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Editoria l 

Prim ing the Pump i n  South Africa 

1 1 has beco me gen eral l >' accepLed that increased 
e l ec1 rifica t i on is a key requiremen t for su La i nablc 
gn wlh  in developing co u nt r ie . The rea o n  for t h is 

i clear; e lect r ic i ty' i nt rinsic a t t r ibu t e  o r  nexi b i l i t y, 
precis ion , re l iabi l i t , and  effic iency l i e at 1he hea rt o r  
i ndu  t r i a l  product ivi ty, economic growt h , envi ronme n 
t a l  qua l i t)� and technol ogica l p rogrc . F i nan ing  and 
con t ruct ing 1he  thou and of gigawau or power 
p la n t that wi l l be needed for globa l development ove r 
t he next 50 years w i l l  be no ea y task .  Bu t  even i f  we 
do get t he  generat ion and del ivery i n frast ruct u r 
bu i l t , we have so lved o nl y pa n o r  t he problem . 

For many cou n t r i , the goal of pu rring na1ional 
eco nomic and i nd ust r ia l  growt h i i rn pl }' Loo rar u p  
the  u Lainabi l i ty pyramjd L o  b e  L h e  f i r  L order o r  bus i 
nes . I n  mn h A l'r ica, for example .  the re i a lack o[ 
basic crvice and i n frast ructures i n  rura l commu ni -
L i  , w hich oe nera l ly have l i u l e or no co m m un i ty 
heal t h  care and eve n lack appro p r iate wale r  uppl ie . 
For e lecLri ficat io n Lo t ru ly advance t he qua l i t  o r  l ife 
in the  developi ng worlcl , fi r l t hese basic needs mu L 
be acldre ed a a founda t ion for ru rr her progrcs . l n  
·ou1 h Afri ca, whe re wberc u lo i , t phoid, cholera , 
a nd mc1l n u 1 r i t ion are wide pread, disease reduces the 
capac i t)r 1 0  earn m ney, lead ing lo co nd i t ions that i n 
crease the risk o f  more disease. T h e  pri mary need is to 

I reak t he cycle and LO sta r t  Lhe pmces or i m prov i ng 
the  com mun i ty' capa i t y  LO be omc s J r-su ta i n i ng. 
I n a se nse , we mu t p r ime 1 hc p u m p-in vest on L hc 
local level Lo i m prove the  capabi l i t ie of t h e  cou ntry' 
h u man resou rces. 

This is ,  in fact . the goa l  of the ou t h  A f,ican gov
ern ment' Reconst rucUon and Development P rogram 
( R D P) . Ma n>' organization , bot h  inside and ou LSicle 
ou th A frica, have begun lo i nject funding i nto t he 

country under the  RDP u mbre l l a . t n  L 996, E PR I  and 
E K M-one o f  t he worl d's lar est u 1 i l i t ic:s ,  suppl ying 
more t han hal f the  electricity in a l l o f  fr ica-formc:d 
the otn h African en t re !'or Es en t ia l  o m m u n i ty 
ervice ( A E ) ,  who e activit ies are a l igned w i t h  

t h e  RDP. Thro ugh ACE , EPR I  and E KOM wi l l 
make E'PRL ' technologie a nd sk i l ls avai lable for u e 
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i n  ·ou t h  frica and wi l l  adapt the tech nologies as n ec
essary for the  condit ions t here. Thi is not a one-way 
i n vest men t ,  however: ou th  Africa has co m plememary 
t ec h nol ogi e t ha t  EPR L  w i l l  help app ly e lsewhere in 
the wo r ld .  

SA CE ·s l'ocu i t he  trans rer of e lec t rotechno lo
gic: 1. hat i m pact h eal t h  care and water management i n  
ru ral  communi t ie . Tech no logi es for i m proving L h e  
q ual i t y of d r inki ng water are h igh on the  l ist , i n c luding 
electroc hemical disi n fect ion , ul t ravio let dis i n fec t ion ,  
a nd r ver e-o 111 i desa l i ni za t ion . U l traviolet germi
cida l i rrad ia1 ion , be i ng demon t rated in outh African 
heal t h  ca re faci l i t i e , hokls grea t promise for lowing 
the t ubercu lo i. epidemic i n  the  cou ntry, ince i t  may 
be e ffect ive even on cl rug- r� i Lan t  trai ns of the di -
ca . i crowave 1eri l izat i011 of in rectious m ed i cal  
wast is a l  o be ing demon t ratecl in hospi ta l el-
l ing · .  nder t he RDP, commun i l i  are em powe red Lo 
lake ow nersh i p  o r  l h i imp roved i n fra l ru  Lure a i t  i 
developed. 

The  task ahead i enonnous, but the o ppon u niL ie 
for po i t i  c i m pact are great .  We al E P R l  are pleased to 
partner with E KOM i n  deve l op ing, de monstra t i ng 
c1nd deplo ing  beneficia l e lect rotech no logie ; we have 
a deep com mi t ment  t o  the  use o f  energy and tech n ol
ogy Lo i mprove the  qual i ty o f  l i fe in outh Africa and 
elsewhere. enai n l )', we are c.xci 1ecl about ex pand i ng 
t he use and va lue  o r  elect r i c i ty i n  a l l  parts o r  the wo rld. 
Bu t  perhaps eve n more i m portan t  i de mon Lra t i ng 
that coopera t ive project. i nvol v ing cross-cu l t u ra l part 
nersh ip  ca n pay o lT in u bstan t ia l  way . Mak i ng uch  
rc. la t ion h i p  work for the common good is one  of so
ciety' urgen t  chal lenge -one that will increa ingl 
de f ine  o ur global fu t ure. 

Don Baker 
ice Presiden t , E P R I I nternat ional  



Contributors 

When Disaster Strikes (page 8) was \ r iuen by 
Les l ie Lamarre, jou rna! e nio r fea tu re wri ter, wi th  
t ech n ica l  as  i tance from Ra lph  Bernste in and J im 
Ogger ino of E P R l 's En ergy Del ive ry a n  I U L i l iza t i on 
O ivi i on .  

T 1 1 i manager of t he D i  aster Pl a 11 -
n ing and Mit igat ion Tech nologies Ta rget . I-L e  came to 
E P R I  in 1992 after 1 3  year \ i t h  t he I BM Pa lo  l to  

cien t i fic Center, where ,  as  a e n  ior  
tech n ica l  Laff me m ber, he wa re
spo n  ible for geo c ient i fic and med
i cal image processi ng R&D.  Befo re 
t h a t ,  he wo rked al t he IBM Federal 
yslcm Divi ion i n  Ga i th ersburg, 

ary land. Bern ste in  ho ld t wo degree in c l  c l r ica l 
engi neer i ng-a B from t he n iversi ty o f  o n ne t icu t 
and a n  M fro m yracu e n ive rs i t y. 

J I M  OGG ER J  0, a p roject manager fo r cli_aster plan
n i ng and m i tigat ion re ea rcl, , ha se rved i n  a n umbe r 
of re earc h  a ppl ica t i on , tech nology t ransfe r, marke t  

pene t rat i o n , and marke t as  e men ,  
po i t ion i nce jo i n i ng EP R I i n  1 984. 
P revi ou ly he was e m pl o  eel for 1 3  
year i n  G ene ral · k t rlc '  udear 
Power D iv ision , whe re he carri ed 
ou t  ut i l i t y appl icat ion and marke t -

i ng  act i v i t ies for  a ·cou n ts i n  the n i tcd ta t , t he Far 
East , and wi t zer land . Oggeri no h o lds a B in nuclea r 
cng in  eri ng from or th  Caro l ina ta te  n iversi t y. 

District Energy: Com bining Heat and Power 
( page 18 )  was wr i t t en hy Tay l or Moore , Jou rnal senior 
fea t u re w ri t er, wi t h  t ech n i ca l a s is t ance rrom To ny 

nnor and Wal ter P i u l le of EPRI' · ncrg o n ver ion 
D i v i ion . 

T ARMOR i d i re ·tor of genera t i on tech nolog 
clcve lo pme nl .  Before u m i ng t h i  po i L ion , he 

ervecl l'o r se en }'ea r as c l  i reel r 
for foss i l  power plan . I -le j o i n  cl 
· P R L i n  1979 , fo l lowi ng l l }'ea rs 
\ i t h  e nera l E l ectric i n  t h e  Large 

t eam Tu rbine- enerat or and 
E ne rgy y tem D i v i  io ns . Ear l ier 

he wa. a r ro fe or of envi ro nmen t a l  engin eeri ng at 
t he niversi t y  of t he  ou t h  Ba n k , London , and a I ro-

fessor of maL hemat ics at t he  U niv r i t  of West m i nster 
( formed London Pol y tech n ic) . rmor ha a 13 in 
mat hematics and an M in m i n ing engi nee r i ng from 
t Jp n i v  ' r  i L y  o f  Ol l i ngham, • ng]and .  

WAL TE R  Pl LL · ret i red ea r l ier t h is )'Car a fter more 
t ha n  22 year o l' managi ng E P R l  R&D, mo t recent ly 
a the  t a rge t l eader fo r d i  t ri t energ}'· Before joi ning 

EPRI  i n  1 975  a a project manager 
for ai r qua l i ty cont ro l .  P i u l le h l e i  a 
se r ies of manage m en t and engi n e - r
i ng po· i l io n dur ing eight ears at 
t he  Buell - m iss ion ont rol Divi ion 
of Envi rotech Corpo rati n .  H e  ha a 

B EE cl gTee l'rom the  Pra t t  I n  t i tutc of Tec h nol ogy. 

Chart ing Power System Secu rity (page 26) wa -
\ r i t te n by cie nce wri ter Pau l  H aase , w i t h  tech n i ca l  
a s i  L a n ce r·rom Dejan obaj ic and i k Abi - amra of 
t he  Energy De l iver and U t i l iza t io n  Di vis ion . 

D EJ N O BAJ I , ma nager of the  G r i d OperaLions 
and P lan n i ng Depart m en t , came to E P R I in L 993 a ft e r 

e ngi neer i ng manage r a t  A l Wa re , I n c . 
W h i le th re , he al o conduct. cl re
earch at a e V est e rn  Reserve 
n i ver iL on i n te l l igen t sy t em 

and t heir u for power ystem oper
at ion and co nt rol . obaj i c holds 
bach elor' and master's degree i n  

e lect ri ca l e ngi neer i ng from the  n i  er i t y  or Be lgrade, 
Yugo lavia ,  and a PhD i n  stem · ngi neeri ng fro m 

a c Western Re erve U n iver i ty. 
I K A BI- M RJ\ i - manager of tem plann i ng in 

the G rid Ope rat ion and Pl a n n i ng Dcpart me n L , , i t h  
for p rojccL<; in t ran m i  ion  re l i abi l i t y, 

yst m secu ri ty, risk and cl c i  i o n  
mak i ng a n d  po,, er -}' t ern mode l 
i ng. B f or  joi n i ng EPR I  i n  1 997 ,  he  
pent  neady 20 e,1 r  a l  We L i ng

hou c, wi th  re pon i b i l i t i e t hat  
ranged l'rom t ra nsmi  ion and d i  -

u·i bu t ion  y. t em cl ign t t he design of e lecnfca l s
t em for U. . a, sh ip a nd ubmari nes . H e  ho l ds a 
bac he lo r of eng inee r i ng degree fro m  L h e  meri can 
U n i ve r  i t y of Be i ru t  a nd an M - in e l ect ric power engi
neer ing from t he n i ver i ty o f  l issouri . 
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Del iverables now ava i l able to EPRI members and cu stomers 

DFD Process 

E PRI ' Decontamination for Decommi sioning ( DFD) process won an R&:D 
100 Award for being one r Lhe most technologica l ly significant products 

or the year. DFD is a chemical process for removing radioactive contami nation 
from sh u t-down n uclear power plants .  l t  u a mi xture of fluoroboric acid 
and pota ium pennanganate to dissolve Lhe radioactive corrosion products, 
which are then col lected on ion-exchange res i n .  The proces was u ed by 
E PRI l icensee laron Corporation to remove and recycle material from ret ired 
heat exchanger . Con umer Energy also appl ied it to the reactor coolant ys
tem of i t  Big Rock Poi n t  BW R , which shut down in Augu t 1997 after 35 
years of ucc sfu l operat i on .  The E P Rl l icen ees who carried out that appli 
cation , P ervices and Brad tee Ltd. , subsequently decontaminated Maine 
Yankee Atomic Power Company'.s PWR. Sponsored by R&D Magazine, Lhe 
R&:D 100 ward is one of the most prest igiou honor in appl ied re earch. 
• for more i nfonnation, contact Clir i s  Wood, (650) 855-23 79. 

Aerosol Duct Seal ing 

E ach ear, leaks in the air ducts of  resident ia l  heat i n o  and cool ing 
y terns co L con umer ome 5 bi l l ion , \ asting abou t  20% of 

t h  ener y u ed for pace condi t ioning i n  an average home. Fixing 
the often hard-to-reach leak by conven t ional methods is L ime-
con u ming: the leaks must be located before they can be patched , 
and a fterward the duc t  mu L be rete ted LO ensure t hat the repair 
have been ucces ful .  Aerosol du t sea l ing offer a far more e fficient 
olUL ion t o t he  problem. onceived and patented by a Lawrence 

Berkeley Nat ional Labo ratory cie ntist , th i s  new tech nology pray 
fi ne adhesive particles imo air duct . A fan 
u pends the part ic les i n  the  airstream o that 

they don't st ick to duct wal l . A the air tream 
turns sharply through holes in t he  duct wal ls , 
the t ick>' part ic le adhere Lo the edges of the 
ho les and bui ld up eal . The techn ique is 
effective for leaks a large as l i nch (2 .5 cm) 
in diameter. H omeowner not on ly can av 
up LO 300 an n ual ly on uti l i ty bill bu t  also 

can enjo i ncrea eel comfon due Lo more
even heating and cooling. The technology 

wa developed and tested \vith up-
port from EPRI , the Cali fornia I nsti 

t ute for n rgy Efficiency, the U . .  
Envi ron mental Protect ion Agen 
and Lhe U . .  Department of Energ . 

• for more i nformation, co11lacl john 
Kesselri ng, (650) 855-2902. To order cal l  

Aeroseal Inc. , (800) 945-5557 .  
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Dayl ighti ng Design 

0 \ving la rge ly LO a lack of ea y-to-use, object ive design 
guide l ines, lights near wi ndow remai n on in mo L 

commercial bui ld ings, wast ing energy and money. This 
report , Dayligl1 t i ng Design: Smart ancl S i mple (TR- 1 09720) ,  
provide Lhe  practical design a n d  i mplemen tation informa
t ion required to avoid thi problem . Bui lding owner , faci li
tie manager , a rchitects, engi neer , l ighting designers, and 
energy auditor can use the simple guidelines pr ented in 
the report to make smart design decisions that take advan
tage of natural dayligh t .  Covering retrofit in tallat ion , new 
buildi ng , and major renovat ions, the report can also help 
u t i l i ty representat ives provide ound advice on the co L
e ffec l ive d ign and use of bui ldings, \vi ndow , and lighting 
con t rol to create com fortable, energy-efficien t  workplaces. 
• for rnore i nfonnation, contact jo/111 Kesselring, (650) 855-2902. 

To o,·der, call t h e  EPRJ Dis11ibu 1 io1 1 Center, (51 0) 934-42 12 .  



Cable Digest 

T he recemly released Dist ribut ion able Research Dige L 2000 ( BR- 1 1 0693) 
updales and expands on previous EPRl cable r earch dige L S ,  re lea ed 

in 1 989 and  1992. A comprehensive 40-page documem , the  digest presenLS 
new i n format ion on insu lat ion and h ic ld materia ls and describes changes i n  
jacket tech nol ogy a n d  other advances. I t  offer background maLeria l on t he 
i nd u  t rys pa t problems w i t h  premature cable fai l ure,  
a we l l  a detai led i n formatio n aboul the  i m proved 
cable ava i lab le  today. Also reviewed are con t ruc
t ion spcci f ica l ions for long- l i fe dislribmion 
cable ,  operat ing i ue ( uch a l igh t ni ng pro
tect ion ) , technique for removing jammed 
cabl , and opt ion for diagnost ic Le t . 
• For more i 11forma 1 io 1 1 ,  conta l Bruce Bcm

s1c i 11 ,  (202) 293-75 1 1 .  To o rde,; call rhe 

EPRI Di t ribut ion Cente,; (5 1 0) 934-42 12 .  

Power Qual ity Toolbox 

P
ower qual i t  prob lem co t . .  businesses a considerable 
amount of money in l ost product ivi ty. Electric power com pa

n ic  work ing 10 address this growing prob lem can now cou n t  on a 
new EPR I producl , t he  Power Qua l ity Too l bo , to help. he Looi
box con i t of two IBM -compatible CD-ROM -one focu i ng 
on wiri ng and grou nding, the ot her on voltage sag. The Wi r ing 
and Grounding Ana lysi Tool provide engi neer wi t h  an a y-to
u framework for co l lecting in formation duri ng it survey of 

commercia l and l ight indu trial power ystem . he to I 
ha a detai led, on- l ine he lp system t hat incl ude wiri ng 

and grounding reference in formation. The oltage ag 
Analy i odule is an analyt ical tool for calcula t ing 
the  annual voltage ag di turbance profi le for a given 
cu tomer i te . I L  gives power quali t  engineer an effi
cient way to e aluate the impact of Lransmis ion and 

distribution fau lLS on voltage ag at Lhe customer i te .  
• For more infonnation, co11tacl Sid Bha!l ,  (650) 855-875 1 .  To 

orde,; a,11 the Elect lic Power oftware Cc11te1; (800) 763-3772. 
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Around the World 
Foc u s  on i ntern ationa l projects and al l iances 

Plant S imulator Helps Train 
Austral ian Operators 

E PRI '.� ompaCL imulator technology, 
al read used b , dozens or U . .  ut i l i t ies 

for c st -effect ive l y t rain i ng op rators of 
fo s i l  power plan ts , i now al o being  u ed 
down under-he l ping  1 ra in  plant opera
tor aero Au t ra l  ia to me t nat ional com
petency 1andards. E nergy and Telecom
mun icat ion. Trn in ing Au 1 ra l ia ( ETTA) ,  a 
clivi i o n  o r  t he  en tra l G ipp land Insti tute 
o f  Tecb nical and  Fu rt her ·d ucat ion , has 
out f i t ted a mobi l e  t ra i l e r \ ith the neces-
ary hardware and i u i ng  a rderencc 

p lant i m ulmor model lie n eel from E PRI 
to provide on- i L c  opera tor t ra in ing and 
cert i ficat ion . EPRJ' imu lator and Tra in-

i ng emer i n  J a n a i t y, M isso ur i ,  in -
t a l led t h , imu la tor ·of't ware , a long wi th 

the  I n te l l igen t  Tu tori ng y Lem,  o n  t J , e  
ETT om puters i n  early 1 997; i nce then ,  
th  t ra i l e r  ha been making the  round of 
various ust ral i an  power p l ant . 

"Th i r pr en the fi r t comme rcial ! 
l iccn eel u e of our  i m ulator technol ogy 
b a non member organization and i the 
begin n i ng of wha t  could prove to be a 
good ourcc of revenue for EP RI ." _ay 
Ron G ri ebenow, di rector o f  the  imulator 
and Trni n i ng ent r. , riebe nm not 
t hat -everal imernat i  nal member u t i l i -
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t i es-incl ud i n  u t h  Africa's - KOM , 
Bri tai n's Power en , and pains Union 

1 -c t ri a F n a-hav xpr ed in t e r  L 

i n using refer nee m dcls from PRr 
Fo i i  Pl ,  n t  i mula t  r Li bra ry, a col lec
t ion or abou t  30 s i m ulator model b ed 

n sp c ifi  fo i i  plan t  . Developed in col
labora t ion wit h the plan t owners, these 
re fe rence models can be cu tom ized for 
use by o ther u l i l i t ic w i t h  si mi lar  pla11 1 . 

Wi t h  t h e  om pacL imu lator tech nol
ogy, power plan t yst em and operatio n 
can  be i mulated a effec t ive (  a w i tb 
t rad i t ion al , ·omponcn t -bascd mai n frame 
i m u lat ors bu t  at a fract ion of the cost .  

Morea er, a}' G riebeno1 , "fro m our ex
perien e I orking wi 1  h membe r ul i l i t i e  , 
we be l ieve t h a t  70-80% of t he goals most 

co mpanie  ha e for 
i m u lator-based op ra

tor tra in ing can be 
a h i eved � i t h  a re fer
ence plant s im ulator 
model for about 10% of 
the co L of bui ldi ng a 
plant- pecific i m u lator 
from cratch ." 

G riebenow points 
ou1 t hat 1 0  more 

ffcct ivel meet t he  
need of i nternat iona l  
ut i l i t ie , t he ref re n<.:c 
model <:a n be cost-
ffect ive l y mod i f i cl Lo 

accommodate 50- Hz e l ectr ica l eq u ipm nt 
and t he 1111 rnat ional ystem o f  n i t  . 

ETTA i n i t ia l !  , l ice n eel a reference 
i m u lator m de l ba eel n the L 36- W 

coa l - fi red 
l i na Electr ic & a- om pan . It a l  o ha 
expr eel in t e re l in u ing a co mbu L ion 
turbine com bi ned-c c l e p lan t  imulator. 
The I n te l l igen t  Tu tor ing y Lem i nstal l ed 
in • ' mobi le t ra i l  r i a P -ba eel ex-
pert y te rn t hat i co nnected to the im-
ulator network. he tem mon i tor the 
t rai nee ' i n teract ion w i t h  1he i mula t or 
and provide prompts and advice on how 

to improve imulated plant and perator 
performance . 

I n  the marketi ng ma terial for i t s  
imu l ator-based power plan t and pr ces 

control t rai n ing, ET TA ci tes i a l l i a nce 
with PRI and notes t hat the ompact 
imu lator tech nology co uld have a major 

impaCL on Au tral ia' power i nd u  t ry, 
wh ich here tofore has not wide ! u eel 
i mu lator becau e of  the high co -LS of 

cu to m-developed y t em . Acco rdi ng to 
ETTA ,  the o pport un i t y  to demonst ra te 
t heory i n  a pract ica l  en vi ronme n t  w i l l  
en hance developme nt or the  e ntry-level 
know l edge required LO earn nat ional ce r
t i ficat ion in team plam opera t ion fro m 
the  u t ra l i an Counci l for Train ing  

urr icul um . 
oreover, an ad an Lage of be ing able 

to take the  mobile cla room to cu tamer 
i te , ETT point ou t , i that i f  a i tua

L ion arises t hat requi r  a l l  per on nel back 
at the work i le , t ra i n i ng can be ha l ted 
and t he imu lat ion frozen and Loree! in 
memory unti l  the t ra in ing can r tune. 

u L ral i an  foci l i t ies expected to ho l 
v i  it b the £TT mobi le  cla room in 
cl ude A l coa of u t ra l ia' ngl ea  ta
l ion , Edi on ission's Lo Yang B stat ion 
in Victoria , the Newport t a r ion i n  Vic
tor ia, t he  Ro n Goodin and Pinc ree l  
ta l ion i n  t J,e Nonhern Terri t ory, and 

Aust ral ian Pape r' Maryvale mi l l .  ETTA 
i a l so targeL i ng o ther cu t omer w i t h  
im i l a r  faci l i t ies, i nc lud ing o i l  refineries, 

i ndu trial proce t eam p lan t - , paper 
m i l l  , and  a l u m inum producer . 
• For more i nfomiar ion , con rnct Ron 
G riebcnow, (8 1 6) 235-5620. 

Partnersh ip With BC Hydro on 
Water and Wastewater Center 

The PRI fam i ly of app l icat ion-f cu cd 
tech nical cen ter wi l l  get a new mem

ber i n  Ocwbe r, \vi th t he  op n. ing of the 
Water and Wa tewater n ter i n  a ncou-



ver, Br i L ish ol umbia . The resu l t of col
l aborati o n  be tween E P R I and B Hyd ro ,  
t he  cen ter a i ms t o  bu i l d o n  and extend 
El'R l -spo nsored r earch by demon t raL
i ng  and promot ing new elccr rotechno lo
gies f r water t reat ment  and wa t wat r 
proces i ng .  I L , i l l b · op rated by B 
H yd ro , wh ich wi l l \ o rk w i Lh vari ou of 
i LS i ndu t ri a l  cu t o mer LO evaluaLe ozona
t ion , u l t rav io le t and pu lsed u l trav io le t  
t rea tmen t ,  mem brane separat ion, and 
other tech nologies, as wel l as related 
su pervi ory cont rol and  data acqu is i t ion 
yste ms. 

The cen te r  wi l  I o ffer fie ld er ice 
incl ud ing tech nical upport and con ul la
t ion l n  as e s i ng the  C a ibi l i ty of peci fic 
solu L i ons  fo r cu tomer needs, tech n ology 
tra i n i ng fo r imc re Led ·r nkeho lder , and  
energy audi t of v at e r and wastewater 
plan ts to ide n t i fy way LO i m pro e plan t 
e ffic iency. I t  a l  o p l ans Lo devel op e lec
t rotcchn o log demonst rat ion project s . 

" u r  f i r  t objec t ive i tech n o logy I ran -
fe r," ay 13 H dro' G rad I l i c ,  t he  ·e n
tc r's direc tor. "We p lan to bu i ld  a network 
of customers and col laborato rs where 
fie ld  services cou ld be made avai lab le o r  
demonst ra t ion  cou ld b e  conducted . 'Ne 
w i l l  get i n format ion  to i nd ust r ia l u 10111-
e rs through our a les network, d i rect co n 
tact. , and  partner h i p  w i t h  organ izat io ns 
t hat have pec i f i c  mandates and the ir own 
co n tacts in t he water and wa tewa t c r  i n 
dus tr ie  ." T hese orga n izat ion  a rc l i ke l y 
LO i ncl ttde the  A merica n Wa t r Wo rks 
As ociat ion Re earch Founda lion , the  
Water n i ron men ta l Researc h Founda
t ion , and arious Ca nadian organ izat ion  . 

" I n add i t ion t o  provid ing tech n i cal i n 
fo rmation abo u t  re l eva nt e l ec t ro t e  hn ol o
gies, we , i l l  gel R&D and demon t ra t ion 
projects going wi th pec i fic cu tamers
projects focu >cl on the needs and pri o r i 
t ie of those custo mer a ide n t i f ied in  
market re  ea rc l 1 , "  acids l l ic .  "We expect 10 
rely heav i ly  o n  E P RJ and the ommun i ty 
Envi ron menta l  Ceme r in t . Lou i  for 

Annacis Island wastewater treatment plant, Vancouver 

tec h n ical ·uppon a n d  i n nova t i v e  p rob lem 
so l v i ng. " 

I l ic notes t hat i n  t he Va ncouver area a 
new so l ids-di charge u rcharge for waste
water i cau i ng di fficul l ies [o r many o f' 
B H ydro' i n du t r ia l cust omer . "We 
wan t  to work w i t h  the  e customer L O  

review t h e i r  p l a n t  operat ion a n d  idcn t i [y 
technologi es t hat cou ld he l p t he m  red uce 
t he i r u rcha rge co t s .  We p l an  lo com
bi n e  o u r x i L i ng Pov e r  m::i rt e lect r ic i t y 
en cl - u e aud i t i ng se rv ices \ t h  the ce n
ter's work i n  order to l ook a t ·nergy and 
wa te r  hol i t ica l l y. Bu i ld i ng on our  good 
rel a t i onsh ip w i t h  mun ic ipa l  and i ndu -
t r ia l c u  t omcrs, we wi l l ervc a a bro ker 
I e twe n t li>m and L ch no logy prov ider 
and consu l tants . "  

Rece n L  occurrences of 1ypt osporidi t1 1n 
bacter ia con tam i nat ion i n  t he  unt reated 
d r i nk i ng water supp l i c  of t wo Low n i n 
Br i L L  h o l u mbia spurred B H yd ro's idea 
for t h e  ce n t e r, ay I l ic .  " We though t ,  
here i s  a n  o ppo rt u n i t y fo r u a a n  e lec
t r ic i ty provider Lo ed ucate the publ ic and 
also Lo promote e l ectro t ech no log)' o l u
t ions,  such as ozonat ion , t hat can great l y 
i m p rove the  qua l i ty and  safety of d r i n k
i ng wa ter. " 

The G reater Vanco uver Regional Di 
Lr ict i c urre nt l y bu i l d i ng two l a rge water 

treat ment  faci l i L ie , wh ich  arc c ·pec ted 
to be i n  operat ion by t he )'ear 2000 or 
200 1 , and  a repre emati e of the d istr ict 
wi l l  s i t  on the  Wa ter and Wa LC\ a ter 

emer' tech n i ca l ad i ory board . "We 
ex pect to l ea rn  a lo t  about 1.he o pe r::i -
t ion o f  t h e  new t reat men t  plan , w h i ch 
w i l l  use ozo nat io n," says I l i c ,  "and we 
hope 10 have repre cn ta t ivc of other 
commu nit ies and i nd ust ri a l  u tomcr 
v i  i L  them to learn about  t he  tech nology' 
advan tages and pos i b l y cons ider  i t  ror 
t h em elve . · 

· P R I is cofu ncl ing the Water and  
V a tewatc r Cen ter t h rough tai lo red 
co l laborat i on w i t h  BC Hyd ro. " Hel pi ng 
cu · t omers i mprove waler q ual i t  or 
env i ron men ta l compliance and reduce 
thei r co t \ i l l  hel p forge c loser t ies and 
better cu tomer  re la t ion ," ay Dar l e ne 

at hcart . B Hydro' se n ior vice pr i
dem for ma rket i ng and  customer crvice . 
''We hope t o  l eve rage o u r  pa r t ner h ip 
wi t h  EPR I  to hel p u mee t a co m mon 
object ive- pread ing awarene  or 
c lecL rote hno logies that not on l y can 
he l p pro tec t h u ma n  heal t h  and t he 
env i ronme n t  bu t  a l  o cou l d  n hance our  
abi l i t y 1 0 work w i t h  customer ." 
• For more i 1 1.fon1 1 cH i<m , onlact l,e i t h  Canis, 
(3 1 4) 935-8598. 
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crippl i ng ice torm i n  the on h
a l .  Ragi ng w i ld fi re i n  Florida .  

A dead ly tsunam i in Papua ew 
G u inea .  Our nation and our 
world are i ncrca ingly b m
barcled by large-sca le  di a t e r  . 

" I f. as many experts be l ieve ,  we arc 
ente r i ng a period o f  more rreque n t  and  
more even� wea L he r evenLs ,  t h i  year ma>' 
be j u  t a precursor, a h int or w h a L  is LO 
come," ays J ames Lee Wi t t ,  di rector o f  the 
Federal  mergenc , M a  nag ment gcncy 
( EM A) .  " l ncrea eel evaporat ion from the  
ocean  ca u ed by  higher globa l  t e m pe ra
wrc i l i kely to i ncrea e t he number and 
seve ri ty o f  nood , seve re w i nter s t onn 

, and mud s l ide . he h i l"t i ng or ra i n  eve n ts 
• may bri n , wide pr ad d r  ught and a n  i n 

rea eel i ncidence o f  , i l cl fi re . h odds 
- are t h a t  t o rnadoe and h urricanes � i l l  be 

more in ten e . "  
Th is i not LO m e n t i o n  d i  a Ler cau ed 

� by h uman act ivi t ies (such a bo m bi ng , 
ar on i ndustr ial accidents,  and the  u e or 

Disasters, whether caused by natural  or 

h uman forces, are playing a bigger role in 

our l ives than ever before-resulting in 

hundreds of deaths and bi l l ions of dol lars 

in damage annual ly and severely disrupting 

the l ives and l ivelihood of surv ivors. 
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hemical  and biolo ica l w apo n ) that can 
simi larly s t u n  and even disable both small  
com m u n i L i  and m t ropol i t an area . .I n
deed, d i  a ter , , hether due t o  the  fore 
o r  nat u re r h u ma n k i nd , are becom i ng a 
bigger pan of o u r  l ive . A FEMA report s , 
the dea th  to l l rrom . .  di  aster in the  
fi r l e igh t and  a ha i r mo n t hs or t h i  year 
exceed t h a t  for a l l  or last year : 392 deat h 
a of cptembe r J 7 ,  1 998, compa red wi th 
1 68 for a l l  o r  1 997. In ured di  aster losses 
in the econcl q u a rt e r  of 1 998 topped $ .4 
bi l l ion-t he h ighe L on reco rd . F M has 
pen t  a n  average o r  near ly  2 .5 b i l l ion 

per yea r on weat her- re lated d isa ter in 
t he past f ive year ; t hat 's 1 50% more t han 
the  average year ly co t for the previ
ous five years . The  average annual tab for 
natu ral d i a ter i n  t h i  cou n t ry? bout  
$15 .5  b i l l i on , a cord i ng to the  I nsu rance 

Re earch ounci l . Th i  figu re i n
c lude i n  ured lo e a w e l l  a 

m i ni t rat ion , the  D pan m e n t  of 
Hou  ing and  U rban Deve lop
mcm ,  the Fede ra l  H ighway Ad
m i n istrat ion , and  the I n ternal 
Revenue crvicc . 

Part of the problem i a pat t ern 
of i nc rea i ng ly  eve  re weather  
events .  not he r fac to r i popu
lat ion  gro\ t h. more peop le 
i n hab i t  t he  world' con tinen ts , 
i n crea i ng  nu mber of dwel l i ngs 
and bu incsses, toge ther w i t h  t he  
i n frast ruct u re t hat  uppon t hem , 

a rc creeping i nto hazard-prone area . I t  is  
e t imated tha t  more than hal f of the 
popu lat ion now l ive i n  such areas. AJ o ,  as 
·ocicty re l ics on more-soph is t i cated clec
L ri a l  prod ucts and systems, t he  reper u -
ions of power outage become more se

ve re. For i n  ta n cc,  i n  the  n i ted ta le  
-as in other  advanced i nd u t r ia l izecl na
t i o ns-t he p rol i re rat ion  o r  the co m p u t er 
te h nolo y tha t  ha revol u t ion ized the 
v orkpl ace has also made society mo re 
vu l nerable when il comes to disaster. "Our 

11 L i re ocie L ha become more uscepti
b le Lo eco nomic lo clue to power out ag 
than at any o ther  t i me in it h i  tory," notes 
Kar l  tah l kopf, PR !  vice pre idem [or 
energ>' de l ivery and uti l izat ion . " I n  1 990 , 



the cost of power out.ages in the 
United States ran about $27 bil
lion. That figure has probably 
more than tripled t0day." (Stahl
kopf's estimate includes all power 
outages, not just those rcsulLing 
from disasters.) 

Recognizing the increasing in
cidence o[ catastrophic events, 
disaster experts across the United 
States are responding with a vari
ety of efforts designed Lo reduce 
the impact of disasLers and to 
speed recovery. For instance, last 
year FEMA launched Project Im
pact, a national initiative aimed at 
building disaster-resistant com
munities. The agency significantly ramped 
up that effort in June of this year, adding 
50 communities-one in every state-to 
Lhe original seven pilots. Similarly, the 
propeny casualty segment or the insur
ance industry, through its lnstitute for 
Business and Home Safety, is sponsoring a 
Showcase CommuniLies program to dem
onstrate steps that communities can take 
to reduce their vulnerability to disaster. 
The first showcase community was desig
nated in July of last year. Also last year, 
EPR! established its Disaster Planning and 
Mitigalion Technologies (OP&MT) Tar-

get. Encompassing a wide range of EPRl 
expertise in disaster-relaLed work, the tar
get offers members and their customers 
information and help in applying disaster
mitigating Lechnologies and in establish
ing and managing Disaster Recovery Busi
ness Alliances (DRBAs). Both activities 
help utilities and their communities better 
prepare for, respond LO, and recover from 
all kinds of disasters. 

Eye of the storm 

Power companies are in a unique posi
tion when iL comes LO large-scale disaster. 
Because they are an integral part of soci-

ety's critical infrastructure, 
their role is crucial in di
saster recovery. And yet 
very often-especially clur
i ng natural disasters
they themselves are vic
tims of the calamity. 

Perhaps at no time in 
recent memory was this 
irony more evident than 
last January, when a clev
astati ng ice storm wal
loped southern Canada 
and the northeastern Unit-

ed States, plunging millions of electric 
power customers into darkness for weeks. 

The five-day storm was the worst of its 
kind in the hi.story of the entire region and 
the most costly natural disaster in Cana
dian insurance history. l L  deposited ice as 
thick as 4 inches (10 cm) on elecn·ic utility 
systems. The weight of this i.ce and the 
force of the wind snapped wooden pow
er poles like toothpicks, crumpled steel 
transmission towers into heaps o( con
torted metal, and brought high-voltage 
transmission lines t.o the ground. ln the 
words of Kenneth Tompkins, director of 
corporate communications for Niagara 
Mohawk Power Corporation, "It was a 
storm the likes of which we've never seen 
before and hope never to see again." 

Among the hardest hit utilities in the 
United States, Niagara Mohawk Lost over 
85% of its transmission and distribution 
infrastmcture in the affected area. Dam
age was most severe in its northern region, 
where some 120,000 customers- over 
95% of the utilitys customer base-lost 
power. The storm knocked more than 70 
transmission lines out of service, damaged 
nearly 200 transmission structures and 
8000 poles, and made ir necessary lo re
place 2000 transformers. The losses to
taled over $125 million- more than six 
Limes the $20 million in damage the utility 
sustained in its next-worst weather event, 
a lightning and wind storm on Labor Day 
o[ this year. 

Without electricity, many communities 
came to a standstill. Schools shut down, 
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post oITices halted deliveries, and a num
ber of businesses closed their doors
some forever. Gas stations withour backup 
generators had no way LO pump gas. 
Houses were dark and cold, and food 
spoiled in disabled freezers. Homes de
pending on wells with electric pumps even 
lacked running water. Free.zing residents 
took refuge in community shelters or 
moved in with friends and relaLives lucky 
enough to have been spared the outage. 
With ATMs on the blink, many people 
couldn't get cash. Many restaurants that 
might have helped feed so-a11ded residents 
found themselves unable to do so; food 
had spoiled in their own 
freezers, and road clo
sures due to dow11ed 
!Tees and wires made 
getting fresh supplies 
extremely difficult. 

Recovery from this 
disaSter did not come 
quickly or easily for the 

The devastating ice storm 

of January 1998, which 

paralyzed eastem Canada 

and the northeastern 

United States, dramati

cally Illustrated how 

power companies not 

only are crucial to disas

ter recovery but are very 

often the victims of 

calamity themselves. 
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region's electric utilities. Many local utility 
crew members had problems of thcir own 
at home. To help out, utilities from as far 
away as Hawaii sent crews. Some person
nel stayed in hotels with no heat or lights. 
Others slept on the noors o[ school gym
nasiums or ftrebouses or even in Lheir own 
trucks. "The outages we've experienced in 
d1e past were not of this geogmpliic magni
tude," says Tompkins of Niagara Mohawk, 
noting that the area in northern New York 
that lost power is nearly the size of Massa
chusetts. ''AccornmodaLions anywl1ere in 
the vicinity of the problem were without 
power." 

Niagara Mohawk senl more than 4000 
workers into the field to respond to the 
stonn. Traditionally, restoration plans call 
for transmission equipment to be repaired 
first, then distribution equipment. But 
since gelti ng power to feed and shelter the 
crews and to gas up their trucks was a pri
ority, transmission and clistribution repairs 
bad to be made simultaneously. The ucility 
also deployed numerous emergency gen
erators-with a total capacity of 17 MW
throughout the affected region. Power res
toration took 23 clays. and residual repairs 
continued through the spring and into the 
early summer. The visible scars- trees 
spli1 in two, fallen branches am.I limbs
still remain. 

The damage from 11.his kind of disaster 
could nol realistically have been pre
vented. "The utilities designed their sys
tems for rhe most severe conditions that 
could be expected LO occur in 100 years, 
and they got a once-in-500-year storm," 
says Ralph Bernstein, program manager 
for EPRl's DP&MT Target. In -1\iagara 
Mohawk's case, distribution equipment is 
designed to withstand an ice buildup of 
0.5 inch (1.3 cm) and uansmission equip
ment a buildup o( L inch (2.5 cm)-stan
dards that exceed the recommendations of 
the National Electrical Code. But with a 
buildup of 2-4 inches (5-10 cm) during 
Lhe January storm, the sysLe1us were 
clearly overwhelmed. 

As the utility noted in a repon to Lhe 
State of :-slew York DeparLtnent of Public 
Service, released injune, it is not practical 
to build lines to withstand such extreme 
conditions. For example, a distribution line 
that can withstand up to 3 inches (7.5 cm) 
of ice would require supporting poles 
every 60 feet (18 m) instead of the typical 
225 feet (69 m). Not only would such a 
design be unsightly and environmemally 
intrusive, but il would also be prohibi
tively expensive. Redesigning the utility'.5 
entire electrical system to withstand 3 
inches of ice would cost more than $4 bil
lion and still would not prepare it [or Lhe 
4-inch ice buildup that accumulated in 
some areas cluri ng the storm. Nor would it 
fully protect the system against damage 
from falling trees. 

Business factor 

Utilities aren't the only businesses devas
tated by disasters. As January's ice storm 
clearly illustTated, disaster can have a big 
impact on virtually any business in harm's 
way. That storm closed Montreal's central 
business clistrict and shut down shopping 
malls in upstate 1'-ew York. ln Vermont, 
maple syrup farmers lost entire groves of 
tTces. New York dairy farmers who couldn't 
store their milk or get it to processing 
plams were forced lo dump about half 
their usual production every day. Chemi
cal producers in Canada weren't able to 
meet customer demand, suffering hun
dreds of thousands of dollars a day it1 pro
duction I osses. 



public access can bring local business to a 

standstill for days or weeks, sometimes lead

ing to the permanent closure of commercial 

establishments. 

Similar examples of business hardship 
can be found in the wake of almost any 
disaster. After the Oklahoma City bomb
ing, 40 blocks or the city's downtown area 
were barric.-adcd for over 30 days. "During 
that time, businesses were crippled- 4000 
of them," says Jim Oggerino, who man
ages the DRBA portion of EPRL's DP&MT 
Target. "Business owners and customers 
simply could not get in." In the end, he 
notes, local. state, and federal agencies 
learned that they probably hadn't needed 
to rest ricL access for so long. BUL there was 
no reversing the consequences: 200 busi
nesses shut their doors for good. Another 
20 fear they'll never fully recover and are 
considering riling for bankruptcy. 

The problem is that individual busi
nesses are usually left out of the loop in 
traditional disaster planning. In the public 
sector, emergency authorities, utility ser
vice providers, emergenC)' medical teams, 
and others have well-developed emergency 
response procedures and can generally co
ordinate well with disaster relief organi
zations. However, the recovery of essen
tial commerce and trade has been left to 
chance, market forces, or ad hoc liaisons 
created in the chaotic aftermath of a disas
ter. The negative implications arc sig11Lfi
cant enough for businesses at any Lime. 

Bm in today's environment of just-in-time 
manufacturing. the problems can be espe
cially severe. 

A number of experLS arc stressing the 
need for increased attention to business 
recover)' from disasters. After all, they 
note, a communil}' cannot full}' recover 
from disaster until its businesses recover. 
Says EPRl's Bernstein, "If your residents 
don't have jobs, they can't pay their bills 
or buy local goods. And you lose tax base. 
Quick and coordinated recovery of basic 
commercial networks-utilities, food and 
water distribution, telecommunications, 
financial services, transportation and fuels, 
and broadcast media-is the kc}' to the 
timely recovery of local business, the via
bility o[ neighborhoods, .111d the continu
ity of government." 

James Bronson. assistant professor of 
business management at the University of 
North Dakota, notes that business assis
tance typically comes in the fonn of loans 
and that few other t}'pes of assistance are 
available for private industry after a di-

saster. Bronson managed a survey of the 
business climate in Grand Forks, North 
Dakota, in the wake of the flood of April 
1997, which resulted in the evacuation of 
the entire city of 60,000- one of the larg
est urban evacuations since that of At
lanta, Georgia. during the Civil War. The 
worst disaster in U.S. history on a per 
capita basis, the flood caused $2 billion in 
damage in Grand Forks and its sister city, 
East Grand Forks. That amount equals 
12% of North Dakota's gross state product; 
half of it was the result of property and in
ventory losses by commercial and indus
trial establishments. 

Less than 10% of property in the com
munity was insured for 
flood damage, so re
covery efforts strained 
many businesses, par
ticularly small shops 
whose owners were 
also trying LO rebuild 
their homes. Overall, 
recovering from the 
flood reduced business 
equity by more than 
$-+00 million, wiping 
om equity alLogethcr 

in many companies. As of May 1998. 
about 150 businesses had not yet reopened 
their doors. Of those that survived, 31.7% 
repon that their debt level is higher. 

The EPRI response 

EPRl is among a number of public and 
private organizations that are working to 
minimize the impact of disasters. EPRl:S 
approach includes three key clements: 
developing disaster-related technologies, 
identifying other useful technologies from 
the public and private sectors, and imple
menting DRBAs in the private business 
community. These elements will help util
i1 ies and their customers prepare for, re
spond to, and recover from unavoidable 
disasters. ln some cases, the technologies 
will prevent or mitigate disasters. 

Business participation in disaster plan
ning and recovery is a relatively new trend 
-one that is being supported by the fed
eral government via FEMA (through its 
Project Impact initiative) and by the insur
ance industry (through its Showcase Com-
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mun i t i e  progra m ) . The root or PRI' 
D RBA erfon date back LO 1 994, when EPRl 
conducted a work hop and a t udy to 
ide n t i fy v ays the  electr ic power ind ust ry 
co u ld  he lp comm un i t ic m itigate power
ou tage-re lated lo es cau ed by nat u ral 
d isasters .  The goal or t he  st ud soon ex
panded i n to a br ader v i ion . Wi t h  anal L 
ical as i tance rrom the in uran e i ndu try, 
o t her l i re l i ne i ndu t r ic , re earche rs, and 
government  agencies l ike the . .  Depart
me n t  of Ene rgy and F , M A ,  PR I  id m i
lied t he need fo r a di a ter-p l an ning and 
re Lorat io n  proces t hat \ ou ld engage 
takeholder rrom pri ate a wel l a publ ic 

sec tor . The resu l t  wa E P R I ' DRBA pro
gram . Th i n t ent of t h i  i n i t ia L i  e i to es
tabl i h D RBA i n  com m u n i t ie aero the 
co u mry to p rovide a veh icle for m uch 
needed bu i nc i n put i n t o  d i  a t. e r  plan 
n i ng, m i t iga t i on , and recovery. 

Each ORB is a co l l aborat ive organ iza
t ion-an a l l iance of bu i nes es i n  a com -

mu n i ty in w h i c h  the  loca l power co m 
pany p l a  an i m por tanL  role .  Th al l iance 
\ orks \ i t h chamber of commerce and 
local , L a l  , and federal governm n t  ag n
ties, a wel l  a volu nteer d isa ter-plann ing 
organ iza t ion , to he lp  n u re a com m u 
ni ty' market reco er a rter a d i  a t e r. The 
local DRBA lead the bu ine com muni ty 
i n  d i  a ter m i t igat ion i ni t iat ive and coor
d i nates the  exchang of information wi th  
publ ic- Lo r  emerge ncy ope rat ion cen 
e r  _ Ex i  t i ng  D RBA have working re la-

t ionsh ip  w i th n u rnc rou group , i nc l ud 
i ng  the  me rican Red ro , t h e  Cen tral 
Uni ted tate Earthquake on oni um, the 

ocia l ion of o nt i ngency Planner , the 
ationa l  mergency anagers A ocia-

t ion, and the  In t i t u te fo r Busines and 
H ome a fet y. 

Typica l l  , t he  bu i ness spon ors of a 
D RBA form a com m uni ty steeri ng group,  
which  col l ccLS and ana lyze area-spec ific 
bu i n  s data . Res ul t i ndicate what area 

After the Storm 

o f  vu lnerabil i ty exist , \ hat  issue the 
ORB wi l l  have to addres , and whal pri
ori y hou ld be as igned lO each i ue . 
-ach D RBA mem ber organiza t ion he lp 
fund the ad ministrat ion o f  the  DRBA and 
any  pec ia l  programs tha t  re u l t . ome 
bu i n e bal k at the  prospect of fu nd
ing  disaster plan n i ng. Mary Ca rrido, na
t ional pres idenL and C -O of lhe  cia
t ion of Conti ngency Plan ners and a disas
t r r overy and m it i.gat ion expe rt who 
hel p  d develop the D RBA oncept ,  offer 
thi pe rspect ive :  " pending the  mane lO 

develop an organization l ike  this is mini
mal compared to what bus ine es v ould 
lose i n market hare because of a deva -
tated comm u ni ty. " Accord ing Lo arrido , 
fo r every do l lar pem o n  m it igat ion and 
preven t ion , $1 2  is saved on re ponse and 
recover 

Both F M ' P roject Impact i n i t iat ive 
and th i nsu rance i ndust ry' howca e 
Comm u nit ie program recognize t he need 

0 maha Public Power District recently e perienced the la rgest 
and mo t damaging snowstorm in its hi tory. The October 
1 997 torm downed power l i nes, po les, meter . and other 
equipment throughout O PPD' ervic terr i tory. The com

t he tonn , when a l l  the plan' tep were carried out and organi-

pan 's response to the outage wa comprehen ive 
and immediate .  t i l l , omc cu tomers remai ned 
without power for many day . Wi t h  fundi ng a -
istance from EPRJ , OPPD sough t an external 

a sessment of iLS restoration effort . 
The assc smenL covered everal key areas, i n 

cluding the emergency resto rat ion plan and ils 
exec u l ion, rout i ne mai ntenance and t ree- t ri m 
ming pract ices, system design and technology 
ut i l izat ion , taffing levels , and response ap
proaches. The report r u h ing from the assess
men t, issued in February of thi year. incl ude 
key recom mendat ion about how OPPD m ight 
improve its respon e to uch an e ent . 

omc po i t ive factor fo r the re torat ion effort 
were the rout ine maintenance practice already i n  
place at OPPD, wh ich have kcpt t h e  com pan 
electric power y tem in good condi t ion, and the 

zat ional upport was et up to en ure i ts integri ty. 
As for poten tia l  improvements,  the report tates that OPPD 

might have been able to r tore more customer ooner if an early 

A distribution line fel led by a 

severe snowstorm in OPPD's 

service territory 

damage a e 1ent mechani m had been in place 
to alert i t t hat many additional resources , ould 
be requi red i n  the re torat ion effort .  The magni
tude of lhis Lonn al o highlighted the need for 
a formal ized plan for re ponding lo the informa
tion need of t he media and cu tomer . 

A mong the study' spec ific recommendat ions 
are t he fol lowing: 
• et up eparate area of re ponsi bil i ty du ring 
emergency re toration efforts to handle logist ics 
information , and planning 
• I ncrease the u e o r  mutual aid re ourc and 
con tractors ( for services l ike tree tri m ming and 
line const ruction) , and reconfigure O PPD re
sources Lo manage ouLSide resources in a more 
effect i  e manner 
• D velop a comprehen ive media plan and man
datory drill exercises 

uti l i t  's e ffect ive tree-t r imming program,  which kept the  Ocwber • Create a mult id i mensional damage as es ment model and 
n w torm' tree-related damage from being much wor e than i t  process 

was. Further, OPPD ha a ervice r toration plan in place t hat its • Conti nue work on customer commun icat ion stem plans and 
per onnel know wel l  and acl ive l y apply. Thi wa evid n t  d uri ng enhancements 
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for bu inc  com m u n i ty i npu t  as wel l .  
1 n fact , ( ne of t he 1-+ cr i teria r becom i ng 

ommun it i e  pro
gram al o e m pha i .:e -among other 
t h ings-the  adopt ion  f model bu i ld i ng 
code , panici pa t ion i n  t he  rnnional n d 
i n  u ran program , pr vi i n r m i t iga-

The ci t}' of Eva nsv i l le and a ndcrburgh 
aunt y ( tot a l  popu la t ion 16 ,000) i t  at p 

t he 1 ew M ;.1drid fau lt ,  ! t hough t h  com-
m u n i L} h not expe r i e nced any  ·crtou 
earthqua ke acti it ; it d id  hm•e a t remor i n  
t he 1 960 , a n d  t he poten t i a l f)r a more 
eriou quake i t h  r . B ide-, t h  r -

gion has had i t  share of t he r d i  a tcrs-
tion t ra in ing to bui ld 
i ng de ign ai d con -
truction proi ional , 

and pr mot ion o f  haz
ard awaren - i n  th , lo
cal ornrnun i l  . 

! t hough the  fede ra l  
i n i t ia t i ve doesn't i nc l i 
cat e  a p re ference for 
ORB o r an , o t her 
mo l c l  i n vol vi ng hu i
n css in disa tcr plan
n i ng, i t  c l e a r! rccog
niz · t he  i m p  n ancc f 

The city of Evansville is a focal point of the 

Southwestern Indiana DRBA, established by 

EPRI. Through workshops l ike the one shown 

here, government agencies and disaster 

recovery organizat ions receive valuable input 

from members of the local bus i ness commu

nity on how to effectively restore local com

merce in the wake of a d isaster. 

re
lea e tatcs,  "A cr i t ica l  
pan of Proj ct l rnpa t 
i nvol v cnl ist i ng the  
ac t ive support of busi 
n · • a ro _ t he coun
t ry  in t ak ing mea u rc LO pro te  t 1hci r 
companic , t h e i r  emplo cc , and their 
comm uni t i c  .' ' I n  each com mun i t  · that ' 
d ignated I i  t er r i tam , local par lner-
hi ps among govern men t ,  t he  bu ine  
CCI.OT, anu inuiviclua l  prov ide  fu nd i ng, 

in -k ind  se r ices, techn ical · upport , and la
bo r for a ra nge of d\ a t e r- rclated act ivi
t i es-from ret ro f i t t i ng publ ic bui l  l i ng 10 
beu c r  wi thsta n  I h urr i  anc 1 0  h ldi ng 
cm inar on nood-proofi ng home . 

Model commun ity 

nderscoring the s i m i lar i ty of pr i ncip les  
among the  E P R l , FEM , a nd i ns u ranc  • in
du t pr gram , one of t h  t h ree commu
n i t i i n  w h ich · PRl ha to date estab
l i  h cl D RBA ha a l  o been named a 
h w e com muni t  and a di a ter- rc is

t ant communi ty. Located in outh� e · tern 
I nd iana ,  t hat com m unit , con ist or t he  
c i t  • o f  Evan v i l le  ( wh ich  l i e  on the  banks 
or the Ohio R ive r bo rder i ng Ken 1 uck ) , 
t he  u rround ing metropo l i tan a rea ,  and 

anderburgh ounty. 

f lood , i c Lonn , t o rnad c;., am.I an a i r
pla ne era h. 

" u r  goal ca ·h y ar i 10 make t he co m
muni ty -afe r t ha n  i t  wa. t he year before,'' 
·a •s Ba rbara u n n i ngham.  execut i ve  d i 
rect or of t he ar a plan n i ng com m i  i o n  for 
-van vi l l e and Va nd erburgh oun t y. "We 
fe l t  t hat c;.t ab l i  h i ng a DRB h e re wou ld  
h I p  s t rengt h n t hc gove rn mcm-bu i n · · 
cctor coiil i t ion work ing  un d i  a t c r prc

pare<l n 
In i t ia ted by i t s  ;. t :1 1 e hol dcrs i n  1 997 ,  t h e  

a l l iance i ncl udes the  local u t i l i ty, otl l h  rn 
l ndiam, a and . lcct ric ompan : and 20 
maj 1r bu_ i nt· - • . Am mg th · c arc Whi r l
pool , G E  Pla5 t in, , To •ot a ,  am.I i L lzcn l n
_urancc. The a l l i a nce , urk::, wi th  a varie t  • 
of nonprofi t  and go\'cmmem orga niza t ion 
i n volved i n  di ast e r  plan n i ng, i ncl ud i n g  
t h e  en t ra l  U n i ted tat · E·m hquake on-
ort ium, t he  I ndiana Stat e mergenc · lan

agcmcn t  Agenc •, t he c t ropo l i t:m Eva n -
v i l l e  haml er nl o m m  rct· . and t he 
Eva n ,· i l lc-Vandcrbu rgh u n t }' · me r
g nc , Managemen t Agcn y. 

'Th urv i abi l i L ' r t he e mmun i l  ' i 
more i m po rtalll t h an  that of an one  i n 
du t r ,;· ·a}'S Denn is lcdd an accou n t  e ·
ccu t i v  at ·out hern l ndiana ,a and · lct
t ric and t rc u rer of the D RBA . " There arc 
a lot of l i fe l ine i ndu  t ries t hat n cu to w rk 
toge ther in an effort lO O\'erco m ,  and rn i t 
ig.it .i l l  l ) ' P  of disa t e rs .  ri l cdd n o  Le 

that le t r ic u t i l i 
t i c  bri ng an c p -
cial l ' va l uable per-

ncs e , ut i l i t ie · arc 
faced with t.l i sas
tcr a l l t he L i me .  

e rca · t  L o  t h e m  
o n  a regu lar b ::i  i , " 
h e  a}' , " o t h ere' 

a lo t  we can l ring t o  t he t abl e i n  t erm of 
con t ingency plann ing. � 

Tha n ks  LO the  effor ts or L hc ou t ln t 
ern I ndiana DRB , t he bu·i ness commu
n i t  n w has a cat :it t he table i n the  
emergc nc · opcrntio n c mer i n  n )rlh 
·van. v i l le ,  where pol ite, lire. medica l ,  and 
· I n ric u t i l i t · personnel and other., galhn 
in the eve n t  of a di a ter 10 plan a nord i 
na tcd .  effect ive re pon e .  I n  t he mean l imc, 
t h  ORB,\ is helpi ng la} the � 1uml.1 1 ion for 
Lh i;.  re p n e. ork ing with part n er!> in 
L he  commun i t  ·• bu i n  r pre emative 
i n t he  al l ia nce a rc he l ping i dcn t i f  • t h e  
bmlgc�. t ran spnnat ion rou tes, bu i ld i ng . 
and o t her c r i t ical i n fras t ruc t ure · t h a t  
hould o pen 1 r  t a fte r a d isa�trr l i kl' an  

car thquii kc. " Righ t  now, i t ' a l l  h. -eel on  
t raffic coun t , " a>' lcdd . " Bu t  the  bu · i e · t 
r ad m ight 1 10 1  nee · ar i l , be the  o nes 
t ha1  m ove co m m  re . " 

Throu h t h is DRBA , l ocal compa n ies 
have al  o iden tified t he m i n i m u m  e l ec t ri 
ca l load needed LO su ppo r t  t he i r  ri l ic:-1 1 
busi nc fu n L i on-valuab le  i n fo rma t ion 
fo r the  loca l u t i l i ty. nd the  •vc len rned 
tha t  en w i th a backu p ge ne rator t hcr 
need to plan . "A l ot of ompa n i  • t h i n k  
t hat i nce t he ··ve got a generat or, t he  ·'1 1  b 
ba k i n  bu inc even if the • lo c power," 
·ay. ledcl. "What t he  · fo rget lo clctcnn ine  
1 how long t he generator , i l l  ru n . whcr 
the fttc l  LO co n t i n ue i t  operat ion  wi l l  
co mr f rom . and. i f  t he road lO tha t  sup
pl ier i b locked , how e l  e the  fuel m1 1c l  
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there. What t he DRBA does is raise aware
n of the  vu l nerabi l i ty of variou bu i
nesses so that comingency plans can then 
be made." 

Partnering to Prepare for Disaster 

Expen ay Lhe p i t ive \ orking rela
t ion hip beLwec n pub l i c  and private cc
tor in the uthw L rn lnd iana RB is 
a model for o ther ommun i l ics. ''The state , 
cou nty, and c i ty  mana emem peopl e are 
i L L ing down and plann ing m cl ing w i th  

bus iness represematives, '' observes ar
rido. '' Th L · unp r  c demed . You'l l  find 
er few com m uni t i  in whi h you have 

the kind of tru t for that Lo happen. But we 
bel i eve it' po ible anywhere . "  

o fa r, E P R I  ha t a b l i  hcd two o t her 
D RBAs-one in Memphi through the  Ten
ne ee Va l ley uthori t )' and one i n  Rye, 

ew York, through o n  o l idat ed Edison 
ompany. Rye ' D RBA is j ust get ti ng u n 

der way t h i  year, but the a l l iance ha a l -
ready iden ti fied peci fic projects of i nterest , 
including the  in t a l la t ion of a oph ist icatcd 
backup generat ing L m al a communi t  
hel ter, the Rye ountry Day chool gym

na ium. R e al o ha been named a FEM 
disa ter- re i 1am com m u n ity. 

PR I  i fi na l iz ing agreemem to tab
l i  h O RB in other area , i nc luding the 
ent ire t a le o f  R hode I land. One of the 
coumr ' mo L den el popu lated Lates ,  
Rhode I land has good ince n t ive, given 
t hat it has 420 mil (680 km) of coast l ine 

Ditch Witch 
Trencher 

Commercial 
Technology 

The Challenge : Ga in  rapid access to 
underground ( ac i l i ties and rem d i a t e  
environmen t a l  hazards . 

E PR! is teami ng up w i th  the Federal 
Emergency Management gency on a 

tudy aimed al better defin ing the elec
tric power i ue ociated with recov
ery from a hurricane or a nonhea ter. 
The resu l ts wil l  be part icu larly relevant 
to coastal com munitie , where damage 
can occur from eit her high winds or 
nooding. 

Th i n i l ia l  goa l of the Ludy, which is 
e peeled to get under way hort ly and 
to take about six months 10 co m plete, 
i ncl ude the following: 
• An ana ly is or exist ing design stan 
dard a nd prac tices that address h igh 
wind loads for overhead l ines 

and t hat two-t h ird of i t  popu lat ion I i  e 
i n  the La te '  hu rrica ne-vul nerable coa Lal 
area . Other D RBA i n  L he  p lan n i ng tages 
i n c l ude one in an ta na, al i forn ia , and 
one i n  De en Hot pri ng . Cal iforn ia . 

• PR I  i pleased with the  ucce of t he  e 
partner h ip  . a Oggerino, "Com muni ty 
rou p  are col l a borat i ng  wi th one anot her 

now. Rat her than j u  L maki ng internal or 
indiv idual di aster p lans, the)"re de el
oping e te rna l , i ntegra ted vu lnerabi l i ty 
a naly e and market recovery plan to ta ke 
ca re of everyone i n  the  com muni ty. And 

i t ' begin ning to pay o ff. 
e are tart ing to ee 

mo ment u m  in t he  vari
ou com mun i ties." 

The Solution : Prov l de-------� .... rent ing equipment ne, Telemedic ine I'" 
Technological edge 
The abi l i t y to clra� o n  
_PR l 's 25 year of work 
i 11 cien ce and tech 
no logy i an e ffective 
i nducemen t  for man 
communi l i es th i n king 

speci fic  dis sler rec . . Government 
Technology 

The Challenge : Obc a i n  rapid medical 
trea�ment f o r  di sas :er vie ims . 
The Solut ion :  Pt'ovide advanced 
biosensors and biotel em try systems 
that enable medica l special i s t s  to 
conduc �mote t r eatment of  distant 

!:PRI Technology 

The Challenge : Generate t imely 
l igh n ng da a to avert l i ghtning 
outages . 
Tb.e Solution : Provi de ut i l i ties in  
the path of  intense l igh ning storms 
wi th adequat e lead time for  alert i n g  
repo i r cr�ws and a � r a.ngin9 f o r  hel p  

and power (rom n�ighboring uti l i t ies .  

The Na t i ona l Lightn ing D�teccion Network has ins t a l l ed  
1 05 sensors across the countr}' to  ga ther real -time field 
da tt1 . 
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EPRI researchers evalu

ated over 1 500 useful 

disaster-related tech

nologies avai lable from 

EPRl and the pub�c and 

pr ivate sectors to come 

up with the 1 75 ( includ

ing these 3) highlighted 

in a recent ly re leased 

inventory. 

• A determination of how best to make 
decisions about Lhe use of overhead ver
sus underground distribut ion in areas 
ubject to high w ind and flooding 

• A study of Lhe need for rcdundanc at 
cri tical faci l i t ie 
• The ident ificat ion of capi tal i mprov -
ment  and mai menance is ues associated 
with reducing downtime after a disa ter 
• A discu sion of ervic onn t ion 
problems 
• The developmen t o[ a guidel ine that 
defines acceptable r torat ion t imes 
• A review of mechanism for fi nancing 
capi ta l impro ement and main tenance 
projecLS 

abou t be oming as ociated wi t h  the 
D P&M T Target t h rough t heir ut i l i ties. 
I ndeed , EPR l 's ex perie nc i nc lud the  
developmem of technologie and e per
t i  releva n t  to a wide range of ca1a t ro
ph , from fire ant i nva ion of elect rical 
equ ipment to major power plan t  ou tage . 
0 er the  years, PR !  researc her have vio
l m ly  haken and aaked transmis ion 
tower un t i l  t he  've crumpled , zapped 
u nderground cables wi t h  l igh t ning bolLS , 
and triggered exp lo ion i n  underground 
vau lts-al l  i n  the name of lea rn ing how to 
prevem or mit igate di asters .  

One of EPRl '  most wide! deploy d di
a ter-rela t ed 1. echnologie is I.he at ional 

Ligh tn ing  Detect io n twork ( LD ) ,  
o perated b y  G lobal Atmosph eric , Inc . 
(GA i ) ,  of Tue on, rizona .  The network 
consists of st rategical l placed elect romag
n et ic enso r that relay loud- to-grou nd 
l igh t n ing data via com mun icat ions sate l 
l i te to the  LO con trol center for pro
c ing and distr ibu t ion .  Through 1 h e  net
work, power companie can ee the  re-
u l L i ng  rea l- t i me i n formation displa ed on 

a map o f  t he Un i ted tales and can u e 
it to ant i  i pate, track ,  and ana l  ze l ight
n ing st rike in and near their region . The 
ne twork was de\1eloped i n  1 he mid- 1 980 
b the ta lc ni er i t  of cw ork u nder 
con t ract to EPRI and wa t hen i m proved 
b)' GA i ,  a lso u nder EPRI con t ract I t  is 
now taking off i n  the i mernat ional market , 



with networks operating in some 25 coun
tries and on every continent. 

"This is one of the EPRI technologies 
we think could be very useful in south
western Indiana," says Sledd of Southern 
Indiana Gas and Electric, noting 1hat his 
utility purchases data from the network on 
a regular basis. "If people are interested 
and will support it, then we may choose to 
become pan of the network ourselves.� 

The lightning network is one of 175 
disaster-related technologies highlighted 
in Disaster Plm111i11,g and Mitigation Tcc/1-

110/ogies: Interim Technology /11vcnto1y Re

port No. 2 (TR-108972-Vl), released in 
June. The report provides an inventory of 
technologies relevant for disaster plan
ning, prevention, mitigation, and recov
ery; it updates the first version of 
the inventory, published last fall. 

real time. The system will offer a high
resolution, bird's-eye view of utility trans
mission and distribmion systems in the 
come:<t of surrounding geography. The 
idea is Lo allow ulility personnel to quickly 
assess the extent of any physical dam
age resulting from a storm, locate the 
damaged systems and facilities, access un
obstructed routes. and plan needed re
pain,. This summer EPR! tested a proto
type of the system, with positive results. 
By the end of the year, detailed data from 
test runs should be available. 

To enhance its own tcchnolug)' develop
ment, EPRI has signed an agreement with 
Sandia National Laboratories to cooperate 
in idcnti�ring and bringing to market 
products that will help mitigate the impact 

trical networks in the context of buildings. 
streets, and other landmarks. 

Other Sandia technologies could be 
valuable to utilities and communities. For 
instance, Sandia has developed virtual re
ality tools for training experts in the re
mote handling of nuclear reactors. These 
iools, which simulate a disaster site in 
three dimensions and enable users to 
modify the virtual environment, could 
also be used to train firefighters, police of
ficers, ambulance crews, and others who 
are the first to respond to a disaster. Sandia 
originally developed this technology for 
DOE. It has since been used in other ap
plications, such as training securiL)' spe
cialists on removing hostages. The tech
nology would need further developmelll 

to tailor it to 1he needs of specific 
communities. 

Bernstein notes that members of 
the DP&MT Target can take ad
vantage of EPR!:S tailored collabo
ration and cofunding options LO 
help customize technologies of i.n
terest and apply them to their own 
specific situations. EPRI can also 
provide 1arget members with in-
formation about how well these 

- technologies pcrfonned in past 
: disasters. And target members can 
" influence the direction of EPRrs 

To develop the inventory, re
searchers evaluated over 1500 tech
nologies from three sources: EPRI. 
the public sector (including DOE's 
national laboratories and the Na
tional Aeronautics and Space Ad
ministration). and the commercial 
sector (including vendors produc
ing clisas1er-relatcd products). The 
report also offers 10 technology i n 
formation briefs on key products. 
Each brief describes a specific chal
lenge, a technolog)' solution for 
that challenge, its cost, the avail
ability of the featured products, and 
the experiences of those who have 
used them. Earthquake mitigation 
for power systems, reduction of ice 

This virtual reality tool can simulate a disaster site in three 

dimensions for training purposes. EPRI and Sandia National 

Laboratories are cooperating to identify other advanced 

Sandia-developed technologies that could be modified for 

research. steering it toward the 
development of entirely new tech
nologies to address their emerg
ing needs. 

EPRI vice president Karl Stahl
kopf says that EPRl members 

disaster mitigation applications. 

damage lO overhead power lines, power 
plant 6re protection and suppression, and 
advanced treatment for electrical bums arc 
just some of the issues covered in these 
briefs. EPRI intends to update the technol
ogy inventory periodic.ally. 

Of EPRI's forthcoming disaster-related 
products, the poststorm damage assess
ment system appears to be the top prior
ity for power companies. Currently under 
developme11t, this technology uses remote 
sensing data from aerospace programs
data developed for military and other civil
ian applications-along with computer 
and digital imaging technology to deliver 
visual images of poststorm damage in near 

of disasters. The goal is to ta.kc advantage 
of the years-and sometimes decades--0f 
government-sponsored research Sandia 
has pm into developing technologies for 
national security. Many of these products 
could be extremely valuable to EPRI mem
bers and the communities in their service 
territories. In some instances, Sandia's 
technologies directly complement tech
nologies EPRl has developed. For in
stance, a geographic information system 
(GlS) that Sandia has enhanced for use at 
its own facilities could be a great asset in 
EPRls posLSLorm damage assessmem sys
tem. Sandia's GIS provides the location of 
both underground and aboveground eke-

should envision the target as a continu
ously updated toolbox. Over time. he says, 
the lessons learned from an increasing 
number of utilities experienced in disaster 
will be incorporated so that the best prac
tices and technologies will be identified. 
These approaches can be adopted by other 
utilities to solve their own and their cus
tomers' problems. "We c,,n't stop a disaster 
from striking," concludes Stahlkopf. "but 
we can cenainl}' help minimize its im
pacts, improve response, and speed the 
recovery process." • 

Bncl,gw,md i11{0111111tio11 for t/rb n11iclc w� p1ovidcd 
bv Ralph Bent5tdn and Jim Oggcrino. Enr�ri· Delivc1y 
and U1ili::.utio11 Division. 
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DIST I 
ENE G 
Combining 

Heat and 
Power 

The Story in Brief A high-efficiency cogeneration 

a pp l ication that provides both electricity and thermal 

energy for heat ing  and cool ing could be set for a reviva l 

in  the U n ited States, fo l lowing decades of deployment i n  

Eu rope.  The renewed interest in d istrict energy systems 

stems from the i r  strategic value to uti l i ties i n  he lp ing 

reta in commercia l  customers whi le max i miz ing the use 

of foss i l  p lant assets and reducing pol lutant emissions .  

The potent ia l  of  these systems to dramatica l ly lower 

carbon d ioxide emissions by ra i s ing energy convers ion 

efficiency-in some cases, more than doubl ing it-could 

propel d istrict energy to more widespread adoption in 

the future .  EPR I  offers an R&D target designed to he lp 

member com panies develop d istrict energy as a profit-

enhancing business. by Taylor Moore 

T 
he dawn of the elec tr ic  age 
i n  the late n inetee nt h cen
tury was preceded-and, in 
part ,  made possible-by the 
era of steam power. The fir L 

com mercial system for di t r ict heat i ng  i n  
the  n i ted tates began operat ing i n  Lock
port , ew York, i n  1 877, prov id ing stea m 
to mu l t ip l e bu i ld ing from a cen tra l  p l an t . 
l n  ew York Ci ty, the first district team 
heat i ng system-featu ring a hal f-mile main 
along Wal l  treet , i n  what is today' fi nan 
cial district-bega n opera t i ng  si x mont hs 
before Thoma ·dison's steam-driven Pear l 
Street power stat ion generated it fir t am
peres of direct current in 1882. Wit h in  only 



a few more year , elec tr ic  uti l i t ies we re 
envi ioning the  dist r ibu t ion of e hau t 
steam fro m pow r pla n t  to heat n earby 
bui l d i ng . 

cw York i t  ' e lectr ica l di tr ibut ion 
system even tual ly far urpa ed the steam 
sy tern i n  terms of l oad , number  of cu 
tomer , and service area .  Bu t the di tr ict  
t eam y Lem-opera ted ,  a i t he e lect ri

cal y tern,  by on ol idated di on om
pany f e\ York-remain t he large L 
uch  y tern i n  t he cou n t r  toda , bigger 

than the next eve ral ystem combined. 
I t  ha over 1 00 miles ( 160 km) of ma in 
and pipes that serve about 2000 customer 
in Man hauan ( from the Bat tery to 96th 

I I 

t reet) , i nc l uding ome of t he  c i t y' l a rge t 
bu i l ding . The y te rn del iver more t han  
34 bi l l ion B tu  of clean energy a year for 
hea t i ng, cool ing, domestic hot wa ter, and 
uch other use as teri l i zat io n and food 

proce i ng. 
D i  t r ict team heat ing y tem have 

been operat i ng  nearly a long i n  everal 
other c i tie , incl ud ing Philade l phia, I ndi
a napol is , Detroit , La nsing, Bo ton M i l
wau kee, and an franci co. I.ore recen tly, 
mai ler di t rict energy y tem that cir

cu la t e  lower-te m pe rat u re hot 
been in ta i led in pri ngfi Id, 
e t t  , and Ja mestown and Bu ffalo, e\ 

York .  Di trict energy p lant provide bo th  

area. The circulating

fluidized-bed plant 

del ivers 46 MW to the 

grid and supplies about 

40,000 apartments and 

numerous publ ic  bui ld

ings with d istrict heat. 

heat i ng and coo l ing at john . Ken nedy i n 
ternational Airport i n  ew York C i ty and 
at Pi l l  burgh l nternat ional Ai rport . 

I n  u rope, where high fuel cost have 
long provided a t rong incentive to u e en
ergy efficien t ly, the coge nerat io n  of elec
tricity and thermal energy for di t ri but ion 
to customer ' bui l d ing i common in 
many urban area . To er e their densel 
popu lated core , mo t uropean cit ies have 
what are cal led combined heat and power 
(CH P) uti l i ty y tern . ffic ient and lo\ in 
e mis ion , European CHP stem va ry in 
size .  At one end of the  a le are the large 
u rban ystem in the countrie of centra l  
and eastern E u rope that formerl had 
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planned economies. These systems feature 
extensive networks of massive hot water 
pipes, which also fill year-round healed 
swimming pools. At the other end of the 
scale are the sysLems or shallowly buried. 
insulated s1eel pipes I hat rirculare hot wa
ter from central stations and some disuib
uted power plants in cities, towns, and vil 
lages throughout the Nordic coumries. 

Finland's capital, Helsiol<i, is a promi
nent example of the application of district 
heating. There, district cogeneration and 
heating- only plants provide over 90% of 
the total energy for space heating, the most 
in any western European city. Nationwide, 
more than 2 million Finns, or 40% of the 
population, live in homes served by dis
trict heating systems, which were intro
duced in the 1950s. 

Another example is Berlin, soon to be 
restored as the capital of Germany. The 
place where European district heating was 
pioneered in 1912, Berlin is home LO the 
world's largest district heating infrastruc
ture. [n September 1997, the reconstruct
ed, st,ne-of-the-art MiLte combined-cycle 
power plant began providing electricity, 
hot water, and chilled water to a large, re
vitalized central historical district. Once 
the cultural heart of cosmopolitan Europe, 
the area includes Potsdamer Platz, the 
Brandenburg Gate, and Alexanderplatz-

landmarks that are now being joined by 
new corporate cenLers fur ABB, Daimler
Benz, Sony, and others. 

Long favore<l in colder, northern cli
mates, district energy systems are increas
ingly being developed in such other coun
tries as Lhe United Kingdmu. ltaly. Greece. 
and Turkey. 

Expanding environmental appeal 

Thanks to several decades of application 
and developmem in Europe, the technol
ogy for district heating and cooling has 
evolved to an advanced state and is now 
available in a competitive supply market. 
The original purpose of saving fuel has 
expanded to include minimizing atmo
spheric emissions. 

Modern cogeneration and heating 
plants use fluidized beds or OLher ad
vanced combustion technologies designed 
to fire several different fucls- inclucling 
peat, wood. gas, coal, and even hay- and 
to produce low emissions. Air quality 
studies i11 Finland's major cities have con
firmed that district heating plants, where 
emissions controls were first applied, have 
resulted in substantially reduced emis
sions of sulfur oxides, nitrogen oxides, 
and carbon dioxide. Becau:,e boiler:, for 
space heating in customer buildings can 
be elimlnated, utiJities can gain credits for 

All the electricity and heating and cooling energy used at New York City's John F. Kennedy 

International Airport is supplied by this district energy plant. 

20 EPRI JOURNAL Sep1onber/Octo/lc,· l998 

reducing pollutant emissions-credi.ts that 
can be applied toward expantling other 
generating fadUties. And when used with 
non-chlorofluorocarbon-based chillers for 
space cooling, district energy systems can 
also eliminate the need for vapor com
pression cooling equipment with ozone
depleting refrigerants. 

In recent years, CHP systems have be
come especially appealing to government 
officials, policymakers, and environmental 
scientists concerned with reducing the 
risk of global climate change due to in
creasing atmospheric loading of CO2 and 
other so-called greenhouse gases. Because 
O·IP systems can have overall energy effi
ciencies rhac are more rhan double those 
of most electricity-only fossil fuel power 
plants, CH P is coming to be seen as a 
key elernem of sustainable energy devel
opment strategies-for example, in the 
rap:idly growing cities of developing coun
tries and for repowering and infrastructure 
redevelopment in central and eastern Eu
ropean countries. By distributing thermal 
energy that would otherwise be lost as 
waste heat from power generation, the 
CMP approach dramatically increases the 
efficiency of energy use and thus reduces 
1.hi:: amount of CO2 procluceJ per uniL of 
energy. And customer boilers and their 
CO2 emissions are eliminated. 

Moreover, the large potential for con
verting some of the unused generating ca
pacity at aging urban fossil power planls
in the United States, for example- to 
serve new or expanded district energy sys
terns could be significant in the event that 
CO2 emissions reductions are mandated as 
part of efforts to implement international 
treaty commim1ents concerning global cli
mate risks. "If carbon dioxide limits are 
imposed in the future, many existing fossil 
steam plants may not be able to operate 
competitively with 30-40% fuel use effi
ciency," says Walt:er Piulle, who retired 
from EPRl earlier this year after 22 years 
in fossil plam and cogeneraLion-related 
R&D. "ConverLing a power plant LO pro
vide district heating can increase foe] use 
efficiency to 85%. '' 

Utility-operated fossil plants I ha1 have 
the lowest he.at rates average slightly less 
than 10,000 Btu/kWh, and even the most 



efficient supercritical boilers with double 
reheating of feedwater can rarely do better 
than 8500 Btu/kWh. But converting a gen
erating unit to supply district heating can 
bring the effective heat rate down LO the 
equivalent of about 6000 Btu/kWh. "This 
is clearly a significant step change in the 
efficiency of converting fossil fuels to en
ergy," says EPRl:S Tony Armor, director of 
generation tecnnology development. 

Building on its earlier work on fossil 
plant heat rate improvement, including 
investigations of recent European innova
tions in district heating and cooling tech
nologies, EPRI is providing strategic busi
ness and technical information to nearly 
30 companies that are funding a new R&D 
target called District Energy for Load Re
tention and Growth. The target also pro
vides tailored collaboration funding sup
port for companies that wanL LO install or 
demonstrate ctisu;cl heating systems for 
cusLOmers. The information available to 
target funders integrates much of EPRI's 
technology R&D results from the past 
25 years regarding the optimization and 
adaptation of fossil plant steam boilers and 
turbines. 

·'District energy systems can be an op
portunity for utilities LO make money in a 
largely unregulated business," says Armor. 
"Several utilities have already capitalized 
on the opportunity, and others are consid
ering adapting existing fossil plants LO also 

Major rebuilding is under way in the heart of Berlin as the city prepares 
to resume its role as the capital of a united Germany. The central dis
trict's historical landmarks will be joined by corporate centers like the 
multipurpose complex Sony plans to open by 2000. Berliner Kraft- und 
Licht AG, the local utility, has repowered its Mitte plant with advanced 
combustion turbine combined-cycle technology and added an absorp
tion refrigeration facility, thus enabling the plant to supply the entire 
district with electricity, hot water, and chilled water. Designed for 90% 
fuel utilization and 100% waste heat recovery, Mitte is among the most 
efficient and environmentally compatible plants of its kind in the world. 

Artist's conception of the Sony Center, superimposed on a site photo 

produce thermal energy for sale in the 
form of steam, hot water, or chilled water. 
We're working with a substantial number 
of utilities that are interested in develop
ing a district energy business.'' 

The changing business climate 

According to Piulle, the business climate 
for district energy has recently been im
proving as a result of the convergence of 
several factors. These include industry re
structuring and deregulation, lower tech
nology costs, changing customer prefer
ences. and a growing recognition of district 
energy's positive impact with respect to 
CO2 emissions. 

As part of a $6.3 billion package of 
energy-related tax incemives LO encourage 
the use of technologies that reduce or 
minimize greenhouse gas emissions, the 
Clinton administration has proposed a 
10% investment tax credit for cogenera
tion and district energy systems meet
ing minimum efficiency criteria. Although 
similar incen1ives may be adopted in other 

countries, the outlook for congressional 
enactment of the proposed U.S. tax incen
tives is clouded by political opposition to 
the Kyoto Protocol treaty, which commits 
the United States, Japan. and most Euro
pean coumries to phased reductions of 
greenhouse gas emissions. 

In some areas, utility industry restruc
turing in anticipation of retail market de
regulation and a more competitive busi
ness environmcnL is adding to the mo
mentum that has been building in the U.S. 
district energy market. "'In the last few 
years, a number of new district energy sys
tems owned by utilities or new subsid
iaries have begun operating," Piulle notes. 
Among I hem are several chilled-water sys
tems. And Public Service Companr of Col
orado is building a district chilled-water 
distribution system that is imended to 
eventually serve most of the air condition
ing needs of downtown Denver. 

Some utilities considering new district 
energy systems are evaluating the pros
pects for producing additional revenues by 
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installing fiber-optic communication ca

bles along wiLh hot water pipes, as Com

monwealth Edison Company and Atlantic 

Electric have already done. Fiber-optic lines 

make it possible to offer customers a vari-

ety of communications services in addi 

tion to district energy. 

clucing steam or hot water, electricity, and 

chilled water. 

In a joint venture with Coors Brewing 

Company, Trigen upgraded the Colorado 

brewery's thermal energy system, raising 

its efficiency to double the previous aver-

Compelition among utilities 

and energy service companies 

is to some extent driving a con

solidation of companies that 

choose lo pursue district en-

District energy systems in Europe supply steam or hot 

water to buildings as well as electricity to the local grid. 

While most combined heat and power (CHP) plants are 

coal fired, some are fired with gas or oil- or even bio

mass, such as wood or crop wastes. Newer district energy 

plants employ fluidized-bed boilers and combined-cycle 

ergy systems as a strategic busi- technology. 

ness opportunity; other utili

ties have chosen to quit the 

district steam business and 

have sold their systems. Arter 

Con Edison, the next-largest 

provider of district energy in 

the United States is NRG En

ergy, a subsidiary of Northern 

States Power Company. NRG 

owns stakes in and operates � 
various independent power :; 

in Denmark is provided by a 

large nearby straw incinerator. 

Overcoming obstacles 

and cogeneration systems and 

district heating and cooling 

systems in Minneapolis, San 

This CHP plant in Cottbus, Germany, will use pressurized fluidized-bed 

technology to burn local brown coal. It is scheduled to be on line by 

mid-1999 and to eventually replace an old, polluting coal-fired plant. 

Even though district energy 

has multiple economic and 

environmental benefits, Lhe 

development or expansion of Diego. San Francisco, and 

Piusburgh (in partnership with Thermal 

Ventures). Other utilities or subsidiaries 

that have business interests in district en

ergy systems include Mid-America Energy 

Resources (a subsidiary of Indianapolis 

Power & light's parenL company. !PALCO 

Enterprises), DQE Energy Services (a sub

sidiary of Duquesne light Company's par

ent, DQE), and Wisconsin Electric Power 

Company. 

One of the largest independent power 

producers and developers with extensive 
involvement in industrial and commer

cial cogeneralion and district energy sys

tems is Trigen Energy Corporation, based 

in White Plains, New York. Serving more 

than 1500 customers, Trigen produces en

ergy at 30 plants (in 22 locations) with 

a combined capacity of over 4400 MW 

(thermal). Customers include industrial 

complexes, commercial and office build

ings, colleges and universities, hospitals, 

residential complexes, hotels, sports are

nas, and convention centers. At many of 

its cogeneration facilities, the company 

employs what it calls trigcncration, pro-
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age, increasing fuel use efficiency to 70%, 

and cutting CO2 emissions in  half. In 

Philadelphia, Trigen partnered with PECO 

Energy and NRG to build a new gas tur

bine combined-cycle plant that supplies 

PECO with 150 MW of power and Trigen 

with up to 1.5 million pounds of steam per 

hour (190 kg/s) for use in the city's down

town steam system. Trigen says it heats 

about 6000 buildings in l 4 tides- includ

ing Chicago, Trenton, and Tulsa- and Nas

sau County, New York. 
"The true strategic business opportunity 

that district energy systems offer utiliLies is 

not just better utilization of existing power 

plant assets but the critical retention of 

major customers," notes EPRl's Armor. 

"On-site cogeneration facilities for indus

trial users of heat and elec1ricity are clear 

targets for generation suppliers. And, of 

course, district energy also represents a 

potential attraction for new cusLomers 

when it is coupled with incentives-for 

example, lower electric and thermal en

ergy charges than customers were previ

ously paying." 

such systems in the United States has not 

been economically compelling in recent 

decades, mainly because fuel costs are 

much lower here- typically one-third 

lower- than in Europe. Moreover, most 

older U.S. systems supply steam, where

as most of the more recently built Euro

pean systems employ lower-cost, easier

to-install hot water pipes, often along with 

heat exchangers at individual buildings. 

'There are many barriers to the in

creased use of district energy in Lhe United 
States despite its benefits and appeal," ac

knowledges lshai Oliker, the principal of 

Joseph Technology Corporation in Wood

cliff lake, New Jersey. Oliker has more 

than 35 years of experience with the tech

nology, beginning in his native Russia, 

where he received advanced technical 

degrees specifically in district energy. At 

Joseph Technology, he has been involved 

in many U.S. and overseas district energy 

projects, and he is thoroughly familiar 

with the features of various systems 

around the world. 

"In the last few years, the move toward 



utilily industry deregulation and the rise 
of unregulated, competitive utility sub
sidiaries have led 10 a grnwing U.S. district 
energy business, which many utilities have 
come to see as part of defensive strategies 
for customer retention," Oliker says. "But 
even though competition is creating new 
opportunities in this area, it isn't easy to 
make district energy a flourishing, profit
able business. lnstalling the underground 
infrastructure requires a significant long
term capital investment that is not going 
to be paid back in two years. To achieve 
economics of scale, you need to have lots 
of customers to purchase the energy. The 
systems that serve European cit ics have 

Stockholm Energi's Vartan CHP plant has two 

pressurized fluidized-bed combustion units 

that burn low-sulfur coal. 

thousands of cust0mers: in the United 
States, in contrast, the Con Edison system 

cycle plants to provide thermal energy for 
district heating and cooling loads. Pre
pared by Joseph Technolog}', the EPRI re
port dtLails the technical and economic 
factors to be considered and documents 
the process of successfully implementing 
such plant retrofiLS. 

Case studies were conducted with the 
Jamestown, New York, Board of Public 
Utilities, ew England Power Company, 

cw York State Electric & Gas Corpora
tion (NYSEG), Niagara Mohawk Power 
Corporation, and Public Service Company 
of New Hampshire (a subsidiary of Nonh
easl Utilities). The utilities either already 
operated or were planning district cogen

eration systems. The studies 
covered a range of district en
ergy system designs and asso
ciated turbine retrofilS and in
volved various customer loads, 
from apanmelll buildings and 

has only a couple of thousand customers, � l•IJ'-1 
and lhe next-largest systems have no more 
than a few hundred. 

"Also, there is more government plan
ning of economic development in Europe, 
and governmems there have been more 
open LO the creation of incemives for dis
trict energy systems. In the United States, 
all that is available is a limited tax exemp
tion for installing underground pipes." 

Case studies highlight opportunities 

To help power producers identify econom
ically auractive market opportunities for 
cogeneration and district energy, in 1996 
EPRI produced an assessment based on 
case studies at five utilities. The project 
documented consumer and utility benefits 
of retrofitting fossil steam and combined-

Coal-fired district heating plant in Finland 

downtown financial districts LO a univer
sity campus and industrial facilities. 

The Jamestown Board of Public Utililies' 
coal-fired Carlson station was retroliuecl 
for district energy sen ice in 198-f. Steam 
is tapped from one of the station's two 25-
MW condensing turbines at a feedwater 
extraction line; additional district heating 
load is served by an auxiliary steam head
er. The steam is condensed in two heat 
exchangers to produce district supply wa
ter at 160-250°F (70-l 20°C), which is fed 

through 8 miles ( 1 3  km) of underground 
piping to some 50 downtown buildings. 
The system initially served only four cus
tomers in the immediate vicinity of the 
po,;ver plam; it has been extended incre
mentally, with new cusLOmers added every 
year since. Because more than 60 customer 
boilers for heating have been eliminated, 
air quality in the downtown area has im
proved. The system continues to grow and 
Lo receive broad support and participation 
from the community (see sidebar, page 24 ). 

At the repowcred Manchester Street sta
tion of New England Power in downtown 
Providence, Rhode Island, three late-model 
gas 1Urbines are coupled with a steam bot
lOming cycle through a heat rccovc1y steam 
generator fitted ror steam extraction for 
power augmentation. State utility regula 
tors wanted the station to make steam and 
chilled water available for sale for various 
commercial loads in Providence's financial 
district. But an economic analysis indicated 
that building a mile-long, two-pipe trans
mission line would be costly and would 
have too long an investment parback pe
riod LO be feasible. ln an alternative pro
posal under consideration, a central dis
trict cnerg}' pilot plant- including boilers, 
ehillers, pumps, and heat exchangers
would be built near downtown end users. 
Following successful demonstration and 
startup of the pilot plant. the feasibility of 
retrofilling the Manchester Street station 
for district energy would be reevaluated. 

At NYSEG's 122-MW coal-fired Goudey 
station in Westover, New York, a hot water 
district energy system was evaluated in 
connection with proposed turbine retro
fits. Steam would be bypassed to condens
ing heat exchangers, and the hot water pro
duced would be pumped 2 miles (3.2. km) 
to the State University of New York's Bing
hamton campus for space heating, domes
tic hot water. an<l cooling (by means of 
existing absorption chillers). The univer
sit)'S peak load is about H MW (thermal). 

At Niagara Mohawk Power's multiunir 
coal-fired C. R. Huntley station, two 190-
MW baseloacl generating unit.s were ana
lyzed for district energy production retro
fit. The proposed systems would extract 
steam from boiler reheat inlet lines for di
rect supply lo live i nclust rial customers lo-
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Jamestown's Model for District Energy 

FOLK I JAMESTOWN , EW YORK, are proud of Lheir 
growing district energy sys1 m and consider i i  a wonhy 
model for how towns and cities can develop uccessful sy -

terns that yield environmental and economic benefits 10 cus
tomers and the community. "Jamestown' y tern could be a pro
totype for how district energy systems hould be built in this 
country," says Douglas Champ, who supervises the system for the 
Board of Public U tili ties. 

"Someti me people start by considering a large y tern but find 

the cost is too high, or there isn't enough demand for the energy 
to j ust i fy  i nsta l l ing a large system. We studied it thoroughly and 
decided 10 first install a pilot system-for a fai rly m inimal invest-

station In Jamestown, New York, was 

retrofitted to supply steam for district 

hot water serv ice. The system now pro

vides about SO downtown bui ldings 

with hot water for domestic use and for 

space heating and cooling. 

ment at Lhe power planL-wi th a h t 
water l ine to a ci ty ho pita! , an indu -
t rial cu tomer, and two city garages," 
notes Champ. "By 1 985, we were adding ignificamly more dis
tri bution piping, and we connected another 15 or 16 customer 
that year. ince then, additional cu tomer have b en connected 
every year. " 

Jam town' di trice hot water y tem feaLUr  al l the elements 
u ed in today' tate-of-the-an system in u rope , including th in
wal l ed ca rbon steel piping i n  u lated wi th a la er of polyurethane 
and enca ed in a layer of polyeth lene. Im -vol tage copper con
d uctor between he pipe and the i n  u lat ion erves as a moi ture 

detection sensor for quickly locating leaks. early all the piping 

is hallowly buried beneath sidewalks and terraces; techniques 
perfected in Europe were used lo minimize expansion loops and 

vaults, which are necessary with steam or h igher-temperature hot 
water systems. Compact heat exchangers at customer buildings 
extract heat from the hot water at reduced pressure for space heat
ing and cooling and domestic hot water. 

Champ says Jamestown's district energy system �has most def

initely been a positive experience for the city. It's benefited our 
customers, who have enjoyed stable energy prices, and we've 
made an investment in our citys energy future. The dis t rict energy 
y tern has led to the removal of about 60 customer boilers, most 

of which were gas and oil f ired but some of which burned wood." 
One customer-MRC Bearings, a u n it of the bearing and steel 

manufacturer SKF-diminated two boilers used for space heating 
at one of i ts two plants. "The switch has been very advantageou 
for u ," say company executive Pierre Chagnon . "When we first 
analyzed the economics of connecting to the district heating 

tern , it looked like a break-even propo ition. But we found that we 
m i  ed a lot of additional cost savings. We forgot that going to 

di trict hot water el iminated our co LS for steam t rap maintenance 
and the water treatment we used to have to do for the boiler. We 
real ized after connecting to the di trict ystem that we were en
joying saving we hadn't anticipated." 

Chagnon ay that M RC Beari ngs' switch to district heat ing 
wa consi lent with the s trong nviron mental ethic of iLS par

ent company. "When we decommi ioned our boi ler plant, we 
elimi nated everal atmospheric 
emi ion permi ts and reduced 
emi sion dramatically, which 
wa very important to our cor
porate paren t .  The move to di -
trict heating has had a very po 
i t ive environ mental benefi t for 
our company and a lso for the 
commun ity." 

J amestown's district energy 
tern ha been o ucces fut 

that t he city receml bui l t  a 
mall atel l i te sy tern to erve 

about  ha l f  a dozen bu ilding 
on the campus of the local communit col lege, a Champ. And 
he hop that work will begin thl £al l on a mal l ,  modular gas
fi r  d boi ler ub talion designed to serve a residential neighbor
hood and Lo event ually be connected wit h  the district system. 

We want to take the district energy system to individual famil 
homes, wh ich ha been done in many parts of Europe bu t , to my 
knowledge, ha yet to be done in this country. Dist rict energ 
technology could really re olutionize the  wa many homes wil l  
be  heated in the fu ture. o 



Beyond the fence of a util ity power 

plant, the essential infrastructure for 

district energy systems is pip ing to 

carry hot water or steam to customer 

bui ld ings and service connections. At 

each service connection, thermal 

energy from the district system is 

transferred to bui ld ing heating and 

cooling systems through heat exchang

ers. Aboveground pipes may be large; 

in some hot water systems in Russia, 

for example, they are 6 feet (2 m) in 

diameter (note the car in  the photo). 

More-recent installat ions for hot water 

distribution feature smal ler-diameter, 

polyurethane-insulated flexible p iping 

that is sha l lowly buried. 

Flexible hot water piping being insta l led in 

Germany 

ca reel wi thin a mile ( 1 . 6  km) of the plant. 
The peak  L ea rn load is 79 MW (them1a l ) .  
The production of district hoL wa ler from 
Lurbine crossover ex t ract i on  s t eam was 
also addressed in the study, which e alu
ated the retrofit plan positively in terms of 
reta i n ing the  i ndus t rial ust omers and i m 

prov i ng u t i l i ty plan t  u t i l izaL ion . 
Public Service of ew H amps h i re 's 

Schi l l er station , a 1 70- W gas- and coal
fired plant in Portsmouth, already supplies 
steam through aboveground l ines to sev
eral nearby tank farm , w hich u e i t  w 
heat o i l .  PS H eval uated genera t ing hot 
water with the steam in a new dist rict beat
ing substat io n, then pum ping it t hrough 
a new distri bulion system approximately 
1200 feet (370 meters) long to a residen-

Large-diameter hot water pipes in 

St. Petersburg, Russia 

tial community of low-rise apan
ment bui ldings. Once the bene
fits were demonstrated to thenna l 
energy customers and  the com
muni ty, t he  u tili ty would con -
ider expanding district energy 

service to do�,mtown Portsmouth . 
The  case study coL1cluded that by pur

su ing a phased development approach, 
PS 1-1 could en hance communi ty rela
t ions, increase u tilizatio n of the Sc.hi l ler 
stat ion , and start a n ew l ine  of business 
wi th l i t t le ri k. 

EPRl 's case study repon outlines a rec
mnmended approach for planning and con
duct ing power plan t retrofits fo r dist r ict 
hea t i ng and cool i ng servi ce . l t ca l ls for co
ordinated market i ng and cu tomer  aware
ness efforts by a l l  community stakehold
ers, phased assessment of engi neeri ng and 
financial feasibility, and system implemen-
1 a1 ion in .s t ages, beginn ing wi th a pilot proj
ect to demonstra te benefits, sav ings, and 
rel iabi l i ty. The report a lso presents detailed 
recommend ations for optimizing plant 
retro fi ts and dist rict e nergy i nstal lations .  

Bu i ldi ng o n  the insights gained from the 
case st udies and from Joseph Technology's 
experie nce with many projects around the 
world ,  EPRI  is developing a comprehen
sive, step-by-step guide for planning and 
developing district energy systems and 
adapt ing power plants to serve them .  The 

guidebook is expected to be delivered to 

target fu nders i n  1999. 

Competitive advantages 

As the EPRl assessment shows, district en
ergy offers electric util i t ies a number of 
competi t ive advantages. I t  has strategic 
value for cus tomer retention and  load 

growth and represents a business opportu
nity for increasing the val ue o[ exi t ing 
fossil plan t  a eLS . Distric t energy systems 
can also spur a community's economic 

growt h  and reduce overall emissions by 
eliminating individual heating and cooling 
u n i ts in bu i ld i ng . Ut i l i ties around the 

Jamestown, New York 

world are increasingly recognizing Lhe en
vironmenta l and economic benefits that 
result from upgrading and repowering fos
sil plants for district energy. 

" District e nergy shows al l  the s igns o f  a 
tech nology t hat  is going to be increasingly 
impo rtant to society," says EPRJ's ony Ar
mor. " l t  offer mu l t ip le benefits , i n c l ud i ng 
enhanced value of fossil plant assets, dou
ble the efficien cy of conven t ional fossil 
plants,  the el i minat ion of emissions from 
ind ividual customer boilers , and the Oexi
bility to use a variety of low-cost fuels
including traditional coal, o i l ,  and gas 
feedstocks and re newables li ke biomass, 
landfill gas, and municipal sol id waste." • 

Further reading 

Bechtold, K., and M. Pokoj sk i . 'Be rl i n's New Powerhouse." 
IEEE Spec trum, Vo l .  35 ,  No. 3 (March 1 998), pp. 52-57 .  

Retrofitting Power Plants to  Provide Dis rrict Heating. F i na l 
repor t  p repared by Joseph Technology Corporation. EPR I 
TR- 1 06027 .  December 1 996. 

Bachgmund infonnat ion for r l 1 is  art i cle was providecl 
by Tony A nnor ancl Wair.er .Piu l lc, Energy Conversion 
Divis ion . 
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THE STORY IN BRIEF 

Avoiding outages on today's highly interconnected transmission grid has become 

an increasingly difficult challenge . For the past 30 years , electric utilities have relied on 

conservative risk;avoidance strategj,es developed after the 1 965 New York-New England 

blackout. Now, with increasing competition and growing demand, transmission 

utilities are looking for more;realistic safety envelopes for grid planning and operations . 

In response , EPRI researchers are applying risk;based security assessment to 

fully chart actual transmission system behavior for the first time. 

M
EDIEVAL MAPS AND CHARTS 
indicated unexplored oceans and 
imaginary lands beyond the coastal 

seas known to European cartographers at the 
time, and these places were commonly depicted 
as full of great dangers. Hazards thought to 
exist beyond the known waters included the 
fearsome sea monsters of myth and legend, 
boiling-hot equatorial seas, ship-crushing tidal 
waves, and the dread edge of the world. Renais
sance explorers and traders risked these dan-
gers- in their imaginations, at least- when they set 
sail for the unknown. 

Nowadays the belief in such disasters appears to be the 
fearful thinking of a simpler, unscientific age. However, un
charted regions with unknown dangers exist in modem life 

sea chan, a modern "map" of transmission grid behav
ior shows a safe area, where it is known the grid can 

be operated reliably, surrounded by large blank re
gions, where dangers lie and grid behavior is mostly 

unknown. Io avoid these dangers-thermal over
load, transient instabilit')', and voltage collapse
u·ansmission operators are constrained to re
main within the established safe area, much as 
medieval traders remained in sight of land for 

fear of the unknown. 
Explorers funded by EPR] are now setting forth 

to map the uncharted regions beyond the safe area. The 
maps they make will give transmission planners and opera
tors full understanding of the behavior of their grids, thereby 
enabling nansmission infrastructure to be used to the fullest. 
''Conventional security methods answer such questions as 

as well- for example, in the electricity 
transmission enterprise. Like a medieval 

'Can our system transfer 800 MW?"' says 
b y p a u I H a a s e EPRl's Dejan Sobajic, manager for grid op-
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erations and planning. "Bm with ma rket
place com pet i t i on  and growing demand 
for LTa nsmission ervice , grid operator 
now wan t to k now, ' H ow m uch can we 
tran fer?" 

EPR I '  new map are being draw n no t  
i n  terms o f  longi tude and la t i t ude bu t 
i n  t erm of r i k, an appro priate mea
sure for the sea of grid secur i ty 
" Knowledge of the ri k a sociated 
w i t h  var iou  network co nd i t io n  

t icipar ion by diffe rent generat ion ource . 
Becau e ful l - ca\e expe ri men ts wi th  a 

r ransm issio n grid are obv iou  ly imp racl i 
ca l , p lan n ers a n d  opera tors t urn to com
pute r si mulation for understanding.  el 
t he  i n puts for s i mu lat i on swdi es-the fac-
tors t hat affect lhe be havior of t he  ys

tem-are d i fficu l t  to quant i fy. These 
factors i nc lude load levels , ambient 

wea t her cond i t ions, vo l tag 
i n terru pt ion level , and 

more. vcn t h  mat he
matica l equat ions t hese 

i n puts feed into are 

.---=cs 
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dina te  un i form implementat ion of the  new 
security tech nique. 

" - 1 securi ty is applied tep-by-step," 
say obaj ic. "G rid pla n ner and operators 
a k ,  'What happen i f  th is  pa rt i cular t rans
m ission l i ne fa i l  ? W hat happens i f  this 
generator goes ou t  of service? What about 
that t ransforme r?' - ach ca e i anal yzed 
ind ivid ua l ly  and independently." 

N-1 assessment in action 

In pracLi ce, t..he  -1 Lech nique work l i ke 
this. Fir t , t he  rran mi ion grid i. canned 
by ex per i enced planners, operators, and 

wil l  a l low grid ope ra to r 
and p wer marketers Lo 
weigh Lhe r isk aga in t the 
poten t ia l for econom i c 
be nefi t, '  ay ick A bi-
Sa m ra ,  th 
pl a n n ing man ager who 

o ersee ing the r isk
mapping p roject . "Th i i 
a key i ngred i en t  to uc

The limits imposed by security considerations are 
much lower than the actual capabili ties of the 
system at any given time , and much transmiss ion 
equipment is underuti lized , some significantly so . 

engi neers to idenL i fy Lhe 
com ponents mo L cri t ical 
Lo sy tem o peraL ion. Co m
ponent idcn t i ftcat i on ! 
ba ed on a c 1111bi nat ion of 
eiqJerience, obvious rela
tionship , wor 1-case analy-

ces fu l ly i n tegra t i ng l e t ric powe r sy t em 
rel iabi l i ly w i t h  market-driven operat ion . " 

Earlier efforts: mapping the known 

obocly worried abouL system securi ty in 
Lhe early days of e l ectric powe r. E ngi neers 
and en t repreneur bu i ld ing power y -
Lem fro m the  i nven t ions of Ed ison and 
Westingho use simply con nected gener
aLo rs Lo w i res to loads, and it worked .  
Power nowcd , motor ran ,  l igh t  g lo, ed . 

or decades vario u ad hoc approach to 
grid opera t ion al  o worked , bu t  ev n tu
a l ly  power ystems grew o com plex Lhal 
secu re ope rat ion became an i ue for grid 
plan ne r and opera tor . 

Transmis ion eeur i t y  a na lys is i nvolv 
so much u nchart ed Lerri Lory because grid 
be havi or i fu ndamen ta l ly  comp l ex, w i t h  
h u ndred and  hu ndred or variables. · 1,e 
gTid i tsel f is a high ly  i n terconnected web of 
wires generators ,  and loads spread across 
hundreds and thousands of mi le  . Loading 
condit ion vary great ly frnm hour to hour 
and from place to place . And whi le  elec
t r ic i t y mo cs at t he  peed of l igh t  t h rough 
out the web-changing t he grid' e lecL rical 
s late a l ma L instantaneously as l oad a re 
hool eel u p  or shu t  off-t he gcn crat0r 
rha L  produce the  e lect ric i ty  can  Lal e hour 
to bri ng on l i ne. Add ing to the  co m plexit}' 
are changes re u l t i ng fro m deregu lat ion, 
uch as d i ffe ren t degrees of markeL par-
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problemat ic :  eac h  co m pone nt of a grid can 
be r>pre ente<l by an equ at i o n , i t is true, 
bu t  t hese equatio n can not  a l l  be so l ved 
imu l taneou ly Lo yie ld a general descr i p

t ion of how a grid behav . A. urnpt ions 
and imp l i ficat ion  have bee n used and 
have proved reasonable over the year . but 
on ly for t he  range. i n  w h i ch the  gri d nor
mal ly operates . 

G rid secu ri t became a maj or is ue i n  
1 965 when a blackout h i t  e w  Yo rk City 
and m uch of the n onhea tern n i ted 

t a tes duri ng the  even i ng ru h hour  and  
left the region wi t hout elect r ic power for 
1 2  hour . To fore ta l l  future problems, t he 
e lect r l i t  indu  t ry i n i t iated a era h pro
gram o f  resea rch designed t o  i ncrea e u n 
derstanding o f  grid behavior and place op
era t ion  o n  a ecure basis. The goal wa t o  
ensure the  abi l i ty of t h e  t ra nsmi i o n  s y  -
tern to re pond LO u n planned bu t  cred ib le 
fai lures i n  way t hat would p reven t  un
con LTo l !ed l os of load or ca  cacling ou t 
ages across t he  grid .  

That e ffo rt produced a rel iable, i i' con
servat ive , dete rm i n ist ic tec h n ique for as-
es ing tra ns m is ion  secu r i t  , so met i m  

ca l led the  " m i n us on " ( - 1 ) tech
n ique becau e i i examine t h e  behavior 
of an -co m p nen l  grid t hat ha lost any 
one o f  its major com ponems. The o n h  
American Elect ric Re l iabil i t y  Coun c i l  
( ERC)  was e tabl ished i n  1 968 Lo  coor-

0 

sis, tri a l  and erro r, a nd hunches. H u ndred 
or thousands of cri t i ca l compo nen t s  may 
be ident i fied fo r a typical tran mi ion 
g1i d ,  inc l ud ing gene rators,  l in e , tra ns
former , switches, and cont rol . .. h e ar 
known a cont i nge nci . 

ex t ,  the behavior of the  grid i com
puted for a conL i nge m sy tem i n  which 
one o f  t he e cr i t ica l  co m ponen ts has bee n 
taken out or service. Th is compu tat ion is 
made w i t h  a repTesenta L ive Load genera
t ion a l locat i on ,  and swi tch ing con figura
t ion . The system i assessed for  Lhree types 
of ccuri ty-the rmal , t ran i cn t ,  and voh
age. The com putat ions for each security 
Lype m ust be done eparately becau e the 
i mportan t  co n t ingencies are usual l y di ffer
en t  for each .  

I f  th · behavi or obse rved in the simula
t ion shows the N - 1  ystem i able to de
l i ver prescri bed level of power a t  certa in  
mi nimum le e ls  o f  p rfo rman e at a l l  
t ra nsmiss ion node , t he system i s  judged 
ecure for t ha t i nglc con L ingency. L f  not, 

i L i ca l led i nsecure . The compu tat ion is 
repeated for various repre e n tal ive l oads, 
de mands, and con figurat ions until a 
bounda is iden ti fied that divide t he e
cure and i n secu re reg ions for that parL icu
lar co n t i ngency. The cri t i  al com ponen t i 
then pu t back into t he sy tern, a d i fferen t 
one  is taken out ,  and t he com puta t i on 
p roces i repeated . Th !  proces con t i 111.1es 

� ·:_. - ·�-
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u n t i l  the _ _  t m ha been evaluat ·cl for 
each of i LS t hou and ur o individual con
t ingencie 

Fi nal ly. al l  the ccu rc regions for a l l  t he 
- 1 conti ngencie are plot t ed togcth r, 

and the intersect ion o r  a l l  t he e u r  re
gio ns is out l i ned. What resu l i a region 
whose boundaries iden t i fy t h  opera t i ng  
l imits within which t he grid i n  qu t ion  is 

- L ecu r  . I n  other word , the region 
shows the  combinat io ns of co ndi t ion -
po er flow, vol tage , gene ra t ion, load , and 
o on-for \ hich I he grid can conti nue Lo 

operate a1 or above c nain min i m um per
formance level de p i t  t he Jo s or any one 
major compon en l .  

Tran mi ion  u t i l i t ic covered by - R 
are manda ted LO operate t he i r  y Lem 
wit h i n  thi sec u re area. a r u l t , the 
imulat ion too l u ed by uL i l i l ie Lo com 

pute grid behav ior  do s o  on l y  ou t  t o  1 he 
- 1 sec uri ty l imi t .  Beyond ,  where the  be

havior is " i nsecure" and unapproachab le , 
gr id  behavior i not-and w i t h  the e Loo i 
can no t  be-ca l cula ted . The r · k levc o f  
the  danger su peeled L o  l ie t here are t hus 
Lm kno, n . 

"The  N- 1 cont i nge ncy a p proac h  wa 
deve loped bccau e com prehcn  ive knowl 
edge o f  global po, er grid beha ior L la k
ing and the  con cqucnces or a maj or 
b l ac ko u t are severe , "  says obaj ic . "T h i  
approach give opera t or a n d  plan ner  a 
hand le on grid c u ri l  at a manageable 
cost i n  term- of ana l i anc.l compu ta
t ion ." But th re ha b en a price 10 pay for 
usi ng t he - 1 approac h .  I L  is a con
servative one, requir ing a sys t em LO 
be opernted in · uc h , wa t ha t  i t  re
mai n  t able cv n for the mo L e
vere co mb i nat ion of a ingle fa i l u re 
and a pecific wor 1 - a e et of op
erat i ng  cond i t ion . however  l i kely 
or u n H kely that co mbi nation of fa i l 
u re  and condi t ions may be. 

''The problem , i t h  trad i t iona l  - 1  e-
cur i t  a e menc ," a A bi- amra, " i 
t ha t , i n  de term i n i ng grid opera t ing I i  m i l- , 
i t  t reats a l l  ecu ri t  - l i m i t ing scena r io  as 
hav ing the ame ri k. 3}' t hat for one e t  
of condi t ion i t  i a cenain L ran former 

; ou tage t hat l imi t s  o pera t i ons and for an 
,;, o t he r  el o f condi t ion i L  i t he  fai l u re o f  a 
� 70-m ik- l ong t ra n  m i  ion l i ne .  I L ' ca }' Lo 
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ee t hat t he l ik  l i h o  cl of a part icu lar 
t ra n  fo rmer going out of rv ic u nde r a 
pec ific et of ond i t i  n - a lmo L cer

tai n )  di fferen t from the chance t hat a long 
tra nsmiss ion  l i ne w i l l  Ca i l .  Bu t  for - I e
curi ly, this d i fference 1n r isk plays no role . 
Whatever the cr i t ical c mi ngency, no ma t 
ter hO\ l i ke l y  or u n l i kely, i t  det ermi nes 
the operat ing l im i t  :· 

A a re u l t , t ra n  m is i n grids tend to 
b operated in a somewhat i neffic i em 
marrner, becau e economica l  operat ing 
condit ions arc com m nly di a l lowed b 

- I  ec u ri ty con t ra i n L  . o compen ate 
for t h i  in ffi c iency, grid are overbui l t .  
Thu the l imits impos cl b y  securi ty con 
s iderations are m uch lower t han t h e  ac t ual 
capabi l i t ies of t he Lem al a n  given  
L i me, a nd m uch L ransmi s ion equ i pment  
i underut i l ized, ome ·ignificaml o .  

l l  i 1 1  al I ,  however, - 1 con  t i nge ncy 
ana ly i ha proved h igh I successfu l o er 
the pa t 30 years . Bulk t ransm i sion secu
ri L • bas remai ned e cel lem during peri ods 
of rapid grov t h , nat ional recession ,  and 
energ cris i  . nd t he c L of conse rvat ive 
grid op rat ion and ove rbu i ld i ng were not 
a concern o long as they cou ld be pread 

Grid operators avoid power flow problems by 

staying ins ide an area bounded by conser

vative, safe l imits for three key dangers: 

thermal over load, trans ient instabi l ity, and 

voltage col lapse. While it would often be 

more economical to opel'ate the system out

s ide this secure envelope, today's determin

ist ic methods for calculating grid security 

can provide no information on how risky it 

might be to do so . 

ae ro large poo l of capt i  e custo mers, a 
w · th ca e for tradi tio nal monopoly u til
i t ie . But wi t h  ompel i t ion fo r wheel ing 
er ic open ing  u p  i n  the  1 990 , lran -

m i  sion u t i l i ties have had incemiv to re
examine a l l  their costs ,  inc l uding t hese. 

"Tra ns mission provide rs are beginn ing  
LO l ook  o u tside the  - I area LO ee  ju l 
how i n  ecure i L  is out there ," says obajic. 
" lso playing a role are envi ronmental re
str ic t ions l im i t ing t he con t ruct ion of new 
t ransm is ion l i nes .  The a re dri v i ng pro
, · dcr to exp lore po sible ne operating 
Lal om ide the conventional secure area 

ju t Lo meet t he demand for new t ran mi 
sion ervic . " 

Mapping the unknown 

Thus, l i ke the pri nc and trader of Re
naissan e Europe, t ran m i  sion uti l i t ies 
fac ing new chal lenges want Lo k no� what 
l ie beyo nd t he know n  area of the map. 
How does secu ri ty c hange a operating 
condi t ions move ou ide the  - I area ? 
Whal is the natu re of the  u nexplored ea 
of ecu ri ty ?  The e quest ions a.re 1101 easi l  
an wered, si nce t here i c u rren t !  no apa
b i l i L  for ex tendi ng d Lerm i n ist ic ana ly i 
t o  characte rize the  unce rtai n t fe ou tside 
the  e u re region . 

PR I · La k i ng o n  l l , i p roblem by ap
pl i ng the  cone pl of r i. k -ba eel ceuri ly 
as e sme nl .  I n  read of auempti ng to com
pute complete grid behavior, a ri k -ba ed 
approach e ami nes a l l  po ible fai l ures 
and focu es on tho  e t hat ca rry non negl i-

gi ble ri k .  l n  th i  sen e , i L  i a logi
ca l  exte.i1 ion  of - I ecu r i ty  as-
c mcm, bu t  i t  d i ffers fro m t hat 

method i n  t hat ri ks are evaluated 
rigorou·I and ar not r t r icred to 
on l  • t.he mosl cvere con t. ingencie . 
Ri k-based asses ments i ncorpora te 
, e ighting that ref l ects hO\ l ikely 
va riou ont i ngencie are 10 occur. 

Th i- approach lool·s al ecu ri t y  and r i  k 
the wa peopl e do na t ura l ly : danger or 
i n  ccurit i ba ed on the  l i ke l ihood of 
omet h i ng happen ing and Lhe  cvcr i ty of 

t he effect if it does happen. For e ample, 
an i n cx- perienced kier may anc mpl a 
genl le  lope , know i n  t hat a l Lhough the 
c hance or fa l l i ng i qu i L e  h igh , t he con e
q ucnce of a fal l on uch a h i l l  is insign i fi -

1 

() 
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ca nt . Bu t  L h  kier wo uldn't tack le  an ex
pert ru n : the  chan c o f  fa l l i ng i t i l l  high ,  
and on a Leep lope the  consequence i 
poten L ia l l y  rious. This k ind [ t h in king 
is quite co m mon i n  da i ly  l i f  , en if the  
omponenL s tep a re n ot consciously con
idered. 

The concept i nvolved here is formal ly 
k nown • probabi l i  t i c  ri k. An evem· 
probabi l i  t i c  ri k i t he  produ t of l i ke l i 
hood and e er i t  . Thus a l ike I evenL wi t h  
an in ign i ficam r u l t  � o u l d  n o t  b e  con-
idered r i  ky. whc rcns a l i ke 1 y e en L  w i t h  a 
er iou co n eq ue ncc wou l d be . Probabi l i -

t i c  ri k-ha ed approache to ecu r i ty have 
be n u ed for de adc in many field , in
cluding the  a i rl i n e  and n ucl ear ind ust ries . 
They are the  corner t one 0 1· t he  i nsu ra nce 
bu i nes . 

" Eve n n ow," says A bi- am ra, ·· t radi
t ional power sy 1cm re l i abi l i ty cri teria re
Oect t he ba ic no t ion of probabi l i tic risk 
as sment .  For e ·am ple, the ph i lo ophy 
of t he orth American regiona l  re l iab i l 
i t  cri ter ia i .  to ct le re trict ivc perfor
mance lim i ts for le l i kely di turbances
that i , you can operate c loser Lo t he edge 
for o rnething tha t  i u n l i ke l  to hap-
pen than for omet h ing t hat i l i ke! ' 
to occur. Thi · kind of th i n king  repre-
en t  a qual i tat iv at tempt l o  accou n t  

for rea l  d i fferences i n  r i  k . '· 
The dete rm i nat i l  n of I robabi l i  t ic 

r i  k fo r a tran m j  ion y tem re
q u i re t hat t he act ual l i ke l i hood and 
eve r i ty of eve n t  o n  the gr id be 

kn own . To devel op thi kn ow ledge, 
E P Rl - funded r ea rchers are e, plor
ing  t he act i v i t ies and ph ic under
lyi ng a h t 1pe o f  po i b l c  con t i nge nc . 
The  e ra i l  i nt o  1 h r  e genera l c la e : ther
mal fai lure due  to o c rh eal ing ,  tra n ien t 
tabi l i t  fai l ure t hat re u l t  fro m the  

bu i ldup of wave l ike o c i l la t ion , and sud
den vo l tage co l l ap e fai l ure cau eel  by 
vol tage level t hat ar i n  u ffic.:ien l Lo u -
L a i n  power f lm . 

Con icie r  overhea t i ng, for e xample. 
n u m be r  of t hermal fa i l ure cenario. are 
p i b le w hen oper.u i ng a t ran mi si on 
l i ne al a high l oad i ng. The fu ndamen tal i 

· ·ue  is t hat a the l i ne heats up, i t  expand 

_ nd ags. T h i  ma}' r ult in no problem at 
. a l l . If the l i ne ·ag far enough , howeve r, i t  
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may LOuc h a t ree or the  grou n d  and sh orl
c i r ui l  becau e of na hove r ( which e u ld  
also be  a saf ty concern ) . J f  the  da is 
wind , C\"en a l igh t l y  aggi ng l i ne may 
, ·ng i n to , t re or st rucmre and hon 

ou t  ( a l though t h · w ind tend L coo l the 
l ine , modcra l in  heal gai n  and a ) .  Heat
i ng can a l so permanent ly  damage a l i ne's 
cond uctor ma t e ri a l  as a re u l t  of anneal
i ng, w hich prod uces changes i n  try t a l l i ne  
st ructure . Th i  damage affec t he l i ne· 
long- term perfo rmance, reducing power 
capaci L )  and hor t cn i ng l i fe e pectancy. 

To cal ula t c t he  likel i hood of a t herma l  
fa i l u re, t he  re ca rcher  need t o  kno,  t he 
re la t ion h ip  between power f low and heat
i ng for the l i ne in que L ion , the re la t ion -
h ip bet ween heat i ng  and sag for t hat l i ne, 

t he  amou n t  o r  c learance requ i red , and ex
pect ed local wind peed and ambi en t  tem
pera t ure co nd i t i o n s  and the ir  i m pact on 
l i ne heat i ng ::ind  ag. 1i gether, Lh i  · i n for
mat ion defi ne. the probabi l i ty that , for 
given grid and \ eat her cond i t ion · , a cer
Lai n l i ne i n  a certain locat ion i l l  fai l  be
cau e of na ho er .  determ i ne the l i ke I i 
hood of pe rformance degradat ion cl u e  t o  

EPRl 's new risk-based secur ity assessment 
tools map the ful l  range of power grid 
behavior in dol lar terms. For example, th is 
qua rter-sect ion representation shows the 
l ikely costs of problems resulting from oper
ating the system for an hou r  at various 
points outside the traditional secure area. 
Grid planners and operators can take mea
sured r isks by com par ing such costs directly 
against the additional income from tem
porari ly loading up a l ine for an unusually 
large power transfer. 

llo 

conductor damage, t h  re earch e r a l  o 
have to k now the  re l a l ionsh i p be tween 
healing and anneal ing. 

nee t hey have comput ed the  l i k e l i 
h cl o f  bot h  na hover and an neal i ng 
even ts, t he researchers must de termine the  
e eril y of each-that i · ,  what ' the co t if 

t he  l i ne do fai l  or i f  i ls pe rC rmance is 
reduced? To determine the  cvc rity o f  fai l 
ure due Lo nashover, t he  tem i valu
ated wi th  t he l ine removeJ , and the  r '  ult
i ng  co LS are e Li mat d and tolnled . The e 
i nc luJe t 'l)ical l i n e  repai r or rep l acemen t  
c o  t s ,  damage t o  o ther l in , and equip
me n t , and a e rage outage xp •n e . I m 
pact as ociated wi th  h u man safety are as-
igned ver h igh co ts to en u re t hat even 

smal l - l ikel i hood events resul t in high r isk . 
For a n nea l i ng, t b e  co t of red uced l i ne 
performance, lowe red capac i ty, and hort
ened l i fe a re calcu lated . 

M u l t i p ly ing ever i ty by l i ke l i h ood for 
each event and u m ming the re u l L  give 
the Lo t a I probab i l i  L i e  risk of t hermal over
load in dollar term . Wit h  L h i  i n forma-
L ion . an opera tor or  engi nee r cou ld d i 
rect ly compare L h e  fi nancial r i  k of hcavi l}' 

loading a l ine wi th  t he paymen t 
pro m ised for making a pa rt icular 
power tra n fe r via t hat l i ne .  These 
calcu la tion de fine Lhe ri ks for a l l  
ca  e , even for the loading of a 
l ine i n  cxc of i t  rat ing, a may 
be requ i red for temp rary opera-
t ion outs ide the ecure area. 

The same sort of ana l y is i requ ired fo r 
t ransien t s tabi l i t)' and vol t age col l ap e fa i l 
u res . l n  t he ca  e of t ran ien t  sta bi l i t y, t h , 
i mportan t is uc i how a power y L e m  re
spo nds 1 0  a maj or cl is t urbanc . U k  wave 
i n  the  ope n ocea n , the  larg · t L ran ie n t  
di L Urbances can bui ld u p  o n  the  long 
t rans m i  ion l i ne- com mon i n  w · t ern 

ort h merica . For ol tage tabi l i ty, the  
key conce rn is  the  vol tage-power Oow 
re la t ionsh i p  requ i red Lo push el ect r ic i ty 
th rough a s stem of \ ire . Thi. relat ion
sh i p  appea r Lo be chaot ic , · pecia l ly a 
the poi n t  o f  col lap e i approached. he 
phenomena associated wi th  tran icn l  ta
bi l i t  an<l vo l t age co l l ap  e have on ly re
ce nt ! been di cove red-large ly as t he re-
ult of t rateoic E PRI resea rch over the  

pa  I decade. Th u · , cal cu lating l i kc l i  hood 



and everi t i n  the  c area i cu l l i ng- dgc 
, ork. 

For a omp le t e  map of t rnnsm i  ion e
curity, ri· k  re lat ionsh i t  i n  al l t h rc ;;ir as
th�rmal . t ransient , and  vol tage- must be 
combi n d , ju L as  for cunven t io nal -l se
cu ri ty. A l t hough con iderabl , more 0111-

pu la t ions  are involved i n  the ver
a l l prob� b i l i  L i  ri l process 
t h an  in N- 1 securi ty analy-

2 . 

Explorers set sail 

EP R l-fundccl cicn t i� a t  l o  a taL C: U n i
ve r i L  • led b I i s ta n t  prof cs or of elect r i 
cal e ngi neeri ng J i m  M c  a l l ey, arc cur
rently developi ng framework fo r  the  
ruk-ha cd . ecu ri t)' , s e  men J f  t he rmal 
l im i t · , t ra n ien t  t abi l i ty. and v ) l tage co l-

lapse. Research rs are al o adapt ing the  e 
!'rn me\ o rk  fo r appl i a t ion , i t h  E P R I 

pr gm m u ed by plan ne r  and op
e ra to rs to ma ke secur i t · dec is io n 
I n  add i t ion, t he de elopmen L  of a n  

overa l l  gri<l ·crn ri ty framework 
for rea l - t i me o pera to r  u . e i s  
unde r on · i derat ion .  

ware. a L o I for eval ua t ing the - 1 l im its 
fo r t ra 1  i n L  1abi l i L  1• Resea rchers are 
bu i ld i ng on t his know l cd e t o d l rm i n  
t h e  re la t i o n  h ip  b tween like l ihood and 
c eri l that mu t be kn wn L c mpute  

probabi l is t ic ri k. One t he e relat ion hi p 
a rc under toad. t he , wi l l  be i nc  rp rated 
i n to r i  k frame, o r l· - ompa t ible with the 
D A wo l .  Bet a oft war i e ·pe ted to be 
read i n  la te 1999. 

And l'o r the  u l t i ma t e i n  e u r i t  as
sessment ,  E PRJ an I outhe m ompan 
arc explori ng the e · t  n ion or ri k-ba cd 
ccuri t as e ·mcm concept to p ro ide 

t ra ns m i�sion )' Lem op ·ra tor  w i t h  an in 

1 , t h  r ward of com
plete knowledge of grid 
behavior far outweigh 
the  ex t ra e ffon and ex
pen e. " o m pu tcr ad
v:rncc · make the  ad
dit ional computat ions 
manageable.'' obaj it: 
note . " ·a l para l le l -
screen i ng progra m 

With the information on grid behavior provided by prob� 
abilis tic approaches operating strategies can reflect cor� 
porate choice , not the limitations of analysis capabilities .  

tam aneou mea ure 
r overall grid cond i 

t ion .  uch a ri k com
pu ta t ion too l \ o uld 
give dec i  ion maker 
a s i ngle i ndex t ha t  can weed o u t  t he  nu-

111 nu · tr iv ia l calcu lat ion_ re l a t ing to un
l i l  c l y  :ind i n  ign i fi an t  even t! . Wi t h  the 
information on grid be havior pro i cled by 
probabi l Lt ic approach  , operat ing t ra te
gie ca n reflect co rporate choice , not the 
l i m i ta t i on  o[ ana l  is capabi l i t ie . .. 

Con f idence i n  ccur i ty  i - i m pro cd bc
cau e al l t he  eve11 1 · carr ing non neg l igi b l e  
r i  I , no t  j ust t he 1 1 10 · 1 evcrc c cn ts ,  a re 
con ide rcc l  i n the  ,1 na l  s i . nd i n forma
t ion i generar ed for po ib l  ope rat ion 
ou idc the  ecurc reg ion ,  prov id ing plan
ners and ope rator. wi th a map c f  the 

hole \ or ld of L ransm i ion behavior. " I n 
add i t ion ," bi- a m ra a 1s, ·, e can com
pu t e  cumu l:H ive ri k over t i me t o eval uat c  
t he  r is l  fl sociated w i t h  pa rt i cu lar ope rat 
i ng cond i t ion , energy exchanges, and  l i n e  
loadi ng." t u  h of t h e  region out.side Lhe 

- ] secure zone re main a h igh - ri  k area 
t h a t  w i l l  never be pro fi tably emplc1)•ed by 
t ran m i  ion u t i l i t ies . The risk ca lcu lat ion 
\. i l l  ren ect th i  , enab l i ng ope rawr· and 
planner Lo c learly ident i fr opera t i ng re
gion to be avoided. 

'· l t i matel , Lhe wi l l i ngnc Lo take wel l 
con idercd r i  k may b e  what epara t e  the 
\ i n ne r· from the lo er in the deregu lat ed 
t ran m i  ion  market place ," ay obaj ic. 
"What we're developi ng here arc t he \ oriel ' 
fi r t too l s  1 0 al low t ransmi · i on ri ks LO be 
quan t i  l ied o t hat p la n ners and operator 
can make we l l - i nformed decis ions. " 

"Probabi l is t ic  ri. 1 a sessmenL  for e lec
t r ic power ste m . ccu r i t )' is au ract ive ," 
Mc al l ey e · p la i n · ,  "be au c i l  i capabl e 
of qua11 1 i f  ri ng not o n l  t h e  r isk ass ci 
ated w i t h  _ i ngle. credible even ts buL al o 
t he ri k a ociatc<l wi t h  cat a troph ic fai l 
u res. \ hich a rc normal ly c l a  ified a low
prn babil i ty, h igh -co n cq uc ncc cve nb .  I L  
can a L  accoun t for cascadi ng and dou
ble-con t i ngency ( -2 )  events . " 

The ri k (ramcwork for thcmrnl ccuri t )' 
ha a l n:ad been clevLcd and L ' ted in lab
orat o ry i mu laL ion . his framework i · on 
i t  , a to bei ng adapted for u c w i t h  
EPR J '  T R  (Tra n  m is  i on  Re l iabi l i t y 
Eva luat i on for Large - cal c  Sy t cms )  pro
gram, an i ndust ry- · tancla rd p lan n i ng t oo l 
for a sc i ng t ran mis  ion I i  ne p rfor
mance. l n  addi t i on ,  t he ri k framework for 
vol tage sccu ri t) ha� been devel oped, and 
tc. t ing i. i n  progress. P lans ca l l  for t h i  
l'rnmework Lo be ada p t ed fo r  u c w i t h  
E P R I ' i n n ova t i ve v· ( Vo l tage ccu r i t  
A s  e sme n t ) Loo i .  Rc�ca rc h- 1 rade soft ware 
wi l l I e avai lable for bot h  t hermal and vo l t 
age ecu ri L h)' t he end of 1 998. 

ri k-ba cd cc uri t  ' :i mc n L frame-
work i t i l l bei ng <lei' loped for L ran. ielll 
tabi l i t  •, a fie ld t hat i le s \ el l u ncle r
tood . The  (u n damcn tal o f  t h is p heno m

enon were re earc hccl d ur i n g  E P RI ' p io
neering work in 1 996- l  97 to develop t he 
D A ( Dynam ic ·ccu ri ty A c mc n t ) oft-

accura tc l}' re 0 Cl t h ' CCllri l ' leve l or a 
particu lar o perat ing cond i t ion .  The i nde 
would be a funct i o n of a set or p,1ramc
t e r  -inc l ud i ng genera t i on  level , t ra ns
m is ion  l i ne no\ , and oltage -t hat 
character ize the overa l l  rel iabi l i t  • and op
era t ional hea l th  of a L ran mi ion grid at 
any po int in t i me. 

" Risk and rewar I a rc t ied t oget her In 
com pet i t i ve marke t s , " ay bi- am ra. " I f 
you look at the mcrica n financial marke t 
o er t he  long tern, , t he  i nvc L mcn wi t h  a 
higher level of risk t end to have a h igh r 
return. $ 1  invest ment  i n  tocks in 187 1  
would be  \ ort h  ove r . 3 ,000 today, co r
rect ed for i n Oat ion , \ hcrea t he sa me 1 
i nve t mc n t  i n  a fcr, hon - term trea ury 
bi l ls wou lu pay abou t l now. nd a · 1 
i nv e  unent  i n  187 1 go ld-the afe t in 
v tmen t  or a l l ,  bee u e gold i money
\ ou l d  be w rth on l )' a l i t t le more than 
5 <r today. 

·• n loubtcdl , 1 hc ame ri k- rewnrd re-
l. t ion h i p  w i l l  ho l d u·uc fo r  compcl i t i , e 
t ra n  m i  ·s ion marke ts .  bu t  on l  t h o  e 
transm i  ion ut i l i t ie t hat can pro] erl 
compute ri k wi l l  pro per. Th i  L e.xa t i  
t he capab i l i ty EPRI 

0

de l iver \ i t  h i L ri k
ba.ed ccu ri t  asses mem tool . ·· • 
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I n  the Field 
Demonstration and appl icat i on of EPRI science and  technology 

Fast-Charging Fleet EVs 

W idespread consumer adopt ion  or 
e lectric ve hicles ( EVs) u l t i mate ly 

depends on the successful developmen t  
of advanced battery tech nologi t hat 
can provide driv ing range and perfor
mance comparable to the capabi l i l ies of 
conventiona l  vehic le . Low-co t , h igh
performance advanced EV batteries are 
s t i l l  year away from com mercial matu ri ly, 
but i n  t he meant ime, today' E can be
come depe ndable Oeet- ervice veh i c les 
when used v i Lh  new fa L-chargi ng sy 
terns l ike one recent ly e a luated w i t h  
EPR l  uppo n .  

T h e  advantages o f  E s are w e l l  kn own : 
zero emission , low opera L i ng and main 
tenance costs, and the use of electrici ty a 
fuel . Such di ·advan tages as short range 
and lengthy recharge t i m e ,  however, l im i t  
the vehicles' market appeal-even for 
Oeet appl icat ions, in which many u t i l i t i e  
have already made signi fican t  cap i ta l  
in est men t .  Faster charging can part ia l ly 
offset range l im ita t i on  . Clearly, an EV 
that can travel only 50 mi le  per charge 
would be more attractive to fl eet man
ager if charging took 1 5  minu tes rather 
than several hour . U n t i l  advanced , 
affordable EV batteries become avai lable , 
fast-chargi ng depots ba eel on a paten ted 
new sequenci ng proce can  he lp  im· 

prove the  return o n  investmen t i n  fleet 
EV . 

The new sequ encing process ma l ·es i t  
p o  i ble Lo connect a s  many a s  1 6  EV t o  
a s i ngle fa !-chargi ng u n i t .  To evaluate 

uc h a u n it in terms of rel iab i l i ty, ease of 
op rat ion , user acceptance, and supple
mental  value i n  enab l ing EV to meet 
du ty-cycle requiremems in a fleet en i 
ronment , EPR I  sponso red a i x-mo n t h  
s tudy i n  1997 u i ng  U .S .  E le t ri car
convened - 1 0  pickup trucks owned b 
the  a l t  River Project i n  1izona. 

Re earcher  in tai led a 1 50- kW orvik 
in i tCharger and four seq uencer tat io ns 

and equipped the  EV pickup for a harge 
curr 111 or 1 98 am peres. The truck regu
larly performed job requiri ng a ret u rn-10-
ba e m idmission rechargi ng. Duri ng the 
study, th - equenced fa !-chargi ng ta l ion 
erved as the primary charge rs .  Data were 

provided by electrici ty meters ins ta l led on 
the vehicles by a M init harger data acqui

i t io n  y te rn ,  and by study part ic ipants. 
Dri er of the f leet EV a l o an wered 
quesl ion naire at  the nd or the tudy. 

A mong t he t udy's find i ng were t hat 
t he  equencing process resu lted i n  an 
average c harge t i me or 17 mi n u te and 
enabled the veh icles to undergo mul t i p l e  
charge cycle in a wo rkday. U er q uickly 
learned how to operate t he  chargi ng 
equipment .  The study a lso found that care

I� 
ful ly  s i ted charging depots are 
necessary to make ra t harg· 
i ng possible for l a rge ervice 
areas. And  for EVs Lo succeed 
i n  a fleet envi ron ment ,  sui L 
ab l  drivers m ust be  ma t  hed 
wi th  vehicle in appropriate 
EV app l icat ion . 

ti A techn ical report on the  
i study of fast cha rging for f leet 
; EVs (TR-109963) is avai labl e 

� rrom the EPRI Distri bution  
s Ce n ter, (5 10) 934-42 1 2 . 

EVs connected to sequencer stat ions of a Norvik Minit
Charger (behind stations) 

• For more i 11fonna t io11 , con tacr  
Lay la Sandel l ,  (650) 855-2 756. 
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Neural Networks for 
Improved Load Forecasting 

E asy- Lo-use method for produc ing 
acc urate hon -term load foreca t s , 

which can enhance the rel iabi l i ty and 
cos t -e ffec t ivenes of power system ope ra
t ion , arc in great demand among electric 
uti l i t ies today. EPRl 's Art ificia l  eural 

etwork hon-Term Load forecaster 
(A TL ) l i n ks m u l t i p le proces ing 
un i t  to a l low co l l ective perfonnance of a 
given analysis task ,  thereby expand ing the 
n u mbe r of fact ors t hat  can be con idered 
i m u l taneou l and enabl ing modeli ng of 

complex non l inear relat ionsh ip  . 

A TLF packages neural ne twork 
technology in a program that can be cu -
tornized wi t h  u t i l i ty- peci fi data. The 
forecaster " trains" i tsel f by examining a 
u t i l i ty's past l oad and such temporal infl u
ences a temperature, hum id i ty, and day 
o( t he  week. 

u rren t l )', more t han 3 5 ut i l i l i e  use 
A STL • as the i r pr imary or on ly short
term load forecast ing LOol. I n  a recent sur
vey, 1 6  u t i l i ty users reported a variety of 
reasons for prefen-ing A STL . For the 
majori t y, t he  mo l i m portan t  reason wa 
the program's accuracy. In nearly all ca es, 
A NSTLF was reported to offe r greater 
accuracy t han the ut i l i ty's former method, 
typical ly reducing the mean absolute 
percen tage error (MA PE) by 1 -3 poi nts .  
User data ugge t t hat a 1 -poi n t  r d uctio n 
in APE can re u l t  i n  avi ng of up to 



$ 145 per megawatt of peak load . Among 
the ther advantages of A N STlF c i ted 
were ease of use , compu tational eEfi 

ciency, and input error detection. 
The users reported two types of eco

nomic benefits: A STLF's ease of use 
pr duce labor cost savings, and. more 
impowm t , its accuracy and peed im
prove ded ion L l 1a t  ignificantly affect 
operating costs . Most of the cost savings 
were attributed to improved dispatch de
cisions and power purchases and higher
margin power sa les. For 1 he 1 6  ut i l i t y  
r e  penden ts, t . b e  ann ual cost saving 
ranged from $7600 to S7.6 mi! J ion . 

The  responden ts were Alabama Elec
tric Cooperative, Allegheny Power, BC 
Hydro, Buckeye Power. I llinois Power, 
I ansas City Power &: ligh t , Kentucky 

ti.I i ties, Madison Gas and El ectric , 
N evada Power Northern 1 ndiaaa Public 
Service , San Diego Gas & Electric al t  
River Project, Sou thern Company er
vices, Teimes ee Val ley Authority, TU 
Electric, and Wisconsin Power and Light .  
• For more informat ion or  to obtai 1 1  

ANNSTLI=; contact Dominic 1faratuku la111, 
(650) 855- 7974. 

Cable Remaining-Life 
Evaluation Yields Savings 

M
uch of the hjgh-pressure U uid-
fi. l led ( l-f PFF) cable used by U .S.  

lect r ic u t i l i r i  for underground tnn -

mi sion is 20-40 years old.  For example, 
the ix H PFF cables at the New York 
Power Authority's hydroelectric plan t on 
the St .  Lawrence River-four 1 1 5-kV and 
two 230-kV cables-were part of the origi
nal equi pment and have been in e rvice 
for nearly 40 years. ln connection with a 
program t o  modernize this 960-MW fa
c i l i ty, YPA is evaluati ng al l componencs 
to detem1ine their remain ing useful ser-
ice l ife and to iden ti fy equipment that 

must be replaced . Secure operation of 1.he 

cables is critical: a fai lure of any one means 
the loss of 25% of the plant' generalin 
capaciry. 

To support cable remaining- l ife as ess
ment, NYPA needed timely, re earch
backed i nfonnat ion on the. condition of 
the HPFF cable ystem-info1-mat ion that 
would enable the invest igators to make a 
credible recommendation regarding re
placement versus con tinued operation. ln 
early 1997, the power authority, which 
had upponecl EPR I research on cable life 
evaluati on and management at the Waltz 
M i l l  test faci l i ty, requested EPRl's assis
tance in i Ls SL Lawrence inve r igat ion . 

By midspri ng, EPRI  i nvestigat ors were 
working at the  site to obtain a variety of 
in fonnat ion on 1he  ah l  sy I m , in l ud
i. 1 1g physical layou t ,  operaL iHg hi LOry, 
operation and maimenan e procedures, 
past diagnostic tests, and system prob
lems . Uslng this information ,  they esti
mated the thermal aging of the cables as 
a foncr ion of conductor temperature and 
also as essed cab le  aging associated with 
mechanical forces. The resu l ts of Ll1e 
evaluation were reviewed in conjunction 
with data from the latest Wal tz M i l l  accel
erated cable l i fe test i ng. 

Tn May 1997, the project invest igators 
reported the i r  findings. They concluded 
that the t .  Lawrence H PFF cable system 
was in good condi tion, having operated 
over its l i fetime al or below conducLOr 
design temperatures and with very l i ule 

mechanical stress . Not only was lhere 
l i t t le justification for cable replacement, 
they said, but the cables could be ex

pected to operate sartsfacror i ly for at least 
anorher 30 year and potentia l ly much 
longer. The investigators advised NYPA 
to obtain additional information by con
ducting fluid dielectric tests on al l  the 
cables and accessorie during planned 
outages and to measure the rated voltage 
dissipation factor for one 1 15-kV and one 
230-k cable . 

By nabling cable replacemen t to be 
deferred, EPRls e al ualion and conclu
sions resulted ln one- t ime avoided-cost 
savi ngs of about  $5 . 8  mi l lion for NYPA. 
Pleased wi t h  the SL .  Lawrence cable eval
uat i on ,  t h e  power au thori ty has extended 
the project with PRl to include assess
ment  of the H PFF cable systems at its 

iagara and G ilboa plants. 
The more than 2500 miles o[ HPF F 

cable cu rrently instal led in the U nited 
State rep re en LS a ign ificanc ass l for 
member com panjes. The development o l '  
a methodology for estimating remaining 
cable l i fe was part of a broad EPRI re
search program ini tiated in 199 1 by the 
owners and opera tor of H PFF cable 
system . The program has been success
fol ly completed , and the results wil l  be 
documented in a comprehensive tedmi
ca1 report Lo be issued later this year. 
• For more information, contact Walter 

Ze11ge1; (650) 855-8943. 

eptembcr/OclObcr 1 998 EPRI JOURNAL 33 



� Technica l Reports & Software 
� /� 

To order reports, contact the EPRI Distribution 
Center, 207 Coggim Drive, P.O. Box 23205, Plei.ls
ant H i l l, CA 94523; (5 1 0) 934-42 1 2. To order 
software, contact the E lectric Power Software 
Center, 1 1 025 North Torrey P ines Road, La Jo l la, 
CA 92037; (800) 763-3772. 

Energy Conversion 

State-of-the-Art Weld Repair Technology 
for H igh-Temperature and -Pressure Parts, 
Vol .  7: Weld Repair of Aged Piping-A 
Literature Review 
TR- 1 03592-V7 
Ta rget : Bo i ler  L ife and Avai lab i l ity Improve
ment 
EPRI  Project Manager: V. V iswanathan 

Inhibition of IGA/SCC on Alloy 600 Surfaces 
Exposed to PWR Secondary Water, Vol .  2: 
Titanium and Cerium Acetate Model Boi ler 
Testing 
TR- 1 062 1 2-V2 
Target: N uc lea. r Power 
EPRI  Project Managers: A. Mcl l ree, T. Gaudreau 

Flow-Accelerated Corrosion in Power Plants 
TR- 1 066 1 1 -R l  
Target: Nuclea r Power 
EPR I  Project Manager: 8. Chexa l 

ORAM-SENTI NEL™ Development and 
ORAM™ Integrat ion at Catawba and 
McGuire 
TR-1 06802 
Target: Nuclear Power 
EPR I  Project Manager: J. M itman 

Improving Maintenance Effectiveness Guide
l i nes:  An Eva luat ion of Plant Prevent ive 
and Predict ive Maintenance Activit ies 
TR-1 07042 
Ta rget: Nuc lear Power 
EPRI  Project Manager: W. Johnson 

Guidel ine for Reverse Engineer ing at 
Nuclea r Power Plants 
TR- 1 07372 
Target: Nuclear Power 
EPRI Project Manager: L. Aparicio 

Effective Engineering Technica l Training 
at Nuclear Power Plants 
TR- 1 07436 
Target: N uc lea r Power 
EPR I  Project Manager :  L. Lofl in 

Generic License Renewal Technical Issues 
Summary 
TR-1 0752 1 
Target: Nuc lear Power 
EPRI Project Manager :  J .  Carey 
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Energy Production Processes in Deuterated 
Metals, Vol .  1 
TR-1 07843-V l 
Ta rget: Nuclear Power 
EPRI Project Manager: T. Passe I I  

Environmental Fat igue Evaluat ions of 
Representative BWR Components 
TR- 1 07943 
Target: N uclear Power 
EPRI Project Manager: J .  Carey 

EPRI LOMl-2 Decontamination Process: 
Development of an Improved LOMI 
Process Involving Recycl ing of Picol inic 
Acid 
TR- 1 08740 
Target: Nuc lea r Power 
EPR I  Project Manager :  C. Wood 

Hot Drawing of Hardfacing Al loys 
GC- 1 08777 
Target: Nuc lear Power 
EPRI Project Manager :  H. Ocken 

Fuel Integrity Monitoring and Fai lure 
Evaluation Handbook 
TR-1 08779 
Ta rget: Nuclear Power 
EPR I  Project Manager: B. Cheng 

PWR Zircaloy Cladding Corrosion Behavior 
in Peripheral and Inter ior Rods 
TR-1 08780 
Ta rget: Nuc lear Power 
EPRI Project Manager: B. Cheng 

Energy Market Impacts of E lectric Industry 
Restructuring: Understandi ng Wholesale 
Power Transmission and Trading 
AP- 1 08999 
Ta rget: Fue l Supply Management 
EPRI  Project Manager : J .  P lat t  

Natural Gas Market Regional ization and 
Impl ications 
TR- 1 0900 1 
Target: Fuel Supply Management 
EPR I Project Manager: J. Platt 

Blade L ife Management System for GE 
Frame 68 Gas Turbines, Vols. 1 and 2 
AP-1 09 1 96 
Target: Combust ion Turbine and  Combined
Cycle O&M 
EPRI  Project Manager: R. Fri schmuth 

Machine Welding Equipment for In S itu 
Piping Insta l lation a nd Repairs 
TR-1 0922 1 
Ta rget :  Nuc lear Power 
EPRI Project Manager :  V. V iswa nathan 

On-Line Condenser Foul ing Monitor 
Development 
TR- 1 09232 
Target: Steam Turb ines, Generators, and 
Bala nce-of-P lant 
EPR I  Project Manager: J. Tsou 

Improving Existing Fossil -F ired Power 
Plants: Industry Discussions (Vol. 1 ,  
Highlights; Vot .  2 ,  Detai ls )  
AP- 1 09342-Vl -V2 
Target: Steam Turb ines, Generators, and 
Balance-of-Pia nt 
EPR I  Project Ma nager: T .  Armor 

System and Cost Impact of a Liquid
Processing Test Facility: Assessment of 
Indian Point-2 
TR- 1 09441 
Target: Nuclear Power 
EPRI Project Manager : C. Hornibrook 

I mproved Antimony Removal Using a 
Chemical Treatment and Microfiltration 
Process 
TR- 109443 
Target: Nuclear Power 
EPRI Project Manager :  C. Hornibrook 

Analysis of Advanced Liquid Waste 
Minimization Techniques at a PWR: 
Adva nced Media, Pleated Filters, and 
Economic Evaluation Tools 
TR- 1 09444 
Target: Nuc lear Power 
EPR I Project Manager :  C. Hornibrook 

Heat Stress Management Program for 
Power Plants: Clothing Update of EPRI 
N P-4453-L (1 99 1  Report) 
TR-1 09445 
Target: Nuclea r Power 
EPR I  Project Manager :  C. Horn ibrook 

Evaluation of Fish Behavioral 
Barriers 
TR - 1 09483 
Target: Hydro Performance Opt imizat ion and 
Asset Management 
EPR I  Project Ma nager: C. Sul l ivan 

Heat Rate Improvement Reference 
Manual 
TR- 1 09546 
Ta rget : Coa l -Fired Boi ler Performance 
Opti mization and  Combustion NO, Control 
EPRI Project Manager: J .  Tsou 

Correlative Plant Data Study of I nfluence 
of Iron on BWR Activity Transport 
TR- 1 09566 
Target: Nuc lear Power 
EPRI Project Manager :  P. Frat t in i  



Tectmical Review of Full-Bed Trials 
of Low Crosslinked Resins in BWR 
Plants 
TR-109567 
Target: Nuclear Power 
EPRI Project Manager: P. Frattini 

Development of Laser Weld Repair, 
Cladding, and Heat Treatment Tech
nology for Alloy 600 RPV Penetrations 
TR-109919 
Target:. Nuclear Power 
EPRI Project Manager: R. Pathania 

Proceedings: Third International Confer� 
ence on Boiler Tube Failures in Fossil 
Plants 
TR-109938 
Target: Boiler Life and Availability Improve
ment 
EPRI Project Manager: B. Dooley 

Steam Generator Thermal Performance 
Degradation Case Studies 
TR-110018 
Target; Nuclear Power 
EPRI ProJect Manager: G. Srikantiah 

Evaluation of Waste Forms for Immobiliza
tion of 14C and 1291: Development of Novel 
Management Scheme for 14C and 1291 in 
Utility LLW Streams 
TR-1 10096 
Target: Nuclear Power 
EPRI Project Manager: C. Hornibrook 

Phase 2 Development of Procedure 
Usability Measurement Process (PUMP) 
Method 
TR-110175 
Target: Nuclear Power 
EPRI Project Manager: J. O'Brien 

Distributed Resources Strategic Review: 
Market Drivers Impacting Future Business 
Prospects 
TR-110245 
Target: Distributed Resources for Energy 
Services and Delivery Enhancement 
EPRI Project Manager: D. Herman 

Assessment of NO. Reduction Potential 
From Combustion Modifications at Illinois 
Power: Baldwin Unit 1 
TR-110498 
Target: Coal- Fired Boiler Performance 
Optimization and Combustion NO, Control 
EPRI Project Manager: D. O'Connor 

ORAM-SENTINEL™ Demonstration at 
Fitzpatrick 
TR-110505 
Target: Nuclear Power 
EPRI Project Manager: J. Mitman 

Materials Guidelines for Gasification 
Plants 
TR-110507 
Target: Coal Power Systems Development 
EPRI Project Manager:W. Bakker 

Evaluation of Concrete Containing Fly 
Ash With High Carbon Content and/or 
Small Amounts of Wood 
TR-1 10633 
Target: Combustion By·Product Use 
EPRI Project Manager: D. Golden 

Preliminary Evaluation of Factor's Leading 
to Control Rod Insertion Difficulties 
TR-110690 
Target: Nuclear Power 
EPRI Project Manager: 0. Ozer 

ORAM-SENTINEL™ Demonstration at 
Sequoyah 
TR-1 10771 
Target: Nuclear Power 
EPRI Project Manager: J. Mitman 

ORAM-SENTINEL™ Demonstration at 
Watts Bar 
TR-11077:i. 
Target: Nuclear Power 
EPRI Project Manager: J. Mitman 

Sodium Chloride Hideout in a Simulated 
Steam Generator Tube and Tube Support 
Plate Crevice 
TR-110803 
Target: Nuclear Power 
EPRI Project Manager: P. Millett 

Use of High-Carbon Fly Ash as a Compo,. 
ne.nt of Raw Mix for Cement Manufacture 
TR-1 10808 
Target: Combustion By-Product Use 
EPRI Project Mc1nager: D. Golden 

Investigation on the Parameters Affecting 
the De-Icing Salt Scaling Resistance of Fly 
Ash Concrete 
TR-1 10809 
Target: Combustion By-Product Use 
EPRI Project Manager: D. Golden 

Guideline for Computer-Based Training (CBT) 
Development, Vol. 2: Applications Database 
for Utility CBT Products and Services 
TR-110965-V2 
Target: Simulators, Training, and Production 
Automation 
EPRI Project Manager: M. Perakis 

Proceedings: 1998 EPRI Chemical Decon
tamination Conference 
TR-110997 
Target: Nuclear Power 
EPRI Project Manager: H. Ocken 

Opacity Control Guidelines for Oil-Fired 
Plants 
TR-11 1 007 
Target: Gas/OiHired Boiler Performance 
Optimization and Combustion NO._ Control 
EPRI Project Managers: T. Facchiano, C. Dene 

Preventing Biogas Generation in low-level 
Waste 
TR-111019 
Target: Nuclear Power 
EPRI Project Manager: C. Hornibrook 

Calvert Cliffs Nuclear Power Plant li�ense 
Renewal Application 
TR-111031-CD 
Target: NUdear Power 
EPRI Project Manager: J. Carey 

Axial Compressor Performance Mainte· 
nance Guide 
TR-1 11038 
Target: Combustion Turblne and Combined· 
CycleO&M 
EPRI Project Manag.er: R. Frischmuth 

Hydro Operational Restrlctions Forum: 
Licensee Workshop Summary 
TR-1 11073 
Target: Hydro Performance Optimization and 
Asset Management 
EPRI Project Manager: T. O'Shea 

FGD Optimization Workbook 
TR-1 1 1 1 18 
Target: S02 and Nonparticulate Opacity 
Control 
EPRI Project Manager; R. Rhudy 

II chemWORKS™: Primary Shutdown 
Calculator 
Version 1 ,0 (Windows) 
Target: Nuclear Power 
EPRI Project Manager: T. Gaudrau 

ii CQIM™ 2,0: Coal Quality Impact 
Model 
Version 2.0 (PC-OS/2) 
Target: Coal-Fired Boiler Performance 
Optimization and Combustion NO, 
Control 
EPRI Project Manager: D. O'Connor 

II EPRldry: Software for Evaluating Spent
Fuel Dry Storage Systems 
Version 2.0 (Windows 95) 
Target: Nuclear Power 
EPRI Project Manager: R. Mahini 

Energy Delivery and Utilization 

Sparkover Performance and Gap Factors 
of Air Gaps Below 1 Meter: Analysis of 
Published Data 
TR-106335 
Target: Overhead Transmission 
EPRI Project Manager: P_ Lyons 

Disaster Planning and Mitigation Tech
nologies: Interim Technology Inventory 
Report (Report 2) 
TR-108972·V2 
Target: Disaster Planning and Mitigation 
Technologies 
EPRI Project Manager: J, Oggerino 

Power Quality Diagnostic System: 
Economic Assessment Module (Final 
Production Version 1.0.19) 
TR� 109125 
Target: Power Quality 
EPRI Project Manager: S. Bhatt 
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The High-Efficiency laundry Metering 
and Marketing Analysis (THELMA) Project 
Vol. 4; Distribution Channels 
TR- 1 091 47-V4 
Target .Residentfal Appl iances 
EPRI Project Managers: J .  Kesse l r ing, R. Gil lman 

THELMA Project, Vol. 5: Product Demon
strations 
TR-1 09 147-VS 
Target; Residential Appl i ances 
EPR I  Project Managers: J .  Kesselring, R .  Gi l lman 

THELMA Project, Vol. 6: Product Users
In-Home Interviews 
TR-1 091 47-V6 
Target Resident ia l  Appl iances 
EPRI Project Managers: J .  Kesselring, R .  Gi l lman 

THELMA Project, Vol.  9: Product Users
Further Evaluations 
TR- 1091 47-V9 
Target Residentia l  Appl iances 
EPRI Project Managers: J .  Kesse lring, R. Gi l lman 

THELMA Project, Vol .  1 0: Project Synthesis 
TR-1 09 1 47-Vl O 
Target: Residential Appliances 
EPRI Project Managers: J ,  Kesselring, R. Gil lman 

Vert ical Ground Center Heat Exchanger 
Borehole Grouting: Fie ld Application 
Studies and In Situ Thermal Performance 
Testing 
TR- 109 1 64 
Target: Residential Heat Pump Technology 
EPRI Project Manager: C. HT l ler  

Electric Vehicle Fast Charging in Fleet 
Appl ications 
TR-1 09963 
Target: Infrastructure Deployment and 
EV Benefits 
EPRI Project Manager: L. Sandel l  

Materials Handling Equipment: Market 
Analysis (Classes I Through VI 
TR-1 1 0040 
Ta rget: Nonroad Electric Vehic les 
EPRI Project Manager: G, Purcel l  

Distributed Resources Strategic Review: 
Market Drivers Impacting Future Business 
Prospects 
TR-1 1 0245 (see l isting under Energy Convers ion) 

Thermal Performance of Soils and Backfil ls 
in Horizontal Ground-Coupled Heat Pump 
System Applications 
TR- 1 1 0480 
Target Residential Heat Pump Technology 
EPRI Project Manager: C. Hi l ler 

Design Testing and Evaluation of an 
Air Injection Grouting System for Geo
thermal Bores 
TR-1 1 048 1  
Target: Residential Heat Pump Technology 
EPRI Project Manager: C .  Hi l ler  
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Distributed Fiber-Optic Temperature 
Monitoring and Ampacity Analysis for 
XLPE Transmission Cables 
TR,1 1 0630 
Tatget: Underground Transmiss ion 
EPRI Project Manager: T. Rodenbaugh 

Smart Cards for EV Billing 
TR- 1 1 Q692 
Target: lnfraslruc:tu(e Deployment and 
EV Benefits 
EPRI Project Manager: L. Sandell 

EV Fleet Infrastructure Planning 
Guide 
T,R- 1 1 0702 
Target: Infrastructure Deployment and 
EV Benefits 
EPRI Project Ma nager: L. Sandel l  

Co1"1sumer Benefits of EVs and Plug
In HEVs 
TR-1 1 0780 
iarget: Infrastructure Deployment and 
EV Benefits 
EPRl Project Manager; L. Sandel l  

High-Voltage, Low-Frequency (0. 1 -Hz) 
Test ing of Power Cables 
TR-1 1 081 3 
Target: Underground Infrastructure 
EPRI Project Manager: B. Bernstein 

Evaluation of Selected Potential  Electric 
Utility Opportunities Associated With 
Rechargeable Battery Use 
TR-1 1 0828 
Target: Nonroad Electric Vehicles 
EPRI Project Manager: G. Purcel l 

Evaluation of Service-Aged 69- and 1 1  S-kV 
XLPE. Cables 
TR-1 1 0882 
Target: Underground Transmission 
EPRI ProJect Manager :  W. Zeng.er 

Pharmaceutical Industry Scoping Study 
TR- 1 1 0887 
Target: Natura l Gas, Petroleum. and Chemicals 
Industries 
EPRI Project Manager: A. Amarnath 

Assessment of Extruded 345-kV Cable 
Technology 
TR-1 '1 0906 
Target Underg round Transmission 
EPRI Project Manager: W. Zenger 

Airport Emissions Quantification: Impacts 
of Electrification 
TR- 1 1 1 000 
Target: A i rport Solutions 
EPRI Project Manager: L, Sandell 

Active Harmonic Fi lter Technology and 
Market Assessment 
TR- 1 1 1 088 
Target: End-Use Power Quality Mitigation 
Systems 
EPRI Project Manager: B. Banerjee 

Iii Area Investment Strategy Model 
Version 1 .01 (Windows) 
Target: Distribution System 
EPR I  Project Manager: S .  Chapel  

II LoadDynamics™ : A Model for Devel
oping Probabilistic Forecasts of Load 
Conditions 
Version 1 .0 (Windows) 
Target: Distribution System 
EPRI Project Manager: 5. Chapel 

Iii Market Forecasting Workstation 
Version 2.0 {Windows 95/NT) 
Target: Producing Successful Product and 
Service Portfol ios 
EPRI Project Manager: P. Meagher 

Iii PQDS (Power Quality Diagnostic 
System): Economic Assessment Module 
Version 1 .0. 1 9  (Windows) 
Target: Power Qual ity 
EPRI Project Manager; 5 .  Bhatt 

Iii RBM: Reliabil ity Benchmarking 
Methodology 
Version 2.0 (Windows) 
Ta rget: Power Qual ity 
EPRI Project Manager: A. Sundara m 

Iii TIM (Transmission Inspection and 
Maintenance) System 
Version 2.0 (Windows 95/NT) 
Target: Overhead Transmiss ion 
EPRI Project Manager : P. Lyons 

Environment 
In Situ Treatability of Mineral Oil in Soils 
TR- 108560 
Target: MGP S ite Remediation and Health Risk 
EPRI Project Manager: A. Qut nn  

Ex  Situ Bioremediation of  Mineral Oil In 
Soi ls: Land Treatme,it and CQmpQst.ing 
TR-1 08561 
Target: MGP Site Remediation and Health R isk 
EPRI  Project Manager :  A. Quinn 

Ex Situ Bioremediation of Mineral Oil in 
Soils: Aerated Pi le Treatment 
TR-1 08562 
Target: MGP Site Remediation and Health R isk 
EPRI Ptojec.t Manager: A. Quinn 

Identification of Arsenic Species in Coal 
Ash Particles 
TR-1 09002 
Target: Air Toxics Health and Risk Assessment 
EPRI Project Manager: J . Yager 

Material Shielding of Power Frequency 
Magnetic Fields: Research and Testing 
Results From the EPRI Power Delivery 
Center 
TR- 1 09550 
Target: E lectric and Magnetic Fields 
Management 
EPRI Project Manager: F. Young 



Estimating Release of Polycyclic Aromatic 
Hydrocarbons From Coal-Tar-Contaminated 
Soil at Manufactured Gas Plant Sites 
TR- 1 1 05 1 6  
Target: MGP Site Remediation and Health Risk 
EPRI  Project Manager'. I . Murarka 

Bed-Sediment Control at Riverside Water 
Intakes: A Guide for Util ity Engineers 
TR-1 1 055 1  
Target: Power Plant Water Managemeflt 
EPRI Project Manager: J .  Tsou 

Application of the Case-Specul;n Method 
to the Los Angeles Study of Wire Codes 
and Childhood Leukemia 
TR-1 1 0686 (see l isting under Strategic Science 
and Technology} 

Cancer Risk Assessment of Extremely Low 
Frequency Electric and Magnetic Fields: 
A Critical Review of Methodology 
TR- 1 1 0721 
Target: E lectric and Magnetic Fields Health 
Assessment 
EPRI Project Manager: C Rafferty 

Characteristics of Occupational I l lness 
and Injury Databases in Electric Util ity 
Companies 
TR·l 1 0954 (see listing under Strategic Science 
and Technology} 

EPRICSG 

The Retai l  Market: Business Characteristics, 
Energy-Use Patterns, and Decision Criteria 
of the Mass Market Segment 
TR-1 0902 1 -Vl 
Ta rget: Understanding Energy Ma rkets 
EPRI Project Manager: R. Gil lman 

Bui ldings With Multiple Businesses and 
Services: Business Characteristics, Energy
Use Patterns, and Decision Criteria 
TR- 1 09207-Vl 
Target: Understanding Energy Markets 
EPRI  Project Manager: A. Gi l lman 

Open Market Customer, Vol. 1: Methods 
and Case Findings 
TR- 1 09772-V1 
Target: Technology Innovation and 2 1 st 
Century Strategy 
EPRI Project Manager: T. Henneberger 

Open Market Customer, Vol. 2: Case Study 
Assessments 
TR-1 09772-V2 
Target: Technology Innovation and 21 st 
Century Strategy 
EPRI Project Manager:1·. Henneberger 

Energy Market Profiles, Vol. 1: 1 996 
Commercial Buildings, Equipment, and 
Energy Use 
TR- 1 09980-V 1 
Target: Understanding Energy Markets 
EPRI Project Manager: R. Gi l lman 

Energy Market Profiles, Vol. 2: 1 996 
Residential Buildings, Appliances, and 
Energy Use 
TR-1 09980-Vl 
Target: Uriderstahding Energy Markets 
EPR I  Project Manager: R .  Gi l lman 

Energy Market Profiles, Vol. 3: 1 996 Indus
trial Bui ldings, Equipment, and Energy Use 
TR- 1 09980-V3 
Target: U nderstanding Energy Markets 
EPRI Project Manager: R. Gi l lman 

Information Management and Business 
Strategy in Electricity Markets 
TR-1 1 0305 
Target Tech nology I nnovation and 21 st 
Century Strategy 
EPRI Project Manager: T. Henneberger 

ReQuest IV ™ : A Continuing lnvestigati.on 
of the Residentlaf Telecommunications and 
Electric Marketplaces (Executive Summary} 
TR-1 1 081 6-ES 
Target: Understanding Energy Markets 
EPRI Project Manager: A. G i l lman 

Application Opportunities in Wireless 
Communications 
TR- 1 1 1 05 1  
Target: Wireless Appl icatioris and Services 
EPRJ Project Manager :  S. Drenker 

II SST: Supermarket Simulation Tool 
Version 1 .0 (PC-Windows) 
Target: Reta i l Supermarket Establishment 
Solutions 
EPRI Project Manager: M, Khatta.r 

EPRIGEN 

Maintenance Work Management Improve
ment: Improving Culture and Work Process 
l'R- 1 09734 
Ta rget: Plant Maintenance Optimization 
EPRI Project Manager: R. Pflasterer 

Maintenance Work Management: Best 
Practices Guidelines-Maintenance 
Assessment and Improvement 
TR- 1 09968 
Target: P lant Maintenance Opt im lzation 
EPRI Project Manager : R . Pflasterer 

Plant Profit Manager 1 .0: User's Guide 
AP- 1 1 0376 
Target; Generation Asset Management 
EPRI Project Ma nagers: D. Gray, D. Rast ler 

Flexible Midsized Gas Turbine: Prel iminary 
Market Analysis 
TR-1 1 0860 
Target: New Combu stion Turbine/Combined
Cycle Design and R isk Mitigation 
EPRI Project Manager: A Coh n 

II PPM: Plant Profit Manager 
Version 1 .0 (Wfndows 95/NT) 
Target: Generation Asset Management 
EPRI Project Manager : D. Gray 

Strategic Science and Technology 

Machine Welding Equipment for In Situ 
Piping Installation and Repairs 
TR- 1 0922 1 
Program: Strategic Sele.nee and Technology 
EPRI Project Manager: V. Viswanathan 

Proceedings: NDE for Damage Assess· 
ment Workshop 
TR- 1 1 0291 
Program; Strategic Science and Technology 
EPRi Project Manager: V. VisWanathan 

High-Temperature Corrosion Research 
in Progress, 1 997, Vols. 1 and 2 

TR- 1 1 0333-V l -V2 
Program: Strategic Science and Technology 
EPRI Project Manager� J ,  Stringer 

Microwave-Induced Chemical Syn
thesis Initiative: Strategic Research, 
1 994-1 997 
TR- 1 1 04 1 9 
Program: Stri)tegic Science and Technology 
EPRI Project Manager : A. Amarnath 

Application of the Case-Specular Method 
to the Los Angeles Study of Wire Codes 
and Childhood Leukemia 
TR- 1 1 0686 
Program: Strategic Science and Technology 
EPRI Project Manager: K. Ebi 

Corrosion Prevention by Regenerative 
Biopolymers 
TR- 1 1 0734 
Program: Strategic Science and Technology 
EPRI Project Manager: B. Syrett 

A Review of High-Temperature Perfor
mance Trends and Desi9n Rules fo, 
Cr-Mo Steel Weldments 
TR- 1 1 0807 
Program: Strategic Science and Technology 
EPRI Project Manager: V. Viswanathan 

Solvent Permeation, Swell ing Profiles, 
and Mechanical Properties of Thin Poly
mer Films: New Diagnostic Tool for Epoxy 
and Silicone Insulation 
TR-1 1 081 1 
Program: Strategic Science and Technology 
EPRI Project Manager: R. Bernstein 

A Basis for the Prediction of Insulation 
Failure in Rotating Machines 
TR- 1 1 0861 
Program: Strategic Science and ,echnolog 
EPRI Project Manager: J. Stein 

Characteristics of Occupational I l lness 
and Injury Databases In Electric Uti lity 
Companies 
TR-1 1 0954 
Program: Strategic Science and Technology 
EPRI Project Manager: J. Yager 
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EPRI Events 

November 

1 -4 
Annual Internat ional Ground-Source 
Heat Pump Conference 
Chicago, llltnols 
Contact: Shelly F itzpatrick, (800) 626-4747 

1 -4 
Power Markets and ·Resource Management: 
Making Money in Risky Markets 
Washington, D.C 
Contact: Michele Sa,noul ides, (650) 855-2 1 27 

2 
Business Opportunities for Power Qual ity 
Programs 
Corpus Ch risti, Texas 
Contact: Marsha Grossman, (650) 855-2899 

2-5 

Transmission Inspection and Maintenance 
System Training and Users Group Meeting 
Dal las, Texas 
Contact: Kathleen Lyons, (650) 855-2656 

2-6 

Infrared Thermography: Level 2 
Long Beach, Ca' l ifornia 
Contact: Esther B lanco, (562) 493-774 1 

2-6 

Supercritical Boiler Unit Operations 
Kansas City, M i ssouri 
Contact : Sarah Mal inowski, (8 1 6) 235-5623 

2-1 3 

Ultrasonic Examination Technology 
Charlotte, North Carol ina 
Contact: Sherryl  Stogner, (704] 547-6 1 74 

3-4 

Power Qual ity Interest Group Meeting 
Corpus Christ i ,  Te)(as 
Contact: Marsha Grossman, (650) 855-2899 

3 -4 
Robotics Workshop 
Knoxvi l le, Tennessee 
Contact: Lyn n  Stone, (972) 556-6529 

3-5 

Steam Turbine Performance Monitoring 
and Diagnostics 
Eddystone, Pennsylvania 
Contact: Ed ie McFa l l, (800) 745-9982 

4-S 

Lightning Protect ion Design Workstation 
4 , 1  and 5.0b 
Dal las, Texas 
Contact: Lynn Stone, (972)  556-6529 

38 EPR I JOURNAL Stpfc111bc1!0aobc1' 1 998 

4..,5 
New Product Development 
Dallas, Texas 
Contact: Lynn Stone, (972)  556-6529 

6 
Electromagnetic Interference Qual ification 
of Digital Equipment 
Charlotte, North Carolina 
Contact :  Sherryl Stogner, (704) 547-61 74 

8-1 1 
Fuel Supply Seminar 
Cleveland, Ohio 
Contact: Megan Boyd, (650) 855-79 1 9 

9-1 1 
Decis ion Analysis for Utility Planning 
Tampa, Florida 
Contact: Peggy Prater; (650) 855-295 1  

9-1 1 
PQA '98t Southern Hemisphere 
Cape Town, South Africa 
Contact: Marsha Gros-sman, (650)  855-2899 

9-13 
Simulator Instructor Station Operations 
Kansas City, Missouri 
Contact: Sarah Malinowski, (81 6) 235-5623 

9-1 3 
Visual Examination Technology: Level 2 
Charlotte, North Caro l i n a  
Contact: Sherryl Stog ner, (704) 54 7-6 1 74 

1 0-1 1 
Fossil Plant Welding Workshop 
Charlotte, North Carolina 
Contact: Brent Lancaster, (704) 547-60 1 7  

1 0-1 2 
Introduction to Distributed Control 
Systems 
Kingston, Tennessee 
Contact: Eric Tol ine, (423)  7 1 7-20 1 6 

1 1-1 3 
Root-Cause Analysis 
Eddystone, Pennsylvan ia 
Contact: Ed ie McFall, (800) 745-9982 

1 6-1 7  
Containment Inspection: Vlsual 
Examination Training, Level 2 
Charlotte, North Carol ina 
Contact: Sherryl Stogner, (704) 547-6 1 74 

1 6-1 8 
Advanced Power Quality Workshop 
Knoxvi l le, Tennessee 
Contact; Martha Powers, (423)  974-8288 

1 6-1 8 
Biodiversity 
Savannah, Georgia 
Contact: Cindy Layman, (650) 855-8763 

16-20 

Nondestructive Evaluation (NOE) for 
Engineers 
Charlotte, North Carol ina 
Contact: Sherryl Stogner, (704) 547-61 74 

1 6-20 
NOE Instructor Training 
Charlotte, North Carol ina 
Contact: Sherryl Stogner, (704) 547-61 74 

1 6-20 

Simulator Instructor Techniques 
Kansas City, Missouri 
Contact: Sarah Mal inowski, (81 6) 235-5623 

1 7-20 
Electricity Book Training and Interest 
Group Meeting 
Atlanta, Georgia 
Contact: Peggy P.rater, (650J 855-295 1 

1 .9 
One-Day Refresher on Nuclear Utility 
Procurement 
Charlotte, North Carol ina 
Contact: Sherryl Stogner, (704) 547-6 1 74 

1 9-20 

Energy Security Risk Mana.gement 
Forum 
Washington, D.C. 
Contact: Maureen Barbeau, (650) 855-2474 

1 9-20 
V2K Workshop on Distr ibuted Control 
System Experience, Natural Gas, and 
Telecommunications 
Orlando, Flor ida 
Contact Michele Samoulides, (650) 855-2 1 27 

30-December 4 
Ultrasonic Examination Technology: 
Level 3 
Charlotte, North Carol ina 
Contact: Sherryl Stogner, (704) 547-6 1 74 

30-December 9 
Ultrasonic-Testing Operator Training for 
the De,tection of lntergranular Stress 
Corrosion Cracking ( IGSCC) 
Charlotte, North Carol ina 
Contact: Sherryl Stogner; (704) 547-6 1 74 



December 

1 -2 
Strategic Connections: Distributed 
Resources Business Opportunities 
Chieogo, I l l inois 
Contact: Sam Braithwa ite, (888) 332-8258 

1 -3 

Generator Predictive Maintenance and 
Refurbishment Conference 
Phoenix, Arizona 
Contact: Megan Boyd, (650) 855-79 1 9  

3-4 

Strategic Connections� Knowledge-Driven 
Competit ion 
Boston, Massachusetts 
Contact: Sam Braithwaite, (888) 332,8258 

7-9 

NDE Technical Ski l ls Training: Level 3 
Basic 
Char lotte, North Carol ina 
Contact: Sherryl Stogner, {704) 547-61 74 

7-9 
Power Quality Technical Training 
Knoxvi l le, Tennessee 
Contact: Karen Forsten,  (423) 974-829 1 

7-1 0 
Advanced Structural Analysis and Design 
Methods 
Has let, Texas 
Contact: Kathleen Lyons, (650) 855-2656 

7-1 1  
Combined-Cycle Unit Operations 
Kansas C ity, Missouri 
Contact; Sarah Malinowski, (81 6) 235-5623 

8-1 0  
Root-Cause Analysis 
Long Beach, Ca l ifornia 
Contact: Edie McFa l l, (800) 745-9982 

9- 1 1  
NOE Technical Skills Training: level 3 
Specific 
Cha rlotte, North Carolina 
Contact; Sherryl Stogner, (704} 547-61 74 

1 0-1 1 
CHUG Meeting 
Da l las, Texas 
Contact: Eryn Schroeder, (650) 855-2259 

14-1 8  
Ultrasonic-Testing Operator Training 
for IGSCC Sizing 
Charlotte, North Carolina 
Contact: Sherryl Stogner, (704) 547-6 1 74 

1 4-1 8  
Visual Examination Technology: level 3 
Charlotte, North Carol ina 
Contact: Sherryl Stogner, (704) 547-61 74 

1 5-1 6 
Simulator Spec1fication and Procurement 
Workshop 
Kansas City, Missouri 
Contact Sarah Mal inowski, (81 6) 235-5623 

2 1 -23 

ASME Section XI  F law Evaluation 
Char lotte, North Caro l ina 
Contact ; Sherryl Stogner, {704) 547- 6 1 74 

January 1999 

1 1-1 3 
Pressure Relief Devices Users Group 
Meeting 
Orlando, F lorida 
Contact: Li nda Sudd(eth , (704) 547-6061 

1 1 -1 5 
Steam Plant Operat ions for Utility 
Engineers 
Kansas City, Missouri 
Contact: Sarah Malinowski, (81 6) 235-5623 

1 2-1 3 
EPRI-DARPA Post-Silicon High-Power 
Electronics 
Monterey, Cal ifornra 
Contact :  Megan Boyd, (650) 855-79 1 9  

1 7-22 

4th Y2K Workshop on Embedded
Microprocessor Problems 
New Orleans, Lou i siana 
Contact: Paige Pol ishook, (650) 855-20 1 0  

1 8-22 

Combined-Cycle Operations for Utility 
Engineers 
Kansas C i ty, Missou ri 
Contact: Sarah Ma l inowski, (8 1 6) 235-5623 

25-29 

Drum Boiler Unit Operations 
Kansas City, Missouri 
Contact: Sarah Mal inowski, (8 1 6) 235-5623 

25-29 

NDE of High-Energy Piping 
Charlotte, North Caro l ina 
Contact: Sherryl Stogner, (704) 547-61 74 

February 

1-2 

Containment Inspection: Visual 
Examination Training, level 2 
Char lotte, North Carol ina 
Contoct Sherryl Stogner, (704) 547-61 74 

1 -5 
Supercritical Boi ler Unit Operations 
Ka nsas City, Missou d 
Contact: Sa rah Mal i nowsk i ,  (8 1 6 ) 235�5623 

8-1 2 
Cyclone Boiler Unit Operations 
Kansas City, Missouri 
Contact: Sarah Mal inowski, (81 6) 235-5623 

8-1 2 

NDE Instructor Training 
Charlotte, North Carol ina 
Comact: Sherryl Stogner, (704) 547-6 1 74 

1 5-1 9  
Ma,gne-Blast Circuit Breaker Users GrOUf) 
Meeting 
Clearwater '8each, F lorfda 
Contact: Brent Laneoster, (704) 547-601 7 

1 6-1 7  
Gas-Electric Partnership Workshops 
Houston, Texas 
Contact: Dick Sch meal, (71 3)  963-9307 

1 6-1 7 
Simulator Specification and Procurement 
Workshop 
Kansas City, M i ssouri 
Contact: Sarah Mal inowski, (8 1 6) 235-5623 

21-24 

7th Substation Equipment Diagnostics 
Conference 
New Orleans, Louisiana 
Contact: M ichele Samoul ides, (650) 855·2 1 2J 

23-25 

Simulator Acceptance Test Procedure 
Workshop 
Kansas City, Missouri 
Co(ltact: Sarah Malinowski, (8 1 6) 235-5623 

24 

Water and Energy Conference 
Sa rasota, Florida 
Contact: Kim Shi l l ing, (3 1 4) 935-8590 

25-26 

Municipal Water and Wastewater Program 
Meeting 
Sarasota, F lorida 
Contact: K im Shi l l ing, (3 1 4) 935 -8590 

March 

1-5 
Boller Operating Theory 
Kansas City, Missou ri 
Contact: Sarah Mal i nowsk i, (8 1 6) 235-5623 

8-1 2 
Turbine Operating Theory 
Kansas Oty, Missouri 
Contact: Sarai, Malinowsk i, (8 1 6) 235-5623 

8-1 2 

Visual Examination Technology: Level 1 
Charlotte, North Carol i na 
Contact; Sherryl Stogner, (704) 547-6 1 74 

Scpttm/1.1/0 ralic,· 1 998 EPRl JOURNAL 39 



1 1 -1 2 
Workshop on Ground-Penetrating Imaging 
.Radar 
Ridgefield, Connecticut 
Contact: Andrea Duerr, (650) 855-271 9 

1 5-1 9  
Basic Electrical Theory for Power Plants 
Kansas City, Missour i  
Contact: 5arah Mal inowski, (81 6) 235-5623 

1 5-26 
Ultrasonic Examination Technology: 
level 1 
Charlotte, North Caro l ina 
Contact: Sherryl Stogner, (704) 547 -6 1  74 

22-26 
Generator Operating Theory 
Kansas City, Missouri 
Contact: Sarah Malinowski, (8 1 6) 235-5623 

29-April 2 
Designing, Developing, and Evaluating 
Training Programs 
Kansas Qty, Missou ri 
Contact: Sarah Mal inowski, (81 6) 235-562.3 

April 

5-9 
Simulator Instructor Techniq1,1es 
Kansas City, Missour i  
Contact: Sarah Malinowski, (81 6) 235-5623 

1 2-1 4 
Power Qual ity Challenges in the 
Semiconductor Industry 
Tempe, Ar izona 
Contact: Karen Forsten, (423)  974-829 1 

1 2-1 5 
Confere.nce on Power· Plant Impacts on 
Aquatic Resources 
Atlanta, Georgia 
Contact: Cindy Layman, (650) 855-8763 

1 2-1 6 
NDE for Engineers 
Charlotte, North Carol ina 
Contact: Sherryl Stogner, (704) 547-61 74 

1 2-1 6 
Simulator Instructor Station Operations 
Kansas Gty, Missouri 
Contact: Sarah Mal inowski, (8 1 6) 235-5623 

1 4-1 6 
Forecasting Symposium 
Denver, Colorado 
Contact: Paige Pol ishook, (650) 855-20 1 0  

20-23 

Structured On-the-Job Training Pro
gram Design, Development, and 
Implementation 
Kansas City, Missouri 
Contact: Cassandra Maslowski, (81 6) 235-5623 
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26-28 

ASME Section XI Flaw Evaluation 
Charlotte, North Carolina 
Contact: Sherryl Stogner, (704) 547-61 74 

May 

3-7 

Steam Plant Operations for Utility 
Engineers 
Kansas City, Missouri 
Contact: Sarah Mallnowski, (8,1 6) 235-5623 

1 0-1 1 
Continuous Emissions Monitoring (CEM) 
E>reconference Tutorial 
Cincinnati, Oh io 
Contact: Michele Samoul ides, (650) 855-2 127  

1 0-1 3 
Industrial Energy Technology 
Conference 
Houston,  Texas 
Contact: Sam Woinsky, (71 3) 963-9336 

1 0-1 4 

Combined-Cycle Operations for Utility 
Engineers 
Kansas City,. M1ssouri 
Contact: Sarah Mal inowski, (81 6) 235-5623 

1 0-2 1 
Ultrasonic Examination Technology: 
Level l 
Char lotte, North Carol ina 
Contact: Sherryl Stogner, (704) 547-61 74 

1 2-1 4 

1 999 CEM Users Group Meeting 
Cincinnati, Ohfo 
Contact: Michele Samoulides, {650) 855-2 1 27 

1 7-2 1  
Drum Boiler Unit Operations 
Kansas City, Missouri 
Contact: Sarah Mal inowski ,  (8 1 6) 235-5623 

24-27 

PQA '99: North America 
Charlotte, North Carolina 
Contact: Megan Boyd, (650) 855-7919  

24-28 

Supercritical Boiler Unit Operations 
Kansas City, Missouri 
Contact: Sara.h Malinowski, ( 8 16) 235-5623 

25-28 
Valve Symposium 
Lake Tahoe, Nevada 
Contact: Linda Suddreth,  (704) 547-6061 

3 1 -June 4 
Cyclone Boiler Unit Operations 
Kansas City, Missouri 
Contact: Sarah Mal inowski, (81 6) 235-5623 

June 

2--3 
Containment Inspection: Visual 
Examination Course, Level 2 
Charlotte, North Carol ina 
Contact: Sherry l  Stogner; (704) 547 -61 74 

7-1 1 
Visual Examination Tech nology: 
Level 2 
Char lotte, North Carol ina 
Contact: Sherryl Stogner, {704) 547-61 74 

1 2-1 7 
Joint ISA POWID/EPRI Controls and 
Instrumentation Conference 
St. Petersburg, Florida 
Contact: Paige Pol ishook, (650) 855-20 1 0  

1 4-18 

ABB Circuit Breaker Users Group 
Meeting 
Chatlotte, North Carolina 
Contact: Brent 'Lancaster, (704) 547-60 1 7  

14-23 

Ultrasonic-Testing Operator Training 
for the Detection of IGSCC 
Charlotte, North Carolina 
Contact: Sherryl Stogner, (704) 547-6 174 

17-1 8 

CHUG Meeting 
Portland, Maine 
Contact Eryn Schroeder, (650) 855-2259 

21-23 
1 999 Plant Maintenance Conference 
Atlanta, Georgia 
Contact: Cindy Layman ,  (650) 855-8763 

22-25 

Steam Chemistry: Interaction of 
Chemical Species 
FreiblJrg, Germany 
Contact: Barry Dooley, (650) 855-2458 

23-25 

5th Piping and Bolting NOE 
Conference 
San Antonio, Texas 
Contact: Susan Otto-Rodgers, (704) 547·6072 

27-30 
Technology Delivery Workshop 
San Francisco, Cali forn ia 
Contact: Megan Boyd, (650) 855 -791 9 

28 

Water a nd Energy Conference 
Vancouver, Canada 
Contact: Kim Shi l l ing, (3 14 )  935-8590 

29-30 
Municipal Water and Wastewater Program 
Meeting 
Vancouver, Canada 
Contact: Kim Shi l l ing, (3 1 4) 935-8590 
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