
Tools for Bus iness Strategy Development 
EPR I Project Ma nager : F. Goodman 

TAG• Technical Assessment Guide, Vol .  S;  
Distributed Resources 
TR- 1 1 3 1 65-VS 
Target: Distributed Resources Information and 
Tools for Business Strategy Development 
EPR I Project Ma nager : G. Ramachandran 

Prototype Intel l igent Software Agents for 
Trading Electricity 
TR- 1 1 3366 
Target: Gr id Plann ing and Development 
EPR I Project Manager: M. Amin 

Estimates of Production Cost Variance 
Using Chronological Simulation 
TR- 1 1 3395 
Target: Grid Plan ning and Development 
EPRI  Project Ma nagers: N. Abi-Samra ,  R. Adapa 
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Dynamics of Streaming Electrification In 
Large Power Transformers 
TR- 1 1 346 1 
Target: Substation O&M 
EPRI Project Manager: 5. Lindgren 

UCA Substation Communication Initiative 
Demonstration 
TR-1 1 3480 
Target: Substation O&M 
EPRI Project Manager: J . Me lcher 

Remotely Controlled Manhole Cover 
Removal System 
TR- 1 1 3485 
Target: Underg round Distribution Infrastructure 
EPRI Project Manager: R. Bernstein 

GIS/GPS Workshop '99: Applications and 
Developments for Electric Uti lities 
TR- 1 1 35 1 3-CD 
Targets: Overhead Transmission; Disaster 
P lan ning and Mitigation Technologies; Rights­
of-Way Environmental Development and 
Management 
EPR I Project Manager: M. Ostendorp 

Optical Sensors: Exploratory Work and 
Future Research 
TR-1 1 3533 
Target: Substation O&M 
EPRI Project Manager: R. Lings 

Streaming Electrification Model Tests 
TR- 1 1 3535 
Target: Substation O&M 
EPR I  Project Manager: 5. L indgren 

1 38-kV Maintenance Hole Cover Restrain­
ing System Testing 
TR- 1 1 3556 
Target: U nderground Transmission 
EPRI Project Manager: W. Zenger 

Issues and Solutions: North American Grid 
Operations (2000-2005) 

TR- 1 1 3565 
Target: Grid O&M 
EPRI  Project Manager: S. Lee 

On-line Transformer Winding and 
Dielectric Monitori ng: Laboratory and 
Field Test Results 
TR- 1 1 3650 
Target: Substation O&M 
EPRI Project Manager: B. Ward 

Proceedings: Transformer Rel iabil ity­
Management of Static Electrification 
TR- 1 1 374 1  
Target: Substation O&M 
EPRI Project Manager: 5. L indgren 

Development of STATCOM 
AP-1 1 3826 
Target: Substat ion Assets Ut i l ization 
EPRI Project Manager: A. Edris 

Design, Installat ion, and Operation of 
American Electric Power ±320-MVA Unified 
Power Flow Control ler 
TR-1 1 3839 
Target: Substation Assets Util ization 
EPRI Project Manager: A. Edris 

Practical Guide to SF
6
-Handling 

Practices 
TR- 1 1 3933 
Target: Substation O&M 
EPRI Project Manager: B .  Damsky 

Transformer Moisture-in-Paper Assessment 
Method: Field Trial 
TR- 1 1 4075 
Target: Substat ion O&M 
EPRI Project Manager: S. L i ndg ren 

Strategic Role of Distributed Resources in 
Dlstrlbl.!tion Systems 
TR- 1 1 4095 
Ta rget: Distr i bution Systems 
EPRI P roject Manager: S. Chapel  

Iii Area Investment Strategy Model 
Version 1 .5 (Windows 95); AP- 1 09730-R 1 
Ta rgets: Distribut ion Systems;  Underground 
Distr ibut ion Infrastructure 
EPRI Project Manager: 5. Chapel 

ii MMW: Maintenance Management 
Workstation 
Vers ion 1 . 1  b (Windows 95, NT); AP-1 1 2428-R l 
Target: Substat ion O&M 
EPRI Project Manager: P. Vujovic 

Iii PQ Planner 
Version 1 .0 (Windows 95, 98, NT); AP- 1 1 0346 
Target: Power Qual ity for Improved Energy 
Del ivery 
EPRI Project Manager: A. Sundaram 

Iii SOWorkstation: Substation Design 
Workstat.lon 
Vers ion 2.0 (Windows 95 ,  98, NT); 
AP- 1 1 4649 
Ta rget Substat ion O&M 
EPR I  Project Manager: B .  Damsky 

fl SEPIA: Simulation of Complex Systems 
for the Power Industry With Adaptive 
Agents 
Version 1 .2.3 (Windows 95, NT); AP-1 1 28 1 6  
Target: Grid P lan n ing and Development 
EPR I  Project Manager: M. Amin 



II T IM Oracle: Transmission I nspection and 
Maintena nce System 
Version 2.4 (Windows 95, NT); AP- 1 1 4634 
Target: Overhead Transmiss ion 
EPRI  Project Manager : P .  Lyon s  

Environment 

Eval uat ion of I mplementation of Con­
tained Recovery of Oi ly Waste (CROW™ ) 
Enhanced Recovery at a Manufactured 
Gas Plant Site 
TR-1 1 1 7 1 4  
Ta rget: MGP S ite Management 
EPRI  Project Manager: A .  Jain 

Numerica l Eva l uation of 60-Hz Magnetic 
Induction in the H uman Body in Complex 
Occupational Environments 
TR- 1 1 2460 
Targets: EMF Health Assessment; Occupationa l  
Health Assessment 
EPR I  Project Manager: R. Kavet 

Land Application Uses for Dry F lue Gas 
Desulfurization By-Products: Phase 3 
TR- 1 1 291 6 
Target: Groundwater and Combustion By­
Products Management 
EPRI  Project Manager :  D. Golden 

Review of Sediment Removal and 
Remediat ion Technologies at MGP and 
Other Contaminated Sites 
TR- 1 1 3 1 06 
Ta rget: MGP S ite Management 
EPRI Project Manager: A.  Jain 

Soil Compaction: A Com prehens ive 
L iterature Review ( With I nterpretations 
for Tra nsmi ssion Rights -of-Way) 
TR- 1 1 3 1 58 
Target: R ights-of-Way Environmenta l Develop­
ment and Ma nagement 
EPRI Project Manager: J .  Goodr ich-Mahoney 

Soil and Crop Response to Power Line 
Construction Traffic and Shal low and Deep 
Ti l lage in New York State 
TR- 1 1 3 1 59 
Target: Rig hts-of-Way Environmental Develop­
ment and Management 
EPRI  Project Manager: J .  Goodr ich-Mahoney 

Determi nat ion of the Effectiveness of 
Herbicide Buffer Zones in Protecting 
Water Quality 
TR- 1 1 3 1 60 
Ta rget :  R ights-of-Way Environmental Develop­
ment and  Management 
EPRI  Project Manager: J .  Goodrich-Mahoney 

Rig hts-of-Way Stabi l ity: A 1 S-Year 
Appraisal of Plant Dynamics on E lectric 
Power Rights-of-Way i n  New York State 
TR- 1 1 3 1 9 1  
Target: Rights-of-Way Environmental Develop­
ment and Management 
EPRI  Project Ma nager: J .  Goodrich-Ma honey 

Vegetat ion Dynamics Along Uti l i ty Rights­
of-Way: Factors Affecting the Ability of 
Shrub and Herbaceous Communit ies to 
Resist Invasion by Trees 
TR- 1 1 3377 
Ta rget: Rig hts-of-Way E nv i ronmenta l Develop­
ment and Management 
EPRI Project Manager: J .  Goodrich-Mahoney 

GIS/GPS Workshop '99: Applicat ions and 
Developments for Electric Uti l ities 
TR- 1 1 35 1 3-CD (see l i st i ng  under Energy 
De l ivery) 

Envi ronmental Asset Management Study: 
Case Study Report for S ierra Pacific and 
Nevada Power 
TR- 1 1 35 2 1  
Target: E nv i ronmental Assets Management 
EPRI  Project Ma nager :  P. Radcl iffe 

Safety and Health Asset Management 
Study: Case Study Report for Sierra Pacific 
and Nevada Power 
TR- 1 1 3522 
Ta rget: Env ironmenta l Assets Ma nagement 
EPR I  Project Manager: P .  Radcliffe 

Environmental Asset Management Study: 
Case Study Report for Alliant 
TR- 1 1 3580 
Target: Environmental Assets Management 
E PR I  Project Manager: P. Radcl iffe 

A Framework for Hedging the Risk of 
Greenhouse Gas Regulat ions 
TR- 1 1 3642 
Targets: Power Markets and R isk Management; 
Generat ion Asset Management and Valuation; 
Least-Cost Options for Meeti ng Greenhouse 
Gas Em iss ion Red uction Req ui rements 
EPR I Project Manager: T. Wi l son 

Survey and Character izat ion of Util ity 
Vau l t  Waters and Sediments 
AP-1 1 3730 
Target: T&D Soi l and Water I ssues 
EPR I Project Ma nager :  N .  Good man 

Non-PCB Capacitor F l u ids Used in the 
Power I ndustry: Chemical Composition 
and Disso lut ion Characteristics 
TR- 1 1 3974 
Target: T&D Soil and Water Issues 
EPR I  Project Manager: M. McLearn 

II D-MCM: Dynamic Mercury Cycl ing Model 
Version 1 .0 (Wi ndows 95, NT) ;  AP- 1 1 47 1 5  
Targets : Ai r Toxics Hea l th and R isk Assess­
ment ;  Water Qual i ty Cr iter ia and Tox ics in 
Aquat ic  Environments 
EPR I  Project Manager: L. Levi n 

II MANAGES™: Management and 
Evaluation of Groundwater Monitoring 
Data 
Version 2 .5 (Windows 95, 98, NT); AP-1 1 3593 
Target: Groundwater and  Combust ion By­
Products Ma nagement 
EPRI Project Ma nager: K. Ladwig 

II NO. Market Assessor 
Version 1 . 1 (Windows 95, 98, NT); AP-1 1 47 1 6  
Target :  Tropospheric Ozone a n d  Precursors 
EPRI Project Ma nager: G. Hester 

Fossil and Renewable Generation 

TAG" Technical Assessment Guide, Vol . 3 ,  
Rev. 8:  Fundamentals and Methods­
Electric ity Supply 
TR-1 00281 -V3 R8 (see l ist ing under Reta i l  and 
Power Markets) 

Predictive Mai ntenance Guidel ines, Vol .  4 : 
PDM Best Practices 
TR- 1 03374-V4 
Targets :  P lant Ma intenance Opt imization; 
Predict ive Maintenance Program Develop­
ment and Diagnostic Tools 
EPRI Project Manager :  R .  Pflasterer 

Continuous Emission Monitoring Guide­
l ines: 1 999 Update 
TR- 1 1 1 1 65 
Ta rget : Cont inuous and Predict ive E miss ions 
Monitoring 
EPRI  Project Manager: C .  Dene 

Mit igation of Fireside Corrosion in Low-NO, 
Boi lers: State-of-the-Art Assessment of 
Mater ials Solutions 
TR-1 1 2823 
Target: Coal  Boi ler Performance/Com bust ion 
NO, Control 
EPR I Project Ma nager: W. Bakker 

Ki ngsnorth PF ( Pulverized Fuel )  Flow Meter 
Demonstration Tria ls 
TR- 1 1 3033 
Ta rget: Coal Boi ler Performance/Combust ion 
NO, Contro l 
EPR I  Project Manager: R . Brown 

Conceptual Engineeri ng and Cost Estimate 
for 1 00-MW and 20-MW Nominal Capacity 
CASH Plants 
TR-1 1 3360 
Target: New Combustion Turbi ne/Combined­
Cyc le Des ign, Repowering, and R isk M i t igation 
EPRI  Project Manager :  A .  Cohn 

Repair Technology for Stub Tube-to-Header 
Creep Damage 
HW- 1 1 35 1 2  
Target: Foss i l  Repair and Replacement 
Appl icat ions Center 
EPRI Project Manager: D. Gandy 

1 999 EPRI Fossi l Plant Maintenance 
Conference 
TR - 1 1 3534-CD 
Target: Plant Ma i ntena nce Optimizat ion 
E PRI  Project Manager: R .  Pflasterer 

Guidel ines for Upgrading Electrostatic 
Precipitator Performance, Vol .  1 :  Optimiz­
ing an Exist ing ESP 
TR-1 1 3582-Vl 
Ta rget: Pr imary Part icu late Control 
EPR I  Project Manager :  R .  A ltman 
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Using Environmental Solutions to Lubrica­
t ion at Hydropower Plants 
TR- 1 1 3 584-Vl 
Tc1rget: Hydropower Operc1t ions, Relicens ing, 
c1nd Envi ronmentill I ssues 
EPRI Project Mc1nager: M. B lanco 

Rehabil i tating and Upgrading Hydropower 
Plants 
TR- 1 1 3  584-V2 
Target: Hydropower Operat ions, Rel icensing, 
and Envi ronmental I ssues 
EPRI Project Manager: M. B la nco 

R&D/Technology Management Best 
Pract ices Study, Vol .  1 : Executive Summary 
TR- 1 1 3606-Vl (see l isting u nder Reta i l  and 
Power Ma rkets) 

NO, Control F ie ld Test Results on Coal-F ired 
Cyclone Boi lers (CNCIG Programs) 
TR- 1 1 3643 
Target: Coal Boi ler  Performance/Combustion 
NOx Control 
EPRI  Project Manager: D. O'Connor 

Guidelines for Inter-Control Center 
Communications Protocol ( ICCP) 
Implementation: Plant Controls to 
Dispatch Computer 
TR-1 1 3652 
Target: l&C c1nd Automat ion for Improved 
Plant Operat ions 
EPRI Project Manager: R. Shankar 

Revised Guidel ines for Makeup Water 
Treatment 
TR-1 1 3692 
Target : Bo i ler  and Turbine Steam and  Cyc le 
Chem i stry 
EPR I Project Manager: 8. Dooley 

Corrosion of Cu-Ni -Zn Alloys in Water­
Ammonia Power Plant Environments: 
Development of High-Temperature 
Potential-pH ( Pourbaixl Diagrams 
TR- 1 1 3697 
Target: Bo i ler  a nd  Tu rb i ne  Ste am and Cyc le 
Chemistry 
EPRI Project Manager: 8. Dooley 

Assessment of the Laser Welding Process 
for Superal loy Gas Turbine Blade Weld ing 
TR- 1 1 3 748 
Ta rget: Combust ion Turbine and Combined­
Cycle O&M 
EPRI Project Managers: V. V iswa nathan, 
J .  Schei be ! 

Development and Assessment of Advanced 
NO• Catalysts 
TR- 1 1 3775 
Ta rget: Postcombustion NO. Control 
EPRI Project Managers : K. Zammit. R. Chang 

Bioma ss Cofir ing: F ield Test Results (Bail ly 
and Seward Demonstrat ions} 
TR - 1 1 3903 
Ta rget: Renewable Tech nology Options and 
Green Power Marketing 
EPRI Project Ma nager: E .  H ughes 
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Combustion Turbine/Combined-Cycle 
Mon itoring Platform: ORAP L INK and 
Combustion Turbine Reliabi l i ty Analysis 
TR-1 1 3984 
Ta rgets: Com bust ion Tu rb ine and Combined­
Cycle O&M; New Combustion Turb ine/Com­
bined-Cyc le Design, Repowering, and Risk 
M itigat ion 
EPRI  Project Manager: J .  Scheibe! 

Interi m Guidelines for In-S itu I nspection 
and Monitor ing Techniques for Steam 
Tu rbines, Vol .  1 :  Overview of Remote Visual 
Inspect ion 
TR-1 1 3996-Vl 
Ta rget: Steam Turbi nes. Generators, and 
Ba lance of Plant 
EPRI Project Manager: T. Mccloskey 

Strategic Analys i s of Rail road Rate, 
Cost, and Service Prospects: Conflict or 
Cooperat ion? 
TR-1 1 3999 
Ta rget: Fue l  and Power Supply 
E PR I  Project Manager: J .  P latt 

Guide for Building a H igh-Performance 
Generation Plant: A Systematic People· 
Based Approach 
TR- 1 1 4002 
Ta rgets : P lant Maintenance Opt imizat ion; 
Work Process Improvement Guidel ines and 
Techniq ues 
EPR I Project Manage r :  R. Pflasterer 

On-Line Detection of Shorts in Generator 
Field Windings 
TR- 1 1 40 1 6  
Target: Stea m Turbines, Generators, and  
Ba lance o f  Plant 
E PR I  Project Manager: J .  Ste in 

Combust ion Turb ine Design Evolution and 
Risk: Pedigree Matrices for ABB, Genera l  
Electr ic, Siemens Westing house, and 
Siemens Power Advanced Machines 
TR- 1 1 408 1 
Ta rget: New Combustion Turb ine/Combined· 
Cycle Des ign,  Repower i ng, and Risk Mit igat ion 
EPRI  Project Manager: J .  Sche ibe !  

II NO. LOI Predictor 
Version 2 . 1  (Windows); AP- 1 1 3803 
Target: Coal Bo i ler Performance/Combustion 
NO, Control 
EPRI Project Manager: J .  Sta l l ings 

II TURBO-X T"', Level 2 Modules: Cast ing 
and Thick Section s ; Generator (Mechan i ­
cal ) ;  Pressure Blade; Rotor Bore/Periphery 
Version 1 .0a (Windows 95, 98, NT); AP - 1 1 4290 
Ta rget Steam Turb ines, Generators, and 
Ba l ance  of P lant 
EPRI Project Manager: T. McCloskey 

II UMBRELLA: Software for Assess ing NO. 
Control Technology Combinations 
Version 1 .0 (Windows 95); AP - 1 1 3807 
Ta rgets: Coal Boi ler Performance/Combustion 
NO, Control; Postcombustion NO. Control 
EPR I Project Managers :  R. H imes, G. Offen 

Nuclear Generation 

Area and Process Radiation Monitoring 
System Guide 
TR-1 04862-R l  
Ta rget: Nuc lea r  Power 
EPRI Project Manager: W. Johnson 

Application Guide for Motor-Operated 
Valves in Nuclear Power Pla nts, Vol . 1 ,  
Rev. 1 :  Gate a n d  Globe Valves 
TR-1 06563-V l  
Ta rget: Nuc lear Power 
EPRI Project Manager: K. Britta i n  

Alternative Method for Performing 
Regulatory Guide 1 . 1 S4 Pressurized 
Thermal Shock Analysis 
TR- 1 071 28 -R l  
Ta rget: Nuclea r Power 
EPR I  Project Manager: R. Carter 

Guidelines for Leading Indicators of 
Human Performance: Prel iminary Guidance 
for Use of Workplace and Analytical 
Indicators of Human Performance 
TR-1073 1 5  
Target : Nuclear Power 
EPRI  Project Manager: J. Haugh 

Basis for the Regulatory Decision on 
Calvert C l iffs License Renewal 
Application 
TR- 1 07542-CD 
Target : Nuclear Power 
EPRI  Project Manager : J. Carey 

Carbon- 1 4  in Low-Level Waste 
TR- 1 07957 
Targets: Nuclear Power; Decommiss ion ing and 
Shu tdown P lant Technology 
EPRI  Project Manager: C .  Horn ibrook 

Cost/Performance Evaluation of Advanced 
Low-Level-Waste Liquid Processing 
Technologies: PWR Liquid Processing 
TR- 1 07977 
Ta rgets : Nuclea r Power; Decomm ission ing and 
Shutdown P lant Tech nology 
EPR I  Project Manager: C .  Hornibrook 

EPRI Liquid Processing Test Fac i l ity: 
Surry Nuclear Station, Phase 1 
TR- 1 08099 
Targets: Nuc lear Power; Decommiss ioning and 
Shutdown Plant Technology 
EPR I Project Ma nager :  C .  Horn ibrook 

Cooperat ive IASCC ( Irradiat ion-Assisted 
Stress Corrosion Cracking) Research 
Program: CI R-CO Vers ion 99. 1 2  
AP- 1 0855 7 -R4-CD 
Target: Nuclear Power 
EPRI Project Manager: L. Nelson 

EPRI SMART chemWORKS, Vol .  2: 
Implementation Roadmap 
TR- 1 08739-V2 
Target: Nuclear Power 
EPR I  Project Ma nager :  T. Gaudreau 



Decommissioning Standard Review Plans 
and Risk-Informed Decommissioning 
Regulation: Selected 1 999 lndustry/NRC 
Decommissioning Licensing Interactions 
TR-109460 
Targets: Nuclear Power; Decommissioning and 
Shutdown Plant Technology 
EPRI Project Manager: C. Wood 

EPRI BWR Iron Control Monitoring Final 
Report 
TR-109565 
Target: Nuclear Power 
EPRI Project Managers: N. Torigoe, P. Frattini 

Generic Qualification of the ABB Common 
Qualified PLC-Based Platform for Safety­
Related Applications 
TR-110045 
Target: Nuclear Power 
EPRI Project Manager: J. Naser 

PWR Axial Offset Anomaly Guidelines 
TR-1 10070 
Target: Nuclear Power 
EPRI Project Manager: P. Frattini 

Effects of Morpholine on the Surface 
Charge Properties of Magnetite 
TR-110082 
Target: Nuclear Power 
EPRI Project Manager: P. Frattini 

Proceedings of the 1999 Nuclear Asset 
Management Workshop 
TR-1 10115 
Target: Nuclear Power 
EPRI Project Manager: G. Sliter 

Decommissioning low-level- Waste 
Management and Reduction Guide 
TR-1 10234 
Targets: Nuclear Power; Decommissioning and 
Shutdown Plant Technology 
EPRI Project Manager: C. Hornibrook 

Secondary Degradation of Defective Fuel 
Rods: Simulation Test at Halden Reactor 
TR-1 10440 
Target: Nuclear Power 
EPRI Project Manager: 8. Cheng 

Robust Fuel Program Technical Require­
ments for Nuclear Fuel Performance 
TR-110689 
Target: Nuclear Power 
EPRI Project Manager: 0. Ozer 

Assembling Bolted Connections Using 
Spiral-Wound Gaskets: Sealing Technology 
and Plant leakage Reduction Series 
TR-1 1 1 472 
Target: Nuclear Power 
EPRI Project Manager: J. Jenco 

Basis for the Regulatory Decision on 
Oconee License Renewal Application 
TR-1 1 1570-CD 
Target: Nuclear Power 
EPRI Project Manager: J. Carey 

Piping System Failure Rates and Rupture 
Frequencies for Use in Risk-Informed In­
Service Inspection Applications 
TR -1 1 1 880 
Target: Nuclear Power 
EPRI Project Manager: J. Mitman 

Poolside Examination Data on High-Duty 
BWR Fuel Exposed to 52 GWd/MTU: 
limerick 1 
TR-1 1 2048 
Target: Nuclear Power 
EPRI Project Manager: 0.  Ozer 

Methodology for Decommissioning Project 
Management: Trojan Nuclear Plant 
TR-112143 
Targets: Nuclear Power; Decommissioning and 
Shutdown Plant Technology 
EPRI Project Manager: C. Wood 

HVAC Fans and Dampers Maintenance 
Guide 
TR-1 12170 
Target: Nuclear Power 
EPRI Project Manager: M. Pugh 

Capacitor Application and Maintenance 
Guide 
TR-1 12175 
Target: Nuclear Power 
EPRI Project Manager: W. Johnson 

Shaft Alignment Guide 
TR-1 12449 
Target: Nuclear Power 
EPRI Project Manager: R. Knipschield 

Data Needs for the Robust Fuel Program 
TR-1 12572 
Target: Nuclear Power 
EPRI Project Manager: 0. Ozer 

Influence of Radiolysis and Hydrogen 
Embrittlement on the In-Service Cracking 
of PWR Internal Structures 
TR - 1 12593 
Target: Nuclear Power 
EPRI Project Manager: L. Nelson 

Evaluation of Neutron Irradiation 
Embrittlement for PWR Stainless Steel 
Internal Component Supports 
TR - 1 12718 
Target: Nuclear Power 
EPRI Project Manager: J. Carey 

Comparison of Decommissioning Dose 
Modeling Codes: RESRAD and DandD 
TR-112874 
Targets: Nuclear Power; Decommissioning and 
Shutdown Plant Technology 
EPRI Project Manager: C. Hornibrook 

Proceedings: Hazardous Waste Material 
Remediation Technology Workshop 
T R -1 1 2875 
Target: Decommissioning and Shutdown Plant 
Technology 
EPRI Project Manager: R. Thomas 

Proceedings: Site Characterization and 
Final Release Technology Workshop 
TR-112876 
Target: Decommissioning and Shutdown Plant 
Technology 
EPRI Project Manager: R. Thomas 

Experience in the Testing and Application 
of the EPRI Decontamination for Decom­
missioning Process 
TR-112877 
Target: Decommissioning and Shutdown Plant 
Technology 
EPRI Project Manager: C. Wood 

Routine Preventive Maintenance Guidance 
for AK and AKR Type Circuit Breakers 
TR-1 12938 (supersedes NP-7410-Vl P2) 
Target: Nuclear Power 
EPRI Project Manager: J. Sharkey 

Source Book on Limiting Exposure to 
Startup Oxidants 
TR-11 2967 
Target: Nuclear Power 
EPRI Project Manager: A. Mcllree 

Optimizing Site-Specific ALARA Assess­
ments: PWR Methodology Development 
TR·l 1 2992 
Target: Nuclear Power 
EPRI Project Manager: H. Ocken 

An Analysis of Loss of Decay Heat Removal 
Trends and Initiating Event Frequencies 
(1989- 1998) 
TR-113051 
Target: Nuclear Power 
EPRI Project Manager: J. Mitman 

Bearing Technology Topics, Vol. 1 
TR-1 13059-Vl 
Target: Nuclear Power 
EPRI Project Manager: M. Pugh 

Comparison Between Electricite de France 
and EPRI Methods of Pipe Inspection 
TR-1 13315 
Target: Nuclear Power 
EPRI Project Manager: J. Mitman 

Condensate Demineralizer System 
Evaluation of Pilgrim 
TR-1 13369 
Target Nuclear Power 
EPRI Project Manager: P. Frattini 

Initiation of lntergranular Stress Corrosion 
Cracking in Type 304 Stainless Steel and 
Alloy 600 
TR-113458 
Target: Nuclear Power 
EPRI Project Managers: B. Syrett, L. Nelson 

BWR Vessel and Internals Project: In-Core 
Uniaxial Constant load Tests for Evaluation 
of Stress Corrosion Cracking 
TR-113482 
Target: Nuclear Power 
EPRI Project Manager: L. Nelson 
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I r radiation Creep Behavior of High-Purity 
Stainless Steels and Nickel-Base A l loys 
TR- 1 1 3484 
Target: N uc lea r Power 
EPRI Project Manager: L .  Ne lson 

Technical  Aspects of ALWR Emergency 
Planning 
TR- 1 1 3509 
Ta rget : Nuc lear Power 
EPRI  Project Manager: E. Rodwel l 

BWR Vessel and  Internals Project :  Ana lysis 
of Crack Growth Rate Data From IFA-586, 
J FA-605, and IFA-6 1 1 at the Halden Test 
Reactor 
TR- 1 1 35 1 7  
Target: N uc lea r Power 
EPR I Project M a nager: L. Ne lson 

Cold Demon strat ion of a Spent Nuclear 
Fuel Dry Transfer System 
TR- 1 1 3530 
Target: N uc lear Power 
EPR I Project Ma nager: A.  Machie l s  

Invest igation of Unre inforced Bra nch 
Connections on E l bows: PWR Materia ls 
Rel iabi l ity Project 
TR- 1 1 3544 
Ta rget: Nuc lear Power 
EPRI  Project Manager: R .  Ca r ter 

Nondestruct ive Evaluation of the Oyster 
Creek Top Guide Samples 
TR-1 1 3548 
Target: Nuclea r Power 
E PR I  Project Ma nager :  L . Ne lson 

EPRI MOV Performance Prediction 
Program: Friction Coefficients for Non­
metal l ic Butterfly Valve Bear ing Materia ls 
TR- 1 1 3561 
Ta rget: Nuclear Power 
EPRI  Project Manager: J . Hosler 

SQUG Electronic Earthquake EKper ience 
Database User's Guide: eSQUG EPRlweb Site 
TR- 1 1 3705 
Target: N uc lear Power 
EPRI Project Manager: R. Kassawara 

An Approach to R isk-I nformed Cha nges 
to Physical Security 
TR-1 1 3 787 
Target: Nuclea r Power 
EPR I Project Manager : F. Rah n  

Proceedings o f  t h e  1 st I nternational 
Conference on Sea l ing Technology and 
Plant Leakage Reduction 
TR- 1 1 3859 
Ta rget :  Nuc lea r Power 
EPRI Project Manager : J . Jen co 

BWR Vessel and Internals Project: Technical 
Basis for Revisions to Generic Letter 88-0 1 
Inspect ion Schedules 
TR- 1 1 3932 
Target: N uc lear Power 
EPR I Project Manager: R. Carter 
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EPRI MOV Performance Predict ion 
Program: Use of Static Closure Data for 
Determin ing the Stem-to-Stem Nut 
Coefficient of Frict ion at Unwedging 
TR- 1 1 3989 (Addendu m 4 to TR-1 03237-R2) 
Ta rget: N uclear Power 
EPR I Project Manager :  J. Hos ler 

Proceedings : Radiation EKposure Control 
Seminar, 1 999 
TR- 1 1 4003 
Target: Nuc lea r Power 
E PRI  Project Manager : H . Ocken 

Qual ification of Siemens Power TELEPERM 
XS Safety System: Compl iance With EPRI 
TR-1 07330 (Generic Requi rements Specifi­
cation for Qual ifying a Com mercia l l y  Avai l ­
able PLC for Safety-Related Applicat ions) 
TR- 1 1 40 1 7  
Ta rget: N uclear Power 
EP R I Project Ma nager :  J. Na ser 

U.S.  Nuclea r Industry Approaches to 
Address Gate Valve Pressure Locking, 
Thermal Binding, and Related Issues 
TR- 1 1 405 1 
Ta rget: N uc lear Power 
EPR I  Project Ma nager :  J .  Hos ler  

Iii CASS™ : Correct ive Action Selection 
System 
Version 1 .0 (Windows 95, 98, NT); 
AP- 1 07308 
Target: Nucle a r  Power 
E PRI  Project Manager :  J. Haugh 

Iii chemWORKS™: BWR Chemistry Simulator 
Vers ion  3 . 0  (W indows 95); AP- 1 09560-P7R 1 
Ta rget: Nuclear Power 
EPR I  Project Manager: T. Gaud rea u 

W chemWORKS'M: CREVSIM 
Vers ion 1 .0 (Windows 95) ;  AP- 1 09560-P9 
Target: Nuc lea r Power 
EPR I Project Manager :  T. Gaudreau 

II chemWORKS™ : M U LTEQ 
Version 2 .24 (Windows 95); AP- 1 09560 
Ta rget: N uclear Power 
EPRI  P roject Manager: T. Gaudreau 

W chemWORKS™ : Pr imary System pH 
Calculator 
Ve rs ion 2 .0 (Wi ndows); AP-1 09560-P2Rl 
Ta rget : N uclear Power 
EPR I Project Manager: T. Gaud reau  

W chemWORKS™ : PWR Secondary 
Chemistry Simulator 
Vers ion 3.0 (Windows 95); AP - 1 09560-P l  1 R 1  
Ta rget: Nuclear Power 
E P R I Project Ma nager : T. Gaudreau 

II WL-MWM: Waste Logic-Mixed-Waste 
Manager 
Version 1 .0 (Wi ndows 3 . 1 , 95 , 98, NT) ;  
AP-1 1 29 1 9  
Ta rget: Nuclear Power 
EPR I Project Manager: C. Hornibrook 

Retai l  and Power Markets 

TAG® Tech n ical Assessment Guide, Vol. 3, 
Rev. 8: Fundamentals and Methods­
Electricity Supply 
TR- 1 0028 1 -V3 R8 
Target :  TAG-Technology-Based Bus iness 
P l an n ing I nformation and Services 
EPR I  Project Manager: G.  Ra machand ran 

Proceedings: Vis ion at Low Light Levels 
(EPRI/LRO Fourth International L ighting 
Research Sympos ium) 
TR- 1 1 0738 
Ta rget: Commercia l  Bu i lding Light ing 
EPR I  Project Manager: J .  Kesse l r i ng  

Creating New Business Opportunit ies 
With Smart Appl iances: A Market 
Assessment 
TR- 1 1 1 604 
Ta rget: Information and  Energy Management 
Serv ices for Commerc ia l  and Industr ia l 
Customers 
EPRI Project Manager :  C. McAl l ister 

Pulsed Power Technology and Appl ications : 
North America 
TR-1 1 2565 
Target: Power E lectron ics 
EPRI Project Manager :  C .  Arzbaecher 

Assessment of Current Knowledge of 
Hybrid Vehicle Characterist ics and 
Impacts 
TR- 1 1 3201 
Target: Transportat ion Energy Storage 
Systems 
EPRI Project Ma nager :  E .  Heim 

Resident ia l  Gateways and Controllers 
TR-1 1 3247 
Ta rget: Opportu n it ies in Networked Home 
Serv ices 
E PR I  Project Manager: C .  McAl l i ster 

Fuel Cells as Power Qual ity Sol ut ions 
TR- 1 1 3469 
Ta rget: Customer Power-Condi t ion ing 
Solut ions 
EPRI Project Manager: B .  Banerjee 

Fast-Charging  Demonstration at Buffalo 
Rock Bottl ing Company 
TR- 1 1 3490 
Ta rget: Non road E lectr ic Veh ic les 
EPR I  Project Ma nager: G.  Kre in 

Flywheel Battery Commercia l izat ion 
Study 
TR- 1 1 354 1 
Target: Customer Power-Condi t ion ing 
Sol utions 
EPRI Project Manager: B .  Banerjee 

All -Electric Wendy's Restaurant Demonstra­
tion Project 
TR- 1 1 3542 
Target: Food serv ice Fac i l it ies Solut ions 
EPRI Project Ma nager: J .  Kuegle 



Identifying, Diagnosing, and Resolving 
Residential Shocking Incidents 
TR-113566 
Target: Power Quality for Satisfied Residential 
and Commercial Customers 
EPRI Project Manager: M. Grossman 

Application of Adjustable-Speed Drives 
to Induced-Draft Fans at NSP-SHERCO 
Power Plant 
TR-1 1 3576 
Target: Power Quality for Improved Industrial 
Operations 
EPRI Project Manager: B. Banerjee 

Spurious Alarms Remediation: Beaver 
Valley Power Station Power Quality 
Investigation 
TR-1 1 3578 
Target: Customer Power-Conditioning 
Solutions 
EPRI Project Manager: 8. Banerjee 

FREE ZONE RB-276 Chiller Monitoring 
Project 
TR-1 13589 
Target: Chiller Application Software 
EPRI Project Manager: 8. Lindsay 

R&D/Technology Management Best 
Practices Study, Vol. 1 :  Executive Summary 
TR-1 13606-Vl 
Target: TAG- Technology-Based Business 
Planning Information and Services 
EPRI Project Managers: G. Ramachandran, 
H. Mueller 

A Framework for Hedging the Risk of 
Greenhouse Gas Regulations 
TR-1 13642 (see listing under Environment) 

Market Assessment of Power Quality 
Problems and Mitigation Options in the 
Telecommunications Industry 
TR- 1 1 3706 
Target: Customer Power-Conditioning 
Solutions 
EPRI Project Manager: B. Banerjee 

How Effective Are "Off-the-Shelf" 
Segmentation Tools for Selling Energy 
Products? 
TR- 1 1 3754 
Target: Promoting Energy Products for Mass 
Markets 
EPRI Project Manager: J. Kesselring 

Power Quality Applications Guide for 
Architects and Engineers 
TR-1 1 3874 
Target: Power Quality Basics 
EPRI Project Manager: W. Moncrief 

Application of Written-Pole Motor in Rural 
Irrigation: A 30-HP Single-Phase Motor 
Used for Irrigation on a Georgia Dairy Farm 
TR-114076 
Targets: Power Quality for Satisfied Residential 
and Commercial Customers; Power Quality for 
Improved Industrial Operations 
EPRI Project Manager: B. Banerjee 

Tariff Study for the Polish Electric Power 
System 
TR-114082 
Target: Power Markets and Risk Management 
EPRI Project Manager: C. Clark 

Maximize Process Energy Efficiency: Pinch 
Screening Analysis-Marathon Ashland 
Petroleum LLC, Catlettsburg, Kentucky 
TR- 1 14085 
Target: Chemicals, Petroleum, and Natural Gas 
EPRI Project Manager: A. Amarnath 

Personnel Protection Devices for Specific 
Applications: Special Considerations for 
Conditions-of-Use Constraints 
TR-114090 
Targets: Infrastructure Deployment and 
Electric Vehicle Benefits; Nonroad Electric 
Vehicles 
EPRI Project Manager: G. Krein 

Understanding Energy Customer Profitabil­
ity Potential: The Customer Portfolio 
Management System 
TR-114123 
Target: Enhancing the Success of Innovative 
Customer Technologies 
EPRI Project Manager: B. Kalweit 

II Commercial Desk Book™ 
Version 2.0 (Windows 95, 98); AP-114421 
Target: Residential and Commercial Business 
Development 
EPRI Project Manager: D. Rigney 

II IVSI: Industrial Voltage Sag Investigator 
Version 1.0 (Windows 98, NT); AP-1 14115-CD 
Target: Power Quality for Improved Industrial 
Operations 
EPRI Project Manager: S. Bhatt 

II Power Quality Database 
Version 2.0 (Windows 95, 98, NT); 
AP-1 14120-CD 
Target: Power Quality Software 
EPRI Project Manager: S. Bhatt 

II PQ Planner 
Version 1.0 (see listing under Energy Delivery) 

11 PQ Solution Package™ for High-Tech 
Commercial Customers 
Version 1.0 (Windows 95, 98, NT); 
AP - 1 13982-CD 
Target: Power Quality for Satisfied Residential 
and Commercial Customers 
EPRI Project Manager: S. Bhatt 

Iii Product Mix Model 
Version 1.0 (Windows 95, 98, NT); AP-1 13198-PS 
Target Producing Successful Retail Products 
and Services 
EPRI Project Manager: A. Faruqui 

11 Profit Manager 
Version 4.0 (Windows 95, 98, NT); AP-1 10631-Rl 
Targets: Retail Business Strategy; Retail 
Commodity Service Design;Value-Added 
Service Design 
EPRI Project Manager: B. Kalweit 

11 Refrigerator/Freezer Selection Guide 
Version 1 .0 (Windows 95, 98); AP-1 1 3943 
Target: Residential and Commercial Business 
Development 
EPRI Project Manager: J. Kesselring 

II Residential Desk Book™ 
Version 3.0 (Windows 95, 98); AP-1 14187 
Targets: All targets in Residential area 
EPRI Project Manager: J. Kesselring 

II SST: Supermarket Simulation Tool 
Version 2.5 (Windows 95); AP-1 l 1 l l 2-R3 
Target: Retail/Supermarket Establishment 
Solutions 
EPRI Project Manager: M. Khattar 

Strategic Science and Technology 

Turbine Steam Chemistry and Corrosion: 
Generation of Early Liquid Films in Turbines 
TR-1 13090 
Program: Strategic Science and Technology 
EPRI Project Manager: 8. Dooley 

Investigation of Electrophysical Effects in 
the Turbine Exhaust Upon Steam Flow and 
Power Output 
TR-1 1 3091 
Program: Strategic Science and Technology 
EPRI Project Managers: B. Dooley, T. Mccloskey 

lnterfacial Crack Propagation During Com­
pressive Failure of Thin Protective Oxides 
and the Fracture of Iron Oxide Scales 
TR-113501 
Program: Strategic Science and Technology 
EPRI Project Manager: B. Dooley 

High-Temperature Bolting Life Prediction 
and Life Assessment 
TR-113529 
Program: Strategic Science and Technology 
EPRI Project Manager: V. Viswanathan 

Small Punch Testing of 3 -3.S NiCrMoV 
Turbine Disk Steel for Toughness 
TR-113646 
Program: Strategic Science and Technology 
EPRI Project Manager: V. Viswanathan 

Corrosion Control Using Regenerative Bio­
films in Power Plant Service Water Sys­
tems: Development of Field Test Systems 
TR-113713 
Program: Strategic Science and Technology 
EPRI Project Manager: 8. Syrett 

The Wavelet Transform and Feature 
Extraction of Power Quality Disturbances 
TR-1141 75-Vl 
Program: Strategic Science and Technology 
EPRI Project Manager: S. Bhatt 

Wavelet-Based Power Quality Event 
Identification System 
TR-1 14175-V2 
Program: Strategic Science and Technology 
EPRI Project Manager: S. Bhatt 
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EPRI Events 

Apri l 

1 8-2 1 
Selective Catalytic Reduction Workshop 
Memphis, Tennessee 
Contact :  Paige Pol i shook, 650-85 5-201 O 

25-26 
Power Qual ity Interest Group Meeting 
Kansas C i ty, Missouri 
Contact: Ma rsha Grossman,  650-855-2899 

26-27 
Motor Rewind Seminar 
New Haven,  Connect icut  
Contact :  J im Ol iver, 909-735-5239 

26-28 
Enterpr ise Infrastructure Security 
Workshop 
Or lando, F lor ida 
Contact :  Pa ige Pol i shook, 650-855-20 1 0 

May 

1 -3 
Agr iculture and Food Technology Al l iance 
Denver, Colorado 
Contact: Charles Sopher, 703 -737-040 1 

1- 1 2 
Ultrason ic Examination: Level 2 
Char lotte, North Caro l ina  
Contact: Sherryl Stog ner, 704-547-61 74 

2-5 

Machinery Alignment 
Char lotte, North Ca ro l ina 
Contact: Sherryl Stogner, 704-54 7-61 74 

3-5 
Generation Asset Management Workshop 
Du rha m, North Ca ro l ina 
Contact : Peggy Prater, 650-855-2638 

3-5  
Service Water Engineer Training 
Char lotte, North Ca ro l i n a  
Contact: Sherry l Stogner, 704-547-61 74 

8-1 1 
Microbiological ly I nfluenced Corros ion 
Charlotte, North Caro l ina 
Contact :  Sherry l  Stog ner, 704-54 7 -6 1 7 4 

9-1 1 
Introduction to Distributed Control 
Systems 
Ki ng ston,  Tennessee 
Contact: Sherryl Stogner, 704-547-6 1 74 
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9-1 2 

Advanced Air-Operated Control Valve 
Appl ication, Mai ntena nce, and Diagnost ics 
Suga rland, Texas 
Contact: Sherryl Stogner, 704-547-6 1 74 

9-1 2 

Motor Monitor ing and Diagnost ics 
Cha r lot te, North Carol ina 
Contact: Sherryl Stog ner, 704-547-6 1 74 

1 5 -1 8 
PQA 2000 North America Conference 
Memphis, Tennessee 
Contact: Pa ige Pol i shook, 650-855-20 1  O 

1 6-1 8 
F luid F i lm Bear ing Diagnostics 
Char lotte, North Carolina 
Contact : Sherry l Stog ner, 704-547 -6 1 7  4 

22-26 
CEM Users Group Meeting and Tutorial 
S an  Antonio, Texas 
Contact: Ba rba ra McCarthy, 650-855-2 1 2 7  

24-26 
2nd International  Conference on NDE 
in Relation to Structural  Integr ity for 
Nuclear and Pressurized Components 
New Orlea ns, Lou is i ana  
Contact: Susa n Otto-Rodgers, 704-547-6072 

3 1 -June 2 
Management of Former MGP Sites 
New Or leans,  Louis iana 
Contact: Con nie Bryan, 504-553-5576 

June 

3-9 
CHECWORKS Users Group 
Jackson Hole, Wyo m i ng 
Contact: Barba ra McCarthy, 650-855-2 1 27 

4-9 
1 0th Annual Joi nt ISA POWID-EPRI 
Instrumentation and Controls Conference 
Sa n Anton io, Texas 
Contact :  Ra mesh Sha nka r, 704-547-6 1 27 

5-9 
Introduction to Distributed Control 
Systems: Short Courses ( ISA Conference) 
San Antonio, Texas 
Contact: Sherryl  Stogner, 704-547-61 74 

5-1 4 
IGSCC Detection 
Cha r lotte, North Caro l i na 
Contact : Sherryl Stog ner, 704-547-6 1 74 

6-7 
Protect ive Coatings 
Char lotte, North Caro l ina 
Contact: Sherry l Stogner, 704-547-6 1 74 

6-8 
Preserving Equipment Qual ificat ion 
Charlotte, North Ca ro l ina 
Contact : Sher ry l  Stogner, 704-547-6 1 74 

6-9 

Joint Emergency Diesel Generator Owners 
Group Meeting 
Denver, Co lorado 
Contact :  L inda Parrish ,  704-547-606 1 

7-9 

4th I nternational Conference on Weldi ng 
and Repair Technology for Power Plants 
Naples, F lor ida 
Contact : Brent Lancaster, 704-547-60 1 7  

9-1 6  
22nd Annual Meet ing of the Bioelectro­
magnetics Society 
Munich,  Germany 
Contact: Leeka Khe ifets, 650-855-8976 

1 2-1 5 

Ag ing Workforce and Educational 
Infrastructure Conference 
Char lotte, North Ca ro l ina 
Contact : Brent Lancaster, 704- 547-60 1 7 

1 2-1 6 
Heat Exchanger Test ing for Service Water 
Systems 
Char lotte, North Caro l ina 
Contact: Sherry l Stogner, 704-547-6 1 74 

1 3 -1 6 
Foss i l  P lant NDE 
Cha r lotte, North Caro l i n a  
Contact: Sherryl S tog ner, 704-547-6 1 74 

1 8-22 
4th International  Conference on Arsenic 
Exposure and Health Effects 
San Diego, Ca l iforn ia 
Contact :  Jan ice Yager, 650-855-2 724 

1 9-21  

6th Annual Conference on Balance--,f-Plant 
Heat Exchanger NDE 
Scottsda le, Arizona 
Contact: Kenj i Krzywosz, 704-547-609 

1 9-21  
Stea m Turbine-Generator Custome 
Service Seminar 
Saratoga Spr i ngs, New York 
Contact : Pa u l  Sabourin , 704-547-61 55 



1 9-21  
Technology Management Workshop 
Lake Buena Vis ta, F lor ida 
Contact: Pa ige Pol ishook, 650-855-20 1 O 

1 9-2 3 

Visual  Examination: Level 2 
Charlotte, North Carol i na  
Contact: Sherry l  Stogner, 704-547-6 1 74 

20-22 
Predictive Maintenance Program 
Development and Implementat ion 
Char lotte, No rth Caro l ina 
Contact :  Sherry l  Stogner, 704-547-6 1 74 

2 1  

Water and Energy Conference 
Minneapol is, Minnesota 
Contact: Kim Sh i l l ing ,  3 1 4-935-8590 

22-2 3 

Electromagnetic Interference Qual ification 
of Digital Equipment 
Charlotte, North C a rol ina 
Contact: Sherryl Stogner, 704-547-6 1 74 

22-23 

Municipa l Water and Wastewater Program 
M i nneapol i s, Minnesota 
Contact: Kim Sh i l l ing, 3 1 4-93 5-8590 

26-28 
Condensate Pol ish ing  Workshop 
Annapol is, Ma ryland 
Contact: Barbara Ja mes, 707-829-3500 

26-29 

ABB Circuit Breaker Users Group 
Cleve land, Oh io 
Contact :  L inda Pa rrish, 704-54 7-606 1 

26-30 
IGSCC Siz ing 
Char lotte, North Carol ina  
Contact: Sherryl Stogner, 704-547-61 74 

26-30 
Operations for Nonoperators 
K i ngston, Ten nessee 
Contact :  Sherryl Stogner, 704-547-6 1 74 

27-29 

6th International Conference on Cycle 
Chemistry in Fossi l  P. lants 
Columbus, Ohio 
Contact :  Barba ra McCarthy, 650-855-2 1 27 

2 7-29 

Transmission L ine  Inspect ion Train ing 
Has let , Texas 
Contact: Gay le Robertson, 8 1 7-439-5900 

Ju ly 

6-7 

Containment Inspect ion: Visual 
Examination, Level 2 
Charlotte, North Carol ina 
Contact: Sherry l Stogner, 704-547-6 1 74 

1 0 -1 4 
Ultrasonic Exami nation:  Level 3 
Ch ar lotte, North Ca ro l ina 
Contact: Sherry l Stogner, 704-547-61 74 

1 1 -1 2  

Adj ustable-Speed Drives for Power Plant 
Appl icat ions 

Peor ia, I l l i no is  
Contact :  Jan Stein, 650-855-2390 

1 1 -1 4 

Infrared Thermography: Level  3 
Cha rlotte, North Carol ina 
Contact :  Sherryl Stogner, 704-547-61 74 

1 7- 1 9  

ASME-EPRI Radwaste Workshop 
San Antonio, Texas 
Contact: Ci ndy Layman,  650-855-8763 

1 7-21  

Advanced Structural  Analys is  and Design 
Methods for Electric Power Lines 
Has let, Texas 
Contact: Gay le Robertson, 8 1 7-439-5900 

1 7-2 1 

Digital I n strumentation and Controls 
Upg rade Train ing 
Charlotte, North Carol ina 
Contact :  Sherry l  Stog ner, 704-547-6 1 74 

1 7-2 1 

NOE Technical Ski l ls  Tra i n i ng:  Level 3 
Basic/Specific 

Charlotte, North C a rol ina 
Contact: Sherryl Stogner, 704-547-61 74 

1 8-20 

I ntroduct ion to Computer-Aided Power 
Plant Control  Systems 
K i ngston, Tennessee 
Contact: Sherryl Stog ner, 704-547-6 1 74 

1 8-20 
Nuclear Ut i l i ty Procurement 
Cha r lotte, North Caro l ina 
Contact: Sherry l Stogner, 704-547-61 74 

1 8-21  

I nfrared Thermography Users Group 
Chatta nooga, Tennessee 
Contact: Paul Zayicek, 704-547-6 1 54 

1 9-21  
International  low-Level-Waste Conference 
San Antonio, Texas 
Contact : C indy Layman ,  650-855 -8763 

24-2 5  

Service Water System Rel iabi l ity 
Improvement Seminar 
Bra nson,  Missouri 
Contact: Brent Lancaster, 704-547-60 1 7  

24-28 

Visua l  Examination: Level 3 
Char lotte, North Caro l ina 
Contact :  Sherry l  Stogner, 704-547-6 1 74 

26-27  
6th International  Energy Pricing Conference 
Wash ington, D.C. 
Contact: Ba rbara McCarthy, 650-855-2 1 27 

26-28 
Terry Turbine Users Gro u p  
Wi l l i amsburg, Virg in ia  
Contact : Linda Parr i sh ,  704-547-606 1 

3 1 -Aug ust 2 
International Conference on Fatigue 
Napa, Ca l iforn ia 
Contact :  Susan Otto-Rodgers, 704-547-6072 

August 

7-1 0 

Weld Overlay Examination 
Char lotte, North Caro l ina 
Contact: Sherryl Stogner, 704-547-6 1 74 

8-1 1 
Generator Mon itoring and Diagnostics 
Charlotte, North Caro l ina 
Contact :  Sherryl Stogner, 704 - 547-6 1 74 

8-1 1 

Pressu re Relief Valve Appl ication. 
Maintenance, and Testing 
Or lando, F lor ida 
Contact :  Sherry l Stog ner, 704-547-6 1 74 

1 4 -1 6 
Air-Operated Control Valve Appl ication, 
Mai ntenance, and Diagnostics 
Orlando, F lorida 
Contact: Sherryl Stogner, 704-547-6 1 74 

1 4- 1 8  

N O E  Instructor Tra in ing 
Charlotte, North Caro l ina 
Contact: Sherryl Stogner, 704-54 7-6 1 74 

20-24 

EPRI-AFS Internat ional  Sym posium on 
Catadromous Eels 
St. Louis, Missouri 
Contact: Doug Dixon, 804-642-1 02 5  

20-24 

EPRI-AFS Sympos ium on Biology, 
Management, a n d  Protect ion of Sturgeon 
St. Louis, Missour i 
Contact: Doug Dixon, 804-642- 1 025 

2 1 -24 
Cool ing Tower Semina r and Conference 
Jackson Ho le, Wyo m i n g  
Contact : Brent Lancaster, 704-547-60 1 7  

2 1 -25 
Infrared Thermography: Level 2 
Charlotte, North Carolina 
Contact Sherryl Stogner, 704-547-6 1 74 

22-24 

On-Line Generator Monitor i ng 
Groveport, Ohio 
Contact: Ja n Ste i n ,  650-855-2390 
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