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El ectric Transportation: Growing an I ndustry 

A 
s energy provid r , w have played a role i n  

both Lhe  crea t i on  a n d  the  cleanup or a i r  emis­

sion . Wh i l  o cra l l  a i r  qua l i ty in the n i ted 

State ha improved , man c 1 t l l: around the globe arc 

t i l l  h roudcd in a thi k br \ n h, ze, and the  U . .  En ­

v i ronmenta l  Protect ion Agenc t i l l  cla i fic 24 A meri­

can c i t i  or re ions a erious, severe, or ex t reme a i r  

qua l i t y  nonaLLa Lnme n L  zon . We con t inue LO make 

progre i n  r duc ing cmi  ions  rrom ta t ionar)' ou rces, 

buc much of the problem, c pe ia l l  · in urban center , 

comes rrom car , trucks, and OLhcr moving machin -

ry- u rces OULside the t rad it i  nal u t i l i ty purvic\ . 

n u mber of i rward- looking power compan ie  h ve 

i n corporated e lec tric t ra ponation ventures mto  the i r  

Im i ne plann ino, a move t hat make bot h  environ-

mental and busi ne en e. r all the Lechn l gi envi-

ioned for the ne.xt 50 •car , utce ful lr comm rcial­

ized clect r icit •- pow red chid promi e to del iv r the  

i ngle most effect ive environm ma l  improv ment  and 

th l a rg I nc\ market for e le  tric i ly. Advanced Lran -

ponation opt ions of� r i m portan t public benefit i n  

adcL ition t o  improved a i r  qua l i t  . I ctrici ty-pO\ creel 

chic le are two to three L im · more energy efficien t  

t han t hei r i nt:cmal combu L i o n  cou n terparts. And given 

t h a t  l ran ponat i  1 1  accou n ts f o r m re t han 65% o r  

. .  o i l  consumpt ion and t hat m r e  t han ha l l" t h e  o i l  

co n um cl i n  the  countr ' i s  i mported ,  a t ran i t iun 1 0  

electric t ransp nat ion w i l l  i ncrea e national e n  rg 

ecu1i 1y. The transportaii 11 market offer t remend u 

poten t ial  t hat we are on l  bcginn jng  to tap. 

round the  globe. com pan ic  large and mall are 

j i n ing the race to devcl p and  o m mercial ize the  1ed1 -

nology and fue l t hat w i l l  replace t he ga  l i ne engi ne. 

E PRI ha 11een do el) '  i nvolved i n  thi effort for the  

past 20 }'ears. push ing  t he envel pc  i n  early electri 

c hicle de ign , E d rive y te m. ,  and neet app l i  a t ion 

and .  m re recent l y, prom ming the development of 

advanced banerie and c harging infrastructures. lost 

or t h i work has focu eel on �pu re .� bauery-po\ creel 

E ·-t he only te hnolog plat f rm that appeared capa­

ble or ach ic ing the envi i ned goal of zero em i  · ion . 

Bu t  as con u mer and i ndu tr ia l  markets come 10 be 
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d fined more by t.he  ser it provided than by t h  1ec h­

n logic u ed LO provide t.hem , a broader pla t form mi 

i l ikel , r r t h  fu t ure. J u_ 1 a todays te levision opt i on  

inc lude broadcast cable, . a te l l i tc ,  and oon e en l. ntcr­

ne t - ba eel v iew ing. advanced transponati n t ech nol -

og w i l l  p robabl be a m ix  of baner -on ly E s, hybrid 

vehicles, and ruel -cel l-powered l:ars. Th e opt ions 

c uld be comp t i ng aggressively i n t he per ona l t ra n  -

p nat i  n market by the  r ar 2 _Q_ Which technolog , 

p lat form will be of mo t i nter L to pO\ er com pa nie 

wi l l  d pend on their individual bu ine plan and con: 

r\' ic . Ele t ricity pro,1 iders w i l l  look for ard t t he 

ucce s of battery-powered · V  and bauery-dominatcd 

h brtd . c hicle fueled b co mpres cd nat u ra l  gas w i l l  

appeal 10  a new generation of uti l i t ies set to pro\ide 

bot h  power :md nar ural g, in an merging " Btu busi-

n cctor. "  nd a n u mb r of u 1 i l i 1 ie· have al read • 

en tered i nto all iances and JO in l  venture wit h  ruc l  te l l  

manu facturers to hedge t hei r hct. v i t h  b r h  tatio nar y 

and mobile d istribu ted power y tcm . 

The advanced a utomot ive bu i n  cm ial ly  a 

new market for a l l  playe r -a marke t s huge tha a l l  

player ha  an opportuni t ' LO prof -i L I rom i clcvel p­

men t .  Bey nd the  per onal h i  le market is a world 

o[ opport u n i t y i n  i ndu t r ia l equip ment, pecia l ty ve­
h idc . and pub l ic trans i t .  E PR l , b col l aborat ing w i t h  

i ts  member , autom t i v  a n d  indu t ri a l  equipment 

man ufacturer . componen t ma n ufactur  r , academic 

and re r h cm it ie , and govc mmem,  can Lre ng1 he1 1  

col lecti c r ource_ and he lp de l p a  more cohesive 

approac h L 1 he future t ran ponat ion cha l len c . ow 

is l he t ime to take advantage of EPRl's work and carv 

out a place in th i  rapi d l y  chano ing  market .  To delay ' 

1 0  ri k lo_ i ng the opponun i t  : and the b nefi  -new 

revenue trcarn , grea ter cfficienC)•. and a ub tan t ia l l  

cleaner envi ro n ment-are worth the effort. 

E ric Hei m 

Area M a nager, Tra nsport a t i on  



Contributors 

Mercha nt Plants Dr ive Market Com petition 
(pag 8) was wri l ten by Tay lor oore, Jou nwl enior 
fean.i re wri t r, wi t h pr incipa l · tanc fro m - P R I ' 

tu Dal LOn , Lance Dohman , and J h n  che ibel . 
T D LTO , p rod u t l i ne d i rector for fos i l , hy­

dro,  and re ne\ able , j i ncd PRJ i n  1 976 a a man ­
age r of O ue gas de ul fu r izat ion projects .  He l a t e r  

erved as  a program manager and 
t eam ma nag r i n  [o i i  p lam a i r  
e m i  i o n  and a d i recto r  o f  mem­
ber re l a t ion and bu ine develop­
ment  in ge ne ra t i o n . Be fo re com ing 
t o : P R I , Da l t on he ld ngi neeri ng 

po i t i on al Paci f ic Ga and E lectric and at Babcock & 
Wi l  ·ox . H e  received a B i n  c hem ica l engi neering from 
t h e  U n i \·er· i ty of al i �  rnia ,  Be rke l ey. 

LA E DOH�I  , genera t io n  marke t  cgment  
l eade r  i n  the  l icn L  Relat ion Div i  ion ,  manage de­
l ivery and i mp! mcmm ion act iv i t i e  for PR l ' [o -

i l ,  hyd ro , re newable , and r wcr 
marke t inu  i n i t i a t ive . Dohman 
came w E P R I i n  1 999 from Enron 

api tal - rade Re ource , where 
h d i rec ted corporate de e lopment 
and tra tegic venlLlres group . Be­

fore t hat . he \ orked at P ra air and at n ion arbidc. 
H e  received a B in m e tal lu rgical and material e ngi­
ne •r i ng from al i fornia Pol ytech n i c  I n  t im te and an 

BA from a in t  Mary' ol lcgc of a l i fornia .  
J OHN H E I B  L h eads t he e i e n ce and Tech nology 

Devc lopmc 11 1  D iv i  ion' grou p  in ne\ cmra l  t a l i o n  
- i nce jo i n i ng E P R I  i n  1 982, h e  h a  a l  o c rved a a 

proj ect m a n ager and a p rogram 
manager in fos. ii p !a 1 1 1  t ech nology 

ar l ier he worked in t he  pov er 
tern gr up of ABB ombu t ion En-
gi neering and a t  a rgent 

chci be l received B a nd 
Lund, . 
degree 

i n  mechan i al e ngi nee r i ng from t h e  nivc r i t y of l l l i ­
noi , rbana, and an M - i n  bu ine  s adm i nist ra t ion 
from Ren n  claer Polytech n ic In  t i t u te . 

Power Del ivery in the 2 1 st Century ( page l ) 
wa wri nen by John Doug} , c ience writer, with 
a l tance from t ,•e ehl and Brent Barker. 

TEVE GEHL, a director f t rategic technology 
and a l l iances, has led EPR l's Electric i t  Technolog)' 

Roadmap In i t iat ive since 1 997 .  Pre iousl ' he served 
d i rect r of L rat ic rn th  i and as a manager of 

genera l ion and n ucl • r power pro­
grams. Before coming L o  E PRI i n  
1 982, Gehl w a  a taff mcu:t l l u rgi L 

at Argo nne  at ional aborat ry He 
received a bachelor's degree i n  met ­
a l lurgical engineering from the n i ­

ve r  i t }' o f  Notre Dame and a Ph D i n  mater ia l  cience 
and engi neer i ng from the U n i ve r  i l }' of F l o r ida . 

BRE T BARKE R i manager o f  t rategic and  execu­
t ive commu nica t ion . Earl ier he e rved for 1 2  }'Ca r a 
ed i tor- in-ch ief of t he EPRI Jou n1al .  Bef o re joi n i ng 

E PRI in 1977 .  Barker penL  fou r  
·ea rs a s  a private com m u n icat ions 
o n  u l tan t  and an a na ly L for 

U R  . an econo m ic co, u l t i ng 
firm . Earl i er he \ orked as an in ­
d u  t r ia l  e o nomi t and taff au thor 

R l  l n tema t ional and a a c mmercial re car h 
analy L at X orporation . He grad uat ed i n  engi-
neeri ng .den e from John Hopk i n  n iver i t I and 

nivcr i t y  of Pi t burgh_ 

Seeing S F6 i n  a New Light (page 26) wa wri ucn 
by Ta !or M ore , Joumo l s n ior feat u re wri t er, \ l t h  
a s  is tanc from Ben  Damsky a n d  K e n  Loyne  . 

BE D M KY , manager for power  elect ron ic  y -
c ic nce and Techno logy De e lopm cn t  

Divi ion ,  joined E P R l i n  1 984 aft e r 
J 9 years \. i t h  , e ncral lec t ric, 
where he managed eng in  c ri ng 
R&D on adva nced H D val ve , 
u l trahigh -pm er t h  ri · t ors and 
diode . and witchge,. r .  He hold 

two clcgrc in phy  ics-a B from Princeton n ivcr­
!'rom Lhe ni er i t  • o!' Pe nn y lvania. 
, a project manager at the Ene rg}' 

1 i l iza1 ion emer i n  Lenox, Ma achu­
etts, joined EPR I  in L 99 after 

t h ree }'Car a a project manager for 
J .  · . Jone Po\ er Del i \'e ry at Lhe 
center. Before tha t ,  he w. · em ployed 
b • General Elect ric a a technical 
pe ia l i  l .  Lo, ne r c ived an a o­

ciate' degree i n  electr ical technology rrom Berk hi re 
Commu n ity a l l ege in Piusfield, a· ach u  ens. 
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MYGRT 3.0 

T he YG RT ni software enables ut i l i ty manager LO conve­

n i e nt l , quickl , and i nexpcn ively e t i mate t he po siblc 

e ffect  of \ a te Ii po al i tes or p i l l s  on the local ground­

water. W i t h  e r  ion 3 .0, managers can pred i c t  t he dow n­

gradien t d i  t r i bu t ion of organ ic and  i norga nic o lu t e  i n  

unsa tura ted , atu rated , a n d  part ia l ly saw-

.. ----· 

Delivera b les now ava i lable to EPRI  members and customers 

UCA-Compl iant D istribution Automation 

T 
he fir t di  t r i b u t ion automat ion products Lo u e 

EPRl's t i l i ty Commu nical ion Arch j tec t u r  arc now 

a ai lab le from GE Power anagement .  An en emble of 

open protocols and standards, CAn' enable the intcrop­

crabi l i t  y of equipment from di fferent  manufacturers and 

the i ntercon nect iv i ty  of databases for high-speed, real­

t ime data exchanges. To elate, GE has re lea eel two C 

compliant digi tal  re lay . The F30 Feeder Managem e nt 

Re la pro iclc power meter ing and  feede r  pro tect io n  

aga in  L cu rrent a n d  vo l t age faults .  he L90 L i ne Differen­

tial Re lay, pan of a comp lete ubsta t ion y te rn , provide 

protect ion for transmi s ion l i nes o f  any vol tage level .  Th 

i nte roperabil i ty provided by the relays prom ise to ig­

ni ficantly red uce automation ystem in tegrat ion 

co LS for ut i l i t ie . GE expects to acid five more 

-complia nt relay products to its l ine thi  ear. 

• For more i nfomwlion cibout  A, conwct EPRJ'  
UCA Exclia11ge Office. (800) 822-3924 ( CA ­

EXCH).  For more i 1 1fonna1 io 1 1  about  the re/a prod­
ucts, vis i t  GE Power la11ageme11 1 s  \I eb i te  
( IV  ww.ge .  com ledc 1pm) .  

rated zones . M odeled proccssc i nclude 

aclvect ion , dispers ion,  retarda t ion , and 

decay. In addi t ion , the ·oftware can im­

ulate problem i n  one .  two. or I h ree 

d imen  ion , u ing ei ther horizon ta l 

�ff;_:::}}:,�� 

or vert ical view!>. De igned 10 run 

on icro ofL Wi ndOI 95 or 

M icro oft T +o, Y RT 3 . 0  

fca1urc enhanced mathemat ical 

rout ines and is Y 2 K  compliant .  

• For more i 1 1fornwtio 1 1 . col l la I Adclc1 Qu i 11 1 1 ,  

aqtd11 1 1 @cpri . co11 1 ,  (650) 855-2478. To 01rlc1: w/1 
EPRI CuslOmcr crvicc, (800) 3 I 3-3 77-f. 
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Defrost Control ler 

D 
fr  t i ng i ne of Lhe m t en rgy-int 1 1  i v  pro e i n  u p  rmark t r  fri ra-

L i  n t n , bu t  a n w m n comro l l  · r f r t im ing defro t c ,cl can cu t  nerg 
u . Th di i ta l  n t r  l l e r-avai lab l  from J hn n omro l  I n r -ha 'i Id d 
large cncrg aving i n  upcrmarkct fie ld tc L on both electric and hot-ga ddrost 
y tems. I n  smart , or on-demand,  dcfro t i ng, a ddro t cycle i started on ly  when 

requ ired. s ing a proprietar y EPRI a lgori t hm ( nO\ being patented) , the on t rol ler 
analyzes past de fro t patten fo r ea h refrigerated <.:a e to predict when the  nc 1 }'c le 
is needed. The algor i t hm i avai labl e a a oft ware addi t ion 10 t he  on tro l  }' tcm . A 

tand-alonc er ion o f  the con­
u -o l ler, chedu l  d for i n t r  du L ion 
t his year, i ex pected to replace the 
mechanical t i mer controls l eel in 
mo t of toda , .  upem1arke1 . 
• For more i 11forma1 io1 1 , 01 1 111 r '/ u ­
h Ii Klwrtm: m lllw 1 ta r@cp1i .com ,  

(650) 855-269 . To onlc,. co11 1acr J im 
Hind11101 1d al jo/1 1 1. 01 1 onrml IE1 1corc, 

(770) 427-9808. 

Supermarket 
S imulation Tool 

C nv nt ional oft war for 
imu lat i ng hour i  • bu i lding 

energy u e i not we l l  u i ted for 
appl ica t i on  10 supermarket 
which have u n usual ! • comple 
cnerg - imen i ve elect r ica l and 

m chan i  al y tem . Thu  i t  has 
b en diffi u l t  t t imat t he  

impact of m re-efficient tcch­
nologie i n  thi  ector. I n  
r pot e ,  E P RI developed 

i ng nvclope ' tem . ow avai lable in 
r ion 2.0 for icro oft mdow 95, the T oftware great ly i ncrcas engi neer 

abi l i t ' 10 select the most effective elect rical and mechanical ystem . In orp rat ing 
i n fonna t ion from EPRl's ex tcnsh'l' field- t L i ng and analy is , ork, T 2.0 al l  w 
u ers to qui kl}' as emble a upermarket m d l from a l ibrary of tandard mp -
n nts and eva l uate a wide array of teehnol i . 
• For more i nfon11at ion, co11 tac1 Muhr 11 Klinl lm; mh l101 1ar@cp1i . com ,  (650) 855-2699. 

To ordc,; a l l  EPRI Customer crvi  c. (800) 3 13-377-f. 

Chem Expert 

C h mExp rt i an on- l ine xpert 
advi or t hat del i v  r rea l - t ime in­

fom,ation and analyt ical capabi l i L i  
for opli m izi ng water- team chemi Lry 

at fo i i - fired team power plants . De e l -
pcd i n  coord i nat i < n with more than 

20 enc rg c mpan ics worldwide, hem­
Expert in t  he ize t he le h n iea l know l ­
edge and hand -un experi ·n ·c of • PR l '  
operat ing guid l i n  and field -proven 
crclc chcm i t r , improvemenl and Lrain­
i ng program . · asi l I cu tomized to any 
dmm or on e- through uni t  operat ing on 
at1}' chemi  t ry, hcmExpert can com in­
u u I moni t r ondi i n thr ughout 

to det ct and diag· 
no om m n I orre t i v  
ac t ion , and en ure t hat nonna l  opera­
t ions have been re tared. The oftware 
i com m rcia l l )  avai lable, and a u er 
group · p lanned. 
• For 1 1 101 • informat ion . con1ac1 Ban 

Dooll: , /idooll! @cpri.com, (650) 855-2458. 

To ord r, cal l  EPRJ Cu Lomcr crv icc, 

(800) 3 1 3-37 7-t. 
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Project Startups 
New ventures of importance to  power and service providers 

Helplng Coal Plants Respond to 
Mercury Directive 

U 
LiJ iLi that operate coal-fired power 
plants and other interested compa­

nies are invited to part icipate in a collabo­
ra t ive EPR I  project 10 promote the best 
sampling and analyt ical techniques for re­
sponding to the U . S. En ironment.al Pro-

tection Agency's Mercury 
In format ion Collection Re­
quest. The lCR requires al l 
coal-fired power plants to 
analyze 1 T1e i r feed coal  for 
mercury and chlor ine . l n 
addition, 84 selected plants 
must analyze their Oue gas 
for me rcury compounds. 
Because these data wi l l  be 
used in making a regulator determina­
tion on mercury around the end of the 
year 2000, it is important for the pov er 
industry to provide the most accurate 
data possible. 

EPR I  has deve loped a summary of good 
sampling practices and t he various sample 
preparation and analytical techniques t hat  
laboramties cu rrent ly u e to quant i fy the 
l evels of mercury and chlorine in coal. 
"The mercury com cn t  of coal i very 
low-les than 1 part per mi l l ion-and 
choosi ng t he laboratory l perform an 
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analysi is cri t ical to the accuracy of the 
results ," sa.ys Paul Chu, t he  EPRI  project 
manager. "ET'Rls current push is a round­
robin rudy to as ess the p rformance of 
-various laboratories and the di fferent ana­
lytical methods they employ. This will 
provide useful details on precision. , accu­
racy, and variability. .. 

The round-robin study will consist of 
two testing phases. The 
first phase- creen ing 
of the various labs and 
methods-ha already 
begun. In the second, 
more detailed pha.se, 
each lab wi l l  perfo1m 
mul t iple analyses on 
about eig11l coal sa m­
ples . The results will be 
used to d terrnine both 
intra- and i n terlabora­
tory variab i l i t y. I n  add i-

l ion, the EPRI coal samples will be made 
available to Mercury l CR partic ipants for 
use in auditing the performance of their 
chosen labs. 

For those plan ts selected by the EPA 
for stack L ting, PRl has <levelope<l a 
generic test plan that planL operators ca n 
tai lor to their si tes before submission to 
the agency. Alternatively, EPRI can develop 
the plan and conduct t he t ack I s 1 ing for 
a plant .  EPR! has contracted with two 
lead ing stack-testing firms LO hel p panici­
pants crea te a i te-specific plan, perfonn 

samp le collection and lab analysis, and 
prepare the final report for submission to 
the PA. 

EPRI w i l l  review coal and Lack data 
Lhey are reported.  Winston Chow, envi­
ronment product li ne manager, notes that 
the development of accurate data in tl-1is 
tudy is important to all coal-fired plants 

because of the regulatory imp l i  at ion . . 
EPRI is there fore opening project pani.ci ­
pat ion t o  nonmembers, con ultants, and 
other interested parties. In ternational fa­
c i l i t ies and firms with an in terest in mer­
cury may also participate . 
• For mo,·e info11 11al ion, contacl Pau l  Chu, 
pc1m@epri.com, (650) 855-2812 .  

Fuel Cell Ventura Launched 

E PR I  and the Gas Research lnstiLULe 
(GRl) are pursu i _ng the commercial­

izaUon of advanced planar ol id oxide 
fuel cells ( OFO;) for decentralized 
power systems through a consortium 
formed with lhe University of Utah and 
Materials and Sy terns Research,  I nc . , 
both of Salt lake City. MSRI ba been 
awarded a S3 million gran t by t he 
National l nscitute of tandards and Tech­
nology's Advanced echnology Program 
to develop planar SOF . .  

The consorti um members, who will 
pool the inte l lectual property they have 
developed individual ly, plan to in troduce 
a precommercial demonstration advanced 
planar SOFC unit  wi th i n  three to four 
years. The group is seeking key manufac­
turing and end-u e partners to help com­
mercia l ize Lhe technology. 

GRI and EPRl have sponso red planar 
SOFC developmenL under An i l  Virkar al 
the University of tah for more than four  
years. l n  the technology developed there, 
a t hin -e lect rolyte, thick-electrode design 
enables SOFC to operate reUably at 600-
8000C and u e low-cost , metal l ic materi­
als for cell interconnections. Recent <level-



opmenis have been especial !  encouraging. 
E x t reme! h igh , s tate-o[-the-an pm e r  
d e n  i t ies (over 2 W/crrt) have been 
ach ieved in - ing!e cel l  at  800° , and the 
den i t ies achieved in small tacks of metal­
interconnected el ls a re i ncrea ing rap id !  . 

Dan Ra t ier, who manage PRJ '  d i  -
t ribu ted reso u rce programs, and Kev i n  
Kri t , G R l 's  pri nci pal technology manager 
for energy con ver io n-wh ile acknowl­
edg ing t hat a co mme rc ial p ro<l uct i t i l l 
severa l year away-note the  i m ponan c 
of h igh power dens i ty i n  reducing the 

0 l of f ue l  ce l l  tech nology. 
The planar OF deve loped b the  

n iver i t  of tah and M RI can be man­
ufacmred at much 10\ er co I t han current 
tech nology. The co n onium bel iev the 
ne\ technolog can ach i eve a Lo ta ! y -
te rn co I of le t han 700/kW ven i n  
mal l production o l um a n d  for mal l­
ize u n i ts . 

have e tremely high fuel-to­
elect ric i ty  conver ion eITiciencie (47-
65%) .  i nc t hey ope rate at h igh temp ra­
t u r  , t he have le d i fficult u i ng  na t ­
ura l  ga fuel d i rect l y  t han other t yp of 
fuel ce l l  -t h u  e l i mi nat ing the n eed for 
co t l y  fuel processing ystem . The  can 
be pac kaged in a wide variety of e nergy 
sy tems, i ncludi ng re identia l furnaces 
and appl iances a nd on - i te ene rgy and 
pow r y t ern fo r  com merc i a l  and mal l 
i ndust r ia l market . 

W h i l  po lymer  elect rolyte membrane 
fuel cel l  technology figures prominemly in 
developmen ts i n  the tra nsportat ion ector, 
advanced OF may leapfrog t hat tech­
nology t h rough t he i n t roduct ion of very 
h igh effic i ency di t r i bu t ed power y t e rn 
t hat ombi nc hea t and power ervic t o  
t he  lationary market. E P R l  i s  plan ni ng 
furt her advanced OFC producl develop­
men l work and i eek ing l ra tegic part­
ner for a privale EPR IGE col laborat ion 
10 bui ld on t he consort i um' work. 

"W ar extremely exci ted about o ur 
a l l ia nce \ i t h  R I .  I t  combi nes lhe  lead ·r-

h ip  k i l ls of bo t h  rga nizat ions,'' ay 
Ku n Yeager, EPRl '  pre id n l  an d EO. 
··fuel cel ls have been a part or E PRI' re­
earch program for Lhe pa t 25 ears, and 

bolh GRl  a nd E P R I  have been leader in 
adva nci ng ol id ox id fu I e l l  " 

t v Ban, G RI' pr id m and 0, 
ca l l t h  col laborat ion with E P R L  "an 
c ccl l cnL exam p le  of how our  o rgan iza­
t ions p l an to pool key science and tech­
nology re  o u rce to joi n t ly commerci a l ize 
new product t hat provide a lea t -cost 
opl ion Lo ser e our  cu tom 'r beue r. '' 

he h icago-ba cd G R I  manage R&D 
program for  i ts 335  memb r and the  
na t ural g i ndu lry. 
• For more i 1 1fomw1 io1 1, co 1 1 1nn Dnn Ras l lc ,; 

dras t l cr@cpri .  om , (650) 855-252 1 .  

Uti l ities Field-Test M icroturbines 
at Customer S ites 

S ome 20 ut i l i t ie are part icipat ing with 
E P R I  i n  a ol labora t ivc field e alua­

l ion program for mlcroturbi nc i n Lal led 
at c m mercia l cu L omcr i t '  . BeLa-scrie· 
proLolypc from the  f ive m i  ·rot u rbi ne 
man u fa  l ll rer t hat ha c products for test · 
i ng are b ing  i nsta l l ed as t hey become 
avai lable .  l icrot urbine · wi th  
generat i ng ca paci t ie of 

0-200 kW are be ing tar­
geted for comm r ia l  estab­
l i  h mcnts  requir ing ba k u p  
power, cogenerat ion ,  off-grid 
power, and peak havi ng. 

- imple machine that have 
few mo i ng parts, m icro tu r ­
b i  nc can  be  conne ted  10 a 

or are expected to i ntroduce beta- ri · 
commercial u n i ts by the nd of th i  year 
or early nexl year are A l l ied ignal , Bow­
man, Capstone ,  E l l io t l ,  and Northern 
Research and engineeri ng. 

E P R I  i I ad ing the  eval ua t io n  and 
demon l ra t i  n pr gr:i m L · s s l he L ch­
n ical and economic potent i a l  o f  micro­
Lurb i n e  . The fie ld tc LS , for , h i cl1 a uni­
form prowcol has bee n deve loped, wi l l 
provide ho I com pan i  wi t h  da ta  o n  
m icrowrbi n e  performance , rel iabi l i ty and 
d u rabi l i ly. P R I  i focu ing  on m icrot u r­
bi ne modu le  i ns ta l la t ion , gritl i nt e rcon­
nect ion , and opera t ion and mai ntenance. 
I L  a lso manage a micr  turbine user 
group. 

" l icrolurb ine are poised to take 
advantage of the opporLun i t ie crea t ed b 
the rest rucltl r i ng  of t he  cl c t ric i Ly  i nd u� -
try. They can be u ed LO red uce co IS and 
enhance crvicc rel iabi l i t y for retai l  cu -
Lamers," ay Doug Herman .  E PRI project 
manager for di trihu ted generat ion . "Thi 
fie ld t t and eva lua t ion program w i l l  
he lp EPRl  and  i t  member a e s  the 
poten t ia l  of m icro t u rbi n ' i n  mass co m­
mer i a l  marke . "  
• For more i11Jomwt io11 . contac t  Doug Her­
man, d! icmHrn @epri . com , (650) 855- 1 057. 

J ower grid or operated i nd • 
pendent ly. u i ng  na tural gas, 
propane, or o ther h drocar­
bon fue l .  Their emi ion of 
nitrogen ox ides are expected 
10 be lo\ . 

The mic rol ll rbi n  man u­
fact u rer t ha  have in L r  d u  ed 

This 45-kW Bowman microturbine was insta l led for cogen­

eration at a University of Cal ifornia, I rv i ne, laboratory. 

Cosponsoring the project with EPRI are Edison Technology 

Solutions, DOE, and the Cal ifornia Energy Commission.  
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Most planned U.S. merchant power plants are s imi­
lar in technology and design to the 750-MW Rock­
savage combust ion turb ine combined-cyc le p lant 
at Runcorn, England. Bui lt, owned, and operated by 
International Generat i ng  Company, an affil iate of 
Bechtel Enterprises, the plant supplies power to an 
adjacent chlorine plant, to Scottish Hydro-E lectric, 
and to the United Kingdom electricity pool .  





new breed or generating 
company has emerged 
in the increasingly com­
petitive wholesale U.S. 
electricity market to 
satisry growing demand 
and to profit from re­
gional price differences, 
just as many traditional, 

regulated utility generating assets 
are changing bands. Tbis new 
breed of generator is known as 
a merchant power producer. In 
the purest form, a mercham pro­
ducer serves only the open mar­
ket for electricity, forgoing the 
financial comfort or long-term 
power supply contracts and their 
dependable cash flow to pursue 
potentially greater profits as a 
nimble, low-cost supplier to the 
highest bidders. 

Until just a few years ago, merchant 
power plants were entirely theoretical. Yet 
they were anticipated by the architects or 
the deregulated, open competiti.on that is 
now transforming the $50 billion whole­
sale electricity business and that is widely 
expected to spread to the S2l5 billion 
retail consumer market early in the next 
decade. Today about a dozen merchant 
power plants are in operation from Cali­
fornia to New England, and a flood of new 
merchant generating capacity is on the 
wa)'. By mid -1998, more than 50 GW of 
merchant capacity was operating, under 
construction, or under active development 
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will go on-line by the end of the 
decade. 

Most new merchant gener­
ating capacity under develop­
ment is gas fired by combustion 
turbines, usually in combined­
cycle configurations for base­
load or cycling operation. The 
low capital cost, short construc­
tion time, and fuel efficiency 
of gas turbines and combined­
cycle plants typically make them 
the generating technologies of 
choice for mercham producers. 
These technologies also are ideal 
for phased deployment: simple­
cycle gas turbines can initially 
serve as merchant peaking or 
cycling units and then later 

. � be converted to combined-cycle 
� operation. 
i The consn·uction of new ca­
! pacity at greenfield sites is not 
j the only route being taken by 

--�-�---=-- :; merchant producers. Existing 

plants are commercially operating 
in the United States, primarily in New 
England and Texas, and many more 
are on the way. This year, Bridge-
port Energy expanded its merchant 
plant in Connecticut- which began 
operation with two simple-cycle gas 
turbines- into a 540-MW combined­
cycle facility (above). PG&E Gener­
ating is building merchant plants in 
half a dozen states, including the 360-
MW gas-fired Millennium Power proj-
ect (left) in Charlton, Massachusetts, 
which is expected to go on-line in 
mid-2000. 

fossil boiler plants- which al­
ready have site permits and 
transmission connections-can 
be repowered with gas turbines 
less expensively than new plants 
can be built. Such repowering 
can effectively triple the gener­
ating capacity and double the 
efficiency of an existing fossil 
steam plam for about the same 
Btu-equivalem or fuel consum.p­
tion. While this efficiency may 
still be lower than that of a new 
plant, the $75- $100/kW capital 

or consideration in the Uni Led States. Over 
hair of the projects are expected to be built 
within the nexL two rears. 

savings will often make repowering the 
beuer competitive option. 

The Electric Power Supply Association, 
the national trade group that represents 
competitive power producers, reports that 
these producers have over 4400 active 
projects (not all merchant plants) totaling 
more than 93 CW-equal to about 12% 
of existing U.S. generating capacity. The 
EPSA also says that competitive power 
producers have accounted for half of all 
new generating capacity brought on-line 
since 1990 and are expected to account for 
more than half of the new capacity that 

Utility industry restructuring is encour­
aging such conversions by making older 
plants available for merchant operation. In 
just the last couple of years, large amounts 
of fossil capacity that had been part of tra­
ditional, regulated rate bases have been di­
vested by utilities in California and Massa­
chusetts as a prerequisite for competitive 
markets. California's three investor-owned 
utilities, for example, have sold over 15 GW 
of generating capacity to other energy com­
panies. Divestments have also been made 
by utilities in Illinois, New York, and other 



states i n  a n L icipation of j oin ing the t ra i l ­
blaze rs in market deregula t ion. 

t t he same time, the retirement or a sig­
n ifican t  amou n t  of ex i  t ing ut i l i t generat­

ing capa i t }' i adding to t he demand for 
me rcham capaci ty. earl ha l f  of t h  ap­
proximate ly 750 GW o in tall d . . n­
era t ing capacity is more than 25 ear old , 
and most of that will have LO be replaced 
over t he next decade and a half. Around the 
count ry, genera t i ng re erve margins are 
decl i n i ng a olde r, u neco nomic  f i i  ca­
paci ty  and ome n ucle r capaci t}' i r t i red . 

I n  the  i x  n ortheaste rn tat  t ha t , a fter 
a l i fornia ,  are mo t rapidly ope n i ng to 

compet i t ion , more than 20 GW of new 
merc hant capaci L}' i p lanned or a l ready 
being  bui l t to replace m uch of t he regio n' 

agi ng, fo i i -fi red capaci t y. evere t ra n  -
m i  ion con t ra i n t  i n  the on heast , which 
make i t  d i fficu l t to i m port  la rge amo u n t  
of power from other region , con t ri b u te to 
t he  h igh elect ricity price creat i ng market 
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opportun i t ies for lower- o L ,  local mer­
cham generat ion . 

I n  Texas, ome  L\ o dozen m erc ham 
plants total i ng  more than 10 G arc being 
buil t or a re planned ver the ne t L\ o 

year . The Te a Publi t i l i t  mmi  -
ion ay t hat i f  only ha l f  hat capacit  is 

actua l ly completed it won't b nough to 
keep up with the tatewid I ad rD\ t h  of 
3 . 6% a year and mai n tain t he  Texa lec­
tric Rel iab i l i ty Counci l's req u ired capaci ty 
re erve marg in  of 1 5%. 

Meam hi le , propo al fo r ab u t  8 GW 

o r  new merchan t gene ra t i ng capaci ty a re 
expected to be u b m i n ed t o  t he .a l iforn ia 
Energy Cammi  ion for approva l ov r the  
nex t  few year . 

Assets change hands, 

new players jo in 

b ervers expect t hat ome 0 , rc pre-

en t i ng more than 300 p l a n t s , wi l l  be auc­
t ion ed or pu t  up for bid around t h  cou n -

Aug .  Sept. Oct . Nov. 

try over the next few ear . ome of the e 
pla n ts.  ei th r a cur re n t ! 1 con figu red o r  
a fter be ing repo e red . may b operated 
as merchant plan L  . 

POlential mercham genera t i ng capac i ty  
is al  o created when u t i l i t ie buy olll su p­
ply comracts previously made wi t h  inde­
pendem generators, who e output  the uti l ­
i t i  were requ i red Lo p u rcha e u nder the 
Publ ic t i l i ty R gu la t ory P I i  ie c of 
1 978. (Th i  act pawn d t he  i nd u  t rial co­
ge ne raLion  and  wind power i n d u  t r i e . ) 

t i l i ty buyou ts of uch  co m ract i n  ew 
York and ew J er ey have freed up ome 
ded icat ed capaci ty t hat  i now being  di  -
patched a mercha nt plan t  . 

Dec. Jan. 1 999 Feb. Ma rch Apri l  

The Ca l ifornia Power Exchange, which conducts electr ic ity auctions for buyers and se l lers, is  emblematic of the deregulated open markets for 
wholesale e lectr icity that are evolv ing  state by state. More than 80% of Cal ifornia's electricity has been traded through Cal PX s i nce it opened in 
March 1 998, and the exchange is cited as a reference on dai ly prices for other market.s. As the graph shows, the unconstra ined market-clear ing 
price for power var ies substant ia l ly in response to dai ly market demand. 
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The buyers of existing utility generating 
plants and the developers of new merchant 
power projects include unregulated, com­
petitive subsidiaries of some of the biggest 
companies in tbe electric utility industry. 
These subsidiaries include Duke Energy 

OrLh America, CSW Energy, Southern 

/ 

Energy, PG&E Generating, Reliant Energy 
Power Generation, Edison Mission Energy 
(a subsidiary of Edison lntemalional), and 
Sempra Energy Resources. 

Most major oil companies-including 
BP-Amoco (which has agreed to acquire 
Atlantic Richfield) , Texaco, and Shell­
have demonstrated an interest in expand­
ing their role as competitive power pro­
ducers. Some of them have already set up 
power generation subsidiaries. (The inter­
ested companies all power their refiner­
ies with gas turbines and combined-cycle 
units.) 

Other energy companies, such as En­
ron, Si the Energies, and the British utilities 
National Power and Powergen, are major 
participants in U.S. power markets as mer­
chant plant partners or developers. For ex­
ample, National Power, through its Amer­
ican ational Power subsidiary, holds a 
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stake in half a dozen U.S. power stations 
and is building an 1 100-MW gas turbine 
combined-cycle plant near Dallas, Texas. 
The company says it plans to invest $1.6 
billion in new U.S. gas-fired power proj­
ects over the next three years. 

The new competitive subsidiaries of tra­
ditional utilities and other 
energy companies are joined 
by a growing list of indepen­
dent competitive power 
companies, including Cal-

Gas-fired combustion turbines 
and combined-cycle units are 
the preferred technologies for 
merchant power projects be­
cause of their low costs, quick 
construction time, and fuel 
efficiency. Most plants use 
heavy-frame industrial com­
bustion turbines with gener­
ating capacities of more than 
100 MW. But packaged aero­
derivative gas turbines-for 
example, the 47-MW, inter-

'!' cooled LM6000 Sprint system 
from General Electric's S&S 

:; Energy Products- offer simi­
� larly high efficiency and relia­
� bility in smaller increments 
" of capacity. 

pine, CalEnergy (now MidAmerican En­
ergy Holdings), Constellation Energy, Dy­
negy, Indeck, Polsky Energy, and Tenaska. 
Calpine, for one. has announced plans to 
develop nearly a dozen gas-fired merchant 
plants totaling 7000 MW in the next six 
years, with the initial focus on California. 
Meanwhile, Tenaska's 830-MW combined­
cycle Fronlier station at Shiro, Texas, is 

expected to be completed by mid-2000. 
This site was chosen so that the plant's 
four generators can be independently dis­
patched to either the Texas grid or the 
Eastern grid. 

Risks sharper for merchant 

producers 

As Howard Mueller, EPRl's manager for 
corporate strategy, points out, the term 
merclwnl producer is industry jargon used 

to distinguish non-price-regulated gener­
ating assets from those in existing utility 

rate bases. The distinction 
may be important only 
during the transition pe­
riod when regional U.S. 
power markets are dereg­
ulated and reorganized for 
competition. ln fully com­
petitive markets, which 
could emerge within the 

i next seven or eight years, 
most power plants will be 

operated outside regulated rate bases as 
merchant plants. 

8)' definition, merchant power produc­
ers are risk takers in a speculative market. 
ln return for the potential for profit that is 
not limited by regulat0ry mandate, they 
shoulder increased, even unique risks: reg­
ulatory (siting) and legal risks, project and 
finance structure risks, power marker 



risks, fuel market risks, and performance 
and financial viability risks. 

In most cases, the risks are similar to 
those faced by regulated utilities. But for 
merchant producers. the risks are far more 
intense because each individual plant must 
be a low-cost producer-on paper before 
it is built, the moment it generates its first 
kilowauhour, and for the next 20 years or 
more, despite whatever changes may oc­
cur in fuel costs or the market price of 
electricity during 1he plant's operating life. 

In contrast, the economics of a generat­
ing plant built under a regulated rate base 
were fixed for its projected life during the 
initial rate proceedings. The projected need 
ror additional capacity was of greater con­
cern than the cost of production, and new 
plams were financed under cost recovery 
guarantees that al lowed decades of amorti­
zation. regardless of a plant's operaLing 
economics. With costs recovered through 
the rate base. i t  was difficult for regulated 
utilities to lose money. 

Merchant power projects ha\'e involved 
a variet}' of innorntive financing strucmres 
combining equity, or balance sheet, financ­
ing from developers with srndicatcd debt 
financing raised in private capital markets. 
Such deals typicaU)' entail extensive. exact­
ing requirements for economic analyses, in­
cluding projec1ions of electricity forward­
price curves. fuel prices, and operating rev­
enue and earnings. Errors in estimating 
such variables can spell the difference be­
tween a project that returns profits 10 its 
owners and one that does not. 

Location and timing arc critical to a proj­
cet's success. Most merchant project de­
velopment is centered in states wilh his­
torically high electricity prices. including 
California, Connecticut. Massachusetts, 
New York, and Rhode Island. And much 
of the new merchant plant development 
planned for the next few years is Limed LO 

coincide with the expected completion of 
natural gas pipeline expansions under way 
from Canada into the northeastern and 
midwestern United States. 

Texas, with generally lower energy 
prices, is home LO many industrial plants 
that take some of the steam or electric­
it)' from merchant plants as anchor ten­
ant:,. With part of a plant's output dcdi-

cated under contract, a merchant operator 
can reduce overall market risk exposure 
and be more confident of covering some 
operating costs while still having most of 
the capacity available to be marketed. It is 
one way that many merchant producers 
can hedge uncertainties in electricity gen­
eration costs. 

Competitive advantages can be gained 
by early market entrants with merchant 
plant projects strategicallr sited near gas 
pipelines, power transmission corridors, 
and cooling water supplies. But regulatory 
problems wi1h a proposed site-for exam­
ple, involving a plant's projected emissions 
of nitrogen oxides-can delay a project's 
completion date and alter its power mar­
ket risk profile. 

Indeed, the risk that market demand for 
power will be significantly less when a 
project is completed than when it was an­
nounced is acute for merchant producers. 
Nol all competitive power projects that 
have been announced will come to fruition. 
The EPSA says that between 37 GW and 
+7 GW of new competitive power generat­
ing capacit) (or about half of the new ca­
pacit)' under active development). repre­
senting investments of some $60 billion. is 
projected to come on-line through 2005. 
Other organizations, including the con­
sulting firm Hagler Bailly. have made sub­
stantially higher estimates. 

"Power markets in the United States 
are regional. and each market has distinct 
capacity-addition requirements through 
time," Lawrence Makodch. director of re­
search al Cambridge Energy Research As­
sociates. has wrillen (sec ··Further read­
ing'' at the encl of this anicle). "If capacity 
additions are timed properly, and demand 
and supply remain in balance, then mar­
ket-clearing prices arc likely to provide in­
vestors with their expected rc1urns. How­
ever, since investors act indcpendentl}', the 
possibility exists that aggregate investor 
decisions will produce ill-timed and im­
properly sized supply additions. In partic­
ular, investor enthttsiasm may cause too 
many investors to add capacity within a 
particular regional market. Such an invest­
menL boom creates surplus-capacity con­
ditions that cause market-clearing prices 
to decline." 

Makovich noted in particular that al­
most halr of Lhe currently proposed mer­
chant plant projects target the 25-GW New 
England market, despite the absence there 
of a significant amount of economically 
obsolete generating capacity. About 400 
MW per year of supply expansion is actu­
ally needed 10 balance demand and supply. 

"The risk is clear-if all of the planned 
projects arc completed, . . .  electric supply 
in New England would rapidly increase by 
over one-third and surplus-capacity con­
ditions would depress market-clearing 
prices:· he wrote. "Thus. unless the mor­
tality rate on proposed project develop­
ment exceeds 90 percent, the New Eng­
land market is very likely headed toward a 
price bust and poor investor returns ... 

Much more than regulated utilities, mer­
chant producers must employ every tool 
available to manage and contain risks, both 
on an individual project basis and across 
their dispersed generating fleets. In adc:Li­
tion to risks related 10 the financial, tech­
nical, and market analyses in the front-encl 
development and financing phases of a 
project, there are risks stemming from the 
absolute imperative that the complex ma­
chines on which a company's revenue and 
earnings depend achieve the highest levels 
of reliability, availability, and operating 
performance. Yet manr competitive power 
producers operate without the large engi­
neering staffs that most regulated utilities 
have to help mitigate and manage risks; 
instead these producers rely on suppliers. 
consultants, and legal counsel. 

"The compc1i1ive power business is ab­
solutely bouom-line-driven, absolutely fo­
cused on profit margins and on gro,ving 
those margins, and whatever helps pro­
ducers shape margins is important,� says 
EPRJ's Mueller. "Whether it's planning 
tools. management tools, information man­
agement, operating tools. design tools, 
monitoring tools, environmental manage­
ment and mitigation tools- there is an en­
tire set of content areas in which they are 
absolutely driven and have specific needs. 

"Competitive producers have Lo make 
money in real time and from quaner to 
quarter. Not only do they have to make 
money now. but over time they have to 
improve their rate of making money. As 
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A � o rt f o l i o  o f  hce rt i o n a l  V a l u e  
PRl offer a comprehensive portfol io 
o r  applicat ion- and results-oriented 
R&:D targets or potentially enormous 
value to merchant power producers. 
The targets can provide immediate 
return on investments by damping 

the business and technology risks of com­
petit ive electricity markets. 

Turbines and power cycles 

Flexibly packaged targets in combustion 
turbines (CTs) and combined cycles (CCs) 
leverage the expertise of EPRI scientists 
and engineers to help merchant producers 
get the most out of plant investments. And 
they provide t he detai led , objective tech­
nical inte l l igence t hese producers need to 
plan, finance, and insure new projects built 
around advanced and emerging CTs and 
cycle configurations. Risk mitigation is a 
central focus of this act ivity. 

A target in design, repowering, and risk 
mitigal. ion provide industry intell igence 
on emerging turbi ne and ancil lary equip­
ment designs, as well as on over-the-hori­
zon developments. It enables funders to 
tap EPRI's practical experience with ad­
vanced turbine designs-experience ob­
tained in an ongoing series of durabil ity 
surveil lance proj ect with machine own­
er . These in ten ive mon i toring and diag-
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nostics efforts, involving the latest , fleet­
leading turbine models, provide a cost­
effective means for minimizing risks in 
startup, commissioning, and operation .  

�EPRl can help merchant plant develop­
er determine how aggressive thei r tech­
nology mu t be to achie e the rate of re­
turn needed for a project to be financeable,' 
ays John cheibel .  " e've characterized 

technol ogies t hat would perform better as 
merchant plants .  A merchant plant has to 
be aggressive to make money in the mar­
ketplace. Just how aggressive depends on 
whether you're repoweri ng ex is t i ng assets 
or bui lding new capaci ty that must be com­
petit ive for many year down the road . 

ot having al l  of a plant's output at ri k in 
the market-say, by getting an anchor ten­
ant for some of the steam or electricity­
can also affect a project's aggressiveness." 

Enhancements Lo EPRJ' award-\vi nn ing 
State-o f-the-Art Power Plant (SOAPP 1 ) 

CT Work tat ion enable u er to make 
harper evaluation of advanced cycle al­

temati e and ,  in turn to develop better, 
lower-risk project proposals .  This OAPP 
workstation is a proven desktop software 
product for creati ng prel iminary and con­
ceptual de ign of new CT or CTCC proj ­
ects or for eva luat i ng the economics of a 
com petitor' projec t .  I n tegrating the latest 

engineering knowledge with regularly up­
dated equipment cost and performance 
models, the workstation covers a range of 
turbi nes, from industrial aeroderivati e 
to heavy-frame uni ts .  I ncluded are the 
F-, G-, and H-class advanced high-firi ng­
temperature machines, and as DOE's Ad­
vanced Turbine Systems machines under 
development become available, they wil l  
b e  added t o  the workstation . 

The workstation was formerly available 
from SEPRll,  a joint venture of EPRl and 
Sargent & Lundy; E P R l  has recen t ly ac­
quired &[ s interest in that venture. The 
wholly EPRl -owned company will con­
tinue to aggressively develop, di tribu te, 
and upport the SOAPP fam ily of software 
products. Commercial users o f  the OAPP 
CT Workstat ion include American Elec­
tr ic Power, BP-Amoco, CSW Energy, En­
ron Engineering &: Construction ,  Enron 
Europe, FPL Group, PSEG Globa l ,  empra 
Energy Resources, Shell ,  Texaco, and the 
Tennessee Valley Authority. 

Operation and maintenance 

EPRl offer power producer O&M a is­
tance in a variety of area . Cost-effecti e 
ol ut ions are avai lable through the collab­

orat ive monitoring of industrywide prob­
lems, the sharing of experiences and data, 
and the development of li fe management 
O& procedures and guidel i nes. uto­
mated monitoring, trendi ng, and diagno -
tic oftware is helping to identify problem 
with CT thennal efficiency and power out-



put degradation. Retrofit options for in­
creasing the capacity of CTs are being 
proven in order to make widespread de­
ployment possible. 

A target in CT and CC O&M has the 
products and services that plant owners 
and operators need to improve profitabil­
ity and manage risks. By combining world­
wide expertise with leveraged funding, 
EPRI is developing solutions for common 
technological and operations problems­
solutions that most producers could not 
afford to develop on their own. A central 
resource for information, expertise, and 
application services is EPRI's Combustion 
Turbine Center, which includes an office 
focusing on turbine blade thermal barrier 
coatings and another focusing on the 
analysis of operating-reliability data. 

The O&M target develops machine life 
prediction codes to help operators of spe­
cific turbine models evaluate the manufac­
turers' recommended refurbishment and 
replacement intervals for hot-gas-path com­
ponents, extend life on the basis of operat­
ing history, and safely plan replacements 
before failure. 

For example, REMUFE- a  predictive 
maintenance tool--calculates turbine blade 
and vane life as a function of machine starts 
and fired hours. Versions for GE Frame 7 
and Siemens V84.2/94.2 machines are avail­
able, and versions for GE 7FA and 9FA 
models are being developed. Through one 
target option, REMUFE is applied on-line 
to a plant control system, creating the po-

tential for life-cycle savings of up Lo $35 
million from optimal component replace­
ment scheduling. 

sort ware and guidelines to reduce down­
time and the costs of overhauling CTs are 
a key focus of the O&M target. EPRl's Gas 
Turbine Overhaul Plan (GTOP) software 
helps users develop comprehensive plans 
for various CT models or evaluate third­
party overhaul proposals. Turbine manufac­
turers promote extended parts and service 
packages as part of equipment sales, but 
GTOP and the ORAP (Operating Reliabil­
ity Analysis Package) database can be ap­
plied to more cost-effectively manage pans 

and maintenance in-house. GTOP also in­
cludes guidelines and monitoring methods 
for critical components like compressors. 

Risk and asset management 

A power markets and risk management 
target provides methods and tools to help 
companies make profitable decisions and 
avoid potentially huge losses. Modern fi­
nance theory has been applied to develop 
option valuation techniques that enable 
users to bener estimate the value and risk 
of transactions and assets in competitive 
markets. 

The Electricity Book software helps users 
assess and manage risk across a portfolio 
of assets or contracts and calculate the 
value of individual transactions to identify 
the most profitable opportunities. Other 
tools are available for estimating forward­
price curves and other critical market 
price data. Ongoing research is exploring 
methods for profiting from emerging op­
portunities in the still largely theoretical 
market for ancillary services- voltage and 
VAR support, frequency control, and spin­
ning reserve. 

For power producers with generation 

assets that may be candidates for sale or 
repowering as merchant capacity, asset 
valuation takes on a new dimension under 
market competition. At the same time, 
competition is changing the economics of 
plant maintenance and investment. The 
creation of shareholder value has replaced 
cost recovery as the paramount objective. 
EPRl's target in generation asset manage­
ment offers a framework for making an 
integrated evaluation of a range of issues 

facing generating companies. The frame­
work lets companies use option valuation 
techniques to better estimate the value and 
risk of assets in competitive markets. 

Environmental management 

EPRI has considerable strength in devel­
oping and demonstrating environmental 
compliance tools, optimizing the manage­
ment of environmental assets, and provid­
ing scientific expertise for responding to 
regulatory initiatives. 

EPRl's databases, models, and software 
are providing companies with estimated 
emissions and discharge information for 
the EPA's new Toxics Release Inventory re­
porting; EPRl's TRUE model can be used 
to model emissions from individual plants 
and calculate human health risk. Other 
environmental solutions include innova­
tive technologies for reducing nitrogen ox­
ides (NO

x
), options for fish protection at 

cooling intake structures, and alternatives 
to chlorine and other oxidants for biofoul­
ing control. 

Environmental operations, typically a 
cost center, can produce revenue when 
compliance commitments have exchange 
value. EPRI has tools for evaluating such 
emissions trading opportunities. The EA 
Manager software, for example, helps users 
assess sulfur dioxide compliance options, 
including the buying and selling or al­
lowances. Also being developed are tools 
for NO

x 
trading in the eastern Ozone Trans­

port Region and erfiuent trading models 
that respond to the EPA's interest in water­
shed-based water quality management. 
The watershed models will help compa­
nies minimize the impact of new require­
ments and will provide bank-and-trade 
strategies for effiuent and runoff controls. 

Competitive power generators also have 
a stake in public policy and regulatory out­
comes. Leveraged participation via EPRl 
means efficient, low-cost entry into these 
interactions and a way to make sure that 
company interests are brought to the fore. 
EPRI also provides scientific and engineer­
ing bases that individual companies and 
their associations can use to support both 
regulatory positions and plant operational 
permitting negotiations on a wide variety 
or environmental concerns. o 

Summer 1999 EPRI JOURNAL 15 



more-efficient generati ng capacity enter 
the marketplace , grad ua l ly  a plant' profit 
margin wi l l  hrink un i  i t s  owner can 
conti nuously i m prove p rformance.� 

A need for technology 

A new e l l  r in markets w here la rgely 
depreciated exi L i ng capacity typical ly sets 
t he  marke t-clea ring  price for add it io nal 

cii;;;fo 

upply, mercha n t  power developer are 
under in tense pre ure LO adopt the mo L 
aggressive ga turbi ne and combi ned-cycle 
tech nology avai lable. But rece n t indu t ry 
experience wi t h  large, h igh-ri ri ng-temp ra­
t u re heavy- frame t u rb ines has raised ques­
t i o n  abou t the r i  ks of I re mature wear 
and fai l ure , l i fe-cycle co Ls, and financ ing 
and  i n  u rance costs. uch  u ncerta i n t ies 
are mu lt ipl i ed fo r projec  ba ed on l e · 
prove n com mercia l  tech nologie or emerg­
ing  advanced t echnologies-for xamp le, 
L i l l -h ighe r-temperat u re, c lo eel- loop tur­

bi ne w i th  team-cooled bladi ng. 
wel l  a faci ng the greatest pressure Lo 

dep loy the  mo t advanced turb i nes, mer­
c ham plam deve l oper face the  greate L 
r isk of penal t , for nonpe rfo rmance, i nce 
the)' typica l ly ha e no re er e capaciL 
fo r keep ing the  revenu L ream (and debt 
payment ) no\ i ng. ca tastrophic bladi n 
fail ure on a single mach ine can co t up 10 

3 mi l l ion for an e ight -week o u tage , and 
col lateral damage can extend the  outage o 
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f ur mom hs and co t $45 m i l l ion to re­
pa i r. Bu ine imerruplion , replacemen t 
p wer, and comractual defaul t  charges cnn 
rai t he  cost to 90 mil l ion . Wit h  such 
high fi nancia l  risks associated wi th fai l­
ures, t he  owner of new or repower d 
com bust.ion rurb ine and combi ned-eye! 
plan m ust do ely moni tor che  condi l ion 
and performance of t he i r  equ ipment. 

" D iffer l1l t rategi for 
approa h i ng the mercham 
po\ er market  can lead to 
di fferent choices in tech­
nology,'' a J ohn c hei­
bel , EP R I bu ine u n i t  
manage r l"o r n ew cent ral 
tat i on  . " l f  yo u're goi ng 

aft e r  peak loc1d with a mere ham combu · 
L ion L U rb in  p l an t ,  t ha t's a very d i fferen t  
t yp of a et t han a co mbined-cycle plam 
and one  for \ hich you may be wi l l ing to 
accept o me com promi e o n pe rformance. 

n i ll lercooled aerode r iva t ive t u rbi ne, 
w i t h impl e-cycl opera t i ng  characte r i  tics 
b u t  omewhat h igher e ffic iency t han a 
i m pl c-c , I hea ,- frame t urbi n e, could 

be a beuer performer in that appl icat ion .  
I t ' import an t  to be very clear on the  m i  -
ion ou' re se lecting a technology for. " 

Even i f  t he  key technology choices and  
cyc le o n figura t ion  deci ion  have b en 
ma<le on the ba is of the most up-Lo-date 
i n te l l igence and opera t i ng  e peri ence , 

t h ere is no letup of fi nancial and perr r­
mance pressures on merchan t  plant ope ra ­
tors once a plan t is buil t  and runn i ng. 
"The very low operat i ng costs and very 
h igh rel iabil i t ies that a merchant producer 
ne d are omewhat i n  onn i c t  wi t h  eac h 
o th  r," xpla ins  Scheibe! . "An anchor ten­
am can he lp m i ni mize the plan t's overal l 
market exposure, but operat ing pract ices 
are the dominan t i nnue nce on how 
q uick ly the manufacturer-e L ima ted er-

ice l i fe of cr i t ical hot -ga - ect ion compo­
nen t  i consumed . These com po­
nent  r pre en t  appro imately a 
t h i rd of t h e  total cost of a com ­
bu L ion turbine . ' 

EPRl 's SOAPP™ {State-of-the-Art 

Power Plant) multimedia software 

contains modules that al low devel­

opers and planners of combustion 

turb ine and combined-cycle p lants 

to quickly screen, analyze, and visu­

al ize a lternative plant configurat ions 

on a desktop computer. 

By e ffect ive l y  managing overhauls and 
operat ion and mai n tenance, apply i ng I i fc 
opt im izat ion method to co t i  and cri t i ­
cal compo nents  a nd p rudent l y i nvest i ng 
in performance and capac i ty  en ha nc ·men t  
tcchno logie , power producers can max i ­
m ize t he  profit abi l i t of combust ion tur­
b ine and combined-cycle pla n t  . In com­
pet i t i  e markets, producers can rea l ize 
i mmediate re turn o n  i nve tme n t i n co l· 
e ffec t i  e tech noloo ies designed to manage 
operat ing ri k , preven t the fa i Ju re of ho t ­
gas-path ·omponen LS , red uce outage t i me, 
and i m prove performance and capacil . 

Eq uipment concerns i nclude fai l ure 
from crack in tu rbine blad and vane 



and performance degradation from ero­
sion in compressors. Overhauls can re­
quire extended plant downtime. New life 
management tools are emerging for pre­
dicting the remaining life of such pans 
and for avoiding failure, but these tools re­
quire further development for broader ap­
plication to individual machines. 

Market price volatility comes with the 
territory of competitive bidding and spot 
pricing, in which merchant producers vie 
on a daily basis. In the open market, the 

price of electricity can change more in one 
day than the prices of many other com­
modities change in a year. Merchant pro­
ducers that successfully manage the high 
risk of operating in electricity and energy 
markets to their benefit stand to increase 
profits tremendously. But they require so­
phisticated methods and tools that rcnect 
the value of resources and that enable them 
to Lake advantage of todays market oppor­
ttmitics to an extent not possible with tra­
ditional. discoumed -cash-Oow analysis. 

There is also typically a seasonal aspect 
10 market volatility; notes Lance Dohman, 
EPRI market segment leader for genera­
tion, who formerly worked in corporate 
development for Enron Capital & Trade 
Resources. ''In contrast to the more fruit­
ful clays of power purchase agreements, a 
merchant plant may, during much of the 
time it operates, be generating elcctricit)' 
at a cost higher than the pool price and 
thus be losing money. 

"During the heat of summer, combined­
cycle costs of production are considerably 
belier than pool prices, and the merchant 

plant can pay its bills," says Dohman. 
"Even when winter and summer peaks in 
forward-price curves are taken into con­
sideration, however, the justification for 
the capital investment to build a plant may 
still not be compelling. A key feature of 
projects that do come to fruition is that 
they exploit a host of embedded options, 
including cycling and peaking capability, 
in order to seize price spikes and emerging 
ancillary service opportunities. Physical 
mechanisms that provide competitive pro­
ducers rapid access to these market op­
portunities or coverage for trading com­
mitments are rich in option premium. 

"The sum of these option values is the 
cement for a decision to proceed to build 
a plant. The new merchant power plants 
clearly are becoming a platform for whole­
sale trading, and their operations ultimately 
will be controlled on energy trading noors 
where producers seek to profit from mar­
ket volatility and to satis[y real-time mar­
ket demands. Eventually, a convergence of 
electricity demand and physical supply 
will lead to a more efficient market. but 
lets not forget that the physical equipment 
must make good on shon-run promises 
while maintaining operational integrity for 
the long haul." 

Market savvy in managing the so-called 
spark gap- the difference between the 
equivalent market price of a kilowat1hour 
leaving a merchant plant and the cost of 
the natural gas Btus fueling the plant- is 
critical for energy companies that straddle 
both regional gas and electricity markets. 
Again, location is a key determinant of 
the magnitude o[ the spark gap: potential 
merchant plant sites where gas pipelines 
and power transmission lines arc in close 
proximity offer the greatest opponuniry 
for arbitrage. 

"Technologies will matter a lot in de­
termining how much of the spark spread 
a company is able to capture,'' explains 
Mueller. ''Market knowledge and real-time 
information systems will inOuence how 
quickly a company can decide whether 
to sell kilowatthours or Btus, depending 
on their relative value to its cost struc­
ture. Here's an example where EPRI has 
tools (or could readily redesign tools)­
including fuel impact and power trading 

models-that could work together as real­
time information systems for competitive 
producers and help them take advantage 
of the spark spread." 

Maximizing investment returns 

EPRI offers merchant producers much 
more than individual products of uncom­
mon value. These products are supported 
through a network of specialized centers 
that directly assist in rapidly applying re­
sults for immediate benefit to a project's 
economic bottom line. "EPRI offers a suite 
of products and services of direct value to 
merchant producers-deliverables that ad­
dress everything from market issues 10 
hardware issues," says Stu Dalton, product 
line director for [ossil, hydro, and renew­
ables. "It's powerful coverage that really no 
other firm can provide." 

Adds Tony Armor, EPRI technical exec­
utive and director of generation market­
ing, "Its one thing to build a plant and 
find buyers for the power, but it's quite an­
other altogether to operate it efficiently 
and reliably for many years. No mailer 
what the risks-power market, fuel mar­
ket, technology performance, financial vi­
ability- once a plant is running, a mer­
chant producer above all wants it to be 
reliable and not to fail. This is where EPRl 
can make a difference in merchant pro­
ducers' profitability." • 
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he .S . e l ctric power sy tern 
one o( the l a rge t and m o  t com­
ple machin of t he  tech n logical 
age. As overa l l  pm er load i n  con­
tin ues lo grow , i th deregulation 
and as Lhe PO\ er qual i ty demands 
of a digital ociety increa e, man -

agi ng this y tem-especial ly the de l ivery 
funct ion-wil l be o me i ncrea i ngly di ffi­
cu lt Indeed , power delivery has become 
the focus o[ elecrrici ty i ndu Lry resuuctuI­
ing, creat ing cha l lenges for exist ing trans­
mis ion a nd di t r ibut ion network· that 
can be met on l t h rough the  appl icat ion of 
advanced tech no l  gie . 

Fo l low ing the  pa sage of 
the Energy Po l icy Act of 
1 99 2, which requ i re open 
access to uti l i ty t ransm is­
sion l i nes, t he  Federal En ­
erg Regulatory Comm i -
sio n  i sued Orde r 888 and 
889, e tabl ish i ng ru le fo r 
wholesa l e  power whee l ing 
and encouragi ng the  forma­
tion of independent y tern 
opera tor . The re ult ha 
been a great I increased vol­
ume of bu lk  power ale -
a developmen L t hat chr a t -
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ens the  re l iabili t f toda 
transmi ion tern , \ hi h 

for L ran m i  s ion resourc con t inue  to 
gro\ . 

I n  addit ion co changes i n  the who! a l  
m arke t ,  seve ral states have begu n to i m ­
p lemenL re tail access, which will provide 
con umers a ch ice among electric ervice 
pro iders. a resu lt , many new com ­
pet i tor are e n te r ing  the  re tai l eJ ctrici t 
market , offering a ariety of cu to m ized 
e rv ic . Exi l ing dist ribut ion }' tern , 

however. , ere not designed to upport 
e i ther mu lt iple suppliers or val u e-added 
erv ices, such as prem ium po, er for cus-

1o mer wit h  en i t ive equipmen t .  Furthe r 

765 kV 
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500 kV 

345 kV 

500 kV 

1 985-1 990 1 990-1 995 

a power fai lu re in one ect r ca n ea i ly 
I ropagate to ot her , mu l t ip lying the  dam­
age a ocia ted wi th  t he fai lure.  

Jn the e l ectrici ty indu try of the rut u re, 
ever u t i l i ty  computer is l i kel to be con ­
nec ted to every other com puter i n  the 
energy and informat ion network. Th e 
i_ n t e rcon nection which may increa e v ul ­
nerabi l i t  to human error and i men 1 1onal 
a t tack .  er ate a i tuat ion t hat t rongl  fa-
or col laborat ion to address the  c m mon 

problems of computer securit  , and po, er 
u ppl , reliabili ty, col laborat ion bot h  wi th ­

i 11 the  electricit i ndu try and between i t  
and other i nd ustr ies. 

Thi cro - ind ust ry col­
labora t i on i a l ready begi n­
n i ng. The  P r  iden ts Cou n­
cU on Crit ica l I n frast ructure 
Protect ion has spawned sev­
eral r ra tegic planni ng s t ud­
ies, i n cl ud i ng one on the 
elect ric power ector . That 
t udy iden t i fied t h e  fo l low-

i ng tech no log and pol i  y 
objectiv : 

were not designed to sup­
port a wholesa le e lectricit 
market of thi magn i tude . 

Transmission capacity additions have decl ined in the past decade just as 
the tremendous growth in bulk power transact ions begins to put new 

• Io balan e pub l i c  and pri­
vate interests in the nation' 
e lectric i ty upply: to en ure 
that public polig� rol . and 
r ponsibi l i t i guara ntee the 
publ ic good , h i le pennit t ing 
free market fore to e rve 
private in tere l5 

strains on the grid. 
Abo u t  one-hal f of a l l do­

mest ic gen erat i on  i now o ld on t h e  
wholesa le market before i t i <l l ivered l o  
custo rue rs . T h e  growt h o r  L h i  m a r l  e t .  
however, comes at a t ime w hen many 
pans o r  the on h A merican t ransmi ion 

� ystem are a l ready opera t ing close Lo thei r 
� tab i l i t y l i m i t  . as i l l L  t rated by rccelll 
� wide p reacl utage i n the we t ern n i t ecl  
J tates. The co t of the  ugu L 1 0 , 1996. 
; outage a lone was c timated to be nearly 
-� · 1 bi l l ion. Tradit iona l ly, ut i l i t ies would acid 
; new t ransmis ion capac i t  to handle e .;  · 
= pected load increa . but becau e of t he 
. c urrent di fficu l t }' i n  obt a i n i ng perm i  and 
� the uncertain ty abou 1  a hi evi n a n  acle­
� quate rate of return on inve unenL ,  lhe to-

tal LTan mis ion c i rcu i t  mile add d annu­
al ly are decl i n ing  while the total demand 
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comp l i ca t ing t he ta k of copi ng wi t h  t he e 
chang are that no ingle pat tern for re­
ta i l  acce ha e m  rgecl from t he ta le 
plans and that the  fu ture scope o f  federal 
legis lat ion i n  th i  a rea remai n u n certa i n .  
I n  many ca  es, de  facto r e  t ructur ing poli ­
ci act ual ly disgui e market ignals and 
di cou rage i nve t ment in t ra n  m i ion 

tem upgrad 
oncern u e r  t ran m i  ion tern in-

tegrity go be ond t he needs of individual 
customer . ari u in frastructures, inc lud­
i ng t ran pona1i on, telecom municati ns, 
oi l  and ga , and fi nancial r·tem , depe nd 
on t he electric power i n fra t ruct ure t o en ­
ergize and con t rol t he i r  operat ion . The  
i_nterco n nectedne of Lh e ector and 
their depe n dence o n  elec r ric i ty mean t hat 

• To guaramee the  af t}'. 
a ai labi l i ty, and qual i ty o r  

the  nation' e lectri c power grid; t o  con­
t i n ue fu nda me nt a l r earch  to u nder  ta nd , 
c reate, and a pply power 1 echno log prod­
uct and management tool cri tica l Lo the  
rel iabi l i t  of the powe r grid 
• To gua ramee the integ1i t y, con liden­
t ia l i L  ', and avai labi l i ty of the  i n formation 
net, ork; Lo re earch , deve lop.  and appl 
ecure ,  robu t ,  and adapt ive i n forma t ion 
y Lem , net work tech nologie , and man-

aoemell l  tool 
• To en ure the i_ntegri t)' or in terdq en­
dent infra tructure : to increa u n der-
La nd i ng of what each i n frastruc tu re 

o, ner or opera1or m u  L knO\ abou t o ther  
i n fra t ructu r to enable rat ional co nt i n­
gency plan n ing; LO deve lop new oopera­
t ivc agreements wit h i n  the indu try and 



be tween in t e rdepe nden t private and pub­
l ic s rvice providers 

These object ives ref lect the  im portam;e 
o r devel oping effecti e t echno log re­
spon e to po l icy concerns in order Lo cre­
ate a p lan or act ion  for i m proving t he re l i ­
abi l i ty and ecu r i ty  or the power y Lem .  
I mprovemen ts 1 0  the t ern ca n b e  made 
progre i dy, with the new tec hno logies 
and the products and ervices t hey ge ne r­
ate pha ed in as r he make good busi nes 
ense. lf tec hnology i nvestmen ts are made 

in a r i me ly manner. t here i a real po" i bi l ­
i ly o r  rea L ing a robu L de l i very y L em 
t hat i capab le  or su pport ing a un i  r_ a l 
d igi t a l  economy. The resu l t i ng u pgraded 
powe r del ive ry system wi l l  be ke LO 
eco nomic grov t h  and lO su ta ined pro­
d uc t iv i ty advantage. 

I n  addi t ion to transform ing the  U . .  
power grid, tech nology advance could 
l ead 1 0  t he  ·reat ion or t reamli ned t ran-­
mis ion  y terns in developing nat ion , 
inc l ud ing bot h l ong-di tan ce an I u rban 
de l ivery capabi l i t ies. I nvest men ts in tec h­
no log would enable new busines oppor­
t un i t i  s i n p wer market i ng, long-d i tance 
power tran mis ion, and e nd-user ervic , 
i n  the rnost rapidly growi ng region of t he  
world. Major intercontinental power trans­
fer co u ld  be ome po i ble ,  thu he l ping 
·o lve regional i nequ i t ie in energ supply 
and elem, nd. The creation or uch a gl obal 
clec L r ic i t  m a r l e t could uppo rt m u t ual 

I I 
Superconducting cables 

1 .A 

economic de elopment  in Lht'.  cou n Lrie in ­
v lved and cou ld ffe r a more en iro n ­
me n Lal l y desi rab le  mix  o r  power ge nera­
t ion a l ternat ives. 

Advanced control technologies 

New technologies L hat can improve the ro­
bus tnes and i ncrea e the preci ion of t he 
power del ivery ystem are becoming ava i l ­
abl . T hus the  opport u n i ty e · i  t s  not on l  , 
10 o lve the cu rrent late of problem but 
also to crea te  a new i n frastructu re t bat wi l l  
me t the exa · t ing needs of the  digi ta l  
ernnom , nd u ppon a p i ra t ion for an 
cver-beuer qua l i t y  or l ife in t he twem 
f i r  t eell l u ry. By 2020, it is an t i c i pa ted, a 
u n i f i ed ,  d igi t a l l y  co n t rol led t ransmi s ion 
grid wi l l  be needed to mo e l a r  e amo unts 
or power precise ! and re l iab ly  t hrou hout 

onh A merica . wh ile man aging an expo­
ne n t iaJ ly growing n umber of com mercial 
1 ransact ion 

The  fir I tech nologkal tep toward 
t abl i  h i ng ph kal con trol o er uch a 
con t inenta l - ca le  t ransmi sion grid ha e 
alread been ta ken . H i  h-vol 1aoc e lec­
t ron ic  FACT ( F lexi ble A Transm i  s ion 
y Lem) cont rol ler , for exa mp le , have a l­

rea<.l bee n Jeplo c<.l on everal u t i l i t  net­
works 10 increa e t he capac i L  o r  i ncUv id­
ua l  l ines and improve overa l l  ysL m 
stabi l i t y. onventional electr mechanical 
con t roller are too s low to govern the now 
of a l ternat i ng currem in real t ime, with tlie 

2 
I I I 

I n terstate 
underground 
transmission Advanced underground construction 
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HTS devices 
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2000 2005 20 1 0  20 1 5  

Continenta l 
power 
market 

2020 

resu l t  b ing loop nows and bot l l eneck 
By act ing q u ick ly enough to conLr  I uch 
even t  , e l e  t ro nic FA con t ro l ler ca n 
i ncrea e r decrea e P°' er flow on partic­
u lar l ines ,  al levial ing tnnsmis ion ystem 
congest ion. In ad l i t ion, t hese com rol ler  
can enha nce s stem reliabifay by coun ter­
acting L rans ien t  di turbance a l most in -
tan taneo us ly, al lowing t ransmi ion l i nes 

to be loaded clo er to t heir i n heren t t her­
ma l  l i m i ts and thereby effecti ely i ncreas­
ing t hrou h pul .  

N ew wide-bandgap semiconductor ma­
t e ri a l  - uch a s i licon carbide, gal l i um 
n i t ride ,  and thi n-fil m diamond- ould 
dramatica l l y lov er the cost o f  FA CT de­
v ie  · b p rovi ling t he basi for developing 
a power  e lect ro n ics equivalent of' the i n Le­
gratcJ c i rcui t .  The  d mon tration or a fa t 
tu rnoff t hyrist r based on wi de-ba nclga p 
sem icon<.luctors could take plac as ear l y 
as 200 1 . uch a t hyristor wil l  reduce the  
t:0 t o r ac/dc converters for  maki ng de in ­
ter o n nect ion between asynchronous ac 
po� er sy tems and for increa i ng the  u e 
or Ion  -d i · r a ncc de t ransm i ion . 

Exe rci i ng contro l over co n t i n  n tal­
sca le  powl!r  s t em , inc ludi ng the  wide­
spread u c of r=: T devices , w il l  requi re 
gat h  r i ng  va t q uan t i 1 ies or real - t ime data 
for on- I i  nc anal )1Si of sy t ern ondi t ion . 
The f i r  t Wide-Area Measuremen t y tern 
(W ) ,  ba ee l o n  satel l i te co m m u nica­
tio n , is c urrent ly  be ing establ ished for the  

.A Mi lestones 

1 . HTS cable demonstrated 
2. Coaxia l de HTS cable demonstraled commercial l y  
3. SaveNav dr i l ling system commercia lized 
4. Mic rotunnel lng achieves 500 reet pe, day 
5. High-performance cable prototype demons1raled 
6 .  High-performance cables in widespread use 
7. Transac11on booking software aval lable 
8. Tools for mu l tip le-commodity hedging ava i lable 
9. Unified Power F low Con1rolle r operational 

1 0. Fast-turnoff thyristor demonstrated 
1 1 . First HTS/SMES purchased lo r system support 
1 2. Hie ra rchical control established on regiona l scale 
1 3. F i rst reg ional WAMS operational 
1 4. F i rst massively paralle l computer commerc ia lized 
1 5. Prototype on,ll ne analysis system developed 

The development of a true continental-sca le power market will require advanced technologies for long-distance overhead and underground trans­
mission, bulk power trading, and grid control. I nnovat ions a l ready under development could make such a market possible by 2020. 
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� este rn . .  power gr id .  Us ing the data 
gat hered by W f'or on-l i ne system 
anal y · , howeve r, w i l l  requ i re the  avai l­
abi l i ty of massively paral l e l  comp u t ers. 

urrem ly, i t  takes abou t 20 minutes to 
perfo r m  a tabil i L y  anal y i f'o r a maj or 
power sy tern.  Mee t i ng real- t ime  con t ro l 
requ i reme nts wil l  requ i r  comp let i ng uch 
analy i with in a frac t ion o[ an ac cyc le .  
Combi n i ng FA T , AM , and on-l ine 
an aly i LO raci l i ta l e t he  in tegrat ion o f  
power grids on a con t i ne n t a l cale i s  ex­
pected Lo Lake place by 20 1 0-201 5. 

no t her tech nological pat ln ay t hat w i l l  
cont ri bu te t o  1 h c  l ong-d istance t ran fer f 
low-co L power i the de e lopmenL of su ­
p rconduct ing tra nsmi  s ion cables . uch  
cab les have  bee n made po s ib le  a l  a rea­
sonab le  cost by the  di covet"}' i n  1 986 of a 
new c la  of high - t em pe ra t ure supercon ­
d ucLi ng (l T ) mate rial creat ed from ce­
ra m ic  ox ide ra t he r  t han metal . Th ' ad ­
van t age of the e mater ia l i t h a t  t hey can 
be coo led by usi ng cheap l i qu id  n i trogen 
rather t han ex t remel y e iqJen lve l iquid he ­
l i um . Laboratory te. L on a i ngle- pha e 
H T  cable are curre n t l y under W3}\ and 
the  f i r  t ut i l i ty dem onst ra t ion o f  a three­
phase, 24-kV cab l e-to be u eel i n  u pgi-ad ­
ing  a n  aging  u rba n power i n f  rn t rueturc-

chedu led LO t ake place at De tro i t  d i -
on over t he  nex t two yea r  . T h e  ne I 

R D st ' PS w i l l  be to reduce 1he  co t of 
H T  materi a l  b usi ng text u red oxide 
films and to deve lo p coaxi a l  co n figu ra­
t i on  for H T  cables . I t  ha bee n t i mated 
t hat a -upercond uct i ng  coa ia l  cable us i ng 
de power cou ld carry 5000 I W  of po, er 
at vo l L age uf o n l y ± 50 k , , i t h  ear l y 
com merci a l  appl ications e peeled around 
2.0 1 0-20 1 5 . 

Power qual ity for a d igital society 

Our i an in rca i ngly d ig i t a l  oc iety, d e­
pende n t  on m icrop roce or technology t o  
opera t e  everyt h i ng from home appl iance 
to whole ractor i  . For this t echnol ogy to 
operate prope rly, however, cust omers need 
to recei e power of the highest qual i t y­
free fro m in Lerruption and vo l tage di t u r­
bance . Prov idi ng 1he  premium power re­
qu i red by the  w ide pr ad u e of en i t ivc 
c le t ro n ic equ i p men t  wi l l  nece ari l y i n ­
vo l ve t he app l i ca t ion of new power de-
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Demand is growing rapidly for sma ll, d istributed generat ion u n its that can meet customer 
requirements for improved re l iabi l i ty and power qual ity in an increasingly dig ita l  environment. 

Ii cry t ech nol og on ut i l i ty di t r ibu t i o n  
s te ms. 

One  et of these L e chno logic wi l l  form 
t h · ba i of ad anced distr ibut ion auto­
ma t ion .  wl1 ic l1 di ffe r con siderab l )' from 
tradit iona l approm.:he based o n  im p! 
amomat ing  e x i  t i ng fu nct ion The new 
a pproach u e- I m  -co I en sor and ac­
compan i ng  so ftware to a l l ow a d ist ri bu­
t i on com pan)' to detect and co rrect prob­
l em o n  i ts y t em more quic kly. A ! ready, 
E P R l  is developing a d i  t r ibu t ion  fau l t  
an t icipator/loca tor t hat w i l l  u c en o r  
caue red a long a l i ne to pred ict i n c ip ien t  

fau l t  and de tec t  momem a ry l i ne cont:.tcts ,  
uch a tho  e cau eel by tree brane b e  . 
e x t  w i l l  come a u L omaLed i o l a t i o n  and  

restorat i o n  capabi l i t ies, , h lch  wi l l great ly 
reduce the i m pac t  of ou tage w hen they 
do occur. The a ppl i cat io n of such ad­
vanced di. t ribu t i on  a u toma tion tech no lo­
gie cou ld become ,. ide pread a rou nd 
200 5-20 1 0. 

A econd t ream o f  tec h nology re l ated 
to t he del ivery o f  h igh -qua l i ty power  i the 

u Lom PO\ er fam i ly of e lec t ro n ic con ­
t ro l ler design ed fo r u e o n  di t ribu t ion 

Lem . evera l ust om Powe r device 
hal'c a l ready ent e red ut i l i t y  erv ice, i n ­
clud ing t he Dynam ic Vo l L age R lurer. de­
s ign ed LO protect en i l ive cu tomer equ ip ­
men t from powe r l i ne disturba nce . and 
the  Distr ibut ion ta  t i c  ompen ·a tor, de ­
signed to prevem disturbances 1hat origi-

nate at a cu t omer' i t e  l'ro m a ffect i ng t he 
qual i Ly of power on a feeder l i ne .  t wi l l  
come com bi naL ions or Cus tom Po,. er de ­
vice to  provide premium-qual i L  power 10 

group of cu tomer with pec ia l need . 
uch a an i n d ust ri a l par k w i t h m u l t i p l c  

high-tech com pa n ie . I n  u c h  pr m i u m ­
power park - , ou tage on o n e  d i  tr i but ion 
feeder wou l d be coun teract ed by in tan l ly 
swi tch i ng the  power suppl y of the  whol e 
park to an i nde pendent  feede r, u i ng a 
sol i d -state t ran fer sw i t ch . 

Even t ual l y, u tom Power dev ice w i l l  
be  com b i ned w i t h  adva nced energy . Dr­
age y t em LO provide o u tage r ide­
t h ro ugh ca pabi l i t )1-fir  l for i ndiv id ua l 
cust omer and premi um-power parks and 
t hen fo r major ection- of a di t r i but i on 
y · tem. l u l t i p le to rage teclmologi w i l l 

be req u i red t o  fu l f i l l t he  11 eel of the  e 
va riou app l i cat io n . One recen t break­
t h rough i n  t h i  a rea wa the  deve lopme n t  
o f  a t ra n  portabl e batte ry energy storage 
y L em capable of de l iver i ng u p LO 2 W 

of power for 1 5  econds and t hus abl e  t o  
pro tect cusl mer  from most br i ef i n t e r­
rupt ion re ul t i ng fro m fau l t ed  l i ne . B -
cau e t he _ t e m  i I ran portab le , i t  ca n be 
in t a i l ed quick l y  to meet u n i n terru pt i b l e 
po, e r  need a t h ey a r i  c . 

For everal cconcls of r i de-through ca­
pabi l i ty at higher  power levels ( 1 0-1 00 
M\1 ), supercond uct i ng  magnet i enc rg 
torage ( SME ) wi l l  probabl be t he pre-



ferrcd tech nology. The fi rsl de monslra l ion 
o f  a ME unit ba eel o n  .H T  maL er ia ls 
may come a ea r ly as 2003. (Low-te mpe ra­
ture - devices a re al ready avai la ble i n  
very sma l l izes bu t w i l l  l i kely rema in  un­
econom ica l for la rge-scale a ppl i cat ions.) 
The wicl , pread u e of combined Custom 
Power and  en ergy storage tech.nologies for 
d ist ribution system support could occur 
by a rou nd 2005-20 1 0. 

Emergence of the distributed uti l ity 
Any di cu s ion o f  the  fu ture of power de­
l i very wi l l  i nclude the rapidly developing 
area of smal l ,  a ffordable elect r ici ty genera­
t ion and storage un i ts l nown col lect ively 
as d ist r i bu ted re ourc . With capaci t ies i n  
t he  range of l kW to 1 0 M W, th e  e diver e 
D R  u n its w i l l  move ge nerat ion clo er to 
t he poi n t  o[ use, enabl i ng improved power 
qua l i ty and rel iabi l i t  and provid i ng t he 
n ex i bi l i t  , to meet a wi de va rie ty  o f  cus­
tomer and distr ibu t ion y tern needs. 

mal l - ca le  di tributecl genera t ion and 
torage ystem can thu become va l uable 

new e lemen t  or t he di t r ibU Led, or ··vi r­
t ual ," " u t i l i ty of the future . DR . ' tc m now 
u nder deve lopme n t  have t h e  poten t ia l  for 
o ffe ri ng ign i ficant n ew ad van tages: lower 
cost to the end- use customer; higher rel ia­
b i l i t , and power qualiL)' ; !1 igher e ffic ie nC)', 
espe ia l l  r in cogeneration con figura t i on  ; 
and nexi bi l i ty  to meet a variet. o f  i 1 1dL1 -
t rial . comme rcia l , re ide n t ia l , and t ran -

I 
Leading D R  techno logies 

portaL io n appl icat ion . A l l thes advantage 
of di tributed genera t ion wi l l pur h e a l thy 
cor npel il ion and create y n ergi es wit h the 
d i  Lri bu t i on  system , leading to i m proved 
perform ance and cost there as we l l .  

Gas turbi n es are sett i ng the  pace in the 
growt h of DR use . By 2003, a new genera­
t i on  of microturbi nes ( 10-250 kW) is ex­
pected 10 achieve ful l  commerc ia l  iabi l i t  
(protot ypes are be ing old now) . openi ng 
up new opportu n i t i es for peak sha\ · ng 
and cogenerat ion by smal l businesses . 
Fuel cells shou ld al o be we l l  u i Led fo r a 
wide ran ge of D R  appl i cat ion beca u e 
they are c lea n , compact . e ffic ient ,  and  
h igh ]  modular. urn i ng u ta i n ed  i n­
ves t m ent . a t  lea t 20 GW of D R  capaci ty 
i fo re a t for i nsta l l a t ion i n  the  n i ted 

ta les du ri ng the coming decade alone. 
Con nec t ing a la rge number of D R  units 

LO a distribution system will have profound 
e ffects on both u t i l i ty tructure and sy_ tem 
archi tect ure . The ut i l i l  i t  e l f  wi l l become 
more decent ral ized, relyi 1 1g 1 ,  tm pow r 
generated at large p l an ts and de l ivered via 
t ran mi ion l ine . A ar ie ty of i ntearat ion 
i ues wi l l i m mediately impact )'Ste m op­
era t ions. Double isolat ion sy terns, for ex­
a m pl.e. w LU be required i n  ome i tuat ions 
ro protect l ine worl ers, s i nce powe r cou ld 
flow i n  ei ther d i rect ion a long a di t r ibu ­
tion feec.ler i f  D R  u n i  are located t h rough ­
ou t  a netwo rk. D istribut ion y tem wi th  
m ixed J is L ri bULed and cen t ral a e LS  are 

I 
I 
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1 995 

6 7 

1 Photovo l taics 1 
8 9 

DR-related in f rastructure 
I 

Stud ies/mode ls 
1 0.A .A.1 1  

I 

2000 

1 Interfaces/ 1 
1 cornmunication i 

1 4.A 

2005 20 1 0  20 1 5  2020 

also L i kely LO requ i re dedica ted VAR (vol t ­
am pe re- reac t ive) genera t ion for sys tem 
support. D R  u nits wi l l , in gene ra l ,  produce 
VARs, but probably not in the qua n t i ty and 
l ocat io n ne es ary for meet i ng grid stab i l ­
i t y req u i rements. Di t r i bu t ion y tem op­
eraLOr w i l l  need the capabi l i t.  t produc 
VAR to ba lance t he )' te rn . 

o me u t i l i t ies wi l l  a lso wam to arrange 
wi th  DR ow ners Lo make the dist ribu ted 
un its dispatchable and Lhus provide peak­
ing  power to the  ystem a a w h  le .  For 
th i  to occur, however, a var i ety r remote 
com munica t io ns,  mo n i to ri ng, and con t rol 
funct ions wou ld  need Lo be added to each 
D R  u n i t .  t he co t o f  powe r elec t ro n ic 
con t i nues to decl ine .  Custom Power de­
vices arc expected to p lay a major  role Ln 
i n tegrat ing DR u n its wi th ex i  t ing di t r i ­
bu l ion s s t ems b)' perl"c 1 1 11 i ng t he neces-
ary com ro l funct ion and pOI e r  cond i ­

t ion ing. 

De d istribution networks 
The u e of direct cu rrent in power de l iv­
ery may al so i ncrea e in t he  ne L deca l e .  
The  problem u p  LO now ha been t h at 
ac/clc co nvener Lech nology ,va too cxpen -
ive for ro u t i ne u e o n u t i l i t y dis t r i bu t i o n  

Lem . Bu t  agai n , wit h t he ra pid decl i ne  
i n  t he  co t of power e l ectronics , uch con­
ve ner  techno logy hould become i nex­
pen i e e nough to faci l i ta t e de d i s t r ibu ­
t ion  •s tem b)' about 2005 .  

A M i lestones 

1 . Min itu rbines (250 kW-1 MW) commercialized 

2 .  Microturbines ( 1 0-250 kW) commerc ialized 

3. Solid oxide fue l  cel ls commercial ized 

4. Hybrid SOFC-gas tu rbines commercial i zed 

5. Stationary PEM fuel cells commercia lized 

6. Fuel cell vehicles Introduced commercially 

7 .  Eleclric·drive vehic l es exceed 2 m i l lion un i ts 

B. PV panels achieve 1 7% effic iency, S2/peak wau 

9. One mil l ion rooftop PV un i ts deployed 

1 0. Studies of DR impact comp le ted 

1 1 . DR analytica l models ava ilable 

1 2 .  Smart stat i c  power converters 1n  s igni fican t  use 

1 3. Control systems for DR dispatch in routine use 

1 4 . Inexpensive converters a l low de d istribution 

1 5 .  De loops become common d istribulion option 

Distributed resource (DR} technologies, including fuel cel l s  and photovoltaics, are undergoing rapid development along independent paths. The 

ful l integration of these resources i nto the power grid will eventual l y  require a substant ia l  redesign of the distr ibution system . 
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De has everal Rdvantages f' r dist r ibu­
tion neiwork . De distr ibut ion L inks, for 
exampl.e, can d i rect ly u pply power to dig­
i rn l  devkes on the customer's s i te and can 
connect distributed generation systems to 
the grid withou t the need for dc/ac con· 
verters .  They can also irn::rease service reli.­
abi li Ly by reducing the pread of di 1. ur­
bance from one customer to :inother and 
can a l low each customer facil i ty Lo use ws­
tribu ted generat ion and storage tech nolo­
gies in order to operate as independmLI}' 
as desi red. t;ecause de cables elimina te  the 
genera t ion or ac-i nduced curren t s , 1 l1 ey 
could be placed in the same ducl.5 as gas 
and wate r pipes . Poteu t ia l ly; 

de c11bles would co t less 
than ac cables of the same 
power rat i ng because they 
need less electrical insulation 
and because they experien 
lower resist ive losses and no 
dieleCLr ic losses. 

read y, new rel iabil i ty lndexes are bei ng 
deve loped by variou inclus t r  group , in­
clud ing PR l ,  to ben hmark n ew di · uibu­
r ion system design 'oncepts. Th se designs 
will probably a surn, th� fu l l  im graL ion 
of DR Lmits, t he pervasi ve use of power 
elec tronics , and the presence of de cables 
and Sl1perconducting loops. 

Convergence of utility services 

As deregulation provide customers , i th 
greater choice among reta i l  elect ric.i t)' sup­
pl ier , competit ion will. d rive th!,'. cu -
L omizatfon of ervic LO meet the divergenL 
needs of various maTkct segments .  I n ad-

Fuel Cell DC Loop Bus 

a revolution in ret11i l  u ti l i ty ervices . T he 
first area encompasses advan ed meters 
standards, broadband commun ical io ns, 
and pricing and b i l l ing so riware capable o f  
handl ing multiple u lilit services. The se -
ond involves c11ble design and constru -
lion techniques for instal l in g combined 
uti l i ty services underground .  

Prnvid i n g muh ip l  u t i l i L )' ervice -i n­
clud.in electricity, gas, tek om, l ate.rnet 
access, L11ble televi ion, and water-v. · 1 1  
requ i re new customer in terface technol-

, I n  part icular, a low-cost electronic 
meter wit h  rwo-way communication ca­
pabi l i ty is needed to provide real- time 

prici ng options, w h ich ·wi l l  
be the corner tone of a com­
petW e retail marke t .  Even 
more sophj s t icated i nterface 
technologies wiU be n:qu[red 
to faci l i tate imegrated u t i l i ty 

rvices , such as telecom , 
t hat depend o n  broadband 
communication l ink . Lov .. -
cost , modular elec t ronic me-
ter deve loped by E P IU are 
cu rren r ly 1mdergoi ng n t i l i t )' 
demonsL ralion, and "v i n ua l 

One de di u·ibu Lion ptlon 
uses a superconducting de 
loop bus to intc�rate bu lk 
power from a transmissi on 
network w i th  l ocal d isnib­
u ted re ou rces. The emer-
gence of such a network 
would require the wide­
spread use of low-cost dc/ac 

De loops provide one option for tying local distributed de generation and 
storage technologies In with bulk ac power. Loops based on superconduct­
ing de cable could provide premium-quality power for large u rban regions, 
in contrast to today's networked distribution systems, which main ly serve 

meters" capable of providi ng 
integrated bi ll ing for mul l i ­
ple u ti L ity servic - could be­
available. by 2003-perhap 

convener technology Lo pro- downtown areas. 

vide power to reta i l  cus-
tomers. Superconducting de Loop could clit.ion to their need for h igher leve.ls of 
provide premium-quaU ty power for Jarg po er qua l i t  , customers are demanding 
urban regions, i n  contrast to today's ne L ­
worked distribution systems, whi h ser e 
mainly downtown a rea . De loop may be­
come a common feanue in dist r ibu t ion 
systems b 2010. 

Evenrnal l , the incorporat ion of D R  and 
other advanced technoJogie imo u ti l i t , 
disu·i bution syslems wi l l  reach a poi nt a l  
which fundamental redesign must be con­
sidered . A key aspec1 of such redesign wi l l  
al most certai n ly i nvolve the reconfigura­
t ion of distribution feeder from a primar­
i ly radial system in to a more h ighly i n t cr­
tonneCLed network. The primary advantage 
o r  such networking is tha t  it offers more 
opportunity for upply redundanc to cus­
tomer , who wi l l  become even more de­
pendent on a cess to premium. power. Al-
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l ower ra tes and a greater variety o[ service 
optjons. In  response, many u ti li t ies are ex 
perirnemi ng wi t h  rea l - t ime  priclng and 
seeking way t o  i n tegrate electric i ty with  
other services , including gas, cable televi­
sion, and telecommunicat ions. More than 
100 e lect ric u ti l i ties are already offering 
ln temet access, and about 85 bave estab­
lished or are planning to offer telecommu­
nications services, using their own priva1e 
fiber-optic netw rl . OveJ the next several 
years , su h horizontal integration o f  utili ty 
fu nction is l ikely to accelerate., giving 
customers a grear er choice or ,:;ervkes, 
p lu� the cunvc::n ience and e.c nomic effi­
ciency of one"stop 5hopping. 

Two major area or technology de.velop­
men l wi l l  be required to bri ng about such 

in tJ1e [orm o[ a low-cost ne t ­
work computer that mon i-

lors Lhe sent ic  and de l iver a ariety o f  
i nformation Lo con umers. 

Handling the data gat hered rrom ad­
vanced meters and other sources for L l1e 
purpo e o t  pricj ng and bi l l i ng promi e 
to be a major chal lenge. l n -part icular, e '­
ist1ng customer infonna t ion s stems neetl 
co be rest ructured to a l l ow greater f lexibil­
it in changi.ng t he prou.ucts and services 
offered to cu tomer . Because of t h is re­
quiremen t , new ystems wi l l  n eed to have 
mod LLlar archi tec t ure, orga nized arourn.l a 
sim p l i fied cu torner database. The fi rst 
prototype of such a modular customer i n­
forrnalion and bil l ing  a tch i r ecture will  be 
int roduc;ed in 1 999 and hould prngre to 
the point of com mercial ization by 2004. 

Broadband commun icat ions capabilit 
� i l l  also be required jf mul t .iple uti l i ly er­
,ices are to be integrated with two-way cu 



Power Del ivery System R& D Funding Requirements 

Goals and Technology Gaps 

Increased grid rellablllty 
and carrying capacity 

Wide-bandgap semiconductors for FACTS 
Satellite-based WAMS 
High-performance polymeric and HTS cab les 
Streaml ined, lower-cost construction techniques 
for underground transmission 
Power flow control in complex grids (hardware, 
software, communications sys1ems, Integration 
wiU, transaction management function) 
Information technology systems to control the 
grid and manage transactions 

Removal of geographic 
constraints on transmission 

Increased transmission capacity to connect 
electriclty demand with supply 
Capabllily for continental-scale power wheeling 

Emerge� of the 
dlatrlbuted utlllty 

Cost-effective distributed generation and storage 
technologies 
Control and protection systems for mixed central 
and distributed systems 
Low-cost converter technology to enable de 
distribution networks 
VAR support without requiring new generating 
capacity 

Infrastructure stability 
and protection 

Methodology to understand and manage power 
system complexities and vu lnerabil ities 
Real-time wide-area communications and 
control systems 
Hardware, software, and procedures to prevent 
cascading fai lures 

tamer interacLion . Fiber optics and o ther 
broadband technologies are steadi ly de­
creasing in cost so Lha r ,  by around 2005-
20 10, they are expected to be available for 
use in integrating util i ty ser ices. In addi­
t ion. Lhe availabiUty of broadband commu­
nications cou ld revolu tionize telecommut­
ing and p rovide new economic cl velop­
mem options for urban  and niral areas 
al i ke. One could imagine, for example, new 
eulemen t pauerns in which today' urban 

sprawl is replaced by "vi rtual c i t ies '· in 
whicb peopl live along maglev lransporta­
t ion corrid rs but do most of the i r  work at 
or n ear horn . r lying on 1 e lecom mu �ing. 

1 0-Year Funding (S mil l ions/yr) 

current 

1 00  

1 00 

200 

NA 

Addltlonal 
Needed 

1 00  

1 00 

200 

200 

Total 
Needed 

200 

200 

400 

200 

The in tegration of mu! L i ple u ti l i ty er­
vices wi l l  probably he accompanied by in­
crea eel pressu re to place more of the re­
quired infrastructure underground .  The 
growing use of superconduc1ing dis1ribu­
tion cab! and de loop , di c u  sed earl ier, 
will help make this possibl e . Also, im­
proved underground con truction meth­
ods � i l l  make buri cl u r i l i ty facil i t ies more 
attract ive for distribu tion ystems. ln 1 he 
hon t erm , 1he  u e of guided boring tech­

nology-such as EPRl's afe av guidance 
sy tern-wi l l  rapidly lead lo improved 
producti ty in underground con truct ion . 
I n  addi tion , the  developmen l  of microtun -

nel i .ng fo r uti l ily appl icalioas has bene­
fited from recem experience with la er­
guided equipmen t in constructing t he 
Channel Tun nel and other major publi 
work projec t s. By around 2005, const ruc­
tion rates of 400-500 feet per day (120-
150  m) sho u ld be possib le  for bui ld i ng a 
6-foot-diameter (2-m ) tunnel capabl e of 
act ing as an integrated utility corridor for 
e.l.ectricity, gas, communications, and other 
erv ices. The slandardization of under­

ground designs and the expanded use of 
robots would fo rt her reduce consln1clion 
co ts. 

Fulfil l i ng the promise 

A cri tical as umplion underlying l .he Elec­
tricity Technology Roadmap is that , by 
2050, c lecLricity wi l l  account for nearly 
70% o f  total energy use in the United 
tatcs . In the research goals j ust cl cribcd, 

lhe roadmap' pri mary concern is to en­
su re an adequate power del ivery i n frns tru 
ture to support such an electric society. 

Fu lfi l l ing this power de l ivery prom ise, 
however, wil l require the reso lu tion of 
several Lechnology-re lated policy i sues, a 
EPRI vice pr iclen t  Karl rah l kop f o f  1 he 
Appl icat ions Division explai ns: "The m st 
erious problem preventing the introduc­

tion of new power del ivery technologies is 
that adequate co t -recovery mechani  m 
for investment in t ransm ission upgrade 
in a de regulated envi ronmen t have not yet 
been establ ished. Resolving tnis i ue wi l l  
requ i.re coordit1ated po licy clari ficat ion b 
federal , state, ancl regional re l iabi l i ty au­
thoritie . For distribution sy tern . the 
biggest n eed is for in ternationally recog­
nized communications and comrol  stan­
dards to faci l i tate Lhe convergence o f mul­
t iple u t i l i ty serv ices and tbc i nt egration o f  
disn-ibuted resources. Finally; providing 
the innovations needed to meet the power 
del ivery challenges of the next century 
wi l l  requi re broad r publ ic-pri a te col lab­
orat ion in R&D.  The Electr ic i Ly Technol ­
ogy Roadmap offers an excel lent founda­
tion on which to build such a cooperative 
effort." • 

Bad1g ,ou11d mfa , 111a t i cm for tlii 11rticlc 1w1s p1t1Yidcd 
/oy Brent Bar'1cr (bbarl1cr@ep1i .com) . �rrt1/egi mu/ 
F. cm l ive nmnu,n icm io11s, mu/ S1c1•e Gel , /  (sgehl@ 
epri .colll), S1 1·,ucgic Tecltm1/ogy All ianccr. 
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See·ng 
SFo in 
a New 
Light 

TH E STO RY I N  BRI E F  

Concerns about atmospheric 

emiss ions of greenhouse gases 

and about the economic cost 

of leaks from operating equ ip­

ment are converging to in ­

crease i ncentives for electric 

uti l ities to locate and stop leaks 

of an essential gas insu lator for 

h igh-voltage switchgear. A new, 

h igh-tech laser-based camera 

system deve loped for uti l ity appl ication with EPRI sup-

port can detect and d i sp lay on v ideo even pinhole leaks 

of th is  gas-su lfu r hexafl uoride.Th rough EPRI ,  member 

uti l it ies can obtain  SF
6 

leak detection services that featu re 

i nspections with the GasVue camera and d iscou nts on 

the pu rchase of an advanced model  expected to be avai l ­

ab le  next year. Some two dozen uti l it ies have a l ready 

witnessed the GasVue's capab i l ities in demonstrations on 

energized substation equi pment. by Tay l o r  M o o re 

T 
l-lE FLUORINATED SULFUR 
compound known as sii lfur 
hexafluoride, or S�, is  an al­
most perfect dielectric (non­
conductor) This invisible 

gas is i nen, non toxic, nonflammable ,  and 
five times denser than air. Because of its 

� unique combination of chemical and phys­

� ical properties, S 6 is ideally suited for sev­
.t era! specialized applicat ion . ln the largest 
� of these, it serves as an in ulating gas in 
B high-voltage electrical switchgear, includ­
� ing circuit breakers. SF6 is also used as a 
'" co er gas in magnesium smelters and for 
� plasma-etching tungsten i n  the electronics 
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industry. ln Germany, it was use<l un til re­
cently to fi l l  sound-insula ti ng windows 
and, because of its adiabatic properties, by 
automakers to fill tires for a firmer ride. S� 
reported ly i t i l l  u ed in sea led stereo 
speaker cabinets LO improve bass response, 
and until recently it was S�-not air­
that gave N ike Air sneakers their bounce. 

But SF6 also has a dark side-one that 
clouds the ou t look for some basic appli­
cations of t he gas. Because of its efficient 
absorption of in frared energy at certain 
wavel engths and its extremely long l ife­
t ime in the upper atmosphere (estimated 
to be abou t 3200 years) , SF6 is considered 

the most po tent of all known greenhouse 
gases. The atmospheric accumulation of 
these gases, many scien L i  l believe, is 
causing a slow but discernible warming of 
the earth'.s climate . The lntergovemmental 
Panel on Climate Change estimates the 
global warming potential of S� to be some 
23 ,900 times greater, per molecule, t han 
that of carbon dioxide, the greenhouse gas 
of greatest concentration in the atmo­
sphere. 

A l though its atmospheric concentrat ion 
is a hundred million times lower than that 
of CO2 and its estimated contribution Lo 
total man-made global warming to date is 



only 0. 1 % that or CO2 , S� was among six 
types of greenhouse gases targeted for 
emissions reduction at  the 1997 Kyoto 
Summit. On an equivalent basis of global 
warming potent ia l ,  SF

6 
accounts for 14% 

of the reductions in greenhouse gas emis­
sions that the United States and more than 
150 other nations agreed to make by 2012. 

Even before the Kyoto Protocol is sub­
mitted to the U . S .  Senate for ratification, 
environmental regulators are forging ahead 
with programs aimed at the voluntary re­
duction of emissions of SF6 and other 
greenhouse gases .  Last October, the U .S. 
Environmental Protect ion Agency began 

The Gas Vue camera can be used to inspect substation equipment like this 
500-kV SF

6
-insulated circui t  breaker, while the equipment is energized. 

promoting voluntary emissions preven­
tion agreements with industries that are 
t h e  largest emitters of these gases. nder a 
memorandu m  of understanding (MOU) 
aimed at electric u t ilities, companies are 
being asked to report annual ly on their SF6 
use and emissions, as well as to establish 
corporate policies that wi l l  reduce emis­
sions to the extent economically and tech­
nically feasible and will ensure the proper 
handling of SF6 . The EPA is pursuing sim­
ilar agreements with other industries, in­
cluding the magnesium casting and semi­
conductor manufactu1ing indu trie . 

Regulatory efforts to better quantify the 

use and emission of S� and to promote i ts 
recapture and recycling are expected to add 
further incentives to an already strong eco­
nomic motivation among electric uti l i t ies 
for SF

6 
recycling. The commercially pro­

duced, high-puri ty industrial gas i now 
selling for up to three times its longtime 
historical price of $3-$4 per pound, and 
until recently it was five times the histori­
cal price. Sold as a l iquid under moderate 
pressure, the Sf;; is contained in tanks with 
a capacity of about 1 10 pounds (50 kg) . 

In 1995 ,  . S .  manufacturers of electri­
cal equ ipment purchased approximately 
140 tons ( 130 metric tons) of F

6 
for new 
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gas-insulated equipment, according to the  
ational Electrical Manufacture rs Associa­

tion .  NEMA al o reported that in the ame 

year, U .S. and Canadian electric u t i l i t ies 
bought an e timated 700 ton (640 met ri .c 
tons) for, among other uses, possible leak­
age replacemen t in exi ting power equip­
ment-equipment with a tota l insta l led 
SF6 capaci ty of 3500 tons (3200 metric 
ton ) .  l. t  i commonly estimated that ,  di­
rec tly or i ndirect !)� e lect r ic ut i l i t ies pur-
hase some 80% of all SF6 produced. 

Wor ldwide ales of F6 have grown dra­
matlcall y i nce 1972 ,  when indust tial pro­
duction and use of the gas began to spread 
beyond the Un i ted tates, where commer­
cial use wa pioneered in 1953. Scienti.sts 
at the Max Planck l nstitute for Chemistry 
in Germany have s(m.,vn that the growth 
in Sf;; sales co rrelates st rongly with the 
increase in the accumulated atmospheric 
loading of the gas. 

«SF6 is a wonderful dielectric, a highly 
electronegative gas with i nsulating and 

With No SF6 Leak 

'O 
c:: 
:, 
e 
ff 0 (1j 

Backscattered 
laser l ight 

\ 

Backscattered laser l ight 

With SF6 Leak 

Gas cloud 

How GasVue works: Developed by laser 
Imaging Systems, the GasVue camera com­
bines a CO2 laser ( tuned to an infrared ab­
sorption wavelength of SF6) with an elec­
tronic infrared imaging system. Normal ly 
the laser beam bounces off the background 
surface, and the backscatter is  picked up by 
the imaging system. When a leak is present, 
part of the incident beam is absorbed by 
the SF

6 
gas, as is all of the backscattered 

l ight that travels back to the gas cloud. The 
leaked gas appears on the GasVue's video 
display as an inky black plume against the 
l ighter backscattered image. 
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arc- i nterrupting properties that no al terna­
tive or substi tu te material can match,"  ay 
Ben Damsky a manager in EPR l 's Scien e 
and Technology Development Division. I n  
1982, before the role of 5� a s  a greenhou e 

gas was well known, EPRl funded an ex­
haustive search by West inghouse Electric 
and Du Pont for a gas or a gas mixture su­
perior to F

6 
for use in high-voltage equ ip­

ment ;  the earch was unable to idemi.fy 
any such substitute. 

But with SF� corning under greater scru­
tiny as a resul t o r  both di.mate change and 
cost concerns, EPRJ  is mounti ng a mu l t i ­
faceted i ni tiative LO suppon vol u n tary e r­
forts by member utilities to reduce anuo­
spheric releases of SF6. Many u t i l i t ies have 
already begun the process by adopting im­

proved hand l i ng procedures and equ ip­
m nL and by taking tep to reduce leal  
from their gas-insulated equipment .  

Th is spri ng, EPRl began of
f
ering prod­

ucts and services related to that ini t iative 
th rough iL Energy Delivery and Util iza­
tion Cen ter (EDUC) in Lenox, Ma sachu-
et ts. One of these products is  GasVue, a 

new laser-based infrared camera that can 
detect even pi nhole leaks of  F6 from ga -
insulated substation equipment  wh ile i l  is 
energized . Using the GasVue camera for 
such leak snooping has already yielded 
s ignificant documented savings for Uliuoi 
Power and South Afri ca's ESKOM from 
a aided purchase o f  replacement ga . 
EPRI's Sf;, leak detection technology could 



eventually prove to be of substanLial 
value LO member utilities if green­
house gas emissions permit trading 
is implemented, as is called for un­
der Lhe Kyoto Protocol, or if an early 
emissions reduction credit program 
is put into place, as is being dis­
cussed by U.S. policymakers. 

An affinity for electrons 

emissions. The EPA realizes that Sfi, 
is a gas that has been very useful to 

the electric utility industry," he says. 
"We sponsored some research a 

couple of years ago at the National 
Institute o( Standards and Technol­
ogy to look imo whether there was a 
drop-in replacemelll gas for Sf;, that 
worked as well, and the answer at 
the time was no. So the partnership 
makes no judgment, implicit or ex­
plicit, about whether Sf;, should be 
used by utilities," continues Dolin. 
He notes that the MOU for which the 
EPA is soliciting utility partners calls 
for a voluntary commitment to re­
duce SF� emissions "to the extent that 
is economically and technically feasi-

i ble, as determined by the companies 

The virtual indestructibility or at­
mospheric S� on a timescale rele­
vant for climate change policy stems 
directly from the compound's molec­
ular stability- ironically, the key to 
the very properties that make it an 
indispensable dielectric for high­
voltage applications. "Molecules of 
SFh are very symmetrical, are very 
stable, and have a heavy mass." ex­
plains Damsky. "The gas is a strong 
electron capturer, so if some of it be­
comes ionized, other molecules will 
attract the resulting free electrons 
and grab them. SF6 smothers arc dis­
charges just as they begin. and it 
withstands dielectric breakdown bet­
ter than any other practical gas." 

� ��� ! Lhcmselves, not the EPA." 
i Dolin s.1ys that, as of mid-April, the 
;, EPA had received written confirma­

••••� � Lion from about 50 utilitv companies 
� � � indicating they would join the part-

Illinois Power, one of two dozen utilities that have hosted nership. "So far, we have gotten only 
positive feedback from utilities that 
have S� -insulated equipment,� he 
adds. The various partnership pro­
grams the EPA is pursuing with in-

GasVue demonstrations, used the system to test for SF
6 

leaks from circuit breakers and other energized equip-

Stability and vol Lage-withstand ca­
pability are highly desirable in appli-

ment at its Clinton substation. In an economic comparison 

with conventional bubble testing, the utility documented 

savings of $12,000 in avoided costs in just this single 

GasVue application. 
cations in gas-insulated substation 
equipment like high-voltage circuit break­
ers. SF

0 
surrounds the breaker in a large 

tank, Damsky says, "and when the con­
tacts are paned to open a circuit, the re­
sulting arc rapidly heats everything up and 
breaks down some molecules of S�. But 
because S� is very effective at conducting 
heat out of the arc, it rapidly recovers its 
dielectric strength. The arc interruption 
capability or Sf;, is unmatched, and in ad­
dition, almost all the S�, that is broken 
down into smaller molecules returns to its 
original, stable state once the arc termi­
nates. That is a ver}' useful property for a 
dielectric gas." 

Although air or nitrogen can be used to 
insulate high-voltage circuit breakers, 
their lower dielectric strength and voltage­
wilhstand capability result in much higher 
operating pressures; these, in turn, neces­
sitate larger breakers with thicker walls. 
"An Sf;;-insulated circuit breaker can break 
three times the voltage an air-blast breaker 

of the same size can handle," says Damsky. 

"In other words. to do the same job that 
SF., breakers can do, you need three times 
as many air-blast breakers. The cost of cir­
cuit breakers is fairly proportional to the 
number and size of the breaks needed. But 
the real difficulty is that utility transmis­
sion and distribution substations were built 
around the circuit breakers. If you wanted 
to replace all S� circuit breakers "vith air­
blast breakers, the entire substation would 
have to be redesigned and enlarged.'' 

Questions about the future 

Understandably, electric utilities are wor­
ried that the environmental need to reduce 
greenhouse gas emissions may eventually 
affect the commercial application of SF0. 

But according to Eric Dolin, progrnm man­
ager for the EPA's SF

0 
Partnership for Elec­

tric Power Systems, the agencys agenda is 
not to eliminate use of the gas. "The SF

6 

partnership is focused only on minimizing 

dustry sources of greenhouse gas 
emissions were planned before the 

Kyoto Protocol, Dolin says. and were moti­
vated by the EPA's interest in obtaining a 
beuer quantitative picture of emissions and 
opportuniLies for reducing them. 

U.S. electric utilities are keenly aware 
of policy proposals-proposals endorsed 
by the Clinton administration-to allow 
companies LO take credit for actions to re­
duce greenhouse gas emissions in advance 
of any mandated reductions that would 
take effect if the Senate ratifies the Kyoto 
Protocol. The utilities are also interested in 
the emissions pcm1it trading system called 
for by the protocol to minimize the cost of 
reducing emissions. 

As major industrial point sources of 
CO2 emissions, the utilities are especially 
concerned about credit and trading pro­
posals in relation to that gas. Also, Dolin 
says, �man}' milities have asked whether 
the S� partnership MOU can ensure that 
they will get future credit for an}' near­
term SF� emissions reductions. Many com-
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panies in a wide variety of industries have 
chosen to work with the EPA to document 
their greenhouse gas emissions reductions. 
We believe that cooperation on monitor­
ing and verif}'ing greenhouse gas reduc­
tions wiJl be of value if and when credits 
for early action become available.� 

Focus on leak detection and 

prevention 

Utility handling of SF� was much simpler 
when the gas was less expensive and be­
fore i t  was recognized as a potent green­
house gas. When SFc,-insulated equipment 
was scheduled for inspection or thought 
to need repair, the t)rpical practice was to 
take the equipment out of service and use 
a soap solmion around bushings and seals 
LO check for leaks, much as one would 
with automobile tires. ll' repairs were 
needed, the gas was vemed to the atmo­
sphere with pressurized air; but cost con­
siderations and concern for the environ­
ment have put an end to that approach. 

Today, virtually all utilities with Sf,,­
insulated equipment use a movable recy­
cling <..-art equipped \\·ith a pump, transfer 
hoses. and a large tank that temporarily 
holds the gas while equipment repairs are 
made. This increasingly common practice, 
which EPRI has helped to promote through 
workshops and training for utility person­
nel, is believed to have cut utility SF

6 
emis­

sions in half just by itself. A major draw­
back of this approach, however. is that 
gas-insulated equipment still must be de­
energized for inspection or repair. "You 
can't look for gas leaks with soapy water 
on energized equipment, so a substation 
typically has to take an outage and switch 
loads to other breakers or equipment." 
says Ken Loynes. a project manager at the 
EDUC. The result is that costs for main­
taining and repairing gas-insulated equip­
ment are still quite high. 

EPRf's GasYuc laser camera provides an 
attractive alternative. "Not only does it let 
you see in real time on a video displar 
where SFh is escaping from equipment.� 
explains Loynes. '·but it also allo"·s you 
to do this from a safe distance while the 
equipment is energized. This is a big ad­
vantage because rou can take the camera 
into a substation at any time withom hav-
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ing to plan and coordinate a shutdown or 
switch equipment off

- line.� 
The Gas Vue laser camera was developed 

with EPRJ support b}' Laser Imaging Sys ­
tems of Punta Gorda, Florida. It is based 
on CO! laser backscaneri ng technologr 
originally developed at Lawrence Liver­
more ational Laboratory for the U.S. 
Navy (to enable hazardous gas leaks from 
ships in distress to be identified by heli­
copter). Tom McRae, the former Liver­
more physicist who invented the technol­
ogy, is now chaim1an. president. and chief 
executive officer or Laser Imaging S)1

S­

ten1S, which has an exclusive license for 
the patented technology from the U.S. De­
partment of Energy. 

EPRI funded field uials at several utili­
ties of a prototype GasVue camera for util­
ity application, generating user feedback 
for an advanced professional model that is 
expected to become commerciall)' avail­
able from Laser Imaging Systems next 
year. EPRL expects to begin field demon­
strations of a protOt)rpe of the advanced 
model before the end of this year. Member 
milities will h11ve the option of purchasing 
their own GasVuc camera at a discount or 
or bu}'ing EPRI service offerings that in­
clude GasVue inspections. 

The GasVue laser camera employs an 
infrared detector to identify leaks of SF" 

The South African utility ESKOM successfully 
used the GasVue leak detection system on 
energized equipment at two gas-insulated 
substations and two outdoor substations. 

around equipment seals. joints, and bush­
ings. I t  can even identify small casting 
voids in solid metal walls. A key to the de­
tector's operation is that SF

0 
absorbs but 

does not emit infrared light. The CO2 laser 
is tuned within the 9-11-µm wavelength 
range of SF,,'s infrared absorption spec­
trum. The laser bounces this precisely 
tuned infrared energy off the equipment 
behind an Sf;, leak for detection by the 
camera, which outlines the leak as an inky 
black plume against a lighter background 
on a black-and-white video display. 

"'The GasVue camera is a very sensi­
tive detector of S� leaks," says McRae. "Lt 
takes advantage of s�·s strong absorption 
of infrared light, using that against the 
gas to make it easier to find leaks. The 
technology's sensitivity and its remote­
detection capability. which allows inspec­
tions while cquipmem is in service, are iLS 
two primary advantages. You don't have to 
touch equipment but can inspect it for 
leaks from ·W lO 50 feet 1 12-15 ml away.'' 

Utilities put camera to test 

In demonstrations at substations over the 
past year and a half, nearly two dozen 
EPRT member utilities have had opportu­
nities to put the GasVue camera to work 
spotting SF

0 
leaks. One utility with a large 

amount of S�-insulatcd equipment on its 
delivery system, Consolidated Edison Com­
pany of New York, cofunded the protol)'J)C 
development effort with EPRl and has 
used the camera on several occasions for 
periods of up to a month, according 10 

Mike Lebow, a Con Edison R&D manager. 
'"The Gas Yue camera is unique and ex­

tremely valuable,'' says Lebow. '·There·s no 
other tool available that can provide the 
kind of information it does. We want to be 
good environmental neighbors, and this 
camera helps us find S� leaks expedi­
tiously and minimize releases of the gas. 
But apart from the environmental aspect, 
we have a large quantity of S� in insulated 
equipment on our system, and we do not 
want leaks causing us to have to replace i t  

- at  significant cost.'' 
The GasVuc camera's ground-level. re­

mote capability for inspecting energized 
equipment is also safer than traditional ap­
proaches, which often require equipment 



to be taken ouL of service and personnel Lo 
be on ladders or scaffolding, Lebow notes. 
"ln addirion, the camera has the ability­
which we have verified-Lo detect leaks 
that could noL be detected with conven­
tional methods, even when you can get at 
the equipment.'. 

An example of the savings that can be 
realized from a single application or the 
GasVue camera was documented last year 
by lllinois Power. By using 
the camera to detect and lo­
cate S� leaks from circuit 
breakers and other equip­
ment at its Clinton sub­
station, the utility avoided 
5,12,000 in costs associated 
with conventional bubble 
Les Ling. 

detect a leak site,·' van der Zel reported. 
Me noted that effective leak detection re­
duces emissions, saves on SF

6 
replacement 

costs, and reduces the frequency of top­
ping off leaking S� compartments--activ­
ily that increases the risk of a trip as a 
result of either human error or partide or 
moisture ingress. 

At ESKOM's -fOO-kY gas-insulated Koe­
berg substation, the EPRI laser camera ac-

Immediate benefits, 

perhaps more later 

EPRl's GasVue laser camera offers imme­
diate benefits 10 utilities seeking to reduce 
unnecessary environmental releases of a 
potent greenhouse gas that is also costly to 
replace but is essential for high-voltage 
power delivery equipment. Part or EPRl's 
ongoing program to provide member uril­
ities the necessary tools and information 

to improve SF
6 

handling 
practices, the GasVue cam­
era offers value that could 
be multiplied severalfold if 
current regulatory initia­
tives Lo quantify and reduce 
greenhouse gas emissions 
are eventually expanded 10 
include credits for compa­
nies I hat have already be­
gun leak reduction efforts 
at their facilities. 

At Clinton, the camera lo­
cated leaks on knov,rn prob­
lem circuit breakers as well 
as on tanks that were be­
lieved to be leak free. For 
example, when aimed at an 
energized tank thought to 
have had no leaks for 18 
months. the camera quickly 
detected four pinhole leaks 
on a rupture disk. In addi-

EPRI has helped promote the use of movable SF
6 

recycling carts, such as this 
model, for temporarily containing gas removed from deenergized high-voltage 

·'Whether a utility is fo­
cused on immediate cost 
benefits or on longer-range 
greenhouse gas emissions 
issues, the ability 10 demon­
strate convincingly that S� 
management and recycling 
procedures are effective is 
becoming increasingly im­Lion, because Illinois Power 

equipment before either inspection by conventional methods or repair. 

staff were able to idemify problem parts 
before shuuing a breaker down for repair, 
later out-of-service time was minimized. 
"EPRl's infrared laser camera is precisely 
the type of technology we need LO support 
efficient substation maintenance work and 
curtail Sf� gas leaks," says Jim Vandegraft, 
an Illinois Power switchyard repair worker 
and electrician. 

The South African utility ESKOM tried 
the GasVue camera last September at two 
gas-insulated substations and two outdoor 
substations. Luke van der Zel of ESKOtvrs 
Technology Group reported in a paper 
given at a professional conference 1ha1 the 
camera was highly effective in detecting 
and locating S� leaks. 

· 'from ESKOM's perspective, the main 
benefits over traditional SF

., 
leak detection 

are twofold: first. the ability to perfom1 
leak detection without having Lo take 
equipment out of service, and, second, the 
dramatic reduction in time necessary to 

cura1ely located an S� leak on a feeder 
link compartment. "What was significant 
about this specific location was the large 
distance between the camera and the leak 
site," van der Zel explained. Although the 
feeder link was approximately 9 meters 
(30 ft) above the ground and the camera, 
the GasVue was able to detect and locate 
Ll1e S�, leak LO within approximately l cen­
timeter (0.-f in). Detection by conven­
tional means would have been extremely 
difficult, van der Zel reported, because of 
�the inconvenient location of the leak and 
the fact that Sf

h 
was being vented from a 

number of locations simultaneousl),·· 
As a result of the successful demonstra­

tions last year, ESKOM is planning to use 
the GasVue camera for a complete scan 
of a gas-insulated substation thal was re­
cently refurbished to repair Sf;, leaks. The 
full scan ''will provide an excellem qualiL)' 
control check on the substation refurbish­
ment." noted van der Zel. 

portant to the industry," says EPRI's 
Damsky. "The GasVue camera is a tool that 
allows a utility 10 do exact!)' that.� 

For SF
6 

leak detection inspections 
or demonstrations with the GasVue 
laser camera, contact Ken Loynes, 
kloynes@epri.com, (413) 499-5712. 

Further reading 

• 

·EPRI Laser Camera Reveals Costly SF
6 

Gas Leaks for llli· 
nois Power." EPRI Innovator. December 1998. EPRI IN· 
111382. 

·worldwide Effort Underway to Reduce SF
6 

Greenhouse 
Gas Emi ssions; Environmental Science & Technology. Vol. 
32. No. 21 ( 1998). p. 487 A. 

Maiss, M, and C. A. M. Brenninkmeijer. ·Atmospheric SF0: 
Trends. Sources. and Prospects,· Environmemal Science & 
Technology. Vol. 32, No. 20 (1998), pp. 3077-3086. 

Proceedings: Subsration Equipmenr Diagnostics Confer· 
ence V. September 1998. EPRI TR· 1 1 1 282. 

8od1gmw1d i11.fonnmio11 for rl1is ,11 1iclc 11as /11'0\ idcd 
hy Bc,1 Dams/1_1 (hdm11s/1y@cpd.re>m) and Ken u1y11cs 
(ltloyncs@qm.wm), Scicncr anti Tcch11olog_1 Dnd­
op111c111 Dh•isie>n. 
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I n  the Field 

RCM Helps Detroit Edison 
Optim ize line Clearance 

U sing EPRI' Rel iabi l i ty- ente red 
Main te nance ( RC ) mcthodolog}', 

Det ro i t  d i  on ha demon t rated i t  an 
ave 1 7  mi l l ion annua l ly-whi l  i m prov­

ing rcl iabi l i t y-b moving from a 6- ear 
Lo a 4-rear cycl e for tri mming tree t h a t  
migh t  hamper dis t ribu t ion l i ne pe rfor­
mance. The company report t hat effec­
t ive l ine clearance also i n c rea e cu tame r 
a t i  fac t io n .  

Optimiz ing mai n tenance can hel p e lec­
t ric power com pan i e  bala nce the o!"t en­
com pet i ng goals of con tai n ing t he to t 
and en hanci ng the  re l iab i l i ty of di t ribu­
t ion y t 111 . R M i a method for tab­
l i  hing maintenance i mer al on the  basis 
of actual sy tern a nd component perfor­
mance. rather t han olely on the ba. i of 
manufact urer pecif ica t ion , cal endar­
driven chedule , o r  pa t com pan prac-
t ic . I t l fu nct ional anal i to focus 
maimenance resource on prevenL in 
tho  e fai lure that have the mo t ign ifi­
cant con equence . 

Detroit Edison u ed EP R! 's RC I lech­
nique. to iden t i f}' how ar iou categori 
of mai ntenanc · arr ct l he  performance of 
it overh ad di t r ibm i n y tern ( 1 3 . 2- kV 
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Demonstrat ion and app l icat ion of EPR I  sc ience and techno logy 

and 4.8-k l ines) .  Line clearance \ a 
found to be not on ly  Lhe leading factor 
impact ing system rel iabi l i ty  but al o the 
mo t expe nsive maintenan e task. eth­
ods were developed to calcu late and opt i­
miz cl arance i n  er al for  Lhe compan ' 
di t ri but ion l i n  , pec ia l ly t ho  c who c 
rel iabi l i ty i most a ffected by tree-cau eel 
ou taoes. 

Detroit dison found that igni fica n l  
net a v i n g  re u l t  from major decrea e 
i n  downed 4.8-kV wire and outages of 
'1 3 . 2-k l ine , both i n  ro u t i ne ope rat ion 

and as a re u l t  of torn1 damage. The R M 
re u l ts revealed that a l ine clearance cycle 
of 4. 3 years would max i mize e ffecti ene 
and avi ng . n nual net avi ng c l o e to 

17 m i l l ion cou ld  be ach ieved by u · ng 
lhe shorter c cle rat her than a 6- car 
cycle .  A C}1de of le t han 4 ear wou ld  
r ul t  i n  higher maintenance co L with 
l iu le reduct ion in outage , while one o f  
more t han 4 . 3  ear wou ld re ul t  i n  higher 
co L related to ou tag and clO\ ned 
wi r  

·'The application of R ' logical , tnic-
tured analy is help hO\ t he Lnie value 
of preventive maimenance program ," 
ays Ha\ k A ge ir on of Det roit Edi on. 

• for more i11fon1 1a l io 1 1 , con tact Ha n • rg, 

li 11g@epri .com, (650) 855-2973. 

Chromium Coatings Shine in 
Nuclear Plant Testing 

A 
shown in a cries of field trial , 

el ct roplat ing a t h i n  layer of chro­
mium ont the  u rface of rea t r compo­
n n L  can red uce t h  incorporat ion of 
radion ucl ide tha t  con tribu te to occu­
pa tional radia t ion e 'posure at nuclear 
power p l ant . EP R l -sponsored researchers 
have ob ervecl igni f i  an t l y  lower close 
rates from ch romi u m-coat ed manwa ea! 
p late ( in  · t a i led as part of s t eam generat or 
rep l acemen t  proj cts) at t h ree . .  PWR 
and from chrom i um-coated ecl ion of 
reactor \ ater c leanup y Le m piping at a 

. .  BWR. 
The chromium-coat ing proce involve 

e lectropol i h ing the  u rface of a compo­
nent .  el c t roplat i _ng hcxa\'al n t  ch romium 
onto i t , and then oxidizi ng the com ponenL 
in moi t a i r. I n  L he  f ir t p lant  appl i cat ion , 
the tandard pla t i ng approach was u ed . 

ow u nder developmen t are plating tech­
n ique fo r  larger components ,  uch as 
team generator channel head , and compo­

nen t · wi th  comp! x hap , uch a va lve 
int mal . n PRl  report (TR- L  l l 666) prc­
ent the most recent te hnology develop­

ments and  in- plan t  mon i LOr ing re u l ts . 
The EPRl researcher made do e rate 

and ga mma pec tro copy mca urement  
on h rom i u m-coat ed componen p l aced 
in ervi ·e earl i r at t he  nuclear plan t  . Dose 
reduct ion fac tor  \ re about 1 5-20 for 
chromium -coated manway seal plate at 
one PWR arter e posure for an 18-month 
fuel c c le .  ca urements after exposure 
for another th ird of a q•cle hawed the 
im pro emen t  fa tor to range from 5 to 10 .  

t the oth r t o P , close rate measure-
men LS for the ch romium-coated eal plate 
howed reduct ion of more than a factor 

of 1 0, com pared \ ith e l ectropol ished­
only eal plate . Gamma spectroscopy indi­
cated L hat cobal t-58 accoun ted for mo L 
or t he  depo i ted a t i i ty ;  cobah-60 and 
ch rom iu m-5 l accoun ted for t he re t .  



fter se eral hundred hou rs,  con tact 
dose rates at a BWR that operates on 
hydrogen water chemistry fell from a few 
thousand mil l i rems per hour (mea ured 
on t he origi nal carbon steel pipe) to 10-
20 mi\ l i rerns per hou r (rnea ured on the 
chromium-coated t a i nles tee! pi pe) . I n  
con t ra L , L l1e measured reduction in dose 
rate · on ch rom ium -coated te t pools 
installed i n  BWRs operat ing on normal 
water chem istry was smal l .  

The researchers al o e aluated two 
al ternat i ve approach for electroplat i ng 
hexa a lent ch romi u m  coat ing onto the 
internaJ ·urface of 4- i nch ( 1 0-cm) valves. 
On the  basi of vi ual in pect ion , both 
electroplat ing technique were effeCL ive. 
The ew York Power Authority wil l  
chromium-coat ections of reactor water 
cleanup s tern pipi ng and ome alve 
internal at i t  F i tzPatrick BWR during 
t he plant' spri ng 2000 ou tage . 

"Data obtained from component that 
have been placed in erv ice in com mer­
cial nuclear plan t  operat ing in reduci ng 
environ men t  on t inue to how the sig­
n i ficant benefits of electroplated chro­
mium in reducing radioactivity deposi­
t ion ,'' ·ay Ho\ a rd Ocken , EPRI  manager 
for radia t ion con t ro l .  " . he reduct ions in 
act i  i ty deposit ion on ma nway sea l plat e 
are impre s ive-typical ly a factor of 1 0  
lower on ch rom ium-coated surfaces than 
o n  electropol ished surfaces. The effective­
ness of chromium coat ing has l ed two 
ut i l i t ies to request that bid for replace-

A chromium-plated valve body 

ment team generator include chromium 
coal ing of the e nti re chan.nel head surface. 
Another util ity is looking Lo use the pro­
cess to coat pu mp components ." 
• For more i nfonnat io 1 1 ,  con1ac1  Howa rcl 

Oc/1cn, hoche11 @ cpri .com, (650) 855-2055. 

Fuel Cell Performs Well on 
Anaerobic Digester Gas 

P
hosphoric acid fuel cel ls ( PAFC-) can 
co nvert the  meLhane-r ich anae robic 

digester ga ( DG) prod uced at mu nic i ­
pal waste t reat ment plan ts lO electricity a t  
an emciency of -+0%, u i ng a ga clean u p 
s tem d veloped t h rough a jo in t  effort of 
the ew York Power uLhority ( YPA) , 
tJ1e ew York tate Energy Research and 
Developme nt Authority, Lhe . .  Depart ­
mem of Energ , and PRl . l n a ucce fu t 
field l t at the Yon ker \ a te\ ater t reat­
men t  plant i n  e tch tcr Cou n t  , e\ 
York ,  a commercial 200-kW P F unit 
modified for DG u e and equipped wi t J1 
tJ1e cleanup y Lem is converting abom 
50% of the plant' exec s digester gas. 
This technology prod uces no emis ion 
of methane, a ign i ficam green hou e gas, 
and l im i t  emi - io n of n i t rogen ox ide 
t o below l pan per mi l l ion ( ppm). 

The A DG produced i n  U . .  wa Le treat­
ment plan ts i approximately 60% meth­
ane;  Lh i  translate to about 5 cubic feet 
(0. 1 4  m)) of met hane per person i n  the 
co u ntry per day, e n ough to fuel a power 
plant of at lea t 50 W. At the  t reat ment 
plan t , A DG is frequent ly bu rned i n  boi lers 
to heat t he  digcsters or i n  engine  t o  gen­
erate power. Unused gas is l)'picaUy nared 
to avoid atmospheric emis ions of meth­
ane .  But  Oaring ADG ti l l  comribute car­
bon dioxide to Lhe a tmo phere w ithou t 
crea t ing a u efu l b - produ t-either elec­
t r icity or heal . 

To be usable a a fuel for produci ng 
electrici ty ADG requ i re some cleanu p. 
Less cleanup is needed for use in engines 

' ONSl 

. .  

t han i n  fuel eel . but engin are I ffi-
ien t  than fuel cel l  , produ e more cmis­
ion , and have h igher opera t ing and 

mai ntenance co ts . 
A part of their e ffon to demo1 tratc 

effective, effic ien t  P FC operation on 
DG al the Yo nker trea tmen t  plan t , the 

project pon o r funded the development  
of a ga cleanup y tcm. The plam' DG 
conta i ns  about 60% methane ,  37% carbon 
dio ide, and 500 ppm of h drogen . u l ­
fide, \ h ich  i s  a poison to fuel ce l l  ·y  t cm 
and mu l be removed to  below -+ ppm. 

I n  the Yonkers cleanup Lem,  h dro-
gen u l fide is ab. orbed i n  an acti ated­
carbon bed, and t he pen t  arbon i land­
fil led . ( or larger y. tems, t he  carbon 
bed can be regen rated . ) Th • le m has 
performed atisfactori l i nce April 1997 . 
with the act ivated-carbon filte r requiri ng 
replacement appro. i matel e ery four 
momhs. Broad variat ions in t he A DG' 
met hane con emrat ion ha e led to po er 
nucl lla t ion between 85% a nd 1 00% of 
t he  P F ' ra t ed capaci ty O&M cos h:we 
been appro x i mate ly ' 0 .0 1 5- 0.02/l<Wh , 
and al l  c m i  ion have been al or b low 
predicted leve ls . 

" pp l icat ion of t he  emergi ng tech no l ­
ogy of fuel ce l l s  w i t h  a nontradi t ional fuel 
l i ke D requ ire o rgan izat ions 1ha t  arc 
wi l l i ng lO Lake ri k Lo obtai n t he  increased 
bene fi t of reduced emi sio ns." ay J ohn 
O' u l l ivan , · P R I  manager for d i  L ri buted 
genera t io n  technologie . ·· i nce the  EPR L -

yp appl icat ion at the Yon! e r s  waste­
water t reat ment plant , another uti l i ty ha 
ucce ful l  i nstal led a fuel cel l rn n n i ng 

on D . I o. at other i te  , YP plan 
to instal l th r  e P FC uni ts  that wi l l u. c 
nat ural g, ." 
• For more iufcmnation, co1 1 1ac t jol 111 O'Sul l i ­
va11 , joli su l l i@epri.com, (650) 855-2292. 
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To place an order, ca l l  EPR I  Customer Serv ice at 
(800) 3 1 3 -3 774 or (650) 855-2 1 2 1 , and press  l for 
sonware or 2 for techn ica l  reports .  

Energy Delivery 

Locat ion of Faults on Primary Distribu­
t ion Systems With Mult iple "Tee" or 
"Y" Connect ions, Vol .  2 :  Final  Report 
of F ield Tria ls  
TR-1 06267-V2 
Target: D istr ibut ion Systems 
E PR I Project Manager: H. Ng 

Overvoltages in Underground Systems: 
Phase 2 Results 
TR- 1 09669-Rl 
Target: D istribut ion Systems 
EPRI  Project Manager : R. Bernstein 

I mproved Lightning Arrestor Protection 
Results : Final  Results 
TR- 1 09670- R l  
Ta rget: D is t r i but ion Systems 
EPRI  Project Manager: R. Bernstei n 

Central and South West Services Trans­
mission System Studies: Rio Grande Val ley 
FACTS Studies 
TR- 1 1 1 048 
Target :  Grid Operat ions and  P lanning 
EPRI  Project Manager: D.  Maratu ku l am  

Battery Monitori ng System, Phase 4: 
Field Evaluation 
TR- 1 1 1 092 
Target: Substations 
E PR I Project Manager: S . Eckroad 

Ramapo Static E lectrification Tests 
(EPRI and Consol idated Edison Co. of 
New York)  
TR- 1 1 1 386 
Target: Substations 
E PRI  Project Manager :  S .  L indgren 

Power Transformer Oi l Leak Mitigat ion: 
Technology Assessment 
TR- 1 1 1 593 
Ta rget: Substat ions 
EPRI Project Manager: P. Dessurea u 

Lessons Learned From Substat ion 
Predictive Maintenance Project 
(TC Project 701 4) 
TR-1 1 1 594 
Target: Substations 
EPR I Project  Manager :  P. Dessurea u 
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Longitudinal Load and  Cascading Failure 
Risk Assessment (CASE) : BPA's 230/SOO-kV 
Longview-Olympia Tra nsmission Line 
TR- 1 1 1 660 
Target: Overhead Transmission 
EPRI Project Manager: M.  Ostendorp 

Distr ibution Systems Redesign 
TR - 1 1 1 683 
Targets: D is tr ibut ion Systems; Underground 
Distribution I nfrastructure 
EPRI Project Manager :  H .  Ng 

Transmiss ion Cable L ife Evaluat ion and 
Management 
TR-1 1 1 7 1 2 
Target: U nderground Trans m i ssion 
EPRI Project Manager: W. Zenger 

Options for Reducing Environment­
Related Uti l ity Costs Associated With 
Dielectr ic Fluids in Cables and 
Transformers 
TR- 1 1 1 722 
Target: Underg round Transmiss ion 
EPR I  Project Manager: D. Von Dol len 

Power System Disturbance Prediction 
TR-1 1 1 740 
Target: D is t r ibut ion Systems 
EPR I  Project Ma nager: D. R ichardson 

Southwestern Indiana Disaster Recov­
ery Business Al l iance: An I nterim 
Report 
TR- 1 1 1 86 1 -Vl 
Target: Disaster P lan n i ng and M it igation 
Technolog ies 
EPR I  Project Manager :  J .  Oggerino 

Dynamic Secur i ty Assessment Functional 
Specification 
TR- 1 1 2055 
Ta rget: Gr id Operations and Plan n i ng 
EPR I  Project Managers :  D. Sobaj ic, P. H i rsch 

Development of the Platform-Mounted 
Dynamic Voltage Restorer 
TR-1 1 2 1 1 4  
Target: Distri but ion Systems 
EPR I Project Manager: A. Su ndaram 

Energy Uti l i zation 

Investigation of  R-22 Low-Temperature 
Refrigeration for Supermarkets 
TR-1 04366 
Target: Reta il/Supermarket Estab l i shment 
So lut ions (EPRICSG) 
EPRI Project Manager: M. Khattar 

Predicting Customer Choices Among 
Electricity Pricing Options, Vol .  2: Retai l  
Markets 
TR- 1 08864-V2 
Target : Produc ing Successfu l Reta i l  Products 
and  Serv ices 
EPRI Project Managers: A .  Faruqu i ,  P. Meag her 

Government Facilities Segment Analysis 
TR-1 1 0968 
Ta rget: Education and Government Fac i l i ties 
So lut ions (EPR ICSG) 
EPR I  Project Manager: 8 .  L indsay 

Trouble-Shoot ing  Gu ide for Low-Voltage 
ASD/Motor Systems 
TR- 1 1 1 097 
Target: New E lectric Motor/Dr ive Ma rkets and 
Solut ions 
EPR I Project Manager: 8. Banerjee 

Supermarket S imulation Tool Vers ion 2.0:  
I n sta l l ation and User Guide 
TR- 1 1 1 1 1 2-R2 
Target: Reta il/Supermarket Estab l i s hment 
Sol utions (EPR ICSG) 
EPRI Project Manager :  M.  Khattar 

Desk Book: Resident ia l  End-Use Technolo­
gies (for Windows) 
AP- 1 1 1 493 
Targets: A l I res identia l targets 
EPR I Project Manager :  J .  Kesse l r i ng 

Lodging Industry Sol utions:  Heating and 
Cool ing Space-Conditioning Technology 
TR- 1 1 1 676-V l  
Ta rget: Lodg ing  a n d  Hosp itality I ndustry 
Solut ions 
EPR I  Project  Manager: A .  Sa leh 

Static Transfer Switch Pr imer 
TR- 1 1 1 697 
Target: End -Use Power Qua l i ty M it igation 
Systems 
EPRI  Project Manager: 8. Banerjee 

Medium-Voltage (2300/4260-V) 
Adjustable-Speed Drive Ride-Throug h 
Options and Implementation Methods 
TR- 1 1 1 760 
Target: New E lectric  Motor/Dr ive Markets and 
Sol ut ions 
EPRI  Project Manager: B. Banerjee 

Testing and Analysis of the Single-Phase 
Written-Pole Motor 
TR- 1 1 1 772 
Ta rget: New E lectr ic  Motor/Drive Markets and 
Solut ions 
EPRI  Project Manager :  B .  Banerjee 



Forward Price Forecasting for Power 
Market Valuation 
TR- 1 1 1 860 
Target: Power Markets and R isk Management 
EPRI Project Manager: V.  Niemeyer 

Photocatalysis :  An Analysis of Its Applica­
tions and Market Potential  
TR-1 1 1 898 
Target: Enhancing the Success of I nnovative 
Customer Technologies (EPR ICSG) 
EPRI Project Manager: B, Kalweit  

Ozonated Laundry: An Analysis  of I ts 
Appl icat ions a nd Market Potential  
TR-1 1 1 899 
Ta rget: Enhanc ing the Success of Innovative 
Customer Technologies (EPR ICSG) 
EPRI Project Manager: B. Ka lweit  

650 V DC Ride-Through System U ltra 
Capacitor Version:  System Descr iption 
and Test Results 
TR- 1 1 1 9 1 9  
Target: New E lect ric Motor/Drive Markets and  
Solutions 
EPRI Project Manager: B. Banerjee 

COSS Service Bureau: Advanced Bi l l ing 
and Customer Systems 
TR- 1 1 1 924 
Target: Advanced B i l l ing and Customer 
Operations Systems (EPR ICSGJ 
EPRI  Project Manager : D. Ca i n  

Energy Market Profiles: 1 997 Commer­
cial (Vol. 1 ); 1 997 Residential  ( Vol .  21; 
Industrial (Vol .  3 )  
TR- 1 1 1 946-V1 -V3 
Ta rget: Understanding Energy Markets 
(EPR ICSG) 
EPRI Project Manager: R .  G i l lman 

Evaluation of Ride-Through Options for 
Adjustable-Speed Drives 
TR-1 1 1 952 
Target: Power Qua l i ty 
EPR I  Project Manager: W. Moncrief 

Chil ler Performance Evaluation 
Report 
TR-1 1 1 981 
Target: Commerc i a l  Bu i ld ing Ch i l lers 
(EPR ICSG) 
EPRI Project Manager: B. L indsay 

Demonstration and Testing of a 
Low-Temperature Compressor 
Waste Heat Regenerated Desiccant 
Dehumidificat ion System 
TR-1 1 1 990 
Target: Commercia l  Bu i ld ing Heat Pump 
Technology 
EPRI Project  Manager: M.  Khattar 

Assessm ent of High-Performance AC 
Motor Drives Versus DC Motor 
Drives 
TR- 1 1 2 1 1 1  
Target Power E lectronics (EPRICSG) 
EPR I Project Manager: B. Banerjee 

Refrigerated Display Case Demand Defrost 
Controller: Field Demonstration Result.s 
TR- 1 1 2 1 2 1  
Ta rget: Reta i l/Supermarket Establ ishment 
Solutions (EPRICSG) 
EPRI Project Manager: M. Khattar 

II ESPRE: EPRI Simpl ified Program for 
Residential Energy 
Vers ion 1 .0 (Windows 95 , 98,  NT) 
Ta rgets: A l l  res ident ia l  ta rgets 
EPR I  Project Manager : J. Kesse l r ing 

Environment 

Low-Volume Wastes With High-Volume 
Coal Combustion By-Products: P4 Site 
TR-1 08420 
Target: Groundwater and Combust ion 
By-Products Management 
EPR I  Project Manager: A . Qu inn  

Watershed Analysis Risk Management 
Framework 
TR-1 1 0709 
Ta rget: Watershed R isk Management and 
Ecosystem Protection 
EPRI Project Manager: R. Goldstein 

M ineral Oi l  Transport and Fate Investiga­
tion at Frankl in Station 
TR-1 1 1 238 
Ta rget: T&D Soi l  and Water Issues 
EPRI  Project Manager: M. McLearn 

Using RAMAS• Methods to Solve Ecological 
Problems Facing Uti l ities 
TR- 1 1 1 387 
Ta rget: Assessment Tools for C lean Water Act 
and l mpoundment I ssues 
EPRI Project Manager: R. Goldstein 

lnterlaboratory Val idation of EPA 1 600 
Series Methods:  Draft EPA Method 1 6 3 1  for 
Analysis of Mercu ry in Water by Oxidation, 
Purge and Trap, and CVAFS 
TR·l 1 1 424 
Target :  Plant M ulti media Toxics Cha racter iza­
t ion (PISC ES)  
EPRI Project Manager :  B. Nott  

Del ineat ion of Coal Tar Dense Nonaqueous 
Phase Liquid and Groundwater Plumes at 
a Former Ma nufactured Gas Plant Site 
TR-1 1 1 5 37 
Target: MGP S ite Remed iat ion and Hea lth R isk 
EPR I Project Manager : A .  Quin n 

Passive Shie lding System for the NVPA 
34S-kV Cross-State Corridor 
TR - 1 1 1 7 1 8  
Target: EMF Management 
E PR I  Project Manager : F. Young 

User's Guide for MVGRT™ 3.0: Software 
for Simulating Migration of Organic and 
Inorganic Chemicals in Groundwater 
AP- 1 1 1 748 
Target: Groundwater and Combustion 
By-Products Management 
E PRI  Project Manager :  A. Qui nn  

Proceedings: 1 3th International  Sympo­
sium on Use and Management of Coal 
Combustion Products ( Vols. 1 -3)  
TR- 1 1 l 829-V 1 -V3 
Ta rgets :  Groundwater and Combust ion 
By-Prod ucts Management; MGP Site Remedi­
at ion and Health Risk; T&D Soil and Water 
Issues 
EPR I  Project Manager: D. Golden 

Nontoxic Biofoul ing Control Technologies 
TR-1 1 1 830 
Target: Power Plant Water Management 
EPRI Project Manager: K. Zammit 

Assessment of Coal Cleaning for Trace 
Element Control 
TR-1 1 1 852 
Target : P lant Mu l timedia Toxics Characteriza· 
t ion (PISCES) 
EPR I  Project Manager :  B. Toole-O'Nei l 

American Eel Scoping Study: Literature 
and Data Review of Life History, Stock 
Status, Population Dynamics, and Hydro• 
electric Impacts 
TR- 1 1 1 873 
Target: Various envi ronmental ta rgets 
EPRI  Project Manager: D. Dixon 

Effects of Sulfate Concentration on Acute 
Toxicity of Selenite and Selenate to 
Invertebrates and Fish 
TR- 1 1 1 878 
Target: Water Toxics Assessment 
EPRI  Project Manager: R .  Carl ton 

Regional Climate Simulat ions for Impact 
Assessment: PIRCS (Project to Intercom­
pare Regional  Cl imate Simulations) I nterim 
Report 
TR- 1 1 1 887 
Ta rget: Assessment of Potential Im pacts of 
Global  C l imate Change 
EPRI Project Manager: C. Ha kkar inen 

Mag netite-Based Biological Effects in 
Animals :  Biophysical, Contam ination, and 
Sensory Aspects 
TR- 1 1 1 90 1  
Ta rget: EM F Heal th Assessment 
EPRI Project Ma nager: C .  Rafferty 

Biochemical and Hormonal Evaluation 
of Pineal Glands Exposed in Vitro to 
Mag netit Fields 
TR-1 1 1 9 1 3  
Target: EMF Health Assessment 
EPRI Projec t Manager: C .  Rafferty 

Y LARK-TRIPP:  Toxic Release Inventory 
Estimation Tool for Power Plants 
Version 1 .0 (W indows 9S, NT) 
Target: Groundwater and Combustion 
By-Products Management 
EPRI Project Manager: A. Quinn 

Y SmartPlaces 
Version 4.0 ( Wi ndows 95)  
Target: Environmenta l  Assets Management 
E PR I  Project Manager: P. Radc l iffe 
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Fossil and Renewable Generation 

Predictive Maintenance Guidelines, Vol. 3: 
PDM Implementation Plan 
TR-103374-V3 
Target: Plant Maintenance Optimization 
(EPRIGEN) 
EPRI Project Manager: R. Pflasterer 

Simulator Procurement Guidelines for 
Fossil Power Plants: Simulator Specifications 
AD -103790 
Target: Simulators, Training, and Production 
Automation 
EPRI Project Manager: M. Perakis 

Fixed Costs of Providing Ancillary Services 
From Power Plants: Reactive Supply and 
Voltage Control, Regulation and Frequency 
Response, Operating Reserve Spinning 
TR-107270-VS 
Targets: Repowering Strategies (EPRIGEN); 
Generation Asset Management (EPRIGEN) 
EPRI Project Manager: J. Stein 

Streamlined Reliability-Centered Mainte­
nance (SRCM) Implementation Guidelines 
TR-1 09795-V2 
Target: Plant Maintenance Optimization 
(EPRIGEN) 
EPRI Project Manager: R. Pflasterer 

Enhancement of the Accuracy of Steam 
Temperature Measurement by ESKOM 
TR-1 10712 
Target: Instrumentation and Control 
EPRI Project Manager: M. Perakis 

Power Plant Optimization Guidelines 
TR-110718 
Target: Coal Boiler Performance/Combustion 
NO, Control 
EPRI Project Manager: J. Stallings 

High-Resolution Pyrometry Measurements 
on a GE Frame 7FA Gas Turbine at the 
Wabash River Repowering Project 
TR-1 1 1 085 
Target: New Combustion Turbine/Combined­
Cycle Design and Risk Mitigation (EPRIGEN) 
EPRI Project Manager: N. Holt 

Updated Cost and Performance Estimates 
for Clean Coal Technologies 
TR-1 1 1 210  
Target: Coal Power Systems Development 
EPRI Project Manager: N. Holt 

Clean Coal Technology Demonstration 
Projects: Operating Experience and Risk 
Assessment Through September 1 998 
TR-1 1 1212  
Target: Coal Power Systems Development 
EPRI Project Manager: N. Holt 

Resource Allocation Tool 1.0 User's Guide 
AT- 1 1 1336 
Target: Generation Asset Management 
(EPRIGEN) 
EPRI Project Manager: D. Gray 
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Proceedings: Workshop on Corrosion of 
Steam Turbine Blading and Disks in the 
Phase Transition Zone 
TR-11 1340 
Target: Boiler and Turbine Steam and Cycle 
Chemistry 
EPRI Project Managers: R. Dooley, T. Mccloskey 

EPRI Generation Asset Management 1998 
Conference: Opportunities and Challenges 
in the Electric Marketplace 
TR-1 1 1 345 
Target: Generation Asset Management 
(EPRIGEN) 
EPRI Project Managers: D. Gray, D. Rastler 

Proceedings: 1998 NO. Control Workshop 
TR-1 1 1 356 
Target: Coal Boiler Performance/Combustion 
NO, Control 
EPRI Project Manager: D. O'Connor 

Central and South West Wind Power 
Project Second-Vear Operating Experience 
(1997- 1998): DOE-EPRI Wind Turbine 
Verification Program 
TR-1 1 1 436 
Target Renewable Technology Options and 
Green Power Marketing 
EPRI Project Manager: C. McGowin 

Green Mountain Power Wind Power 
Project First-Year Operating Experience 
(1997-1998): DOE-EPRI Wind Turbine 
Verification Program 
TR-1 1 1 437 
Target Renewable Technology Options and 
Green Power Marketing 
EPRI Project Manager: C. McGowin 

Wisconsin Low- Wind-Speed Turbine Project 
Development: DOE-EPRI Wind Turbine 
Verification Program 
TR-11 1438 
Target: Renewable Technology Options and 
Green Power Marketing 
EPRI Project Manager: C. McGowin 

Integration of Distributed Resources in 
Electric Utility Distribution Systems: 
Distribution System Behavior Analysis 
for Suburban Feeder 
TR-1 1 1 490 
Target: Distributed Resources for Energy 
Services and Delivery Enhancement 
EPRI Project Manager: F. Goodman 

Integration of Distributed Resources in 
Electric Utility Distribution Systems: 
Functional Definition for Communication 
and Control Requirements 
TR-1 1 1491 
Target: Distributed Resources for Energy 
Services and Delivery Enhancement 
EPRI Project Manager: F. Goodman 

Minimizing Slagging for Combustion of 
Powder River Basin Coals 
TR- 1 1 1 498 
Target: Coal Boiler Performance/Combustion 
NO. Control 
EPRI Project Manager: A. Mehta 

Low-Load, Low-Airflow Optimum Control 
Applications 
TR-1 1 1541 
Target: l&C and Automation for Improved 
Plant Operations (EPRIGEN) 
EPRI Project Manager: R. Shankar 

Distributed Generation Implementation 
Guidelines: Operations, Maintenance, and 
Training 
TR-1 1 1 544 
Target: Distributed Resources for Energy 
Services and Delivery Enhancement 
EPRI Project Manager: J. O'Sullivan 

Distributed Generation Implementation 
Guidelines: Siting, Environmental Permit­
ting, and Licensing 
TR -1 1 1545 
Target: Distributed Resources for Energy 
Services and Delivery Enhancement 
EPRI Project Manager: J. O'Sullivan 

Boiler Condition Assessment Guideline 
TR-11 1559 
Target: Boiler Life and Availability Improvement 
EPRI Project Manager: R. Tilley 

Preliminary Design and Cost Structure 
of a SO-kW Polymer Electrolyte Membrane 
Fuel Cell (PEMFC) System for Stationary 
Applications 
TR-1 1 1 584 
Target: Distributed Resources Hardware 
Development for Retail Markets (EPRIGEN) 
EPRI Project Manager: J. O'Sullivan 

Thermal Performance of the ABB GT24 Gas 
Turbine in Peaking Service at the Gilbert 
Station of GPU Energy 
TR-1 1 1 644 
Target: New Combustion Turbine/Combined­
Cycle Design and Risk Mitigation (EPRIGEN) 
EPRI Project Manager: J. Scheibe! 

Testing and Performance of the Seimens 
V84.3A Gas Turbine in Peaking Service at 
Hawthorn Station of Kansas City Power & 
Light Company 
TR-1 1 1 645 
Target; New Combustion Turbine/Combined­
Cycle Design and Risk Mitigation (EPRIGEN) 
EPRI Project Manager: J. Scheibe! 

Development of a 70-kW Gas Turbine 
System as Prime Mover for Multiple 
Applications 
TR- 1 1 1 675 
Target: Distributed Resources Hardware 
Development for Retail Markets (EPRIGEN) 
EPRI Project Manager: J. O'Sullivan 

Polymer Electrolyte Membrane (PEM) Fuel 
Cell/Uninterruptible Power Supply (UPS) 
Development for Electric Utility Battery 
Replacement Markets 
TR- 1 1 1 678 
Target: Distributed Resources Hardware 
Development for Retail Markets (EPRIGEN) 
EPRI Project Manager: J. O'Sullivan 



Methods and Guidel ines for Assessing 
the Feasibi l i ty of District Energy 
Projects 
TR- 1 1 1 694 
Target: Distr ict Energy/Load Retention and 
Growth 
EPRI Project Manager: D. Gray 

Methods and Guidelines for Assessing 
Customer District Energy Needs 
TR-1 1 1 695 
Target: Distric t  Energy/Load Retention and 
Growth 
EPRI Project Managers: W. P iu l le, D. Gray 

Development of Fires ide Performance 
Indices 
TR· i 1 1 755 
Target: Coal  Boi ler Performance/Combustion 
NO, Control 
EPR I  Project Manager: A. Mehta 

Pi lot Plant Assessment of Blend Properties 
and Their Impact on Critical Power Plant 
Components 
TR- 1 1 1 756 
Target: Coa l Boi ler Performance/Combustion 
NO, Control 
EPRI Project Manager: A. Mehta 

Competit ive Generation Market Study: 
California 
TR- 1 1 1 857 
Ta rget: Repower ing Strategies (EPRIGEN) 
EPRI Project Manager: J. Scheibe! 

Predictive Maintenance Program Imple­
mentation Experience 
TR-1 1 1 9 1 5 
Target: P lant Maintenance Optimization 
(E PRIGEN) 
EPRI Project Manager: R .  Pflasterer 

Infra red Thermography Anomaly 
Assessment 
TR- 1 1 1 9 1 6  
Target : Plant Maintenance Optimization 
(EPRIGEN) 
EPRI  Project Manager: R. Pflasterer 

Quantifying the Market for Distributed 
Resource Technolog ies: Profiles of the 
Specialty Chemicals, Food Processing. 
Electronics, and Hote l Industries 
TR· 1 1 1 962 
Ta rget: Distributed Resou rces for Energy 
Services and Del ivery Enhancement 
EPRI Project Manager: D. Herman 

Progress Report on Development of NOE 
for Corrosion-Fatigue Cracking 
TR- 1 1 2 1 07 
Target: Boi ler Life and Avai labi l ity Improvement 
EPRI Project Manager: R. Til ley 

W CBAM: Cost-Benefit Analysis Module 
Version 2 .0 (Windows 3. 1 )  
Ta rget: Plant Maintenance Opt imization 
(EPRIGEN) 
EPRI Project Manager: R . Pflasterer 

Nuclear Generation 
Handbook for Verification and  Val idat ion 
of Digital Systems: Revis ion 1 
TR- 1 0329 1 -R l ; TR - 1 0329 1 -CD 
Ta rget Nuclear Power 
EPRI Project Manager: R. Torok 

User's Guide for Steam Generator Analysis 
Package-ATHOS/SGAP 
TR- 1 05253-Rl 
Ta rget Nuclear Power 
EPRI Project Manager :  G. Sr ika ntiah 

Method to Monitor Assembly of High­
Pressu re Bolted Connections 
TR- 1 06827 
Target Nuclear Power 
EPRI Project Managers :  J. Jenco, N. H i rota 

P-T Calculator for Wi ndows User's Manual, 
Vers ion 3.0 (Revis ion 0) 
TR- 1 07450 
Target: Nuc lear Power 
EPRI Project Manager : S .  Rosinski 

Stress I ndices for El bows With Trunnion 
Attachments 
TR- 1 07453 
Target: Nuclear Power 
EPRI Project Manager: R. Carter 

Valuation and Management of Nuclear 
Assets: Nuclear Options Model (NOM, 
Version 1 .0) 
TR- 1 0754 1  
Target Nuc lear Power 
EPRI Project Managers: R. Goldberg, G. Sl i ter 

Methodology to Assess the Economic 
Feasibi l ity of Implementing Risk- I nformed 
In-Service Inspection (RI- ISi )  Programs 
TR- 1 076 1 3  
Target: N uclear Power 
EPRI Project Manager: J. Mitman 

Yankee Rowe Decommission ing Experience 
Record, Vol .  2 
TR- 1 079 1 7-V2 
Target: Nuclear Power 
EPRI Project Manager: C. Wood 

Appl icat ion of Alternative Method for 
Performing Regu latory Guide 1 .1 54 PTS 
R isk Analysis to Beaver Val ley Unit 1 
TR- 1 07954 
Target: Nuclear Power 
E PR I  Project Manager: R .  Carter 

BWR Iron Control Monitoring: I nterim 
Report 
TR- 1 0873 7 
Target: Nuclear Power 
EPR I  Project Manager: P. Fratt i n i  

Development of  a Steam Generator 
Heated-Crevice Mon itor 
TR- 1 08755 
Target: Nuclear Power 
EPRI Project Manager: P. Mi l lett 

MAAP-4N: Modular Accident Analysis 
Program Developmental Version With 1-D 
Neutronics Capability 
TR- 1 08796 
Target: Nuc lear Power 
EPR I Project Manager: J . Chao 

Review of Experience With the EPRI DFD 
Process: Decontamination for Decommis­
sion i ng of Reactor Coolant Systems and 
Plant Components 
TR-1 09036 
Ta rget: N uclear Power 
EPR I Project Manager: C. Wood 

Monitoring Performance of Valves With 
NOREM Hardfacing 
TR- 1 09345 
Target: N uclear Power 
EPR I Project Manager: H. Ocken 

Cost Reduction Strategies for Mixed 
Waste 
TR- 1 09449 
Target: Nuc lear  Power 
EPRI Project Manager : C. Hornibrook 

PWR Shutdown Chemistry Pract ices 
TR- 1 09569 
Target: Nuclear Power 
EPRI Project Manager: P. Frattini 

Gu idance on Routine Preventive Mainte­
nance for Magne-Blast Circuit Breakers 
(Supplement to NP-74 1 0-V2P2) 
TR- 1 0964 1 
Target: Nuclear Power 
EPRI Project Manager: J. Sharkey 

Microstructural Characterization of RPV 
Steels: Summary of Phases 1 and 2 and 
Program Plan for 1 999-2004 
TR- 1 1 0086 
Ta rget: Nuclear Power 
EPR I Project Manager : R. Carter 

Nuclear Reactor Piping Fai lures at U .S. 
Commercia l  LWRs, 1 96 1-1 997 
TR- 1 1 0 1 02 
Target: Nuclear Power 
EPR I Project Manager: J . Mitman 

Piping System Reliabi lity and Fai lure 
Rate Estimation Models for Use in 
Risk-Informed In-Service Inspection 
Applications 
TR· l  1 0 1 6 1  
Target: Nuclear Power 
EPRI  Project Manager: J .  Mitman 

Stress Indices for Straight Pipe With 
Trunnion Attachments 
TR- 1 1 0 1 62 
Ta rget: N uclear Power 
EPR I  Project Manager: R. Carter 

High Range Radiation Monitor Cable 
Study: Phase 1 
TR- 1 1 0379 
Target: Nuc lear Power 
EPR I Project Manager: J .  Hutchinson 
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Eddy Current Analysis Course for Practical 
Examination, Version 1.0 
TR-1 1 0389 
Target: Nuclear Power 
EPRI Project Manager: K. Krzywosz 

Stress Intensification Factors and Flexibility 
Factors for Unreinforced Branch Connections 
TR-1 1 0996 
Target: Nuclear Power 
EPRI Project Manager: R. Carter 

Proceedings: 1998 EPRI/NEI Decommission­
ing Technology Workshop 
TR-1 1 1 025 
Target: Nuclear Power 
EPRI Project Manager: C. Wood 

Vibration Fatigue Testing of Socket Welds 
TR-1 1 1 188 
Target: Nuclear Power 
EPRI Project Manager: R. Carter 

MAAP Users Group Meeting Presentations 
and Meeting Minutes: April 1998 {Vol. 1); 
October 1998 (Vol. 2) 
TR-1 1 1 240·Vl- V 2  
Target: Nuclear Power 
EPRI Project Manager: J. Chao 

Instrument Drift Study: Ontario Hydro 
Bruce Nuclear Generating Station 
TR- 1 1 1 348 
Target: Nuclear Power 
EPRI Project Manager: R. Shankar 

Evaluation of Zinc Addition in Cycle 1 2  at 
Farley Unit 2 
TR-1 1 1 349 
Target: Nuclear Power 
EPRI Project Manager: R. Pathania 

Updated Template for the Submission of 
Revised Risk-Based Technical Specifications 
TR·l 1 1379 
Target: Nuclear Power 
EPRI Project Managers: F. Rahn, J. Haugh 

Mechanism of Hydrogen Pickup in 
Zirconium Base Alloys, Part 2: Electro­
chemical Investigations 
TR-1 1 1 384-P2 
Target: Nuclear Power 
EPRI Project Manager: S. Yagnik 

Steam Generator Automated Eddy Current 
Data Analysis: A Benchmarking Study 
TR-11 1463 
Target: Nuclear Power 
EPRI Project Manager: J. Benson 

Concrete Decontamination Technology 
Workshop Proceedings 
TR-1 1 1 596 
Target: Nuclear Power 
EPRI Project Manager: R. Thomas 

Field Testing of Chromium Coating 
Technology 
TR-1 1 1666 
Target: Nuclear Power 
EPRI Project Manager: H. Ocken 
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Qualification of the NP/LOMI Decontamina­
tion Process for BWRs Under HWC 
TR-1 1 1667 
Target: Nuclear Power 
EPRI Project Manager: H. Ocken 

Crack Growth of Alloy 182 Weld Metal in 
PWR Environments: Interim Report 
TR-111993 
Target: Nuclear Power 
EPRI Project Manager: R. Pathania 

Guidelines for Condensed Documentation 
of a Probabilistic Risk Assessment 
TR-1 12159 
Target: Nuclear Power 
EPRI Project Manager: F. Rahn 

Iii ATHOS/SGAP 
Version 2.0 (Windows 95, NT) 
Target: Nuclear Power 
EPRI Project Manager: G. Srikantiah 

Strategic Science and Technology 

Transparent Neural Networks 
TR-108599 
Program: Strategic Science and Technology 
EPRI Project Manager: M. Wildberger 

Assessment of CBM (Capacity Benefit 
Margin) and TRM (Transmission Reserve 
Margin) 
TR-1 1 0766 
Program: Strategic Science and Technology 
EPRI Project Manager: P. Hirsch 

Genetic Optimization of Neural Network 
Architectures for Power Industry Problems: 
Phase 2 
TR- 1 1 0870 
Program: Strategic Science and Technology 
EPRI Project Manager: M. Wildberger 

Predictive Maintenance of NPP Machinery 
Through Active/Passive Monitoring of 
Electric Current Frequency Spectra: Proof­
in-Principle 
TR-1 10899 
Program: Strategic Science and Technology 
EPRI Project Manager: R. Kerr 

Small-Punch Testing for Nuclear Reactor 
Vessel Steel Embrittlement 
TR- 1 1 1 1 1 6  
Program: Strategic Science and Technology 
EPRI Project Manager: V. Viswanathan 

Compact Heat Pump, Refrigeration, and 
Air Conditioning Systems With Natural 
Refrigerants 
TR-1 1 1125 
Program: Strategic Science and Technology 
EPRI Project Manager: A. Saleh 

Assessment of Advanced Batteries for 
Energy Storage Applications in Deregu­
lated Electric Utilities 
TR -1 1 1 162 
Program: Strategic Science and Technology 
EPRI Project Manager: S. Eckroad 

Electrodistillation: Fundamental Research 
and Development Program 
TR-1 1 1 326 
Program: Strategic Science and Technology 
EPRI Project Manager: A. Amarnath 

China: Power and Environmental Issues, 
Options, and Opportunities 
TR-1 1 1 328 
Program: Strategic Science and Technology 
EPRI Project Manager: N. Holt 

Method for Repair of Steam Generator 
and Heat Exchanger Tubing by Partial 
Replacement 
TR-1 11355 
Program: Strategic Science and Technology 
EPRI Project Managers: G. Frederick, S. Findlan 

Exploratory Research on MEMS (Micro 
Electrical-Mechanical Systems) Technology 
for Air Conditioning and Heat Pumps 
TR-1 1 1 699 
Program: Strategic Science and Technology 
EPRI Project Manager: A. Saleh 

Magnetic Field Shielding Project 
TR- 1 1 1 763 
Program: Strategic Science and Technology 
EPRI Project Manager: F. Young 

Net Current Control Device 
TR- 1 1 1 764 
Program: Strategic Science and Technology 
EPRI Project Manager: F. Young 

Post- Storm Damage Assessment and 
Vegetation Monitoring Using Remote 
Sensing Techniques 
TR-1 1 1838 
Program: Strategic Science and Technology 
EPRI Project Managers: M. Ostendorp, 
R. Bernstein 

Environmental Microsensors: A Survey 
of Current and Potential Applications 
TR-1 1 1 865 
Program: Strategic Science and Technology 
EPRI Project Manager: F. Young 

Robust Analysis and Design as Controls 
in Power Systems 
TR-1 1 1 922 
Program: Strategic Science and Technology 
EPRI Project Managers: N. Abi-Samra, 
C. Nicholas 

Use of Stable Mercury Isotopes and 
Surrogate Tracers to Investigate Source­
Receptor Relationships 
TR-1 1 1977 
Program: Strategic Science and Technology 
EPRI Project Manager: L. Levin 

Identifying Strategic Technologies Based 
on Your Knowledge of Markets, Competi­
tors, and leverage 
TR-1 12173 
Program: Strategic Science and Technology 
EPRI Project Manager: T. Henneberger 



EPRI Events 

June 

1 5 -1 7 

Power Qual ity Tech nical Training 
Knoxvi l le, Tennessee 
Contact: Wi l l i am Berry, (423) 966-5429 

1 5 -1 7 

3d Annual IS i  and NOE Workshop 
Minnea pol i s, M i n nesota 
Contact: Sherryl Stog ner, (704) 547-6 1 74 

1 5-1 8 

Feedwater Heaters Short Course 
Eddystone, Penn sylvania 
Contact: Melan ie Moore, (6 1 OJ 490-32 1 6  

1 6 -1 8 

Healthcare Initiative Conference 
Seattle, Washington 
Contact: Ke l ly C iprian, (6 1 4) 855- 1 390 

1 7-1 8 

CHUG Meeting 
Port land, Maine 
Contact :  Lynn Stone, (972) 556-6529 

20-24 

Bioelectromagnetics Society Meeting 
Long Beach, Ca l i fornia 
Contact: Chuck Rafferty, (650) 855-8908 

2 1 -2 2  

Meeting o f  t h e  American Society of 
Healthcare Engineers 
Phi ladelph ia, Pen nsylvania 
Contact: Ke l ly C iprian ,  (6 1 4) 855-1 390 

2 1 -22 

Power Qual i ty Business Opportunit ies 
Knoxvi l le, Tennessee 
Contact: Wi l l i a m Berry, (423)  966-5429 

2 1 -23 

Plant Maintenance Conference 
At la nta ,  Georgia 
Contact :  Cindy Layman, (650) 855-8763 

22-24 

Machinery Balancing Short Course 
Eddystone, Pennsylvania 
Contact :  Melan ie  Moore, (6 1 OJ 490-32 1 6  

22-2 5 
Steam Chemistry: Interaction of 
Chemical Species 
Fre i bu rg, Germany 
Contact: B a rry Dooley, (650)  855-2458 

23-2 5 

5th Pip ing and Bolt ing NOE Conference 
San Anton io, Texa s  
Contact :  Susan Otto-Rodgers, (704) 547-6072 

27-30 

Technology Management Workshop 
San Francisco, Cal i forn ia 
Contact: Mega n Boyd, (650) 855-79 1 9  

28 

Water and Energy Conference 
Vancouver, Canada 
Contact: Kim Sh i l l ing, (3 1 4) 935 -8590 

28-July 1 
Risk- Informed In-Service Inspection and 
In-Service Test ing Workshops 
Cape Cod, Massachusetts 
Contact : Su sa n  Ono-Rodgers, (704) 547-6072 

29-30 

Municipal Water and Wastewater 
Prog ram Meeting 
Vancouver, Canada 
Contact : K im Shi l l ing ,  (314)  935-8590 

29-July 1 
Predict ive Maintenance Program: 
Development and Implementation 
Eddystone, Pennsylvan ia 
Contact: Me lan ie Moore, (6 1 0) 490-32 1 6 

Ju ly 

6 
EPRl's Hydropower Research Program 
Las Vegas, Nevada 
Contact :  Pa ige Pol i  shook, (650) 855-201 O 

6-9 

WAPA Waterpower '99 Conference 
Las Vegas, Nevada 
Contact :  Pa ige Pol i shook, (650) 85 5-201 O 

9 
EPRI/WAPA Symposium/Workshop: 
Hydroelectric Sediment Management a nd 
Project Decommissioning Issues 
Las Vegas, Nevada 
Contact : Paige Pol i shook, (650) 85 5-20 1 0  

1 2-1 3 

Service Water System Reliabi l ity 
Improvement Sem inar 
Bi loxi, Miss iss ippi  
Contact: E l izabeth Ma rlowe, (704) 547-6036 

1 2-1 4 

International low-level-Waste Conference 
and Exhibit  
McAfee, New Jersey 
Contact: Miche le Samou l ides, (650) 85 5-2 1 27 

1 2-1 4 

NOE Workshop 
Palm Beach ,  F lorida 
Contact: U l la  Gustafson, (650) 94 1 -8552 

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

1 2-1 6  

Combined-Cycle Operations for Util ity 
Engineers 
Ca stine, Maine 
Contact :  Cassand ra Maslowski, (8 16 )  2 35-5623 

1 2-1 6 

Ultrasonic Exam ination Technology: 
level 3 
Charlotte, North Carol i na 
Contact: Sherry l Stogner, (704) 547-6 1 74 

1 3-1 5 

Turbi ne-Generator Troubleshooting 
Short Course 
Eddystone, Pennsylvania 
Contact :  Mela n ie Moore, (6 1 0) 490-3 2 1 6 

1 4-1 6 
ASME/EPRI Radwaste Workshop 
McAfee, New Jersey 
Contact : M iche le Samoul ides, (650) 855-2 1 27 

1 9 -23 

NOE Technical Ski l ls Training: Level 3 
Basic/Specific 
Cha r lotte, North Carol ina 
Contact: Sherry l Stog ner, (704) 547-6 1 74 

1 9 -23 
Steam Plant Operations for Uti l i ty 
Engineers 
Casti ne, Maine 
Contact : Cassand ra Maslowski, (8 16 )  23 5-5623 

20-2 1 
On-Line Condition Assessment of 
Generators, Motors, and Pla nt Electrical 
Auxi l iaries Using E lectromagnetic 
Interference Analysis 
An napo l is, Maryland 
Contact :  Mega n Boyd, (650) 855-791 9 
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20-2 2 

Introduction to Computer-Aided Power 
Plant Control System Analysis  
K ingston, Ten nessee 
Contact: Sherryl Stogner, (704) 547-6 1 74 

20-22 

Nuclear Ut i l ity Procurement 
Charlotte, North Carol ina 
Contact: Sherryl Stogner, (704) 547-6 1 74 

20-22 

Valve Packing Config uration, 
Implementation, and Prog ra m  
Development 
Eddystone, Pennsylvan i a  
Contact: Melanie Moore, (6 1 0) 490-32 1 6  

20-23 

I nfra red Users Group 
Toled o, Ohio 
Contact: Pau l  Zay icek, (704)  547-6 1 54 

26-28 

I nternational Joint Power Generat ion 
Conference 
San Francisco, Cal ifornia 
Contact: Patricia I rv i ng, (800) 843-2763 

26-30 

Infra red Thermography: Level 2 
Eddystone, Pen nsylvan ia 
Contact: Melanie Moore, (6 1 0) 490-32 1 6  

26-30 

Terry Turbine Users Group 
Sanibel, F lor ida 
Contact : L inda Parrish, (704)  547-606 1 

26 -30 

Visual Examinat ion Technology: 
Level 3 
Char lotte, North Ca rol i n a  
Contact: Sherryl Stogner, (704) 547-6 1 74 

27 
9th Annual  NOE Issues Meeting 
Sunset Beach, North Carol i n a  
Contact :  Susan Otto-Rodgers, (704) 547-6072 

27-29 
I n strumentation and Controls I nterest 
Group 
Ra le igh , North Carol ina 
Contact: Ramesh Shanka r, (704) 547-61 27 

29-30 
In-Service Inspection/In-Service 
Testi ng Regional Workshop 
Sunset Beach ,  North Caro l ina 
Contact: Susan Otto-Rodgers, (704) 547-6072 

August 
2-5 

Ultrasonic-Testing Operator Training for 
Weld Over lay Exam ination 
Char lotte, North Caro l ina 
Contact: Sherry l  Stogner, (704) 547-6 1 74 
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3 - 5 
Advanced Power Qual ity Workshop 
Knoxvi l le, Ten nessee 
Contact :  Wi l l i am Berry, (423) 966-5429 

4-6 

Radiation Exposu re Control Seminar 
Seattle, Washington 
Contact :  Paige Po l i shook, (650) 85 5-201 0 

1 0-1 2 
Power Plant Pumps Short Course 
Eddystone, Pennsylvan ia 
Con tact : Me lan ie Moore, (6 1 0) 490-32 1 6  

1 1 -1 3 

Service Water Engineer Training 
Char lotte, North Carol ina 
Contact: Sherryl Stog ner, (704)  547-6 1 74 

1 6 -1 9 
Microbiological ly Influenced Corrosion 
Char lotte, North Caro l i na  
Contact :  Sherry l  Stog ner, ( 704 )  547-6 1 74 

1 6-20 
Mega Symposium: Combined NO,, S0

1
, 

Pa rticulates, and Air Toxics 
At lanta , Georgia 
Contact :  Cindy Layman, (650) 855-8763 

1 6 -20 
NOE I n structor Train ing 
Char lotte, North Caro l ina 
Contact :  Sherryl Stogner, (704) 547-6 1 74 

1 7-1 9 
Rel iabi l i ty - and Risk-Centered Maintenance 
Char lotte, North Carol ina 
Contact: Sherry l  Stogner, (704)  547-6 1 74 

1 7-1 9  
Rol l ing Element Bear ing Life Improvement 
Eddystone, Pennsy lvan ia 
Contact: Me lan ie  Moore, (6 1 0) 490-32 1 6  

1 7-20 
6th Steam Turbine-Generator Workshop 
St .  Louis, M i ssouri 
Contact: Pau l  Sabour in, (704) 547-6 1 55 

1 9-20 

Flow Measurement 
Char lotte, North Carol ina 
Contact: Sherryl Stogner, (704) 547-6 1 74 

1 9-20 

Non-Road Electr ic Vehic le Conference 
Orlando, Florida 
Contact: Michele Samoul ides, (650) 85 5-21 27 

23-27 
Westinghouse Circuit Breaker Users Group 
Pittsburgh, Pennsylvania 
Contact: Linda Parrish ,  (704) 547-6061 

24 -26 

Advanced Power Quality Workshop 
Knoxvi l le, Ten nessee 
Contact: Wi l l iam Berry. (423)  966-5429 

24-26 
Charging-Pump Users Group 
Char lotte, North Carol ina 
Contact: L inda Pa rrish, (704) 547-6061 

24-26 
Lubr icant Oil Analysis  
Eddystone, Pennsylvania 
Contact: Melan ie Moore. (6 1 0) 490-32 1 6  

24-27 

NOE of Fossi l  Plants 
Char lotte, North Ca ro l ina 
Contact: Melan ie Moore, (61 0) 490-32 1 6  

2 5 -27 

Air-Operated Valve Workshop 
I nd ian Lakes, I l l i no is  
Contact: L inda Pa rrish, (704) 547-606 1 

30-September 3 
Condenser Technology Seminar and 
Conference 
Char leston , South Ca ro l ina 
Contact: Brent Lancaster, (704) 547-60 1 7  

September 
6-1 0 

Integrated Global Water Management 
Prague, Czech Republic 
Contact: Robert  Brocksen,  (303) 840-7389 

8-1 0 

Rotating Electrical Machinery Col loquium 
Or lando. F lorida 
Contact: Michele Samoul ides, (650) 855 -2 1 27 

1 3-1 7 
NOE of High-Energy P i ping 
Charlotte, North Carol ina 
Contact: Sherryl Stogner, (704) 547-6 1 74 

1 4-1 5  
Distribut ion Engineering Workstation 
Users Group 
Kansas C i ty, Missouri 
Contact: Ha rry Ng, (650) 855-2973 

1 4 -1 6 
Introduction to Distr ibuted Control Systems 
K ingston,  Tennessee 
Contact: Sherry l  Stogner, (704)  547-6 1 74 

1 4-1 7 
Protective Coatings 
Eddystone, Pen nsy lva n ia 
Contact: Melanie Moore, (6 1 OJ 490-32 1 6 

20-2 1 
3d Annual Switchi ng Safety and Rel iabi l ity 
Conference 
Denver, Colorado 
Contact : Sara Lutterodt, (4 1 0) 379-8020 

20-0ctober 1 
Ultrasonic Examination Technology: Level 1 
Charlotte, North Caro l ina 
Contact: Sherryl Stogner, (704) 547-6 1 74 



2 1 -24 
Steam Turbine Performance Monitoring, 
Diagnostics, and Improvement 
Eddystone, Pen nsylvania  
Contact :  Melanie Moore, (61 0) 490-32 1 6 

22-24 
High-Voltage Cu rrent Transformers and 
Bushings: Fai lure Predict ion and  Prevention 
Port land, Oregon 
Contact :  C indy Layman, (650) 855-8763 

23-24 
3d Gas-Electr ic Partnership Sympos ium 
Hou ston, Texas 
Contact: Lynn Stone, (972)  556-6529 

27-29 
RCM Users Group 
Las Vegas, Nevada 
Contact: Lora Cocco, (650) 855-2620 

28-30 
Infrared Thermography: Level 3 
Eddystone, Pen nsy lvania 
Contact: Melan ie  Moore, (61 0)  490-3 2 1 6  

October 

1 
Industry Overview Cou rses: Inorganic 
Chemicals, Petrochemicals, Petroleum 
Production, Pharmaceuticals  
TBA 
Contact: Sam Woinsky, (7 1 3 ) 963-9336 

4-5 
Containment I nspection: Visua l 
Examination Training, Level 2 
Charlotte, North Ca ro l i na 
Contact: Sherryl Stogner, (704) 547-6 1 74 

5-8 
Pressure Re l ief Valve Application, 
Maintenance, a nd Testing 
Or lando, F lor ida 
Contact: Melanie Moore, (61 0) 490-32 1 6  

6-8 
ASME Section XI  F law Evaluat ion 
Charlotte, North Carol i n a  
Contact: Sherry l Stogner, (704) 547-6 1 74 

1 1 -1 3 
Air-Operated Control Valve Appl ication, 
Maintena nce, and Diagnostics 
Or l ando, F lorida 
Contact: Melanie Moore, (61 0) 490-32 1 6  

1 1 -1 4 
Boi lers and Boi ler Controls/Burner 
Management Systems 
Ki ngston, Ten nessee 
Contact: Sherryl Stogner, (704) 547-6 1 74 

1 2-1 3 
Power Qual i ty Interest Group 
Clearwater, Flor ida 
Contact :Terri De Breau, (650)  855-2833  

1 3-1 5 
Healthcare In it iative Conference 
Cha r leston, South Carol ina 
Contact: Ke l l y  C i pr ian ,  (6 1 4) 855-1 390 

1 7-20 
Gasification Technologies Conference 
San Fra nc isco, Ca l ifornia 
Contact: Michele Samou l ides, (650) 855-2 1 27 

1 8-22 
Visual Examination Technology: Level 1 
Char lotte, North Caro l ina 
Contact: Sherry l Stogner, (704) 547-61 74 

1 9-21 
Power Qual ity Technical Train ing 
Knoxv i l le, Ten nessee 
Contact: Wi l l i am Berry, (423) 966-5429 

1 9-2 2  
Maintenance a n d  Repair o f  Heat 
Exchange Equipment 
Eddystone, Pennsylva n i a  
Contact: Melanie Moore, (61 0) 490-32 1 6 

20 
Water and Energy Conference 
Nashv i l le, Ten nessee 
Contact Kim Sh i l l ing, ( 3 14 )  93 5-8590 

20-22 
1 999 Distr ibuted Resources Conference 
Phoenix, Ar izona 
Contact: C indy Layma n,  (650) 855 ·8763 

2 1 -22 
Municipa l Water and Wastewater 
Program Meeting 
Nashv i l le, Tennessee 
Contact: K im Shi l l ing, (3 1 4) 935-8590 

25-November 5 

Ultrasonic Examinat ion Technology: Level 2 
Char lotte, North Ca ro l ina 
Contact: Sherry l Stogner, (704) 547-61 74 

26-27 
Water Chemistry and Corrosion Control in 
Steam Systems 
K ingston, Tennessee 
Contact: Sherryl Stogner, (704) 547-6 1 74 

28-29 
Power Electronics Experts Conference 
Monterey, Ca l iforn ia 
Contact : Teresa Boykin , (9 1 9) 859- 50 1  O 

28-3 1 
Worldwide Food Expo '99 
Ch icago, I l l inois 
Contact: Ba rry Homier, (41 9) 534-37 1 3  

November 

1 -2 
Power Qual i ty Business Opportu nit ies 
Knoxv i l le, Ten nessee 
Contact: Wi l l i am Berry, (423)  966-5429 

8-1 1 
Advanced Structural Analysis and 
Design Methods for Electric Power Line 
Upgrading 
Dal las, Texas 
Contact: Gayle Robertson,  (81 7) 439-5900 

9-1 1 
Advanced Power Qual ity Workshop 
Knoxv i l le, Tennessee 
Contact: Wi l l i am Berry, (423)  966-5429 

9-1 1 
Root-Cause Ana lysis 
Eddystone, Pennsy lva nia 
Contact: Melan ie  Moore, (6 10 )  490-3 2 1 6  

1 5 -1 9 
International Conference on Seal ing 
Technology and P lant Leakage 
Reduct ion 
Cha rlotte, North Caro l i n a  
Contact: Brent Lancaster, (704) 547-60 1 7 

1 5 -1 9 
NOE for Engineers 
Cha rlotte, North Carol i n a  
Contact: Sherryl Stog ner, (704) 547-6 1 74 

1 5 -1 9 
Visua l  Examination Technology: 
Levet 2 
Charlotte, North Carol i na  
Contact: Sherryl Stogner, (704) 54 7-6 1 7 4 

1 7-1 8 
Operat ional Reactor Safety Engineer ing 
and Review Groups 
San Anton io, Texas 
Contact: Cindy Layman, (650) 855-8763 

29-December 3 
Ultrasonic Examination Technology: 
Level  3 
Charlotte, North Caro l ina 
Contact: Sherry l Stog ner, (704) 547-6 1 74 

30-December 2 
Nuclear Util ity Procurement 
Charlotte, North Caro l ina 
Contact: Sherryl Stogner, (704) 547-6 1 74 

December 

6- 1 0  
NDE Tech nica l Ski l ls  Train i ng:  Level 3 
Bas ic/Specific 
Char lotte, North Caro l ina 
Contact: Sherryl Stogner, (704) 547-61 74 

7-9 
Advanced Power Qual i ty Workshop 
Knoxvi l le, Ten nessee 
Contact: Wi l l i am Berry, (42 3) 966-5429 

1 3-1 7 
Visual Examination Technology: Level 2 
Char lotte, North Ca ro l ina 
Contact: Sherry l  Stogner, (704) 547-61 74 
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