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P�·OPl;ICTS EPRl-sponsored deliverables now available to utilities and their customers 

Pollution Prevention Report 

Voltmtary pollution prevention programs not only minimize the 
production of noncombustion wastes from power plant auxil­
iary operation but can al o reduce disposal 

o t , avoid future liability, and 

k ep electric utilities one t p 
ahead of envirorunental regula­
tions. This report (TR-104111) 
details a si -step process EPRI has 
developed for pollution prevention 
programs-a proce consistent 

with total quality environmental 

management-and highlight a 
tudies of uccessful utility programs 

that followed the process. Included in 
the report are lessons learned from the 
ase studies, which in ol ed u h wastes 

a u ed anti fr ze, oily hop towel , and empty containers. 

For more i11fommtio11, co11/act Mary McLeam, (415) 855-2487. 

To order, en/I tile EPRI Di lrilmlio11 Ce11ter, (510) 934-4212. 
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Nee Device 

EPRI re earch indicates that a significant ource of 
residential magn tic fields is ground currents-cur-
r nts from a home's electrical grounding system that 
can wind up on its water piping system and travel to 

nearby home via the municipal water upply lin . 

EPRJ ha d veloped a devic that virtually eliminates 
these stray, or "n t," currents and the magnetic fields 
they gen rate. Called the net urrent control ( 
devic , this tool is installed along the service drop to 
a customer's house to redirect the flow of current, 
encouraging it to return to the distribution y tern 
throu h the home's service line rather than through 
water pipes. The CC device al o reduce tray cur-
r nt oming from n ighboring homes or oth r ource . 

Unlik oth rte hniqu s for r ducing grow1d currents, 
th CC devic does not interfer with th safety and 
effectivenes of a home's grounding system. 
For 111ore i1rformatio11, contact Leeka Klleifets, (415) 855-8976. 

To order, call David Fugate al Electric Research a11d Manage-

111e11f, (412) 826-3222. 



UFIM 

Main ta i ning a l ow-co t inventory of power plan t f u  I w i thout creat ing 
an excessive r isk of deplet ing suppl i  is  the k to sk i l l fu l fuel inven tory 
management .  The Ut i l i ty Fuel ln en tory Model ( F I M) was developed 
to help electric u t i l i ties wi th coal-fired power plants achieve this opt i ma l  
bala n  e .  Version 3 . 1 1  o f  F IM uses ana lyt ica l tech n iq ues to a unt for 

the type problem common ly faced by ut i l i t i  , uch a 

d i  ru ption in fuel u ppl d l i very, un xpected ar ia t i  ns in fuel burn, and asonal impacts on coal supply. The model 
al o h  Ip d i ion mak r u e plant di  patch p I i y as a m  ans of contro l ii ng fuel i nventory d u ring shortage periods. 
For 111ore i , iforruntiou , co11/act Susau Marsln11 rl ,  (415) 855-2946. To order, en/I tl,e Electric Power Software Center, (800) 763-3772 .  

Low-Cost Radio 

Nox Tuning Guide 

Federa l and t a t  r gu la t ion requ ir I t r i  u t i l i t ies to red uc 
emis ion f n i t rogen oxid ( 0,) from th i r  coa l -fir d power plan ts.  
This gu id (TR-1 05109) lay ou t s que.n t ia l  proced ure tha t  enable 
ut i l i ty  manager and engin er to plan and cond uct O, emis ion 
test ing  programs for th s p l a n ts, to eva l uate a nd in terpret the 
resu l t ing da ta,  and to desi n O, red uct ion program u ing c mbu--

t ion tun i n  . The combustion-tuning trate y can r d ue 0 
emi ion by 10-30% while opti mizing boi ler op ra t ion a nd 

improving h at rate . F r boi l r only ma rgi na l ly abo e 

0, em i s ions l imHs, th _i s  stra t gy ma l i mina t  

Im - O,  burner to achieve red uctions can cut co ts 
th rou �h ombustion t u n i ng. 

For more i11for/ llal io11, co 1 1 /ac / Jeff Slalli11gs, ( 4 15) 855-2427. To order; call /lie 

EPRJ Di trilmlio 1 1  Ce,,ter, (5 10) 934-42 12 .  

Many electri u t i l i t ie re ognize the  benefits of  d i  tr ibut ion a u tomati  n 
te hnology, w h i  h au toma t ica l l  a lert util i t ie  to outao-es and other 

di  tu rbance n th ele trical di  tribu t ion ·y t m. Howev r, th high co t 
of t h i  t chnology ha pr ven t  d ma ny pow r ompani from d pl 

ing i t .  ow ther i a low-cost rad io ava i lable that sub tant i a l l y  red u e 
the ca pi ta l cost of imp lemen t ing d istr ibu t ion a u tomation syst ms. 

D vclop d joi ntJ b EPRJ ,  ou thern a l i for­
nia Edison, and Metricom, the pread pec­
tru m pa ket rad io  i a mod ified er ion of an 

arl ier M tricom radio and e l l  for abou t 
ha l f th co t of th r ig i na l .  Th rad i o  i 

sp i fi a l l  designed for di tribu tion au toma­

t ion and remote m t r r ad ing appl i at ion . 
For 111ore ilifor111nlio1 1 ,  co11/acl A //ok u1 1rlarn111 nt EPRI, (4 1 5) 855-230.J, or Bob Yi11ger al CE, (81 8) 

8 1 2-7336. To order, call De1 1 1 1 is Perrone al Mctricom, (408) 399-82 1 6. 
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·mate Change: Sunspots Revisited 

o centuries, scientists have speculated 
ossible effect of sunspots on global 
t the mechanism that might be involved 
ed a matter of considerable controversy. 

question is how total solar irradiance­
unt of energy received by the earth from 

ted by sunspot activity, which follows an 11-

een commonly assumed that total solar irradiance 
decrease as the number of dark sunspots increased. Di­

rect satellite measurements of irradiance, however, have shown 
just the opposite to be the case. This means that given more 
sunspots, more energy is delivered to the atmosphere and 
global temperatures should rise. Build­
ing on this new understanding, recent 
research, sponsored in part by EPRJ, 
indicates that looking at the combined 
effects of changes in solar irradiance 
and increases in atmospheric green­
house gases offers the best explanation 
yet for the observed rise in average glob­
al temperature over the last century. 

According to current theory, sun­
spots occur in pairs as magnetic distur­
bances in the convective plasma near 
the sun's surface. Magnetic field lines 
emerge from one sunspot and reenter 
at the other spot. During periods of 
increased magnetic activity, the sun is 
brighter and more charged particles are 
emitted from the solar surface. 

Not only does the increased bright­
ness of the stm tend to warm the earth, 
but also the solar wind shields the 
atmosphere from cosmic rays, which 
produce carbon 14. Because of tnis 
effect, measuring carbon 14 in tree 
rings offers a way of inferring the sun's 
magnetic history. Studies of d1anges in both the magnetic field 
coverage and the brighh1ess of nearby stars have also pro­
vided a better understanding of the connection betv.1een the 
sun's magnetism and changes in its irradiance. 

Using this information and a global climate model based 
on energy conservation, Sallie Baliunas and Willie Soon of the 
Harvard-Smithsonian Center for Astrophysics and Eric Posmen-
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tier of Long Island University constructed a profile of atmo­
spheric climate "forcing" due to combined changes in solar 
irradiance and emissions of greenhouse gases between 1880 
and 1993. They found that the temperature variations pre­
dicted by their model accotmted for up to 92% of the tempera­
ture changes actually observed over the period- by far the 
closest match yet achieved. Their results also suggest that the 
sensitivity of climate to the effects of solar irradiance is about 
27% higher than its sensitivity to forcing by greenhouse gases. 

An intriguing sidelight to this discovery is the implica­
tion that, at times, the sttn's influence on climate mciy be 
dramatically greciter. Studies of the stm and other stars show 
that they spend about a quarter of their time irt a magnetically 

Sunspots mark changes in the sun's magnetic activity. 

quiescent state with very few sunspots. The last such event on 
our sun occurred in the late seventeenth century and was 
associated with an extended period of unusually cold temper­
atures known as the Little Ice Age. No one has yet found a 
way to predict when such an episode might recur. 
• For more i11formatio11, co11tact ]0'111 Mau/betsc/1, (415) 855-2438. 



Genetic Engineering Holds Promise for Affordable Biomass 

I 
n recen t years, genetic engineering has been used to 
produce tastier tomatoes, virus-r sistant sq uash, and otton 
plants that can kill insects. row, with support !rom EPR l 

and others, this relatively new realm of science could also 
help make biomass-in the form of poplar tre -an afford­
able power plant  fuel . 

Fund d by EPRI, the U .S.  D partment of 
Energy, and a number of pulp and paper compa­
nies, researciiers at Oregon Sta te Uni ersity are 
genetically engineering poplar trees to incr ase 
yields and reduce the costs a· ocial d with 
b iomas production. Energy crops generally cost 
between $2 and $3.50 per mi l l ion Btu, compared 
with Jes than $2 per mil lion Btu f r na tural ga 
and abou t  $1 per mi l l ion Btu for coa l .  "For electr ic 
u L i l i L ies facing increased compet i l ion, the ost 
difference is enough to discourage the us of th se 
new crops even though they offer significant env i­
ronmenta l  benefits, '' says Evan Hughes, EPR r's 
manager for the project. These benefi t! include the 
absorp t ion of carbon dioxide by the crops, which 
offsets emissions of fossil-fuel-genera ted CO2, and 
a reduction in emis io1 of s ulfur oxid s and 
possibly even nih·ogen oxide 

A major tluu t of the university's urren t researd, i, 
making the poplars resistant lo Roundup, a widely u ed 
herbic.ide. ''Control l ing weeds is particularly cr i ticaJ for the 
success of poplar  planta tions," say Stev Stra uss, a forestry 
science professor a t  Oregon State Un.iv rsity and the director 
of the tmiversity's Tree Genetic Engineering Re earch Cooper­
at ive (TGERC), which is conducting the joint ly sponsored 
researd1. "Effective weed conh·ol enables the trees to grow 
more rapidly and reduce cost . "  The u e of less-effective 
herbicides entails higher cost because the m ust be app lied 
more frequently and because any remaining weeds must be 
removed med,anicaUy. 

Before the advenl of genetic engin er.i.ng, the only way to 
rrod u an h rbicide-r istan t  pop l a r  wa to sea rd, thrnugh 
millions of existing poplars lo loca te those with the mo!>t 
1·esi ta.nee, ays Strauss . Buds or cuttings from those trees 
could then be used to propagate new trees. But the selection 
and breeding processe are very tim -consuming, and the 
r u l t  are far from certa in .  Hence, conclude Strauss, "this 
m thod .is, for all prnctical purposes, impossible." 

In contrast, genetic engineering enables scienti ts t 

extract herbicide-resistant genes from an en tirely different 
organism. At Oregon Sta te Un iver. ity, re ea r hers a r  work­
ing with a gene fow1d .in Agrobncleriwn, a genus of natura l so.ii 
ba teria commonly fow1d around plants. Some strains of 
Agrobncleri11 1 1 1 can thrive in the presence of very high concen­
trat ions of Roundup. The herbicide-resistant gene is ext racted 

Transgenic poplar shoots arising in tissue culture 

from the bacteria in the laboratory on a cell u lar level, and i t  
D A is engineered t o  resemble a p lant gene s o  tha t i t  can 
carry out its herbicide-re istant fu nction in poplar ceUs. In 
add i tion, the researchers insert a gene tha t  actual ly degrades 
the herbicide. The engineered gene are inh·oduced to the 
poplar cel l  in a pehi dish . 

At this writing, the university researchers are applying 
Roundup to poplar plantations containing tree tha t  have 
been genetically engineered to resist the herbicide. 
R arcii rs wi l l  do ly moni tor the trees' growth to deter­
mine the success of the xperi ment. Tney are using similar 
genetic engineering techniques to encourage .insect resistance 
and t r i l ity in popla r  planta tions. Dev loping poplars that 
don ' t produce seed will prevent them from crossbreeding 
with nati ve tre in ·urround. ing aJ"eas and will pre-erve more 
of the poplars' energy for growth. 

TGE RC, which EPRJ joined la t year, was establi hed in 
1 994 and i exp cted to con l inue a t  le11st 1.1 ntil 1 999. The ffort 
builds on knowledge gained by the pLI. lp  and paper industry. 
• For 111ore i11formalio11, co1 1tact Evan Hught!S, (41 5) 855-21 79. 
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i ke the threads of a spider's web, d iverse species in  a natura l  

reg ion are i nterdependent. Just a s  the loss of a si ng le thread 

d ividua l  species can d i srupt an enti re ecosystem.  Electric uti l i t i es are be-

com ing i ncreasingly awa re of the va lue of d iverse ecosystems, a nd  a n um-

ber of power compan ies have i n iti ated programs designed specifica l ly  to 

preserve and enhance b iodiversity. Such prog rams go beyond trad it iona l  

envi ronmenta l efforts : they account for the we l l -be i ng  of entire habitats 

rather than focusi ng str ictly on ind ivi dua l  species. As representatives at 

EPRl 's recent biod iversity conference stressed , th is broader mission ca l l s  for 

a range of expertise that can only be acqu i red through partnersh i p. Indeed , 

a variety of stakeholders- incl uding i nd ustry, conservation groups, govern-

I ment agencies, and community members-are teaming up on the biodiver-

i sity i s sue. Some are ca l l ing on uti l i t ies to take the lead. 





W 
hen John awhi l l ,  presi­
dent and  CEO of the a­

tw- Con ervan  y, gave a 

peech on biod i v •r ity to 

a n  el  ctric u t i l i ty a udience five yea rs ago, 
h ays h got a lot  of b lank looks. Ti mes 
hav c rta i nl y changed . Sawh i l l  recal led 
this observation a t  a recent con f renc on 
biod i  ers i ty sponsored by EPRf on b half  
of i t  electric u ti l i ty m mbers-an event at  

which he praised ut i l i ties for the i I  effort 
on th issue. Held th i  March in Wil l iams­
burg, Virginia, the two-day conlerence, 
ai led Managing for Biodiversity," was a 

mile tone for u ti l i ty involvement in biodi-

er i ty. But perhaps ju t a  signi fican t  wa 

th fact tha t  the con ference r uew tog ther 
leaders from academk, government,  con­
s rva t ion, and i 11dustry grou p to o! Jabo­
ra tc on an i sue that once t them apa rt .  

I t  may seem odd for the ind ustry to ad­
dr s biodiv r i ty  at a t ime when increased 
ompeti t ion i d manding attention to the 

b ttom l ine and for ing ma ny companie 

to tr i m  back env i ron menta l  budget . But a 
n u mber of ut i l i t ies sha re a di fferen t  p r­
spe t ive. any of them h, found that the 
working rela t ionshi p they've establ ished 
wi th  go rn ment agencies and nvi ron­
menta l group hav enabled these enti t ie 
to better under tand the constrain ts of the 

u t i l i ty ind u try. Others a the i r  env i ron­

mental progra m not on ly have made their 

'A summary of lhe conlerence and some 20 peer- reviewed pa· 
pers presented l here will be published in a special Issue of Envi· 

ronmenral Management (Volume 20, Number 6, November/De­
cember 1 996) . 
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THE BENEFITS OF BIODIVERSITY Although aesthetics 

and recreation are the most widely recognized advantages 

of diverse and healthy ecosystems, biodiversity serves a 

more fundamental role in our everyday l ives. For instance, 

natural processes such as water filtration and pol l ination 

work to clean and replenish vital natural resources. And 

diverse plant species provide critical ingredients for about 

a third of today's prescription drugs. 

compa .n.ie look good but al o ha e saved 
money and h I p d avoid l i t iga t ion .  St i l l  
others sp ak o f  t h  indus t ry's responsibi l­
i ty for envirnnmenta l s teward hi p, given 
its ign.ificant land hold ing , i t  la rge water 

use, and i t  abi l i ty to ha e a  major i mpact 
i n  th.is area. Th i respon ib i l i ty wa under­
scored by Jame Pipkin, coun elor to the 
secreta r of the interior and a keynote 
speaker at  the biodiver i ty conference: elec­
tric uti l i tie , he said, " manage faci l i t ie that 

l i terally r a h into ev ry hou hol d and  

every business i n  the  na t ion . s an ind us­

try, they w ie ld fa r-r ach ing conomic, so­
c ia l ,  and pol i t ical infl uence." 

Bu t  beyond these reasons For gett ing in-
olved in biod iv r i ty is wha t man in the 

electric ut i l ity indu tr consider the biggest 
rea on of a l l : if the ind u tr  mis i t  op­

portu ni ty to get involved at th i . ar ly tage, 

it ru n the r i · k of i ts con rn b i ng o er­
looked when rel v a n t en v i ronmenta l  regu­
la t ions-such a ca rbon em ission l i mi ts or 
re ision to th Endangered pecies A t­
are discussed . "Electr i  u t i l i t ies can sit  on 
the sidel i ne. , watch what happens, and re­

act, or they can be proact ive,  get a ea t a t  
the table, a n d  work w ith peopl to com u p 
w i th po l ic ies and regula tions that take t he 
ind ustry's concerns i n to account," says 
Jack Matt ice, a manager w i th EPR l 's  Env i -

ron ment Group and one of the orga niz rs 
of the con ference. I ndeed, a Sa whi l l  pu t  i t, 

gett ing invo lv  d now is a way for the util­
i ty ind ust ry to "control  its own de t i ny." 

What is it anyway? 

Biod i ver i ty is a term that has emerged in 
r cent year to describe the rich var iety of 

p l a n t  and ani mal species in a na tUial re­
gion . Wid u e of the word in the popula r 
pr -pa rt icu larly ince the 1 992 Earth 

u m m i t  in Rio de Jan iro-ha p ractica l ly 
made i t  a househo ld term, a lerti ng society 
a t l arg to th urgency of the issu . 

Why is p reserv ing biod i v  rs i ty so im­
portant? L ik  the th reads of a spider 's web, 
ind iv id ua l  pecie with in  an co y tern ar 
i nterdependent .  J ust a the de truct ion of 
i nd iv idua l  th read within th ·pider ' · w b 

ca n weaken connecti ng thread and-i f 
enough thread are lost-even th r  a ten the 
integri ty of the ent i re web, the d i  appea r­
ance of i nd iv idua l species fro m a n  eco ys­
tem can harm the species tha t rel on them 
for survival a nd ul tinlately wea ken the 
ent ire ecosystem. Productive ecosystem 
teeming wi th w i ld l i fe a re not on ly impor­

tant in term of aestheti and re rea tiona l 
benefit . Diver e and  hea l th ecosystems 
a lso provide cr i tical ecologica l benefi t , 
such as plant poll ination, freshwater sup-



pl ies, soi l  genera tion, and 
maint  nan e of the a t­
mosphere' a ppropriate 
chemica l compo i t ion . 
Diverse speci 'S hm·e a l so 

been a boon to modern med ic ine .  or ex­
< mple, cycl porine, developed from a soi l  
fungus, r vol ut ionized hea rt and k i d n  y 

as power plants, dam;, and electricity trans­
mi sion and d istribut ion stem . Integra l 
to this fo u i · the er al ive managem n t  of 
the ex tensi c land and water r source that 
util i t i  requ i re fo r  thei r da i ly opera t ions. 
Releva n t  lands inc lude r ight-of-wa swa ths, 
the bu ffer zones of unde > loped land sur­
rou nding power p lants, and si tes pur­
chased for power plants and other p rojects 
never bui l t . Wa ter resour e ·  in lude ut i l i ty 
rc ·ervoir· , wa ter u:,cd in power plan t oper­
at ions, and water that turn hydroele tr i  
tu rbine , wh i  h suppl l U'\, of the oun­
try's e lectric i t  . M tt ice t re!> es that aq uatic 
speci should not be overlooked in th bio­
d i versi ty equa tion, s ince abou t  45% of the 
endangered and t h rea tened species in the 

tran p l a n t  u rger by uppr · ing th i m- United tate · ar aqua t ic. 
mun r a t ion . In fact, ac ord ing to th Wi-
1 y Encyclop d ia  r ies in Envi ronmenta l  
c iencc, on in ten plan t s p  i on ta in  -

some t p ,  of a n t ica nc - r u b  ta nee and 
about a t h i rd of a l l  modern pre·cr ipt ion 
d ru gs on ta in  compounds from pl an ts-

: c mpo und tha t the p l an ts devel oped to 
def nd th m ·el ve aga inst var ious dis-

• ea · . A l  th i  · t i m  , ient ists know only a 
; sma l l  fra t ion of th s va lue  ble ·pe ie!>, 

ome of which ar l o!>t ever y ar. 
A l l  fa ets of the dail operations of e lec­

• tr i  pow r ompani ·-from water di -
l charge · and atmo · pheric emissions to 

d a ms and Iran m i ·­
· ion l ine r igh ts-of­

- ,vay-ca n nega t i vely 

affe t biodiver i ty. The 
i 

on truction of fa i i i -

;: t ie· n '  e sa r for the 
gen ra tion and del iv­
er of c le t r ici ty re-

� qui re· that lands b 
tea red of vegeta t ion 

� and-in the ase of hy-
d ropower-that  ri ver 

•, flows be a l tered by 
i dan1 ·. Bu t  s ine  the 
i 
! i ndu  tr is u nderta k-
! i ng ewer con truct ion 
� projects a t  t h i s  t i me, 

the prima ry focus or 

New sensitivities 

v r the year , a numb r of le tri u t i l i ti 
hav sough t to a l l  v i a t  r off. t th en i­
r onmcnta  l i m pilct of thei r bu. i nc "' s not 
just by meeting c · ist ing environmenta l  
regu la t ions b u t  a lso th rough vol un t a ry 
p rogram to preserve and enhance the na t­
LL ra l env i ron men t .  TI1e e program - hav 
ranged from tree-planting ven tu res to  en­
ergy effic ietK mca ·ure . The most recent 
program!: reflect an increased cnsit ivi ty to· 
wa rd pre·erv in bio]o>i al di ver· i t y  and 
a rc cha racter i zed by a more hol i tic fo u · . 

Rather than ta rgeting indi idual spe ies, 
uch p rograms consider habita ts and eco­

tem ; in tead of e amin ing ind i  idua l  
river and la k  I they con · i der en t i r  wa­
te r  h d 

A r  ·cent ·tuvey of u t i l i t ies i. n  the U n i t  •d 
Sta les and ana- Duk.e Power's operation of 
da con fi rms that 
u t i l i t ies a re begin­
n ing to pay at ten-
t ion to biod i ver­
i ty. Cond ucted 

by tJ1e outh rn 
ompany, a ro-

l i na Power & 
Light, a nd u kc 
Power, the sur-
V howcd tha t  
5-,l'Yo of the re­
pondents on­
id r bil diver ity 

,m i · · ue  for th i r  
com pani ·, 39% 
have designated 
a person to tra k 

the Wylie hydro plant on 
the Catawba River in South 
Carolina enables the native 
Piedmont spider l i ly to 
thrive downstream from 
the dam. 

the issue, and 1 9% are inv Iv d in r s ar h 
on th i ·su . me 75°u a id  that biodiv 'r­
s i ty shou ld be a goal for uti l i ty re our c 
managem nt,  ,md 59% feel that the ind u -
try shou ld b more involved wi th bio iver­
!>i ty r search. t thi • t im , onl 24'),., of the 
r spond n t  han� env i ron men tal poli i s 

that add res biodiver-
i ty. "Wh i l  biod i e r­

si ty may not b spc­
cifi a l l  men t ioned i n  
u t i l i t ies' env i ron mcn-
tal pol ic i  s, na tura l  r 
ource nhan m nt 

o r  wi ld l i fe con ·erva­
t ion i g nera l ly  in­
c l uded and may be 
i n ter pret d as biodi­
vers i ty  by somL' b u t  
n o t  b y  others," ays 

a ry Bree , assi ta nt 
to th ice presid nt 
of environ menta l  pol­
icy a t  the ou th rn 

s electr ic u t i l i t i  involved i n  bio- During the winter, endangered manatees are drawn to the warm-
o m pan . The su rvey 

d rew re pon. es from 6 
u ti l i ties in the Uni ted tatcs 
and Canada .  The 59 U . . 
u ti l i t i  that r pond d rep-

� di er i t  i on act ivit i  related water discharge at Tampa Electric's Big Bend station. The utility 
! to th op ration and ma in t  operates an environmental education center where the public can 
"' nan of e isti ng fa i i i  t ies, uch view the manatees. 
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resent about 64% of the electricity gener­
ated and some 60% of the area served by 
the electric utility industry in this cotmtry. 
The 5 Canadian utilities represent over half 
of that country's electricity generation and 
service area. 

An increased sensitivity toward biologi­
cal diversity involves paying close atten­
tion to the potential for ecosystem impacts. 

� For instanc<:!, som<:! utililies have tradition­

I 
ally stocked transmission corridors with 

PARTNERSHIPS FOR PRESERVATION 

� 

Voluntary partnerships with environmental 

groups like the Nature Conservancy have 

helped electric utilities ensure that they 

properly address the complex and varied 

needs of native species and their habitats. 

wild turkeys, quail, and other game species, 
just as they have stocked rivers and reser­
voirs with fish like salmon and bass. Al­
though these practices appear to be a posi· 
live step for recreational hunting and fish­
ing, they should be exercised with caution, 
since they can pose a threat to the "less 
charismatic" species and could even push 
such species out of their native environ-
1nents. "There is a clear need for informa­
tion and further research on the response of 
native or endemic biota to such introduc­

tions," says Mattice. 
"At this time we do 
not know all the an­
swers." 

This concern also 
extends to plant spe­
cies that utilities in­
troduce. While en­
vir:onmentalists have 

praised the electric utility industry's use of 
biomass to fuel power plants because it is a 
renewable fuel source, there is a concern 
that the large-scale planting of renewable 
biomass crops in biologically diverse ter­
rain will drive out species that are native to 
the area . For this reason, it is important for 
biomass crops to be planted on already ho­
mogeneous, idle land, such as sites for­

merly used for intensive agriculture. 

Partnering for a purpose 

Because of the sensitivities involved in the 
biodiversity issue, it's important that utili­
ties commlU1icate with a broad range of ex ­
perts. This is  largely why collaborative re­
lationships among utilities, environmental 
organizations, government agencies, and 
community groups are becoming more 
common in environmental planning. In­
deed, partnerships of this kind are forming 

the foundation of the biodiver-
Baltimore Gas and Electric has worked 

with the conservancy to monitor 

endangered tiger beetles that live in 

the beaches and dunes around the 

sity movement currently under 
way. Not only do the partner­
ships tap the valuable knowl­
edge of the various experts in-



volved in the biodi­
versity issue, they also 
distribute the finan­
cial burden of biodi­
versity efforts among 
many participants, cut 
down on duplicate re­
search efforts, and re- j 
duce the risk of con- � 

� nict later on. a: 
Utilities have teamed up with knowl­

edgeable partners on a wide range of 
projects, from routing transmission lines 
around sensitive areas to managing the 
flow of water through dams. Several such 
efforts were highlighted by John Sawhill 
at tl1e biodiversity conference. For exam­
ple, Baltimore Gas and Electric has worked 
with the Nature Conservancy at the Cal­
vert Cliffs nuclear plant, located in a region 
that supports 90% of the population of the 
endangered puritan tiger beetle. Together, 
the utility and the conservation organiza­
tion developed a monitoring program to 
ensure that the beetle will continue to 
thrive. In another effort, Public Service 
Electric and Gas of New Jersey and the 
conservancy are jointly managing 15,000 
acres of utility-owned land along fue 
Delaware Bay to improve the healfu of the 
Delaware Estuary by restoring tidal flow to 
areas that have been diked and drained. 
And several years ago, Duke Power came 
to the conservancy for help in siting a 
transmission line through Panthertown 
Valley, North Carolina- an ecologically 
valuable region. The utility was able to 
engineer a route for the power line that 
avoided regions inhabited by endangered 
species as well as scenic a r ­
eas popular with the public. 
Duke even installed transmis­
sion towers by helicopter to 
ovoid disturbing habitat by 
road cutting. 

Often utilities and their 
partners share valuable infor­
mation and in-kind services, 
as was the case when Geor­
gia Power assisted the Na- I 
ture Conservancy wifu a ma- !i 
jor mapping project on fue I 
Altamaha River. In return, @ 
the conservancy provided the g 

power company with 
something it needed­
biological inventories on 
company-owned proper­
ty along the river. Pro­
tecting fue natural envi­
ronment of scores of na­
tive and often rare spe­
cies, from the peregrine 
falcon and the manatee 

GOOD RELATIONS The Salt River Project collaborates 

with state and federal agencies and Native Americans to 

protect desert-nesting bald eagles in Arizona. When a 

major rock slide occur,ed at the utility's Horse Mesa Dam 

some 200 feet below the nest of a pair of eagles, SRP 

worked with wildlife experts from these groups to deter-

mine how best to resolve the problem. Agreeing to hold 

off on blasting and to operate heavy equipment carefully, 

the utility was able to enter the area to clear the site. 

to the Piedmont spider lily and the Karner 
blue butterfly, has been the focus of numer­
ous collaborative efforts involving utilities. 
Utilities have also opened up ecologically 
significant land within their service territo­
ries to share with the public, establishing 
nature trails and natural history museLtms. 
Community members have responded en ­
thusiastically to such efforts and encourage 
utilities that cannot afford a significant fi­
nancial commitment to consider other types 

of assistance, such as fue provision of a 
meeting place or even refreshments. As Jo 
Clark of the Western Governors' Associa­
tion puts it, "A cup of coffee goes a long 
way." 

Working irl partnership with a broad 
range of interests isn't always easy, but 
many power companies are finding the ex­
tra effort worthwhiJe; not only does such 
collaboration help utilities understand the 
needs of other stakeholders, but the other 

stakeholders learn to appre­
ciate the pressures utilities 
face, too. For example, the 
Salt River Project participates 
in a voluntary cooperative 
effort-involving state and 
federal agencies and Native 
American tribes-to protect 

Niagara Mohawk Power 

has funded research on 

right-of.way management 

practices that support the 

endangered Karner blue 

butterfly, 
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desert-nesting bald eagles in 
Arizona. Two years ago, c1 
major rock slide at one of 
SRP's dams blocked a nec1rby 
road. The incident happened 
to occur during the eagles' 
five-month breeding season, 
and one pair of the birds had 
established a nest a couple of 
htmdred feet above the dam. 

Government biologists de­
termined that any blasting 
in the region was certain to 
be disruptive to the eagles 
but that the operation of 

MANAGING DIVERSE INTERESTS The 

heavy eqttipment- if conducted carefully 
-could be undertaken. The utility agreed 
to hold off on blasting but was able to send 
a crew into the area to clear the debris and 

Wildlife Service to say, 'You can't get in 
there because it's breeding season,"' says 
Teah Nobel, who manages SRP's involve­
ment with the bald eagle project. "But I 

Western Area Power Administration, 

which sells and distributes power 

produced at the Bureau of Reclamation's 

Glen Canyon Dam, is among an increas­

ing number of utilities that are finding 

they need to balance social interests 

with environmental and economic 

concerns. The adaptive management 

process proposed for the dam seeks to 

protect the humpback chub, an endan­

gered species native to the Colorado 

River, while satisfying the desires of the 

river's varied stakeholders, including 

white-water rafters, farmers, Native 

American groups, and municipalities. 

secure the rock face. The most rewarding think that because of our cooperative ef-
outcome was that the nest was successful. forts, we were able to get in and take a look catalyst in the down.listing of the eagle 
"It would have been very easy for Arizona at what we could do." The collaborative from "endangered" to "threatened" in Ari­
Game and Fish and the U.S. Fish and bald eagle program has been credited as a zona last year. 

Utilities Offset Emissions, 
Preserve Biodiversity in Central America 

The keel-billed 

toucan, the national 

bird of Belize, is one 

of more than 380 

bird species native 

to Rio Bravo. 

S
ome electric utility efforts to pre­
serve biodiversity have ex­
tended beyond U.S. borders. For 

instance, a group of U.S. power com­
panies is helping to conserve and man­
age a 120,000-acre tropical forest in 
northwestern Belize. Called Rio Bravo, 
this forest is home to over 380 bird 
species and 12 endangered mammals. 
All 5 of the Central American cat 
species, including the jaguar and the 
puma, also live there. Rio Bravo abuts 
two other major reserves, creating the 
largest remaining block of forest in 
Central America. 

The overall aim of the Rio Bravo 
project- sponsored by Wisconsin 
Electric Power Company, Detroit 
Edison, Cinergy, PacifiCorp, and 
UtiliTree Carbon Company, working 
in conjunction with the Nature Con-

servancy and a nongovemment organization in Belize called 
Programme for Belize-is to voluntarily offset some of the 
electric uti1ities' emissions of carbon dioxide, which is believed 
to cause global warming. (CO2 emissions are not yet regulated.) 
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The project involves the purchase of a 14,400-acre parcel of 
tropical forest, which otherwise would be lost to agricultural 
use, and the implementation of a plan for sustainable forestry 
on an adjacent 110,000-acre parcel. "In order to protect this 
land over the long term, it has to provide an economic benefit 
to Programme for Belize, the owner of the property," says Noel 
Cutright of Wisconsin Electric Power. "Otherwise, the land 
will be converted to the highest-value short-term economic 
use- large-scale intensive agriculture." The conversion of such 
ecologically valuable land to intensive agriculture would d e ­
stroy the region's rich mix of animal and plant species, replac­
ing it with an environment that is virtually a monoculture. Pro­
tecting and managing this forested region not only will help 
preserve its biodiversity but also wiU enable the forest to store 
some of the CO2 that would otherwise escape into the atmo­
sphere. The project is expected to capture more than 5 million 
tons of CO2 over a 40-year period. 

The Rio Bravo project is among the first joint implementa­
tion (JI) projects initiated by organizations from the United 
States. A concept introduced during the discussions leading up 
to the 1992 Earth Summit, Jl  describes a wide range of interna­
tional projects through which organizations in various coun­
tries collaborate to reduce greenhouse gases-particularly cor 
Jl  has been formally adopted into the text of the United Na-
tions Framework Convention on Climate Change. D 



Regulatory trends 

xperts on a l l  id of the nv ironmental 

debate a re shift ing thei r fow from indi­
v id uaJ sp cies to habi tats and ecosystems. 
Many have expressed frustration with the 
Endangered Species ct  ( ESA), which was 
establ ished to hel p preserve the earth's r ich 
mix of diverse species. A key problem is 
that the A ingl , out pecie rather than 

ent i re comm w1 it ies or habitat  , a nd protec­

t ion is sough t  for tho pecies only when 
they a re on the brink  of ext inct ion. As 

Ja mes Pipkin pu ts i t, "To try to save th 
species wi thout dea l ing with i t  habi tat  is 
l i ke treating the symp tom and ignor ing th 
i l lne s." Al ·o, from a private landown r ' s  

perspect ive, l i t tle incent i  e exi · t s  FOCUS ON HAB ITAT 

to iden t i fy rare species on a given Emerging regulations 

ite; rather there is fea r tha t uch a geared toward preserv­
find ing cou ld  ha l t exis t ing opera- ing biodiversity aim to 

t ion or plans for de eloping the protect entire habitats 

' i te .  ln the words of Mark  agoff, rather than individual 

a prof sor wi th  the ln ·ti tute for species and to offer greater flexibility to landowners. 

Phi l osophy and Publ ic  Pol icy at For instance, habitat conservation plans (HCPs) are 

the Un i vers i ty of Maryland, th is  long-term agreements for protecting ecosystems while 

encourages a men ta l i ty of " hoot, enabling economic use of pr ivate lands. Southern 

hovel , and sh ut u p. "  ays Sagoff, Cal ifornia Edison is one of 1 1  landowners participating 

"The con frontation has got to gi e in an HCP establ ished to protect coastal sage scrub 

way to cooperat i on one way or habitat and 42 of the species that l ive there, including 

a nother. "  the coastal cactus wren ( left), t h e  California gnat-

Great r coopera t ion i exa t ly catcher (right) ,  and the orange-throated whiptail lizard. 

wha t is emerging through om 

can be i mproved by exercising 
reater administrative flexib i l i ty to 

minimize socioeconomic effe t 

and n ure fai.r tr atm nt for land­
owners, " Pi pki n expla i ns .  HCPs 
typica l ly specify an a pproach for 

protect ing m ul tipl species and 
th ir habita t w h i l  a l lowing for 
some busine s act ivi ty in a given 
region, and they usually invol ve 
ome level of financia l  ·upport 

from the landown r. Tho ·e who 

col laborate with governm 'nt ag n­

cie to develop these plans a re not 
subject to la ter demands for more 
money or l and to conserve the 
species. Says Pipkin,  "A dea l is a 
dea l ,  and development can pro­
c ed withou t the prospect of add i­
t ional m i t igat ion requ i rements . " 

One of the fi rst H Ps to be 

a nge mmty, Ca l i forn ia, i n-

lud i ng outh  rn Ca l i for­
n ia  Ed ison . his H P, de­
veloped as part of the p i lot 

progra m of the state's at­
ura l ommu.n.ities Conser­
vat ion Planning Act,  was 
establ i hed speci fica l ly to 

protect coasta l age scrub 
habi tat  and 42 of the sp 
ci 'S that 1 i ve ther ,, incl ud­

i ng a t iny songbird cal led 
the a l i fornia gnatca tcher, wh_i h 
ha been I i  ted a threa tened since 
1 993. Approved in July, the pi lot  pro­

gram stabl ishes a 39,000-acre re­
serve made up p rimari ly of land 
contribu ted by the part ic i pat ing 
landowners. These part ic ipa n ts have 
also con tributed a total of 10 .6  mi l­
l ion i n  mi t iga t ion fees that w i l l  be 

placed Ln an endowment. 1 .ntere·t 

new regu l a tory a pp roache tha t  a re b ing 
i ntrod uccd-a pp roache tha t not  only fo­
cus on conser ing biod iver i ty by specify­
ing the prote t ion of habita t but a lso offer 

grea ter flexibi l i ty to landowners.  One such 
approach invol es the establ ishmen t of 

habitat con ervat ion plan (H P )-l ong­
term agreemen t a i med at protect ing com­
mw1itie or ecosy terns whi le enabling eco­
nomic u c of priva te land . "The Clinton 
ad mini tration has recognized tha t  imple­
menta t ion of the Endan ered Sp cies Act 

from the endowment wil l  cover the re-

erv 's year ly budg t for manag ment, i n ­
c l ud ing a reserve manager a nd two staff 
bio logists . A nonprofi t board of d i rectors 
(composed of representative of the land­
owners, Orange Coun ty, the Cal i fornia De-
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paitment of Fish and Game, the U.S. Fi h 
and Wi ld l i fe Service, and the com muni ty) 
oversees the r serve's opera t ion . Land­
owners will receive permits for current and 
future project identified in the HCP. Those 
not electing to part icipa t in the progra m  
w i l l  have the future option o f  paying a per­
acre m itigat ion fee or developing their 
own HCP. 

Several southeastern util i ·  
ties have worked with 
local conservation 
departments to 
inform the public 
that reducing 

months when sea turtles hatch 
increases survival rates. 

re lated to th insta l lat ion of 
severa l future t ransmission 
structures associa ted wi th a 
planned substat ion to be l o­
cated on property adjacent to 
the preserv . Although the 
bu lk (99 acr.e ) of thi pa re I 
wil l oon be sold, the ut i l ity 
has agr d to sel l only to a 

The land South rn CaWornia Ed i on ha 
contributed to th r s rve includes two 
transmission rights-of-way, one of which is 
500 feet wide and consists of 94 acres that 
are de igna ted to l ink habitat in the re erve 
with another planned conservation area. 1n 
return, SCE wil l  receive a permit for opera-

party that will keep i t  in the reserve. 
tion and  maintenance activit ie associated 
wi th this l ine .  The econd right-of-way Ii 
w i thin the reserve and consists of a 1 05-acre 
l i nea r pa rcel .  SCE wi l l  get a permit for the 
operation and maintenance of exist ing L i nes 
on this right-of-way and for any impact 

San Diego Gas & Electr ic created its own 
ubregional HCP aimed at protecting biodi­

versity in coasta l sage scrub and other habi­
tats, incl ud ing pine forest . This plan speci­
fies the protection of 110 pecie throughout 
SDG&E's service territory, i ncluding the Cal-

Research Addresses Biodiversity Needs 

D 
etermining how best to 
preserve and enhance 
biod iversity in a com­

peti tive busi ne s n vironment 
is no easy task. Pol icymak­
ers on a l l  levels-from local to 
regiona l  to global-need an­
swers to critical scientific ques­
tions in order to make the best 
decisions. 

Fortunately, re earch organi-

The Automated Wildl ife 
Surveyor IAWS), shown here 
with an optional photovoltaic 
system, uses microphone 
technology to monitor wildl ife. 

za tions like EPRI and other 
groups concerned about the 
biod iversity issue a re gett ing 
an ea rly sta rt. "We are at a great 
advantag w ith biod iversity 
becau e th topi ha only re­
cent l y emerged and is j ust be-

ginning to take shape as a pub­
lic policy is ue," says Myra 
Fraser, EPRJ's manager for 
wildli fe and terrestrial ecology, 
who was part of the team tha t 
organ ized the Managing for 
Biodiversity conference held in 
WiU iamsburg, Virginia . "This 
means we can work to ensure 
that biodiversity research ad­
dresses the questions tha t are 
most critica l to the needs of de-
cision maker ." En uring tha t  
scientific research addresses de-
cision makers' needs is pre­
cisely the goal of the Biodiver-

the Depa rtment of Energy, 
International Paper Company, 
the Na t iona l Biologica l Service, 
the U.S. Forest Service, and 
EPRI. 

The BU R project has in­
volved interviews w ith some 
100 decision makers in govern­
ment and nongovernment or­
ganizations operat ing at local, 
state, regional, national, and in­
ternational levels. The group in­
cluded natura l  resource and 
land manag rs, members of 
envi ronmental qua l i ty groups, 
and policymakers from pub­

lic organiza tions l i ke 
the U.S. Senate En­
ergy and Natural Re­
sources Committee 
as well as private or­
ganizations l ike the 
Environmenta l De­
fense Fu nd. 

Armed with the 
A researcher analyzes patterns resulting information gath-
from AWS recordings of frogs in the wild. ered on the specific 

needs of the e deci -
s ity Uncerta in t ies and Re ea rch 

eeds (BU ) project, which is 
funded by the U .S. Environ­
mental Protect ion Ag ncy, the 
Bureau of Land Management, 

s ion makers, the BUR project 
sponsors com missioned 30 
leading natu ral and soc ia l  sci­
ent i  ts to examine the needs 
and identify which of the issues 
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scientific research could ad­
d ress. A workshop then 
brough t the scientists and deci­
sion makers together to exam­
ine the research that would be 
r quired to addres decision 
makers' needs and determine 
the probabil ity of success. Re­
su lts wi l l be published in a re­
port that is expected to be re­
leased this fall and wil l  be 
available through EPRI . The 
document will  serve as a guide­
l ine tha t  EPRI, the federa l gov­
ernment, and others can u e to 
help steer the course of biodi­
versity re earch i nto the most 
useful a reas. 

In the meantime, research or­
ganizations l ike EPRI are pro­
gressing wi th  projects already 
under way. The following are 
just some of the tools EPRI has 
developed to a i t with the 
biodiversity issue. 

• Automated Wildlife Sur­
veyor Developed as a more effi­
cient and cost-effective means 
than traditional approaches to 
monitoring wildWe populations 
(such as manua l on-site obser­
vations), this  device is designed 
to be left unattended a t  th 



i fornia gnatcatcher, the San Diego horned 
l izard, and the northern red rattlesnake. Ac­
cording to Don Rose, senior land planner for 
the utility, the service territory incorporates 
75% of th country's remai n ing coasta l sag 
scrub habitat, and this type of vegetation o -
cupies most of the land that is left to be de­
veloped for such uses as housing and utility 
projects. 

Under the plan, whkh was approved in 
D c mber and is c urr n tly ad min is tered by 
the U.S. Fish and Wildlife Service and the 
California Department of Fish and Game, 
none of the regular permits typically re­
quired by the ESA wi l l.  be necessary. In­
stead, the util ity can-over a 25-year pe-

location of the species being 
monitored. An array of sophis­
ticated microphones and a 
computer equipped with noise 
pattern recognition software 
help gather information up to 
24 hours a day on single or 
mu l ti ple species. The data are 
then processed using an artifi ­
cial intelligence system. 

riod-disturb up to 400 acres (about half a 
square mile) of na tural area w i thin its 4000-
squa re-mile serv ice territory for routin 
projects like the use, maintenance, and re­
pa i r  of xi t i ng gas and lectr ic sy terns, as 
well a typicaJ expansions of these system . 
To compensate for the areas disturbed in 
the course of such routine projects, SDG&E 
has purchased 240 acres of other natural 
land that wil l  serve as a "mitigation bank." 
I f  the u ti l i ty uses up more than these 240 
acres, it must p urchase additional mitiga­
tion land. And if any more than 400 acres 
of natural area are disturbed over 25 years, 
the agreement mu t be revisi ted . However, 
only 124 acres are expected to be disrupted 

d uring this time frame. 
The plan does not allow for more-signifi­

cant expansions of SDG&E's system, such as 
new power plants (which sti l l  have to be 
eva l uated on a case-by-case basis) . Since 
a voidance of impact is the primary thrust of 
the plan, field crew are required to attend 
regular classes about working in environ­
mentally sensitive areas.  Also, as part of the 
agreement, SDG&E must provide certain 
r igh ts-of-way for use as wildl if  corridors 
to connect the region's conservation areas . 
SDG&E considers the HCP approach much 
more time-efficient than obtaining ESA per­
mits on a project-by-project basis. And the 
approach offers the certainty that the utili ty 

ada that might be especial ly 
vulnerable to cl imate change. 
The report estimates the mag­
nitude of the threat imposed by 
climate change and presents a 
means of identifying endan­
gered plant species that might 
suffer from increases in mean 
annua l  tempera tures. Such in­
formation can be used to de­
velop conservation plans to pro­
tect the v ulnerable species. 

• RAMAS codes The RA­
MAS library of ecological soft­
ware was developed specifically 
to help ut i l i ties perform biodi­
versity risk assessments. Users 
can construct and ana lyze mod­
els of single and interacting 
species populations. Applicable 
to aquatic and terrestrial p lant 
and animal species, the software 
can predict species abundances 
and fluctuations, spa tial and 
temporal population distribu­
tions, and extinction probabili­
ties. The series currently in­
dudes three main codes: RA­
MAS/age, RA.MAS/stage, and 
RAMAS/GIS. 

This map from RAMAS/GIS shows the distribution of coastal 
sage scrub and other vegetation in Orange County, California. 

• CompMech models Ex­
pected to be available late this 
year, this suite of model ing 
tools was developed to help 
utili ties assess the response of 
fish populations to such power 
plant impacts as impingement 
on inta ke screens and turbine 
blades and exposure to warm­
water discharge. Applicable to 
the spectrum of North Ameri­
can fish species affected by 
such impacts-induding striped 
bass, trout, walleye, and yel low 
perch-the models can be used 
to compare the consequences of 
alternative power plant operat­
ing scenarios and can even aid 
utili ties in eva luating the effec­
tiveness of various mi tigat ion 
measures. o 

• Watershed Analysis 
Risk Management Frame­
work Wetland degradation, 
water diversion, urbanization, 
and other factors continue to 

disturb fish-spawning habitats, 
nursery grounds, and the over­
a ll. biological integrity tha t de­
termines water quality. This 
model, a useful a id in water­
shed management, can help 
utilities and other stakeholders 
identify where and when water 
qual ity problems may occur in 
a given river ba in . The model 

hel ps users pinpoint ca uses of 
specific environmental prob­
lems and derive cost-efficient, 
environmentally effective solu­
tions. 

• Climate change report 
This EPRI study (TR-103330) rep­
resents a first attempt to iden­
ti fy the vascular p lant species 
in the United States and Can-
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wiU be able to operate and maintain ex­
isting facilities and to build new facili­
ties in protected areas. If all goes well, 
SDG&E will be able to renew its permit 
for a total of up to 55 years. 

Biodiversity-in context 

In managing their operations with re ­
spect for biodiversity, electric utilities 
are finding that they must also carefuJly 
consider the social implications of their 
plans for a specific resource. One ap­
proach that allows for the consideration 
of ecological, economic, and social issues 
in utility planning is called adaptive 
management. This approach has been 
proposed for application at the U.S. Bu­
reau of Reclamation's Glen Canyon 
Dam. While the adaptive management 
concept is not new, its application to 

CREATIVE RESOURCE 

MANAGEMENT 

Efforts to preserve 

and enhance biodiver­

sity can go beyond 

ment of the many inter­
ests in the dam. How­
ever, says Mark Wier­
inga, an environmen­
tal protection specialist 
for the Western Area 
Power Administration, 
the utility that sells and 
distributes power pro­
duced at the dam, "It 
is assumed that if cer­
tain natural resources 
are protected through 
proper management de­
cisions, modified as ap­
propriate through the 
adaptive management 
process, then the in­
creased biodiversity of 
Glen Canyon and the 
Grand Canyon should 
be protected as well." 

Under the proposed 
plan, those providing 
input through the adap-

hydropower opera­
tions is in its in­
fancy, and its per­
formance at Glen 
Canyon Dam would 2' 
be a significant test � 
for the process. A fi- � 
nal decision on the � 
proposed plan is f 
expected from U,e j 
secretary of the in- • 
terior by early next year. simply being careful not to disturb the natural environ• 

tive management pro­
cess would include federal and 
state agencies, state governors, 
Native American tribes, aca­
demic and scientific commu­
nities, environmental organi­
zations, and the recreation in-

Located on the Colorado River in 
Arizona, just north of the Grand 
Canyon, the Glen Canyon Dam con­

ment. In 1993, American Electric Power built a new 

habitat, Gavin wetlands (bottom), to provide a stable home 

dustry. A working group com­
posed of representatives of the 
various interest groups would 
be responsible for the plan's 
frnmework and management 
direction. A technical group 

for various native species. In another case, AEP helped 

preserve the Sandusky Bay wetlands (top) by transferring trols the flow of a water resource 
sought by many types of users, in­
cluding white-water rafters, trout 
anglers, farmers, municipalities, and Na­
tive American groups. The construction of 
the dam has had negative environmental 
impacts, including the prevention of big­
river fish species from moving upstream. 
But there have been some positive results 
too, particularly regarding biodiversity. 1n 
fact, significant improvement in biodiver­
sity downstream of the dam was among 
the findings reported in an environmental 
impact statement released by the Bureau 
of Reclamation. For instance, marshland, 
which was formerly rare in the Grand 
Canyon, has developed downstream of the 
dam because of a more stable annual river 

ownership of that natural habitat to the state of Ohio. 

flow. And cireas once barren because of an-
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nual spring flooding are now colonized by 
vegetation. Because Lake Powell, the reser­
voir above the dam, acts as a sediment 
trap, downstream water clarity has in­
creased; this has em1bled diverse new 
aquatic plants and related insects to estab­
lish themselves, providing a food base for 
other insects, lizards, bats, and birds. Some 
of these new and diverse species are prey 
of the endangered peregrine falcon, which 
has as a result become more prevalent in 
the Grand Canyon. 

The primary ciims of the adaptive man­
agement plan for this site are the recovery 
of the humpback chub, an endangered fish 
species native to the river, and the manage-

made up of experts from each of the partic­
ipating entities would take the policies and 
goals developed by the working group, 
translate them into resource management 
objectives, and recommend specific actions. 
An independent monitoring and research 
center administered by the U.S. Geological 
Survey would coordinate the monitoring 
and research needed to meet the plan's ob ­
jectives. Finally, a review panel, also inde­
pendent, would provide a quality check for 
the plan. 

Adaptive management is attractive be­
cause it emphasizes the role of science as 
a b,1sis for decision making. l3ut there are 
drawbacks too. After all, science itself can 



be ubject to interpreta tion, m1d conten­
tiou issues can remain con tentious. The 
decision proce can also be xpensiv and 
time-consuming. Tevertheless, with so 
many competing intere ts or water re· 
ources today, a coUaborat ive ma11aget11ent 

p rocess involv ing input from va ri us users 
is almost mandc1 tory for ut i l it ies with hy­
dro plc1n t�. Wieringc1 ay , "Hydrop w r 
plan t opera tor who ignor other view 
c tnd value:; in the operntion of thei r facil i ­
ties r isk incurring the wrnth of river and 
reservoir users, a well as dumaglng nat· 
ura l  re ources. ' ' 

Competition factor 

A more compeUti ve bu in environment 
i encou raging- uti l i ties to listen dosely to 
their many stakeholders. ''Electric power 
prov ider a re n t n m<1dic bus in  thc1 t  
can ea ily p ick up and move to other pa rlt. 
of the world.  Rather, tl1ey depend on long· 
term relation hip with the co111ID.un.it ies 
they erve-communiti and onsumer 
that have a vital  interest i n  the protection of 
regional land and water, '' sa s Km·t Yeager, 
preside11t a nd CEO of EPR l .  "Especial ly 
when consumers have a choic , as th wiU 
in our increasingly d eregula ted bu.sines 
nvironment, nergy providers who disre­

ga rd their envi ron mental st wardship do 
o a t their o,vn con iderable peril . "  

Tn  ome ca , the pressures of  competi­
tion are increa ing the incentives for u til i­
ties to dedicate land to conservation, theI 
by benefi t ing biodjversi ty. Historica l l y, 
many mnpanies have maintained vast 
property holding in order to have land for 
fu ture generation projects. In today' more 
competitive environment, uch a land 
managem nt strntegy is neither practica l 
nor prudent. Instead , ut i l .i t i  with large 
land holdings are eek.ing wc1y to impr ve 
harehold r value through the gradual and 

de l iberate d isposa l of these land ass t.s. 
Resul ting land divesti tur include efforts 
to protect ecologka lly diverse and valu­
able property. For instance, Duke Power 
worked with the Natur Consel"vancy to 
sel l  6000 acre ot Pan thertown Va l ley, 
North Ca rol i n;:i,  to the U.S. Forest Service, 
hel ping to en ure that thi <1 rea- om -
times rnl led th Yose.tni.te of the East-wil l 
be pre erved. [n a sim ilar deal, Duke 

worked with the North arolina Wild J j fe 
Reso urce- 0n1 m i -s i0n a nd the a tti re 
Conservan , tl, !>d i the cummi:s!>ion o er 
5000 acres along th Green Ri r i n  up ta t 
North Carol ina-11 scenic .ind biol ogical ly 
rich na tural  area . 

Desp ite the incen tives that exist for en­
hancing biod i ersi ty, the mount ing ·om­
peti tive pr ure for · ing electric u t i l i ties to 
focu. on the bottom l in  i. gen rating .ome 
ve1y rea l  fears tha t environmenta l budget 
may shrink .,ignifican t l  ,. I ndeed, man 
ul"ili tics have experienced drastic cutbacks 
in the env ironmen tal a rea . Those in vol ed 
in util ity environmenta l prugrams mge 
other to document any ·av ing re Li l ting 
from thei r efforts. Dick Whi te, v ice pr�i­
d n l  for e.nvironnicn t,il servic at Elec­
tric, says he has established a sy tem tha t 
encourages h i s  ta ff to report sud1 dollar 
:,av ing!>. A ord ing to Whi te, record for 
1 995 show tha t  h i  en ironmenta l services 
staff sa ed the cumpan . 19.5 mi llion­
nearly $5 mill ion more than the taff's $ L S  

Georgia Power, Alabama Power, Carol ina 

Power & Light, and Northern States 

Power are among the utilities that have 
participated in peregrine falcon recover!( 
programs. 

mil l ion hudgct for tha t 'il r. "Kt'eping 
track f wha t you do and wha t the a ing:, 
a re i.5 son,ethio , very one of you needs to 
be doing, " aid White, addrcs ing util ity 
represen tati es at the Managing for Biodi­
versi ty conference. "You must com m un i­
cate ti ese av ing to th business groups 
that  you ·1.1pport. The ai- our cl ients, 
ru1d they need to know that our p ro ,rruns 
are cost-effecti ve. 11 

Th support or upper management ha 
been repea ted l y ci ted as essentia J  to the 

tounda tion of a ucce fu1 <"tOlogical mis­
sion. Da le Heyd lauff, vice pre iden t for en­
vironmen tal c1ffair at American Electric 
Power, says that AE.P has gone Uuuugh two 
major restructuring p riods and in both in­
stances wound up wi th more people on its 
envi ron mental . ta ff .  Heyd lauff notes that 
�nvi ron rnen ta l leader 'h ip is one of the 
company' corpora te goa ls . AEP's ide­
ra nging envi ronmentaJ projects inc lude a 
number tha t offer direct benefi ts lo biod.i­
ver i ty-the creat ion of new wetland and 
the enhancement of  exi t ing one , for ex­
ample, and the donation of ecologically 
·aluable land � conservation i·rganfza­

t ions. "Mayb w 're just· lucky tha t  we've 
got a CEO with a high degree of envi ­
ronmental  consciousness/' says [ leyd Jauff. 
" He put a high priority on these i ues. 
Bu t [ actual ly beHe e thi i the prevailing 
environ mental ethic of the industry today. " 

Many feel that the cmren t trend loward 
cu tbacks in the en ironmenta l area will be 
hort- l iv d. As W. R. Woodall J r., v ice pres­

ident of en ironmen ta l pol lcy 
at the Southern Company, 
i t , th publ ic's high ·pecta­
tions w i l l  help k p the biodi­
versity issue in focus. "Green 
awarenes for orporations is 
sti l l  very r al and is a goal for 
mo ·t uti l ities," he ay . "Utili­
t ies are sti ll very concerned 
abou t  what the pubL ic thinks 
t f  tbem . " 

Regardless of whether ind i ­
vidual electric u tili ti feel  lhey 

can invest in th biod iver Hy i ue at this 
time, many agree that the industry is weU 
pu i tioned to offer va l uable input "A an 
ind ustry, we can shape a truly broad, bal­
anced, rati011al, and cost- ffect ive re ponse 
to en iFOnmental challenges," ays Yeager. 
"l thi n k  that electric u til ities, with EPRT as 
the focal point of the .ind uslry'. R&D, will 
have to take a po l tion of l <1der hip .  It's 
going to be up to us to prov ide Lh basi.c 
<;cien tific fi11d ings needed t r ach con en­
sus on how bt> t to meet the demand for 
nergy whi le maintaini ng nvlronmental 

hea l th and cli versi ty."  • 

Beckground 1nforrnal1cn lor 11s ar ,c le was provided by 
Mvra Fraser ;,ncf Jack Mat roe ol the Env1ronfT1en1 Grouo . 
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ahead of the curve of regulatory change as landmark 

quality laws near an overhaul, and Is c1eve-. 

.. nt methods that could 

uable as utllltles 
I 
I 

qual- I 
i 



any electric u t i l i t ies a r  
t i l l  feel i ng the co­

nomic i mpa t that re­
cen t major nv ir  nmen­

tal initia tiv -·u h a 
those r lat  d to the con trol of mi ion 
tha t ca u e acid ra in a nd to the i nstal lat i  n 
of conti nuou emis ions moni tors-hav 
had on fas i l  power genera t ion .  ow 
another wave of legis lat iv and regu­
l a tory act iv i ty, complia nce effort ,  and 

p tentia l c -1 i n th horiz n .  Th 

fi r t major round r r vi i n to th na­

t ion' cl  an water laws in a decad i 
being p lan ned in Congr 

by regional  commissions and i ndivid-

p roposed or suggested re isions are ul t i ­
mately adopted and a p p l ied in the mo t 
onservative way, th i ndu  t ry could face 

a mu h a 70 bi l h n i n  add i t ional co 

ac ording t PRJ and indu · tr  ·tima �  . 
aw a nd r gu l a tory progra ms a i med at 

i mproving water qua l i ty  and  mainta i nj ng 
sa£ drinking wat r standard hav becom 

Wastewater ponds 

Cooling towers 

WATER RESOURCES CRITICAL TO 
POWER GENERATION Electric utilities, 
which account for hall of total  surface 
freshwater withdrawal, rely on water 

both for cooling fossil and nuclear power 

plants and for hydroelectric power 

generation. In recent years, the focus of 
water quality management has shifted 
from controlling point-source discharges 

of pollutants to managing environmental outcomes and impacts, with trace levels of 
toxic substances a key issue. Improved scientific understanding of the environmental 
components of the utility water cycle-water sources, power generation process 
systems, water impoundments, basins, watersheds, wetlands, streams, estuaries, 
and oceans-will help inform ongoing policy and regulatory debates. 

Cooling intake structures 

a ba tt l ground of congr i nal pol i t i c  in  
nt y ar . Eff  r t turn ba k k y pr  1 -

EPA'  a u t h  ri ty t 
arr ou t r pon­

sibi l i t i  s mandat-
d b previous 
ongr  ·se hav 

m st! been un­
suc e fu.l. M a n­
whi le, I gi la tion 
to u pdate the Sa fe 
Dri nki ng Wa ter 

ua l  sta t . What­
e, r chang s a rc 
even t ua l ly n­
acted, they wiU  
a lmost erta in ly  

extend and t ight­
en aqu ou p 1-

l u tant di  harg 
permit l imit  a nd 
ot her ru l s tha t Plant aqueous discharge streams 

t was pas d 
by ongres and 

a ppl  
u t i l i ty fac i l i ty tha t  w i thdraws wat  r 
from a pub l i  ource for pow r plant 

cool ing or oth r u 

A w i th er1 r l ier sweeping nv iron­
m ntal  overha u l s, the economic sta kes 
for u t i l i t i  -wh ich accoun t  for hal f of 
total surface freshwr1 ter wi thdrawr1l 
in the c untr  -a re h igh . Possibl e 
changes in lude the l i mination of the 

u e of hi r in  , hemi al di ·cha rg Water treatment systems 

l imit t a t  or belov d tection I v I , r - - igned b Pre id n t  l i n t  n i n  u g u  t .  
vi  d in take fish protect ion p rformanc Amendm nt to the mo re encompa sing 
cri teria, and new cool i ng tower reqtL ire- and pro cript ive Clean Water ct legisla­
ment to l imit thermal dis harge . I£ a l l  the t ion, thou h ta i led in the current congre -
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·on a l  - i n, are l i ke ly to com up for a 

v t nex t  ar. 
Ow ing to two recen t t r  nds that repre-

ent someth ing of a d pa rture from th 
past, water  qual i ty pol icy i u are ex­
p c t  d to con tinue to e olv in a n  at mo­
sph re of un rta jnty over the next few 

y ar , a lb i t  with m r -favorable pro p cts 

r r i ncr a d r gu latory fl xibil i ty in imp! -
men ting n w requ irements. Wh i l e  ru les to 
protect aqua t i c  and rela ted cosystem a re 

pected to b com mor restrict i ve, the op­
port unit i  s to appl  risk-based a- e ment 
method and co t-benefit ana ly e of miti­
gation m a ur app ar to b im proving.  

The fi r t trend i tha t ,  in ontra t to th 
h i  torical ly a h ington-d riven, top-down 

na ture of the Federa l wat  r qua l i ty l aws 
and regu la tory establ jshment, the momen­
tum behind  th u pcoming revi ion to the 

l ean Wa ter Act i l a rgcl the product of 

a regional ,  tran n, tional rganiza tion-th 
lnternationa l Jo int Comm i ion on rea l 

ake. Water Qua l i t  . nd r the a gis of th 

com m i  i n- tabl ish d b a 1 97 trea t 
b tween anada and the Uni ted ta te and 
composed of repre entat ive of the eight 
tate and two provinc in the reat Lak 

Ba in-a major review of water qual ity 



standard - and requirements for lorth 
Am rica 's  largest freshwater eco ystem 
has been taking place for several years. 

Wi th the EPA's encouragemen t and co­
funding, the rev iew-known a th Great 
Lakes Wa ter Qua l i ty Ln.i l ia l ive, or GLI-has 

in troduced a number of important new 
concepts into the framework for protecti.ng 
the I ng- term ecology of the Great Lake . 
These concepts a re l ikely to have far-r ach­
ing ffect on all industries ru,d m unicipal­
ities tha t use the resource. Of paramount 
concern to utilitie in the region is a goal of 
zero d isd1arg of chlori ne, who e el im.itlil­
tion a a biofouling con tr I agent in power 

plants would ha e a  sub tantic1 l  opera ting 
impact .  The tn.itia tive ha a lso targeted key 
h avy meta ls  l ike mercury and s I n ium, 
:,uggesting p ssible discharge limit lower 
than can re l iably be detected . For mercury, 
for � a mp le,  a discharge limit as l ow as 
U .0013 microgram per l i ter cou ld  be estab­
lished on the basis of wa ter qua l i ty cri teria  
I r wi ld l i fe protection. The bioac LLD1uJa­
tion of various trace chemicals-including 
heavy .metals and organic compounds-in 
the food d1ain of animals in a watershed 
and the quality of bottom • ediments fa r 
d w11 tream from pollutanl 
discha rges are other new ar­
ea of concern. 

"The Grea t Lake Initia­
tive's pubLl hed inten t con-

viewed a a model for other emerging re­

gional water qua l i  ini tiatives, i ncluding 
one focused on the Gulf  of Mexico. 

Sev ral sta tes and municipali ties in the 
Grea t  Lak region ha e t1 tready launched 
le.ga l cha l l enges to some of the GLl 's  pro­

posed revisions to water qua l i ty ta ndard 
and required prnctices. Bu t  a matters now 
stand, the states ha e until March 1997 to 
initia te or d velop plans for i mplem n ting 
provisions oull i .ned w1der the G U  or face 

additional EPA mandates. " We're trying to 
help u tili ties antici pate t hese prov isions, " 
says Broc.ksen. " We're devel ping anal yti­

cal tool and genera t ing informa tion and  
data that w i l l  hel p u pport £forts Lo mak 
the p rov isions as pra Li al and achi vabl 
as po sible. '' 

The second recent trend is the wi l l ing­
ness of EPA and eve.11 state regulator to 
consider ri k-ba d and co t-benefit  crite­
ria and to al low th i r  u in d i  charge p r­
m H  fi lings. "The P now has a ' ta lk  to me' 

pol icy for permi t holder · and applicants 
that  is very d ifferent from the command­
and-control, by-the-book approach of the 

past , ' '  says Brock n. " l f  u t i li t ies can pro­

po e acceptab l  tool and m th dologi 

Plant discharges and dist r ibutions 

Pollutant measurement and analysis 

for risk a ses ment, the regulators are will­

ing to I i  ten and work v.ritb them to reach 
sol u t ions.  11,e door is st i l l  open for good 
cience and logica l arguments . "  

Critical a reas of  uti l ity concern 

I f  the past i prologue, there is good reason 
to e, pect that many of th G Ll's proposed 
rev i  ions to wa ter qua l i ty ru les for the 
Grea t Lakes region could fo,d their way 
int  l egi lation next year to revise the 

Cl an Wa ter ct 's na t ional wa ter qua li ty 
standards. Accord ing to Winston Chow, 
EPRI target manager for pollution prev n­
t ion and  waste and water management, th 
Join l  Commission on Grea t  Lakes Water 
Qua l i ty took the lead in the 1 970 in identi­
fying and setting threshold concentrat ions 
for som 56 prior i ty pol lutants, incl uding 
cl1 lorine.  The were later adopted on th 
federal level by lhe EPA, and sli l l  l a ter lhe 
Ii t wa expanded to 126 po!Jutants . The 
commi sion's concern about  ch lorine led 
to a reduction by th EPA of a l lowable ut i l­
i ty  re id ual chlorine d isd, arge concen tra­
t ion  to 0 .2 rn i l l igra m per liter (for a maxi­
mum f 2 hours per day) und r the last 
major r vision of th C lea n Water Act, in 

Methods qual ification studies 

tains provisions that are Discharge l imits at or be low detection levels New deflnltions for compliance monitoring 
(with Util ity Water Act Group) more string nt and go much 

fu rther than th proposed 
addi tions to the Clean Wa-
ter Act," say Bob Brock-
sen, EPRJ target manager 
for land and water quality, 
hec1l th and risk assessment. 
"Although the GU i cur-
rently in t nded on ly for the 
Grea t La kes, most observ-
ers r ga rd i t  a preceden t-

tt i ng and bel ieve that  the 
n w requi rements, method , 
and procedures it calls for 
represent th next genera­
tion of nat ional water qual­
ity regulations." Indeed, the 
G LI's integra t d watershed 
managem nt approach and 
other features are being 

Focus on selected metals. metal loids, and 
bioaccumulatlve chemica ls in downstream 
sediments 

Uncertainty of control technology 
performance 

Metals speciation methods 
Chemical and biological translators 
General Toxicity Model 
CompMech models 
Trace metals control strategies 

PISCES field test data 
Technology evaluations 

���������������-+�-
Integrated watershed risk assessment 

Intake fish protection Effects of new design requirements For 
fish protection on plant operat ions and 
fish populations 

Thermal  discharge Assessment of impact on downstream 
biodiversity 

Potential requirements for new plant 
cooling towers and other cool ing options 

A IV RISK model 

Intake structure performance database 
Fish protection system studies 
CompMech model: fish popu lat ions 

Thermal d ischarge database 

CompMech model :  thermal conditions 

KEY REGULATORY ISSUES Several key issues and areas of concern to electric util it ies are 

emerging in proposed revisions to the Clean Water Act and related regulatory initiatives to tighten 

standards for protecting water quality. EPRI has important R&D programs in place and information 

products in development that can help utilities respond to the evolving changes, 
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Gas Corporation's coal-fired 
Kintigh plant on Lake Ontario 

1 986. Al lowable concen tra­
t ions of elected heavy meta ls 
pe ie - uch a iron, copper, 

chromium, and zinc-in aque­
ou di harge w re a l  o re­

due d at that time. 
Now the jo i n t  commission 

is propo ing to effectively ban the use of 
chlorine with a zero-discharge l imit. The 
uti l i ty indu tr has searched extensively 

for everal ea r for an acceptable and 

co t-effective o 
far without ucce . The unava i lability of 

ch lorine for u e in controlling biofoul ing in 
power p lant  intake pipe could pose sub­
stan tia l technical d i fficu l ties and extra 
co ts for utili ties. 

A zero-di charge ta rget for ch lorine i 
on ly on of many i 
late into ma jor new ca pital and opera t ing 

cost for utilities. Another invol ves so­
ca l led intak c red i t  for the e i t ing level 

Chicago and Lake Michigan 

GREAT LAKES INITIATIVE: IMPETUS FOR CHANGE 

Much of the momentum for revising the federal 

Clean Water Act comes from changes already being 

adopted regionally under what is widely known as 

the Great Lakes Initiative (GL I ). The initiative is the 
product of the International Joint Commission on 

Great Lakes Water Quality, an advisory commission 

established by treaty between the United States 

and Canada and composed of representatives of the 

eight states and two provinces that ring North 

America's largest freshwater ecosystem. Among 

other proposed water regulatory changes, the GLI 

has set the framework for adopting zero 

aqueous discharge limits for toxic sub­

stances that are biologically or environ­

mentally accumulative and for some 

metals species. 

of chemica ls in water withdrawals. In a proad1-can lead to v ry re trictiv con- The GLI p ropose th ree tier · of  water 

qual i ty and antid gradation criteria,  with 
d i fferent time fra mes for i m pl m n ta t ion 

break with past practic , th s credi ts wi l l  
apply only under l imit  d c i rcu msta nces 
and riteria .  "This means that i f  a ut i lity 
w i thdra ws water a l ready containing 9 parts 

p r mil l ion of copp r and the tandard i 

1 ppm," say Brocksen, "th ut i l i ty ha to 
tr a t  the wa ter and reduce the copper I v I 
to m t th sta nda rd prior to discharg . " 

The GLI 's  use of bioaccumula tion fac­
tor to derive human health and wildlife 

crit r ia-criteria that a re encompa sed by 

th int grated water hed management ap-

22 EPRI JOURNAL September/October 1 996  

taminant l imit for chJor in , for heavy met­
a ls  li k m rcu ry, a nd for organic com­
pounds lik polycycl i a romat ic  hyd ro­
carbons. Mor over, t he  use of d fin d mix­

ing zone in which di harge are a l lowed 
to exc d l im i  bri fly b fore d i lution i n 

th way out .  F r all bi a cumulativ on­
ta m ina nt of cone rn, th r will b an i m­
mediat  prohibition on th use of mix ing 
zones for all n w discharges; th us of 
zones for existing d i scharg will b pro­

hibi ted a fter 1 0  year 

nd compl i ance. This approach wil l resu l t  
in the listing o f  mor c h  mica ls, and t h e  cri­
teria for l isting wi l l  be based to a greater 
degree on l imited data and the application 

of a fety factor . " I n  other word , u nd r 

th LI , tat regulator ca n ch o e to b 
ery co rvative and are not n ce a ri ly  

going to  bas  criteria on any n w science," 
Brocksen xplains. 

An ability to meet a standard implies a 



capabi l i ty  o f  measuremen t at that l v I .  
lh:: G LJ 's guidance for m rcury is one bi l­
l ionth of a gra m per l i ter, which expert say 
is n ar or below the l imi t of d tect ion. At 

PRI , Chow and hi. group a r  working to 
i d  nt i fy mor -pract ica l d etect ion l imi t  for 
r gu l a tory fi l ing and deci ion making. 

Al , wi ldl i f  wa ter qua l i ty is becomin 
a ke factor i n  deriv ing water qual i ty guid­
ance, which cou ld lead to a further low r­
ing of d ischarge l imi ts to protect part icula r 
th rea tened species . "The 're movin fur­
ther up the food cha in  in • t ab l i  hing wa­
ter qua l i t y  tandard s," ay how. "Previ­
ou · ly, aqua t i  l i f wa f pri mary cone m, 
bu t  now incl uded arc an ima l s  that feed on 
aquat ic l i fe-mi gra tory bi rd s, for exa mple 

-so the ra mi fi ati ns a re far· 

lysts sti ma t  d costs for a l l  the init iative's 
t ighter standards u nder a worst-ca e -ce­
na rio and ta l l ied the resu l t  . For wa te 
tream other than noncontact cool ing wa­

te r, · L I  c mpl ianc could involve as much 
a $1 .4 bi l l ion in ca p i ta l  costs and 200 mi l ­
I i  n a ea r in additiona l opera t ing and 
ma i n tenance costs. For convert ing once­
th rough cool ing systems to cooling tower­
and trea t in the bl owdown before d i  · 
charge, apital cost could run a high a · 

13 b i l l ion, i th an extra 90 m i l l i  n a 
yea r in &M co ts . Th e t i mate� i ndud 
poten t ial l y  higher regu l a tory compliance 
o ts for n ucl ar as wel l  as fo si l plan t i n  

the region . 

A proactive EPRI response 

tie can be proact ive in responding as legis­
lation tak hape,'' say Chow. "Our R&D 
r u l ts wi l l  help u ti l i t ies get ah ad of the 
curve thi t ime a round, unl jke the ca e 
with ome ea rlier rew ri tes of environmen­
ta l  nL les. 

"We're worki ng ha rd to nsur that u ti l ­
i t i  s ca n  have con fid nee tha t  the d ata a nd 
tool' e a re d veloping wi l l  be applicable 
t • p ci fic i t  and wi l l  provide means of 

· trap lat ing and interpret i ng di cha rge 
and other data in stra tegically meaningftd, 
s ienti fica l l y  upportable ways. In pa rt ,  
that mean w ar u ing data-ga thering 
meth ods tha t  w i l l  ensUJ" there wi l l be no 
argumen t t v r how th da ta were col­
l 'Ct d, on ly p rha p d i  agreements about 
th i r  in terpreta t ion. This was not a l ways 

reaching, l i tera l l y. " As wi th prev iOl environmen tal reguJa- th cas 3 in the deba tes abou t acid rain or 
The GU propo es to t stan· tor initiative " ith pot n tia l l y  major cost P B and d iox in · ." 

dard for al lowabl • cone ntra­
ti ns f bi accum ulat i v ch mi­
cals i 11 lak bot tom sediments 
and banks fa r downs t rea m fr m 
d ischarge ourccs. Brocksen 's  
group is work ing to bett r u n­
derstand thi ,  aspect and to gen­
era te da ta that Cc n upport a 
ca for rea onable reg ula t ion .  
" In the ca e of  chlorine, for 
exampl , the bioa cumulat ive 
compounds of concern have not 
been detected in re iving water 
bodie at I v I tha t ar per­
ceived to be a threa t ," poiJ1 ts 
ou t Brocksen .  H is  and Chow's 
groups p l an  to work together to 
obta in ed i ment sa mples from 
p l an t  wa ter · stem,, plan t di • 
char e , and p in down tream 

r the purpose t f cond ucting parn l l  I field 
and lab ratory ec logica l tudi •s. The 
stud i - w i l l  a -- , th bioa u m ula t iv 
r i  k of chemic. I in . di ment . 

The G l ha also ca l led on the . .  and 
anad ian g cmmenL to d velop r sca rd1 
trategie for add re s ing the a i r  deposit ion 

of to ic substances in the r a t  Lakes Ba in 
and to expand the efi n i tion of per i tent 
toxics lo in l ude radioact iv pol l utant - e­
cie emitted b_ oa l-fired p wer plan t · . 

The poten tial c st of GU compliance to 
util i tie in the Grea t Lake Basin wa stud­
ied by EN R Consul tant in 1993. The ana-

i m plica tion · for the electric u t i l i ty  ind ust ry, 
EPRI is moLt n t i ng a broad ,  m u l t i t a rgeted 
R&D response to the evo lv ing tougher 
dean wa ter ru] s .  The r spor1Se i n tegrat s 
efforts by two PRJ g roups. Work in th 

nerat ion rou p  focuse on dete t ing, 
measuring, and cha racter iz i ng chemica l 
d i . ch,ug - in pow r p lan t  aqu ot1 wa · te 
tr am and on the eva luati  n and en i­

neerin of contn I technologi . Work in 
the Environment Group fo us• on de el­
oping pr dict ive analyti a l  model that re­
late u t i l i ty chemica l  di cha rge wi th  down-
tr am wa t r q ua lit I l , proj ct th uJ ti­

ma te environmental fa te of the d ischarged 
ubsta nces, and assc ecosystem impact . 
he groups w i l l  gather the data  and pro­

du e the ana l yt ical tool u ti l i t ie w iJ I  need 
I naviga te the pect d murk , chopp 
w ter of th Clean Water Act revisions 
and, ventua l l y, to deve lop i t  -speci .ic 
compl ianc plans. 

B yond wat r to, ic , the ,L i 's in tegra ted 
wilt rshed management approach i also 
l i k  ly to be reflected in r wr i tes of the 
Cl an Wat r ct ection tha t  relate to ther­
m a l  d i sd1a r  e L i m i ts and to fi h prot t ion 
at power p lant cool ing in t ake tructu re· . 

ign i fica nt n w requ i rem n t  in e i ther of 
the a r  as cou l d  have major capi ta l  and 
op ra ting o t imp l ications for u t i L itie . 

' ' I t  is i mperative that EPR J 's  work pre­
c de the enactment of the various clean 
water sta tu te revisions o that electric ut i l i-

ddit iona l  m asur ments to q uan tify 
a nd cha racter i ze power plan t  aqueou 
wa t streams are p lann d th i fal l  under 
EPRl 's PISC ( Power Plant In tegral d 
terns: Ch mic11l Emi i on· tudie ·) pro­
gram.  Th ·e p lant discharge measurements 
wi l l  supplement an exfa ti n g  1 80,000-rccord 
Pl data bas , nea rly one-thi rd of w hich 
rela te to aq ueou - waste str a ms. The new 
data wi l l fi l l k •aps in knowledge about  
the  ·ou rce , concentra tions, amount , and 
pa rt icu l a r  sp i s of chemka ls em i t ted by 
u t i l i t ies in aqu ous waste trea m , includ­
ing cool i ng wat r discharge, a h pond', 
and torm runoff. Relilted work w i l l  qual­
i f  11pp l icabJe sa mpl ing and analytica l 
method 

uch inf rmat ion wi l l  enable the Pl ES 
power plant ch mica I as essmen t model lo 
pred ict the pa thwa of trace chemica l · in 
power plan t process st rea m and to est i­
mate d ischarge aml un t  . The r suit wil l  
provide u t i l i t i  s w ith important capabi l i ­
t ies for u e in r porting aqueou mi si n 
u nder the To ic Relea.e lnvent ry ru l , 
whose e ension to electri u t i l i t i s has re· 
cen t ly been propo d .  And u t i l i t ies can u 
the e a m  t ol or eveloping pol J ut ion 
pr ven tion stra tegi s and environmental 
benchmarks for plan t operations. 

Better data on uti l i ty aqueous emissions 
-data w ith known preci ion and r l iabi l­
i ty-wil l  help improve the r ali m and 
credibi l i ty of chemical and bi logica l trans-
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PISCES FILLING KNOWLEDGE GAPS Power plant 

aqueous discharges contain trace amounts of toxic 

substances l ike metals, acids, and organic compounds, 

and stricter proposed regulatory limits will increase the 

need to understand the behavior, environmental transfor­

mation and transport, and ultimate fate of such sub­

stances In greater detail.  EPRl's PISCES project Is  fi l l ing 

key knowledge gaps by characterizing toxic species in 

fossil plant process and waste streams. Since its incep· 

tion in 1 988, PISCES has amassed an unparalleled body 

of Information about fossil plant chemicals. It  is a 

cornerstone of EPRl's efforts to define the health and 

envlronmental risks of such trace discharges as a basis 

for util ity risk management and regulatory compliance. 

..... 
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The PISCES model enables uti l ities to predict process 

flows and trace discharge rates from input on plant 

equipment, fuels, reagents, and makeup water. 

laboratory quality 

assurance-quality 

control design guides 

help uti lities exert 

more control  over 

subcontractor 

analyses and perform 

some sampling and 

analysis in-house. 
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A 1 80,000•record relational database 

lets users explore the correlations 

between toxics discharges and differ­

ent fuel and equipment combinations. 

trace metal measure­

ments through the use 

of rigorous sampling 

procedures, cleaner 

reagents, and more­

sensitive analytical 

equipment. 



l a tor methodologie being developed un­
der Brock en ' program .  A thei r names 

imply, th methodologies can b u d re­
spectiveJy to transla te d ischarge concen­
tra t ions into downst ream water concentra­
tions and to transl ate chem ical concen tra­
tions downstream into biolo icaJ impacts 

on aqua tic l i fe_ 

Bioa ay and anima l toxicologica l tud­

ies yield the do e-response d a ta that pro­
vide the cri t ica l l ink  between envi ronmen­
tal concentrations of chemica l s  of interest 
and ba l a nced assessmen t of the r isks of 
aq ueous chemical di  charge to fish popu­
la tion , other aqua tic l i fe, and other ani­
mals Ln a wa tershed, as wel l  a to human 
h alth . E PRl  ha produced a number of spe­

c i fic model for such ri k as e m nt a.nd 
is developing others that  w i l l  p ro ide cri t i ­

cal informat ion for eva Jua t ing the overa l l  
econom ic c o  t a nd benefits of a l ternat i  e 
m anagemen t st rategie  and con t rol  t ch­
nologies. 

EPRI i planning the second annua l  In ­

ternational Clean Water Conference for 
March 25-27, 1 997, in Ba ltimor I at wh ich 

progress and early resu J ts of the 1n t i tu te's 
R&D re pon e to an t ic ipa ted change. in 
water qu aJ ity regula t ion wil l  be presen ted . 
Hosted by Ba ltimore Gas and Electr ic 

om pany and  co pon ored by various na­
tional  and international organization , the 
conference will tre the ne d for defen i­

ble ci nti fi tud ies a the ba i for wa t  r 

q ua l i t  regulat ion and new technology, 
both in this country and abroad. 

Opportunity for risk-based 

assessment 

The underlying va lue to u t i l i t: ie of the re-
u l t  of EPR J '  multielement R&D r ponse 

i not that they wi l l  fend off ign i fi ant re­

vision to dean wa ter legi !ation. U the G U  
is ind eed a presage, the sta tu te revisions 
m, wel l con ta in  provision t hat a re nol 
supported by _ol i d  envi ronmen ta l  data or 
science,  Brock en warn . But i t  w i l l  be i .n 
the regu la tory review and anaJri of com­

pl iance pl an  in p rmi t  fi l i ngs th, t u t i l i t i  
may hope to find an openne to  rational 

trade-off· among r i  k , cost , and benefits. 

"In the past, the EPA regula ted pr ima ri ly 
on the basis of best available cont rol tech­
nology, " ay O,ow, "but now it' more 

w i J l ing to acknowl dge U,a t  ri k a e -
ment methods have come a long way over 
the year . The agency eem to agre that 
we can increasing! y rel on these risk mod ­
e ls to give us p rspcctive on the L i kel ihood 
of speci fic events so that we ca n better un­
derstand their conseq uences." 

Ln fact ,  the EPA recen t ly acknow l edged 

the val id ity of EPR I '  ri k a se ment ap­

proach to the development of a chem i ­
cal tra n  l a tor fo r  aque­

ou emi ion I w hich 
wa , in effect, an im­

proved version of an 
ea rl ier app roach pub­
I i  hed  by the  EPA. "We 
took what they had and 

prod uced a readab le,  
u efu l r i  k a sse sment 

tool for ch mi al tran -

H ELPI N G  UTI LITI ES 

DEMONSTRATE 

COMPLIANCE From 

extensive interlabora• 

tory val idation studies, 

EPRI developed 

revised definit ions for 

compliance monitoring 

Clea n Wa ter Act doe al low for r · k-based 
as e sment, then we ha ve many tools that 
can hel p ut i l i t ie . We ti l l  ne d to genera te 

addj t ional in formation in order to m ake 
the assessments more rea l i stic or robust for 
a given issue, wh ther i t  is  of a chemica l or 
a mechanica l na ture. 

" s the nat ional pol i t ical  debate over 

revi ion to the Clean Wa ter Act come to 

a hea d, i t '  i mportan t to remember there 

.i no evidence at thi 
junctur tha t  elec­
tric u t i l i ty operations 
cause acu te problem 
for the en v i ronment 
or human health as 
a re u l t  of aqueous 

di charg . A l l. of th 
r newed c ncern is 

ba ed on a ump­

tions about  long­
term, chroni c expo-

detection levels and quantitation levels for trace metals. 

u re to substance 
eventual ly coming 
back into soluble 
form . The u ti l i ty in ­

d u  try ha a n  oppor­
tunity to make a d i f­
ference-wi th  good 
science a.nd defensi-

These definit ions reduce the risk of false-posit ive measure• 
ble mea uremen t -
in the way things uJ­
ti  ma tel y work out . 

ments and resulting discharge permit violations,  which can 

cost as much as $25,000 a day in regulatory penalt ies. The 

projected value of avoided penalties to EPRI members of the 

Uti l ity Water Act Group over the next decade is $52 mill ion. 
" !ear ly, th re i 

strong p ublic sup-
la t ion for u til i ties," ay Brocksen . " ow, in 
an unpreceden ted development,  the EPA 
ha decided to jo i n  EPRI and the ti l i t  Wa­
ter Act roup in joi nt ly publ ishing our im­

proved, ace p ted methodology." 
Both the House and Sena te versions of 

legi la t ion re i ing the lea n Water A t 

incorporat th u e of r i k a e ment  
met l 1odology in  which  costs a wel l as  ben­
efi ts ar con i dcred. The pr i ncipa l po i J1 l  of 
con tent ion has been the threshold dol l a r  
c o  t at  which projects would req u i re r i  k­
based as es ment. 

" !  th ink that in many ases ou r u t i l i ty 
m mber a re ahead of the cu rve .in water 

q ua l i ty regu lat ion as a re u l t  of th work 

that has a l read y been done in term of both 
emissions discharge da ta  and ecological as-
e mcnts," says Brocksen . " l f  the revi ed 

port for ma inta ining the nation ' wa ter 

q ual i ty and preventing deterioration that 

cou l d  th reaten a qua tic l i fe, w i l d l i fe,  or hu­
man health," Brock en concludes. "Our  job 
i. to help the u t i l i ty industry be re pon ive 
to the public' expre ed de ire in a man­
ner that i c n i tent w i th good environ­

menta I ienc . " • 

Further readi ng  
Clean Wa/er: Fae/ors Tile/ Influence Ifs Ava,!ab1/i/y OuaMy 

and Use. Ed i ted by Winston Chow. Robert W. B rocksen . 
and Joe Wisniewski D01d,ech1 Ne therlands: K luwe, Aca­
demic Pub l i shers . 1 996 

Backg round 1nlormation for this article was p rovided by 
Robert Bmcksen o f  the Environment Group and Winston 
Chow of the Generation Group. 
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y the year 20001 nearly 70% of 
U.S. fossil plants (43% of the na­
tion's fo:,sil generation capac­
ity) will be more than 30 years 
old, and many critical compo­
nents will be approaching the 
end of their nominal design life. 

At the same Ume, uliLities are finding it 
economically attractive to extend the use of 
these plants for several more years, often 
under the more severe op-
erating conditions associ­
ated with cycling duty. 1n 
anticipation of these trends, 
EPRJ initiated a wide-rang­
ing program of researd, 
nearly 10 years ago to de­
velop new techniques for 
assessing the actual remain­
ing life of high-tempera­
ture power plant compo­
nents. As a result of this 
decade -long effort, utilities 
have been provided with 
new life assessment tools 
that can be used not only 
to extend the viability of 
older plant components but 
also to improve the opera­
tion and maintenance of 
new equipment. 

10
5 

0 

0 

10• "' 

Work managed by EPRl's Strategic R&D 
staff has improved on condition assess­
ment capabilities by increasing the funda­
mental understanding of several degrada­
tion. mechanisms and developing tech­
niques to determine how far degradation 
has progressed in specific plant compo­
nents. From this research have come a vari­
ety of guidelines, software, and other prod­
ucts developed by several EPRI business 

6.6 years 

Operating Temperature ('Fl 

Life As::;essment (CARlA) Support Team 
(see sidebar). "Because of recent progress 
in this area, many utilities may be able to 
realize the economic benefits of operating 
their plants well past their nominal design 

life of 30 to 40 years, with. accmnulated sav­
ings in the billions of dollars. Over the past 
decade, EPRI has emerged as the world 
leader in life assessment for high-tempel'­
ature power plant components, not only 

through its support of pi­
oneering research in this 
area but also by develop­
ing cros s -disciplinary ex­
pertise that is available to 
our members through the 
CARLA Support Team. This 
expertise brings a very 
strong value-added com­
ponent to what we do." 

Actual life versus 

design life 

Being able to estimate 
more accurately the re­
maining useful life of ma­
jor high-temperature com­
ponents, such as boilers and 
turbines, better enables a 
utility lo make decisions 
about when to repair or 
replace various pieces of 
equipment, how often to 
inspect them, and how 
to change plant operat­
ing conditions in order to 
avoid premature failure or 
replacement. Ln addition to 
offering such opportuni-

EFFECT OF TEMPERATURE The life expectancy of power plant compo• 

nents may be quite sensitive to changes in operating temperature. For 

example, at 9.5 ksi stress, a temperature increase of only 20'F can 

decrease a steam lube's time to rupture from 14 years to less than 7, 

As a rule of thumb, component life is about halved with each 20° 

Although the term dcsig11 

life is often applied quite 
loosely to indicate the ex­
pected term of service for 

almost any power plant 
system, its metallmgical 
definition is restricted to 
high-temperature compo­
nents subject to creep­
the progressive, time-de­
pendent deformation and 
failure that result from 
prolonged exposure to ex­
tremes of heal and slress. 
ln principle, low-temper­
ature metal components, 
suchas water pipes, should 
last indefinitely. They are 
generally designed on the 
basis of simple strength, 
and the primary failure 
mechanism of concern is 

brittle fracture, brought 
increase in temperature. 

ties to contain operating and maintenance 
costs, life assessment is critical for making 
plant-level life extension decisions, which 
have become increasingly important as 
utilities seek to provide least-cost genern­
tion in preparation for a more competitive 
envi.ronment. 
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groups to support utility decision making 
about what to do with aging equipment. 

"Condition assessment has gained strate· 
gic importance in recent years," says Vis 
Viswanathan, manager for maleriaJs appU­
cation tech110logy, Strategic R&D, and 
leader of EPRI's Condition and Remaining 

about by excessive pres­
SlLre or degradation resulting from cor­
rosion. 

For components that operate above 
about 900°F, however, both deformation 
and fracturing inherently depend on how 
long the components have been operated 
under specific conditions of temperature 



and pr ssu r  . he d ign 
st ress of thes component  is 
usua l ly based on the expec­
tat ion tha t they wi l l  e i ther 
ru ptur r reach an a l low­
able amotmt of train in 
1 00,000 hours. When further 
safety factor and erv i c  
cond i t ions are  cons ider d, 
this figu r  transla tes into an 
operati ng l i fe of a p p roxi­
mately 30 to 40 yea rs . 

The actua l l i fe of high-tem­
pera tu re components, how­
ever, may b very di ferent 
from their in i t ia l l y  speci fied 
design l ife. A component  de-

Duct i le material 

-- Crack size at failure 
-- Crack growth 

Service Life 

meta l ,  DE also rel ies on the 
ana lys is of deforma tion and 
of microstruc tural  changes 
by ur face replica t ion and 
micr copy t chnique . Ad­
vanced NOE meth d l ike 
x-rc1y d i ffract ion, magn t ic 
measu rements, po i t ron an­
ni hi la tion, and ha rdness­
and den ity-based methods 
a re also under investiga­
tion. These techniques have 
great ly improved the abi l­
i ty to detect incipient dam­
age before crack form . 

signed to opera te at 1 000°F 
for 40 years, for exa mple, 
cou ld have i ts l i fe red uced 
to only 5.7 ye,ir- if operated 
at 1 050°F. 0th r factor tha t  
can reduce th  l i fe x pec­
ta ncy of compon n t  inc lude 
increa ed l oad cy l i ng, cor­
rosion, embritt lement ,  and 
unantic ipa ted tres e . on­
ver ely, severa l factors-

FAI LURE SCENARIOS A number of factors must be considered in 

Third - level assessment in­
volve more-refined tre 
ana ly is and crack growth 
ana l ysi  and the determi­
nation of actual materia ls 
propertie thmugh de t ruc­
tiv te t ing . Beca u e uch 
de truct ive tests genera l !  
requ i re the removal of sig­
n i fican t samples from oper­
atin equ ipment, they are 
relativel co t ly and are 
u ·ed on ly when other meth­
ods do not provide enough 
informat ion . Re ea rch rn­

assessing the effect of crack growth on the l ife of thick-section 

components. For example, i f  the metal remains ductile, the compo­

nent may be able to stay in service for its full design life, despite 

considerable crack growth (point AJ. On the other hand, much 

smaller cracks can cause failure in embrittled metal (Bl, al lowing 

less crack growth before a component must be retired. Unantici-

pated factors l ike excess cycling,  temperature excursions, or 

corrosion can accelerate crack growth, further shortening service 

l ife (CJ. Conventional nondestructive evaluation (NOE) techniques 

are effective in monitoring the growth of a crack once it appears; the 
uch as generou safety mar­

gi n , r laxat ion of stre e , 
detection of incipient damage requires advanced NDE methods. 

good mater ials propertie , and con,erva­
hv opera tion-may al low a compon nt to 
last far longer than it  design l i fe .  

G iven the e uncerta i n t ies, t h  cen h·a l 
prob lem in a ses ing the l i fe of high-tem­
perature components are how to determine 
their p resent ondi tion, esti mate how long 
th y can con tinue operat ing rel iab l and 
effic ient ly under gi ven condit ion , and 
eva luate the need for r pla ement or rt>pa i r. 
L i f ass sm nt g n ral l y  req u i r  th r  e 
kind of infonm1 tion: t he  degree of da mage 
that has a J ready occu rred, the curren t ra te 
of damage accumul ation, and t he a mount 
of damcige requi red to ca use fa i l u re . 

Three-level approach 

ln order to obta i n  and ana l yze the ne -
e sa ry informa t ion on l1i gh-tempera t u re 
power p lant components, EPRI re.earch 
ha developed a three-le el a pproach to l i fe 
as e sment .  According to Barry Dooley, 
h·at gic R&D' manager for boi ler c nd cy­

cle chemi  tr 1 " a h level requ i re more-

ac ma te data and more-r igorous ana lysi 
than its predecessor and in turn p rm•ides a 
b t ter e ti ma tion o re idu a l  l i fe. " 

Fi rst-level ass s men ! employs calcula­
t ional methods to er en equ i pment for po­
tentia l d a mage. Th calctt lat ion a re bas d 
pri mari ly on ma nufacturers' design sp ci fi­
ca tions and on prev i ous ut i l i ty operat i.ng 
e perience with the type of component in 
quest ion . To add res the n u merous inaccu­
racie· i nherent in these method , EPRI re­
searchers ha e de eloped way to ch 0 k 
the va l i d ity  of the damage ru l  and to 
correct for degradation factor , such as in­
serv ice ox ida t ion and soften i Jlg. 

ondestruct ive eva lua t ion ( D ) meth­
ods rep re ent the se ond level of l i fe as-
essmen t, prov id ing ii comprom ise be­

tw en sim p l  , fi rst- lev I ca l  u l a t ion · , on 
the one hand, and d t a i l d analy is and 
l a rge-- p ci men te t ing, on the other. In ad­
d i t ion to using  sta nda rd d i agnostic tech­
niques, such as u l trasonics and dye pene­
t rant, for fi nding and , i z ing c racks in 

ph asis ha be n placed on developi 11g 
way- to miniatur iz the peci mens r -
qui red o tha t  their removal i le s co t ly 
and disrup t ive.  

Fai lure scenarios 

Once the cond i t ion of a power plant com­
ponent has been det rm i ned , the xpected 
t ime to fai lure must be esti mated, primari ly 
i n  order to ched u le  fut u re ma in tenance 
and i nspection act iv i ties. In som ca es, 
such ii catastroph ic fractu re or rupture, 
equipmen t  fa i l ure i elf-evident;  but man 
t i me , more- ubt l e  fai lu re cr i teria mu t be 
app l i  d .  l h matel y, componen t replace­
ment  L an economi de is ion, which 
means tha t fa i .l u re m u. t be defined in terms 
of the inabi l i ty of key equipment to per­
form a fely, re l iably, a nd co I-effect ivel y. 

Clea rly, ata, trophic failure- uch as the 
bursti ng of r1 team pi pe or the brea king 
loose of a turbine b l ade-can er a te intol­
erable e, pen e, both in terms of worker 
sa fety and in term of an ex tend d p l a n t 
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ou tage.  Each da y of forced 
outage in a 500-MW power 
plant may cost as m uch as 

500,000 to 750,000, and 
th fai l ure of a major p lant  
com pon n t  can lead to 
outage as long as a year. 
Even if  catastroph ic £ai lur 
is  not at  issue, how ver, a 
variety of o ther considera­
tion may lead a uti l i ty to 

decide that a piece of 
qu ipm nt has fa i l ed in 

economic terms. 
trad i t iona l ,  conserva­

t ive  a pproach has been to 
replace cr i t ica l component 

in a p lan t after 30 or 40 
year , without furth r sup­

port i ng ev idence of i m­
pend ing  fai lure. In other 
ca es, a component i · con­
s idered to have fa i led once 
the  freq uency of r pa i r · or 
the lo s of operating effi ­

c iency ha rendered fu r­
ther operat ion u neconom­

ical . Tn rea i ngl , howev r, 
u t i l i tie are re l ying on in­

spection-ba ed fa i l ure cr i ­
ter ia  or dest ruct ive te t­
ing to ind icate the curren t  
da mage state o f  metal in 
h .igh- t  mpera t ure com po­

nent . 

CARLA: life Assessment Expertise On-Cal l 

M
any li fe asse smen t methods use technologies from various dis­

cipl ines, and the i r  appl icati on o ften cuts across traditional util i ty 
bou ndaries. To help bridge these gaps and aid utility members with spe­
cific problems, EPRI has established the Condition and Remaining L i fe 
Assessment  (CA RLA) Support Team. To date, the docu mented savings 
by i ndividual  utilities from CARLA activi t ies exceed $400 mill ion. 

The CARLA Support Team brings together EPRI staff members from 
Strategic R&D and the Generation, Nuclea.r Power, and Power Delivery 

Group to accelerate cro -di c ip l inary re earch, coordinate technology 

tra nsfer, and provide consu l ting services to uti l ity members. Team mem­
bers a lso col laborate with peers around the world to address specific 
high-priority issues.  ln one ongoi ng program, for example, CARLA sci­
entists are worki ng with col leagues at Electricite de France, ENEL of 
Italy, and Tai wan Power Compan y to develop advanced weld repair 
technology for use in both fossil and nuclear plants. 

The team conducts some origi nal in -house research; this has included 

the analysis of fai lure mechanisms in sea m-welded p ipi ng and the de­
velopment of new techniques for evaluating generator retain ing rings. I t  
also ini tiates studies by external con t ractors-for example, ongoing 
work to develo p advanced D technology and to assemble compre­
hensive failuie mech anism databases for com mon u ti lity materials and 
components .  Mechanisms of degradation in low- and medium-vol tage 

cabl e have also been a sub ject of in tense CARLA research. Current proj­
ect  are add ressi ng the development of methods to assess the condition 
of uti l i ty  cables, insu lators, and motors and to estimate the performance 
of polymeric ma terials in uti l ity applications.  

As part of the i r  outreach function, team members research and write 
guidel i nes prescribing remaining life assessment techniques, serve as 
internal consultants for proj ect managers in llPRI business groups, and 
provide rapid-re pon e ervice to uti l i ty member . For example, CARLA 

and NOE Center ta ff recently helped a u til ity evaluate an ag ing turbine 
and determine that it  cou ld safely continue to operate the hubi ne, thus 
avoid i ng premature replacement . O 

in the case of rugh- or in­
termediate-pressure tur­

bines. Such blade fail u re 

r pr sent the lead ing 

ca use of team turbi ne 
una  ai lability and cost 
America n uti l i ti s mor 
than $100 mi l l ion each 
yea r. Eq ual ly disturbing 
i the fact that rep at fai l­
ure are on the ri e, indi­

cat i ng that current r pai r  
method m a y  not be ade­
quate .  

Al though. the general 
anteceden t of fa i l u re a re 
wel l recognized, an EPR I  

u r  ey r vea led that  the  
speci fi ca u e of  b lad  
f i l ure cou ld not be  de­
termi ned i n  ome 40% of 
the cases reported . ub e­
quent researcl1 ha thus 
foc used on providing the 
a nalyt ica l capab i l i ty not 

on l to pred ict r main­
i ng  blade l i f  bu t also 
to provide a b tter un­
dersta nding of the root 
ca use of fa i l ure. The re­
sult  is the computer pro­
gra m BLADE (B lade Life 
Algori thm for Dynamic 
Ev, l uation), whid1 con­

struct a d yna mic model 
for a blade group in order 
to calcu la t  vibra tion d1ar-

I n  the mo t common 
scena r io ,  fa i l ure occ u r  lo­

ca l ly  at welds and in a rea 
of s t re s concen trat ion.  To a se s the ign i f­
icance of ob erved damage, two pri ma ry 
varia t ion of this fa il ure cenario a re gener­
al ly con idered: one in w h ich era k ini tia­

tion e · ntia l ly  igna l  the end of l i fe, and 

anoth r in which crack propagation can be 
t lera ted up to a cr it ical  level .  l n i t iat ion-

nents tha t a rc re l a t i e l y t hick, uch as 
boi ler header and steam l ine , or tha t  a re 
made from high.I d ucti le t e ls wi th  slow 
era k growth, such a· modem turbine ro­
tor . For compon nt l i ke the e, fai l u re a -

sessm n t  ca l l  for both detection and i z ing 
of flaw . 

acter istics and local  strain 
responses. n the basi of thj s i mu lat ion, 
BLADE predicts when crack wi l l  occur in 
hjgh.-stres regions. 

on t ro l led fa i l u re usual ly appl .ies to com­
ponents that h vc low touglmess or tha t  
a re th. in ,  h igh ly  str s ed ,  or  u bject to  h igh 
cy le fat igue .  E a mples incl ude boi ler 
tube , older turb ine  rotor , turbi ne blade , 

and mbritt led component . Th d te t ion 
of flaw in such component is tanta mount  
to  a finding of fai l ure .  P ropaga tion-con­
trolled fa i l u re u u a l l  appl ies to com po-
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Turbine blades 

tea m turb ine blad es su ffering from meta l 
fatigue a a resu l t  of ibrc t ion are an exam­

p l e of a omponent for wh ich ra k ini t ia­
tion is regularly u ed a the r i terion of fai l­

ure. Thi degradation may be exacerbated 
by corrosion, i n  the ca e of low-pre sure 
turbines, or b creep and embri t t lemen t, 

"Uti l i ty engin er can u BLADE to di­

agnose t lP cau e of speci fic b lade fa i lur  
a f ter the  o ur or  to  eva lua te  al ternat iv 
op rat ing and  ma intenance proced ures 
to prevent further fai l u res," ays Tom Mc-
Closkey, manager of team t urbine  re-
earch in the Generat ion Group .  " I t  can 

a lso be used to develop improved blade 
onfigura tion · , nd procurement guidel ines 

that can hel p avoid future problem ." 

One of the fi r t u t i l i t ies to a pp ly  B ADE 
wa Sou thern California  · d.ison, which 
had ex perienced blade fai l ure in i ts 



low-pressure steam turbines. Using the 
BLADE analysis, SCE engineers were able to 
successfully retrofit a harmonic-damping 
shroud in the utility's turbines, saving an 
estimated $1.3 miJlion at one generating 
unit alone. In another application, the Ten­
nessee Valley Authority used BLADE to an­
alyze the potential advantages of replacing 
conventional stainless steel blades with ti­
tanium alloy blades in low-pressure tur­
bines at several fossil plants. 

[n the case of combustion turbine blades, 
a life prediction code called REMLIFE has 
been developed. This was made possible 
by extensive thermal-mechanical fatigue 
data and damage rules developed in the 
course of EPRJ research. 

Creep cavitation assessment 

In boiler headers and steam pipes, creep is 
a major cause of cracking, with damage 
most likely to appear in loccilized brittle re­
gions, such as those near welds. Usually, 
the first sign of creep damage is the formci­
tion of microscopic cavities at grain bound­
aries of the heat-affected zone near a weld, 
which eventually coalesce and expand into 
cracks. The evolution of such creep cavita­
tion can be used to provide an estimate of 
service life already expended and of the ac­
tions required to prevent failure. 

Building on earlier basic research in Ger­
many, EPRJ has pioneered the cipplication 
of an DE technique to measure creep cav­
itation by replicating the topography of a 
metal surface on c1 plastic film. First the sur­
face is polished and 
etched; then a soft­
ened acetate tape 
is applied and al­
lowed to dry. Upon 
removal, the tape 
faithfully reproduc­
es a negative rep­
lica of the metal 
surface, which can 
be examined un­
der a scanning elec­
tron microscope for 
signs of cavitation. 
The procedure is 
quick, inexpensive, 
and widely applica­
ble and allows de-

tection of creep damage at a very early 
stage. 

Four classifications of creep cavitation 
have been identified by means of the sur ­
face rep)jcation technique: Class A, isolated 
cavities; Class B, oriented cavities; Class C, 
microcracks; Class D, macrocracks. These 
classifications have also been correlated 
with the expended life fraction for com­
monly used types of steel, providing a ba­
sis for setting inspection intervals. 

At the extremes, according to the origi­
nal approach, Class A damage probably re­
quires no action untiJ the next inspection, 
while Class D damage probably warrants 
immediate repair. Establishing a detaiJed 
inspection schedule, how­
ever, must aJso take into ac­
count quantitative correla­
tions between the extent of 
cavitation and the creep life 
consumed. Moreover, the 
remaining useful life is a 
function not only of the cur ­
rent cavity classification but 
also of the duration of prior 
service. Using a more s o ­
phisticated approach devel­
oped by EPRI, OG&E Electric 
Services found that it could 
conduct 508 fewer annual 
inspections than originally 
planned on heat-affected 
zones of steam pipes in its 
older plants, for expected 
savings of $801,000. 

Superheater and reheater tubes 

Unanticipated failures of superheater and 
reheater tubes represent one of the most 
prevalent causes of forced outages in fossil­
foed power plants. Periodic life assessment 
can substantially reduce such outages. The 
most common failure mode in these tubes 
is creep deformation, which can lead to 
rupture. Traditionally, utilities have used 
calculational methods to estimate remain­
ing tube life; but to be accurate, the physi­
cal models involved require a detailed 
temperature and pressme history for each 
tube section in question. Such exposure 
data are generally not availcible, given the 
wide variation in temperature distribution 

BLADE FAILURE A leading 

cause of steam turbine un­

availability is blade failure, 

which can follow rapidly after 

the first appearance of crack­

ing. To predict when such 

cracking will begin, the BLADE 

computer program calculates 

the vibration characteristics 

and local strain responses of a 

given group of turbine blades. 
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across a tube bank, so conservative as­
sumptions are usually made. 

EPRI research has addressed the uncer­
tainty in the calculation appronch by pro­
viding an alternative NOE approach that, in 
effect, provides an equivalent temperature 
history for specified locations on 
a tube wall. This approach takes 
advantage of the fact that the op­

strophic failure, in which the rotor literally 
splits apart during operation, can be spec­
tacularly destructive; however, rotors are 
so expensive that premature replacement 
can put a strain on capital reserves. Tradi­
tionally, crc1ck initiation was used as the 

failure crite-
rion in the 
case of cracks 

ccdure. SAFER anc1lyzes the data to esti­
mate whether dusters of small flaws are 
likdy to merge and form more-serious de­
fect::,. 

Among other calculations, SAFER deter­
mines how stress and temperature c1re dis­
tributed in the rotor. On the basis of met­
al fracture toughness, crack growth, and 
other materials properties extensively quan­

tified by EPRI, the program then 
predicts the number of oper­
c1ting cycles required for flaws 
to reach a critical size. It also 
shows the probabiJity of failure 
at any ti.me in the rotor's remain­
ing life. 

erating temperature of 
the tube metal continu­
ously increases during 
its service life because of 
steam-side scale build­
up. The extent of such 
oxide scaljng can easily 
be mcasmcd by using 
ultrasound inspection or 
direct sampling. Once 
this information has 
been obtained, a utility 
can use the recently de­
veloped computer pro­
gram TUBEUFE to calcu­
late the amount of creep 
damage that has accu­
mulated over time and 

CREEP CAVITATION A leading cause of metal cracking is the time-

ln one typical application, 
Rochester Gas and Electric used 
SAFER to conduct an indepen­
dent analysis of a 34-year-old 
rotor whose manufacturer had 
recommended immediate re­
tirement after the discovery of 
numerous small flaws near the 
bore surface. The SAFER analysis 
indicc1ted that the rotor cm.ild be 

dependent deformation of a metal at high temperature, a phenome- safely restored to ser\'icc by en­
larging the bore to remove aU 
flaws. By doing so, the utility 
estimates it realized one-time 
sayings of $1 million. When the 
SAFER users group conducted a 
review of other applications of 

non known as creep. Such damage is often manifested as can thus estimate re­
maining service life. The 
code incorporates con­
siderable new knowl­
edge regarding oxide 
growth kinetics, fireside 

cavitation-the formation of microscopic cavities at grain bound• 

aries, which can coalesce into microcracks. This progression can 

be monitored by using a special acetate tape to take a "fingerprint" 

of the metal's surface; the surface topology replicated on the tape 

(photo) can then be examined under a microscope. 

corrosion kint:!tics, and 
applicable stress formulations. 

''The process of measuring oxide thick­
ness and using the TUBEUFE code has be­
come the industry standard for managing 
superheater and rehcater component life," 
says Rich TtUey, manager for boiler life op ­
timization in the Generation Group. 

In a typical applicc1tion of TUBE LIFE, Ari­
zona Public Service used the methodology 
on tubes from a superheater assembly at its 
Four Corners station. By thus improving its 
tube maintenance and replacement sched­
uling and minimizing the need for tube 
sample remo,·al, the utility estimates that it 
will avoid having to purchase some 3.5 
million MWh of replacement power. 

Predicting rotor life 

Managing the life of a steam turbine rotor 
can be particularly tricky: sudden cata-
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in the rotor bore, but with the emergence 
of highly ductile denn stceb and more­
sophisticated analytical capabilities, the ap­
plication of crack propagation criteria has 
become more common. 

A major EPRI contribution to rotor bore 
Life assessment came with the de,·elopment 
of the SAFER (Stre:;::, and Fracture Evalua­
tion of Rotors) computer program, now 
available for use on personal computers. 
SAFER analysis begins with a pre::,cl model 
of a generic rotor, which is used to assign 
initial default value�. The u::,er then im­
proves on this average rotor profile by en­
tering additional information on a specific 
rotor. In particular, ultrasonic inspection 
data can be used to provide important in­
formc1tion about flnws and defects in the 
rotor. EPRI has quantified the uncertainties 
associated with this type of inspection pro-

the program by 39 utilities on 
more than 100 rotors, it estimated aggregc1te 
::,nvings of approximately $168 million. 

Small-punch testing 

The assessment of component fracture pro­
ceeds under the assumption that the metal 
in question has retained its original tough­
ness-that is, its resistance to cracking. If 
the metal has become embrittled in service, 
however, its tolerance for cracks is reduced 
and the critical crack size at which sudden 
failmc occurs may decrease precipitous­
ly. Unfortunately, directly meaSLLring the 
toughness of metal in most heavy-section 
components, such as turbine rotors and 
pressure vessels, has required destructive 
testing of multiple samples. Because re­
moving such samples from in-service 
equipment is impractical, indirect calcula­
tions arc generally used to estimate tough-



ness n the basis of very cons rvat iv a -
Su mption -the r u l t  bei ng mall criti a l  
crack ize pred ict ions, hort lifet ime , and 
frequ nt  inspect ion requirements. With an 
increasing need to control maintena nce 
co ts, the search for a mor, a cu ra te, less 
expensive way to measure tou hness has 
be ime a h igh research priori ty. 

Th tough.ne·s f meta l is usually cha r­
acterized by the param ter fracture t ugh­
ness, or K,r-the criti a l  tr> s intensi ty at 
which fracture occu r  . This para meter typ­
ica l Jy varie with temperature: many met­
al  be ome more bri t t le, and thus a re mor 
l i kely to crack, w,d r colder conditions. s 
a re�u 1 t, p roviding a longer warm-up pe­
riod for power plant omp nents can help 

pre en t damag . 
i n  m a ·u.ring the K1,. of 

in-servi equjpment direct! 
is • ldom practical, the para­
meter is usually estimated by 
using i ts empiri  al relat ion­
ship to the temperature at 
which the fracture behavior 
of a ma terial change . Th i · 

fra ture a ppeara n e tra n i­
tion tempera ture (F TT) sig­
nifies the point below which 

a m ta l becomes brittle and 
abo e which it i ducti le .  
Unfortuna t J y, th standard 
test speci mens necessc1 r for 
measuring FATI a re also too 
large to permi t  routine sa m­
ple r moval from operati ng 
eq uipm nt. 

A I ng-t rm r ·ea rch pro-
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equivalent to a few he t f pap r. uch 
p cimen can b r mov d nond true­

ti ely from compon nt locat ion that would 
otherwise be d j fficul  t to acce . To deter­
mine when crack initiation occurs, a video 
ca mera with a magnificat ion of about SO X 
moni tors the p cim n b ing tested. The 
die assembl is ontained in an env i ron­
m ntal d1amb r so that temp rature can b 

varied arow,d the FATT point. 

In initial mall-punch-te t experiments, 

resea rd1ers mea ur d th n rg required 
to crack specimens of repr · sen ta ti ve power 
plant metals an found tha t the a mount of 
energy di ffered sharply at  various t mp r­

a tur s, depending on whether the metal 
wa in it brittle or ductile state. The sma ll-

Ultrasonic measurements of oxide thickness 
correlate well with metallurgical results. 

provide a m thod of d termining K1c di­
re tly and ven more accu rately, without 
th ne d for using FATI as an i.n term diate 

pa rameter. 
U tili ty a pplica tions of miniatu re sample 

r movaJ and sma J l -punch test ing have re­
vealed th overly conservative na ture of 
con en tional  FATI assessment tedmiques. 

Ln man as , the impro d accu racy ha -
enabl •d th uti Liti s t avoid unn c sa ry 
precau t ionary measur without i.ncr a ing 

the ri k of failu re. 
he fi rst ut i l i ty d monst ration of small­

p u nch testing, for e ample, involved an 
analysis of a st  am turbin by a rrudwest­
ern utility considering whether to imple­
ment manufacturer-recommended op ra­

tional change· that would 
red uce the turbi n ' co t-

ffect iv ne·s .  The manu­
facturer ind icated tha t the 
toughn ss of the turbine 
rotor had been compro­
mis d, as shown by an 
estima ted near-bore FATI 

i ,1 �t # � I -,.. • )  ' � "  

of 2l 8°C. Such 
a relativ ly high 

transi tion tem­
peratu.re wouJd 

mean that ach 
t ime the turbin • 

was started i t  
would opera te 
for an u na cept­

5 10 15 20 

- -..:.:.�-:�..,.. � ��"ft-' ...�� 

Oxide bui ldup on a 
tube interior 

2S 30 35 40 

ably long period in i ts 
brittle ta te, increa ing the 
probability of cracking. 

Metallurgical Measurement (mils) Th manu fact u rer thus  

gTa m spon or d by EPRl has  

produced veral innovative 
te hniq u s for •st ima t ing 
FATI, i nd ud ing metal etd,­
i.ng and chcrrustry-bascd c<1l-

CALCULATING TUBE LIFE The remaining l ife of superheater and 
r omm nded pr w rm­
ing th turbine before 

c ula tions.  ne of the mt t 
im portant new method s is 
the small-punch t st, a di­

r t m harucal te. t for nPa­
suring omponent ma terial 

reheater tubes is largely a function of temperature history, which 

can be calculated with EPR l's TUBELIFE code from the amount of 

oxide buildup on the inside of the tubes. While oxide thickness can 

be measured by metallurgical examination of actual tube samples 

removed from service, ultrasonic techniques have been shown to 

be an accurate nondestructive substitute. With ultrasonics, oxide 

data can be taken at many more locations, allowing problem areas 

to be pinpointed faster and more accurately. 

ta rtup and a lso s h du l ­
ing more-frequen t in  pec­

tions-both u nacceptably 
e pen ive measures under 
the ir u m  tances. When 
·mall-punch t t were on­

ducted on fou r  min ia t u r  

toughnes · . Th is method, wluch i rcla ti  ely pw,ch-test tra nsition temperature, in turn, 
is d i rect ly corr lated wiU, the FATI of the 
ma terial-providing a far more converuent 

wa to determin thi  key parameter and 
U1u • · t irnate K,r ·  Following th is work, the 
· mall-punch test wa ftirther enhanced to 

peci mens, howev r,  th 
best-esti mat� near-bor FATI was found to 
be onl abou t  77°C, i.nr uca t ing tha t the 
propo ed t perating changes cou l d  be re­
l ax  d. Furthermore, this reduction in FJ\TI 

translat s lo rough ly  a fourfold in rease in 
tolerable crnck siz ,, w i th compa rable in-

inexpensi e and es en tial ly nondestructive 
to i mplement, uses a pLU1ch-and-d ie appa­
ra tus to te t min iatu ie spe i mens. The 
pe i mens a re disks w ith a diam ter abou t 

half tha t  of a shirt button and a thickne s 
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creases i n  p redicted rotor 
l i fetime and in inspection in­
terva ls.  The di rect measure­
men t of K1c by sma l l-punch 
testi ng  yields an add i t ional 
increment in uch benefits, 
wh ich can make the d i ffer­
ence between continued saf 
and economk operation and 
immediate replacement. 

Small-Punch 
Test Rig 

Attaches to load cell 
and crosshead 

Monitor 

Environmental 
chamber 

Recently, small-punch tests 
have 11Jso been used to deter­
mine the embrittlernent of nu­
clear reactor vessel materials 
caused by extended expo­
sw-e to radia tion . Without an 
accura t method of det rmin­
ing K1, direct ly, some reactors 
may have to be prematurely 
shu t down and others may 
have to be constrained in 
terms of operational  flexi­
bil ity because of potenbal ly 
overly conservative assump­
tions of embrit tleme.n t. Ex­
periments have demonstra led 
the feasibi l ity of ma l l -pwich 
testing for measuring rad ia­
tion embritt le.ment, and fur­
ther research is Lmd r way to 
fi rmly e tabl i h thj f a ibil ­
i ty through te ts on a variety 
of pressure ve el materia ls. 

----,--r::::::;�=�-- Extension 

" Results o far ha e al o 
shown that small-pund1 tests 
can be used to determine the 
effectivenes of thermal an­
nealing to re tor toughn ss 
in radiation-embrittled reac­
tor ves el steel ," says Bob 
Carter, manager for system 
and component integri ty 
technologie in the uclear 
Power Group. 

Emerging trends 

"Advanced l ife assessment 
techniques can help ut i l i t ies 
reduce operating and main­
tenance costs signjficant ly by 
opt imiz ing their operatfog, 
inspection, and maintenance 
procedures and in terva ls, " 
concludes Vis Viswam1than. 
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Crack lnNlallon 

0.6 0.8 1.0 1.2 

Displacement (mm) 

A shallow, 2-cm­

diameter metal 

sample provides 

three miniature 

test specimens. 

Sarnpe failure 

1.4 1.8 

SMALL-PUNCH TESTING An 

innovative way to measure 

the toughness of component 

metal dir.ctly is small-punch 

testing, which requires only 

miniature samples whose 

removal is essentially 

nondestructive to the compo­

nent. A test specimen is 

placed in a p1n1ch-and0dia 

apparatus, where Its dis• 

placement is measured as a 

function of the load. A video 

monitor determines when 

cracking begins to occur. As 

the graph shows, It takes 

much less energy to cause 

failure in an embrittled 

specimen than in a more 

ductile specimen. 

"The techniques can a lso save 
on capi ta l costs by preventing 
premature ret i remenl of key 
plant components. As a result, 
we can expect to see more use 
of on-line monitoring and de­
cision-ma king tools, coup! d 
w i th bet ter tracking of pl ant 
opera ting history and i m­
proved da tabases on materi­
al properties. Innovative NDE 
techniques, sud, as sma ll­
pw1ch testing, wi!J also con­
tribute significantly, as will 
improved signal proce sing 
and new pattern recognition 
method . I expect EPRJ to re­
ma in a world leader in th.is 
field a we continue to explore 
basic material  properties and 
degradation processes and to 
use iliis new under tanding to 
develop even more advanced 
life assessment tools for u t i lity 
applica t i on . ' ' • 

Background information tor th is article 
was provided by Vis Vlswana1han and 
Barry Dooley of Strategic R&D, Tom Mc­
C loskey and Rich TI i iey or the GeneralJOn 
Group , and Bob Carter ot the Nuc lear 
Power Group .  
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Technical sources for Journal feature articles 

P
reservi ng Bi odiversity: A Del icate 
Balance (page 6) was wri tten by 

Le l ie La marr  , /our11al n ior fea tu re 
writer, w i th a sis tance from two mem­
bers of EPRJ 's Environment Group. 

Jack M att ice, manager for aq ua tic 
ecology, ca me to EPRJ in 1 98 1 .  He prev i­
ously spent ni ne yea rs on the re earch 
taff of the Environmental Sciences Div i­
ion of Oa k Ridge National Laboratory. 

He ha a BS in biology from the State 
Un iver · i ty of w York at Stony Brook 
and a Ph D in invertebra te zoology from 
Syracu c U niversi ty. 

Myra Fraser, manager for w i ld l i f and  
terre tr ia l ecology, joined EPR J in 1 978. 
Her ea rl ier exper ience incl uded work 
as a ca e manag m nt spe ia l i  t at the 
Coa ·tsid Opportun i ty Center in Hal f  
Moon Bay, Cal i fornia, a n d  as an Engl ish 
teacher i n  Kyoto, Ja pan . She received a 
BA in an thropology from the Un i versity 
of Pi t t  burgh ,  an M A  i n  comm uni ty de­
vel opment  from McCormick Seminary, 
and a BS in biology from the Un iver i ty 
of I l l inois. • 

New Water Regu l a t i ons on the 
Horizon (page 1 8) wa wri t ten by 

Taylor M oore, fournal sen ior fea ture 
wri ter, w i th assistance from two EPRl 
re earch m, nagers. 

Robert Brocksen is coleader of the En­
v i ronmen t Grou p' ta rget on land and 
water qua l i ty, health and risk ass 
ment .  Brock en tirsl joined EPRJ in 1 979 
as a senior program manager for ecolog­
ical studies. He left the Inst i tu te in 1 983 
to become th dire tor of the Wyoming 
Water Resea rcl1 Center a nd a profes or 
a t  the University of Wyoming's Depart­
ment of Zool ogy and Physiology. He r 
tum d to EPRI in 1 993. Ea rUer Brock n 
held faculty posi t ions a t  the Univer i ty 
of Ca l ifom ia at Davi and the Uni vers i ty 
of Tennes ee; worked for the ationa l  

Mar in Fisherie rvice and f r Oak 
Ridge ational Labora tory; and was ex­
ecu tive d i re tor of Living Lakes, an in­
terna t iona l  surface wa ter remediat ion 
demon tra t ion program. He received a 
BS in fisheries, an MS in fisheries and tox­
icology, and a PhD in fisherie , physiol­
ogy, and l im.nology-al l  from Oregon 
State Univer i ty. 

Wi nston Chow, ta rget leader for pol­
l ut ion p rev n t ion and wa t and water 
management i n  the Genera t ion Group, 
joi ned BPR J in 1979. Before tha t ,  h wa a 
power pla nt design engineering uper­
v isor at B ch te l Corpora t ion for seven 
yea rs .  St i l l  earl ier, he worked for Ray­
chem Corpora t ion on polymer resea r h 
and development . Chow holds two de­
grees in cl1em ical engineering-a B 
from the Universi ty of Cal i forn ia a t  
Berkeley and a n  MS from an Jo e late 
Univers i ty-and an MBA from San Fran­
ci co tat Univer i ty. • 

H igh Value  for Condit ion Assess­
men t (page 26) was wri t ten by sci­

nee wri ter John Douglas  w i th the a 
si tance of Vis Viswanatha n, Stra tegic 
R&D's manager for ma eria l s  app l ica t ion 
te hnology. Vi wanathan came to EPRI 
in 1979, fol lowing 1 4  year wi th  th West­
i nghou e Electr ic Corporation R&D Cen­
ter, where h ,  worked in meta l l u rgical 
appl ica t ions and va lua t ions for nuclear 
and h igh-tempera t u re sy terns. Whi le  on 
a yea r's lea ve from We t i nghouse, he 
served as manager and head of m ta l­
l u rgy at the R&D Cen ter for the I nd ian 
Heavy E lech· ica l lnd u try. Viswanathan 
recei ed a BS degree i n  chemistry from 
Madras U n ivers i ty and a BE in meta l­
l u rgy from the lnclian lnst i tu t  of ci­
ence. He also hol ds an M E  i n  meta l l urgy 
from the Univer i ty of Florida and a 
Ph D in the sa me field from Carn gie 
M lion Univ r ity. • 
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Koreans, EPRI Explore EMF 
Effects on Sheep 

EPRI and the Korea Electric Power Re­
search Institute (KEPRl) are collaborating 
on a two-year animaJ study in the United 
States that will help evaluate the possible 
effects of electric <md magnetic fields (EMP) 
on the immune system. The study, which 
involves the examination of sheep living 
under a 500-kV transmission line, is also 
designed to assess whether any resulting 
effects are related to the electric fields or to 
the magnetic fields. 

ilar study over a six-month perlod at the 
same site. That study concluded that the 
sheep's exposure to IiMf1 suppressed their 
immune systems. "We wanted to take a 
closer look at the questions the previous 
study raised,'' explains Kris Ebi, EPRl's 
manager for the project. "We felt it was 
necessary to exam.ine the response of the 
animals' immune systems over a much 
longer period and to separate the poten­
tial effects of electric fields and magnetic 
fields." 

The new study is examining two groups 
of 15 sheep housed in separate pens under 

' 

a 500-kV li ne in BPA's ser­
vice territory. One of the 
pens is shielded to signifi­
cantly reduce electric fields, 
while 'the other 'is not. A 
third pen, situated away 
from the line, houses 15 ad­
ditional sheep that are serv­
ing as a control group. Re­
searchers will take blood 
samples from the sheep 
and test them in a labora-

Researchers are studying the immune systems of sheep 
living under a 500.kV transmission line in Oregon. 

tory to determine how the 
animals' immune systems 
respond. Because a sheep's 

South Korea is experiencing a growth in 
electricity consumption of about 10% an­
nua.Uy. In order to meet this increased de­
mand, KEPCO, the republic's only electric 
utility, will h,we to double its generation 
capacity in less lhan 10 years. Deliver ing 
enough power to Seoul, where about 25% 
of the country's populati.on lives, presenti. 
a significant challenge. KEPCO plans to 
erect two 765-kV transmission lines that 
will run to Seo1.tl (one from the east coast 
and one from the west coast), cutting 
through some populated areas on the way. 

The study got w1der way late last year at 
a site near Portland, Oregon, with initial 
support from the Bonneville Power Ad­
ministration. Earlier, BPA conducted a sim-
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immune system is similar 
to that of a human being, the study results 
may offer some indication of the response 
of the hurna11 immw1e system to EMF. 

Other study sponsors Me th� U.S. De­
partment of Energy and the Western Area 
Power Administration. 
• For more i11Jor111atio111 contact Kris Ebi, 

(41S) 85.5-2735. 

EPRI-Eskom Project Targets 
Tuberculosis in South Africa 

Tuberculosis, effectively controlled for 
decades in this country through the use of 
antibiotics, has made a disturbing come­
back i.1.1 recent years in major U.S. cities. But 
the problem is far more extreme in devel-

oping countries, where the scarcity of effec­
tive sanitation has allowed 1'8 to increase lo 
pandemic proportions. Adding to the con­
cern is the emergence of TB strains that are 
resistant to treatment with antibiotics. 

Working with &kom, South Africa's na­
tional eleclridty supplier, EPRl hopes to 
demonstrate the effectiveness of a new 
technology-germicidal ultraviolet light 
(GOV)-in the battle against the dread dis­
ease in that cow, Lry. Th.is first i.n.i Lia Live oj a 
joint venture between the two organiza­
tions is being supported by the South 
African Centre for Essential Community 
Services (SACECS), officially launched in 
July by EPRJ and Eskom in Johannesbw:g. 
The mission of SACECS, modeled after two 
EPRl community centers already operating 
in St. Lou.is and New York, is to demon­
strate and transfer appropriate electroted1-
nologies for improving community health 
and living standards. 

The first step in the SACECS initiative is a 
pilot program to test the effoctiveness of 

GU\/, which kills the mycobacteria that 
cause TB, at Durban's King George V Hos­
pital, a busy reterral center for problematic 
TB cases. nwf' FtrP conducting an eight­
week double-blind experiment lo demon­
strate the efficacy of GUV in the hospital's 
16 TB wards," says Dr. Philips Onyebujoh, 
who is in charge of the epidemiological in ­
vestigation at the hospital. "The technology 
is being developed in the United States, but 
we muslseehow effective it is here as well. 
TB is a huge problem m South Africa, so 
this technology has great potential for u.s. 
U our pilot program proves CUV's use­
fulness, the next phase will be to move it 
into wider deployment." 

Dr. Nesri Padayatchi, assistant medical 
superintendent of King George V, says she 
is grateful for SACECS's work. "The reinfec­

tion of patients with TB or cross-infection 
with the very dangerous MOR-TB [multi­
drug-resistant tuberculnsisl is a worrying 
problem, particularly when many patients 



are HlV-positive. We have 
hope that the GUV technol­
ogy will reduce the number 
of infectious organism:s in 
the air in our wards, thus 
reducing the incidence of 
cross- or reinfection. " 

established condition-moni­
toring tool in utility power 
plants, but it reveals only 
surface temperatures, not 
subsurface details. 1n active, 
or transient, thermography, 

a target object's thermal 
equilibrium is disturbed by 
ru, external heat smu:ce, and 
the flow of heat is observed 
as equilibrium is restored. 
Differences in the magnitude 
and direction o[ heat flows 
reveal subsurface defects. 

According to Cynthia Mo­
tau, director of SACECS, the 
GUY project is the first of 
many planned technology 
transfers to benefit the peo­
ple of South Africa and the 
African continent. "The UV 
technology has other appli­
cations apart from the pos­
sibility of combating bacte­
ria in the air. We are getting 
ready to dcmonstrate W as 
a meru1s of providing dean, 
potable water for develop­
ing conununities. This is an ­
other of our directions and Transient infrared thermography reveals a cluster of dlsbondlng 

defects in an FGD coating. 

PowerGen h11s completed 
extensive thermal modeling 
to establish heat input re­
quirements and defect de­
tectability. It has also in­
vestigated alternative heat 
application methods for var­
ious FGD geometries and 
coatings. 

something we will promote 
vigorously because the need is so great," 
says Motau. Other SACECS work envi­
sioned or under way includes programs on 
ozone water treatment, membrane filtra­
tion, waste treatment, and low-cost milk 
sterilization. 
• For more infonnation, contact Barbara Klein 

at £PRJ, (415) 855 -2413, or Cynl/1ia Molnu at 

SACECS, 27-11-403-3425. 

PowerGen Demonstrates 
Infrared Imaging for FGD 
Coating Inspection 

Coatings ru,d linings are commonly used to 
protect the steel in wet flue gas desulfur­
ization (FGD) systems from corrosion. In a 
tailored collaboration project with EPRJ, 
PowerGen- a  majoreleclTicity producer in 
the United Kingdom and one of the lnsti­
tute's international a£filiate:;- has devel­
oped and demonstrated a new technique 
for quick yet thorough i.nspecti.on of such 

coatings, using transient infrared (JR) ther­
mography. 

Conventional PGD lining inspections in­
volve a visual survey foUowed by spark 
testing, in which thinning and through­
coating holes are identified with induced 
elech·ic current. However, spark testing re ­
veals only defects that penetrate the coat­
ing; it cannot detect disbondings between 
the coating and the substrate. Moreover, 
the misuse of spark testing can actually 
generate defects in the coating. 

In search of a bdter way to inspect FGD 
coatings- a  nondestructive method c a ­
pable of surveying relatively large areas 
quickly to accommodate Limited plmt out­
age schedules- PowerGen turned to IR 
thermography. Th.is technology involves 
the use of thermal imaging systems to de­
tect hot and cold spots in power plant and 
other equipment. Passive lR thermography, 
which generates an i.m<1ge of the thermal 
energy radiated by a component, is a well-

In field trials at Power­
Gen's Ratcliffe-on-Soar station, a 2000-MW 
coal-fired plant near Nottingham, England, 
transient thermography demonstrated a 
rapid inspection rate and was able to detect 
a l-mm-diameter gas pore in the coating on 
a gas-to-gas reheater. In another operating 
plant in the UK, transient thcrmographic 
inspection revealed a small area of coating 
that would have detadwd with fuither op­
eration without repair. 

PowerGen has also demonstrated trrui· 
sient ITT thermography for FCD coating in­
spection at Pennsylvania Power Compa­
ny's Bruce Mansfield plant. 

Colin Brett, a Powe.rGe.n representative, 
is working as a liaison to U.S. utilities while 
on loan to EPRL PowerGen and EPRl can 
provide interested utilities with additional 
results and information on this tedmology 
application. 
• For more i11Jor111nlio11, co11fncf Colin Brett, 

(415) 855-1081, or Pn11/ Rndcliffe, (415) 855-

2720. 
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Underground Lines 

Ground-Penetrating Radar 
to Save Money, Prevent 
Accidents 
Laying an undergroLU1d distribution line in 

an u rban a rea where the ea r th i a ir  ady 
riddled wi th  cond u i ts for water, s·wer, 
n<1tu n1 )  g.is, tel •phone, able, filld e� ist i ng 
el ctrica I er vice is a difficul t task.  One 
wrong move could ru plure a gas l ine or 
knock out power to hund reds of electric 
uti l i ty  ru. tamers. Not only do uch a ci­
den ls cost l ime a nd money, bu l  lh y a l so 
couJd risk the J i v  s of util i t  workers and 
innocent bystmders. 

At thi t ime, e lectric utiJHie insta l l ing 
u nderground lin s typica l ly i:e.ly on ma p 
th a t  indicat th location of istin.g sub-

urface truct ures. Since such map are not 
a lways current or accura te, however, some 
u ti l i tie a l  o use ·en big de ic d u ring e -
cavation that help confirm the I cation of 
u nderground tructures . 

Van•towed 
GPR device 

eeking to im­
prov the level of con­
fidenc with which un-
dergr tmd l ines ca n be la id , EPR l  has 
t a med u p  w i th the Gas Research In ti lute 
to enhance an a l ternati ve technology that is 
expected to be far more rel iabl -ground­
penetrating radas (GPR) . A more cha l l  ng­
ing app l ication of rada r t chnol gy than 
traditional uses, CPR must function <1 t short 
ranges in oil tha t  tend to cat ter ,rnd 
wea ken rnda r signa ls. Th ,  technol ngy ha 
been applied to a range of LI.Se , in.d uding 
the d tection of land mi ne and the map­
ping of tw,nels .  A key drawba k to u r-
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rently <1vailablt! GPR t dmology, however, 

is Lha t i t  emplo s a one-d imensional signal­
pr - ing techn igu t ha t m k mapping 
comp[ ,x ub�urfoce e.n v ironmen ls d i fficul t .  

1 n  i ts jo int  pr ject wilh the Gas Re ea rcb 
Inst i tute, EPR J  a i ms to enhance GPR tech­

nology through the developmen t of radar 
ima ging tech nology. 11, i s  ad va ncemen t is 
expe led LO i.nvol e Lhe dep l oyment of 

advanced rad ar tedin.iqu and the devel­
opmen t of sophist icated processing soft­
ware tha t wi l l  generate and enhance three.­
d im n iorn1J jmage . The goal i to create 
an on- i te sy tem lhat  wi l l  i mmed iately lo­
cate and ident ify piping, ductwork, vau l ts, 
foundation , and other structures tha t  Lie as 
deep as 4 m ters underground . ''Many ac­
c iden ts can be pre ented wiU, improved 
u 11€1ergrou.nd i n forma tion, " sa s Ra lph 
Bernstein, EPR!' manilger for the project. 
" Both electric and gas utili ties wi l l  benefit 
from thi te Im logy th rou gh accident re­
di1ction a wel l  a ct1st sav ing in pera tion 

and maintenance.'' 
Researcher have con-

Agriculture 

New Irrigation System May 
Reduce Pollutants and 
Chemical Use 
Th re a re 60 million acres of irrigated fa l'.lll­

Jand in the Uni ted Sta tes. Most of this land 
is watered by the flood m thod, in wh id, 
the i..rriga t ion wa ler runs downhil l to Teild, 

crop . This method contrib u tes to weed 
growth and soi l  erosion and can a l so carry 
fert i l izer and other chemical contaminants 
into natura l underground water ource . . 
.Fu rther, the u of tractors to control we d 
growth-either through med1anicaJ :means 
or th rough herbicide app l i ca tion-gener­
a te fos ii fuel emissions md d u�t that de­
crease air quali ty. Wi U, farmers coming 
under fir today both for their use of chem­
ical and for d ust generation, the agricu l­
tu.raJ community i.s in d ire n ed of a so lu­
ticm. 

As an al ternative to the flood method of 
i rrigati on,  EPR l-sponsor d researcher at 
Ca liforn ia State Universi ty, Fresno, a re test-

d ucted an 1 n i tiR l  a na l - in g  the usP of a subsurface d rip irriga t ion 
ysi:- of rnmii date ra- system. The projecl is parl I a broader 

ledinologies 
and have devdoped an early 

J R prototype, which h s been used 
to produc images at a tesl site. EPRL w i l l  
soon embark on the construction o f  a pre­
commercial iza ti( n prototype of the GPR 
system-an effort that wil l  t·ake a bou t one 
year to complete. Researchers en ision the 
fin ished prototype as a two-component y -
tern consisting of a van-mow1ted or -towed 
GPI� devic and a l ower-cost p t1 hea rt CPR 
device for I ss a essibl  si tes . The proto­
type wi l l  be field-lesh:d a t  util i ty facilit ies. 
• For more iufom,at/() 11 , con /act Ralp11 Bem-
slcin, (4 15) 855-2023. 

<1gricultural in i t ia l-ive a t  EPRI to improve 
the efficieney; profitabi l i ty, and competi­
t ivenes of the nation's agdculturaJ ector. 

"A ·ucc:e ful i1b urfa e d rip y tern co uld 
h>lp farmer <1dclres some of the envi ron­
mental chal lenges they foce while reducing 

the t ta l energy used to .rai e their crops," 
says Myron Jones, EPRl 's manager for the 
project. "There is a tendency to overlook 
th importnn e of agricultura l  el ·ctric Llt i l­
i ty customer . But productive U .S. farmer 
prov ide jobs for regiona l conomies and 
genernte prod uce that supplies other im­
portant  u ti l i ty customers, sud, a f nd 
processors and restaurants.  The combined 
eleclTical load of a l l of the'e food-related 
en terprises i " significa nt and important 
customer base." 

Si.miJar in concept to a tril ditional dri p  
system, wlud, emits water tl:u·ough a hose 



sna ked a l ong the smface of th 
grow1d, the subsurface dr ip ystem 
applje wa ter directly to the root of 
the crops that ne d it. ince the wa­
ter is app l ied about 1 8  i n  hes below 
grou nd , weed growth i s  deterred 
a long wi th  mold and mildew prob­
lems. (Weeds typica l ly germinate i n  
water lying o n  the ground surface. ) 
A n  herbicide bui l t  i nto the hose 
prot ct i ts emit ters from weed in­
trusion . 

L n  the spring of 1 995, the re­
sea rch r deployed the new subsur­
face irriga t ion system on 1 5  acres of 
sa u v ignon b lanc grapevine a t  the 
un i versity, which i loca ted in t he 
San J oaqu in Val ley-the coun try's 
most prod uctive agiicul tw-a l region .  
The y t •m wil l  be eval ua ted throughou t  
th n •x t two fa rming - a o n  , dur ing 
wh ich re earchers wi l l  compare subsurface 
dri p irriga t ion with aboveground dr ip ini­
ga t ion . A f inal report ,  which wi ll identi fy 
the costs and benefit  of bo th types of sy -
tems, is ex p cted to be p ublished in 1 998 . 

The sub u rface dr i p i rrigat ion sy tern is 
d i r  ct l y applicable to other v ine and tre 
crop · and could be modi fjed for use wi th 
row crop . Whi le  the te hnology is sti l l  in  
i ts in fancy, such systems a re being de­
p loyed on a mall scale in o ther part of the 
country. EPRJ ' study is expected to gr0a t ly 
accelera te the technology's adop tion. 
• For more i 11for111nf io11, con tact Myron Jones, 
(415) 855-2993. 

Field Work 

EPRI Eva luates Portable 
Computers for the Uti l ity 
Industry 
The emergence of portable com puters has 
been a boon to the U . .  retai l i nd ustry, 
whose worker can sca n prod uct pr ices 
i n to electronic memory wi thout as m uch as 
a keystroke. This high ly v i sible example 

Electric uti l i ty worker demonstrates a 
portable computer. 

show · how ju t on app l ica t ion of a t ch­
nology can boost employee product i vi ty 
da i ly in a va riety of busine es. Whi l e  
portable computer ha ve greil t potential for 
use in the electr ic ut i l i ty indu try; the tech· 
no logy has not been wel l  ada pted for uch 
u . EPR I i · hoping to chilnge th is  -cena r io  
wi th the  develop men t  of hilnd -fre il nd 
p n-ba ed omputers for u t i l i ty appl ica­
t ions . 

" ot on ly cou l d  such technologies i n­
crea e prod uct ivity, they could enhance 
worker safety and imp rove sy tern rel i ab i l ­
i ty," say Domin ic Maratuku l a m, E l 'R J 's 
m, nager for power ystems de · ign. U t i l i t 
appli  a t ions that i nvo lv  data col lection 
and  record keepi ng in t he fie ld-app l ica­
t i ons l i ke i nspections, construction track­
ing, repa irs to u t i l i ty d istribution systems, 
a nd meter read in g-ar natural ca nd jda te 
for the e technolog ies . 

l n  a recently in i t i a ted project, EPR I  is 
evaluil t ing pen -ba·ed and hand -free com­
pu ter teclmologies to b tter m et u t i l i ty 
needs. (Pen-ba ed computer. enable us­
ers to elec t ronica l ly i nput  da ta-including 

hand -d rawn images-with  a pen . ) 
A l ready, th l nst i t u te's res archers 
hav d veloped a specif ica t ion for 
the hard ware e lements of such com­
puter systems and have identi fied a 
dozen cand idate system . One of the 
cand i dat s is a hands-fr e syst•m 
f a tu r ing a be l t -moun ted PC, a hard­
ha t-mounted d isp lay dev ic , and  a 
microphone for issuing voice com­
mands to the com pu ter. A canning 
gun a l lows the worker to iden t i­
fy equ i pm nt from a ba r  code, just 
as clothing retailer sciln in pri e 
from garment tags. Th i  technol ogy 
would be u efu l in a variety of u t i l­
i ty job , from ma inta i n i ng power 
l ine  to completing wi tching orders 
a t  a ubs ta l ion. 

After fmther eva lua tion, a few of the 
best andidates w i l l  be acquired and fi ld­
te · t  d in u t i l i ty en ironment . Through the 
field test , the compu ters w i l l  be eval ua t  d 
for ruggedne. s, portabi l i ty, re l iabi l i ty, and 
in terface user-friend l i ness, a mong other 
factor . As Maratukulam notes, the ma­
chine m ust be portable and  d u rabl 
enough for l in workers to carry u p  uti l i ty 
pole and ea y enough for worker to op­
era te whi le wea r ing hea vy gl ove . He ay 
laptop comput  rs have b en prob lemat ic 
for f ie l d worker ·, who have had trouble 
reading the i r  sere ns in t he  gl ,  re of un­
l i gh t, have had d iff icu l t ie get t ing batteries 
to hold a cha rge, and have found th com­
puters gen ra l l y too fragi le and awkw, rd 
to ma ni pu l ate . 

" nee these te t are concl uded, w w i l l 
have some r•commenda t ions for u t i l i ties a 
to which of t he ha rdwar technologies w i l l  
be  most u efu l i n  spec i fic a pp l icati ons," 
says Ma ra t uku l am . E PRI p l a ns fol low-up 
work to develop softwa re progra ms t ha t  
w i l l  enable these mach i nes to  a i t in a va­
riety of u t i l i ty jobs. 
• For more i11forn1nfio1 1 ,  co 1 1 fac / D01 11i1 1 ic Mn­
rat11kuln 1 1 1 ,  (41 5) 855- 7974. 
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Con Edison Truck Redesign Enables Application of Cable Removal Technique 

I 
n 1993, Consolidated Edison Company of New York tried 
out an EPRl-developed prototype technique for removing 
jammed underground distribution cable from conduit by 

vibrating the cable. The ability to replace jammed cable would 
save Con Edison the expense and difficulty of digging up 
crowded, busy Manhattan streets to lay new condu it. Typi­
cally, the utility spends about $10 million a year for new 

conduit construction in Manhattan to replace distribution 
capacity lost as a result of obstructed ducts. 

In the test of the prototype, Con Edison successfully cleared 
275 feet of tightly jammed cable it had previously been unable 
to release. The utility was interested in the technique's poten-

tial but was concerned about the maneuverability of the equip­
ment, which was housed in an unwieldy trailer puJled by a 
truck. Unless maneuverability could be improved, the tech­
nique appeared to have limited applicability in the New York 
City area. 

To better adapt the cable removal ted,rtique to urban use, 
Con Edison teamed up with EPRJ in additional researd1 to 
develop a flexible, tmck-mounted system that eliminates the 
trailer. Once the prototype truck-mounted system was avail­
able, Con Edison used it to remove 1500 feet of stuck cable 
within a two-week period; later, after further fine-tuning, the 
company freed another 1200 feet of stuck cable over a six­
week period. Cost savings from these initial applications alone 
were nearly equal to Con Edison's share of the development 
funding (which was matched by EPRJ). And it is estimated 
that over the next five years, the utility will save more than 
$2.7 million as a result of quicker repair of feeder problems. 

The truck-mounted cable removal system is now routinely 
used by Con Edison in its Manhattan customer service area on 
the most difficult cable pulls- those involving 3-inch conduit. 
"Because it's more maneuverable in the street- a  critical 
concern in New York City-the truck-mounted system lets us 
efficiently remove jammed cable and respond to feeder prob­
lems quickly, " comments Con Edison's Leonard l3urshtein. 

Last year, EPRJ's Power Delivery Group awarded three Con 
Edison staff members- Bu.rshtein, Cliff Garner, and Ralph 
Mauro-Technology Champion awards for their insight and 
leadership in the effort to modify the vibration-based cable 
removal technique to create a tool even more useful in Con 
Edison's specific operating environment. EPRI has licensed OK 
Champion Corporation to manufacture the cable removal truck . 
• For more infonnation, contact OK Champion's Harvey Reed, 
(916) 587-7381, or Paul K11oerze1� (219) 933-0510, or EPRJ's Ra/pl, 
Sa111m, (415) 855-2289. 

EMTP Analysis Resolves Live-Line Maintenance Dilemma for PSCo 

I 
n an in-house study that saved on consulting fees, Public 
Service Company of Colorado recentJy used EPRl's EMTP 
software to analyze maximum transient overvoltages on an 

important 345-kV transmission Une. Results from the analysis 
indicated that PSCo could proceed with live-line maintenance, 
avoiding an outage that would otherwise have been required 
under a new Occupational Safety and Health Administration 
(OSHA) standard and that would have jeopardized system 
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stability and overloaded other transmission lines. The utility 
anticipates further cost savings over the next few years from 
using EMTP to analyze additional transmission lines. 

To demonstrate compliance with the new OSHA standard 
for minimum safe approach distances for live-line mainte­
nance, PSCo elected to perform an engineering analysis to 
determine the maximum transient overvoltages (mainly 
switd1ing surges) on the Craig-Rifle line. Rather than hiring a 



consultant to perform the analysis, PSCo's system protection 
engineering unit saw an opportunity to broaden its experience 
by performing the EMTP study itself. 

After creating the EMTP models and data files, PSCo engi­
neers ran more than 100 cases involving v,uious switching 
conditions on nearby lines and monitored the resulting 
transient overvoltage levels on the Crajg-Rifle line. Accorrung 
to the EMTP data, the maximum transient overvoltage at any 
point along the line was well below the maximum allowed 
under the OSHA standard for live-Line maintenance. As a 
result, the utility's transmission line operations, safety, and 
engineering departments were able to confidently conclude 
that Live-line work could proceed in compliance with applica­
ble reqwrements. 

PSCo realized nominal savings on consulting fees by 
performing the EMTP analysis in-house, but the study's 
primary benefit is the system reliability afforded by not 
having to take the Craig-RiAe line out of service for mainte­
nance. "The EMTP analysis-backed by EPRl's industrywide 

credibility-was essential to establishing for OSHA that our 
safe working clearances are well wiU1in their new minimum 
standards," says l'SCo's Renu Arora. 

EMTP version 2.1 for mainframe computers, PC worksta­
tions, and U JX workstations is available through the Electric 
Power Software Center, (800) 763-3772. 
• For more i11fomtalio11, co11t11cl Rn111 Adnpn, (415) 855-8988. 

Electric Compressors Move Gas, Stimulate Industry Alliance 

I 
n an effort that promises to expand markets for both natu­
ral gas and electricity amjd deregulation and rising compe­
tition in both energy industries, several electric utilities are 

helping natural gas storage, processing, and transportation 
comparues use electric compressors to move gas along their 
pipelines. The main driver behind the new interest in electric­
powered gas compression is U1at it reduces pollutant emissions. 

Natural gas companies have historically used gas-fired 
internal combustion engines and combustion h.1rbines to drive 
gas compressors situated at stations along a pipeLine. But 
these units emit nitrogen oxides, which react witi1 organic 
pollutants to create ozone smog. Without modifications and 
controls, the uruts' emissions can exceed limits set by the 
Clean Air Act Amendments of 1990. 

Approached by several member utilities seeking solutions 
for gas industry customers, EPRJ has managed tailored 
collaboration projects that have pinpointed opportunities for 
replacing gas compressor engines with electric tmits and have 
led to several such installations. One installation effort was 
conducted with Tenneco Energy of Houston, a major U.S. gas 
transportation company, which U1ereby avoided U1e more 
expensive alternative of modifying its old engines to meet the 
new emissions requirements. Another advantage of electri-

cally driven compressors, according to Bill Wickman, Ten­
neco's manager of business development, is that potential 
problems in the disposal of lubricating oil and cooling fluids 
are greatly reduced. 

W. Richard Schmeal, director of the EPRI Chemicals & 
Petroleum Center in Houston, points out several additional 
benefits of electric compressors. "They are more energy­
efficient because variable-frequency drives control the motor 
speed, enabling motors to maintain high efficiency in c1 variety 
of conditions. They can be operated from a remote control 
station, where the press of a button starts the motor that 
drives the compressor. Electric compressors arc clean and 
require no ignition or combustion. And unlike their gas-fueled 
counterparts, they are inherently designed to operate quietly, 
which is an advantage in urban areas." 

EPRJ studies indicate that between 1000 and 3000 MW of 
new demand may be created nationally by electric compres­
sion over the next five years. To help both industries under­
stand and apply electric compression technology, EPRl has 
formed a working group whose program focuses on tools 
development, education, and market analysis. 
• For more i11for111ntio11, co11/ncl Ric/inrd Sc/i111eal al tile EPRI 

Cliemicnls & Petroleum Center i11 Hous/011, (713) 963-9307. 
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RESEARCH UPDATE 

Exploratory Research 

Advances in Solid-Oxide Fuel Cells 

by Wale Bakker. Strategic R&O. and Art Cohn and Rocky Goldstein, Generation Group 

F 
uel cel ls-a clean noncombust ion 
tech nology for producing electr i c i ty 

l rom natu ral gas .  l ight hyd rocarbons .  or 
other fossi l  fuels-are developing as an 
att ractive generation opt ion for uti l i ties .  The 
fundamen ta l technology was invented 
more than 1 00 years ago .  but until recently 
tuel ce l l  appl icat ions have been l imited to 
space capsu les and shutt les .  Mater ials ad­
vances by EPRl -tunded researchers have 
been key to the emergence of the technol­
ogy as a practical option for the power 
industry 

Space-age technology 

Fue l  cel l s  use electrochemical processes. 
med iated by electrolytes, to produce elec­
tric ity from l ight  fossil fuels.  They thus func­
t ion l ike batteries that don't run down . Fuel 
ce l ls  remained a laboratory cu riosity unt i l  
the 1 960s, when a lkal ine-electrolyte cel ls 
began to be employed in ear ly space cap­
sules as a source of onboard e lectr ic 
power Since then , fuel cel ls have become 
the primary means of generating electr ic ity 
i n manned spacec raft .  They power com­
puters , commun icat ions devices. heati ng 
and l ighting systems. and olher c r it ical 
equi pment .  

U nique characterist ics make fue l  cel l s  
idea l tor unforg iving space appl ications . 
They are eff icient .  modular. and . because 
they have almost no moving parts. h ighly 
re l iable. Performance is independent of 
system size . I n  addi tion . operation 1s quiet . 
em i ss ions are low, and the only by-prod­
ucts are carbon d ioxide and water pure 
enough for drinking. 

Properties l ike h igh eff ic iency and low 
emissions make fuel cel l technology at­
tractive to the electr ic power industry as 
wel l .  particular ly as a d ist r ibuted genera­
t ion (DG) resource. DG , which involves si t­
uating smal l .  unobtrusive generat ion faci l i-
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lies close to end users, is being pursued 
by power producers in response to com­
pet ition and environmental reg ulation . I t  
promises to help util i t ies cut capita l out­
l ays , min i mize transmission and d ist r ibu­
t ion req ui rements.  increase customer sat­
isfaction . and bui ld new part nersh ips  wi th 
customers 

New generations of fuel cells 

To promote fue l ce l l s  as a practical  ad­
vanced generat ion technology, EPRI R&D 
and demonstrat ion efforts have been sup­
port ing the development of ut i l i ty-scale fuel 
cel ls for DG . centra l -station . and repow­
e r i ng  appl icat ions. W i th  EPRI assistance . 
megawatt-s ized l iquid-electrolyte un i ts­
phosphoric acid fuel cel ls (PAFCs)- began 
enter ing service 1n the late 1 980s. PAFCs 
are cost ly to bu i ld  and operate. however, 
and have p roved cost-effect ive only for 
specialty appl icattons-for example, 1n ar­
eas with severe sit i ng or em iss ions rest r ic­
t ions. Another l iquid-electrolyte type. molten 
carbonate fuel cel ls (MCFCs) . is in fu l l -scale 
demonstrat ion . but costs wil l probably l imi t  

th i s  technology to relatively la rge units ( 1  
MWe or more) thereby precl uding i t  from 
being used in many DG app l icat ions. 

The next generation of fuel cell technol­
ogy, sol i d-ox ide fuel cel ls  (SOFCs ) , holds 
prom ise for economic compet i t iveness 
with convent ional generation a l ternat ives . 
This technology. current ly being devel­
oped by EPR I , makes use of solid ceram­
ic electrolytes of yttria-stabi l ized zircon ia 
(YSZ) instead of corrosive l lqu ld e lec­
tro lytes .  SOFCs are simpler and more ro­
bust than l iquid-electro lyte fuel ce l l s ,  have 
potentia l ly low manufactur i ng costs . and 
oHe operat ional advantages. For instance. 
PAFCs requ i re costly external fuel process­
ing:  SOFCs function at temperatures suffi­
c ient ly h igh to reform fuel internal ly and uti­
lize natu ral gas d i rectly. Also, there ,s no 
theoret ical l imit on the serv ice life of SOFCs. 
and they are expected to lasl considerably 
tonger than PAFCs and MCFCs. 

Another advan1age is that SOFCs can 
operate at pressu res and temperatures 
compatib le with those of the interna l f lows 
of gas turb ines .  rai sing the prospect of cy-

ABSTRACT Fuel cells, which work like batteries but don 't run down, are 

emerging as an attractive power source for next-century utility applications such 

as distributed generation. However. the economic potential of the most advanced 

and promising example of this technology. solid-oxide fuel cells (SOFCs). has 

been limited by materials problems associated with high operating temperatures. 

In EPRI exploratory research, three new solid-oxide designs are being tested that 

combine reduced-temperature operation with performance equaling or exceeding 

that of high-temperature cells. Also being explored are novel SOFC-turbine com­

bined-cycle units that promise an overall efficiency exceeding 75%. 



Figure 1 Fuel cel ls operate l ike batteries that don't run down . 
converting natural gas fuel and air into e lectricity via e lectro­
chemical processes. These processes are mediated by an 
e lect rolyte. wh ich al lows the migration of ions but blocks the 
transfer of e lect rons. Designs with a solid-ox ide ceramic 
electrolyte, l ike the cell shown here , are s impler and more 
robust than l iquid -electrolyte types and can have an electri ­
cal efficiency as high as 60%. 

as construction materials and 

cell i nterconnectors. And ditfer­

entla l  thermal expansion would 

be lessened ,  reduci ng O&M 

problems and extend ing practi­

cal cell l ife . 

The pr imary research chal ­

lenge is to achieve h igh  cel l  

performance at lower operating 

temperatu res. As shown in F ig­

ure 1 ,  the generat ion of e lectr ic­

ity in SOFCs is based on the f low 

concept for the most promising SOFC tech­

nologies revealed in the earlier researc h. In 

add ition . EPRI is explor ing design opti­

mizat ion for SOFC-based combi ned-cycle 

uni ts .  

Th in-fi l m  electrolytes Reduc ing the 

thickness of the e lectrolyte Is the most d i ­

rect approach to mai ntain ing SOFC perfor­

mance at lower operat ing temperatures. I f  

the oxygen ions have less e lectrolyte to 

pass through , a ce l l 's total  (ohmic) resis­

tance can be decreased despite the 

Cathode 
(La

0
_.,Sr0,1 5 MnO,) 

E lectrolyte (YSZ) 

Anode 
(N i-cermet) 

CO, and steam 

cle combinations that could substan t ia l ly 

increase un i t  performance and cost-effec­

tiveness. For example .  operating an SOFC 

stack at about 1 5  atmospheres and feed­

Ing unconsumed fuel and generated heat 

to a matched bottoming-cycle gas turbine 

could resul t  i n combi ned-cycle un i ts wi th 

unprecedented eff ic iency. EPR I computer 

models estimate a com bined electr ical ef­

f iciency exceeding 75% for SOFC-gas tu r­

bine un its . Un it size could range down to 

about 1 00 kW, al though larger. mult imega­

watt s izes would not be precl uded . 

The low-temperature challenge 

Pi lot-scale SOFCs are now being demon­

strated by EPRI and others .  but they do not 

fu l ly real ize the economic promise of the 

technology. Capita l and operating and 

mai ntenance costs rema in  h igh because 

the ce l ls  function at about 1 000°c and 

hence m ust be constructed of h i gh-tem­

perature su peral loy and exotic ceramic 

components. Not on ly are these cost ly, but 

the di ffe rentia l thermal ex pansion of the 

materia l s  at extreme temperatures con­

tri butes signi f icantly to gas leakage .  crack­

ing ,  and other O&M problems . 

To lower costs, SOFC operat i ng tempera­

tures need to be reduced . Optimal would 

be a temperatu re between 650°C and 

800°C-high enough for i nterna l fuel  re­

forming (which would al low the direct use 

of natural gas) but low enough to substan­

t ially cut capital and O&M costs .  At 800°C or 

below, convent ional stainless steels instead 

of specia l ty materials could be employed 

De 
output 

of negat ive oxygen ion s f rom a h igher ionic res i s tance per unit of e lec­

cathode (which is exposed to trolyte at red uced temperatures. This ap­

air) to an anode (which is bathed proach allows the cont inued use of proven 

in hydrocarbon fue l ) . At the an- YSZ mater ials . 

ode ,  the migrant oxygen ions 

combine with hyd rogen and carbon mon­

oxide to produce water and carbon diox­

ide. These react ions also generate e lec­

trons- electr icity. An electrolyte fac i l itates 

the transfer of oxygen ions whi le blocking 

the f low of e lectrons between the elec­

t rodes. 

The  amou nt of e lectric i ty produced 

and the temperature at which the generat­

i ng eff ic iency is h ig hest depend strong ly 

on the abi l i ty of the electrolyte to conduct 

oxygen ions; convent ional YSZ electro­

lytes perform best at about 1 000°C . At 

lower temperatu res, the ionic resistance of 

YSZ increases , reduc ing ce l l  performance 

to uneconomical level s . New SOFC designs 

or alternative electrolytes are needed to 

overcome th is d iffi-

cu lty. 

Advanced 
SOFCs 
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T h e  pr imary difficu l ty wilh thin YSZ e lec­

trolytes i s  that very thin f i lms-coat i ngs, 

actual ly-a re needed for good fuel ce l l  

performance at 650-800°C . These coat­

ings must be less than 10 µm th ick.  about 

one-third the th ickness of a human hair. 

( By contrast . e lectro lytes tor conventional 

1 000°c SOFCs are about 1 50 µm thick . )  

A n d  t o  prevent short c ircuits between an­

ode and cathode, the coatings  must be 

dense and smooth and conta i n  no cracks 

or pinholes. 

In exploratory research at Lawrence 

Berke ley National Laboratory (RP8062- 1 0) 

and the Un ivers ity of Utah {RP8062-6) , an 

inexpensive , scalable process has recent ly 

been developed for the production or high­

quality th in-f i lm YSZ coat ings. The new ap-
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EPRI is d i recting a 

sui te of explorato­

ry research projects 

aimed at decreas­

ing the temperature 

or SOFC operation . 

Research began in 

the late 1 980s wi th 

the study of very 

th in e lectrolytes, a l­

ternat ive e lectrolyte 

mater ia ls .  and inno­

vative desi gns . Cu r­

rent efforts focus on 

establ ishing proof of 

Figure 2 Laboratory test data on the periormance of thin-fi lm YSZ solid­
ox ide fuel cells at aoo•c. The maximum power output is 1 800 mW/cm2 • 
In contrast , the power density of conventional SOFCs ranges from 300 
to 700 mW/cm2 at 900-1 000°C. 
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preach , adapted f rom simpl e chemical 
methods , makes use ot colloidal s lurry 
coal ing techniques to produce dense f i lms 
4-1 0 µm thick in a single step The tnck is 
to se l ect and tai lor the underlying electrode 
material ( Ni-cermet ) to match the shr ink­
age characterist ics of the electrolyte coat­
ing d uring f i ring . 

t ivity. I n  laboratory tests of the new elec­
tro lytes. sing le cells have operated for 
more than 1 0 .000 hours at 700 -800°C 
without s igni f icant loss of performance. 
The maximum power densi ty of these cel ls , 
300-400 mW/cm J , is comparable to the 
performance of convent ional YSZ SOFCs at 
900-1 000°c . 

Single-component SOFCs Si ngle-com­
ponent SOFCs are yet another promis ing 
approach to high efficiency at low operat­
i ng  tem peratures .  Such a fuel cel l  wou ld 
consist of a conventional 1 50-µm-thick YSZ -

odes pose less of a problem. I n  conven ­
tional SOFCs they are commonly con­
structed f rom Ni-cermet. a YSZ-based ma­
ter ia l ; in si ng le-component cel ls , doping 
the electrolyte surface with titanium resul ts 
In similar performance. ) 

I n  recent research ,  the diff icu l ty wi th 
cathodes has been overcome : chemical 
doping with terbium oxides yields a h igh­
qual i ty cathode surface on a YSZ e lec­
trolyte. Laboratory tests reveal the perfor­
mance loss for these advanced cathodes 
to be less than half that for conventional 

SOFC cathodes . These results 

In laboratory-scale tests , SOFCs with very 
th in electro lytes produced by using the in­
expensive slurry method have operated at 
about 700-800°C with exce l lent perfor­
mance . They exhibited the theoret ical max­
imum for open-circui t  voltage , 
demonstrat ing that the thin- Exhaust make the sing le-com ponen t  

conf iguration a promis ing de­
s ign for practical l ow-temper­
ature SOFCs . 

f i lm electro lyte did not contain 
detects ( p i nholes and cracks) .  
Power density fa r exceeded 
that of conventional SOFCs at 
1 000°c ( Figure 2) , and long­
term stabi l ity was good (no 
coating degradation was de-
tected after 300 hours of oper-
at ional test ing ) . 

Ceria electrolytes Alterna­
t ive electrolyte materials wi th 
improved ion ic conductiv ity 
offer another approach to de-
velopi ng practical low-tem­
peratu re SOFCs. One possible 
a l ternative material is modified 
ceria (Ce0

2
) . This material 

Air 

Compressors 

lntercooler 

Fuel 

SOFC 1.,_ __ -t 
•vst-

Exhaust �,-- -i-
Recuperator 

�-r-� fuel heater 

was previously found to pos­
sess higher Ionic conduct iv i ty 
than YSZ_ At 750"C . for exam­
ple, the conductiv i ty of ceria 1s 
about the same as that of YSZ 
at 900-1 000°c. 

Figure 3 SOFCs may be advantageously combined with a gas turbine by us­
Ing vi t iated air and unconsumed fue l f rom a pressurized fuel cel l  to power the 
turbine. EPRI studies indicate that unprecedented combined electr ical eHi­
ciency-75% or more-is like ly for SOFC-gas turbine combined-cycle units, 
at costs projecled to be competi t ive with convent ional general ion options. 

Combined-cycle SOFCs 
The integration of bottoming­
cycle turbines wi th pressur­
ized SOFCs (Figure 3) may of­
fer signif icant cost and eff i ­
ciency advantages . and EPRI 
is researching design opt imi­
zat ion to maxim ize combined ­
cycle performance ( RP4 167- 1 , 
RP85 1 2-2) . To date. computer 
simu lation studies have re­
vealed cycle arrangement 
modif ications that increase tlie 
combined electrical effic iency 
for proposed SOFC-gas tu r ­
bi ne units from about 62% 
to more than 79% . The effi ­
c iency ga ins stem from im­
proved fue l cel l cool ing and a 

The use of cer ia as an SOFC electrolyte 
presents s ign i f icant chal lenges. however. 
T l,e chief one is that ceria undergoes par­
t ia l  chemical reduct ion when exposed to 
the envi ronment at fuel cel l anodes. This 
degradation of the electrolyte results in the 
development or a smal l electronic conduc­
tiv i ty between the anode and the cathode. 
lowering the cel l 's open-ci rcuit voltage and 
decreasing performance. 

In EPRI work at Ceramatec in Salt Lake 
Ci ty, progress has been made 1n overcom­
i ng t h is problem (RP8062-4 ) . Cena elec­
tro lytes have been doped wi th samarium to 
improve their  stabi l i ty in fuel cel l env i ron­
men ts and reduce the e lectron ic conduc-
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based electrolyte t hat has been chemical ly 
t reated ,  or "painted , " on opposi te sides to 
give i t  anode- and cathode-l ike surlaces . 
E lectrical and physical mismatches be­
tween electrode and e lectrolyte materials 
wou ld thus be e l im inated , leading to h igh 
etficiency as wel l as easy construct ion and 
long l i fe .  

On the basis or mater ia ls stud ies promis­
i ng excel lent performance for s ingle-com­
ponent SOFCs at 800°C, EPRI has been ex­
plor ing this concept ,n research at the Uni­
versity of Pennsylvanra (RP8062-9) . The 
most cha l leng ing task has been the identi­
f icat ion of pract ical su rface-modif ication 
processes for converting YSZ electro lyte 
surfaces into h igh-q ual i ty cathodes. ( An-

better match between the SOFC operat ing 
requ i rements and the turb ine ai rf lows and 
temperatures . 

Ongoing research 

Research prog ress to date suggests that 
the successfu l development of pract ical 
low-temperature SOFCs and SOFC-based 
comb ined cycles is likely with in the next 
decade. EPRI efforts cont inue to support 
the development of these technologies. 

To scale up thin-mm electrolyte technol­
ogy, larger cel ls and smal l  stacks of cells 
are being fabricated at Lawrence Berkeley 
National Laboratory and Ceramatec . To ex­
plore low-temperature alternat ives. a new 
SOFC conf igurat ion is being studied al the 



Univers i ty of Utah . This design employs 

fine corrugations to increase the contact 

surface between elect rodes and a th ick­

l i lm YSZ electrolyte , thereby main tain i ng 

power dens i ty and cel l  eff ic iency at re­

duced operat ing temperatures. At the 

same t i me, the development of cer ia ce l ls 

cont i nues at Ceramatec. Ef forts there are 

concent rating on the construc t ion of sma l l  

stacks and the optimizat ion o f  meta l l i c  

inte rconnectors : ad d i tional research is 

New 
Technical 
Reports 
Requests for copies of reports shou ld be d irected 
to the EPRI D istr ibut ion Center, 207 Coggins Drive , 
P. O .  Box 23205, P leasant H i l l  Ca l i forn ia  94523: 
(5 1 0 ) 934-4 2 1 2. EPRI members that fund the bus i­
ness un i t issuing a report can receive the report 
t ree o charge (or, 1n the case of bu lk orders , for a 
nomina l price).Others should contact the rnst r lbu­
t ion Center for further information . 

Two-page summaries of the reports announced 
here are ava i lab le. free of charge .  by tax. To re­
ce ive a s ummary, ca l f  E PRl 's F a x  on Demand 
service (800-239-4655) f rom a touch-tone phone 
and fol low the recorded 1nst ruc11ons , using the tax 
identif ication number g iven in lhe report l isting . 

CUSTOMER SYSTEMS 

Power Electronics Reference Guide 
TR- 1 02025 Final Report (RP3088-4) 
Contrac1or; Chester and Schmidt Consultants 
Bus iness Uni t :  Power Qua l i ty 
EPRI Project Manager · B Baneriee 
Fax ID· 7365 

Motor Models and Trans ient Analys is for High­
Temperature, Superconductor-Switch-Based 
Adjustable-Speed-Drive Appl ications 

TR-1 02338 Final Report (RP3087- 16)  
Cont ractor: Univers ity of Tennessee , Knoxvi l le 
Business Un it. Power Qua l i ty 
EPRI Project Manager : 8 Banerjee 
Fax ID · 7483 

Character ization of Compact Fluorescent 
Lamps and E lectronic Ballasts Used in 
Commercia l and Residential Bui ld ing Systems 

TR- 1 04989 Fina l  Report (RP2825-6) 
Contractor: EPRI Power Electron ics Applications 
Center 
Business Un it  Power Qual ity 
EPRI Project Manager :  S. Rector 
Fax ID; 23549 

aimed at improving power densi ty by re­

d ucing the thickness of the ceria elec­

tro lyte from 250 µm to the 1 50 µm of con­

vention al YSZ SOFCs. And for s i ngle-com­

ponent SOFCs .  a Joint demonstration of the 

technology is be ing planned by the Un i ­

versity of Pennsylvania and Ceramatec . 

On the basis of a com parative analys is ot 

the performance and promise ot low- tem­

peratu re SOFCs . EPRI p lans to in itiate a de­

ve lopment program with in a year. This pro-

Test ing of Refr igerant Mixtures in Resident ia l  
Heat Pumps 

TR- 1 05394 (1/\/034 1 2-6) 
Contractor: Un iversity of Maryland, Center to, 
Environmenta l  Energy Engineering 
Business Un it: Commercia l Techno logies & 
Services 
EPRI Project Manager: W, Kril l 
Fax I D: 242 1 6  

Power Quality Workbook fo r  Utility and 
Industria l Applicat ions 

TA· 1 05500 Final Report (RP2935-30) 
Contractor: E lectrotek. Concepts, I nc . 
Bus iness Unit Power Qua l i ty 
EPR I Project Manager: M Samotyj 
Fax ID 24346 

Cold A i r  D ist r ibut ion Design Guide 

TR- 1 05604 Fina l  Report (RP3280·48) 
Cont ractors: Dorgan Assoc iates Inc. : EPRI 
HVAC&R Genier, University of Wisconsin , Mad ison 
Business Unit. Commercial Technolog ies & 
Services 
EPRI Project Managers: M. Khat ta r, R. Wend land 
Fa I D: 2450 1 

Measuring Residential Water Flow: Evaluation 
of Clamp-On Ultrasonic F lowmeters 

TR- 1 05840 Rna l Report (RP3269-22) 
Contractor: GEOMET Techno logies. Inc . 
Business Un l l: Retai l Markel Too ls  & Services 
EPRI Project Managers: R .  Gil lman , P. Hummel 
Fa 1 0 · 24835 

Light Logger  Placement Guidelines for 
Residentia l L ight ing Studies 

TR- I 05842 Fmat Report (RP3269-23) 
Cont ractor: GEOMET Technolog ies , Inc 
Business Unit. Retail Markel Too ls  & Services 
EPRI Prnjecl Managers. R .  G il lman , P. Hummel 
Fax I D: 24839 

Leveraging Limited Data Resources: 
Developing Residentia l  End-Use Load Shapes 
Using Transferred Data 

TR- 1 05843 FinaJ Report (RP2980) 
Cont ractor: Quantum Consult ing . Inc 
Business Unit Retai l Market Tools & Services 
EPRI Pro1ect Manager. R .  Gil lman 
Fax ID. 24827 

gram , which may take the form of a con­

sort ium including i ndustry and government 

part ic i pants ,  wi l l  focus on the development 

of a 1 -kW low-tem peratu re SOFC prototype .  

The cel l design is expected to incorporate 

the best features of cu rrent efforts . EPRI is 

a lso undertaking additional performance 

optimization studies of SOFC-gas turb ine 

units , and computer model ing is planned to 

assess the cost-effect iveness of the new 

combined-cycle designs . 

Heal Transfer Characteristics of Alternate 
Refrigerants, Vol. 3 :  Condenser and Evaporator 
Outside Tube 
TR· 1 060 1 6-V3 Final Report (RP34 1 2-53) 
Contractor :  Lehigh Un ivers ity 
Business Unit : Commerc ial Technolog les & 
Services 
EPR I Project Manager; S . Kondepudi 
Fax ID: 25 1 4 7  

Fie ld Testing of E lectronically Commutated 
Motors for Supermarket Display Cases 

TR-1 06075 F ina l Report (RP3526-9)  
Contractor Foster,Miller. Inc 
Bus iness Unit. Commercia l  Technologies & 
Services 
EPRI Project Manager M. Khattar 
Fax ID: 2525 1 

ReOuest II : An Investigation of Consumer 
Attitudes Towards Telecommunication and 
E f ectric Servlc es 
TR· 1 06 1 66 F ina l  Report (RP4846-2) 
Contractor: PNR and Assoc iates 
Bus iness Un i l: Retai l Market Tools & Services 
EPRI Project Managers: T. Henneberger, 
R . G i llman 
Fax ID: 254 1 2 

Is There Value in Value-Added Serv ices? 
Evidence From Competit ive Markets In 
England, Wales, and Norway 
TR-1 06  I 95 Final Report (W02343- 1 9) 
Contractor· EEE lid . 
Bus iness Uni, Reta i l  Market Tools & Services 
EPRI Project Manager: P. S ioshansi 
Fax ID: 25454 

Sel l ing Value: How lo Bui ld Loyalty With Your 
Key Customers 
TR- 1 0628 1 Fina l Report (W04845-2) 
Contractor · ROI Management Corp. 
Business Un i t ·  Retai l Market Tools & Services 
EPRI Pro1ect Manage, T. Henneberger 
Fax ID: 256 1 5  

Decision-Making Styles o f  Business and 
Industry: F ive Insights to Improving Your Sales 
Success 
TR - 1 06298 F ina l  Report (W04845- 1 )  
Contractor: Bramson-Gil l Associates 
Business Unit: Retail Market Tools & Services 
EPRI Project Manager: T. Henneberger 
Fax ID: 25650 
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Technology Assessment of Distributed 
Computing Environment (DCE) From Open 
Software Foundation (OSF) 
TR-106319 Final Report (RP4888· 1 )  
Contractor· Joe Waggoner & Associates 
Business Unit. Information Syslems & Telecommu­
nications 
EPRI Project Manager A Kader 
Fax ID, 25682 

Five Essential Tests of Market Strategy 
TR-106389 Final Report (RP4853- 2 )  
Contractor: Putnam Hayes & Bartlett, Inc 
Business Unit. Retail Market Tools & Services 
EPRI Project Manager: T Henneberger 
FaxlD. 25822 

ENVIRONMENT 

CO,i Offset Opportunities in Siberian Forests 

TR-106059 Final Repu11 (W04300-l )  
Contractors: Applied Enwonmental Research, 
Inc .. Center for the Study of the Envi ronment, 
EcoAnalysis. Inc. 
Business Unit: Environmental & Health Sciences 
EPAI Project Manager· L P1telka 
Fax ID: 25222 

Estimating Aqueous Releases of Polycyclic 
Aromatic Hydrocarbons From Coal-Tar­
Contaminated Soils at Manufactured Gas 
Plant Sites 
TR-106291 Final Report (RP4301-2) 
Contractors: Universily of Texas. Austin, Environ­
mental and Water Resources Engineering Program: 
Un1vers11y of Florida, Soi l and Water Science 
Department 
Business Unit. Environmental & Health Sciences 
EPAI Project Manager I Murarka 
Fax I D  25634 

GENERATION 

Advanced Gas Turbine Guidelines: Rotating 
Blade Temperature Measurement System 
(BTMS)-Supplement No. 1 (Durability Surveil­
lance at Florida Power & Light's Martin Plant) 

TR-1 05009 Final Repon (RP3125-2) 
Contracror: Fluor Daniel, Inc. 
Business Unit Gas & New Coal Genera11on 
EPRI ProJect Managers: W P1ulle. G. Ouenltn 
Fax ID 26094 

Casting of ASHALLOY Metal Matrix 
Composites: 1993 
TR-105822 Interim Report (RP9047-1) 
Contractor: University ol W1scons,n. Milwaukee 
Business Unit. Environmental Control 
EPRI Project Manager· D Golden 
FaJ< ID. 2481 1 

Advanced Gas Turbine Cycle Studies: 
Summary Report 
TR-105954 Final Report (RP2620· 1 )  
Contractor. General Electric Co. 
Business Unit: Gas & New Coal Generatlo11 
EPRI Proiect Manager· A Cohn 
FaJ< ID: 25042 

Header Feedwater Heater Retrofits in the 
United States 

TR-105994 Final Report (RP3652-2) 
Contractor: Encor-Amenca. Inc. 
Business Unit. Fossil Power Plants 
EPRI ProJect Manager J Tsou 
Fax ID: 25104 
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Materials Testing in a Syngas Cooler of a 
Coal Gasification Plant 
TR-106010 Fi nal Report (W02093-3)  
Contractors: EPRI; NV KEMA. Hoechst AG 
Business Unit: Gas & New Coal Generation 
EPRI Project Manager W. Bakker 
Fax ID: 25132 

Casting of ASHALLOY Metal Matrix 
Composites: 1994 
TR- 106168 Interim Report (RP904 7 1 )  
Contractor· University of Wisconsin. MIiwaukee 
Business Unit: Enwonmental Control 
EPRI Plojecl Manager. D. Golden 
Fax lD:25416 

Guidelines for the Use of Magnetic Bearings 
in Turbomachinery 
TR-106185 Final Report (RP3319-3) 
Contractor· Technology Insights 
Business Umt: Fossil Power Plants 
EPRI Proiect Manager· T McCloskey 
Fax ID· 25441 

Integrated Knowledge Framework (IKF) for 
Coal-Fired Power Plants, Vols. 1 -3: Analysis of 
the Data, Information, and Knowledge 
Requirements for Economic Plant Operation 
and Maintenance 
TR-10621 1-V1-V3 Final Report (W09001 )  
Business Unit: Fossil Power Plants 
EPRI Project Managers· M Wildberger. 
R. Pflasterer 
Fax lD: 25480 

Proceedings: 1996 Heat Rate Improvement 
Conference 
T R -106529 Proceedings (AP 168 t - 1 1 )  
Conlractor: Encor•Amenca. Inc. 
Business Unit Fossil Power Plants 
EPRI Pro1ect Manager J. Tsou 
FaxlD· 26033 

Proceedings: 1996 EPRI Fossil Plant 
Maintenance Conference 
TR-106753 Proceedings 1W03151) 
Business Unit. Fossil Power Plants 
EPRI Proiect Manager D. Broske 
Fax ID: 26416 

NUCLEAR POWER 

Software Fault Reduction Using Computer­
Aided Software Engineering (CASE)Tools, 
Vols. 1 and 2 
TR-I 05989-V1 -V2 Final Report (RP4352) 
Contractor. Science Applicati ons international 
Corp. 
Business U111l. Nuclear Power 
EPRI Project Managers S.  Bhatt. A. Machiels 
Fax ID 25095 

Proceedings: Eighth International RETRAN 
Conference 
TR-106038 Proceedings (W02853) 
Business Unit: Nucleai Power 
EPRI Project Manager· L Agee 
Fax lD: 25664 

Insights From EPRI Maintenance Rule 
Projects 
TR-106280 Final Report (RP3590-1 -2. 
RP3770-1. ·2) 
Contractors: QES. Inc.: ERIN Engineering anu 
Research. Inc .. Applied Resource Management 
Business Unit. Nuclear Power 
EPRI Project Manager J. Gisclon 
Fax ID: 25613 

Burnup Verification Measurements on Spent­
Fuel Assemblies at Arkansas Nuclear One, 
Unit 1 
TR-106305 Final Report (W03290- 7 )  
Contractors: Sandia National Laboratories. Los 
Alamos National Laboratory: Entergy Operations 
lnc.-Arkansas Nuclear One 
Business Unrt Nuclear Power 
EPRI Project Manager O Ozer 
Fax lD: 25659 

Decontamination for Decommissioning: EPRI 
DFD Process 
TR-106386 Final Report (W03500-28) 
Contractor: Bradtec. Ltd 
Business Unit: Nuclear Power 
EPRI Project Manager: C Wood 
Fax ID 25815 

Evaluation of Expected Behavior of LWR 
Stainless Steel-Clad Fuel in Long-Term Dry 
Storage 
TR-106440 Final Report (RP3290- t 0) 
Contractor: Battelie Pacilic Northwest Laboratories 
Business Unit: Nuclear Power 
EPRI Pro1ecl Manager: R. Lambert 
Fax ID 25916 

POWER DELIVERY 

Proceedings: Substation Equipment 
Diagnostics Conference Ill 
TR-105838 Final Repon (W02747) 
Contractor· Cambias & Associates 
Business Umt. Substations, System Operations & 
Storage 
EPRI Pro1ect Manager: S. Lmdgren 
Fax ID 25139 

Efficient and Economic Grounding 
Arrangements for Distribution Lines 
TR-I 05907 Final Report (W03127 -3) 
Contractor· Montana State University 
Business Urn1· Distribution 
EPRI Proiect Manager: H. Ng 
Fax ID: 24952 

An Assessment of Distribution System Power 
Quality, Vols. 1-3 
TR-106294-Vl- V3 Fi nal Report (RP3098- 1) 
Conlractor Electrotek Concepts, Inc 
Business Unit. Distribution 
EPRI ProJect Manager· A. Sundaram 
Fall ID. 25639 

STRATEGIC R&D 

New Approaches to Real-Time Expert System 
Design for Power Electronics Applications 
TR-102205 Final Report (RP8000-40) 
Contractor· University of Tennessee Knox111lle 
Busi ness Unit: Strategic R&D 
EPRI Pro1ect Manager: B Baneqee 
Fax ID: 7442 

Cycle Chemistry Guidelines for Fossil Plants: 
All-Volatile Treatment 
TR-105041 Final Report (RP9003-2. - 7) 
Business Unit: Strategic R&D 
EPRI Project Manager: B. Dool ey 
Fax ID: 23644 

Impact of Lithium Abundance and Cost on 
Electric Vehicle Applications 
TR-106556 Final Report (W08001 ) 
Business Unit: Strategic R&D 
EPRI Project Manager: F. Wi ll 
Fax ID· 26081 



New 
Computer 
Software 
Orders for EPRl-developed software should be di­
rected to the E lectric Power Software Center. 1 1025 
North Torrey Pines Road, La Jolla , Cal i fornia 92037;  
(800) 763-3772. EPRI members can receive, free of  
charge, software deve loped by the business units 
to which they subscr ibe . Others should contact 
EPR1·s Licensing Office at (4 15) 855·2974 . 

B IOPOWER 

Version 1 .01  (PC-DOS: Macin tosh)  
Contractor: SFA Pacific 
Bus iness Unit: Renewables & Hydro 
EPRI Project Manager : Charles McGowin 

C-VALU 

Version 2 .2 1  (PC-DOS) 
Contractor: Chr i stensen Assoc iates 
Business Un it: Power Markets & Resource 
Management 
EPRt Project Manager ;  Connie Smyser 

Engineering Calculator 
Version 1 .0 1  (PC-DOS) 
Contractor: BSG Alliance/IT Inc. 
Business Unit Distribution 
EPRI Project Manager: Harry Ng 

FIVE™ : F i re-Induced Vulnerabil ity Evaluation 
Version 1 .0 (PC-DOS) 
Contractor: Science Applications In ternational 
Corp .  
Business Unit: Nuclear Power 
EPRI Proiect Manager: Robert Kassawara 

GOTHIC:  Generation of Thermal-Hydraulic 
Information for Containments 
Version 5.0c (PC-DOS; UNIX) 
Contractor: Numerical Applications 
Business Unit : Nuc lear Power 
EPRI Project Manager: Av1ar S ingh 

RPVDATA: Reactor Vessel Materials Database 
Version 1 .3P (PC-DOS) 
Contraclor: AT I Consult ing 
Business Unit: Nuc lear Power 
EPRI Pro1ect  Manager: S tan Ros1nsk1 

SGDSM: Steam Generator Degradation-Specific 
Management 

Version 1 .0b (PC-DOS) 
Contractor'. Science Applications In ternational 
Corp 
Business Unit: Nuclear Power 
EPRI Project Manager. Robert Thomas 

SSFR: Standst i l l  Frequency Response Program 
Version 1 .0 (Windows 3 . 1 )  
Cont ractor: Rensselaer Polytechrnc Institute 
Business Un i t: Foss i l  Power Plants 
EPRI Project Manager : Jan Stein 

WASTECOST DAW 

Vers ron 1 .3 (PC-DOS) 
Contractor: Envi ronmenta l Resources & Services 
Bus iness U1111 : Nuclear Power 
EPRI P roject Manager: Carol Horn ibrook 

EPRI Events 

OCTOBER 

10 
Efficiency Improvements in  Process 
Systems Using Adjustable-Speed Drives 
Tulsa , Oklahoma 
Contact: Carrie Koetur ius , (51 0 )  525- 1 205 

1 0-1 1 
PISCES Model Train ing 
Irving,  Texas 
Contact: Lynn Stone, (2 1 4)  556-6529 

1 4 - 1 6  
Managing Fossi l Generating Assets In  
the Marketplace 
Washington, D.C. 
Contact: Lori Adams, ( 4 1 5) 855-8763 

14-1 6 
Power Quality Interest Group Meeting 
Cleveland, Ohio 
Contact: Karen Forsten. (423) 974-8288 

1 5- 1 6  
Using E P R I  Land and Water Models 
Dal las , Texas 
Contact: lshwar Murarka, ( 41 5)  855-21 50 

1 5-17 
Substation and Switchyard Predict ive 
Maintenance 
Eddystone, Pennsylvania 
Contact: Jeanne Harris. (800) 745-9982 

1 5-1 8 
Underground Transmission Course 
Las Vegas, Nevada 
Contact : Kath leen Lyons. ( 4 1 5) 855-2656 

1 6-1 8 
Tutoria l :  Preserving Equipment 
Qualification 
Charlotte. North Carolina 
Contact: Susan Otto, (704 )  547-6072 

17-1 8 
EPRI Partnership for Industria l 
Competitiveness (EPIC) 
Newport Beach,  Cali fornia 
Contact: Bi ll Smith , (4 1 5) 855-24 1 5  

17-1 8 
HELM Software Tra ining 
Dal las, Texas 
Contact: Paige Schaefer. (800) 398-008 1 

1 7-1 8 
Strategic Asset Management for a 
Competitive Utility Environment 
San Diego. Cal i fornia 
Contact : Susan Marsland.  (4 1 5 )  855-2946 

1 8  
NIALMS Users Group Meeting 
Boston, Massachusetts 
Contact: Jack Lemmerhirt ,  (508) 263-6080 

21-23 
Decision Analysis for Utility Planning 
and Management 
San Diego, California 
Contact: Char l ie Clark. ( 4 1 5) 855-2994 

22 
Heat Rate Improvement 
Long Beach. Cali fornia 
Contact Jeanne Harris . (800) 745-9982 

22-23 
New Product and Service Development 
for New Market Env ironment 
Boston, Massachusetts 
Contact: Lynn Stone. (21 4)  556-6529 

23-25 
Achieving Success in Evolving 
Electricity Markets 
Indianapol is ,  Ind iana 
Contact: Michele Samoul ides. 
(4 1 5) 855-2 1 27 

23-25 
Fuel Supply Seminar 
Denver. Colorado 
Contact: Susan Bisetti. (41 5) 855-791 9  

23-25 
Healthcare In itiative Conference 
New York, New York 
Contact : Anne Kovalski . (7 1 8) 920-0849 

24-25 
HOTCAlC Software Training 
Irving. Texas 
Contact: Lynn Stone, (214 )  556-6529 

NOVEMBER 

3-6 
Insu lated Conductors 
St. Petersburg, Florida 
Contact: Jon Ferguson, (8 1 7) 234-821 6  

6-7 
BWR Vessel and Interna ls Project 
Symposium 
Lake Buena Vista, Florida 
Contact: Madelaine Campbell , 
(4 1 5 )  855-2879 

6-7 
CS 2000 Workshop 
Chicago, I ll inois 
Contact: Mary Ann Neumann, 
(4 1 5) 855-2623 

6-8 
Distributed Resources, 1996 
Vancouver, Canada 
Contact: Lori Adams, (4 1 5) 855-8763 

8 

ASAPP2: Redesigned Software for 
Waste Accounting 
Austin ,  Texas 
Contact : Mary Mclearn. (4 1 5 )  855-2487 

1 1-1 5 
Uti l ity Battery Group: Rural E lectric Coop 
Market 
Jacksonville, Florida 
Contact: Steve Eckroad, (4 1 5) 855- 1 066 

1 2  
Appl ication of Motors and Drives 
Seattle, Washington 
Contact: Carrie Koeturius ,  (51 0 )  525-1 205 
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1 2  
Efficiency Improvements in Process 
Systems Using Adjustable-Speed Drives 
San Diego, Cal ifornia 
Contact: Carr ie Koeturius, (5 1 0) 525- 1 205 

12-1 3 
Maintenance-Free Load Tap Changing: 
Phase 1 
Tampa, Florida 
Contact : Susan Bisett i ,  (41 5) 855-791 9  

1 2-1 4 
Valve Packing: Appl ication, Conf iguration, 
Engineering, and Program Development 
Eddystone. Pennsylvan ia 
Contact: John N iemkiewicz. 
(800) 745-9982 

1 3-1 5 
Agr icultural Technology Alliance 
Meeting 
Rale igh, North Carol ina 
Contact: Chuck Sopher, (5 1 0) 937-4494 

1 3-1 5 
Lubrication Oil Analysis 
Long Beach, Cal ifornia 
Contact: Jeanne Harris, (800) 745-9982 

1 4  
Efficiency Improvements in Process 
Systems Using Adjustable-Speed Drives 
Portland. Oregon 
Contact: Carrie Koeturius, (5 1 0) 525-1 205 

1 4-1 5 
Application of Motors and Drives 
Los Angeles . California 
Contact: Carr ie Koeturius, (510) 525- 1 205 

14-1 5 
Electric Uti l ity Forecasting in an 
Era of Deregulation 
Dal las . Texas 
Contact: Lynn Stone, (2 1 4) 556-6529 

1 4-1 5 
Electromagnetic Interference 
Qualif ication of Digital Equipment 
Charlotte, North Carol ina 
Contact: Susan Otto. (704) 547-6072 

1 4-1 5 
1 996  Heat Pump Al l ies Conference 
Annapolis, Maryland 
Contact: Michele Samoulides. 
(4 1 5) 855-2127 

17-1 9 
NSF Conference on Unbundled 
Power Quality Services 
Key West. Flor ida 
Contact: Gerry Heydt, (602) 965-8307 

1 7-21 
Research on Biological Effects of 
Electric and Magnetic Fields 
San Antonio, Texas 
Contact: Charles Rafferty, (4 1 5) 855-8908 

18-20 
Maintaining the Integrity of Water-Cooled 
Generator Stator Winding 
Tampa. Florida 
Contact: Denise Wesalainen , 
(4 1 5) 855-2259 
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20-22 
Water-Heating Electrotechnologies 
and WATSIM Software Training 
Irving . Texas 
Contact: Lynn Stone. ( 2 14) 556-6529 

DECEMBER 

2-3 
Power Electronics Applications Center 
Marketing Workshop 
Knoxvi l le. Tennessee 
Contact: Karen Forsten, (423) 974-8288 

2-4 
Power Quality Technical Tra in ing 
Knoxvil le, Tennessee 
Contact: Karen Forsten, (423) 974-8288 

3-4 
Workshop on Wide Area 
Measurement Systems 
Portland , Oregon 
Contact Dejan Sobaj ic ,  (4 1 5) 855-8537 

9-1 1 
Nuclear Maintenance Applications Center: 
6th Annual Conference and Workshop 
Orlando, Florida 
Contact: Linda Suddreth , (704) 547-6 1 4 1 

1 1-1 3 
1 996  North American Electric Vehicle 
and Infrastructure Conference 
San Diego, California 
Contact : Pam Turn er, ( 4 1 5) 372-0978 

1 2-1 3 
CHECWORKS Software Users Group Meeting 
Colorado Springs, Colorado 
Contact: Denise Wesalainen. 
(4 1 5) 855-2259 

JANUARY 1997 

5-9 
1 st World Congress on Microwave Processing 
Lake Buena Vista , Florida 
Contact: E i leen Mauro. (6 14 )  421 -3440 

FEBRUARY 

13-1 4 
Municipal Water and Wastewater 
Program Meeting 
santa Monica, Cal ifornia 
Contact: K im Shill ing , (314 )  935-8590 

1 7-1 9 
Substation Equipment Diagnostics Conference 
New Or leans , Louis iana 
Contact: Michele samoulides. 
(4 1 5) 855-2 1 27 

22-26 
Environmental Concerns in Rights-<>f-Way 
Management 
New Orleans, Louisiana 
Contact: Myra Fraser. (4 1 5) 855-2507 

MARCH 

2-5 
EPRI EMF Seminar 
New Orleans, Lou isiana 
Contact: Robert Kavet , (4 15 )  855- 1061 

2-5 
2d International Workshop on 
Corrosion in Advanced Power Plants 
Tampa, Florida 
Contact: Michele Samoulides, 
(41 5) 855-2 127 

3-6 
5th International Conference on 
Power Quality 
Columbus, Ohio 
Contact: Lori Adams, (415) 855-8763 

3-6 
Intermediate Underground Transmission 
Course 
San Antonio, Texas 
Contact: Kathleen Lyons, (4 1 5) 855-2656 

25-27 
1 997 lntemational Clean Water Conference 
Balt imore, Maryland 
Contact : Christine Li l l ie. (4 1 5) 855-20 1 0  

APRIL 

1 4-1 6 
Predictive Maintenance and Refurbishment 
Florence. Italy 
Contact: Susan Bisetti, (4 1 5) 855-79 1 9  

MAY 

1 9-21 
Substation Rel iabil ity-Centered 
Maintenance 
Dal las, Texas 
Contact: Denise Wesalainen. 
(4 1 5) 855-2259 

20-22 
Effects of Coal Quality on Power Plants 
Kansas City, Missouri 
Contact: Susan Bisetti , (41 5) 855-791 9 

JUNE 

1 0-1 2 
5th International Conference on 
Cycle Chemistry in Fossil Plants 
Charlotte. North Carol ina 
Contact: Michele Samoul ides. 
(4 1 5) 855-2 1 27 

1 5-18 
7th International ISA POWID/EPRI 
Controls and Instrumentation 
Conference 
Knoxvi lle. Tennessee 
Contact: Susan Bisetti , ( 4 1 5) 855-79 1 9  

JULY 

21-23 
1997 International Low-Level-Waste 
Conference 
Providence. Rhode Is land 
Contact: Michele Samoul ides, 
(4 1 5) 855-2 1 27 

23-25 
EPRIIASME Radwaste Workshop 
Providence, Rhode Is land 
Contact: Michele Samoulides. 
(41 5) 855-21 27 
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