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COVER. Electnrnl l<SB, ,,ta pnmll) pc hogh-tcmperaturc super
conducoing cabk in Molan, Italy, pave the way for tbe world·s 
first HTS cable field dcmonstrntion on a p,,wcr distribution 

system in downtown Detroit. (Photo counesy Pirelli Cables 
�nd s,-stems) 

Correction 

The feature entitled "Charting Power System 

Security,'' which appeared in LheJoumal's Sep

tember/October 1998 issue, included mention of 

the Volrage Security Assessment (\/SA) software 

tool. The anicle should also have mentioned that 

VSA is owned by BC Hydro and is being devel · 

oped by its subsidiary Powertech Labs Inc. 



Er=r21 
JOURNAL 

EDITORIAL 

VOLUME 24 , N U MBE R 

2 Timing Is Everything 

COVER STORY 

8 Powering Up Superconducting Cable 

SPRING 1999 

A pioneering project at Detroit Edi on will demonsLrale supercon

ducting underground distribution cable as a twenty-first-century 

an wer to upgrading urban power infrastructures. 

FEATURES 

16 Fast Charging for Lift Trucks 

Quick batlery charging i crilical to increa ing the use of electric 

lift trucks and other electric vehicles in industrial and commercial 

appLic.:alions. EPRl demonsLralions have shown that fast-charging 

technologies carry advantages beyond simple speed. 

22 Welding Research Heats Up 

Advanced welding technologie can protect against componenL 

failures and extend the life of aging power plants for decades, saving 

utilities billions of dollars in repair and revenues. 

DEPARTMENTS 

3 Contributors 

4 Products 

6 Discovery 

30 In the Field 

LISTINGS 

32 Technical Reports and Software 

38 EPRI Events 

8 Superconducting cable 

16 Lift truck charging 

22 Welding 



I 

Timing Is Everything 

T 
iming i e eryt hi ng. Thi Id max im i heard 

repeated I at ocial  and busin s occa ion 

a l i ke-i n  d i n ner pany pal a  er on uch topic a 

l ove. po l i t i c s , spo rts , and the  tock market . a v e l l  

i n  board room Jel i berat i on s . Bu t  the  ph rase can al o 

appl , to c ie nce and technolog , especial l y LO t he i r  prac-

t ical applica t ion , " i t h  one i m po rtan t  d i fference . i t h  

regard to tec hno l og and i t  use, t h e  a ert ion b e  ome 

a qu t io n :  ·· J the  t im · r ight yet ? "  

I n  our i ndu t ry, the workhor e commod ity i w i re ,  

w i re based on good old al umi num and copper meta l

not u ua l l >• con idered a h igh - tech a rena . e ome

t imc forget t hat \ i re b ncfi tcd from one or t he  fir L 

frui t  or that earl high tech nolo · ca l l  d elec trificaLi n: 

t h  l 6 i n  emion or the Hal l-1-!e roult proce . A a 

re ul t , a lum inum , u n t i l  t hen ·on idered a preciou 

meta l ,  became cheap and ple n t i fu l  and revol ut i on ized 

L ransmi  ion l ine wire . T\ ent -five yea r- lat r. in 19 1 1 -

a re la t ively brief period i n  that lower- moving age-an 

e en t  occurred t hat pro m i  eel an even grea ter  leap for

ward. Thi wa the  di cove of uperconduct iv i ty, t he  

a lmo l magica l abi l ity o f  many metal to conduct dec

t ric i t  • \ i t ho u t  r s i t ive lo s at uffic ien t l y low t em

pera t u res. Al mo·t i m med iately, cir amer envis ioned 

the t ransport of massive amou n ts  f e lect r i power 

over long d i  L ance v i a  u perconduct i ng t ra n mi ion 

l ine  and cable . 

Bu t  1he  dream harbored a t echnica l nigh t mar -

ctua l l  l\ o. F i r  t , the low temperatures required t 

operate the early uper ncluctor (e .g. , mercury and 

lead) were real ly low, ju t a f \ degrc above ab o lu te 

zero, and could be a t ta i n ed on ly b i mmen e ly com

p ie  · refrigerat ion , Lem for l iquefyi ng hel iLLm, t hen 

an ex t reme!}' rare , . cond , t he e earl y material 

c u ld carry on ly a frn mil l iam pere of curren L-hard l · 

t h · tu ff of transmis ion l i ncs--and lo L t hcir abi l i ty to 

up · rconduct in moderate magne1 ic field , bare I , a fe, 

mull ip l  of t he ean h· . The t i me wa defin ite !  not 

ri ht •el .  

I L  was n o t  unt i l  miclce n tury t hat t he di overy of a 

new cl s of upe rconducting mater ia l  , the n iobi u m  

a l !O)' , made po i b lc wi re t hat cou ld  carr curren ts o f  

2 EPRI JOURNAL 5pri 1 1g 1999 

h u ndr els of ampere. in magnet ic fie ld many t hou and 

L i me t ronger t h an  t he earth' . ub equcn t l  , eve ra l 

e fforts were u ndertake n to deve·lop upercond uct i ng  

cables .  T h e  c ucceeclcd tcch n ic, l l y. bu t  t h e  h igh co t 

and com pie. i ty of the  requi i t c  he l ium r frigerat i o n  

p o  e el  ign ifican t barrier to u t i l i ty accepta nce . Ti m1ng-

wi e i t  I a close. bu t  no c iga r. 

I L  i a n  ax iom or supe rco nduct iv i t c icncc t h a t  ad 

va nce arc governed by the em pi rical earch fo r ne \  

material ; i n  o ther words, gu ided l uck i · a key i ngred i 

ent .  Twel e •car ago , u h a earch L ru k pay d i rt 

w i t h  the  di co ery of materia ls t hat become upcr on 

duct i ng  at temperaLUres wel l  over 100 K abo e ab. !me 

zero. For the  e ma t rial , l iquid n i 1rogcn-cheap a nd 

both u er and Clll'ironme n ta l ly friendly-could replace 

hel ium a the  refrigeran t .  I L  was L i me Lo t ry agai n .  

T h i  i ue · over fea ture de  cri bc the  u pcoming 

elem n \ra t ion of  upercondu t i ng cab! at a D L ro i t  

Ed i  o n  ub tal ion-the indu t ry· fi r  t fie ld L t f chi 

new tech nology and the  Lremendou promi  e i t  hol d 

for the l"ut ure. I ndeed, the  EPR I lcct r ici t  Technology 

Roadmap poi n ts Lo the con t i nued cl \'e lo pment of 

u pc rcond uct ing power applicat ion. a key t o  t he  ro

bu t , rel iab le T&D S)' ' L Cm requ i red for the  ompet i t ive 

power markets of the  ne L cen t ury. 

i l l the Detr it Edison demon t ra t i o n . ucceecl? 

rm confiden t  i L , i l l ,  bot h techn ical ly and oper:1-

L i ona l l y .  Hm ever. a noted FL ports com menta tor  

J h n  Madden l i ke LO poi n t  ou L , i f  we real l y cou ld pre

dict t he ou trnmc o f  a on Le L ,  we wou l dn't have to 

blow t he Lart i n  wh i  L le .  Fo r u , the . Lad i u m wi l l  be 

the  ba k ard of the F ri bie . u b  t a l i on .  and the  player 

\ i l l b not on ly ciemis but-f r the  r1 r t t ime

ut i l i t y engi n  r . u perv·  or , opera1or , and l ine 

worker a wel l .  Perhap. the  righ t t ime ha al  la t 

arri ved. Le l the game- begi n. 

P au l  G rant 

cicnce Fe l l w 



Contributors 

Poweri ng Up Superconducti ng Ca ble ( page 8) 
\ as w ri t t en by Taylor M o  re, Joumal e n ior feaL U re 
wri ter, wi L l1 techn ical a i L ance from Paul G ran t  of 

L ra t cgi cicnce and Tech nology and Dona ld on 
Dol le n of t h ' Energy D I i  c ry and U t i l iza t i on  
Di ision .  

P L GRA T , c ience fe l lm and lead technology 
fo reca·t e r, joi ncd P R ! i n  1 99 a · a n  execu t i  e cien 
L i s l  Lo manage progra m i n  u pc rcond uct iv i t and 

\\ic le-bandga p e m iconductors. 
He prcv iou I , w rked at I BM for 
-tO car , m u  h of the t ime , a cf .  
cmi  L at the lm::iden Re earch 

enter  i n  an J o·e, a l i fornia . 
G r  nt earn d a B cl grc i n  elec

t r ical engi neeri ng al la rkson n ive r · i t · , nd M and 
PhD degree i n  appl ied phy i c  at Harvard n iver i ly. 

001 ALD O DOL L · , bu i ne area manaoc r for 
L 1 1 1derground 1n1 11 m i s  ion . joi ned PR! in 1 99 1 . Pre

viou · l  he pent t h ree car at Pa
ci 1c a and Elc tr ic om pany a 
an engi ne r i n  t he R D and tech
nica l  e rvice p rogram . on Dol len 
ho ld a B a l i for-
n i a  1 a 1 c n t o . 

Fast Charg i ng for Lift Trucks ( page 1 6) � a wri t -
t e n  b y  l i e  La marre , Jou nial  cn ior  fea t u re w ri ter, 
w i t h  t ech n i  al as i t a nce from Ga r • Pu rce l l o f  t he 
Energ • Del iver and t i l iza t i  n D i v i  ion .  

R PUR ELL ,  u m i l  h i  re t i remen t at t he  encl of 
la t y a r, wa manager for e l Lr i c veh i c le • Lem 
tc hnolog), \ i t h  a focu on in fr. t ruc turc a nd vehic le 

i n terface re earc h . He joi ned PR! 
in 1 9 7 7  after 1 5 year \ i t h  Lock
heed Mi i l c  & pac ompa n , 
\ here he pccia l izcd i n  aero pace 
veh icle t cmpe ra lU re con t r  ls ,  in 
clud i ng \ o rk  on the  Apol lo l u nar 

cient i fic  cxperimcm . P u rcel l  rece ived :1 B i n  me
chanica l  engi neer ing rrom O k lahoma tate n iver i ty 
and a n  M B  from Pepp ·rel i ne  U n i ver i t  . 

Weld ing Research Heats U p  (pag 22)  wa wri uen 
b c i  nee wr iter Daw n Levy, \ i th  techn ical a i -
Lance fro m Vi Vis\ anat han  of the  - ne rgy Con ver i on  
D ivi ion  and David Gandy and hanc F ind  L an  of t he  

PR I  Repair and Rep lace men t  ppl icat io n e nter 
( RRA ) i n  har lo1 1c , or th aro l i na .  

I A AT H 1 , technica l fe l lm and manager 
[ r material appl ication tec hnology, came Lo P R I  
i n  1 9 7 9 .  Befo re t h a t ,  he pelll 1 4 yea r at t he \i e L 

inghou e R& D ell ler \ here he 
worked in meta l lu rgica l appl ica
t ion and evalua1 i n for n ucl ar 
and high - tem pera t u re s L em . 

is, anat han re eived a B i n  chem 
i L r  rrom M adras n iver i t }' a nd 

holds t h re degree i n  meta l lurgr-a B E  from t he I n
d ian I n  Li Lute of ience , an E from t h e  ni er i t}' 
of F lorida ,  and a PhD from arnegie M l lon n ivcr i t y. 

DA I D  G NOY i RRAC manager for ma t eria l and 
fo i i  apphcauon , over ecmg re carci1 on the welding 
repa i r  of team LU rb ine componen t , u peral loy , and 

hi h-cnerg pip ing and h ·adcr . 
Gane! jo ined EPR !  i n  1 996 a fter 
1 2  year as a project manage r wi th  
J .  . J one A ppl icd R earc l1 om
pany, \ h ich t hen perform c l  we ld
i ng re earch u nder contrac t t o  

EP R I .  H e  received a B in ma terial c iencc and engi 
neeri ng from Norl h a ro l ina L a t e  n iver i t y. 

H E F l1 D LA , ma nager of the RRA ' ve rall 
program , lead the group in the deve lopme n t  of inno
vat i  e material and powe r plant repair t e  h nology. 

Before joi n i ng EPRI  i n  1 996 , he 
managed th i  effort a a n  employee 
of J .  . J ones ppl ied R ' earch. 
Findlan joi ned J . . J one in up
port of EPRI  i n  1 980 Lo de clop re
pair so lution for B R t re corro

ion era king prob lem . Previou ly he wa i n volved 
i n  EP R I - upported re earch at Baue l l e  Memoria l  I n  L i 
t ute .  H e  earned a B in weld ing engi neeri ng from 
Ohio ta lc  U n iversi ty. 
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Bundl ing Report 

G 
iven the dramatic change occurri ng 
in the electric power indusuy due to 

deregulation and retail cornpe l i tion power 
compani ha e a  crucial need Lo develop 
offerings that will retain customers and pro
mote fu ture growth .  This repon ,  Bundling of 
Prod11cls and Services in the Energy Services 
lndusuy (TR-108985) , describ s how the 
bundling approach can help in meeting this 
need. It provides an overal l  framework for 
bundl i ng as a key corporate strategy, di 
cusses a variety of i sues that should be 
considered in connection with a bundling 
effort, and presents examples rrnm various 
industries. 
• For more information, contact Al1 mad 
Faruqui, afaruqui @epri.com, (650) 855-2096. 
To 01tle1; call the EPRJ Di t r'ibutio11 Ccnl'e1; 
(925) 934-4212. 
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De l iverables now avai la ble to EPRI members and cu stomers 

Power Qual ity Diagnostic System 

P ower quality di turbances co t elec
tri.ci ty users significam losses i n  

product iv i ty each year. Driven by 
increasing competition, electric 
u ti l i ties are responding to cus
tomer ' PQ concern wi t h  
new con t ract and service , 
orten working cooperatively 
with them to find economical 
answers to their problems. The 
process an be rigorous, t..ime
consuming, a 11cl omplex. That's 
why EPRl developed the Power Qual-
i ty Diagnostic y tern-a complete set of 
Looi to help engineer and technicians deal with PQ p roblems. 1L con i Ls of 
four CD-RO modules: a module that enables engineers to quickly identify PQ 
events; a module that facilitates the analysis or large quanti t ies of PQ measure
ment data: a module that performs computer-based simulations to help solve 
typical PQ problems; and an economic assessment module that conducts cost
bencli t analyses for artou PQ impro emem technologies . 
• For more infonnat ion, contact Sid Bhatt, bliatt@ep1·i. co111 , (650) 855-875 I .  
To order; call the Elcc1ric Power Software Ce111e1; (800) 763-3772 . 

Smartloop 2000 

E PRJ and GC Controls of Greene, 
New Yori , have teamed up to 

in troduce a low-cost digi tal con
troller that maximizes the perfor
mance and efficiency o[ water- loop 
heat pump (WLHP) systems. Known 
as rnartLoop 2000, th.is reliable 
microprocessor-based system is 
capable of control l ing al l  aspects 
of WLHP sy tern operation , inc l ud
ing cooling tower and boi ler staging, 
variable- and two-speed tower fan 
operation, loop pump lead and lag 

contTol , variab le-speed loop pumping, and heat pump staging for setback 
recovery. An inexpensive add i tion to a WL H P system , SmartLoop 2000 
provides substan tial sav ings in t:nerg use. Al o, because i t  requires min i
mal control wiring, i t is easily retrofitted to existing WLHP systems. 
• For more i 1 1fo11nat io11, contact Mulic 11 Khatta,; mhliattar@epri.com, 

(650) 855-2699. To o,der, cal l  C Control , (607) 656-41 1 7. 



Flywheel Market Analysis 

P 
ro s i ndu trie now rout ine l y rely on elect ron ic co ntrol and 

monitoring ystems, and the trend is toward the increasing use of 

such systems.  As a re ul t ,  th e indu t rie ar becomi ng more vulne ra

ble to power quality disturbances on e lectric i ty distribut ion y tem . 

Flywheel power yst ems offer an ideal solut ion , since they can store 

and deliver energy to an indu trial load a needed. flywheels have been 

used to tore energy ince ancie n t  lime , but modern composite fibers 

make it po si ble Lo great ly i ncrease rota t i onal speed and 

stored energy. Th i  report , Flywheel Power Sy tems: 
Madiet A1 1 a lysis (T R-1099 1 1 ) ,  eva l uate the indu -

trial market for Oywheel power sy terns and iden

t i fie barrier t o  the technology's acceptance. I t  

d i  cu e com mercial izat ion t iming, offer sugges

tion for enteri ng t he marke t ,  and pre en t  peci

ficat ions for selected OY'vheel products .  

• For more i n fomwtio11 , contact Ben Ba1 1e 1jee, 
bbanerje@epri.com, (650) 855- 7925. To ordc,; call 
the EPRJ Di 1 r ibut io11 Cen te r, (925) 934-4212 .  
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Gas Turbine Overhauls 

A 
comp l ete overhau l  of a combi ned-cycle 

power plant can take as long as 10- 1 2  week . 

Proper planning for such an outage is cri t ical in 

avoiding delay , cost overruns ,  and other compl i

cat ion . EPRI' GTOP (Ga Turbine Overhaul 

Plan ) Combined ycle oftware i a n  i ntegrated 

maintenance management tool peci fical ly de

signed to help optim ize the plan n i ng and manage

ment of major overhaul of combined-cycle 

plant . Used in conjunction with the Microsoft 

Project ched ul ing program, GTOP Combined 

Cycle provide tate-o f- t he-an tech niques for 

resou rce plann i ng, project ta tus a e ment , 

and co t- to-date and co Ho-com plet ion 

calculat ions. ! Ls databa e can ea i l y  be 

cu tom izecl to meet pecific plant or 

maintenance event requirements. 

• For more i11fomialio 1 1 , contacl )o/111 
Scl ie ibel, jsche ibe@epri .com , (650) 855-

2850. To orde1; cal/ the Elec t ric Power oft 
ware Ce11 te 1; (800) 763-3 772 . 
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Discovery 
Ba s ic  scie nce and i n novative en g i neer ing at the cutt ing edg e  

Power E lectron ics 
Mi lestone Reached 

T he , or ld's fir t gal l ium nit ride (Ga ) 
MO FET-metal-ox ide emiconduc

lor field e f� ct Lran i tor-has been fabri
cated i n  high -power electron ics R&D work 
pon ored b EPR l  and the . .  Defense 

Depanmem·s Advanced Research Projects 
Agency (DARPA) .  This achievement is a 
igni ficam tep toward the development o[ 

u l t rah igh -powe r i nverters [or u n prece
den ted swi tch ing peed and  cont ro l capa
bi l i t ies i n  h igh-vol tage ac and de power 
c l rcu i ts . 

i i  ico n-based MO FET are key compo
nen t s  i n  today' fast t i nverters . witches 
based on wide-bandgap em iconductors 
l i ke Ga pro m i  e 10 handle h igher power 
leve l and opera t i ng temperat ur , result 
ing in wider appl icabi l i ty and bel ier 
p rformance . 

A conso rt ium led b the U niversity of 
F lor ida produced the Ga MO FET, an 
early miles10ne in the  th ree-year, 1 4  m il-

New Firm for 
Membrane Technology 

A startup compa ny focused on the 
commercial development and app l i 

cat ion of an i nnovaL ive liquid mem bra ne 
puri ficat ion technology ha been formed 
by EPRI , Rl l n lemational , pect rum Lab
oratories, and Edi on Technology olu 
tions. Called Faci l i  ax , the  new technol
ogy could great ly reduce the econo mic 
and environmental costs of separat ing gase 
and liquid and of re mo vi ng co nta m i 
n ants from m i xt ure . I L cou ld be u ed for 
processing i ndu t r ia l  ga es, waste, and 
wastewater and for separat ing com po
nents in the chemical , food processi ng, 
agricu l tural , pharmaceutical , and biotech
nolog i ndu tries. 

The new com pany, Faci l ichem , ha 
been awarded a two-year, $2 mi l l ion 
gran t  from a at iona l In L i  L u te of Stan 
dard and Tech nolog program that 
su pports leading-edge technologi with 
economic and commercial promise. 

Developed at RI l mernational , 
the Fac i l i Max proces feature a 
proprietary membra ne on figu ra
t ion t hat h olds the e l ective l iqu id  
membrane sta ble to effect ively 
sepa ra te the componen ts in the 
feed stream.  This h igh ly elective 

A new process can produce gal l ium nitride wafers with 
wel l -defined sidewa l ls (right). 

epa rat ing agen t allow on! pur i 
f ied materia l t o  pass t h rough .  

H istor ical ly, a key  drawback of 
l iquid mem bra ne eparaL ion ha 

L ion E P R I - DA RPA program to acce lerate 
the devel opment o f  h igh-power devi ces 
and circu i t  for e lect ric power and de
fense appl icat ions .  The  consor t i um , one 
of i x  group fu nded u nder t he progra m , 
ha a l o developed a process for prod uc
ing Ga wafe r wi tb the smoot h , , e l l 
defined i d ewa l l requ ired fo r  de ice 
fabrication .  
• for Ju nher i nfomwtion ,  co11 tact jer1 
· 1clchc ,; jme/chcr@epri .co 111 , (650) 855-
2299. 
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been the shon life t ime and insufficient 
endurance of the membranes for com
mercial-scale indust rial use. To make 
the proces econom ical ly feas ib le . the 
Fac i l i Max y L em provides un ique access 
to t he  l i qu id  mem bra ne com panm n t ,  
enabl ing constan t  rep len islune n t  of t h e  
separat ing agent. 

Says Abhoyj i t  Bhown . who invemed the 
tech nology while at Rl and who now 
h eads Faci l ichem,  " Despi te 30 years or re
earch, t he  st ruc tu re for l iquid membra ne 

S) tern ha not been suffic i  n t ly stable fo r 
widespread indust r ial use . " The new com
pany's goals, he goes on , are to invest igate 
methods of stabi l izing these membranes, 
the n  to make them thinner and more effi
c ient , and fi nal ] w commercia l ize and 
market the tech nology for a broad ra nge 
of industria l appl icatio n . 

A m m i  Amarnal h , E PRr manager for 
proce s indu tries ,  cal l faci l iMax "a very 
c lever. logical extens ion of the hol low r,. 
ber tech nology u eel i n  re na l  d ialysis and 
1 ater de a l inat 1on . '· Th rough Fac1 1 ichem , 
he ay , P R I  · i nvol ved i n  an effort t hat 

i l l  great l y en ha n e L he efficien t , va l ue
aclclecl e lect ri ficat ion of the  industries t h a t  
app! )' L hc  new techno logy, whi le benefiU ng 
the communi t ' in se era! way . Facil iMax 
could pro vide the  f i r  t economical method 
of recover i ng heavy meta l from wa L e
wate r  and co u ld  ign i fican t l y  reduce pro
ce i ng  co ts i n  hyd rocarb n eparat ion • .  

ver the next two ear , Facil ichem 
wi l l  further deve lop, bui ld , sca l e up, and 
demonstrate the Fac i l iMa, stem and 
eek pa r Lner  h i ps \ i t h  co mpanies i n ler
ted tn pecifi c  commercia l appl icat ion . 

• Forfw1hc, · i 1 1fo111 1c1 t io11, co11lact 11 1 1 1, i A111ar-
1 1a th , ac,marnat@epri . com, (650) 855-25"18. 

Pu lsed Laser Could 
Speed Communications 

A n ul t ra fa t pu l ed  laser developed i n  
an E P Rl l i gh t ning diver i o n  project 

hows signi ficant promi c for making fiber
optic com mun i cat ion l igh t n i ng fast
three o rder of magn i t ude fa tcr t han wit h  
cu rren l  technology. E P R I  i pu r  u ing work 
on t he tc h n ica l cha l l enges i n  olvcd
work that , if ucc sfu l , cou ld enable wide 
com merc i a l i zat i on  of fe mtoseco nd ( L 0- 1 , ) 

la er pul e technology for da ta  com m un i
cat ion speed approach ing 1 0  THz. 

The con cpl of u ing fem t o  econd 
l a er pu l  es w i t h  L ime  mu l t i p lexi ng Lo i n
crea e com m un icat io n peed e merged i n  



r ea rch on u i ng an u l t rafa t la er to 
trigger l ight n ing di charges and di en 
t hem from u t i l i ty truct ures . Researchers 
recogn iz  d that t he concept had great 
pote nt i a l for c m municat ion appl ica-
L io  i n  the pow r i ndu  t ry  ( fo r  d i  t r ibu -
L ion au tomat ion .  gr id op rat io n , and  
con tro l cen Ler  co mmun icat ion ) and i n  
u c h  o t her markets as data t ra n  fe r, t h e  

I nt e rnet . tc lev Li on, a n d  fac i m i le . 
a t e l l i t e  and o t her advanced co m m u n i 

cat ion appl i cat ion current ly  u e wave
l engt h  m u l t i p l e x i ng to i ncrca e t ran m i  -
ion rat e : 1 0  or 20 ignal are broadca t 
i m u l ta nco usly at neigh boring a c

l engLh . Th i  approach has t, o dra, -
back : each ch,m ne l ' br adca t peed i 
det enn i ncd by the electron i  , and the  
n u mber o l hanne l .  i l i m ited b ' t he 
ba ndwid t h  of t he  cmi l l ing or a m pl i fying 
la er me<li u m .  

The drm backs can be o,·c rcome b • 
t ime mu l t i p lex ing i n  an optical sy Lem.  

hr ,  hon l a er pu l  e t hat code "word ·· 
, a pa n icular t ime equen e of l femto-
ccond pu l  e \ i t h i n  5 or l. O  pi o econd 

( 1 0- 1 2 ) ca n be cn t  t h rough the a i r  with
out ign i fica n t  bro.1den i ng. Wi th a d i ITcr
en L  v o rd e mi t ted every lO pico econds, a 
co m m u n ica t ion y tcm v o rki ng al a rate 
of I O Hz i ach ievable .  en h igher rate 
may b po i b le i f wave lengt h m u l t i plex
i n  can b added to L i me m u l t iplex i ng. 
Time m u l t i p lexi ng w i t h  pu lse on the  
order of 50 picosecond ma I al o be 
applicable to optical fiber . 

I t  i a l ready po i b le t o  gene rnte la er 
pu l  e a hon a 10 femto  econd . ln or
der to real ize t he potent ia l of femt ccond 
pul.sed la·er com mu n icat ion . te h nolog)' 
mu L be deve loped to com pre a nano
_ econd igna l in to a tring of fem to econd 
pu l  e . Lo procc. s JO Lo 100 chan nel i n  
pa ral le l , a n d  10 decompre a L r i ng of 
r mto  e nd pu l  back into nano ee-
o ncl pu l e 

• Fo, Ju 11her i 1 1fon1 1a1 io1 1 ,  conlaa Ralp/1 Bcm

sccin, rbcms lc@epri.co111 , (650) 855-2023. 
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H istiocyt ic  
Sarcoma Lymphoreticu la r  Lymphomas Lymphoma Lymphoma· 

'The wider confidence in terval is due to the relatively low incidence ot this d isease type in the study. 

Mouse Study F inds 
No EMF-Leukemia Link 

A recentl y ompleted t ud)' of the  
e ffects or magnet ic  fie ld  on the  i nci

den e of leukemia in n earl}' 2800 labora
tor mi e found no ign ificam effect of 
such expo u re .  he  t udy wa the la rge t 
l i fe- pan an imal t udy ever pon ored by 

P RI and one of the  large t rodent tucl i 
ever c nductcd . Bccau e of i t  ize and 
r igor, i t  gave re earc her an e ce l lem 
opport un i t y to eval uate t he  effects of 
ch ron ic EMF expo ure . 

ice were epara ted i n t o  e igh t  t rea t 
men t  group. for the  0-mo nt h L udy. Be
g i n n i ng al four wee I of age, m ice i n  fou r  
of t h e  grou p  we re expo. eel L o  60-H z ,  
c i rcul arly po larized 1 . ·htT ( l  4-G ) mag
net ic  f ie ld ; m ice in the other four  group 
, ere ex po eel n l to the  ambi en t  a erage 
magn t ic field of about 0. 1 pT ( l m , ) . For 
eac h magnet ic  fie ld e · po urc ondi t i  n, 
mice were e, po eel Lo fou r  le cl or ion iz
i ng radiat ion :  0, 3 50, 47 5, :i nd 600 R. 

L death, t i  ue of a l l  mice were micr -
copical l eval uated for lymphoid cel l  neo

plasm , and evc ral type f l euke mia 
wer found .  o ign ifican l  effect of mag
net ic field expo u re were found on the  
incidence of l eukemia  a t  the end of the 

t udy or on t he rate of developme n t  o f  
l e ukemia duri ng the  i n - l i fe port i on .  Be
cau e the  L r  a tmcnt  group were o l a rge. 
the i n ve t ig.itor , ere al o able to eval uate 
the magn i t ude or r i  k of  part icu l a r  t pes 
o f  lymphoma . The calculated risk rat io 
( the r i  k for expo cd animal compared 
with 1 ha1 fo r con t rol an imal ) for each 
tyµe wa approx imate ly l ,  indirnt i ng no 
effects fro m magnet ic  fie ld expo u re . 

At a l l t ages of L he  t udy, rigorou meth
od v e re u ed, i n c l ud ing b l ind  mea ure
ments and eva luat i ons, con forma nce to 
the E PA' ood LaboraLor Pract ice , and 
i n tern.ii and external peer review . 

Ove ral l , t he wdy found no ev iden ce 
that magnet ic fie ld  expo u re ei ther cau e 
or promote  t he d evelopment  of l e uk  m i a  
in m ice . Th i  was true for each leuke m ia 
tyµe, as wel l  a for a l l  t pes combi ned . 
The i n  est igators concluded t hat " t he re-
ults do not uppon an , effect of magne t ic 

n Id ex po ure on h uman ri k of de\ 'c lop
ing leu kemia/lym phoma ." ! though 
defini t ive conclu ion about human leuke
mia cannot be d rawn from thi research , 
t he h igh-qua l i t  lUd} ' i anot her piece of  
evide nce i n t he on t inui ng exam i nat io n 
of t he  ffect of magnet i  fie ld . 
• forfunher i 1 1Jo11 1 1a ! io11 , contact Cliarlcs 

Rafferty, craJJen@cpri .com, (650) 855-8908. 
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N THE HEART OF THE RENOWNED 

indusLrial city of Detroit, pan of an 
aging elecu·icit}' delivery infrastruc
ture is scheduled LO be retrofitted 
with what could be one of the most 
important technologies of the twenty-

first century. The installation and energiz
ing of the world's first high-temperature 
superconducting (HTS) power cables in a 
utility network, set for the year 2000 at 

i Detroit Edison's Frisbie substation, will be � 
� a pi011eering demonstradon of a likely t 

early-market utility application of super- j 
conductivity. A11d for De1roit Edison. the i 
principal operating subsidiary of DTE i 
Energy, the project will test a strategy for 
upgrading its downtown underground dis
tribution system. 

Three 400-foot (120-m) llTS cables, 
cooled Lo below 77 K (-196°() by liquid 
nitrogell circulat.i.ng in their cores, will 
each carry 2400 A ac at 24 kV-tluee 
times 1..he current. carried by a conven
tional copper cable. 1nstalled in existing 
4-inch-diameter (10-cm) ducts, the 1-lTS 
cables together will replace nine conven
donal cables. The reduction in conductor 
mass will be dramatic: over 18,000 pounds 
(8200 kg) of copper will be replaced by 
less than 250 pounds (110 kg) of HTS con
ductor- helically wound, silver-sheall1ed 
wire Lape made from a ceramic copper o x 
ide compound (BSCCO) containing bis
muth, sLronrium, calcium, and a small 
amounL of lead. 

The Oexihle HTS cables will be installed 
by personnel from Detroit Edison and 
Pirelli Cables and Systems. Originating at 
the lower-voltage terminals of a 120-kV/ 
24-kV u·ansformer in the substation yard, 
1he- cables will run i n  the underground 
ductwork through several 9 0 -degree 
bends to the three-story substation build
ing, where they will connect with switch-

� gear on the top Lloor. The i.nstallaLion will 
§ provide a realistic learning experience for 
i crews that may eventually pcrfonn similar 
• jobs throughout the city's downtown area, 
If where Detroit Edison has about 1000 miles 
� ( 1600 km) of underground cables that are 
t possible candidaLes for replacement 
S Catalyzed by major fLU1cling Crom EPRJ 
� and Lhe U.S. Depanmenr of Energy under 
I', l its Superconductivity Partnership lni1ia-
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Detroit is experiencing a downtown revital

ization, with major building projects under 

way or on the drawing board. Significant 

growth and shihs in the demand for electric

ity are anticipated over the next decade. 

rive with private industry, Lhe $5.5 million 
DeLroit HTS cable project will culminate 
nearly a decade of collaborative science 
and technology R&D led by Pirelli, the 
world's largest manufacturer of power 
cables; American Superconductor Corpo
ration (ASC), a leading producer of HTS 
wire and technologies for power applica
tions; and EPRl. Ln addition, the project is 
expected to receive a critical Lechoological 
contribulion from the cryogenic experts of 
Lotepro Corporation, a subsidiary of the 
industrial gas technology company Linde. 

"ll's gratifying to see the results of R&D 
that EPRJ began in 1989 fi.nally come to 
fruiLion in a ulility,scale demonsvation on 
a power system," says Ralph Samm, the 
manager for underground distribution 
who initiated EPRl's early work on devel
oping HTS power cables for ulilities. 

DOE and EPRI prevtously cosponsored 
the development of a 50-rneter flexible 
HTS conductor assembly manufactured by 
Pirelli wilh wire made by ASC. ln tests con
ducted in 1996. the conductor assembly 
carried 3300 A at 1 µV/cm de and 77 K
a world record that still stands. Then, us 
ing tl1e same conductor, Pirelli developed 
a 50 -meter cable prototype for opera1ion 
at 1 15 kV. This protol.ype, including termi
nal connections and a splice, was success
folly lested last fall at the company's high
vohage laboratory in Milan, Italy. Energized 

at 69 kV. i t  carried 3300 A de at 74 K and 
has since demonstrated an ability to carry 
2000 A ac. 

Last October, in announcing DOE's col
laborative R&D award of $2.4 million to 
the Detroit cable demonstration, Energy 
Secretar}' Bill Richardson said the project 
would open "the gateway to the electricity 
superhighway of I.he future. The contract 
builds on the department's significant in
vesunem in developing HTS tecb.nology 
over the last decade and paves the way to 
con.uncrcialization of a technology I.hat will 
transform the power delivery systems of 
the world." Richardson said the project 
"will help Lhe United States build and in
crease its competitive position i.a the 
emerging world market for HTS electric 
power applications.'' 

Superconducting cable tec.hnology has 
promise as a cost-effective means or at le'ast 
tripling the current-carrying capacity or 
existing underground distribution or trans
mission circuits, and its availabilily in the 
next decade could fortuitously coincide 
wiLh the emergence o[ competi1ive retail 
electricity markets that are likely to place 
greater power transfer demands on regional 
and urban networks. "High-capacity HTS 
cables will accelerate the growth and i n 
crease the value of an open and competi
tive marketplace for elewicity," said Greg 
Yurek, ASC's president and chief executive 
officer, at the time of  the DOE announce
ment. Yurek also emphasized the impor
tance of the Detroit project in ''the com· 
mencement of the growth of a significant 
commercial market for HTS products.'' 



dded Wal t >r Ale aod r in i ,  chjef exe -
u t ive officer of Pire l l i  Cable and ystem 
North America, ''The Det roi t Edison cable 
project is tbe  fir t of everal we expect to 
u ndertake in the next few years as the 
market for h igh-capacity HTS cables starts 
to grow." 

Key for urban infrastructure 

renewal 

Detroit Edison be l ieves that high-current 
HT cab les rated a t  ubtransmission and 
distribution vo ltage levels could be  a tech
nology solu t ion for meeti ng the growing 
demand for e lect ricHy i n  Detroit's urban 
core whi le  avoiding the  wholesale replace
ment of underground faci l i t i es and the 
resu l ting disrupllons at street level. "The 
cables wi l l  be in ca l led i n  downtown De-
tToit to upport the revi ta l izat ion or thi 
older urban area in a noninLru ive, en iron
menta l ly r ri ndly way," ays Robert Buck- i 
le r president and chlef operaLing officer of 
DTE Energy Dist ribut ion. 

Buckler notes tha t major downtown 
bu ilding and reno at ion projects u nder 
way or planned for the near fu ture-in 
cluding casinos, office and shopping com
plexes, a new ba eba l l  park, and a new 
footba l l  s tad i um-wil l  bri ng significant 
load growth and load shifts  for the util i tys 
downtown distribution system over the 
next decade. 

"Having the capabiliry to t ri ple the cur
rent-carrying capacity or exist ing conduits 
wil l  al l ow u to avoid digging up and dis
rupting the infrastructure , "  he says. "Soon 
after the turn o[ the cenwry, the ci ty's revi-

! 
� 
e 

ta l lzation wi l l  have progressed to the poin t 
that we will need more power i n  the down
town area, and superconduct ing under
ground cables cou ld have a very significan t  
impact in bringing this extra power in ." 

Uke Detro i t ,  most other large U .S. cit ies 
are experiencing building booms and ex
pect double-digi t-in several cases , even 
tripl e-d igi t-population growth over the 
next dozen year , according to survey in
formation repo rted at a recent conference 
sponsored by t he Fannie Mae Foundation 
and the Brooking I nstitut ion . uch growth 
will u ncloubtec

l
ly i ncrease the demand for 

electricity. But as John Howe, A C's vice 
president for electricity industry a ffairs, 
notes, "The iti ng of new transmission 
l i n  s has hecome progre i.vely more diCTi
cu l t  and is vinual ly impossible i n  many ar
ea with high real estate alue . nd with 
down town unde rground di t ribu t ion ,  o r
ten there is si mply no more room in the 
ground for new cable conduits. " 

Three 400-foot (1 20-m) flexible HTS cables wi l l  

be connected to a spare transformer (fore

ground, top photo) in the yard of Detroit Edi

son's Frisbie substation, then wil l  turn under

ground and snake through several  90-degree 

bends to connect with switchgear inside the 

substation. After conventional  24-kV copper 

cables have been removed from nine ducts in 

a substation duct bank (right), the 24-kV HTS 

cables will be installed in three of the ducts. 

Because these three cables can carry the same 

amount of current as the nine copper ones they 

will replace, six cable ducts will be freed up for 

possible use in  meeting future load growth. 

Bill Carter, De tro i t  Edison's d i_recto r of 
t ransmission and subtransmission plan
n ing, says the tradi t io nal approach wou ld 
be to instal l  nev 1 20-kV pipe- type ur solid
dielectric cables to increase power capac
i ty in the downtown  service area. "But 
that's p retty expensive," he no tes .  " I f  we 
can use existing ductwork and take advan
tage of the much greater curre nt -carry i ng 
capacity of superconducting 24-kV cables , 
we may be able to avo id insta l ling new 
120-kV cables, e l iminate the two transfor
mation steps-from 24 kV to 120 kV and 
back down-and s imply transm it power 
i nto downtown at 24 kV » 

Energy losses t hat result from resi lance 
in conventional conductors are reduced at 
h igher vol tage levels of power transmis
sion and distribu tion .  Bu t this traditional 
so lut ion for del ive ri ng more power re
quires new t ransformers and other substa
t ion  equipment .  In contras t ,  upercond uc
tor are nearly resi tance free and can 
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operate at h igh current levels with much 
lower losses. Thus the need for vo1 rage 
transformation steps is reduced. 

High-curren t HTS cables could help re
l ieve transmission bott l enecks in e.xisting 
corridors by eliminating the capacity l imit 
posed by conventional underground ca
bles (which can carry only about half  as 
much cu rren t as overhead lines of the 
same vol tage) . Al though more expensive 
than overhead l ines, underground HTS 
cables could also serve as new circuits in 
exist ing overhead transmission rights-of
way where there is insufficient space for 
an addi tional overhead l ine .  

EPRl and Pirell i  original l y envjs ioned 
138-kV-class, pipe-type underground trnns
mission <..-ab les as the most l ike ly early
market en try for HTS cables. I ndeed, 
many utilities still view high-vol tage un
derground Lransmission as the most prom
ising future applicat ion for HTS cable . 
But a more im mediate need for \ hich 
superconducti ng technology could pro
vide a so l u tion emerged in discussions 
wi th some u ti l i ties abou t  hosting an HTS 
cable demonstration on a power system. 

"A l l.hough EPRI and Pirel l i  had previ
ously focused on transmission applica
t ions, from our joint studies we l earned 
tha1 several mil i t ies were in
terested i n  high-current  HTS 
cab les as a means of doing 
things on their distribution 
networks tha t  they had been 
unable Lo do before," says 
Don Von Dollen, EPRl's man-
ager for underground trans
m ission. "One of the u ti l i t ies 
ldenct fied an appl icati on in 
which 1 3-kV HTS cables. car-
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lions toget her to en hance system reliabil
ity. Space constrain ts in the substations 
precluded using convent ional 69-kV ca
bles, and there was not adequate space in 
existing duct banks to instal l multiple 13-
kV c i rcuits .  But 1 3-k H TS cables could 
be instal led i n  the banks to airry the  addi
t ional curren t . " 

Given this u t i l ity feedback, il came as 
no great surprise when DeLroit Edison's 
Carter described system peration chal
lenges that called for high-current, 24-kV 
cables . " Tn  some ways . our demo nsLrat ion 
wil l be e en more of a chal lenge for Pirel li 
than t he 138-kV-class cable they have al
ready designed, because now they have to 
fit a si ngle-phase conductor in to a 4-incb 
duct ," says Carter. "For us, the greatest 
economic appeal is in maximizing the use 
of our existing infrast ructure. The resul t 
will be reduced co ts that ul t imately wi l l  
be reflec1 ed in lower rates for customers . 

I f  we can increase the distribution capacity 
downtown for less money largely by using 
existing assets, it will aUow us to grow our 
sy tern to meet customers' needs and bet
ter contro l  our costs ." 

Realistic test environment 

EPRI's Von Dollen says the Detroit Edison 
ubstation offers an almost ideal ut i l iry en

vironment for demonstrat i ng HTS power 
cable, including its instal lation, tescing, 
rou t ine operation, and maintenance. The 
three cabl es will be connected to a spare 
transformer that , when switched in lo the 
u t i l i ty network, will expose them to surges 
and transien ts typica l of a u t i l i ty distribu
tion system. 

The substation's 60-year-old under
ground concre te duct banks are Lhe same 
as those t h roughout the city. Replac ing 
n i ne con ent ional cables wi th th ree HTS 
cab l es wi l l  leave six condu its ava i lable 
for possib le future use. A manhole at the 
midpoint of the 400- foot  ( 120-m) cable 
run wil l  have just enough room for in
stal l ing a spl ice on one of the three H TS 
cables-an invaluable demonstration ex
ercise, si nce many spl ices wil l  be neces-
ary in longer. permanent insta l la t ions. l n  

L h e  substation yard , there i s  ro o m  near 
the transfom1er at one end o f  
the HTS cable run to instal l a 
l iquid n i tTOgen refrigeration 
system, Lo be butlt by Lotepro 
Corporat ion . 

ext year, under the uper
ision of P irel l i  personnel . ca

ble crews wil l  insta l l  the HTS 

I cables .  and engineering per
� sonne1 wil l  develop operat ing 
< " and maintenance procedures 
1 � that not on ly  wi l l  be used rying the Same amount o f  

power as conventional 69-kV 
cabl es, cou ld  eliminate a volt
age transfo rmation step in 
bri ng ing power into i ts  high
density- load down town area. 
That, i 11 Lum , could el iminate 
some e11.rpensive substations 
and allow for more-compact 
substa t ion designs." 

_ for a two-year series of tests 
- to determ ine cable rel iabi l i ty 

; and O&M costs but a lso wil l 
1 serve as in i tial procedu res for 

1g�90--�-1-9�9-2-�--1 9�9-4-�--1-9�9-5-�--1�9�99-� other u tili t i es tO fol low. ''This 

Cont inues Von Doll en , ','\n
ether u t i l i t y  needed to t ie  sev
eral or i ts downtown substa-
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American Superconductor continues to increase the critica l current den
s ity of multifilament HTS wire manufactured with the ceramic copper 
oxide compound Bi-2223. Shown here are the values achieved in short 
lengths of the superconductor materia l, with a h igh of 70,SOO A/cm2 

being reported last year. This steady progress has led to kilometer
length HTS wire tape that can carry 1 30 A; three such tapes now carry 
as much current as a 400-A convent ional copper cable (photo) .  

demonstration project is as 
real -world as it gets," says 
DTE Energy's Buckler. " I L  w i l l  
encompass mosL of what we 
expect to encounter in the 
fu ture if we decide to pursue 
a major HTS retrofit stra tegy. 



Our people are excited al the prospect of 
learning how to do their work using the 
new. culling-edge superconducting tech
nology." 

Adds Caner, "We will be one or the first 
utilities to get O&M experience with liq
uid nitrogen-cooled, HTS power technol
ogy- something we believe will be or sig
nificant value as HTS cables and other 
power products, such as fault current lim
iters and transformers, emer the commer
cial market. We've involved our O&M 
personnel from the outset in diswssions 
with Pirelli and the project's other partners ;r 

to address any safety concerns and prote
durcs that must be worked oul before the 
HTS cables arc placed in service." 

Notes Paul Grant, an HTS expert and " 
science fellow in EPRI's Strategic Science 
and Technology group, "The most valu
able, tangible results from the Detroit 
demonstration, in my opinion. will be the 
operating rules and insights that Detroit 
Edison will develop for using HTS cable 
technology. On the basis of prototype test 
results LO date, I am confidem that the 
technology itself not only will work but 
will be a slam dunk-with the possible 
exceptions or pulling the cable through 
the conduit bends and splicing a joim 
in the space previously used for conven
tional cables." 

Cryogenic refrigeration Lechnolog)' b:lScd 
on cheap, environmentally benign liquid 
nitrogen is used in a wide variety or indus
trial and research applications. However, 
the utility industry's experience with the 
coolant has been limited primarily LO its 
use for temporarily freezing dielectric oil 
in a cable to facilitate repair or splicing 
and as a spray for cleaning conductor in
sulators. 

For the Detroit Edison HTS cable dcm
onstnuion. Lotepro will engineer the re
frigeration system LO meet Pirelli specifi
cations. The system will involve "wcll
proven and -tested components, although 
their arrangement in a system will be a 
first of a kind," says Hans Kistenmacher, 
presidem of Lotcpro. In one likely config
uration, he says, pressurized liquid nitro
gen would be circulated in a loop and 
would be cooled al Lhe refrigeration unit 
via heal exchange with pressurized he-

lium. The helium would then be expanded 
in a high-speed wrbine enclosed in a cryo
genic coldbox before being returned Lo a 
compressor. The expansion turbine would 
run on frictionless gas bearings for highest 
reliability. 

A guiding objective for a cable refrigera
tion system design is that it be economi-

HTS tape is fabricated into a 

stranded conductor assembly 

by Pirelli Cables and Systems, 

using modified conventional

cable equipment. The machine 

on the right then wraps the 

conductor assembly with ther

mal insulation made of metal

lized polyester film. 

tally optimal from the first 
unit's initial operation. "We 
wanL a system that will be 
practical for commercial op- � 
craLion, and so we arc trying 
lo achieve the optimal eco
nomic limit relalive to Lhc 
state of the an for copper cable in this ap
plication:· says Kistenmacher. 

Dielectric: warm or cold 

Pirelli, which has idcnlified superconduct
ing power cables and fiber-optic commu
nicaLions as strategic technologies for ilS 
future business. is developing two basic 
HTS cable designs in separate efforts. 

The <lcsign planned for Lhe Detroit Edi
son project, an extension or previous work 
sponsored by EPRI and DOE, features a 
warn, dielectric. In this design, hollow
core conductors contain pressurized liq
uid nitrogen, but the dielectric that elec
trically insulates the conductors operates 
at external ambient temperature and thus 
can be made rrom such conventional ma
terials as Ouid-impregnaLecl paper, paper-

polypropylene-paper laminate, extruded 
eLhylene-propylene rubber, and cross-linked 
polyethylene. The Uexible cables can be 
installed in a steel pipe and surrounded by 
pressurized dielectric fluid or gas or, as is 
Lhe case in Detroit, encased wiLh extruded 
solid dielectric. 

Also, under a 1997 agreement with Elec
tricite de France (EdF). Pirelli is develop
ing a SO-meter prototype of coaxial under
ground HTS cable in which the dielectric 
operates al cryogenic temperatures. In this 
design, one conductor is inside another; 
the two are separated by the dielectric, 

with liquid nitrogen circulating through 
the insulated pipe that contains Lhe cable 
assembly. The neutral outside conductor 
creates a superconducting shield that re
pels the magnetic field rrom the primary 
conducwr. meaning that electrical losses 
arc even lower than with a wam1-dielecLric 
cable. Pirelli and EdF plan to test the cryo
genic HTS cable proLOLype by late 2000. 
(ln the United States, DOE is supporting a 
coaxial cable prototype development crfort 
featuring HTS wire rrom lntermagneLics 
General. This effort is being led by Ar
gonne and Oak Ridge National Laborato
ries and includes Southwire Corporation.) 

Pirelli envisions offering the warm
dielectric design for applications of up to 
several hundred megavolt-amperes and the 
cryogenic-dielecuic design for applications 
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of 225 kV and up and current levels as 
high as 1 GVA (1000 MW of power). Can
didate applications for both types of design 
exist in many utility markets. said Steve 
Norman, Pirelli's manager for the Detroit 
Edison demonstration, in an interview last 
November. ''EdF has a particular applica
tion for dense, high- power urban penetra
tion, so we are talking about a system at 
225 kV carrying 1 GVA per circuit or, alter
natively, one at 90 kV that probably would 
carry about 600 MVA.tt Norman added 
that, as a result of its 1998 acquisition of 
Siemens' power cable business, Pirelli is 

of the pudding. We're going to put the ca
ble in the field and demonstrate to users 
that i t  can be applied in their environ
ment. Once we have installed the cable 
and then maintained the performance of 
the superconductors- which is no trivial 
issue- the emphasis will be on operation. 
A key issue undoubtedly will be the refrig
eration plant and its reliability." 

Goal is to meet or beat copper 

Pirelli anticipates several field trials of HTS 
power cables with utility users, beginning 
with Detroit Edison, before the technology 

Thermal insulation 
Solid dielectric 

Liquid nitrogen 
coolant 

Teflon spacer 

Inner corrugated tube 

Skid wire 

Outer 
shield 

HTS tapes 

Outer corrugated tube 

The 24-kV, 2400-A warm-dielectric HTS cables that Pirelli is planning to use in the Detroit Edi

son demonstration are based on an earlier design for a 115-kV solid-dielectric cable. Liquid 

nitrogen circulates through the hollow core of the HTS conductor assembly, and multilayer 

thermal insulation surrounds the conductor. The solid dielectric for the demonstration will be 

either extruded ethylene-propylene rubber or Pirelli tree-retardant cross-linked polyethylene. 

also developing a coaxial cold-dielectric 
HTS cable prototype in Berlin, Germany, 
for eventual demonstration there. 

Interviewed just after the first electrical 
tests of the warm-dielectric HTS cable pro
totype were conducted in Milan. Norman 
said that success in the laboratory had 
shifted the focus to proving HTS cable 
technology in a utility network. "We've 
done about all that we can in the labora
tory. Now Detroit is going to be the proof 
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enters commercial markets (perhaps as 
soon as 2003)_ The earl)' prototypes and 
demonstrations arc not expected to have 
installed costs competitive with those of 
conventional cables, which have benefited 
from a century of manufacturing know
how. But owing Lo expectations that ASC's 
HTS wire will continue to improve in per
formance and that the demonstrations will 
give a clearer picture of total HTS cable 
costs, researchers are optimistic that in 

commercial installations the cables will 
have a cost-performance ratio equal to that 
of convemional cables. 

··we must compare the total owning 
cost of the new superconducting cable
including losses as well as O&M costs for 
the refrigeration system and for the cable 
system overall- with that of conventional 
cable," says EPRl's Don Von Dollen. "The 
bottom line is that the cost of HTS cable 
has to be better than that of conventional 
cable." 

The cost of superconducting wire dom
inates the cost of HTS power cables. Ac
cording to EPRl's Paul Grant, Lhere has 
been a general belief in the HTS commu
nity that to be cost-competitive in power 
applications, the basic manufacturing cost 
of HTS wire for operation at 77 K can be 
no more than S LO per kiloampere-meter 
(kA-m). Today·s HTS wire, based on the 
BSCCO compound Bi-2223, costs several 
times that amount. 

ln a recent paper submiued for publica
tion in a professional journal, Grant and 
colleague Thomas Shcahen of Science Ap
plications lntc-mational Corporation sug
gest that the cost-performance target of 
$10/kA-m "ma)' be extremely difficult 10 

realistically achieve for silver-sheathed 
BSCCO produced by the oxide-powder
in-tube [ OPITI technique." ASC, mean
while, asserts that with full exploitation of 
large-scale production economies, includ
ing automation, the cost-performance tar
get is attainable with current HTS wire 
technology. 

"We suspect- in fact, we are con
vinced-there is no single cost-perfor
mance marke1-cntry value whose reali
zation would constitute a declaration of � 
victory:· say Grant and Shcahen. As an " 
example, they conclude that in the case of ;;. 
high-current HTS power cables for retrofit � 
installation. the po1ential value of urban � 
real cs1a1c fonnerly occupied by interme- , 
diate-voltage step-down substations could -
justify a cost-performance ratio 100 times 
greater than $10/kA-m. • 

In a separate, parallel part of the EPRI-
DOE cable demonstration project, Pirelli 
will make and test a L-meter multistrand 
conductor featuring ASC wire that differs 
from BSCCO-OPIT wire both in HTS ma-



Pirelli successfully tested a SO-meter proto

type HTS cable last November at its high· 

voltage laboratory in Milan, Italy. Designed 

for operation at 11 S kV, the prototype sys

tem included terminal connections, a splice, 

and a pilot liquid nitrogen refrigeration unit. 

Energized at 69 kV, the cable carried 3300 A 

de at 74 K and later 2000 A ac. 

terial and in fabrication method. The work 
will build on a large private effort under
taken by ASC and EPRl to commercialize 
thls so-called second-generation HTS wire, 
made by growing thick (> 1 -µm) biaxial 
films of an ymiurn barium copper oxjde 
(YBCO) compound on flexible metallic I 
tape. (The original HTS material, this j 
compound was discovered by researchers � 
in 1986 to be superconducting at liquid � 
nitrogen temperature.) The ASC-EPRI ef - ·' 

� fort benefited substantially from work at 5 
DOES Oak Ridge and Los Alamos Na- v 
tional Laboratories that demonstrated pos
sible approaches to producing coated 
YBCO conductor. 

According to Alex MalozemolT, ASC's 
vice presidenL for technology, recent col
laborative work by his company and the 
Massachusetts Institute of Technology
work sponsored under the alliance with 
EPRJ-acbieved low-cost deposition of 
YBCO films on single-crystal lanthanum 
a.luminate. Films over 1 µm thick with a 
current density greater than I MNcm2 were 
produced. ASC has gone on to produce 
films 2 µm thick (carrying 1 MA/cm2) and 
0.8 µm thick (carrying 2.2 MA/cm2). 

''These results are important because 
they open up a new approach to achieving 
a lruly low-cost manufacturing process 
for YBCO-coated conductor,• Malozemoff 
and his colleagues reported at last year's 
Applied Superconductivity Conference. 
"lnitial estimates indicate thal at leasl a 
factor of two can be gained in cost-perfor
mance vis-a-vis BSCCO-OPlT . . . .  YBCO
coated conduclOr technology lies further 
out in the development cycle but has the 
potential to open up a significant further 
increment in cost- or price-performance 
over BSCCO-OPIT, enabling a broader 
market for HTS wire in power and other 
applications." 

The ASC scientists said that the differ
ent capabilities and characteristics ofYBCO 

Corona shield 

Yet definitive engineering conclu
sions as to whether Lhe.se complex 
and even myste1ious materials will. 
in fact, fundamentally reshape Lhe 
technology of elec1tridty delivery in 
the next century critically depend 
on the results of full-scale demon
strations in key applicadons- in
cluding power cables, transformers, 
and motors-over the next few 
years. EPRl is continuing a long
Lenn commitment to commercializ
ing HTS lechnologies that oiler the 
greatest, most immediate benefits 
to electric utilities. 

Pirelli has developed a basic termination design for 

HTS cables that channels the flow of high- and low

pressure liquid nitrogen (LN) and minimizes heat gen-

"EPRI focused early on a retTOfiL 
strategy for HTS cables- replacing 
copper cables in urban settings with 
high-capacity HTS cables, much as 
fiber-optic cables have been replac 
ing copper communications ca
bles," says EPRis president and 

eration at the transition to conventional conductors. chief executive officer, Kurt Yeager. 
"Detroit Edison's leadership \n 

and BSCCO are likely to ensure an active opening up the urban market will provide 
market for both technologies in the future. a valuable experience base for all EPRJ 

members, thereby helping to accelerate 
Demonstrating the fruits of R&D the acceptance o f  this new technology." • 
Phenomenal success in advancing the per
formance of high-temperature supercon
ductors- discovered by LBM research 
physicists only 13 years ago-continues Lo 
spark media headlines and public interest. 

Bac/1growul information (or this article was provided 
by Paul Grant (pgra11t@ep1i.wm). Strategic Scimce 
mid Teclrnology. and Don Von Dollen (dvo11doll@ 
,-pri.com) 11111/ Ra/11/1 Samm (rsmmn@rprf.wm), En
ergy Develop111c111 11nd Ulili�atbn Divisi/ln. 
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mid billowing clouds of 
white gypsum dust , the 
clamor of giant convey

ors ej ecting 70-pound (30-kg) 
sheets of wallboard, and the roar 
of propane-powered lift truck 
engines, a clean, quiet electric lift 
truck might seem somewhat out 
of place-like a ballet dancer at a 
boxers' gym. But an electric fork
lift has recently held its own in 
such an environmen t at a Na
tional Gypsum plant in Baltimore. 

"There 's basically no difference 
in performance,• reports plant 
manager Dave Cureton, compar
ing the electric forklift with its 
noisy counterparts. "The guys 
have been grousing a bit about 
the fact that it's different to drive 
than the internal combustion en
gine trucks they're used to. But it 
does the work.• 

And tha t's no small feat .  Vehi
cles like the plant's are the heavy
weights of lift trucks, responsi
ble for hauling stacks of up to 
160 sheets of wallboard for dis
tances equivalent to the length of 
a football field. Each one of these 
loads weighs anywhere from 8000 
to 1 1 ,000 pounds (3600 to 5000 
kg) . And the trucks repeat these 
trips continually throughout the 
workday. First they deliver wall
board from the production line to 

- the warehouse, where they stack 

J r_) 



it i n  pi les as high as 1 5  feet (4 . 6  m ) . T hen 
t hey move the  product from the ware
h ouse to doze n of natbed trai l e r  trucks 
wait i ng  to del ive r it t o  distr ibu tors and j ob 
si tes i n  even sta tes i n  t he  m id-A t lamic 
region . As Curet o n  cone de , " I t ' a pre t ty  
r igorous workout ." 

M a n u fact u red by C lark Materi a l  Han
d l ing, t he 1 2 ,000-pou nd-capacity (5400-
kg) vehi cle at at ional Gypsums Bal t i 
more p l ant is t h  late t i n  a 
series o f  elect ric l i ft t ruck 
EPRI has  dep loyed over the 
pa t three years to demon -
t rate t he tech nology's capa

bi htie . l nt e re t i ngly enough 
t hough , muscle power i no t  
t he  poin t  of t hese demon t ra
t ions . ( I ndeed , ev n bigge r 
el ectric l i ft t rucks ha e bee n 
opera t i ng  re l iably i n  a variety 
of rugged i ndu tr ia l e nvi ron 
m ent , u c h  a metal fabrica-

L ion plan t  , for more t h an  hal f  a century. )  
Rather, EPR L  lau nched the  projects t o  show 
the  fea ib i l i t  of usi ng fa t-charging tech
no logy w i th e l ec t ric l i ft t rucks.  The abi l i ty 
to c harge t hese vehic les quick l y- red uc
i ng the  u ua l  8-hour charging t ime to ha l f  
an hour  o r  l es -is c r i t ical LO i ncrea i ng 
the i r  use i n  indu t ri a l  appl i ca t ion 

Charged up 
mong t he many so-cal led nonroad elec

t r ic veh i c le -veh icle not imended for 
high way d r i v i ng, i n cl udi ng go l f  can , 
swee per , and crubbers-forkl i ft re p re
se n t  the largest si ngle e lec t r ical l oad for 

. .  e lect r ic uti l i t ies . As of 1996, wel l  ove r 
50% of a l l  l i ft t ruck i n  use i n  this country 

were e lectri . ( I n  western Europe, the fig-
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ure is eve n higher-70% . )  Contributing to 
the  appeal of th i s  tech no logy are its lack of 
emissio ns, quiet performance , and---com
pared with i n ternal combust ion ngine al
tematives--reduced mai ntenance requ i r  -
ments and lower l i fe-cycle costs. 

The largest single barr ier LO i ncreasi ng 
the tech nology' market share in the United 
Sta te is i t  bat t ery-charg ing requ i rements. 
A conve n t ional 8- hour chargi ng regi me 

big operation t hat they employed one per
son on each shift j ust to exchange baue r
ie ," says Purcel l .  

F a  t charging,  w h i c h  c a n  easi l y be ac
comp l ished d uri ng wo rkers '  breaks, lunch  
h ours , and sh i ft c hange , el im i nates the  
need  for spare baueri es. ot on l y does t his 
amount to signi fican t  up-front savi ngs, but 
i t  also great ly reduces the pace requ i re
ment of the  e lect ric opt ion .  A nd rat her t han 

havi ng to remove the  bat t ery 
from a veh i c le fo r c harging, 
use rs s im pl y p l ug the  vehi
cle into the  charger, w hich 
mean t hat le s labor  is de
voted to Lhe chargi ng proces . 

E lectric lift trucks have enjoyed long and widespread 
use (the E lwel l-Parker model, left, dates from 1927), 
but further market growth is being l imited by the 
s lowness of battery charging. A large-capacity Clark 
e lectric lift truck l ike that shown above was used in 
one of several EPRI demonstrations of fast battery
charging systems-a technology that could open up 

The con ve n t i onal chargi ng 
pract i ce for lead-ac id bat ter
ies an lead to t he  relea e o f  
hyd rogen or gass i ng, which 
a lso mean water l o  s .  This 
re u l t  i n  the need not on! 
fo r  ven t i la t i on  to remove the 
gase from the room but al o 
fo r bat te ry wate r ing. Bot h  
ba t t e r  a n d  charger opera
tor and ma n u facturer  are 
in tere tee! in determi n i ng the  
i mpacts o f  fa  t chargi ng on 
bat t e r ies. The re u l ts from 
E P R l '  l i ft t ruck field demon-
L rations hav been m i xed , new opportunities for electric vehicles. 

genera l ly means t hat l i ft t ruck u er 
mu l pu rcha e spare ba t t er ies to 
mainta i n  the  t ruc ks' prod uct iv i t y. 

"The typical pract ice al com panies t h a t  
have electr ic l i ft t ruck is to have  t hree 
bauer ie  per vehicle :  one in use, one be
ing charged ,  and one cool i ng down," ays 
Gary Purcel l , who u n t i l  hi recen t  ret i re
ment managed E P RI ' non  road e lect ric ve
h ic le (EV) work. At $2400 each , the pare 
bauerie s ign ificant ly raise the capi ta l cost 
of the e lectr ic opl ion , and the changi ng 
I roce s i nc reases i ts lab r requ i remems. 

Add ing to the xp n i the  very la rge 
amount of space-often  t h ousands o f  
quare feet-needed t o  accommodate t h e  

bat tery-charging and -changing ope ra
t io ns. At the auto plan t  where EPRl's fir t 
fast-cha rgi ng demonst rat ion  was he l d ,  the 
ba ttery-chargi ng area wa qu ivalent LO a 
q uarter of a footba l l  fie l d . " l t  was uch a 

but i t  a ppears t ha t ,  i n  ome 
ca es, fast charging may reduce overa l l  
Oeet water ing and ven t i la t ion requ i re
men ts-which i n  turn cou ld have i m pl ica
t ion for bot h bal ler}' ma i n tena nce and 
harge r i t ing. - PR l ha l aunc hed evera l 

sllldies to exa m i ne t h i  is ue i n  dept h . I t  is 
worki ng w i th  charger and bauery manu
facturers to ana lyze the baueries used i n  
the f ie ld demon trat ion fo r e lTecls of fast 
chargi ng. 

ina l l y, there 's evidence that fast c ha rg
i ng ma}' s ign i fi cant l y i ncrca e baucry l i fe .  
In a study conducted by ominco Ltd .  and 
pon ored by the Advanced Lead-Aci d 

Baue ry onso n i um and t he O ntario M i n
is t ry o f  Tran 1 ortat io n's t ra tegic Veh ic l e  
Tech no l ogy O ffiC' , fast chargi ng i nc rea eel 
the  cycle l i fe o f  the  l ead-ac id  bat t eries 
tested by 320%-from 250 conven t ional 
charge cycles t o  1 050 rapid-charge cycle . 
That s t udy ended i n  1997. ow, E P RI and 



ou t hern al ifornia Edi o n  are col laborat
ing on another tud of the e ffect of fa t 
chargi ng n ba t Lery l i f  . I n  th i  project , 

C · lec t ri eh icl Te h n i  al n t  r i 
performing l i fc-c de analy of l i ft t ruck 
bau eries. 

Fast-charging technology isn 't e ac l ly 
ne\ . I t 's j u  t ta ken a whi le  LO ca tch o n . 
Purcel l  rem mber hen  orvik Tract ion 
I nc. f Ont r io ,  a l eader  i n  t h  technol gy, 
fi r  L i n red uced EPR I  to t he cone pl i n  t h  
l ate L 9  0 . "Ou r r pon e \ a , we' re n ot 
u re we bel ieve you ," Purce l l  recal l . 

couple of year later, h e  came ac ross a 
J apane e a u tomake rs broch u re that adver
t i ed the  ca pabi l i ty  to "emergency charge" 
on -road • . " Fo r  me ,  tha t  wa L h  t u rn 
i ng poi m ," h e  ay . " l began to t h i n k  
about orv ik  and  what they had to l d u . "  

Purce l l  worked to e tab l i  h re lat ion h i p  
bet, een ariou a u tomaker  and charging 
companie- to e ncou rage the i r  pur  u i t  of 
t he tec h nolog i ndepe nden t !  of PRI . 

nd i n  1 994. pla n n i ng began for l: P R l 
fu nd d demon nat ion of the  fa t charg
ing of l i ft t rue 

" u r  fee l i ng  , a t hat i f  t he  demon 
t rat io n co u ld  prove the  feasibil i t }' of 

fa I -charg ing techno logy o r  e lec tr ic  l i ft 
P u rce l l , '· t he wou ld he lp  

l i m i nat e t he on l · ign i fican t  barrier t o  t h  
wider u e f t h  e t ru k i n  t h e  n i t ed 

t at · . " L t he  amc t i me, ucces fu l dem
on t ra t ion could open the 
door for the  fast cha rging of 
o t he r  non road : • ( fo r  ex
am ple, s, ee pers ,  crubbcr , 
and a i rpon baggage carri rs 
and  h u u lc bu e ), a \ e l l  
a o n-road veh ic les . 

In practice 
The project a l  a t ional Gyp

u m  i t he  fourth i n  the  e
ri of P R I - pon ored fa \· 
chargi ng demon t rat ion in 

ol ing l i ft t rucks. A J I  of t he 
other  feaLU red t rue w i t h  

M ichigan, over a six- mon th period i n  l 996. 
The re uh of th is  project � hich are re
po rted in EPRI  TR- 1 0  255, showed t ha t  

fa t -charged e lectr ic l i ft t ru ck co u ld  be 
u ed con t i n ua l ly  in a high-cl mand , two
sh i ft i ndustria l  environm n l .  I n  fa L ,  the 
need for spare bat tery packs and for bat
t e ry changi ng \ as el i m i na ted . A nother 
benefi t wa t hat the bat ter y-wat er ing re
qu i r  men were ign i fican t ly r duced by 
fa t chargi ng. F rd ha in e expre eel 
grea t i n ter t in th technol  }', ca l l i ng  i 
advantage " too n u merou to I i  L on a in
gle page," Purcel l say . 

for the  econd fa t -charg ing de mon-
t rat ion , E P R I  elec ted a Honda man u

fact u ring  pl an t i n  East L iber ty, O h io. Th i  
faci l i ty cov r 1 .4 m i l l i on  quare feet 
( 1 30,000 1112) , emp lo  2700 people, and 
prod uces abou t  240,000 car pe r year, in-
l ud ing the ivic cda n and the  cura 

cou pe .  Al ready an a l l-eleC L r ic  l i ft t ruck  op
era t ion , the  pla n t  ha a Oee t of -+O uch 
t ruck  for mo i ng u t o  b dy part around 
on i a embl)' l i ne . wa the  a e at 
the  Ford plan t , the  Honda faci l i L  operated 
tv o long hi fts per da duri ng the ix
mont h  demonstrat ion , , hich concl uded 
in J anuary 1 998. 

Th p lan at t h  H onda plant wa to fa t
harg one el ct ric l i ft t ruck per h i ft . u · 

i ng  t h  worke r ' ha l f-hou r l unch break 
and tv o 1 0-m i n u te nack break . a we l l 

as t he  t ime betwe n h if . During the  dem
o nstra t ion , hm e er, t he workers di cov
ered that a fter dri ing the  vehicle to the  
charging area, pl uggi ng i L  i n ,  and goi ng 
to t he br ak room ,  t hey ba re! had t ime 
for a breather b for having Lo ret u rn  L 
pick u p  the  eh i  le ; t h  r for . the two J O
m inu te char i ng i.on were el im i nated . 
The resu l t  was a total cha rgi ng t ime of 
about 7 5  m inu te per sh i ft , compared with 
the  8 hour p lu  cooldow n t ime requ i red 
for conven ional chargi ng .  

"T hey were v ry im pre ed w i t h  the 
tech no logy," sa s Don arida of meri 
c a n  Elect r i c  Powe r, w h i c h  wo rked \ i t h  

P R !  in overseeing t h e  proj ect . H e  points 
out t hat t h  p l an t  curr n t l y  devote a ig
n i ficant amou n t  o f  pace t o  bat t e ry t0 r
age and chargi ng-an a rea t hat would be 
great ly  red uced w i l l, fa t chargi ng. H onda 
i now di cu i ng with orv i k  the  po i
bi l i t  of converting to fast chargi ng at thi 
faci l i t  

EP Rr third fa  \-chargi ng demonstration , 
\ hich oncl uded la t -eptem b r, in olved 
an especi a l l , gruel i ng, t h ree- h i ft , e en 
da  -a-week en iron mem: t h e  Buffalo Rock 

ompan ' bot t l ing plant in Bi rm i ngham , 
Alabama. The fa I -charged l i ft truck u ed 
in t h i. de mons trat ion-one of eigh t elec
t ric l i ft t ruck \ ork i ng the 1 90.0 0- quare
foot ( l 8,000- m2 ) plan t-hauled tack of 
bot t led Pep i , Dr. Peppe r. 7 - p , and ot her 

be eragc from t he pro
duction l i nes LO the  truck 
t h a t  del i ver t h em to di t ri 
butio n cen t e rs across the 
o u t hea L .  

ccord i ng to Purce l l ,  the 
pl ant' l i ft t ruck are op

•• cra ted a n  ave rage of 61 % 
of the t ime, wh erea the  
more L}' pical average for 

- indust r ia l  appl ications is 
35%. "The use of the L ift 

mal ler capacit ies-in t he 
range of 5000-700 pound 
(2300-3200 kg) .  

The fi r  L de mon trat ion 
took place at a Ford o tor 

ompa ny plant i n  Wixom , 

As indicated in the l ift truck demonstrations, these fast-charging systems from 
AeroVironment (left) and Norvik Traction can dramatical ly reduce the time 
required for battery charging, enabling it to be performed during workers' 
breaks and shift changes. 

::. Lruck , a e uc mel h igh , 
c m pared wi Lh  o ther oper
a t ion , e' e dea l t  , i l h ,� 
agrees Bob Bcl lenger, who 
managed the demon t ra
tion on behalf of labama 
Power and also participal
ed in t he ot her EPRl dem
o n  ual ion  . uTh i put an 
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Many companies mu l l i ng  over t he con 
versi on decision a re hold i ng ou t  for t h  
crit ica l  piece of missing i n formation o n  
fa t charging: i t s  eco nomic feasibi l i ty. As 
J i mmy Wolfe, ice pre ident of manufac
tur ing and operat i on at Bu ffalo Rock , 
p u t  i t , " l e  a l l  boi l down o economics. I f  
i t  sav m e  m o n  y, l ' m  a l l for i t .  Bu t if i t  
doesn't ave money then w e  don't have 
any use for i t . "  dm i tLedly, al though fast 
charging has many advantages, i t 's a l  o 
very expensive at this t ime .  A conven
t ional charger might co t about 4000, 
w h i le a fa L harg r current ly  co t abou t 

40,000. Tha t's p ri mari ly becau e fa c 
chargers are h igher power d-Lypical ly 
larger than 50 kW, com pared w i t h  less 
t han 10 kW for con ven t ional chargers . 

Because conventional technology requires batter ies to be removed from l ift trucks for lengthy 
charging, users typically must buy multiple spare batteries to avoid veh ic le downtime and 
must devote cons iderable labor and space to the charging, changing, and storage operations. 
Quick, in-vehicle charg ing can free up both worker time and plant space. 

Th is yea r, in a project  in ol ving Ford , 
orvi k , and Ed i on ource (a ubsidiary 

of Edi on I nternat ional ) , EPRI plan to 
explore a technolog advance that could 
o e rco me the  co t h u rd le-an advanced 
fa t charger control ler capable of chargi ng 
more t han a dozen ehicl s imu l tane
ou I . The new fa ! -charger wil l  be tested 
in a Wa ne, ichigan ,  plant that produce 
Ford E cons. The p roject i expected to 
last th rough the end of t he year, and Ford 

extra burden on the t ruck' baueries and 
gave us a good test . " 

The fa t charger u ed i n  t h i  project , a 
50-kW u nit developed by Aero i ronment  
of onrovia, Cal ifornia, charged the bat
teries in about l hour, compared with the 
7 hour typicall requ i red for convention
ally charging the l ift t rucks at the plant .  " l 
think the  people at Bu ffalo Rock were a 
bi t skept ical going  i n ," recal l Bel lenger, 
"but the sense l've gouen i that t h i  m ight 
be omet h ing they're i n t  r ted in a the 
chargers come down in price. " 

The conversion question 
The most recelll EPRI demonstration, at 
the at ional  Gyp u m  plam i n  Balt imore , 
ran fro m September o f  la t year t h rough 
th i  J anuary. The part i c ipat i ng  uti l i ty was 
Bal t imore Gas and Electric, whose e ffort 
was managed by Larry a t l iv i . 

According LO plalll manager Dave Cure
ton ,  40 m i n ute during each of two 8-
hour hi fts per da wa al l  i t  took for 
worke r to fa t-charge t he 1 2,000-pou nd
capac i ty (5400-kg) L i ft truck. ( l t  wa also 
plugged in to charge overnigh t, he notes .) 
The truck's trong perforn1ance has led Lo 
some serious considerat ion of converting 
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t he re t of t he  fieet a1 t h i  site to e lect ri 
" e·ve bee n  t a l king about th i  fo r a lo ng 
t i me," ay u reton , re ferr ing to the  po i 
bi l i t  of u ing  clc t ric technology. " e do 
u e ome mal l  e l  ctri in ome of ou r ac
cessory plan ts ,  but we've never tried an 
electric l i ft truck here becau e � e didn't 
know there was one wi th this kind of load 
capacit . "  

CureLOn l i kes the  fact t hat elect ric l i ft 
t ruck require le mai n tenance t han  the 
23 propane-po\ ered forkl i f  operated a t  
the  si t e .  " El ectr ic forkl i fts would have 
higher up- fron t  co ts than regular, engine
pO\ ered vehicle , but main tenance co ts 
\ ou ld be l ower," he poi nts out .  I ndeed , 
i n  a t udy by F lorida Power Corporat ion 
t hat wa cited i n  a ovember 1 997 PR L  : 
report (T R- J 09 J 89) ,  i t  was found that elec- � 
t ric l i ft truck have a LOtal l i fe-cycle co t 
35% lo\ er than that of their i lllernal com-

� 
� 
:l:. bust ion engine equivalen ts. � 

The Balt imore facil i ty i one of about � 
25 prod uct ion plan t owned by at ional This Clark lift truck and AeroVironment 

charging unit were used in a bottling plant Gyp um , th econd I ad ing uppl ier of that has an especial ly gruel ing operating 
wal l board in the  coun try. Company offi- schedule of three shifts a day, seven days a 
cials are awai ting the final resul ts of the  week. With the  SO-kW unit, battery-charging 
LUdy before making any firm commit - time was reduced from the typical 7 hours to 

ments on the possibi l i l )' of convert i ng. about 1 hour. 



is eagerly awaiting its outcome. Depend
ing on the technology's economic feasibil
ity, the company could possibly convert to 
fast-charged electric forkl i fts at i ts no 
manufacturing plants worldwide. 

Clean and qu iet 

Any promising results from this study 
wou ld be very timely, given recent regula
tory action. On October 22 of last year, the 
California Air Resources Board (CARB) , 
which often sets the pace in air quality 
regulation for the  rest o( the country. 
pas ed i ts fast restriction on em issi o ns 
from a category of engines (over 25 horse
power) that includes those found in fork
lifts. Set to begin in 2001 for engines larger 
than 1 l i t  r, the  r gulat ion l im i t  t he 
amount of hydrocarbons, nitrogen oxide 
and carbon monoxide that vehicles wi th 
these engines can release . Manufacturers 
will have to meet the emissions require
men ts for 25% of such vehicle old in 
2001 , 50% in 2002, 75% in 2003, and 
100% in 2004 . Engines 1 l iter or smaller 
will be restricted starting in 2002. 

Spark-ignited engines would probably 
not meet these regulations, says a pokes
person for CARB's off-road controls sec
tion . He notes that manufacrurers will 
have to modify their engines to meet the 
new bmi ts-a move that is likely to in
crease the cost of the vehicle . Moreover, 
much like the smog-con trol pol lution 
standard for automobiles, the standard 
wil l  ha e to be met not just at the t ime a 
veh icle is produced but rather over its use
ful l i fe . The Envi ronmental Protection 
Agency is expected to propose similar reg
ulations (affecting forklifts) for implemen
ta tion in 2004. According to the CARB 
spokesperson, the board worked lo ely 
wi.th the EPA to develop a program that 
could be applied nationally. 

These new regulations could boost the 
market for electric lift trucks, as have vari
ous regulations and standard in the past. 
And that's good news for electric power 
companies. Indeed, by 2005, the annual 
charging value of nonroad EVs could total 
$6 73 million. 

EPRI members can realize some of that 
value wit h  the help of EPRI's NREVA 
( on-Road Electric Vehicle Applications) 

One Conference Leads to Anothe 

E 
PRI's fuse national conference on nonroad electric vehicles last summer drew 
more than 250 anendees. Held August 20-21 in Orlando, Florida, the confer
ence, called �The Changing World of Industrial and Recreation Electric Vehi

cles," covered technologies ranging from lift 
trucks to bicycles. 

The attendees came from a wide variety of 
6rms, including electric power companies 
interested in supporting the technologies and 
companies (such as Costco Companies and 
American Ai rl ine ) that already use them in 
their operalions. Leading manufacturers of 
nonroad EVs and charging devices, among 
other pioneers in technology development, were also on hand to share their knowl
edge and learn more about customer needs. Representatives from the regulatory 
arena addressed air quali ty issues that encourage the use of both nonroad and on

road EV�. 
"We weren't certain how much interest there would 

be when th1S conference was in the planning stages," 
recalls Gary Purcell, formerly the manager of EPRl's 
nonroad EV research . "But before the fir t day was 
over, a number o[ firms approached us and said, 'You 
must do this again next year.' " As a result, plans are 

,. already well under way to hold the second national 
' nonroad EV conference in Orlando this August 19-
j 20. Says Gloria Krein, who now manages EPRT's non
� road EV work, ''We expect this to be an annual event " 
� For more information on this summer's conference, 
2 contact Michele Samoulides. (650) 855-2 127. o 

Life-Cycle Costs Model .  Power compa- tive. These include work on advanced bat-
n ies can use this model to calculate an- ter ies and brushless ac motors, which will 
nual life-cycle costs for 1 1  types of non- offer improved performance over the ex-
road EVs, including l ift trucks, and to ist ing de technology and are also expected 
generate cost comparisons for elecrric and 
internal combustion engine vehic.les. Ac
cording to G loria Krein, who recently took 
over the management of EPRI's nonroad 
EV work, the model can be very use ful 
to u ti l ity sales and market ing staff mem
bers who want tangible cost benefits to 
discuss with their customers. Other po
tential users include facility or fleet man
agers responsible for vehi I pur hasi ng 
decisions and utility planners responsible 
for developing marketi ng strategies for 
electrotechnologies. 

While EPRI believes tha t  fast-charging 
technology holds the key to a far broader 
market potential for electric lift trucks, 
other advances are also being pur ued that 
could make the technology more attrac-

to be cheaper to manufacture. 
''All of this work is important , "  says Pur

cell , "But we believe fast charging holds 
the greatest potential for increasing Lhe 
electric lift truck market share." foreover, 
he noces, if fast charging proves i tself in 
the l i ft truck market ,  it could very well 
help jump-start the market for on-road 
EVs-overcoming the issue of limi ted 
mi leage range between charges . In Pur
cell' words, "lf we can ult imately fast
charge a vehicle in 15 minu tes, i t  wil l go a 
long way toward resolving the range issue 
for on-road EVs." • 

Background infrmnation for thi_� article wa.s l'rovided 
by Gary Purcell and Gloria Krein (gl,rein@epri.com), 
Energy Delivery and Ut ilizat ion Division. 
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EL DING 
THE STORY IN BRIEF As power plants age, welds are the most common locations for 

RESEARCH 
fai lures i n  pipes and pressure vessels. While plant managers can deal with small problems 

HEATS UP 
during scheduled maintenance, big problems can cause long, expensive outages. EPRI has 

B Y  D A W N  L E V Y  

developed advanced weld repair technologies to extend the life of aging components by 

decades, as well as state-of -the-art repai r  guidelines to aid technology transfer. EPRI staff 

both in  the Materials Performance program and at the Repair and Replacement Applications 

Center in Charlotte, North Carolina, have been instrumental in finding solutions to weld-

i related problems that plague older plants. These EPRI innovations have saved the indus-
1o 

g try b i l l ions of dollars-proving that an ounce of prevention really is worth a pound of cure. 
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eld failures are unavoidable 
and are a common cause of 
downtime in fossil and nuclear 
power plants. Even in the best
run facilities, splits happen. Day 
in and day out, metal pans are 

exposed to cycles of extreme temperatures 
and pressures, radiation, corrosion, and 
other factors that take their toll in the 
form o( cracks, splits, ruptures, cmbril
tlement, and pilling. And as the U.S. 
power industry nurses its aging facili
ties- nearly half of its fossil plants are 
over 25 years old, and more than half 
of its nuclear plants are over 15 years 
old-welding is going to become an 
even hotter topic. 

Better welds can extend the lifetime 
of older components by decades and 
can save the industry billions or dol 
lars. "A good weld extends plant life, 
enhances safety and reliability, and 
cuts down on operation and mainte
nance costs," says EPRl's Vis Viswan
athan, technical fellow and senior 
manager for materials application tech
nology. These benefits are especiall>' 
important in nuclear plants, where a 
day of forced outage costs $300,000 lO 

$750,000. 
ln today's competitive business en

vironment, in which it ma)' be cheaper 
to maintain an old plant than build a 
new one, welding is a cmcial aspect of � 

improved welding techniques. In one proj
ect, nine utilities applied EPRl-developed 
technology at J 2 plants to improve pipe 
replacements, for total savings of$361 mil
lion. EPRl helped Niagara Mohawk Power 
Corporation speed piping repairs, which 
saved the utility $14 million. Carolina 
Power & Light saved $20 million by using 
EPRl technology to replace two reactor re-

Before 1996, few guidelines existed to 
identify the best weld repaiJ technologies 
or to determine how long repairs were 
likely to extend a particular component's 
life. Original equipment manufacturers 
have little incentive to develop new repair 
technologies, and those that have done so 
guard their knowledge closely to maintain 
a competitive edge over other manufacLUr

ers and repair vendors and to recoup 
their technology development invest
ment. Power companies, in contrast, 
are strongly motivated to repair 
rather than replace damaged equip
ment, both to minimize the length of 
forced outages and to extend compo
nent life. EPRl's efforts have already 
resulted in a seven-volume report 
(TR-103592) that presents guidelines 
for the weld repair of high-tempera
ture and -pressure parts. Produced by 
Viswanathan and his colleagues, this 
report also documents worldv.,ide in
dustry practices. 

plant management. IL represents l0% New techniques like the temperbead process make pos-

When EPRI began compiling ex
tensive guidelines to walk milities 
through the repair process, it first 
surveyed the industry about its ma
jor concerns. The questions utilities 
wanted answers for included the fol
lowing: What are my options if I find 
damage in a part? What caused the 
damage, and how do I avoid a recur
rence? What's the best weld repair 
technique to use? How do I test the 
repair, inspect it, and service it in the 
future? What are the limitations of 

of new construction costs and 20% of 
maintenance costs. In some cases, it 
may provide the only economically vi
able approach for avoiding a perma
nenL plant shutdown. EPRI has long 

sible the on-site repair of thick-section components that 
once had to be transported to off-site welding shops, 
where postweld heat treatment could be used to relieve 
residual stresses. Tennessee Valley Authority engineers 
have already saved about $10 million by using the tem-

the repair? How do l select a repair 
vendor? ls the repaired part covered 
under warranty? What considerations 

recognized the importance of welding 
perbead technique for on-site turbine casing repairs. 

to plant management and has developed 
resources the industry can use to make the 
most o[its weld repairs. The major resource 
is the EPRJ Repair and Replacement Ap
plications Center (RRAC) in Charlotte, 
North Carolina (see sidebar, p. 28). 

Through 1998, EPRI has spent $30 mil
lion tO develop better welding technolo
gies, according to RRAC manager Shane 
Findlan. The return on that investment 
would make any Wall Street analyst sali
vate: the industry has documented more 
than $2 billion in savings from the use of 
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circulation pipes. And the biggest winner, 
Commonwealth Edison, saved $434 mil
lion when EPRl verified the effectiveness 
of a stress remedy for nuclear power plant 
pipi.ng. 

The birth of consensus guidelines 

EPRl can help utilities find solutions to 
thorny technical dilemmas through re
sources like the RRAC, but it has also done 
a great deal to help utilities help them
selves. A major success in this area has 
been the development of repair guidelines. 

must I address when planning an out
age? "We're still going back to those ques
tions to make sure we're staying on the 
right track with our answers," says David 
Gandy, the RRAC's manager for materials 
and fossil applications. The intent of the 
EPRl guidelines is not to provide utilities 
with the knowledge or tools for perform
ing their own in-house repairs. Rather, it 
is to give them the precise information 
they need to make better decisions about 
their own equipment. 

Downsizing and other factors are mak
ing guidelines even more important, says 



Fi nd lan . Perhaps a master welder has 
spen t  years performing re pai rs  wi th  greaL 
ski l l  and precis ion. Whe.n thaL person 
l eaves-whether as a result of promot ion 
to another po i t ion ,  ret irement, or down -
i z i ng-the welding xpen i. e l eav t oo. 
nfortunat 1 , ne\ , elders are not ent · r

ing t he profes ion. ·'A shortage of k i l led 
labor is a major problem ,n says Findlan . 
The fear is that t he loss of such e xpertise 
cou ld contribute Lo the slow decay of indi 
vidual plan t or could compromi e afety. 

hou ld n't every power pla n t  have an e. -
pert we ld  r apabl · of hand l i ng cm crgen
ci . ju l as a hosp i ta l eme rgency roo m  has 
a u rgeon on cal l ?  Perhaps, but in an age 
of co I cu tt ing, i t  make ense for u t i l i t ies 
LO al le, l have access to a cent ra l ized poo l  
of  i ndu try expcns. The RRA provides a 
o lu t ion to t h i  d i lemma . F urther. EPR I  

ha hel ped devel p w ld technologie t hat  
do not require h igh ! skil led , elder . nd 
fina l ly, t J,c new guidelines can hel p Lt l i l i 
t i c  add ress prob lems a s  t he  num ber of i n 
l1ouse ex-pens brinks.  

The guidelines describe tale-of-the-an 
weld tec h n ique for extend i ng the  I i i  of 
componen , a anat han. But b how 
much ? i l l  the repa ired part he as 
good as new, la t ing anot her -+ 

ears, or wi l l  i.t last onl 5 ?  Knm -

:::l 
0 

per orrn surgery but don't get it al l , t J1e dis
ca c is nOL cu red . �  Other L i me . the root 
causes of fai lure, such as e. ternal st resses 
have not been el i m i na ted. i wanatha n 
de cr i be a form u l a  for ucc : " I f ou 

l iminale t he ro t cau e of the  pr bl rn 
and th c, t raneou out-or-de ign t r  
and i f  you comple tely excavate the origi
nal damage and perform the right repairs, 
thl'll you can get long l i fe . " 

Bu t  not J1 ing lasts forever. " fter al l ,  you·re 
n t repairi ng n w co mponents . "' a Vi -
wana t han . " You may be repa i ri ng com po
n n ts that have been out the re for 40 car 
and have general ly aged . T hey've got creep 
damage. Micro tructurc changes have oc
curred. Even tual ly, you ha e to acldre s Lhe 
issue of repairabi l i t  ; ou l1ave to rea l ize 
there' a point al which component are no 
longer repa i rable:· Determ i n ing when t hat 
p i nt h, bee n reached i a big part of ru n
repai r-rcplace deci ion ma king. 

Advances at the melting edge 

I n  the  past , i f  a pan was repairable, it was 
l i ke !  t o  be fixed b weld met h od t hat 
u ·eel conce n t rated he-at-typi a l l)' fro m  an 
a rc created by an electrode-to me lt. and 

700 -

600 -i ng  the a nswer is i m portant  when 
decid i ng , hether to replace the 
part and how often to i n  pee l i i .  
One  t h l ng P R I  engi nee r have 
done i to exam ine  damaged com
ponen ts 10 dedu c w haL cau eel 
their fai l u re .  By tucly i ng we ld fa i l 
u re experiences, LhC)' can character
ize how cna i n  type or repa i r  arc 
l i kely lO perfo rm i n  t he  long ru n . 

.c. 500 -

Typi a l ly, whe n t he indu t ry h.c 
u cd ou tda ted repa i r  method i n 
stead or curren t  practice , wel d s  
ha c fai led in h o n  order. Ortcn . 

0 
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fuse surfaces at their point of contact . Re
cent (  , however, new eldi ng techno l ogies 
have. yielded excit ing resu lts. Welds be
t\ een diss imi lar metal have improved . h' 
now po sible Lo weld pan on- i tc rat her 
t han send them out for r pair. Underwater 
weld ing i ea ier than t:ver. La er can re
pair damaged parts t hat once were consid
ered hopeless. These and many ot her ad
vances ha e paved the wa for changes in 
the  codes govern i ng welds and for mas ive 
co L av ing . nd EPRT  ha pearheaded 
man)' of t hese improvemen t . 

Temperbead repair o nsidc r t J1e i nno
vat ion that ha made the biggc t impact on 
the i ndustry: tempc rbead repair. Tradi tion
a l l y, t he  codes that go ern repairs-t he 

a t iona l Board I n  pecl io n Code and the 
American ociety of Mc hanical nginecrs 
(A E) Bo i ler and Pre ure Yes el ode 
-have mandated po twcld heat 1 rea1 mcn l  
(PWHT) .  This treat ment ftens, o r  tem
pers, the hardened material after a we ld i 
perfom1ed and o rel ic cs residual stresses. 
l t  also al lows the  di ffusion of hydrogen , 
which is i111roduccd into 1he  metal during 
\ eld ing and can cat e cracki ng. Bu t PWHT 

t i me-con uming and c pen i e , e pe
cial ly when the co mponen ts in-

o lvcd are large or when many 
treatments are necessary. I n  nuclear 
plan ts, it can ta ke up Lo 1 2  hours 
for a component to reac h t h e  de-
i red temperatu re, l to 3 hour Lo 

perform the t reat me n t , and anot her 
8 t o  l 2  hour  fo r cool ing .  omc
L i mcs PWHT may not even be pos
s ib l e becau ·c of L he s ize or con figu
rat ion of 1 he Oawed part . EPRJ has 
pent a great deal of effort inve L i 

gat i ng a l terna t ive Lo PW HT. 

cracks have been found in the amc 
place ju L a year later. ometi me. 
the  repai red part h been opera t 
i ng  ou tside i t  orig i nal de  ign rnn
di t ion . ·• nd omeLi rn , cide r. 
have perfonned repai r  wi t hout re-

Base 
Metal 

Aged PWHT 
Weld Repai r  

Aged TB 

cco rd ing to Gand , temperbcad 
we ld ing perform the  ·ame fu nc
t ion a conven t ional a rc we ld i ng 
wi th  PWH T, and i t s  re u l ts are 
equal or uperi or. I n  th is  proce , 
welding beads arc deposited in pre
ci e ly cont rol led pat terns, and each 
succ ive bead provides heat te m
p ri ng for the la ·r dire t i  belo\ 
i t .  The tech n ique can be appl ied
without  PWHT-10 low-al loy steels 
10 genera te pccjfic  mechanical 

::- mo ing prior damage properly.� 

� i wanatha n explai n . " I C l i ke 
i omebody hav ing cancer. I f  ou 

Weld Repair 

The remaining- l ife test ing of a header with 35 years of high-
temperature service has shown that temperbead (TB) repa i r  
matches or  exceeds the  capabi l i ties of conventional weld 
repair with postweld heat treatment (PWHT). Repairs of the 
header's aged welds were made, and accelerated creep tests 
were performed to determine the time to failure. Repairs were 
effective with both methods, but the TB technique added 
nearly 30 more service years than PWHT. propertic . I t  i an e pecial ly val u-
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able technique for the in situ repair of large 
components, including pressure vessels 
and turbine casings, which have tradition
ally needed to be removed for repair off

-site. 
In addition to EPRI, many other organi

zations have sponsored temperbead re
search over the past decade: the Pressure 
Vessel Research Council, the University of 
Tennessee, the Edison Welding Institute, 
Chicago Bridge and Iron, Toshiba, and 
such utilities as Pacific Gas and Electric, 
Ontario Hydro, and the former Central 
Electricity Generating Board or England. 
During l.995 and 1996, EPRI and many 
utilities cosponsored work to develop tem
perbead welding guidelines. They found 
that the temperbead technique could pro
duce welds that were tougher than con
ventional welds and could extend compo
nent life by at least 20 years. The temper
bead repair guidclines--as well as a review 
of industry experience. the results of ex
perimemal studies on piping and casing 
steels, and a ·worldwide Literature review
are included in the seven-volume report 
mentioned earlier. 

Temperbead repairs save money. They 
saved Baltimore Gas and Electric $9 mil
lion and Yankee Atomic Electric $ L8 mil
lion. For the }'Cars l 996-2002, the Ten
nessee Valley Authority will save an 
estimated $18 million by performing cas-

ing repairs without PWHT, according to 
john Brooks, TVA project manager in the 
Technology Advancements Division. TVA's 
investment in this effort, including R&D, 
training, and implementation, is estimated 
to be $1.2 million- a  benefit-to-cost ratio 
of 15, which TVA considers impressive. 
"Without the teamwork and close coordi
nation between TVA and the EPRl research
ers, this could not have been achieved," 
says Brooks. Since the problem or cracked 
casings is industrywide, the total savings 
resulting from this temperbead repair ap
plication alone are expected to reach hun
dreds of millions or dollars. 

In 1995, the National Board Inspection 
Code incorporated a dramatic change that 
opened the door for the widespread use of 
tempcrbeacl repair: carbon steels and low
alloy steels can now be repaired without 
PWHT as long as Lhe repair produces 
toughness properties comparable to those 
or the base metal. And beginning in 1999, 
ASME allows exemptions from PWHT in 
the case or certain piping with small diam
eters, thin walls. and low carbon content. 
Certain base materials are also now ex
em pt from PWHT repair requirements. 

Laser welding EPRI has also advanced 
the field of laser welding. In an industry 
survey, 9 out of 16 vendors would prefer 
to use laser welding over conventional 

This automated flux-cored arc welding system developed by EPRI and Magnatech allows for 

superior repair of heavy-walled steam pipes. Depositing material three times faster than con

ventional methods, it combines an orbital tracking mechanism for welding in odd positions 

(including upside-down welding) and a power supply with real-time, "fuzzy logic" voltage and 

current control for improved arc stability. 
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welding for repairing combustion turbine 
blades. The reason is precision. "With nor
mal welding, heating and cooling occur 
over a large area," explains Viswanathan. 
"Laser welding is more like a surgical re
pair, affecting a localized, narrow weld 
width." Lasers also permit greater Oexibil
ity in alloy compositions, allowing weld
ers to concoct complex mixtures of metal 
powders appropriate for specific applica
tions. And since workers have the option 
or clerocusing the beam, lasers provide a 
means of in situ heal treatment: after a 
highly focused beam melts the metal and 
tJ1e weld repair is performed, a defocused 
beam, whose energy is spread out over a 
larger area, can be used to heat-treat the 
surface. 

Laser welding is a noncontact, line-of
sight process. Compared with conventional 
meLhods, automated laser welcling is faster 
and requires less finishing and machining. 
In preliminary trials, laser welding has 
been successfully applied in the repair o[ 

lnco 738 alloy combustion turbine blading 
to produce high-strength welds. 

Underwater welding Underwater weld
ing has been used in securing offshore oil 
rigs ro the ocean Ooor. In the nuclear power 
industry, it has recently been employed in 
repairing boiling water reactors. ''l\lthough 
it's difficult for repair workers to go into a 
reactor because o[ radioactivity and access 
limitations," says Fincllan, "it's clone under 
certain circumstances." And it is safer for 
workers to perform such work underwa
ter, he explains, "because water itself of
fers great protection from the radiation.� If 
the vessel is drained, repair workers need 
extra shielding. 

To avoid the problems associated with 
repair workers having to enter reactors, 
much underwater welding is automated. 
The RRAC has developed an automated 
underwater technology that has been ap
plied by such utilities as Southern Nuclear 
and Pennsylvania Power & Light. lt is 
mainly used to make repairs inside the 
lower two-thirds or a reactor pressure ves
sel. which is inaccessible and radioactive, 
and to repair fuel storage pools. This aulo
mated underwater method is based on 
Oux-cored arc welding (FCAW), which 
uses a continuously fed wire made of metal 



wi t.h fl u x  aad vari ou a l loyi ng cl mcn LS . 
( EPR I  ha also de eloped an u nderwater 
Sl ick e l ect. rode divers can use for manual 
applicat io ns.) 

wate r  dept h i ncrea , welding arcs 
become le table .  " hat ma work w 11  
when you're 20 fe t 16 m] down ma re
qu ire hang i n  ampe rage and volt.ag 
when you'r 50 to 90 feet [ 1 5-27 m 1 
down ," i ndlan sa s. Curren t l y, Lhe au to
mated F AW technology al lows we lding 
at dept h dow n to 50 feet .  For Le t i n g  
we lds al greater dep t.h  , t he  R R  h a  a 
hyperbaric chamber that an i m u la te t he 
pre ure encountered down LO 80 feet ( 24 
m ) .  The faci l i t y a lso featu re a 4-foo t-decp 
( l . 2 -m)  Lan k  used to eval uate welding pa
rameter and a 2 1 -foot-deep (6 . 4-m) dive 
tank fo r  t rai n i ng welders .  E P R I re earch 
ha re u l ted i n  beucr arc tabi l i t >' and 
plaucr- frc weld ing and ha mi n i m ized 

t.hc  I i l l  I vcls requ i red to perform repa i r  . 
E P R I  al o ha created a l lo wi th  i m 

proved \ ct-weld characteristic . Al lO)' 625, 
for in Lance , is a mixture of ch romium , 
nickel , and mo! bdenum that i re i tant 
t tr corro ion cracking ,  crevice corro-
ion . and pi t t i ng. cw n icke l-a l loy a nd 
ta in le tccl ma t erial have on t ribu ted 

to h igh-qua l i ty we lds,  perform ing up lO 

code a t  de pt h of 50 feet .  EPR l  has al o 
developed and t ested ha loge n-free fi l l e r  
mater ia l  , \ h ich are i m po rtan t  because 
the  m i n i m i ze corro ion and the  con tam i 
nat ion of reacto r  v ater. 

EPR I  h olds many paten t  for i ts u nder
water weld i ng techno l ogies, w h ich are 
c u rre n t [  l icen ed LO Gene ra l  Elect ric, 

ramatome Tcchno logie , i emen , and 
I H I , a mong other  f irm 

A1ttomated orbital FCA W system I n  
1 995, the  pov e r  i nd ust f)' began look i ng 
for a wa , Lo i m prove the  depo i t. i on  ra t.e 
of mater ia l  u ed Lo we ld hea\ -wa l led 
team p i pes found i n  bot h fo i i  and nu

clear plan t. . i nce convent iona l  FC W 
wa· i l l - ·u i ted LO v eld p i pe orbi t a l ly, E P R I  
a n d  agnatech pannered to deve lop a o
lut ion-a n au tomated F W tem that 
com bine an orb i ta l  t rack ing mechan i m 
for welding i n  odd posi t ion ( ay, up ide
down weld i ng) and a power upply w i th 
rea l- L i m e ,  " fuzzy logic" vol tage and cur
rent co n t rol fo r i mproved a rc stabi l i ty. The 

Laser beam ---+-11R-E-----ii� 

and wire feed 

Rotat i ng head --+-1..+--

A state-of-the-art 

laser welding tech
nique can perma

nently repair 
cracked steam gen

erator tubes that 
ordinarily would be 

s leeved or plugged. 
This device, being 

marketed by ABB, employs an EPRl -patented 
rotating optical coupler-which al lows the 

precise al ignment of a laser beam-and a 
rotating weld head mounted at the end of a 

fiber-optic cable. Melt ing an a l loy wire, the 
laser can create a uniform 2-3- inch (5-7.5-cm) 

weld over a damaged area in about a minute. 

y tern produce uperior \ cld quickly, 
and deposit ion rates are three times higher 
t han t ho e achie ed w i th conven t io nal 
proce ses , ay Ga ndy. 

Slemn ge11erator repafr A ign i fica n t  
numbe r  or n u clear fac i l i t ie have corroded 
or dented t u bes in t heir origi n a l  tea m 
generawrs, says Findlan . t i  Ii t ies are rorced 
Lo plug uch tubes or place we lded l ecves 
over them-and effi i enq• d rop . I r  e ffi 
c iency fal l s  100 m uch , the  en t i re team 
ge nera tor may have Lo be replaced or 
the  plant hu t  dm n . P R I  i helpi ng de
velop altcrnati e LO tube pl uggi ng and 
sleev i ng. One altc rnat.ive LO be marke ted 
b BB tarting t his pri l ,  i a la er weld
ing  device t hat reat u re a n  E P R l -pa t en t ed 
ro tat. ing opt ica l  cou p le r. Thi cou pl e r a l 
low the prec i  e optical al ignment of a 
l aser beam that. travel to a rota t i ng  weld 
head mounted at the end of a fiber-optic 
cab le .  '·Weld repa i r  can ma i ntai n or even 
re tore e fficiency in team ge nerator .� 
.ays i ndla n , ·'and th i  i o ften a key de-

tenn i nant of a nuclear pla nt' o erall co t 
equation .� This late-of- the-art tube repa i r  
technolog y ma al o be  usefu l for fix ing 
hea t  exchanger tubi ng, cont rol rod d rive 
hou i ng , and hard fa ing . 

Repair  of rotating componeuts Co m po
nen t.s t hat rota t e-t urbi ne rot ors, d i  k , 
and blade -pre e n t  a pc i a l  cha l leng 
for weld repair, s ince the are among the  
mo t cri t ical and h igh ! stre sec! com po
ne nt.s in n uclear and fos i i  power plants. 
lloreover, they are ex pen i\'e. ombu t ion 

t urb ine blade , fo r i n  tan e, can co I a 
much a J0,000 each , or 53 m i l l ion per 
row. ear l y  200 high- and i n tcrmediate
pre· ure team turbine wi l l  be at the  end 
of their de ig11 l i fe before the  year 2000, 
and hundred of m i l lio n of dol lar could 
b avcd if t heir ervi e cou ld  afcly be ex
tended by 1 0  LO 20 ear . 

Recemly, EPR I  reviewed cu rren t  repa i r  
technologie for rotat ing component.s and 
developed comprehen i e repair guideline 
for t u rb ine rotor , di ks, and blades. h 
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EPRI Repair and Replacement Applications Center 

I
magine you're a pow r plant manager and a crucia l  compo
nent in your facility has developed a crack. 1t needs atten
t ion, but you aren't sure what's L he best cou rse of act ion. 
Do you continue to run the equipment?  Force an outage to 

address the problem now, or wait unLi l  the plan t's next sched
uled maintenance? Retire the component ?  ln each of he direc
tions you could go, there is a path with dozens of differen t  de
cisions co be made, and because of downsizing, your plant lacks 
t he necessary in-hou e expertise to addre s the problem fully. 
What' your best resource for getting the answers you need? 

Cal l  EPRI's th ink tank and "expert ban k" for all matters 
weldable-the Repair and Replacement Applications Center. 
Established in 1994 and based 
in Charlotte,  orth Carol ina, 
the RRAC supports the devel
opment of advanced repair 
technologies for fossil and nu
clear power plants. lt provides 
product and information de
signed Lo meet i ndustry needs 
in a rapid, cost-effective man
ner. Key areas o[ concern in
clude the repair of in-vessel 
components ,  team generator 
tube repai r, i n  i tu weldi ng, 
the specificat ion of weld i ng 
fil ler materials , underwater 
weld repair, pump repair, and 
the repair of carbon steel pipe 
with erosion and/or corro ion 
damage. 

The RRAC offers the diver-

se l manufacturi ng t o  the field in tallatio n of fossi l and nuclear 
plant components. Do you have a technical dilemma related to 
corrosion, mechan ic , metal l u rgy, or welding engineering? eed 
to measure and analyze residual stres es? Want advice about 
machining tec h no logy or inspect ions? EPRT members with 
fo sil and nuclear power plants can access experts by subscrib
i ng to Lhe RRAC's p rograms. nd up to 25% of an RRAC mem
ber's dues can be used to address issues of speci.6.c interest to 
that member through the ubscriber-Requested Assistance 
(SRA) program. Custom-tai lored attention is basic to this pro
gram. Typica l RA-provided s rvic i nclude expert con ul ta
tions on an emergency ba is, the development of new welding 

procedures, and the training of 
uti l i ty staff to apply advanced 
equ ipment and techniques. 

U t i l i tie have made broad 
u e of the SRA program. La L 
year, for example, Duke Pow
er used it  to obtain support 
for its training of welders and 
to survey member ut ilities to 
learn how they tested welder 
performance. Also in 1998, 
tbe Tennes ee alle Author
i ty received assistance for a 
tec hnical review of alterna
tive materials u eel in its 
Watts Bar n uclea r plant and 
for a revie\ of its oftware 
y tern for welding-program 

control · i t  also received sup
pon for the maintenance of 
ice conden  er . \ otr reek sified expert ise of engineers, 

specialists, and technicians 
who can c aluate specific 
problems, find pragmatic so
lutions, and provide practical 
assistance, either at the cen
ter i tself or at a utility i te . 
To date, RRAC experts have 
helped ut i l i t ies evaluate out
age plan , perform technical 

Rotating parts-turbine rotors, disks, and b lades-are among the 
most cr i tical and highly stressed components in nuclear and fossi l 
power plants. EPRI provides technical assistance and on-s ite trou
bleshooting for these and other components through its Repair 

uclear Op rat i ng Company 
u ed the SRA program to re
view standard industry prac
tices and code requirements 
for a specific weld repair and 
to evalua t e  the hardness of 
welds performed without 
postweld heat treatment .  And 
Elect rici te de France received and Replacement Appl ications Center. 

reviews of in-house and con- assistance in evaluating tern
addressing crack ing, one of welding's tractors' procedures, evaluate bid speci fica tions for the incor

poration of cutting-edge technologies, evaluate equ ipment 
u eel for specific applications, and develop or adapt equipment 
for specific applications . 

From troubleshooting to problem solving, Lhe R RAC staff 
has a wealth of experience in area ranging from pressure ves-
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perbead repair and 
biggest chal lenges. 

Conc ludes tbe centers David Gandy, "Together, the consid
erable weld-related metal lu rgical expert ise of EPRI's Palo Alto 
staf

f 
and Lhe  we ld ing expertise at the RRAC en u re maximum 

value to ou r customers. " o 



gui deli nes detai l  repair decis ion me t hod
ology, repair techniques, da mage mecha
n· ms, pecificalions, l iJe assessment ,  and 
insurance considerations. The goal is to 
hel p u ti l i lies make wel l - in formed , cost
effecl ive repair decisions. EPRI is al o doc
umenting the performance of previous 
repai rs-exami ning case histori.es fTo m 
uti l i t ies and repa ir ve ndors to see wh ich 
repair techniques worked and which did 
not. Final ly; EPRT is col. lecting infonnation 
fro m util ities, industry experts, origi na l 
equipmen t manufacturers, and repair ven
dors to develop a de tai led met hodo logy 
for making run -repai r-replace decisions 
about rotating components. 

Getting the word out 
I n novat ion in welding repair offer the 
power industry practical ways 10 improve 
safety and pro fi . At least a dozen EPR1 -
developed repair technologies, applying to 
areas as diverse as underwater we l ding 
repair of rotating components , and nove l 
a l l oy  , have been pat en ted and l icen ed .  
EPRl research has  also been hel pful to 
regulatory bodies in updating codes for 
the industry; at least n ine new repair codes 
address topics rangiJ1g from laser welding 
of steam generator tubi ng lo weld over
lays in service-water piping. The techn ical 
advances spearheaded by EPRl will mean 
little , however, un less they are transrerred, 
and effectively sharing knowledge i an 
ongoing cha l lenge. 

To faci l i ta te the tnnsfer 
of EPRl -developed we ld re
pai r  Lec lmol ogies, t he  20 to 2 5  
ut i l i t ies panicipa L ing in t h e  RRA 
meet twice a yea r to talk about their 
progress in applying t hese new methods. 
The group also promotes t h e  accepta nce 
o[ innovative welcl.i ng techno logie to fa
cilitate the updaL ing of codes .  Members 
attend a popular internat ional confere nce 
on we ld repair advan ces every two years , 
and t hey receive i n-house training at the 
RRAC. "The cenr e r  p rovide grea t va l ue to 
customers," says findlan . "Ofte n we mu 1 
show within the fiscal year that the direct 
savings from implementing a new tech nol
ogy justify the membership fee ." 

EPRJ also conducts major i n t e rnat iona l  
co l laborations with other welding research 

EPRI innovat ions in underwater welding have resulted in better arc stabi l ity, splatter-free welds, 

and improved worker safety. Used for repairs at nuclear plants, underwater techniques are safer 

for welders, since the water provides a degree of radiation protection.  And for repairs without 

divers, an automated underwater method based on flux-cored arc welding has been developed. 

o rganizat ions i n  o rder Lo iden tify optimal 
repair techn iqu and  procedure . Key 
topics i nclude Lhe  deve J opmen L o f  tech
no logies for i rn po rta n L  power plant com
ponents-such as stationary compone n ts  
in fos i i  p lants and rotat ing components i n.  
both ro si l a n d  n ucl ear p l a n t  -and tech
nologies t h at e l imi nate the need for 
PWHT. Various uti l i t ies  fro m around the 

world-includi ng E lectrici te d e  France, 
E EL of l ta ly; and Tai:wan Elec t ric Pow
er-join  w i th domes lie u L i l i l ies in cofund
ing these R&D efforts . EPRl in iliated a 
col l aborat ion in 1992 , for example ,  in 
volving 20 uti l ities from the UnHed States 
and abroad . 

Why is i n Lerna tio nal col laboralio n so 
i mportant? Industry standards and gu ide-
1.ines that resu lt fro m such global team
work are more l ikely to gain widespread 
acceptance and applica tion .  Consider the 
case of a nuclear power plant u nder con-
truction just 1 80 miles ( 290 km ) off the 

U.S .  coas t i n  Cien fuegos, Cuba . The J ura
gua nuclear comp lex there uses the same 
system employed al Chernobyl. and ac
cord ing LO Lhe Cen ter for Polit:y Securi ty, 
a many as 15% of the 5000 we lds joining 

c::--:==--=---.,,,r---i ___ � the pipes in the reactor's auxi l iary plumb
� i ng sy tern , con tai nmen t dome, a nd spent-

EPRl 's development of consensus guidel i nes 

has been a factor in helping the industry 

keep repair costs down. The seven-volume 

guide l ine report (TR-1 03592) documents 

wor ldwide industry practices and covers a 

broad range of other topics-for example, 

how to identify the best, most appropriate 

welding technologies for specific repair 

needs and how to determine the expected 

l ife eKtension for a repaired component. 

fuel cool ing system are flawed. With 430 
nuclear power p lan ts in the world, global 
sa fety can on l y  increa e as the qual ity o f  
we lds  improves th roughout the i n te rna-
lional power industry. • 
Baclig,.ow,d i11Jon11a1 io11 f 0 1' th i s  art. i cle \<'as provided 
by Vis Viswana1ha 11 (rviswa11a@epri . com) , E11ergy 
Co11vcrsio 1 1  Division, and David G(l lu/y (davgcmdy@ 
tpri . cam) and Sli@c fi1 1d la 11 (sfi11dla 11@cp l'i. co111) , 
Repa i r  anc/ Replacemen l Appli cations Centc1: 
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I n  the Fie ld 
De mon strat ion and a ppl icat ion of E PRI sci e nce and tec hnology 

Expert System Enables 
Near-Perfect Ice Storage 

A new co n t r l ier that i mprove the  
pe rr rmanc or i ce  torage y terns 

cou ld  give bui ld ing wncr greater i ncen
Li c to in ta l l  new toragc ystem or up 
date exi t ing  ones. The contro l ler, cal l ed 
the O ( for near-optimal con trol l er) , 

l arned b, ob erv ing the  common char
acteri t ics or c n t rol t rajectorie t hat 
m in im ize energ , and demand o t over 
a monthly b i l l ing period. 

For setup, the  con t r  I ler requ i re one
t i me inpu ts that i nclude a bui lding occu
pancy ched ule, u t i l i ry rate , and ba ic 
i n format ion about t he mechan ical cool 
ing  sy tern . O nce com m l  io ned , the  

con t ro l l e r  mon i t o r  t he bui ld
i ng's e lec t rical load, cool i ng 
Joa 1 , and ice i n  e ntory. e l f-
i n i t ia l iz ing algori t h m predict 
the dai l cool ing requiremen ts 
and adapt LO bo th easonal 
varia t ion and dai l y n uct lla
t ions i n  demand. 

In add i t ion LO u ndergoi ng 
exten i e laboratory and i mu-

- lat ion te 1 , the E PRl ha 
been proved i n  f ie ld demon-

en ter-recen t l y 

A new control ler for optimizing ice storage systems was 
successfu lly tested at this Phi lade lphia arena. 

renamed t h  Fir t nion en ter 
-in  Ph i ladelph ia. The cen ter, 
home of the  76er of t he Na-

wa developed by E P R l and J ohn on on 
trol o f  M i lwaukee. I L  predict a bu i ld ing' 
dai ly cool i ng  requirement , adapti ng to 
and l i m i t i ng demand varia t ion \ i t hout 
operator i nt e rvention, and determ ine  the 
be t combi nat ion or d i rect mechanical 
cool i ng and torage to meet t he in tan ta
neou ool ing load. 

" ommerc ia l ly ava i lable con t rol ler 
have been ei ther too di fficu l t  LO u or 
incapable of real iz ing the fu l l  benefi t  of 
torage, '' ay uke h Khauar, EPRI' 

manager for H C and refrigeration .  
"Th i new product i ea  • to u e a nd of
fer excel lent con t ro l . making i t  po ible 
to operate to rage y tem to maxi 111 u 111 

advantage for a given elect ri i t }' rat ." 
T he PR !  OC is mo t uitable for 

appl i at ion wi th  imernal -melt ice storage 
t ern , bu t i t  can al o be u eel wi th 

, ater toraoe y tern . real - t i me expen 
y Lem , i t  i ncorporate ru le -heuri t i cs--
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t iona l  Basketbal l  ociat ion and the 
F l }•er of t he  at ional Hocke League, can 
ea t up Lo 21 ,000 pectator . When energ 

Ll e d ur ing O opera t ion wa compared 
, i th com pu l  r- imu lated ene rgy u c 
u nder the  cen ter' previou con t ro l · t rat
egy, the  new cont rol ler wa found to icld 
ubstan t ial  nergy o t avings. 

I n  a nother t rial , at a chool adm i n i  Lra
t ion bu i ld ing i n  Keno ha . Wi cons i n ,  the 

OC improved to rag · y L em rel iab i l i t  ' 
b}' reducing t he freque nc • or ou t -of- ice 
condition and by en ur i ng  t ha t  t h  coo l 
ing plam would meet the load at a l l  t ime . 

he O ' rule-based control trategy 
proved to b robu t ,  to be ea· i l y imple
memed ,  and to require on! minimal  
computer memory or p roc or r ourc 

Johnson on t rol i now prepa r i ng t he 
EPR I  O for  com mercial u e .  
• For product i11fornw1 io1 1 , co11wc1 l i rharl 
P iot rowslii . M ichac/. P io1 rowsl1 i@jci .co111 . 

(4 H) 274-41 18. For EPR I c,ss i  lance. wnta t 
M11/iesli Khau a,; m /1 /i aua r@cp1i . co111 . (650) 
55-2699. 

Flywhee l Extends UPS 
Battery Life 

T
he fi r t insta l la 1ion of a n}'\ heel 
energy torage dev ice approved by 

ndenvri t cr ' Laborato ries for u e wi t h  
an un i n te rru pt i ble power upp ly ( P ) 
has been com pleted i n  a p roje L po n-
ored by P R I  and on te l lat ion nerg}' 
ource, a sub id iary of Bal t imore Ga and 

Elec t ric om pan •. ·· u r  a im i to pro ide 
a ost - effect ive ride-through olut ion for 
voltage ag and momenta power uppl )' 
i nt errupt ion " ay arek amot •j , P R I ' 
p roduct l ine  leader for power qual i t y. 

The n "' hee l-Act ive Power' lean -
ource 20 -ha been i n  t a i led b ' 
on te l lat i on  for o mca L orporat i o n .  

t he  nat ion's fourth- large t dome t i c  cab l e  
com pan }'· omca · 1 requires the highe L 

level f power qual i t y  and rel iabi l i ty  LO 
protect i t  cri t ica l cable and I n te rnet h ub 
faci l i t }'· h e  flywhee l ha been i nt egra ted 
i n to an exi t ing Li ebert P }' tem to 
imp rove the . }' tern· overa l l  re l iabi l i ty 
and extend the  l i fe of i t  bat tery ·e t .  



"The Clean ource n vheel i a rel iable 
urce of backup power t hal can protccl 

t he baueri from fr quen l  di charges, 
wh i  h h onen t hei r  l i fe , · • ay Roge r 
Lawrence ,  d i recwr or EPRJ '  Adj ustable-

peed Dr ive Demonstra t i o n  Office. A n  
Bea man , enior power qua l i ty repre en
tat ive for on te l la t ion , e pla in  tha t  the 
na t u ral  ga e ngi ne-generator at l he i le 
ha a longe r- t han-desi red re ponse t i me 
to load change . The P lem m u  L 
witch to bat tery powe r wh i l e  t he  gen

era tor  ou t pu l  tabi l ize a ft e r  l a rge load 
changes. But w i 1h  t he  f l y, heel tq port
i ng  t he P load \. h i l e the  generator 
tan up and when large load are cyc led , 

bat tery pow r i con erv d for u e a 
emergen y back u p .  

i n o  the  flywheel e nerg torage 
• tem Lo ex tend balle r • l i fe i n  exi L ing 

backup po er appl icat ion i another 
example o f  how lean ou rcc can improve 
t he re l iabi l i t  ' and performance of com 
me rcial P y t 111 ; ·  a Joe P in kerton. 
pre iden t or A Live Power. " ur com pany 
i del iver ing proven energ , torage tech
nologie that wi l l  lower the  overa l l  energy 
product ion cos for any end users. " 

lean ource fl vheel prod ucts-\ h ich 
tore energ i n  the  fo rm of a rotat i ng teel 

wh eel-ar used to rep l ace or u pple
ment  the  l ead-acid bauc ric i n  t he P 
y tems that he lp data-proce ing  cen ters 

and indu t r i a l  faci l i t i e ride t h rough 
pm er outage . rhe  company' energ 
torage l ut i o n · a re designed Lo match 

t he power range of L pica I P 
and can  be pa ra l le led to upport eve n 
larger cu tomer l oad . ow approved b}' 

nden ri ter ' Laboratories, t he prod uct 
family i compat ib l e  w i L h  a l l  popu lar 
t h ree-pha e P y tern . 

p rojec t  at 01 11 a t wi l l  quan t ify the  fl )' · 
\ heel y Lem' costs and be nefi t  . 
• For more info1111aiio11 , co1 1 1 acc ,fa ,- lia 
Gm sma11, mgros. 111a@rpri .cm1 1 , (650) 855-
2899. 

ComEd Cuts Costs With 
Transformer Diagnostics 

U 
nicom orporat ion's Common 
wealth Ed ison _ ub idiary ha docu

mented the poten t ial to real ize sub ta n t ia l  
sav ino  on [ran former maimenan e, 
thank to the  ffec t ivene of an array of 
ex terna l d ia no t ic l e  t e aluated i n  a 
col laborative project wi th EPR I .  The diag
no tic wi l l  enable om Ed to reduce oper
ating and maintenance co t and im prove 
rel iab i l i L)' br ta rget i ng for maintenance 
t he tran former t hat need i t  mo t, uch 
a t ho e having loo·e \ inding . 

I n  te t t h u  far. two t ran fom,er w i lh  
loo e wi nding ha  e been ident i fied. The 

hicago-ba ed ut i l i ty ex pect to rea l ize  a 
net one-l ime avoided cost o f  light ly over 

2 m i l l ion by re lamping and re furbi b
i ng  t l ,e uni t  (and Lhu avoid ing  replace
me n t ) . I t a l o expec a n n ual sav ing of 

200,000 i n  de ferred i n t ernal i n  pecl ion . 
Ex t rah igh-vol tage au to t ran former 

are c ri t ical to electri c i t y  t ransmissio n s -
Lem . Afte r ear of ervice , however, a 
L ran former' i n t erna l  coil 1118)' become 
loo e , i ncrea ing i t s  u cepL ibi l i t y  to fai l
u re du r i ng y t e rn  t hrough-fau l t . uch 
fai l u res have h igh co t in bot h money 
and l i me.  tran former can co t more 
t han l m i l l ion and i l  can take \ ee k to 
rep lace one , i th  a pare or months t o  a 
year to make repai r  or bu i ld a new one . 

Preve n t ive maimenance i kc to keep
ing  the  large t ran former opera t i ng 
rel iably. Periodic internal mai ntenan c, 
the  tradi tional pract ice, i a co t i  process 
that requi re the rem oval of a t ransfo rm er 

from ervice for evera l , eek  . herna-
t ive l y, c terna l d iagno t i c  to te t t ra n  -
former for potent ia l  i n ternal  prob l em 
ca n he lp  focus main tenan ce pend ing on 
the  un i ts t h at need inte 1rive mai n tenance 
or re r  u rb ishment to re tore coi l  trengL I, 
and tabi l i t  . The diagno Li eval uated 
by om d arc based on proven PR! 
tech n ique and data ,  i nc lud ing rcl iabi l i ty
·en tered mai ntenance and i ntegrat ed 
ub ta l ion diagno lie . 

om cl appl ied frequency re pon 
ana l is ( F RA )  and ot her diagno t ic tc ts 
to even of i t  300- I 'A au tot ran form
er . FRA, u ed to et prior i t i  for re-

lamping and rcfurbi h men t ,  wa an 
important  t l be<..<1L1Se t h  t ran former 
had been in e rvice for 30 year - and o 
were u cep t i ble Lo t h rough - fau l t  fai l ure . 
The FRA Le ts identified two potcn t ia l l >' 
t rou b l e ome t ra n  former t hat needed 
t o be taken ou t  o f  erv ice for i n ternal 
i n pec t ion .  ·o far, o m  · cl has opened 
and i n  p c ted t h , un i t  indicated to be i n  
wor e ·ond i t i on . T his i n  pec t io n found 
t hat L h  tra n former· coi l s  did need LO 

be re t igh tened , t h us demon trat ing the 
cffect ivene_ o f  ex ternal diagno 1 ic te t
i ng  tec h n ique 

.. he d iagn o t i c  u ee l  i n  ou r t udy 
w i t h  P R L  h a v  pro\·ed t o  be good i nd i
ca tor of i n ternal tran former co nd i t ion .  
They w i l l  hel p  us foctL maintenance do l 
l a r  o n  t ran former wi t h  loo e \ i nd ing 
and the r cri t ical needs," a - Com Ed's 
Paul rda. 
• For more i 1 1forma/ io 1 1 ,  contacl Prrdrag 

ujovic , p11 11jo ic@cp1i .com, (650) 855-
299 1 .  
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� Technica l Reports & Software 
�;I 
To order reports, contact the EPR I  D ist r ibution 
Center, 207 Coggins Drive, P.O. Box 23205, P leas
ant H i l l ,  CA 94523; (925) 934-42 1 2. To order 
software, contact the E lectr ic Power Software 
Center, 1 1 025 North Torrey Pines Road, La Jolla, 
CA 92037: (800) 763-3772.  

Energy Conversion 

Terry® Turbine Controls Mai ntenance 
Guide, Revision 1 
TR-0 1 6909-R l  
Target: Nuclear Power 
EPRI Project Manager: J .  Jenco 

Survey on the Use of Configurat ion Risk 
and Safety Management Tools at Nuclea r 
Power Plants 
TR- 1 02975 
Ta rget: Nuclear Power 
EPR I  Project Manager: J. M itman 

CHECWORKS™ Navigator User Guide 
TR-103 1 98-P6 
Ta rget: Nuc lear Power 
EPRI  Project Manager: B. Chexal 

CHECWORKS™ BWR Vessel and Interna ls  
Appl icat ion: BWRVIP Component Database 
User Guide 
TR- 1 03 1 98-P7 
Target: Nuclear Power 
EPRI Project Manager: H. T. Tang 

Guidel i nes for Instrument Cal ibration 
Extension/Reduction, Revision 1 :  Statistica l 
Analysis of I nstrument Calibration Data 
TR- 1 03335-R l 
Ta rget: Nuc lear Power 
EPRI Project Manager: R. Sha n kar 

Guidel ines for Optim izing the Engineeri ng 
Change Process for Nuclear Power Plants: 
October 1 998 Revision 
TR- 1 03586 -R l  
Target: Nuclea r Power 
EPRI  Project Manager: L. Lofl in  

On-Line Monitoring of Instrument Channel 
Performance 
TR- 1 04965 
Target: Nuc lear Power 
EPRI Project Manager: R .  Shanka r  

Development and Implementation of an 
Expert System for Vibration Mon i tor ing 
and Diagnosis for Hydroelectr ic Pumped
Storage Unit5 
TR- 1 06034 
Target: Hydro Performance Optimization and 
Asset Management 
EPR I  Project Manager: N.  Hirota 
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Nuclear Plant L ife-Cycle Management 
Implementation 
TR- 1 06 1 09 
Target: Nuc lear Power 
EPRI  Projecr Managers: J. Carey, G. Sl i ter 

In hibit ion of IGA/SCC on Al loy 600 
Surface5 Exposed to PWR Secondary 
Water, Vol .  3: Precracking Model Boi ler 
Tests 
TR- 1 0621 2-V3 
Target: N uclear Power 
EPRI Project Ma nager ; T. Gaudreau 

Application Guide for Motor-Operated 
Valves in Nuclea r Power Plants, Vol .  2: 
Butterfly Valves 
TR- 1 06563 -V2 
Target: Nuclear Power 
EPRI Project Manager: V. Varma 

Feas ibi l i ty of Analytica l  Techn iques to 
Quantify Hot-Leg Streaming 
TR- 1 07325 
Target: N uclear Power 
EPR I  Project Manager: R. Sha nkar 

Thermal Performance Engineer ing 
Handbook, Vol .  2: Advanced Concepts 
in Thermal Performa nce 
TR- 1 07422-V2 
Ta rget: Nuclear Power 
EPRI Project Manager : T. Ec kert 

Oconee Electrica l Component Integ rated 
Plant Assessment and T ime-L imited 
Agi ng Analyses for License Renewal: 
Parts 1 a nd 2 
TR- 1 07527 
Target: Nuclear Power 
EPR I Project Manager: J. Carey 

An Improved Approach for Performing 
Simpl ified E lastic-Plastic Fatigue 
Analysis 
TR-1 07 5 3 3  
Ta rget: Nuc lear Power 
EPR I  Project Manager : R .  Carter 

Cycl i ng, Startup, Shutdown, and Layup 
Fossi l Pla nt Cycle Chemistry Guidel ines 
for Operators and Chemists 
TR- 1 07754 
Target: Boi ler and Turbi ne Steam and Cycle 
Chem istry 
EPR I Project Manager: B. Dooley 

Mixed-Waste Recyc l ing Exemption 
TR- 1 07973 
Target: N uclea r Power 
EPR I Project Manager: C Horn ibrook 

wasteWORKS™ '98: Solid Waste Manager 
User's Manual and Tutorial 
CM- 1 08098-V l  
Ta rget: Nuclear  Power 
EPRI Project Manager : C. Hornibrook 

wasteWORKST"' '98 Wet: Liquid Processing 
User 's Manual 
CM- 1 08098-V2 
Target : Nuc lear Power 
E PRI Project Manager: C. Hornibrook 

Development of Energy Trading F loors: 
Impl i cations for Company Operations and 
Regional  Energy Markets 
TR-1 08477 
Target: Fue l  Supply Management 
EPR I  Project Manager: J .  Platt 

Study of Unsaturated-Zone Flow and 
Transport Models of Fractured Tuff 
TR- 1 085 36 
Target: Nuclear Power 
EPR I  Project Manager: J . Kess ler  

Cooperat ive IASCC Research Program: 
C I R-CD, Vers ion 98.  1 2  
AP-1 085 5 7-R2CD 
Target: Nuclear Power 
EPRI Project Manager: L. Nelson 

Alternative Approaches to Assess ing the 
Performance and Suitability of Yucca 
Mounta i n  for Spent-Fuel Disposal 
TR- 1 08732 
Target: N uclear Power 
EPRI Project Manager: J .  Kessler 

Development, Evaluation, and Analysis 
of the I n iti a l  CIR- IASCC Database 
TR- 1 08749 
Target: Nuclea r  Power 
EPRI P roject Manager: L. Nelson 

TM l - 1 Cycle 1 O Fuel Rod Fai l ures: 
Vol .  1 ,  Root Cause Fai lure Evaluations; 
Vol .  2, Hot Cel l  Examination 
TR· 1 08784·V 1 -V2 
Target: N uclear Power 
EPR I Project Manager: B. Cheng 

Fire Modeling Code Comparisons 
TR- 1 08875 
Target: N uc lear Power 
EPRI Project Manager: R. Kassawara 

I n-Vessel Core Debris Retention 
Experiments 
TR- 1 08876 
Ta rget: Nuc lea r  Power 
EPRI Project Manager: J. Chao 



Guidelines for Reduced Seismic Loads to 
Assess Temporary Conditions in Nuclear 
Power Plants 
TR-108904 
Target: Nuclear Power 
EPRI Project Manager: H. T. Tang 

A Mobile High-Resolution Gamma Ray Spec
trometry System for Radiological Surveys 
TR-109035 
Target: Nuclear Power 
EPRI Project Manager: C. Wood 

Evaluation of Radwaste Processing Options 
for High-Iron Liquids 
TR-109442 
Target: Nuclear Power 
EPRI Project Manager: C. Hornibrook 

Criteria and Methods for Estimating 
External Effective Dose Equivalent From 
Personnel Monitoring Results 
TR-109446 
Target: Nuclear Power 
EPRI Project Manager: C. Hornibrook 

Proceedings: Workshop on Condensate 
Polishing, September 1997 
TR-109568 
Target: Nuclear Power 
EPRI Project Manager: P. Frattini 

Guidelines for Preparing Risk-Informed, 
Graded Quality Assurance Program 
Implementation Request Submittals 
TR-109646 
Target: Nuclear Power 
EPRI Project Manager: F. Rahn 

Inventory Optimization in Support of the 
EPRI Work Control Process Module 
TR-109648 
Target: Nuclear Power 
EPRI Project Manager: F. Rahn 

COSTAR (Beta Version 3.0): Concrete 
Structures Aging Reference Manual for 
Nuclear Power Plants 
TR-1 1 0025 
Target: Nuclear Power 
EPRI Project Manager: J. Carey 

Effectiveness of Inhibitors on IGA/SCC of 
Alloy 600 Tubing 
TR-1 10047 
Target: Nuclear Power 
EPRI Project Manager: T. Gaudreau 

Interim Cycle Chemistry Guidelines for 
Combined-Cycle Heat Recovery Steam 
Generators 
TR-1 10051 
Target: Combustion Turbine and Combined
Cycle O&M 
EPRI Project Manager: 8. Dooley 

User's Guide to RPVDATA: Reactor Vessel 
Materials Database, Version 1.4 
TR-1 10122 
Target: Nuclear Power 
EPRI Project Manager: S. Rosinski 

Use of Risk-Informed Inspection 
Methodology for BWR Class 1 
Piping 
TR-1 10701 
Target: Nuclear Power 
EPRI Project Managers: S. Gosselin, J. Mitman 

ORAM-SENTINEL™ Demonstration 
at Diablo Canyon 
TR-110739 
Target: Nuclear Power 
EPRI Project Manager: J. Mitman 

Stress Intensification Factors and Flexi
bility Factors for Pad-Reinforced Branch 
Connections 
TR-110755 
Target: Nuclear Power 
EPRI Project Manager: R. Carter 

Assessing Air Pollution Control Options 
at the Hudson Station of Public Service 
Electric and Gas 
TR-1 10867 
Target: Air Toxics Control 
EPRI Project Manager: R. Chang 

Guideline for Computer-Based Training 
(CBT} Development, Vol. 1: Instructional 
System Design Process 
TR-1 1 0965-Vl 
Target: Simulators, Training, and Production 
Automation 
EPRI Project Manager: M. Perakis 

Oconee Nuclear Station Application for 
Renewed Operating Licenses 
TR-1 1 1030-CD 
Target: Nuclear Power 
EPRI Project Manager: J. Carey 

Correlation of Flow-Accelerated Corrosion 
of Steam Generator Internals With Plant 
Water Chemistry 
TR- 1 1 1 1 1 3  
Target: Nuclear Power 
EPRI Project Managers: P. Millett, A. Mcllree 

Effect of Iron Sulfide on Furnace Wall 
Corrosion 
TR- 1 1 1 1 52 
Target: Coal-Fired Boiler Performance 
Optimization and Combustion NO, 
Control 
EPRI Project Manager: W. Bakker 

Waterwall Wastage in Low- NO, Boilers: 
Root Causes and Remedies 
TR- 1 1 1 155 
Target: Coal-Fired Boiler Performance 
Optimization and Combustion NO, 
Control 
EPRI Project Manager: W. Bakker 

Preventing leakage in Water-Cooled Stator 
Windings: Phase 2 
TR·l 1 1 180 
Target: Steam Turbines, Generators, and 
Balance of Plant 
EPRI Project Managers: B. Syrett, J. Stein, 
J. Gaertner 

ORAM-SENTINEL™ Development and 
ORAM Integration at Oconee 
TR-1 1 1207 
Target: Nuclear Power 
EPRI Project Manager: J. Mitman 

Productivity Improvement Handbook for 
Fossil Steam Power Plants 
TR -1 1 1217 
Targets: Various Energy Conversion and 
EPRIGEN targets 
EPRI Project Manager: T. Armor 

Evaluation of 2% CrMoWv HP/LP Rotor Forg
ing for Single-Cylinder Steam Turbine Use 
TR· 1 1 1219 
Target: Steam Turbines, Generators, and 
Balance of Plant 
EPRI Project Manager: V. Viswanathan 

EPRI Dam Safety Workshop Summary 
TR-1 1 1285 
Target: Hydro Performance Optimization and 
Asset Management 
EPRI Project Manager: T. O'Shea 

NIST's Ultrasonic Technology Assessment 
Program to Improve Flow Measurement 
TR-1 1 1 3 1 1  
Target: Instrumentation and Control 
EPRI Project Manager: R. Shankar 

An Empirical Model of U0
2 Thermal 

Conductivity Based on Laser Flash 
Measurements of Thermal Diffusivity 
TR-1 1 1 347 
Target: Nuclear Power 
EPRI Project Manager: S. Yagnik 

Guidelines for the Evaluation of Seam
Welded High-Energy Piping: Executive 
Summary of Current Approaches 
TR- 1 1 1 380 
Target: Boiler Life and Availability Improvement 
EPRI Project Manager: V. Viswanathan 

Relationship of RIS Phenomena to 
IASCC (NFIR-111) 
TR·l 1 1 385 
Target: Nuclear Power 
EPRI Project Manager: L. Nelson 

Compliance Assurance Monitoring Protocol 
Development 
TR-1 1 1478 
Target: Continuous and Predictive Emissions 
Monitoring 
EPRI Project Manager: C. Dene 

Opportunity Fuels Guidebook 
TR-1 1 1487 
Target: Coal-Fired Boiler Performance 
Optimization and Combustion NO, Control 
EPRI Project Manager: E. Hughes 

Streamlined Reliability-Centered Mainte
nance (SRCM) Program for Hydroelectric 
Power Plants 
TR-1 1 1 488 
Target: Hydro Performance Optimization and 
Asset Management 
EPRI Project Manager: C. Sullivan 

Srring 1999 EPRI JOURNAL 33 



Integration of Distributed Resources in 
Electric Utility Systems: Current Intercon
nection Practice and Unified Approach 
TR-1 1 1 489 
Target: Distributed Resources for Energy 
Services and Delivery Enhancement 
EPRI Project Manager: F. Goodman 

Review of Downstream Fish Passage and 
Protection Technology Evaluations and 
Effectiveness 
TR - 1 1 1517  
Target: Hydro Performance Optimization and 
Asset Management 
EPRI Project Manager: C. Sullivan 

Blade Life Management System for GE 
Frame 7FA/9FA Gas Turbine: 1998 Interim 
Report 
TR-1 1 1 548 
Target: Combustion Turbine and Combined
Cycle O&M 
EPRI Project Manager: R. Frischmuth 

Catalog of Available Materials for IASCC 
Testing 

TR-1 1 1 603 
Target: Nuclear Power 
EPRI Project Manager: L. Nelson 

Addendum to Guidelines for Fireside 
Testing 
TR-1 1 1 663 
Target: Coal-Fired Boiler Performance 
Optimization and Combustion NO, Control 
EPRI Project Managers: E. Hughes, A. Mehta 

Hydro Operational Restrictions Forum: 
Licensee and Stakeholder Workshop 
Summary 
TR-1 1 1 7'i0 
Target: Hydro Performance Optimization and 
Asset Management 
EPRI Project Manager: T. O'Shea 

Advanced Biomass: Technology Character
istics, Status, and Lessons Learned 
TR- 1 1 1 882 
Target: Renewables and Green Power 
Marketing 
EPRI Project Manager: E. Hughes 

Role of Renewables in Greenhouse Gas 
Reduction 

TR-1 1 1 883 
Target: Renewables and Green Power 
Marketing 
EPRI Project Manager: E. Hughes 

Renewable Power Industry Status 
Overview 
TR·l 1 1893 
Target: Renewables and Green Power 
Marketing 
EPRI Project Manager: E. DeMeo 

II ChemExpert 
Version 1 .0 (Windows) 
Target: Boiler and Turbine Steam and Cycle 
Chemistry 
EPRI Project Manager: B. Dooley 
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II chemWORKS™: Primary to Secondary 
Leak Calculator 
Version 1 .0 (Windows 3.1) 
Target: Nuclear Power 
EPRI Project Manager:T. Gaudreau 

II DRWS: Distributed Resources Workstation 
Version 1 .0 (Windows 95, 98) 
Target: Distributed Resources Information and 
Tools for Business Strategy Development 
EPRI Project Manager: D. Herman 

II EQMS: Environmental Quality Manage
ment System 
Version 1 . 0  (Windows 95, 98, NT) 
Target: Nuclear Power 
EPRI Project Manager: J. Hutchinson 

II MAAP4: Modular Accident Analysis 
Program for LWR Power Plants 
Version 4.03 (Various) 
Target: Nuclear Power 
EPRI Project Manager: J. Chao 

II P-T (Pressure- Temperature) Calculator 
Version 3.0 (Windows) 
Target: Nuclear Power 
EPRI Project Manager: S. Rosinski 

II Turbo-X: Turbine Outage Extension 
System 
Version l .Oa (Windows 95, NT) 
Target: Steam Turbines, Generators, and 
Balance of Plant 
EPRI Project Manager:T. McCloskey 

Energy Delivery and Utilization 

Airport Electrotechnology Resource Guide 
TR-108050-R l 
Target: Airport Solutions 
EPRI Project Manager: L. Sandell 

Predicting Customer Choices Among 
Electricity Pricing Options, Vol. 1 :  Whole
sale Markets 
TR-1 08864-Vl 
Targets: Producing Successful Product and 
Service Portfolios; Power Markets and 
Resource Management 
EPRI Project Managers: P. Meagher, A. Faruqui, 
V. Niemeyer 

Disaster Planning and Mitigation Technolo
gies: Interim Technology Inventory Report 
TR-108972-V3 
Target: Disaster Planning and Mitigation 
Technologies 
EPRI Project Manager: J. Oggerino 

Power Quality Diagnostic System: Simula
tion Module Final Production Version 1.0 
CD-109126 
Target: Power Quality 
EPRI Project Manager: S. Bhatt 

UCA ™ Demonstration Project at 
Oglethorpe Power Corporation 
TR-109479 
Target: Distribution Systems 
EPRI Project Manager: W. Blair 

Energy Cost System Applying 
UCA™/DAIS™ Concepts 
TR-109481 
Target: Distribution Systems 
EPRI Project Manager: W. Blair 

Water Treatment Systems for Utilities, 
Phase 1: Technology Assessment 

TR-109753 
Target: Underground Distribution Infrastructure 
EPRI Project Manager: R. Bernstein 

Water Treatment System for Utilities, 
Phase 1 a: Technology Assessment Update 

TR-1 10220 
Target: Underground Distribution Infrastructure 
EPRI Project Manager: R. Bernstein 

Effects of Flue-Gas Contamination on 
Ceramic Insulator Performance in Freezing 
Conditions 

TR-110296 
Target: Substations 
EPRI Project Manager: P. Dessureau 

Cooling Plant Optimization Guide 

TR· 1 10404 
Target: Commercial Building Chillers 
EPRI Project Manager: B. Lindsay 

Proceedings: Eleventh Forecasting 
Symposium-Forecasting in a Competitive 
Electricity Market 

TR-11 0424 
Targets: Producing Successful Product and 
Service Portfolios; Grid Operations and 
Planning 
EPRI Project Managers: P. Meagher, 
D. Maratukulam 

Increasing the Yield of Real-Time Pricing: 
Kansas City Power & Light's Real-Time 
Pricing Innovations 

TR-1 1 0747 
Target: Power Markets and Resource 
Management 
EPRI Project Manager: A. Faruqui 

High-Temperature Superconductivity: 
Joint Feasibility Study for a Power 
Application With HTS Cable by South 
Carolina Electric & Gas 

TR-11 0891 
Target: Underground Transmission 
EPRI Project Manager: D. Von Dollen 

High-Temperature Superconductivity: 
Joint Feasibility Study for a Power 
Application With HTS Cable by PECO 
Energy 

TR·l 10892 
Target: Underground Transmission 
EPRI Project Manager: D. Von Dollen 

Electric Bus Compendium 
TR-1 1 1 123 
Target: Public Transportation Systems 
EPRI Project Manager: L. Sandell 



Field Evaluation of a Prototype 
Mobile Water Management System 
for Subsurface Vaults in the Electric 
Utility Industry 
TR-1 1 1 173 (see listing under Environment) 

A Gas Monitor for Underground Electric 
Utility Manholes and Vaults 
TR-1 1 1 246 
Target: Underground Distribution Infrastructure 
EPRI Project Manager: R. Bernstein 

Behavior of Paper-Polypropylene-Paper 
Laminate Under Thermal and Electrical 
Stresses 
TR-1 11321  
Target: Underground Transmission 
EPRI Project Manager: T. Rodenbaugh 

Dissolved Gas Analysis by EPRI Disposable 
Oil Sampling System 
TR-1 1 1322 
Target: Underground Transmission 
EPRI Project Manager: T. Rodenbaugh 

Measurement and Mitigation of Corrosion 
on Self-Contained Fluid-Filled Submarine 
Circuits for New York Power Authority, 
Vols. 1 and 2 
AP-1 l 1323·V1 - V 2  
Target; Underground Transmission 
EPRI Project Manager: T. Rodenbaugh 

Electric Compressor Guidebook 
TR-1 1 1368 
Target: Natural Gas, Petroleum, and Chemicals 
Industries 
EPRI Project Manager: A. Amarnath 

UCA ™/DAIS™ Demonstration Project by 
Kansas City Power & Light 
TR -1 1 1418 
Target: Distribution Systems 
EPRI Project Manager: W. Blair 

Systems Integration at Kansas City Power & 
Light Using API and ICCP 
TR- 1 1 1443 
Target: Grid Operations and Planning 
EPRI Project Manager: D. Becker 

Estimating Customer Preferences for New 
Pricing Products 
TR-1 1 1 483 
Target: Power Markets and Resource 
Management 
EPRI Project Manager: A. Faruqui 

Accelerated Aging of Distribution Non
Ceramic Insulators 
TR- 1 1 1 5 1 5-V2 
Target: Distribution Systems 
EPRI Project Manager: B. Bernstein 

Application Guide for Transmission Line 
Non-Ceramic Insulators 
TR- 1 1 1 566 
Target: Overhead Transmission 
EPRI Project Manager: A. Phillips 

Commercial Green Energy 
TR- 1 1 1601 
Target: Enhancing the Success of New 
Customer Technologies 
EPRI Project Manager: 8. Kalweit 

National EV Infrastructure Working 
Council: Committee Meeting Minutes 98-2 
TR-1 1 1 641 
Target: Infrastructure Deployment and 
EV Benefits 
EPRI Project Manager: L. Sandell 

Installation Costs of Electric Vehicle 
Charging lnfrastucture 
TR- 1 1 1655 
Target: Infrastructure Deployment and 
EV Benefits 
EPRI Project Manager: L. Sandell 

Multifamily Housing: Technologies and 
Trends 
TR-l 1 1 6S9 
Target: Multifamily Housing 
EPRI Project Manager: A. Saleh 

Advanced Electric Lift Trucks: Power Train 
Prototype 
TR-1 1 1 698 
Targets: Non-Road Electric Vehicles; End-Use 
Power Quality Mitigation Systems 
EPRI Project Manager: B. Banerjee 

DC Drive Ride-Through Technology 
Alternatives and Development 
TR· 1 1 1 7S9 
Target: End-Use Power Quality Mitigation 
Systems 
EPRI Project Manager: 8. Banerjee 

Flywheel Energy Storage for End-Use 
Power Quality 
TR-1 11831  
Target: End-Use Power Quality Mitigation 
Systems 
EPRI Project Manager: 8. Banerjee 

Impact of Customer Churn on Profitability 
TR-1 118S5 
Target: Producing Successful Product and 
Service Portfolios 
EPRI Project Managers: A. Faruqui, 8. Kalweit 

Projecting Market Share for Energy
Related Offerings 
TR-1 1 1 8S6 
Target: Producing Successful Product and 
Service Portfolios 
EPRI Project Manager: A. Faruqui 

Rhode Island Disaster Recovery Business 
Alliance: CEO and Business Needs Assess
ment Workshops 
TR-1 1 1 862-Vl 
Target: Disaster Planning and Mitigation 
Technologies 
EPRI Project Manager: J. Oggerino 

Ice Storm '98: Characteristics and Effects 
TR-1 1 1 864 
Target: Overhead Transmission 
EPRI Project Manager: M. Ostendorp 

High-Ampacity, Thin-Wall Novel Polymer 
Cable 
TR-1 1 1 888 
Target: Underground Distribution Infrastructure 
EPRI Project Manager: 8. Bernstein 

Integration of Information and Data From 
the EPRI Distribution System Power Quality 
Monitoring Project, Disk 1: PQ Database 
Reference Information 
TR-1 1 1 902-Vl -CD 
Target: Power Quality 
EPRI Project Manager: A. Sundaram 

Integration of Information and Data From 
the EPRI Distribution System PQ Monitor
ing Project, Disk 2: RMS Variation Distur
bance Database 
TR· 1 1 1902·V2-CD 
Target: Power Quality 
EPRI Project Manager: A. Sundaram 

Integration of Information and Data From 
the EPRI Distribution System PQ Monitor
ing Project, Disk 3: Steady-State Measure
ment Database 
TR -1 1 1 902-V3-CD 
Target: Power Quality 
EPRI Project Manager: A. Sundaram 

Integration of Information and Data From 
the EPRI Distribution System PQ Monitor
ing Project, Disk 4: Harmonic Distortion 
Measurement Database 
TR-1 1 1 902-V4-CD 
Target: Power Quality 
EPRI Project Manager: A. Sundaram 

Hybrid Active Filter Test Report 
TR-1 1 1 920 
Target End-Use Power Quality Mitigation 
Systems 
EPRI Project Manager: 8. Banerjee 

Lineworkers' Insulating Gloves and Sleeves: 
Injection Molding Demonstration Project 
TR-1 1 1 947 
Target: Distribution Systems 
EPRI Project Manager: 8. Bernstein 

Energy Consumption and Load Profiling 
at Major Airports 
TR-1 1 1 951 
Target: Airport Solutions 
EPRI Project Manager: L. Sandell 

II DESK BOOK™: Residential End-Use 
Technologies 
Version 2.5 (Windows 3.1) 
Target: All targets in Residential area 
EPRI Project Manager: J. Kesselring 

II EGEAS 
Version 9.01 (Windows 95, NT) 
Target: Grid Operations and Planning 
EPRI Project Manager: N. Abi-Samra 

II MMW: Maintenance Management 
Workstation 
Version 1.0 (Windows 95, NT) 
Target: Substation Operation and Maintenance 
EPRI Project Manager: P. Vujovic 
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II ROPES: Real and React ive Opt imizat ion 
for Planning and Schedul ing 
Version 2.0 ( Windows 95) 
Target: Gr id Operations and Plann i ng  
E PR I  Project Ma nager: D .  Maratu ku l am 

II UTWorkstation: (CRIDER 
Vers ion 3.0 (Windows) 
Target: Underground Tra nsmission 
EPR I Project Manager: T. Rodenbaugh 

Iii UTWorkstat ion: CONMAN 
Vers ion 3 .0 (Windows) 
Ta rget: U nderground Tra nsm ission 
EPRI Project Manager: T. Rodenbaugh 

Environment 

Use  of  Automat ic Wire Cod i ng to Eva l uate 
Control Selection Bias in the Savitz et al .  
Study 
TR- 1 08044 
Ta rget: E lectric and Mag netic Fie lds Hea l th 
Assessment 
EPRI Project Manager: K. Eb i  

Field Evaluat ion of the Comanagement 
of Uti l i ty Low-Volume Wastes With High 
Volume Coal Combu st ion By-Products :  
SX Site 
TR-1 08409 
Ta rget : Combustion Wastes and  Groundwater 
Protect ion 
EPRI  Project Ma nager :  A .  Qu inn 

PI SCES Water Characterization Field Study: 
Vol . 1 ,  S ite O Report; Vol. 2, Site O Appendix 
TR-1 08892-V1 -V2 
Target: P l ant  Mult imed ia Toxics Cha racter iza
t ion (P ISCES) 
[PR I  Project Manager: P. Chu 

Orimulsion Combustion By- Products: 
Chemical Composit ion and  Leaching 
Characterist ics 
TR- 1 09020 
Ta rget: Combust ion Wastes and  Groundwater 
Protection 
EPR I  Project Manager : A .  Qu i n n  

Life-Cycle Decision Making: Vol. 1 ,  Gett ing 
Started; Vol . 2 ,  Learning the Methods; 
Vol .  3, Us ing the Software 
AP- 1 1 0676 
Ta rget: Env ironmenta l Assets Ma nagement 
EPRI Project Manager: M. Mclea rn 

Flow in Water- I ntake Pump Bays : A Guide 
for Util ity Engineers 
TR-1 1 0948 
Target: Power Plant Water Management 
EPR I  Project Manager :  J .  Tsou 

Southeastern Aerosol and Vis ib i l i ty Study 
( SEAVS): Concentrat ion and Composition of 
Atmospheric Aerosols at Look Rock, 
Tennessee, July-Augu st 1 995 
TR- 1 1 1 063 
Target: Atmospheric Part icu lates and 
Precu rsors 
EPRI Project Managers: M. A .  Al lan, P. Saxena 
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Field Evaluation of a Prototype Mobile 
Water Management System for Subsurface 
Vau lts in the Electr ic Ut i l ity Industry 
TR-1 1 1 1 73 
Targets : Tra nsmiss ion and  D i st r ibut ion Soi l 
and Water I ssues; U nderground D i st r i but ion 
I nfrast ructu re 
EPRI Project Ma nager: M. McLearn 

Business Pract ices for Env i ronmental 
Excel lence: G uidel ines (Based on Case 
Studies of Other Industries )  
TR-1 1 1 244 
Target :  Environmental Assets Management 
EPR I Project Managers: M. Mclearn, D. Golden 

EPRI EMF Exposure Database: Un ive rsity 
of North Carol i na  E lectrical Uti l ity Worker 
Data Set 
TR- 1 1 1 3 1 5  
Ta rget : E lectric a n d  Magnetic Fields Heal th 
Assessment 
EPRI Project Manager: R .  Takemoto-Hambleton 

Pi lot-Sca l e Studies of Solvent Extract ion 
Treatment of PCB- and PAH-Contaminated 
Soi l  and Sediment 
TR- 1 1 1 3 1 7 
Target :Transmission and Distribution So i l a nd 
Water Issues 
EPR I Project Manager: A. Qu i n n  

Coal  Ash Uti l ization for Soi l Amendment 
to Enhance Water Relations and Turf 
Growth 
TR- 1 1 1 3 1 8 
Ta rget: Combustion Wastes and Groundwater 
Protect ion 
EPRI Project Manager :  J .  Good r ich-Mahoney 

Measurement of Condensabie Particulate 
Matter : A Review of Alternat ives to EPA 
Method 202 
TR- 1 1 1 327 
Target: Plant Mult imedia Tox ics Cha racteriza
tion (P ISCES) 
EPRI Project Manager: B. Nott 

Long-Term Effects of 60-Hz Electric Versus 
Mag netic Fields on IL-1 and Other Immune 
Parameters in Sheep: Phase 4 Study 
TR-1 1 1 342 
Target: E lectr ic and  Magnetic F ie lds Health 
Assessment 
EPR I Project Manager: K. Eb i  

Long-Term Effects of 60-Hz Electr ic Versus 
Magnetic F ie lds on IL-1 and Other Immune 
Parameters i n  Sheep: Phase 5 Study 
TR- 1 1 1 343 
Ta rget: E lectric and Mag net ic Fie lds Hea l th 
Assessment 
EPR I  Project Ma nager :  K .  Eb i  

Envi ronmental Performance Measurement: 
Design, Implementation, and  Review 
Gu idance for the Utility Industry 
TR- 1 1 1 354 
Target: Env i ronmental Assets Management 
EPR I Project Manager : M. Mclea rn  

The Spr ingdale Project: Applying Con
structed Wet land Treatment to Coal 
Combust ion By-Product Leachate 
TR-1 1 1 473 
Target: Power Plant Water Ma nagement 
EPRI Project Manager :  J .  Good r ich-Mahoney 

Evaluation of Occupational Mag netic F ie ld 
Exposure Guidelines 
TR - 1 1 1 501 
Target: E lectric and Magnet ic F ie lds Hea l th 
Assessment 
EPR I Project Ma nager: R. Kavet 

An Evaluation of E lectr ic F ield Exposure 
Measurements Using the Positron Meter 
TR- 1 1 1 55 5  
Ta rget :  E lectric a nd  Magnetic F ie lds Health 
Assessment 
EPR I Project Ma nager: R .  Takemoto-Hambleton 

Aquatic Life Criteria Gu ide l i nes :  An 
Overview of the Criter ia Development 
Process and Identification of Pr iority 
Resea rch Needs to Update the Guidel ines 
TR- 1 1 1 608 
Ta rget: Water Tox ics Assessment 
EPR I  Project Manager: J . Goodrich-Ma honey 

Toxicology of Coa l  Tars (A Complex Mixture 
of Polycycl ic Aromatic Hydrocarbons) 
TR- 1 1 1 658 
Ta rget: MGP Si te Remediat ion and Heal th R isk 
EPRI  Project Manager: L. Goldste i n  

Association of  Wire Code Config urat ion 
With Long-Term-Average 60-Hz Magnetic 
Fields and Exposure 
TR-1 1 1 767 
Target E lectr ic and Mag net ic Fie ld s Health 
Assessment 
EPR I Project Manager: R. Kavet 

Validation of Computational Methods for 
Evaluation of Electr ic Fields and Currents 
Induced in Humans Exposed to Electr ic and 
Mag netic F ields 
TR- 1 1 1 768 
Target: E lectric and Magnetic F ie lds Health 
Assessment 
E PR I  Project Manager: R. Kavet 

Leaching of Inorganic Constituents From 
Coal Combust ion By-Products Under F ield 
and Laboratory Conditions, Vol .  1 
TR- 1 1 1 773-Vl 
Ta rget : Combustion Wastes and Groundwater 
Protect ion 
EPR I  Project Manager: A .  Qui n n  

Ut i l ity Brownfields Resource Guide 
TR-1 1 1 784 
Target Com mun ity Economic Development 
Solut ions 
EPR I Project Manager: P. Radc l iffe 

SmartPlaces E Series User Manual 
TR-1 1 1 788 
Target Comm unity Economic Development 
So l ut ions 
EPRI Project Manager :  P. Radc l iffe 



.,. COOLAOO: Database of Power Plant 
Cool ing Water System and Generic 
Chemical Additives Usage 
Vers ion 1 .0 (Windows) 
Ta rget :  Fac i l it ies Water Management 
EPR I  Project Manager: K. Zammit 

.,. Decision Analysis for Transmission 
Line EMF Ma nagement 
Version 1 .0 (Windows) 
Ta rget: E lectr ic and  Magnet ic F ields Health 
Assessment 
EPRI  Project Manager: G . Hester 

Iii LCDM: Life-Cycle Cost Decision 
Making 
Version 2.0 (Wi ndows 95) 
Target: Environmental Assets Management 
EPRI  Project Ma nager: M. Mclea rn  

W MYGRT: M igration of Organic and 
Inorganic Chemicals in Groundwater 
Vers ion 3.0 (Wi ndows 95, NT) 
Target: Groundwater and Combustion 
By-Prod ucts Management 
EPRI  Project Manager: A .  Qui nn 

.. WinSEQUIL  
Version 2 .0  (Windows 3 . 1 ) 
Target: Fac i l i t ies Water Management 
E PR I  Project Manager: K. Zamm it 

EPRICSG 

Automated CO2 and VOC-Based Control of 
Ventilation Systems Under Real-Time 
Pr ic ing 
TR-1 091 1 7  
Target: I nformation and Energy Ma nagement 
Services for C&I Customers 
EPR I Project Managers: L. Carm ichael, 
A.  Kader 

Small Commercia l  Customer Energy 
Ma nagement System Demonstrat ion 
Project 
TR - 1 1 0 1 83 
Target: I nformation and Energy Ma nagement 
Services for C&I Cu stomers 
EPRI  Project Managers: L .  Carmichael , 
A . Kader 

Electric Ut i lity Marketing Guide to 
Foodservice 
TR- 1 1 0775 
Target: Commerc ia l Foodserv ice Fac i l i t ies 
EPRI  Project Manager: W. Kri l l  

The LiveWire Project 
TR- 1 1 1 059 
Target: I nformation and Energy Ma nagement 
Services for Mass Ma rkets 
E PR I  Project Manager: S .  Drenker 

Supermarket Simulation Tool, 
Version 1 . 1 
CM- 1 1 1 1 1 2-R l 
Target: Reta i l/Superma rket Esta b l i shment 
Solut ions 
E PR I  Project Manager: M. Khatta r 

Development and Demonstrat ion of 
Energy Management Control Strategies for 
Automated Real-Time Pricing 
TR- 1 1 1 36S 
Ta rget: Information and  Energy Ma nagement 
Services for C&I Customers 
EPR I  Project Managers :  L. Carmichael . A. Kader 

Techno logy as a Strateg ic Lever in Compet
itive Electricity Markets 
TR- 1 1 1 7 1 1 
Ta rget: Technology I n novat ion and 2 1 st 
Century Strategy 
EPRI Project Manager :  T. Henneberger 

AC Drive System Effic iency Evaluation 
TR- 1 1 1 879 
Target: Power E lectron ics 
EPRI  Project Manager: B. Banerjee 

Us ing Segmentat ion Insights to Sell Energy 
Products to the Mass Market 
TR- 1 1 1 895 
Target : Promoting Energy Prod ucts for Mass 
Ma rkets 
EPRI Project Managers: J .  Kesse lring, B .  Ka lwe it 

.,. PQDS: Integ rated Power Qual ity 
Diagnostic System (for PC Workstation) 
Vers ion 1 .0 ( Windows) 
Ta rget: Power Qua l i ty Software, Services, and  
Support 
EPR I Project Manager : S .  Bhatt 

II SST: Superma rket Si mulation Tool 
Ve rsion 2 .0 ( Windows 95) 
Ta rget: Reta i l/Supermarket Esta b l i sh ment 
Solutions 
EPR I Project Manager :  M. Khattar 

EPRIGEN 

EPRI Maintenance and Diagnost ic Center 
Course Catalog, Revision 1 
TR- 1 095 1 1 -R l 
Ta rget: P la n t  Maintenance Optimizat ion 
EPR I Project Ma nager :  R. Pflasterer 

CMMS (Computerized Maintenance 
Management System) Select ion at 
Cinergy 
TR- 1 09728 
Ta rget: Plant Mai ntenance Opt imizat ion 
EPRI  Project Manager : R . Pflasterer 

Computerized Maintena nce Management 
System Best Practices Gu idel ine 
TR- 1 1 1 464 
Ta rget: P lant Maintenance Opt im izatTon 
EPR I Project Manager :  R. Pflasterer 

Strategic Science and Techno logy 

Development and Evaluation of Low-Cost 
Sorbents for Removal of Mercury Emissions 
From Coal Combustion Flue Gas 
TR-1 1 0S32 
Program: Strategic Sc ience and  Techno logy 
EPRI Project Manager :  R .  Chang 

Loadi ng Margin Methods for Avoiding 
Voltage Col lapse 
TR - 1 1 1 275 
Program: Strateg ic Sc ience and Tech nology 
EPR I Project Managers : N . Abi-Samra, M. 
Wi ldberger, T. Schne ider, D. Sobajic 

Stabi l ity, Damping Nonl inear Dyna mics, 
and SSR in Thyristor Switching Circuits 
TR-1 1 1 276 
Program: Strategic Science and Technology 
EPR I  Project Managers : N .  Abi-Sam ra, M. 
Wi ldberger, T. Schneider, D. Sobaj ic 

Mercury F lux  Measurements: An l ntercom
pa rison and Assessment (Nevada Mercury 
Emissions Project) 
TR-1 1 1 346 
Program: Strategic Science and Technology 
EPRI  Project Manager: M. A. A l l an  

Heart Rate Variabi l i ty in Ambient Magnet ic 
F ie lds 
TR- 1 1 1 496 
Prog ram: Strategic Sc ience and Technology 
EPRI Project Manager :  R .  Kavet 

Electroozonation: Experimental Develop
ment Program 
TR-1 1 1 68 1  
Program: Strategic Sc ience a n d  Tech nology 
EPR I Project Manager : A .  Ama rnath 

Condensation of R-4 1 OA in a Horizontal 
Recta ngu lar  Chan nel 
TR-1 1 1 754 
Program: Strategic Sc ience and Technology 
EPRI Project Manager: A. Sa leh 

Temperbead Weld i ng of P-Nos. 4 and S 
Materials 
TR-1 1 1 757 
Program :  St rateg ic Sc ience and Technology 
EPR I Project Managers: V. V iswa nathan, 
D. Gandy, S. F indlan 

Advances i n  Communication Using 
Femtosecond Laser Technology 
TR-1 1 1 786 
Program: Strateg ic Sc ience and Technology 
EPR I  Project Manager :  R. Bernste i n  

High-Voltage Laboratory Testing of 
Femtosecond Laser Lightn ing 
Divers ion 
TR- 1 1 1 787 
Program: Strateg ic Sc ience and Tech nology 
EPR I Project Manager : R. Bernst e i n  

A High-Speed PM Disk Motor for Compres
sor Drives 
TR- 1 1 1 903 
Program :  Strategic Science and Technology 
EPR I  Project Manager: B. Banerjee 

Heat Pumps for Venti lation Air Condi 
tioning: State-of-the-Art Technology 
Review 
TR-1 1 202 1 
Program: Strategic Sc ience and Technology 
EPR I  Project Manager: M. Khattar 
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EPRI Events 

Apri l  

1 2-1 4 
Transmission Inspect ion and Mai ntena nce 
(T I M )  System Regional Training 

Las Vegas, Nevada 
Contact: Gayle Robertson, (8 1 7) 439-5900 

1 2-1 5 
Conference on Power Plant Impacts on 
Aquatic Resources 

At la nta, Georg ia 
Contact: C indy Layman, (650) 855-8763 

1 2-1 6 
NOE for Engineers 

Char lotte, North Caro l ina 
Contact: Sherry l Stogner, (704) 547-6 1 74 

1 2- 1 6 
Simulator Instructor Stat ion 
Operat ions 

Kansas C i ty, M issou ri 
Contact: Sara h Mal i nowsk i ,  (81 6) 235-562 3 

1 3-1 4 
Power Qua l ity for the Semicond uctor 
Fabrication Industry 

Tempe, Ar izona 
Contact: Megan Boyd, (650)  85 5-791 9 

1 3-1 4 
1 2th Annual Forecasting Symposium 

Denver, Co lorado 
Contact: Miche le Samou l ides, (650) 855-2 1 27 

1 3- 1 6  
Machi nery Alignment 

Eddystone, Pen nsy lva n ia  
Contact :  Me lan ie Moore, (6 1 0) 490-32 1 6  

1 4  
PISCES Model 3.0 1  (TRI  Version) Tra in ing 

Da l las, Texas 
Contact: Paul Chu, (650) 855-281 2 

1 4- 1 5 
Util ity Strategic Marketing Conference 

Or lando, F lor ida 
Contact :  J u ne Appe l , (6 1 0) 667-03 5 1  

1 5- 1 6  
TIM System Users Grou p 
Las Vegas, Nevada 
Contact :  Gay le Robertson, (8 1 7 ) 439-5900 

1 9-23 
Infrared Thermography: Level 1 

Eddystone, Pennsy lvan ia 
Contact: Melan ie  Moore, (61 0) 490-32 1 6 
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20-2 1  
Power Quality I nterest Group 
Ba l t imore, Ma ry land 
Contact :Teri De Breau, (650) 855-2833  

20-23 
Structured On-the-Job Tra i n ing 
Program Design,  Development, and 
Implementation 
Ka n sa s  C ity, Missou ri 
Contact: Sara h Va nberg ,  (81 6) 235-5623 

25 
Smart Tools for Sustainable Communities 
Seattle, Wash i ngton 
Contact: Pa u l  Radcl i ffe, (650) 85 5-2 720 

26-28 
China-U.S.  Energy Development Conference 

Washington, D.C. 
Contact: Brent La ncaster, (704) 547-60 1 7 

26 -30 
Y2K Embedded-Systems Workshop 

Sa n Anton io, Texas 
Contact: Paige Pol ishook, (650) 855-20 1 0  

27-29 
Preserving Equipment Qualificat ion 
Char lotte, North Ca rol ina 
Contact: Sherry l  Stogner, (704)  547-6 1 74 

27- 30 
Basic Vibration Testing and Analys is  
Eddystone, Pen nsy lvania 
Contact: Me lan ie  Moore, (6 1 0) 490-32 1 6  

29-30 
Dynamic Security Assessment Workshop 

Min neapo l is, M i nnesota 
Contact: Peter Hirsch,  (650) 855-2206 

May 

3-5 
GI S/GPS Workshop: Appl ications and 
Developments for Electric Ut i l it ies 
Da l las, Texas 
Contact: Gay le Robertson, (81 7) 439-5900 

3-7 
Steam Plant Operations for Ut i l ity Engineers 
Kansas C i ty, M i ssour i  
Contact :  Sarah Ma l i nowsk i, (81 6) 235-5623 

4-S 
EPRI Healthcare Init iative Power Qual i ty 
Council 
Da l las, Texas 
Contact: Ke l l y  C ipr ia n, (61 4) 85 5 - 1 390 

4 -7 

Motor Monitor i ng and Diagnostics 

Eddystone, Penn sylvan i a  
Contact: Me lan ie  Moore, (6 10 )  490-32 1 6  

1 0-1 1  
Continuous Emissions Monitoring (CEM) 
Preconference Tutoria l  

C inc i n nati , Ohio 
Contact: Michele Samoul ides, (650) 8 55-2 1 27 

1 0-1 3 

I ndustria l  Energy Technology 
Conference 

Houston, Texas 
Contact: Sam Woinsky, (7 1 3 ) 963-9336 

1 0-1 4  

Com bined-Cycle Operations for Uti l i ty 
Engineers 

Kansas C ity, M i ssour i  
Contact: Sarah Mal inowski, (8 1 6) 23 5-5623 

1 0-21  

U ltrasonic Examination Technology: Level 2 

Cha rlotte, North Caro l i na 
Contact: Sherry l  Stog ner, (704)  547-6 1 74 

1 2-1 4  
1 999 CEM Users Grou p 

C i nci nnati ,  Oh io 
Contact: M iche le Samou l ides, (650)  855-2 1 27 

1 7-1 9 

License Renewal Training Workshop 

Charlotte, North Carol ina 
Contact : Brent La ncaster, (704) 547-60 1 7  

1 7-2 1  
Drum Boiler Unit Operations 

Kansas City, Missou ri 
Contact :  Sarah M a l i nowski ,  (8 1 6) 235-5623 

1 8-20 

Condition-Based Maintenance Automation 
and the Internet 

Eddystone, Pennsy lvania 
Contact: Mela n i e  Moore, (6 1 0) 490-32 1 6 

1 9-21  

Transformer Re l iabi l ity:  Management of 
Static Electr ificat ion 

Monterey, Ca l i forn ia 
Contact :  Pa ige Pol i shook, (650)  855 -20 1 0  

20-2 1 

Gas-Electr ic Partnership Workshop 

Houston,  Texas 
Contact :  Sam Woinsky, (7 1 3 ) 963-9336 



23-2 7 
5th International Conference on Mercury 
as a Global Pol lutant 
R io de Janei ro, Brazil 
Contact :  Ron Wyzga,  (650) 855-2577 

24-27 
PQA '99: North America 
Char lotte, North Caro l ina 
Contact: Megan Boyd, (650) 855-79 1 9 

24 -28 
Supercrit ica l  Boi ler Un it Operations 
Ka nsas City, Missouri 
Contact : Sara h Ma l inowski, (8 1 6) 235-5623 

26 
Petrochemical Industry Overview 
Sa l t  L a ke City, Utah 
Contact: Sa m Woinsky, (7 1 3 ) 963-9336 

26-28 
Valve Symposium 
Lake Tahoe, Nevada 
Contact :  L inda Parri sh ,  (704) 547-606 1 

3 1 -June 4 
Cyclone Boiler Unit Operations 
Kansas City, M i ssou ri 
Contact :  Sarah Mal inowski ,  (8 1 6) 235-5623 

June 

Fundamentals of Corrosion 
St. Pete Beach, F lor ida 
Contact : Brent Lancaster, (704) 547-60 1 7  

2-3 
Contai nment I nspect ion : Visual 
Examination Training, Level 2 
Char lotte, North Caro l ina 
Contact : Sherry l  Stog ner, (704) 547-6 1 74 

2-4 
Corrosion and Degradation Conference 
St. Pete Beach, F lor ida 
Contact : Brent Lancaster, (704) 547-60 1 7  

7-1 1 
Visual Exa m i nation Technology: Level 2 
Char lotte, North Caro l ina 
Contact : Sherry l  Stog ner, (704) 547-6 1 74 

1 0 -1 1 
Electromagnetic Interference Qua l ification 
of Digital Equ i pment 
C har lotte, North Carol ina 
Contact : Sherry l Stog ner, (704) 547-6 1 74 

1 4 -1 8 
ABB Circuit Breaker Users Group 
Charlotte, North Carol i n a  
Contact: Li nda Pa rr ish, (704) 547-6061 

1 4 -1 8 
Joint ISA POWI D/EPRI Controls and 
I n strumentation Conference 
St. Petersburg, F lorida 
Contact: Pa ige Pol ishook, (650) 855-20 1 O 

1 4-1 8 
Service Water Heat Exchanger Testing 
Char lotte, North Caro l i na 
Contact: Sherry l Stog ner, (704) 547-61 74 

1 4-2 3  
Ultrasonic-Test ing Operator Tra ining 
for the Detection of IGSCC 
Cha r lotte, North Carol i na 
Contact : Sherry l Stogner, (704) 547-6 1 74 

1 5 -1 7 
3d Annual In-Service Inspection and 
Nondestructive Evaluation Workshop 
Minnea pol is, M i n nesota 
Contact: Sherryl Stogner, (704) 547-6 1 74 

1 5-1 8 
American Council for an Energy-Efficient 
Economy 
Sa ratoga Springs, New York 
Contact: Rebecca Lu netta ,  (202) 429-8873 

1 6 - 1 8  
Healthcare Initiative Conference 
Seatt le, Washington 
Contact: Ke lly C ipri an ,  (6 1 4) 85 5- 1 390 

1 7- 1 8  
CHUG Meeting 
Port l and ,  Maine 
Con tact : Lynn Stone, (972)  556-6529 

20-24 
Bioelectromagnetics Society Meet i ng 
Long Beach, Ca l i fornia 
Contact : Chuck Rafferty, (650) 855-8908 

2 1 -22 
Meeting of the American Society of 
Healthcare Engineers 
Phi ladelphia , Pennsylvania 
Contact : Ke l ly C i pr ian , (61 4) 855- 1 390 

2 1 - 2 3  
Plan t  Maintenance Conference 
At lanta, Georgia 
Contact : Cindy Layman, (650) 855-8763 

22-24 
Machinery Balancing Short Course 
Eddystone, Pennsylvania 
Contact : Melanie Moore, (61 O) 490-32 1 6  

22-25 
Steam Chemistry: Interaction of 
Chem ical Species 
Frei burg, Germany 
Contact: Barry Dooley, (650) 85 5-2458 

23-25 
5th Piping and Bolt ing NOE 
Conference 
San Anton io, Texas 
Contact :  Susan Otto-Rodgers, (704) 54 7-6072 

27-30 
Technology Management Workshop 
San Fra nc isco, Ca l i forn ia 
Contact: Megan Boyd, (650) 855-79 1 9 

28 
Water and Energy Conference 
Vancouver, Canada 
Contact: Kim Shil l ing, ( 3 14) 935-8590 

29 -30 
Municipal Water and Wastewater Program 
Meeting 
Vancouver, Ca nada 
Contact :  K im Shi l l ing, ( 3 14) 935-8590 

29 -J u l y  1 
Predict ive Maintenance Prog ram: 
Development and I mplementat ion 
Eddystone, Pennsy lva nia 
Contact : Melan ie Moore, (6 1 0) 490-32 1 6 

July 

6 
EPRl 's Hydropower Research Progra m 
Las Vegas, Nevada 
Contact: Pa ige Pol i shook, (650) 855 -20 1  O 

6-9 
WAPA Waterpower '99 Conference 
Las Vegas, Nevada 
Contact: Pa ige Po l i shook, (650) 855-201 0 

9 
EPRI/WAPA Symposium/Workshop: 
Hydroelectric Sediment Management and 
Project Decommiss ioni ng Issues 
Las Vegas, Nevada 
Contact :  Pa ige Pol ishook, (650) 855-20 10  

1 2-1 4 
International Low-Level-Waste Conference 
and Exhibit 
McAfee, New Jersey 
Contact :  M ichele Sa moul ides, (650) 855-2 1 27 

1 2-1 5 
Advanced Structural Analysis and Design 
Methods for Electric Power Line Upgrad ing 
Da l las, Texas 
Contact :  Gay le Robertson, (8 1 7 ) 439-5900 

1 2-1 6  
Combined-Cycle Operations for Util ity 
Engineers 
Cast i ne, Mai ne 
Contact : Sa ra h Ma l i nowsk i , (8 1 6) 235 -5623 

1 2-1 6 
U ltrasonic Examination Technology: Level 3 
Cha rlot te, North Carol i na 
Contact: Sherryl Stogner, (704) 54 7-6 1 74 

1 3-1 5  
Turbine-Generator Troubleshooting Short 
Course 
Eddystone, Pennsy lvan ia 
Contact: Mela n i e  Moore, (6 1 0) 490-32 1 6 

1 4-1 6 
ASME/EPRI Radwaste Workshop 
McAfee, New Jersey 
Contact: Michele Samoul ides, (650) 85 5-2 1 27 
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1 9 -23 

NDE Technical Ski l ls Training: 
level 3 Basic 
Charlotte, North Ca ro l ina 
Contact :  Sherryl Stogner, (704) 547-6 1 74 

1 9 -23 

Steam Plant Operat ions for Util ity 
Engineers 
Cast i ne, Maine 
Contact: S a rah Ma l i nowsk i , (81 6) 235-5623 

20- 2 1  
On-Line Condit ion Assessment o f  
Generators, Motors, and Plant Electr ical 
Auxi l iar ies Usi ng Electromagnetic 
Interference Analys is 
Anna pol is, Mary l and 
Contact: Megan Boyd, (650) 85 5-79 1 9  

20-22 
Nuclear Uti l i ty Procu rement 
Char lotte, North Caro l i na  
Contact: Sherry l Stogner, (704) 547-61 74 

20-22 
Valve Pack ing Configurat ion, 
Im plementation, and Prog ram 
Development 
Eddystone, Pennsy lvania 
Contact: Mela n i e  Moore, (61 0)  490-32 1 6  

20-23 

Infrared Users Group 
Toledo, Oh io 
Contact Paul  Zayicek, (704) 547-6 1  S4 

26 -28 

Internat iona l  Joint Power Generation 
Conference 
San Fra nc isco, Ca l i forn ia 
Contact: Patr ic ia I rving, (800) 843-2763 

26-30 

Infrared Thermography: Level 2 
Eddystone, Pennsy lvania 
Contact: Melanie Moore, (61 O) 490-32 1 6  

26-30 

Terry Turbine Users Group 
San ibel ,  F lor ida 
Contact: L inda Pa rrish, (704) 547-606 1  

26-30 

Visual Examinat ion Tech nology: 
level 3 
Charlotte, North Caro l ina 
Contact: Sherryl Stog ner, (704) 547-6 1 74 

27 

9th Annual NDE  Issues Meet ing 
S unset Beach , North Ca ro l i n a  
Contact :  Susan Otto-Rodgers, (704) 547-6072 

29- 30 
I n -Service Inspection/In-Service 
Testing Regional Workshop 
Sunset Beach, North Caro l ina 
Contact: Su sa n  Otto-Rodgers, ( 704) 547-6072 
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August 

2-6 
Ultrason ic-Test ing Operator Training for 
Weld Overlay Examination 
Cha r lotte, North Carol ina 
Contact: Sherryl Stogner, (704) 547-6 1 74 

4-6 

Radiation Field Seminar  
Seatt le, Wash i ngton 
Contact: Pa ige Pol i shook, (650) 855-20 1 O 

1 1 - 1 3  

Service Water Engineer Trai ning 
Char lotte, North Ca ro l i na 
Contact: Sherry l Stogner, (704) 547-61 74 

1 6-1 9  
M icrobiological ly Influenced Corrosion 
Charlotte, North Ca ro l i n a  
Contact: Sherry l Stogner, (704) 547-6 1 74 

1 6-20 
Mega Symposium: Com bined NO,,, S02, 
Particu lates, and Air Toxics 
Atlanta, Georgia 
Contact: C indy Layman, (650) 855-8763 

1 6-20 
NOE Instructor Training 
Charlotte, North Ca ro l i na 
Contact: Sherry l  Stogner, (704) 547-6 1 74 

1 7-1 9  

Appl ication of Reliabi l i ty- and Risk
Centered Concepts to Ma i ntenance 
Char lotte, North Caro l ina 
Contact: Sherry l  Stogner, (704) 547-6 1 74 

1 7-20 
6th Steam Turbine- Generator Workshop 
St. Lou i s, Missou ri 
Contact :  Paul Sabourin , (704) 547-61 55 

1 9 -20 
Non-Road Electric Vehicle Conference 
Orlando, Florida 
Contact: M ichele Samou l ides, (650) 855-2 1 27 

23-27 

Westi nghouse Circuit Breaker Users  Group 
Pittsbu rgh, Pennsy lvan ia 
Contact: Linda Pa rr i sh ,  (704) 547-606 1 

24-26 

Charging-Pump Users Grou p 
Char lotte, North Caro l ina 
Contact: Linda Parrish, (704) 547-606 1 

2 5 -27 

Air-Operated Valve Workshop 
Ind ian La kes, I l l inois 
Contact: L i nda Parr i sh, (704) 547-606 1 

30-September 3 
Condenser Technology Seminar and 
Conference 
Charleston,  South Caro l ina 
Contact: Brent Lancaster, (704) 547-601 7 

September 

6-1 0 
Integrated Global Water Management 
Prague, Czech Repub l ic 
Contact : Robert Brocksen ,  (303) 840-7389 

8-1 0  
Rotating Electr ical Mach inery 
Colloquium 
Or lando, Flor ida 
Contact: Michele Samou l ides, (650) 8 55-2 1 2 7 

1 3-1 7  
NDE of High-Energy Pipi ng 
Charlotte, North Caro l ina 
Contact: Sherryl Stogner, (704) 547-61 74 

1 4 -1 5 

Distribution Engineering Workstat ion 
Users Group 
Kansas City, Missour i  
Contact: Harry Ng ,  (650) 85 5-2973 

20 -0ctober 1 
U ltrason ic  Examination Technology: 
Level 1 
Charlotte, North Ca ro l ina 
Contact: Sherry l Stogner, (704) 547-61 74 

23-24 

3d Gas-E lectric Pa rtnership Symposium 
Houston, Texas 
Contact: S am Woinsky, (7 1 3 ) 963-9336 

27-29 

RCM Users Grou p 
Las Vegas, Nevada 
Con tact : Lora Cocco, (650) 855-2620 

October 

I ndustry Overview Courses: Inorgan ic 
Chemicals, Petrochemicals, Petroleum 
Production and Refining, Pharmaceutica ls 
TBA 
Contact: Sam Woinsky, (7 1 3) 963-93 36 

4-5 

Conta inment Inspection: Visual 
Examination Training, Level 2 
Charlotte, North Caro l ina 
Contact: Sherry l  Stogner, (704) 547-6 1 74 

6-8 
ASME Section XI F law Eva luation 
Cha rlotte, North Ca ro l ina 
Contact: Sherryl Stogner, ( 704) 547-6 1 74 

1 3-1 5 

Healthcare Init iative Conference 
Char leston , South Carol ina 
Contact : Ke l ly C ipr i an ,  (61 4 )  855-1 390 

1 7-20 

Gasification Technologies Conference 
San Franc isco, Cal i forn ia 
Contact: M iche le Samoul ides, (650) 855-2 1 2 7  
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