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Cost Is Key for a Glo.bal Cl imate Agreement 

T
he Kyoto Protocol .  proposed last Dece01ber 
under the U nited Nations Framework Convcn
Lion on C l imale Change .  ha lhe pOlen t ia l  to 

fu ndamen tally change the world's energy systems and 
to impose tril l ions of do l lars of costs on the gl obal 
economy. The 1 ech nkal aspe ts o f  such a sweepl ng plan 
are dearly cruci�l , and Lhere i a s ignifican l  scienlific 
re ea rch program under way worldwide to determine 
what the target concentration level shou ld be for each 
of the green house ga es. Bu t other tud i.es conducted 
by ene rgy experts over the last decade have shown that 
economics are equa l l y  important and that adopting a 
least-cost approach to Lhe achievement of these targets 
is an essential [earure of a viable di.mate change miti
gation policy. The globa l nature of the greenhou e gas 
issue and th e focus on target atmospheric concentra
t ions provide addJt ional degrees of freedom for mitiga
tion relatfve to more-local ized environ menLa l  issu 

Certai n ly i t  is impori.am. and economical. tO tak 
advantage of any so-called no- regrets options to reduce 
emissions of greenhou e gases. Once these low-hanging 
frui ts are go ne t he cost of further mi tigation can be 
minimized by search ing for the cheapest m i tigat ion 
options worldwide . 1( it costs $30 to remove a ton of 
carbon in one coumry and $20 to remove i L  in another, 
the world can save $ 1 0  by making the reduction in the 
·second country. regardless of who pays. IL folJows that 
such a least-cost strategy must include aU  nations. 

F urther, to meet an atmospheric conce.nLration 
target over time, mi tigation efforu can be rela tively 
modest early on and should increase in in ten i ty :l we 
approach the target .  Thi phased approach has the 
advantage of al lowing for the cost-effective util ization 
,of the existing capital stock unt i l i t  ls replaced by t he 
next generation of more-effic ien t  equipment .  The 
approach also a l lows t lme for R&D tO lower tl1e costs 
of sucl1 prom ic;ing t echnnl ogy a l ternatives as nuc lear, 
solar, modern com merc ial  biomass, energy conser-
at ion , and carbon dioxide capture and sequestration. 

The Kyoto Protocol is one of the most far-reaching 
international agreements e.ver proposed .  I L  aims to 
reduce greenhouse gas emissions in developed coun-
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tries by approximately 5% below 1990 levels over the 
period 2008-201 2 (a 3 5% cut from where emissions 
are expected to be al that t ime) . with even greater 
reductions expected for ucceeding periods. The pro
tocol wi l l  be open fo r signature berween TVlarch 1998 
and March 1 999 and will en te r inLo force 1r rat ified by 
al l e' l 55 part ies LO the conve ntion . 

There is a good chance . however that the Kyoto 
Pro toco l will fa i l  Lo ente1· in to force, largely because i t  
doe no1 encourage lea. t-cosl trategies . For example., 
the protocol does not incl ude any targets for deve l 
op ing counlrie , thus making proble matical their 
mean fogful partici pat ion.  T n  addilioh, b specifying 
high greenhouse gas reduction targets for lhe five years 
centered around 2010, i t  wi l l magn f fy and acce lerat 
the expensive turnover of capital stock. 

For these reasons, the U .S .  Sena te-as wel l  as 
l egislat ive bodies in 01 her na 1 ion  -may find ll d i ffi 
cul t  t endorse: the protocol .  l ndeed, there was unani.
mous sup1)ort last year for Senate Resolution 98, the 
Byrd-Hagel Resolu tion, which st ipnlated that Lhe 
United Slate should not be a signatory to the Kyoto 
l'rotocol i f  the  protocol did not mandate specifi com
mitmen ts for developi ng cou n tries aod if it wou ld 
resul t in serious harm lo the U .S.  economy. 

Many o f  the key de tails o f  the protocol remain 
ambi uous and hopefully wi l l be clari fied at the: 
Fourth Conference of the Parti es in Buenos AiTes this 
November. l n  the meami me, i t  i important to pur-ue 
analys and d iscussion o f  how lO bui ld a workable 
in t i tut i  nal framework-one t haL w f ll encou rage long
term . cost-effect ive worldwide com mit ment to reduc
ing grcchhouse gas ernissi ns to achic:vc scienti fically 
based ta rget levels. And we m ust contin ue to conduct 
R&D inat wil l  provide the technological capabi l i ty co 
do wi th the . malle ·t po ible co t i ncrea e .  



ontributors 

The E lectric Farm (page 8) was wrinen by freelance 
wri ter J udy Gerber, w i Lh tech n ica l i n forma t i on  from 
Myron Jon  o f  the nergy Del i very and t i l ization 
Division. 

MY RO J o  ES, projec t  manager for advanced i n
dust rial y tern , c u rre n t ly manage EPR L's food and 
agricu l t u re targets . Earl i e r  he in i t iated program on 

advanced e lectrotech nologies for 
u e in the  hea l th care i ndustTy and 
i n  m u n ic ipa l  water and wastewater 
t reaLm en t .  Be fo re co m i ng LO EPR I  
i n  1 990, Jone was v ice presi.clen t  
of a ub idiary of Pacific Gas and 

E lect ric ompany, where he wa respon i b le for nat
ura l gas a l  and corporate pla n n i ng. Before t hat ,  he 
work cl fo r Bec h te l , he l l  Developmen t  Corporat ion , 

n i t ed Te hnologi s, and R u  L ngi nee r i ng, s •rv ing 
i n  a var ie ty of proc design and R&D capaci t ies . 
J ones has BS and M degrees i n  chem ica l e ngi n eer i ng 
from t he ni ver i t y  of M aine. 

Gett ing the Nitrate Out (page 1 8) was wri t ten by 
Les l ie Lamarre, Jou ma/ se n ior  fea ture w ri t er, w i t h  
technica l i n format ion  from Myron J o ne ( ee above) 
and Kei t h  arns of the  E nergy Del ivery and t i l i za
tion Di vis ion . 

KEIHi C R , d i r  ctor of EPR I '  ommu nity Env i 
ronme nta l  ent e r, over  ees research on \ ater and 
wastewater t reat ment electTOL echno logies . Before 

jo in ing EPRI  i n  1 993 .  h e  ran a n  i n 
depe ndem envi ro nmen tal co nsu l t 
i ng fi rm for two year . H i s  earl ie r  
experience i n c l ude 24 year wi th 
the  Ea L Bay M u n ic ipal t i l i t y  D i  -
tr icl of Oakland, Cal i for nia-one 

of t he cou n t ry' l a rgest water and wa tewater ut i l i t ie . 
Carns a lso served for more t han L O  years a a memb r 
of and consu ltan t  L o  t h e  d ri n king  water comm i t tee or 
the  U . .  En v i ro n men t a l Protect i o n  Agen cy's cience 
Advi s ry Board . He has a B i n  civi l engineer ing and  
a n  i n  en v i ronmenta l e ngi neer i ng from the niver-
i l  of Cal i fornia at Berke le . 

Heat ing and Cooling From the G round U p  ( page 
24) was wri t ten by Lesl ie Lamarr , Jo11rnal enjor fea
t ure writer, w i th  tech n ica l i n format ion fro m u kesh 
K hauar and Carl H i l ler of the Energy Del ivery and 
U t i l i.zaL ion  Oiv i  i o n . 

M KE H KHATTA R, t eam leader for H A , refrigera
t ion , and t hennal t0 rage tech nologies, joined EPR l  
i n  1 989. Before that , he was a princ ipa l  enginee r  w i t h  

the  Fl orida olar Energy enter i n  
ape  anaveral , where h e  pa rt ic i

pated i n  key developmen t, dem o n
st rat ion , and  tech nology t ran fer 
work on L l1e use of heat pipes for 
dehum id i f ica t ion.  ar l ier he was 

a n  a i Lan t  e ngi neer in t he  A i r  Condit ioning and 
Refrigerat ion Div is ion of o l tas  Limi ted in I ndia, 
hol ding design , e ngi neer i ng, and project ma nage
ment responsibi l i t ies for HVAC and re fr ige ra t i on  ys
l em for com mercia l , i n  t i tut i ona l ,  i ndu  tria l ,  and  
o ther  appl icat ion . K haua r received a BS degree i n  
mechan ical engi neer ing from t h e  l ndian I n  t i tut e o f  
Technology in Kanpur. I ndia . H e  a lso ha M a n d  
P h D  degre i n  the  ame subject from t he Flor ida 
Ins t i tute of Tech nology. 

CARL H I LL ER , seni or project manager for residen
t ial and com merc ia l  y Lem , ma nag most of E P Rl's 
re idential air-source and ground- ou rce heat pump 

work and a l l  of i ts residen tial and 
com me rcial water heat i ng work .  
Before j oi n i ng EPR I  i n  1 983, he 
pent two years with curex o r

porat ion as a se nior e ngi nee r i n  
solar e l ec tric generat i ng p l a nt and 

coge nera t i o n  p l a n t  de ign .  Earl i er, at andia  at ional 
Laboratori , he wa i nvolved i n  t he  therma l anal ysi 
of chemica l  heat pump terns and other t c h nolo
gies. H al o worked a t  Ge neral Motors Corpora t i o n  
a nd  served a a con  u l tan t  t o  the  U . . Depan melll o f  

nerg on adva nced heat pump co ncepts .  H i l ler hold 
t h ree degrees i n  mechan ical engi neeri ng-a B from 
the  n iver i t y  of M ichigan and a n  S and a P h D  
from the  Massac:h uset I n  t i tute of Tech nology. 
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Discovery 

Continuous Manufacturing of 
Superconducting Wire 

H igh-temperature superconduct ing 
( HTS) \· i r  and mul t i filament con 

ductor are now produced i n  a batch pro
ce . powdered, rare-eanh-comaining 
ceramic copper oxide compound is u ed 
to fi l l  si lver wire heath ing, which i next 
heat- treated to render i t  super<.:onduct i ng, 
t hen ro l led and drawn as wi re or 11:i t  tnpe. 
But L h i O- ide-powder-in- tuh ( PIT) 
pr can make con t i nuou lengt h f 
wire only about a ki lometer long. For 
longer lengths, ind ividual segments must  
be joined toget her, which m:1 impair cri t 
ical curren t conduct ion .  

Recem EP R I - p n ored trntegic R&D 
in advanced HT materials and fabrica
tion has produced a record length of HT 
tape b u i ng a low-co t ,  con t i nuou 
method a l ready employed in t he commer
cial product ion of certa in cld wires. The 
2-km t ape wa mad, wit h Bi -2223, t h  
a m e  b i  muth t romium calcium copp r 

o · ide compound u ed i n  commercial H T  
wire produced b t h e  OPl T method. The 
tape wa ucc sfoll )' tested, attaining 
good superconducti ng currem densi t ies i n  
el  vat ed magnet ic fie ld . Th is work w as  
performed b r e  earchers at Oh io tme 
Un iversi l)', led b , ma terials science and 
engi neeri ng profes or Ted l l ings, with 
materials fabrica t o r  Plast ronic, I nc . ,  as a 
·ubcomractor. 

Th con tinuous tube form ing and fil l 
i ng (CTFF) proce s l'eatures rol lers t hat 
form silver heat hi ng fro m a payout ree l 
i n t o  a U-shap for continuou 6 1 J i ng with 
powdered Bi -222 3 .  -clo i ng rol ler com
plete the heathing of the wire_ which i 
then drawn t h rough a die and rol led onto 
a take-up reel. l u l tiple wire f i lamems ma 
be stacked r bunched and cnsheat hed 
toget her LO form a m u ll ico rc tape. 

amp! from the  monocore tape fabri
cated b , the researcher v ere heat-trea t ed ,  
aml mea uremen L  of their u1 e rconduct-
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Basic science and i nnovative engineer ing at the cutti ng  edge 

ing propenie \ ere made at hio tate, 
Plastronie ,  and the U niversi ty of Wol lon
gong i n  A u  t ral ia . n the ba i of t hese 
mea uremen t s ,  t he  researcher report 
tlrnt at 77 K (the boil ing poim of l iquid 
ni tTOgen , whi h could erv a a relat ive ly 
ine. pen ive -oo1anc for H T  materials) , 
t he  t.1pe' tran port cri tical cu rrelll is 
fairly u n iform throughout i t  fu l l  length .  
Alt hough t he cri t ica l current is I wer t han 
the  value for specimen ucce folly pro
duced b • t he  r !T met hod , t he tape· i r
reversib i l i ty field are a high a tho  of 
OPIT tap . Th ' u e t t hat there is no 
lack of magnetic ll ux-pinning strength 
and that high crit ical cu rre nt hould be 
atta i nable w i t h  fu rther refinement .  

Powder feed device 

Continuous tube forming and fil l ing process 

Jn addit ion, the rat io of the t ran port 
c ri t ical current at 4 .2  K (the boi l i ng point 
of l iqu id hel iu m) to that at 77 K i  three 
10  five t ime grca1er for the  TFF tape 
than t hat clai med for commercial OPIT 
tap _ This uggest t hat a sub tant ia l  frac
tion or low-t ransit ion-temperat ure pha e 
material is pre ent, accordi ng t o  John 
tri nger, E PRl Execut ive Technical Fel io 

�The re ult o fa r how t hat t he  CTFF 
trand a re not atta inin their ful l  poten

tia l  and thm furt her proc , opt i m izaLi n 
is needed, '' sa tringer_ who manages 
EPRI' work in advanced materials. 

not her proble m  for t he TFF tape, 
a i a l  o the ca e for OPlT tape, i t hat 
therma l  cycl i ng progres ively degrad 
the material . Th. i because differences 

in 1 he coefficiems o[ tbem1al expansion of 
th ceramic uperconductor and the si lver 
sheat h i ng lead to cracking of the ceramic 
compound. 

Mu \ L icore CTF tapes have been pro
duced in short lengths, and upcoming 
work is aimed at producing a multi ore 
ribbon or con iderable length to further 
demon t race the validi ty or t he  fabrication 
method. The original 2-km monocore 
tape was cut imo Lx pieces of equal 
lengtJ1 , from which 1 he researcher are 
fabricating a ix- trand multicore tape. 
later. r he will rum to the op1 imizat ion 
of ttperconducting properties . They also 
plan to pursue improvements Ln the pov -
der filling materia l and in methods for 
heat-trea t ing very long lengt h· of tape_ 

o for, al l  of the CTFF work has been 
done with the Bi-1223 compound, which 
lo es upercond uct ivi ty in moderate 
magnetic fields at 77 K. But man uti l i ty 
appl ications for high-temperature uper
condu to rs-for e ·ample, motor and 
genera tor -requ i re an abi l ity to operate 
in powerfu l , elf-generated magnetic 
fields. E entual l  , a tringer, the CTFF 

HT wire from uperconductor com
pounds (such as Bi-22 1 2) t hat may per
form beuer i n  h igh magnetic fields. 
• For more i11.formc1 1 ion contacl )o/111 Stri ngc1: 
(650) 855-2472. 

Ozone-Safe Refrigerants 

Production of the chlorofluorocarbon 
(CFC) and hydroch lorolluorocarbon 

(H CF ) refrigeran u ed i Jl most electric 
vapor-compr sioo equipmen t is being 
phased ou t under international agree
ments lo help mi tigate damage to the 
ear th's trntospheric ozone layer. This 
pha eout is of particular concern t o  
e lectri c ut i l it ies because the rdrigeram
dependent equipment used in air cond i 
t ioner , heat pump , and ot her pace-



condi t ioning S) terns accoun ts for ab u t  
20% o f  LOta l ut i l i t  ' revenues. everal on
going · PR I  projecl5 are aimed at develop
ing n n- zon -depl t ing alterna t i  c 10 

F pr duct ion ha been hal ted , 
, who c pr duc t i  n w i l l  be 

ut ba k, beginning in 200-t, un t i l  a com
plet ban i a h ievcd by 2030. 

ft r nearly a decade of R&D, up-
porL d i n  part by - P R! , re earchers a rc 
report ing ign ifican t  progr> 1 0� ard t h  
c mmercial avai labi l i ty o f  pract ical a l ter
nat ive r frigeran LS . EIT ctiv replacements 
mu t have zero ozone-depleuon p 1 ·n t ia l ; 
t hat i , t he mu  l conta i n  no ·h lorinc or 
el e have a ver ' hon atmo phcric l i re
t ime. They .hould also have boi l i ng 
poi n t  , cri t ical temperature (T<. )  va l ue . 
and other t hcrmod 'TUHnic prop n i  
si m i lar to t ho e or e · i  t ing refrigera nts. 
ldeal l  , a l t ernal i  c w i l l  r qu i re on l , mini
mal m d ifi  a t i  n t o  ex i L ing equ i pmen t .  

Because i t  eem 1 0  be un l ikely that 
ingle ub lance , i l l  at i  f al l I he c rc

qu iremcn t  , EPR I  r ea rch i addressing 
compound mixt u r  and pr mi i ng az • 
tropes-compound blend who e vapor 
and l iqu id pha have the  ame composi -
t ion and who c boi l ing poin ts t herefore 
remain con Lant duri ng ev p rat ion .  Al o 
under inv L iga t ion are new equipment 
de ign · for a l t ernat ive r frigerants and 
new tech n iqu for u ing natura l ozon -
sa fe refrigeran ts. 

lem on U niversi t r ea rcher · are 
explori ng the poten tial of novel new 
chemicals as wel l  a new m ixtu r> of 
wel l-under Lood chemi a l . The common 
HCF R -22 h proved panicu larl · d i ffi 
cu l t  t o repla e becau e of i l5 Low boi l ing 
poin t  ( -40.8° ) and h igh Tc (96° ) . 
ome comp u nd , i nc luding t he pr pan -

ba cl H -290 ( n-propane) and H 
270 (c I pr pan ) ,  hav boil ing p in 
and , value  im i lar to  those of R-22 bm 
are u n  uitably namma le . ertain u l fide 
compound are inert and non.Oammablc 
and c nta in  n ·h lori ne . but  t he i r  boi l ing 

Carbon dioxide test faci l ity at the University of Maryland 

po i nts are 100 high fi r them Lo b u i table 
R-22 replace mcnlS. B b lend ing th e a nd 
i milar cand idate i t h other ·h m ical ·, 
lem on r earchers hope t o m i n imize 

the com p und - '  ne at ive characteri ti 
whi l '  r tai n i ng thei r d i rable on . 

'·The  lcmson \ ork h iden t i fied five 
mpound in three di ffe r nt c la e -

u l ru r-based com p unds, C Lhcr- t  pe com
pound , and h droOuoro arbon -that  
arc probably not poten t i a l  R -22 replace
ments them ·elve hu t  t hat I ok ery 
prom i  i ng when blended .� a , ayne 
Kr i l l ,  a manager in P R I ' Energ D · l iver}' 
and t i l izat ion Divi i n . h veral of t h  
azeo t rop have t he r ight boi l ing poin t  
and cri t ica l tempe ratur p ropertie . Thi 
, ca r, r earcher arc ont i n u i ng t anal  1z.c 
a narro, ing field of candidate m i  t ure in 
order to better under tand th i r  prop rt ie 
and to eval uate t he i r  pr p c for c m-
m rcial pr duct i  n . "  

Laboratory te t i ng a n d  characterization 
of promising repla emen t  ompound 
and mix ture wil l  be fol lowed b · vapor-
c mpr i n- 1cle m d l ing t a e 
h w the refri eran might behave i n  
ac1ui1l u e. ppl i  a t i  n cl elopmen t for 
ome r frigerants cou ld be u nder  wa b · 

t h  end r t h i  ear. 

Tex M nive i t  • re earchcr · arc 
exploring ol u t ion., lo pra L i  al deign 
challenge:. posed b} a l t  rnat ivc rcfngcr
ants. The ir  work is focused on the use of 
R--t L Oa-an azcotropic m i xwrc of R-32 
and R· 1 25 t hat d i  play man of the phy -
ical prop rt ics of R-22-m plate· m heat 
e changer , a de 1gn f in te r  t t o many 
vapor-compr ion equ ipment manu fa  -
tu rer  . l f  it i ucce :.ru l ,  the Texa A M 
r earch  c u lcl  cu lm inate i n  a nc, con
den er de. ign wi t h  p tent ia l l , \ ide pread 
appl icat ion . 

d ifferent  approach to avoid ing man 
harm fu l cff c t  of refrigerants  i . 10 u e 
mate ria l  a l rc-.id pre en t i n  nat ure . .'\ re
f rigerat ic n cy le that use· carbon dio ide 

t h  worki ng Ouid was developed and 
tested by the nivc i t )' of aryland' 
Depart ment  of ngine:e:ring. I n t ud i  
comparing t he effcct ivenes o f  2 with 
t hat of R -22 ,  h igh-pre ure  CO2 e h ibi ted 
a similar coeffic ient of p rform ance. nd 
becaus 01 t den er than R-22 .  equip
ment usi_ng it rnuld be lighter and mal ler 
than c nv nt ional uni . Th performance 
r 01 h b n l l d in a \'ariet ' of heat 

hange r  n figurat ion . 
• Fo, 1 1 101 • i11Jon11at io11. contact Wayne K dll. 
(650) 855- 1 033.  

i\11 1 1ljw1c l 99R EPRI JOURNAL 5 



Around the World 

EPRI I nternational Launched 

1 n an effort to focus more all n t i on  n 
the  in ternational market and furt her 

l everage i t s  own unique col laboraLive 
advamage, thi ear - P R ! lau nch d a new 
division cal l ed • PR l  I n ternational to man
age projcc i m  olv ing marketS Olli.! ide 

orth America. 
" E PRl ha d ne a great job of growing 

the busi nes i nternat ional ly," ay Don 
Baker, who in J anuary was appoin ted vice 
president i n  cha rge of the new d ivision . 
«But  now i t 's L ime t o  prepare EPRl for the 
trnns i Lion fro m a . .  -
based company e l l i ng 
overseas to a busi nes that 
is Lrn ly globa l in nature . '' 

s Baker pointS ou t ,  
E PR I ' 34 internationa l 
member and 1 28 i nterna
L ional funders-w h ich 
come from coun lrie a 
diverse as oUL h  Korea and 

outh Africa-have di ffer
em needs t han  i L S  dam L ie 
members. PR !  I n ternational \·viil enable 

PRl to give t hem the a t ten t ion they 
deserve. ''You can't put a l l of our imerna
t i onal cusLOmers in t he same ba ket ," says 
Baker. "Aside from t he ob iou language 
and L ime dLfference , t here are equ ipmem 
and s tem di fferences. I n  addit ion , the 
countries of the e cu tamer are i n  vari
ou tages of econom ic devel o pmen t . 
which tran late into differem needs for 
EPR L  products and se rvice . '' 

Unl ike the Un i ted tales and anada, 
where electrici ty is tran mi ned at a fre
quency of 60 Hz ,  mo t cou n t ries rely on 
50-Hz electric power. ven o, many areas 
of t he  world cou ld be nef i t from the  pe 
cific tools and experti e E PRI ha devel
oped over its 25 year o f  state-of- the-art ,  
industrywi.de R& D work. 

For i nstance , t he  demand- ide manage
ment strategies E PRI has developed to 
he lp  domestic u t i l i t ie are now of cri t ica l 

6 EPRI JOURNAL Mayljwic 1 998 

Focus on internati ona l  projects and a l l ia nces 

i n leresl to deve loping countries 111 Asia 
and Lal i n  merica , where power compa
ni are pre sec! to se r e J i ral i ng  de mand 
with I i  mi l cl ge neraL i ng capaci ty. European 
u t i l i t ies, meanwh i le , cou ld benefit consid
erably rrom EPR! 's advanced technologies 
for coal-fired plants and o ther t ra Lcgi e  
for reducing environmental impacts. 

EPR L  ha , orked wi t h  i nternat ional 
organizat ion from the tar t . But over tbe 
years, that involvement  ha become more 
s ign ificant .  Today, as Baker po i n t  ou t , t he 
more com pet i ti ve c l ectrici Ly marke t i n  the 

n:ited t ales is encou ragi ng E PRL to be 
ev n more aggres ive in
tema1 iona l l y, j u  L a  i t  
ha pu heel E PRI' do mes
l i e  member to el their 
i h t  over ea . Thi ea r, 

for the f ir t t ime, two 
internationa l  members
Electri i te de France and 
E K I of ou t h  A rrica-
are repr ented on EPR I ' 
Board of D i recto r . 

Toge t her, contributors 
oULside N onh America paid ome $28 mil
l ion Lo EPRI i n  1 997, wh i ch  wa abou t  7% 
of i l  tota l revenue . Baker' goal is 1 0 in
crease t hat figu re to 100 m i l l ion by 200 1 .  
The poten t i a l i ce rtainly t here. EPR J  110\ 

d raws its dome Li revenue from a orth 
American mark t wi th me 239 bi l l ion 
in annual e lectr ic i t)' l'evcn u . nd t haL 
marke t is onl about 40% of the size of 
the 608 b i l l ion mark · l that incl ude 
Asia, Lat i n  America, Europe , and  A rrica. 

cco rdL ng Lo Baker, EPR .l 's LTongesl L n 
ternat ional marl et at t hi· t ime i urope, 
par tly because the power com pan ies there 
are more l i ke U . .  u ti l i t ie than are those 
i n  other pans of 1 he  world .  A ia and Lat in  
America are more chal lengi ng marke 
becau e many f th i r power co mpani 
aren 't as in terested in long-term co l labora
tion as i n  obtai n i ng el ut ion for specific 
probl ems at hand. evert heless, PR I  has 
made inroad with fi rm in t he e regions. 

Late i n  May, for exam ple , EPRI offi.cial 
igne I an agreement with the  Electric i ty 

Gen erat ing Au t hority o f  Thai land, kick
ing  o ff a $2 m i l l ion project t hat will use 
advanced mete ring L chnology developed 
by E PRl ( ee anicle , n xt page) 

EPRI l n t eroa 1 fonal cur remly has a La[[ 
of 24, mo t f whom work from EPRI's 
Palo l to, al ifornia, headquarters. How
ever, some a rc located in E P RJ ' e igh t i n
ternat iona l office i n  Europe , ia ,  Au -
tral ia, and outh A merica. I n  addition , 
16 em ployees of i ll lernalional member 
compani are l ocated on-si t e in Palo Aho 
to help tTansfe r relevalll technologies 
back to t heir home coun t ries . l t Lma tely. 
Baker ai m L O  have tech nical pecial is ts 
from E P R l  located throughout the world 
to he lp  dcl iv · r o l ut ion ta i l ored to a 
region' pecific !mere LS and need . "We 
want 10 establish a a l ue-added pre ence 
on each con t inen t ." he say . 

Before being  appoint cl to head P R I  
l n ternational , Baker w a s  program general 
manager o f marke t i ng for General Elec
t rics Power ystems E nergy on u l t i ng 
Group. I n  t hat po i t  ion, he was re pon i
ble for l eadi ng market ing and sales efforts 
for t he G ystem in tegrat ion bus ine , 
designed to help ut i l i ty and ind u trial 
cu t omer take advantage of pending 
de r  gu l a t ion i n  the  ni ted Late and of 
privatization effo r worldwide. Earl ier, 
beginn i ng i n  1 993, Baker wa program 
general manager for market i ng  and bus i 
nes  development in GE's Power System 
Engi neeri ng Departmen t , where he was 
responsi ble fo r deve l opi ng global t rate
gies and for i n terfacing wil l, G E's world
wide sale force. 

" Do n Baker' proven ki l l in develop
i ng global networks and a l l iance wil l  
be ve ry va l uable a EPRI  con t inues to 
expand i ts i n ternational act ivities," says 
chief operat ing offi er Ric Rudman , lo 
whom Baker reports . 
• For more i 1 1.formnt io 1 1 ,  conlacL Don Balle,· 
(650) 855-2 995. 



Evaporative Cooler 
Boosts Turb ine Output 

E og n' Jc ralang P°' er 
tat i l  n in the u t ral ian 

- 1a t e f ic toria . the i tc f 
t he f irs t  o ersca appl i a t ion 
of P R l -developed pray 
evaporat ive cooler t echno l 
ogy for combu t i n t u rbi ne 
plan ts .  here t he t c  hno l -

Spray cooler water p u m p  a t  t h e  Jeeralang stat ion 
og is in ·rca ing plant out 
put b , as m uch a J O% dur i ng the  p ak 
ummer demand .  On hot , d r  um mer 

day , \ hen indu tr ie and hou ehold 
witch on t heir air cond i t ioner , th ta 

l ion can be brought up  10 it peak capa -
i ty o f  465 MW with i n  half  a n  hour. 

I n - PRr 1echnol gy, air pa ing t h rough 
the compressor i prayed w i t h  a f ine 1 1 1 ·  L 
of demincrnl ized water, which I wcr t h  
i n le t  t e m p  ·rat ure and incr m a  l low 
through the  t urbi ne .  thcrcb incrca 'i ng 
pm r ou l (  u t .  Each un i t  i equ ipped \ i t h  
up LO 2500 fine-spra nozzles a t  1 1,e in le t  
a ir duct , resul t ing i n  efficien t  operat ion. 

" l ncrea cd power duri ng peak periods 
i i mpc ra t i  e in man parts of the \ o r ld, " 
ay Ton A rmor. d i rector  of generat ion 

development i n  EPRI' ncrg onver i n 
Div i ion . " u r  t ud i how t ha t  d i rect -
pray evaporat i ve coo l i ng i ve ry e ffec t iv • 

for low-co t capaci t  impro em n t . " 
F i r  I u eel a t  L i l i  orp Energy roup' 

Ralph  re  n tal ion i n  M is ouri , the t ech
nology i ncreased the plant rat ing by 1 5 . 5%. 
The EPR I  pra co !er i more ef

f
iciem 

t han con em ional evaporati e cool r . 
a nd i t  om rol ove r pray part ic le s ize to 
prevent  compressor dam, g 

"Wi L h  PR!s he lp . ', C idcnLi f ied \ a 
LO raise our  p lant  capaci ty at a fra<.: L ion of 
t he c l of ou r a l ternatives: bu i lding a 
ne\ plant or bu ing e pen ive pow r," 
says i ke Jonagan , uperin t ndcnt of ga 
turbi nes for t i l i  orp. Th u t i l i 1  t i 
mat • a i ng of more t han 3 mi l l ion 
t h rough the  ea r 20 1 0. 

The experience at L i l i  orp erved as 
a u  efu l b i for the rece n t  depl yment 
a 1 J eera lan o . P R I  contrac tor ern E ngi 
neering \ orked wi th  local fi rn in icto
ria LO ins ta l l the }' t em. ra ham Dov er , 
manager of the j eerabng t al ion , e p lai n : 
'Th upgrade wa a com bined c[� n . e 
capita l ized on t he re ear h d n at EPRl 
and t hen u ee l  l ocal expert i  e t re le ign 

e laun heel 
the •stem in J a nuar , ju l as large i ndu · 
t ri here began to wi tch on t heir air 
cond i t ioner · .� 

E PRI pr 1cct manager Robert F risch
m ll l h  commen ts, · ·  here com bu l ion l lH

b in  · are kept in a Late of pera L i  nal 
readi nes for short -durat ion demand pcr i 
c d and \ here ri · i ng peak dema nd a l ls 
fi r addi L iona l p , e r, t he  eva 1 ora1 i e 
coo le r approach i frequ n t l y  the tec hnol -

g ' r choice.' ' 
The pra , cooler i avai labl e for l i cens

i ng by generat i ng compan i in earch o f  
ways t o  qu ick !  i ncrca e peak g nera L i ng 
capaci ty at com bu tion tu rbine plan L . 
• Fo r more i 1 1fon1 1al io 1 1 , co1 1 t c1cL Robert 

ri li m ut /1 , G 0) 5 -2 79. 

EPRI and EGAT to Study 
Electricity Use in Thai land 

T he Elect r ici ty cne rat i ng u t hor i ty or  
T hai land CE AT ) ha.s igned an  agree

men t  wi t h  P R I  LO t ud lcct ri i ty u in 
Thai land as part of t hat coun trys demand-

idc m nagement e fforts. The study, 
wh i  h w i l l  u equ ipm nt deve loped by 

PR I , i b - ing fi nanced b Lhe World 
Bank  t h rough t he lobal nvironmem 
Faci l i ty. Th fi nding , i l l enable GAT L 

under Land clect rici t u age pal lerns 
throughou t the  counll) and,  · a r u l t ,  
to design program LO i ncrease efficiency 
and t hus reduce grecn h  u e ga emi • ion . 

The pr 1ect data w i l l  be c l l  cted b 
mean f EPR I '  patented l L ( on-
l n t rusi e ppl ia nce Load-MoniLOring 
tem) tcchno log 1, \Vh ich featu re· a ma l l  
elec t ron ic data re order Lhat  fi t between 
a cu  tomer'- wat thour meter and the  
meter ocket . Th ' de  i e determ in · t he 
c lect ri i t , b ing u d b various ppl i 
ance i n  a h o u  e and then Lran m i  t he 
i n formation d i rect ! 10 t he tn ilit . i th 

L LM , i t  i unnec� ar for u t i l i t y  per
sonnel 10 enter  u tomer ' home to i n 
tal l  equ ipmen t  or to re trie e data .  The 
, · t m an i dc nt i f  pov er con umpt ion 

panern for an en l i rc house or for a n  i nd i 
\'ldual  appl ian \ i L hou l  t he need to 
meter each appl iance eparatel . 

age pancm wi l l  be tudied in urban 
and ru ra l n i ronmen ts ,  and mon i tori ng 
wi l l a l  extend 10 commercial eni ng . 
The r u l L i ng clataba on energy con -
l l lTi l L ion w i l l  form a tatist ica l l  repre
e.ntat iv foundat ion from which EGAT 

can both determine and foreca L electri 
it demand, enabl ing the u t i l i ty  to e a l u
ate exi t i ng energ efficienc}' program as 
v e l l a LO de ign new one . 

Thai land lead ia i n  mbark ing on 
uch an 'l n i d mane!- ide manage

m n t  program. \,\l i t h a national growth 
rate  or 6%, E AT is preparing to meet L he 
i ncrea ing demand r r elect ric pow r. 
Don Baker, ic pre.siclem for P R I  l mer
nat ional , comments.  "We are pleased and 
honored LO be tr ngthening ou r part ner-
hip , i L h  E AT, and we l ook forward to 

de monst ra t i ng EPR ! 's staL - f- t h  -art 
I LM techn logy in this first i nterna

t ional  appl icat ion . "  

t\ f11y/j1mr 1 998 EPRI JOURNAL 7 



• 
b y  J u d y  G e r b e r  



TH E STO V I N  B EF 

Concerns about efficiency, resource conser-

vation ,  and t ighter env i ronmental regulation are prompting 

farmers to modern ize their operations, turning in many cases from 

traditional fossi l-fuel-driven systems to the greater capabi l ities offered 

by electrotechno logies. EPRI, through its Agr icu ltural Techno logy Al l iance, is  

spearheading the development and appl ication of these techno logies, to the 

benefit of farmers and e lectric uti l ities al ike. The al l iance has already 

produced promising advances in crop irr igation , pest control, 

produce d isinfection ,  grain harvesting and storage, weed 

reduction , l ivestock waste management, 

and fish farming. 



ood has captured its share 
of headlines in recent 

years. Reports of E. coli contam
ination in beef, strawberries, and raspber
ries have raised questions about the safety 
of fresh and processed foods in the United 
States. Key farm chemicals i.n use for de 
cades, like methyl bromide, have come 
under scrutiny or been banned outright. 
Stricter enforcement of the Clean Air and 
Clean Water Acts is forcing livestock pro
ducers to install more-costly waste dis
posal systems. And the U.S. Food and 
Drug Administration (FDA) is currently 
soliciting public comments on its new 
definition of what con
stitutes organic produce. 

largely be<--ause of the remote, 
spread-out nature of many ag
ricultural operations, farmers 
have traditionally turned to 
fossil-fucl-lired energy options 
-including gasoline, propane, 
and diesel engines--rather than 
lo electric mowrs, which are 
more efficient but require string
ing three-phase power lines to 
far comers of the farm. 

But times have changed. U.S. 
farming operations wday bear 
little resemblance to the labor
intensive family farms of 50 or 

Toda)''s consumers are 
demanding an absolute
ly safe food supply. Re
sponding to recent cases 
of food-borne illnesses, 
the Clinton administra
tion requested an addi
tional $71 million from 
Congress for food safety 
programs in 1999. and 
the president also pro
posed the banning of im
ported produce that does 
not meet U.S. inspection 
standards. Such measures Trunk diameter sensor 

are intended not only 10 protect individual 
American consumers but also 10 level the 
playing field for imported and domestic 
produce- an important issue, since the 
agriculture industry is responsible for a 
sixth of the U.S. gross national product. 

In light of these developments, the agri
culture industry is having to rethink its 

� approaches to a number of farming opera-
tions, and farmers are increasingly looking 

i 10 highly sophisticated electrotcchnologics 
if to solve new as well as old problems. De
a spite the importance of agricultural pro
: duction to the nation, however, utilities 
� have not full}' recognized the sector's mar
: ket potential. One reason is that farms arc 
1 largely camounaged in a utility's customer 
::. base. Because there arc no SIC (standard 
J industrial classification) codes for agricul
' lure, it is difficult to track this load, and 
! most farms purchase electricity al residen
- tial rather than business rates. In addition, 
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100 years ago, which were tilled with a 
horse or a diesel tractor. Now, even small 
farms may gross over $ L00,000 in sales 
per year. Agriculture has become a major 
industrial operation, with the tilling of 
thousands of acres on a given farm and the 
factory-style production of livestock and 
poultry. The qu.tint perception oflow-Le<.:h 
agriculture needs to catch up with modern 
realities, which include farmers who arc 
computer literate, technically and com
mercially sophisticated, and interested in 
the efficiency and enhanced productivity 
offered by cutl.ing-edgc electrotechnologics. 

To increase awareness of these realities 
and promote synergy between the agricul
ture and electric power industries. EPRl 
joined with some 40- 50 member utilities 
and representatives of private, government, 
and nonprofit organizations to create the 
Agricultural Technology Alliance in 1994. 
The ATA's primal')' role is to facilitate its 

In crop irrigation research at the Agricultural 

Technology Application Center in Tulare, 

California, sophisticated sensors strapped to 

young peach trees measure daily changes in 

trunk diameter caused by water uptake. By 

correlating this information with data from 

soil moisture probes, researchers hope to 

develop a highly automated irrigation sys

tem that would be triggered by the trunk 

sensors a full day before soil probes would 

indicate a need for water. 

members' efforts 10 expand the use of clec
trotechnologies by their agricultural cus
tomers. To accomplish this goal. the ATA 
carries out research, development, and dem
onstration projects to enhance agricultural 
efficiency. reduce agricultural pollution, 
create new electricity markets, transfer 
technology from other industries, promote 
rural economic developmelll, and shift 
loads from on-peak 10 off-peak hours. The 
AT A's market expansion work alone prom
ises tremendous benefits for cnerg)' pro
viders. The alliance has already identified 
electricity-based technologies that can 
substantially improve crop production, 
crop handling, livestock management, ir
rigaiion and pumping, and aquaculture 



and other forms of controlled
environmem agricuiLure. 

An ATA study based on infor
mation provided by the U.S. De
partments of Agriculture, Energy, 
and Commerce indicates that there 
is a large potential customer base 
for these technologies. Currently, 

After El Nino 

Considering the El Nino-related 
rains tha1 have inundated the 
western United States over the 
past several months, it's difficull 
to remember that water is a pre
cious commodity there. But as 
the region's newspapers indicate 
periodically in screaming head
lines about ·'water wars," water 
availability is a critical concern to 
the agriculture industq� with effi
cient irriga1ion practices a key to 
effective and economical produc
tion. And quantity is not the only 
concern. In California's San Joa
quin Valley, as well as other parts 
of the country, carefully con
trolled irrigation is an absolute 
necessity 

'l-5 siates have 20,000-40,000 farm- Soil moisture probe 

ing operations each, accounting for about 
3% of the nation's electric power use. The 
study estimates that over the next five 
years, 80% of all new electricity revenues 
in this market will come from new e\cc
trotechnologies like advanced electric mo
tors (including the single-phase Wriuen
Pole motor), electric tractors, the McLeod 
harvester, and aquaculture systems. Ac
cording to the study, if only l % of U.S. 
farms took full advantage of these elee
trotechnologies, U.S. utilities would earn 
over a billion clollars in acid itional rev
enues each year. Other electricity-based 
applications with considerable potential 
for increasing load include chilled aeration 
of stored commodities, postharvest chill
ing of produce, and the use of ozone for 
disinfection and fumigation. 

quality. GovernmenL regulators are in
creasingly concerned about runoff, be
cause of problems with microbial, nitrate, 
and herbicide and pesticide contaminaLion 
of Lhe waler suppl)'· 

Sciemists from the University of Cali
fornia at Davis and from SouLhern Califor
nia Edison (SCE), in conjunction with the 
ATA, have launched a series of research 
projects bringing LOgeLher Lhe most ad
vanced methods of irrigation with a re
fined understanding of when crops actu
ally need water. The researchers are using 
trees and vines planLed last fall al the SCE
EPRI Agricultural Technology Application 
Cemer (AgTAC) in Tulare, California, to 
study Lhese processes. 

When to water crops used LO be a simple 
de<.:ision. lf the soil was not wet enough Lo 

the touch or if the planLS looked wilted, it 
was time to water. In the la Le 1950s, farm
ers used instruments inserted in the soil 
to measure moisture content and reHed 
on weather forecasLs and air measure
ments Lo estimate plant evaporation rates. 
More recently, scientists have developed 
ways to measure actual transpiration-the 
passage of water vapor through a leaf's 
surface membrane. A new swcly indicates 
that the diameter of a Lree trunk or a vine's 
stem changes with moisture. The Tulare 

l ; 
� i 

: : ' ' 

project is swdying ways to 
correlate all these factors, us
ing sensors strapped lo tree 
trunks. Eventually, such sen
sors could signal global satel
lites that would automatically 
turn on computer-controlled 
irrigation systems 24 hours 

before soil moisture levels or plant stress 
would indicate a need for water. 

But maximizing crop production does 
not necessarily mean watering to avoid 
stress on a plant. Botanists at UC Davis 
have found that maximizing yield could 
involve stressing a plant early in its growth 
cycle. They have determined that some 
wines are beller, for example, if water is 
withheld at certain times to shock the 
grapevines. Fruit trees can be stressed 
early in the growing season to increase 
nower buds the next year. The UC Davis t, 

� projecL will help determine which water- ; 
ing schedule works besL for which crops. : 
Precise, computerized irrigation schedules � 
will be critical to the successful implemen- i 
talion of these methods, since too much � 
stress could kill the trees or vines. l 
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t ural crops, but SCE sci
entisLS are already testing 
iLS effectiveness on citrus 
fruit, berries, and vegeta

- bles in expectation of reg-
� ulatory approval. 
f Also under investiga-
8 Lion is ozone's potential to 
2 control molds and insecLS 

in grain storage facilities 
that current!)' use melhyl 

; bromide. Final results are 
; a few years away, but there 

; are other electricity-driv
!i en options that have al-

,_.. ___ .,. e ready proved effective for 

A project at California 
State University at Fresno 
will determine how best 
to deliver water to a crop 
through a subsurface drip 
irrigation (SDI) system. 
Traditional flood irrigaLion 
spreads water all over the 
cullivated land, while con
ventional drip irrigation 
delivers small quanLiLies 
of water slowly and fre
quently to each plant at 
the soil's surface. SDl, in 
contrast, uses buried lines 
LO deliver water directly to 
a plant's rooLS. Water lines are buried at root level in research on subsurface drip irrigation (SDI) such storage applications: 

at California State University at Fresno. Computer-controlled SDI systems with SDI is a computer-con
trolled, automated tech-

chilling and refrigeration electric pumps are expected to use 25-50% less water than conventional irriga-
technology, for example. 

nology fcawring electric 
tion approaches. 

pumps, which are more reliable for pro
viding precise, stable water now than are 
pumps driven by combustion engines. In 
experiments in the Midwest, SDI wilh 
electric pumps used 25-50% less water 
than surface or sprinkler irrigation, since 
evaporation, runoff, and drainage losses 
were greatly reduced. Just as water use 
goes clown with more carefully Limed and 
placed irrigation, systemic pesLicide and 
fertilizer use can also be greatly reduced 
by this type of root-delivery system. 

The demise of methyl bromide 

In the United States, methyl bromide has 
long been considered Lhe most effective 
broad-spectrum biocide available Lo con
Lrol pathogens and insects in soil and stor
age facilities. But Canners will soon need LO 
have new control methods in place. The 
Clean Air Act defines methyl bromide as 
an ozone-depleLing chemical, and the gov
ernment has mandated Lhat iLS production 
cease as of January 1, 2001. As a result, the 
ATA is developing energy-efficient, cost
effective alternatives Lo methyl bromide. 

AL the AgTAC facility in Tulare, UC in 
vestigators and other scientisLS are using 
tomato and carrot planLS to study the ef 
fects of injecting electrically generated 
ozone gas into soil as a preplanting treat
ment to control fungal and bacterial attack 
at the root level. They are also looking at 
how ozone can improve crop yield and re-
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duce fertilizer use. EPRI project manager 
Gary Obenhof says that data from earlier 
studies elsewhere look good, and he ex
pects further cultivation LO show conclu
sive benefits. 

Other researchers are looking at the foa
sibility of using ozone instead of methyl 
bromide to disinfect harvested fruit. Ozone 
has a long history of effectiveness as a dis
infectant, having been used for decades 
in Europe to disinfect water supplies. In the 
United States, the 
FDA accepted ozone 
as a GRAS (gener
ally recognized as 
safe) substance for 
disinfecting bottled 
water in 1982. EPRI 
sponsored the affir
mation of GRAS sla
ms for ozone in fond 
applications, which was accepted without 
comment by the FDA in 1997. Some regu
latory hurcUes remain before ozone is ap
proved for use as a disinfectant on agricul-
ln chilled aeration technology, insect infesta
tions in grain storage silos are eliminated 
without methyl bromide or other pesticides 
by blowing cold air through a silo at a tem
perature at which most insects will neither 
thrive nor reproduce-around SO-S5°F. 
Because grain is an excellent insulator, only 
two treatments are needed, even in summer, 
and the portable chiller unit can be rotated 
among silos on a number of farms. 

Chemicals have been the 
method of choice in this country because 
methyl bromide has been less expensive 
than the electric power required for chill
ing. In Europe, South America, and some 
pans of Asia and the Middle East, how
ever, storage facilities already use chilled 
aeration LO store over a billion bushels of 
grain every year. ATA research indicaLes 
that, with the banning of methyl bromide 
and the advances being made in single
phase motors (discussed below), chilling 

will become a cost
effective choice for 
storage facilities here. 



The cu rrenL . .  fu migat ion me thod for 
s LOred grain is both i nefficient and wa 1e
ful , often req uir ing m u l L i p le appl icat ions 
of methy l  brom ide. A fter t he grai n  is dried 
and fum igated, air t ambiem temperature 
i blow n t hrough the  bins LO clear out L he 
gas. I n  a warm cl imate , t hat ai r  end Lo 
heat t he  gra i n , a l lowing a rei n f  ta l ion of 
i n  eel . , nd t he wh o l e  treat men L  cycle 
Lhen has to be rep at d. In warm , dry c l i 
mate , a m bi - n t  aera t ion a lso brin ks the  
size of the  grai n  by removing moi w re. 

Chil led aerat ion  can provide a arer, 
more econo m ical pr ce , pan i ular ly for 
high-va lue food gra i n  l i ke pop ·orn , rice , 
wheat , w h i te o rn ,  and o ther food ta ple . 
M o  L i n ccts l iv ing i n  grains do not repro
duce al temperature below 55°F, and t hei r  
growth rate drop exponen t ia l l  for every 
degree from that tempera ture dO\ n to 
50°F. ince gra in  i an xce l len t  in u la tor, 
the c rop remai n at a low tem perat u re 
once i t  i coo led ; o n l y t he o u t er laye r 
need to be recooled. I n fact , at a dept h of 
4 feet in to the gra i n  container, tem pera
LUr  var by on ly  a couple of degre a 
year. Even in hot su mmer month , toragc 
bins need on l two chi l l ing tTea1 mcn be
fore coo l r fa l l  t mperatures et i n ; this i 
t rue even for bin hol di ng 45 ,000 bu h I 
of grai n . M o reove r, because the  o perator 
can control the amount of humid it in t he 
a i r  b lO\ n through Lhe  b i n ,  gra in  h rinkage 
is reduced w i t h  ch i l led aera t ion. 

Pu rdue n iver i ty scient is t  ran su m 
m e r  whea t - c h i l l ing rial to t c  t t he  pro
ce s. The found that i t  co t 0. C 10 1 .0¢ 
p r bt hel t keep grain ch i l led at 50-55° . 
The re u l t ing aving from red uced h ri n k
ag were 2 .5¢  per bushe l .  

G ra in  ch i l ler are a l ready com mercia l ly 
available fr m o n  . .  man u ra t u rer-

G M a n u factu r i ng of i i �  a u kee-and 
at lea t i · E uro 1  an om panie . The ch i l l 
er a r portable u n i  , a l lowi ng a fac i l i ty  
lo inve t in one  ch i l ler t hat can be ro Lated 
among a n umber of b in  . ma l l  fac i l i t ie 
can eve n lea e t he u n i t s .  

More capabi l ities 

from motors 

l mpro ement in elect r ic 
motors promi e h igher ·f
ficienci and co t savi ngs 
a we l l .  The EP R ! -dcvel
oped Wri uen- Pole mo tor, 
i n  part icular, ha the  po
t en t ial to o e rcome t h e  
most signi ficalll hurd l e  fo r  
electric i t  use i n  agricu l 
ture-the need 10 power 
large mach i nery. 

i nce the are loca ted 

motor' low torque and tart ing u rrem 
mean t hat i t  takes a re latively long L i me to 
c me up 10 peed- 1 10 5 m i nu tes ra t her 
t han cond -bu t  low tar a re not a 
probl em f r mo L agricu l t u ra l  equipmen t , 
i n  · l ud ing i rri oa1 ion pump and ool i ng 
fan . I n  fa t , the  le isu rely startup  ca n ex
t nd pump ! f f  b avoid i ng t he water ham
mer e ffect c 111 111011 i n  i rrigat ion and other 
pumping a ppl ica t i  n . The  ri l l  n -Po le  
mo LOr i s  rated at 94% effic i  nc ; d i  el 
e ngi n  , b y  com parison, are u ua l ly abou t  
35-40% fficient . 

i n  ru ral areas, mo · t fam, 
have on l y si ngle-pha e 
e l ectr ic i ty ervice. And 

T h e  Written-Pole motor, developed b y  E P R I  a n d  Precise Power, 

opens up a tremendous range of electrotechnology appl icat ions 

in agr icu lture because it can run large machinery on the s ingle-

i ngle-phase power, wh i l e  phase power typical ly provided t o  rural areas. 

appropr iate for modest need l i ke l igh t i ng, 
is not pract ical for ru n n i ng large motor 
and othe r h igh- power device v i t hou t  the 
add it ion of costly phase convene r . Bring
ing  regu la r three- pha ·e power  t o  a new 
locat ion can co t up LO $30,000 per mile , es
en dal ly  prohibit i ve for (a rmer and elcc-

tri  ut i l i t ie . -or th i  rea on ,  farmer have 
rel i d p r i mari l on di el- and propane
d riven engi nes, \ hie!, are u ual ly more 
e pen ive, less effic iem, noi ier, and le s 
re l iable than elec tr ic moto rs. T hey are a l so 
m u  h more d i ffi u l t 10 con t ro l  remote ly. 

The Wri uen-Po le  m otor a la rge-hor e
power motor d igned to run on ingle-
pha e p wer, o lv  t he e problem . I 
i nnova L ive design al to, it to be act ivated 
wi t h  a much lowe r tart i ng  cu rren t  t han 
o rd i nary moto r can  b . i t  an clr i  e 
load of u p  L O  60 hp wi thout  t ra in ing 
i ngle- pha c d i  t ribut ion )' tem . The 

The r i t ten -Po le moto r· h igher dTi -
i en  y an t ran late into ub tan t ia l  sav-

i ng for farmer  and othe r LLSc rs. For ex
a m ple ,  Preci e Power orpora1 io n , t he 
motor' ma n ufacturer, e t i  mate t ha t  oper
at i ng a 40- hp irr iga t ion pump 2000 hours 
a year w i l l  cost ove r l 000 more , i t h a 
t h ree-pha e mowr and rota pha e con-
verter than w i t h  a Wri l len-Pole motor. An 
engine-driven pump would co t a  \ hop-
p ing $ l 0 ,000 more a year to operate , 
as u m i ng fue l  co ol' $ 1 . 25 per gal l on . 
Preti Pow r' c la i m ha e been ve r i fied 
by i nde pendent  te · ts funded b E P Rl and 
the ooperat ive 

ocia t ion at the  niver i t y  of M i  ·ou ri . 
lcarl , the i n i t ia l  cap i tal o u t l ay of 300 

per hor epower for a Wri L Len - Pol e m o tor 
, ould be easi ly ret urned in sa i ngs on op-
era l ing co t over t h e  moto r' e 1 i ma ted 
25-yea r l ife .  
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The Mcleod harvester 

Thi pa L fal l , inven tor Bob Mele d Lo k 
his prototype McLeod harvester out to 
the  Ru tt l  dge fami ly fa rm in Man itoba, 
Canada, to harve t 300 acr f gra in . l n  
the  process, he demon tra ted a n w elec
t rotech no logy t hat p roduces a c l eaner 
gra in  prod uct , red uce the  need for herbi
c ides, and he lps feed r id n t  l ivestock as 
w l l .  Trad i t i nal l y, farmers dr ive a com
bi ne t h rough t he i r  fie ld that cuts the 
crop, eparate the  gra in fro m the  straw, 
and 1.hen pit the L raw, haff, and weed 
eed ou t  the back in a econdar proces . 

I n  Lhe next  growfog sea on ,  1.he weed 
eecl produce more weed t hat 

mu l be dest royed t h rough herbi
cide appl icat i on  . 

The McLeod harve Ler, which 
consi t or a mobile un i t  and a ta
L ionary m i l l , e l i m i nate mo t of t he 
waste and i mprove the effic iency 
of harvest i ng. P u l led and powered 
by a LTactor, the mobi le un i t  cu t  

T h e  McLeod harvester, an innovative two

part harvesting system, produces a cleaner 

grain product than conventional  combines 

whi le reducing grain loss and the need for 

herbicides in subsequent planting cycles. 

The harvester's mobile field unit cuts and 

threshes wheat like a combine, but instead 

of discarding the chaff and weed seeds in 

the field, it reta ins these components with 

the grain.  This mixture, cal led graff, is  then 

processed by a stat ionary electric mil l  unit 

(powered by a Written-Pole motor) , which 

c leans the grain and produces a high-value 

l ivestock feed from the crop residue formerly 

left in the field. The cost of the two-part h a r

vester is less than that of a combine. 
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and t h re he t he crop j u  L l ike a combi ne, 
t hen eparates the straw from the  gra in ,  
chaff, and weed eed . l n L ad of p i t
t i ng the weed seeds and Lhe chaff back 
out into the field , however, the un i t  keep 
i L  mixed wi th l 11e gra in  (in a mi xture 
McLeod al l gram and carries it back to 
the  stat ionary mi l l , l ocated near the farm's 
sto rage b ins . The m i l l , which is powered 
by a Writ ten-Po le 111 tor, automati a l l y  
separates good gra in  from " avi n " made 
up of cha ff, \ eecl d , and mal l r grain 
kernel . The a i ngs are then cm heel and 
u ed for liv tock feed wit.haul further 
proces i ng. 

Stat ionary cleaning mi l l  

cLeod ay the new equipmen t ha 
many advantages over a c mbi ne .  First , he 
expects to be able Lo sel l  i t  for around 

105,000. Current est imat are f r the 
mobile fiel d uni t  L O  e l l f r 50,000 LO 

55 ,000, and the  clea n i n  mi l l , $50 ,000. 
A combine co ts wel l  over that amoun t, 
typical ly $ 1 50 ,000. S co nd ,  making pro
duct i ve  u e o f  t he  cha ff m ix red uce ex
pendi ture on l ivestock feed; the mix has 
an annual feed val ue of about 1 4  per acre. 
Thi rd , cLeod's m i l l  does a beuer job of 
processing, and the cleaner grain results in 
an e t i mated reduct ion of 1 per acre in 
the dockage fe the fanner pays for h ip-

pi ng and torage . The McLeod har
vester makes good envi ron mental 
se nse as wel l .  A farmer spends 
about $ 1 5 per acre on herbi c ide for 
a typica l grai n farm .  Because the 
harve ter leave far fewer weed 
eed i n  the  field, t here is ign ifi-

can l ly les need for herbicide. 
� Farmer curren t l y  col lect i ng weed 
� ed by other method need on ly 
':: a quarter of the herbicide t he i r  
§ neighbor u e. 
� G rain and catt le farmer  Garth 
- Ruulcdge say t hat the technology 

make l ots o f  en e . o d id  the  



Large particles of manure flushed from 

livestock barns with water can be screened 

out physically by using a filter. In a rela

tively expensive second stage, the remain

ing effluent is sent to an aerated waste

water pool where the smaller particles are 

treated in a bacterial process. Researchers 

at the University of California at Davis are 

experimenting with the use of chemicals 

like aluminum sulfate to coagulate the fine 

particles so that more of the solids can be 

removed in the filtering stage. 

neighbors who came to 
his farm to watch McLeod 
test the harvester on a 
wide variety ofcrops-300 
acres of spring wheat, bar
ley, oats, rye, canola, and 
flax. The demonstration 
opened Ruttledge's eyes to 
the possibilities for elec
tric power on his farm. He 
says tbat the combination 
of an electric motor with 
Lhe McLeod harvester has "a potential 
that's really impressive,'' and he's already 
figured out that electricity would be much 
cheaper than diesel fuel on his 2500-plus 
acres. 

Initial data show the mill costs $0.75-
$1 .00 per hour to run on a 20-hp Wriuen
Pole motor. McLeod says there are other 
advantages LO powering his mill with elec
tricity. An electric motor lends itself to 
automation because it is so reliable and 
requires less supervision and maintenance 
than combustion engines. And the more 
automatic the operation, the more time 
available to the farmer to tend the crops. 

Living with livestock 

The industrialization of agriculture has 
brought changes that go far bC)1ond the 
creation of larger, more efficient farms. 
Much like factory assembly lines, indus
trial farms tend to specialize in a particu
lar product. In the world of livestock, that 
means raising tens of thousands of cattle, 
pig<: or poultry in a relatively small space. 
But no mauer how streamlined the opera
tion, livestock are living creatures that 
produce enormous amounts of waste. In 
California, the leading dairy production 
state, cows create the waste equivalent of 
a city with 21 million people- and no 

sewage treatment plant. Since organic 
mauer can be productively returned to the 
soil, animal lots are typically hosed down 
and the manure slurry collected to spread 
on adjacent fields. In small doses, that 
method works well. But in today's world of 
huge dairies and swine farms, water and 
air qualiLy issues as well as public health 
concerns are driving the passage of regula
tions aimed at conLrolling livestock waste 
disposal. 

In January of this year, the New tor/1 
Times ran a front-page series about how 
the Centers for Disease Control traced E. 

coli bacteria on lettuce to contamination 
from cow manure on a California farm. 
And E. coli is not the only problem coming 
from livestock farms. According to the 
California Water Quality Control Board, 
too much waste runs off into groundwater 
and creeks, endangering California's most 
precious resource- water. When the land 
is overloaded with manure, nitrate and 
phosphorus leach into the water (see ac
companying stOr)� page 18). Arnmonja and 
other volatile compounds escape into the 
air, creating a foul odor that is a nuisance 
Lo neighbors and reduces property values. 
The challenge to scientists and utiliLies is 
to come up with efficient ways to dispose 
of manure without hurting the environ-

ment or contaminating fresh food. Until 
now, the process has been expensi ve, but 
EPRI and SCE are sponsoring a demon
stration project that may solve the prob
lem with a relatively low cost system. 

After farmers flush away solid waste in 
the farmyard with water, they have to sep
arate the solid and liquid wastes-usually 
b}' screening out the solids with a filter. 
The filtered efnuem is then subjected LO an 
aeration process that promotes biological 
beneficiation of the waste. In the aeration 
process, air is introduced into the liquid 
waste fraction to enhance the growth of 
hecerotrophic bacteria. The bacteria oxi
dize the line manure particles to nitrate 
and nitrite, and sulfur compounds are 
reduced to elemental sulfur instead of to 
smelly sulfide. The more solids, the more 
oxygen it takes lo support the waste
processing bacteria and the more expen
sive the treatment. 

Unfonunately, in today's systems a large 
percentage of small solids pass through 
Lhe filter in the first stage and remain in 
the water. Ruihong Zhang, assistanL pro
fessor at UC Davis, says the key to reduc
ing the cost of effective manure treatment 
is to reduce the amount of solid material 
in the water before il goes 10 the aeration 
stage. She is experimenting with chemi
cals- including aluminum sulfate, which 
is already found in soil-that can help co
agulate the solids in the waste to make for 
more efficient separation. With much less 
solid material to process, the aeration step 
is expected to become more economical, 
largely because of decreases in compressor 
power consumption. The UC Davis and 
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SCE researchers plan demonstration rests 
in the field this year. 

Halfway across the country at the Uni
versity of Minnesota, researchers are look
ing specifically at livestock air pollution 
c.:ontrol. The federal government has es
tablished stringent new regulations to 
control odors from food processing opera
tions- regulations that even make it an of
fense for bakeries LO give off the aroma of 
fresh-baked bread. As urban areas expand 
ouL ward into traditional farmlands and 
mechanized farming creates more of a 
factory environment, more complaints are 
being raised about offensive odors ema
nating from animal refuse. 

Last fall, in a project principally funded 
by Northern States Power, vniversity of 
MinnesoLa scientist..s worked with Lhe ATA 
to test a pulsed-power process for odor 
control on a swine farm. Hogs are typically 
housed in a barn fitted with fans that draw 
air out of the confined space and disperse 
it outside the barn. Tn the process under 
investigation, a tubular reactor unit added 
Lo the airOow channel converts malodor
ous gases into more-acceptable chemicals. 

Prototype pulsed-discharge reactor 

Basically, the reactor generates pulsed elec
tricity, similar to small lightning strikes, in 
the tubes through which the barn air is 
blown. The electrical discharge produces 
highly reactive ions-cl1argecl particles 
that can destroy odor-bearing compounds 
like ammonia. The resulting volatile or 
ganic compounds, which can't be detected 
by smell, are Lhen dispersed into the ambi
ent air. After a three-\.veek test on the hog 
fanu, the project's leaders are oplimistic 
aboul the reacLor. 

Principal investigator Roger Ruan sees 
potential in the ted1nology, and not jusL 
for ammonia conversion. The chemicals 
generated by the reactor depend on what 
is in the air that passes through it, so the 
process has Lhe flexibil
ity to treat a wide vari
ety of odor problems. 
The researchers are con
tinuing to refine the pro
cess, and they plan to 
run more field demon
strations this year; the 
next one will take place 
on a potato farm. 

Last fall, University of Minnesota scientists successfully tested a prototype odor control reactor 

on air drawn from a hog barn. The reactor unit's pulsed electricity- similar to small lightning 

strikes-creates highly reactive ions that destroy odor-bearing compounds like ammonia. 
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Farmers and fish 

Other ATA researchers are refining the use 
of electricity-based technologies in con
trolled-environment operations- for ex
ample, greenhouse hydroponics and aqua
culture, both of which present lucrative 
sideline opportunities for farmers. Aqua
culture, also known as ush farming, shows 
particular promise, and EPRI has sup
ported the development of several dem
onstration projects over the past three 
years to provide assistance to this growing 
electricity market. 

Curremly, no standard aquaculture sys
tem designs exist, and each operation is 
one of a kind. 1n the fall of 1997, however, 
the ATA put out a call for proposals to de-

velop off-the- shelf de
signs, and three utili
ties were quick to sign 
up. In these projects, 
engineers are working 
with the utilities and 
commercial aquaculture 
operations in their ser
vice territories to de-

"' velop off-the-shelf capa� 
� bilities that will make 
i fish farming more cffi
"' 
i cient and less risky. 

f 
In the firsc project, 

0 the Nonh Carolina Fish 
Barn study. a research team from North 
Carolina Slate University and Carolina 
Power & Ligllt is developing and testing a 
modular fish-farming system de.sign that 
can be adapted to any environment in Lhe 
UniLed States. Alex Hobbs, a project en
gineer in CP&L's Concept Development 
section, describes such a system as an 
excellent opportunity for many farmers 
looking for other income to supplement 
their current farming operations. The au
tomated system, which can be installed on 
a relatively small piece of land, includes 
instrumentation that monitors fish growth 
and signals the farmer (through a pager on 
the farmer's belt) i f  something needs at
tention. The result is a decent return on 
the invesrment with a limited amoum of 
labor. In an earlier aquaculture scoping 
snidy, EPRl determined that it takes a min
imum of 100,000 pounds of fish per year 
to reach profitability. At that scale. the Fish 



tive side business for land farmers. The ATA 

is working with several utilities and aqua

culture companies to develop standardized, 

automated designs that will make fish farms 

easier to build and run. 

Barn system could pmuuce Gsh for $1.30 
a pound and sell it on the current live 
market at $1. 70 a pound. "After installa
tion," Hobbs adds, "the operator needs to 
expend only a couple of hours each morn
ing and afternoon in actual labor." 

Cayuga Aquafarms, working with New 
York State Electric & Gas in upstate New 
York, has a commercial operation designed 
for the production of a half-million pounds 
of tilapia annually. This year, the farm is 
scheduled to produce 300,000 pounds of 
fish while Lhe staff makes adjusunents to 
the sysrem, wh.ich includes a fish hatchery. 
Cayuga Aquafarms expects to be running 
al full capacity within 18 months. 

ln  a third project, Great Bay Aquacul
rure and Public Service Company of New 
Hampshire have been testing equipment, 
primarily tank design and biological fil
ters. They are completing a technical analy
sis of their system, which uses waste heat 
from a nearby power plant to warm water 
in the project's growing tanks. The present 
setup is expected to produce 300,000 
pounds of summer flounder a year. The 
development team says their data will be 
applicable to any aquaculture system of 
comparable size, regardless of whether it 
is connected to a power plant. Great Bay 
Aquaculture plans to use these findings 
to build a 400,000-pound commercial fish 
farm this year. 

The ATA is also involved with the reg
ulatory side of aquaculture. The Depart
ment of Agriculture has been hesitant to 

Raising tilapia fry at Cayuga Aquafarms 

recognize aquaculture as a form of agricul
ture. According to EPR.l aquaculture con
sultantJonne Berning, attitudes are slowly 
changing, and it will not be much longer 
before the agency gives full ag1icultural 
status to aquaculture. Once that happens, 
EPRl expects the industry to take off be
cause projects will be eligible for federal 
grants. 

By early 1999, EPRl staff members plan 
to have a practical manual available for 
utilities interested in promoting fish farm
ing. The handbook will contain detailed 
information about the equipment needed, 
vendors, operational procedures, and dis
ease control. A computer spreadsheet will 
be included to help utilities show their 
customers in a clear and simple way how 
they can apply the information to their 
particular needs. 

Sharing opportunities 

and benefits 

Agriculture is not the simple, straight
forward business it was 50 years ago. As 
Myron Jones, EPRI project manager for 
the ATA, explains, "The farming industry 
these days is up against tremendous prac
tical and institutional constraints in its 
quest to provide affordable, safe, and nu-

tritious food to a health-conscious popu
lation while minimizing or controlling 
environmental impacts. Regulations are 
t0ugh, but when ir's a matter of public 
health, food safety, or water pollulion, 
everyone has to comply." 

From the fields to the processing plant, 
new technologies researched and refined 
by the ATA are providing solutions to agri
cullural concerns. Electric utilities have an 
important role to play in promoting these 
solutions, and electric power has enor
mous room for growth in agriculture. As 
Jones says, "Electro technologies clearly pro
vide greater quaJity control, eITiciency, and 
environmental compliance, and if they are 
aggressively and successfully marketed, 
they will defi ni lely improve the farmer's 
bottom line." The ATA's goal is to make 
sure that this potential is realized. to the 
benefit of farmers and utilities alike. • 

Further reading 

·A Fresh Look at Ozone: EPRI Journal, Vol. 22, No. 4 
(July/August 1997), pp. 6 - 15. 

·The Written-Pole Revolution.' EPR/Journa/
1 
Vol. 22. No. 3 

(May/June 1997), pp. 2 6 -34. 

"Fish Market lures Utilities: EPRI Journal, Vol. 21, No. 4 
(July/August 1996), pp. 16-23. 

Bac/lground informationfor this atticle was provided 
by Myron .Jones, Energy Delivery and Utilization 
Division. 
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Robust ag ricu ltu ra l  prod uction has 

helped feed a burgeon ing world popu lation, but it has a l so 

presented a new cha l lenge: n itrate contamination of d r inki ng 

water. A product of fert i l izers that moves through the so i l  and 

can eventua l ly  wind up in dr inking water suppl ies, nitrate can 

be l ife-threaten ing to i nfants and has been l inked to a va r iety 

of other  health prob lems. Conventiona l d ri nking water treat

ment processes are ineffect ive aga i nst n itrate, leaving some 

commun ities to resort to bott led water. EPR I  i s  supporting 

the development of three tech no log ies that ca n he lp. 

E 
very year a pring approaches, parents of i n fa nt i n the 
ce n t ra l I l l i nois ci t y of Deca tur  l ine  up to get free bott led 
water from their community. The pract ice isn't a good
w i l l ges ture .  I t's required by the state 's Env ironme n tal 

Protec t ion Agency. 
ike ome 1 100 other om m u n it ies aero s t he coun try, Decatur 

is grappling w ith the issue of nit rate con tamination of i ts drinking 
water. A product of nitrogen-r ich fert i l izers and manure t hat ac
cumulate on agr i cult ura l land , nitrate can seep in to  bot h  u nder
ground dr i nk ing wat er ou rces l ike aquifers and surface sources 
Ii i e lakes and rivers . (Other, less ign i ficant ources of nitrate i n 

em a eriou , poten t ia l ly  fatal healt h  threat to chi l dren u nder 
6 mon ths old; studies have shown that infants who ingest i t  can 
deve lop met hemoglobi nem ia, or blue baby disease, in which the 
blood' abi l i ty to cany oxygen is im pai red. Less-conclusive stud
ies have al o l i nked nitrate to miscarriage and certa in  cancers. 

Recognizi ng the  problem in 1975 ,  the  U . . En i ro n mental Pro
tect ion Age ncy began to l im i t  t h n i trate level in dri nk ing water, 
speci fyi ng in the  ationa l Pri mary Drinking Water Regulations 
t hat i t may not su rpa 10 m i l l igram per l i ter of water. Individual 
sta tes vary in t h eir enforcemen t approach. ln I l l i nois, the state 

PA and Decatur officials agreed that once n i t rate contami nat ion 
c l ude cp t ic  tank and wa t ewater treatmem 
plall l  . )  i trat e-comam i nated water pre- b y Le s l ie La ma rre 

climbs to 8 .5  mg/L, the city m ust make 
bot t l ed water available to residents at r isk . 
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agricul tural production ha in 
creased tremendou ly to  feed a burgeon
ing world popu lat ion, the problem of 
ni trate contamination is growing rapidly 
not on ly in the Un ited tates but glob
a l ly. IL is of concern ,  for example, in many parts of Europe, Africa, 
the Middle Ea t , and u t ral ia . Although the is ue i mo t com
mon in rural areas, it also affects a number of urban communit ies 
that abut or incorporate farm land, including densely popu lated 
regions l ike t h e  Los Angeles Ba i n .  

In  1992, the U .S.  EPA esti mated that 4 . 5  m i ll ion  people in t his 
coumry, includ ing 66,000 at-risk i nfants, used dri n k ing water 
from either community supplies or domestic wel ls exceeding the 

federal nitrate l imit . In arid southern 
Cali fornia, each year an estimated 4% 
of the region' domestic groundwater cJ 
supply cannot be used for drinking wa- i 
ter because of n i trate con tami nat ion. � 

Big or small , urban or rural-communitie afni ted with n i trate � 
contamination are crambl ing to find a good solut ion . The d i ffi - � 

[j 

cul ty is that nitrate compounds are very sol uble ch m ica! and are � 
not removed or destroyed by convent ional drinking water treat- � 
men t proce es ( uch as fil tration , di infection , and coagulat ion : 
and settl ing) ,  which are aimed at e l iminating bacteria and sedi- � 
mem. Thus the way communities most com monly deal wi t h  t he � 
n i t rate p roblem is by di l ut ion, mix ing contaminated water wi th � 
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higher-quality water. "At present, there's 
basically no nitrate removal method that 
is both effective and affordable,'' points 
out Keith Carns, director of EPRl's Com
munity Environmental Center. That's why 
EPRL is supporting the development or 
three promising removal techniques, in
cluding a membrane-based technology 
now being tested in Decatur. 

Seasonal problem 

Seventy-six years ago, Decatur erected a 
dam to create Decatur Lake, which sup
plies 100% or the city's drinking water as 
well as water for the region's significant 
farming and grain processing industries. 
Over the decades, corn and soybean Gelds 
have expanded to cover more than 90% of 

Nitrate contamination of drinking water is 

a concern across the United States, as well 

as in virtually every other country around 

the world. This map, developed in 1984, 

shows the percentage of an area's water 

samples in which the nitrate concentration 

exceeded 3 mg/L. This concentration is a 

rough guide to the amount of nitrate that 

could be present naturally; the U.S. EPA 

regulatory limit for nitrate is 10 mg/L. 

• 25% or more 

II Less than 25% 

• Not determined 
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the reservoir's 925 square miles or water
shed. 

Every fall the region's farmers apply fer
tilizer 10 their fields, and every winter a 
good dousing of rain flushes the renilizer 
through the soil and eventually into Deca
tur Lake. "Nitrate contamination has been a 
problem in our water for quite a number of 
years," says john A. Smith, Decarur·s water 
production n_,anager, noting that the level 
usually reaches 8.5 mg/L by March and 
doesn't subside until late June. "This year, 
due 10 El Nino, we've gonen a lot of rain 
and hit the 8.5 trigger level in January." 

When nitrate contamination reaches the 
trigger level, Smith notifies local physi
cians, hospitals, the county health depart
ment, and the media that eligible residents 
can pick up free bottled water at rwo loca
tions in the cit)'· Parents or infants up to 
six months old are eligible, as are pregnant 
women who have a note from their doctor. 
Each household is entitled 10 two 1-gallon 
jugs a week per child. According to Smith, 
Decatur handed out 4500 jugs in the fiscal 
year that ended on April 30 of this year. 

Decatur's annual water distribution 
process should come to an end soon, how-

ever. In a 1992 letter of agreement with 
the lllinois EPA, the city said it would 
bring its drinking water into compliance 
with federal standards by April 15, 2001. 
As pan of this effort, Decatur has teamed 
up with EPRl and others-lllinois Power 
(headquartered in the city), the Illinois 
Department of Natural Resources' Waste 
Management and Research Center, and the 
U.S. EPA's NaLional Risk Management Re
search Laboratory in Cincinnati- to test a 
technology developed by researchers at 
the University of Illinois. 

Based on reverse osmosis, the technol
ogy involves pumping water at high pres
sure through membranes made of a syn
thetic polymer so that the membranes 
physically filter out the targeted pollutants 
while allowing clean water to pass through. 
Electricity plays an important role, pow
ering the pumps that generate the neces
sary water pressure and the backwash that 
prevents residues from accumulating and 
blocking the membranes. 

Most commonly used in the United 
States for desalinating drinking water, re
verse-osmosis membranes have also been 
used to remove such other contaminants as 

i 
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Cryptosporidium, Giardia, bac
teria ,  and v im e . ince in the 
case f nitrate compounds, Lhe 
con caminanL i di olved, t he 
pores of the membranes used 
mu L be m uch mal ler t han 
those of membranes for re
moving other types of concam
inan . I n  fact , the pore of 
nit rat - removi ng rnernbran 
ar a mi l l ion t h  o( a m i l l imeter 
or le in diameter-so mal l 
that re arch r have to u e a 
very powerful microscope to 
see them . 

v ironme n t becau  e, in uch 
an envi ro n rn n l , de n i t rify ing 
bacteria can u e nitrate as 
a u rce of o y en . For t he 
demonst rat ion , the  research
ers packed L\ o 1 -foot-tal l ,  
} - foot-d iameter reactor tow
er w i t h  a high ly porous 
packing mate r ia l  ( polypro
pylene) for the bacteria Lo 
popula te and t hen nooded i t  
L m in i mize dissolved oxy
g n. I n  rd r L o  grow, the  
bacter ia requ i re a carbo n 

R ear hers headed by Mark 
lark at the niversi ty of l l l i 

n o i  bega n test ing a pilot-scale 
membrane filtration system in 

Residents of Chualar, Cal ifornia ,  get their drinking water from a tank truck 

ource . In the  ca e of waste
\ a ter t reatmen t ,  the ource 
i raw cwage, whic h i obvi
ously not a ccptablc in d rink-

when n itrate contamination reaches dangerous levels. 

Deca tur  last Februa ry. Clark says t hat the  
re uh o far are pro m i  i ng, w i t h  ni trate 
reject i on rate in the range of 93-97% . 
Further test i ng wi ! l  continue through the 
su m mer, and an economic anal i o f  the 
proce s i l l  be performed. Final results 
hould be available i n  t he fall .  

t th is t i me, on! 
membrane filtra t ion 

one or L\ o ot h r 
tern i n  t he  ou n-

t ry  are bei ng u eel for nit rate removal. nc 
drawback LO L hi approa h i t hat i L  resu lts 
in a r l a t i  e ly large a mount of wastewater, 
equal to ome 20% of the original , ater 
o lume no\v ing into the sy tem . Dispo i ng 

of this contami nated water can  pre em an 
en t i re ly new chal \eng for com m u n i t ies 
t hat rely on t he membrane  t echno logy: 
The n iver i t y  or I l l i no i s  resea rcher ar 
exp l ori ng th po si bi l i ty of reappl ying t his 
wate r to agric u l t ural land as fer t i l i zer. 

Bugs and syrup 

Anot her P R I - pon ored techn olog for 
n i trate removal a oid the is ue of\  aste by 
a pproa h fog the  problem from an ent i rely 
differelll perspect i e-a biological one .  
Developed a n d  patented by re.searcher a l  
the ni er i ty of olorado at B ulder, L h i  
proc s invo l ve the  use of de n i t ri fy ing 
bacter ia .  

e eral pecie of the  e nonpath ogen ic 
bac ter ia natu ral ly reside in smal l  quan t i 
ties i n  o i l  and wa te r. Al though such  bac
teri a have been u ed to den i tr ify \ aste
wa tcr for 30 year , t hey ha e neve r been 

used in thi count ry to c l ean up dri n king 
wat e r-u n t i l  now. 

I n  a demon t ra t ion proje L pon red b 
EPRI , t he  at ional Ru ral lcc t ric Cooper
ative ociat ion , Morga n ou n ty Rural 
Elect ric s ocial ion, and Tri- lat e  ,cner-
at io n and Tran m i  ion ociat ion, t he 

n i  er it of olorado resea rcher have 
hown the i r  proce to be effect ive, rel i 

able, and afe.  Resu l t  fro m the  }'carlong 
demon t ration, conducted i n  the  fa rming 
commun ity of Wiggin , olorado, ind icate 
t hat the  tech nology con i tcn t l)' removed 
more t han  85% of the  i ncom ing n i t rate 
con tam i na n t , wh ich wa augmen ted to 20 
mgll for Le t ing pu rpo c . The e L i mated 
cost is 50¢ pe r 1000 ga l lon -a co t co n-
i c lered a ffo rdab le for smal l  co mmun i t ies . 

L ca ted 7 5  m i l e  nort h as t of Denve r i n  
Co lorado' e a  tern pla i n. , Wiggi n ( po pu·  
la t ion  650) i a place where farm i ng i a 
wa of l i re .  Dairy farms and crop farm 
producing co rn and wheat are the basi 
of m uch of the  communiL ' e onomic a -
t iv i t  . ccorcl ing to t he to, n manage r. 
John H oldren , n i trate l e  e l  ha e c l im bed 
a high as 7 .8 mgll in recent ear . Hol
d ren a the  demon tration ,  which con 
cl uded la t a l l , i ndica t that t he proc 
is a po si bi l i t y  for Wiggi n . But t he com
mun ity i awai t i ng fi nal project da ta  before 
maki ng a decision on whe the r  to i mple
ment  the  tech nology. 

Here's how the  proce s works. F i rst, i t · 
nee ary LO creat an o ·ygc n-dcplctcd en-

i ng water. I nstead, the re-
c.a rchers op ted  for food-grade com yrup, 

a common wce tener i n  pro c ed food 
and a subslan ce ma ny people a ociate 
wi th horn made t reats rangi ng from can
died apple to pc an pie. t h e  bacteria 
gro , the convert n i trate from the contam
i na ted water i nto n i Lrogc n ga , which i 
released harm les ly i n to the  a trno phere . 

fter den i t ri ficat ion ,  L h  water t rickle 
th rough a fi l t  r packed wit h  p lypropy l 
ene, which remo ' d i  lved organic car
bon  and panicu late ma t ter rrom t he water 
and adj u L i L  pH . Fi nal ly, the water flow 
through a and bed to re move any  re idual 
bacteria and  fi nl' I art i I . 

Because corn yru p i 40% ca rbon b 
weigh t and i a l ready approved for human 
consu m pt i o n , i t  i an idea l f ood  source 
for the bacteria. Anot her  advan t age is t hat 
the waler con lell l or the yru p i very l ow, 
m inimizing the  po ibi l i t  of con tam i na
t ion b other bacter ia . ! t hough com yrup 
wil l  CT}' ta l l izc at Im Lcmpc ra LUre , t h i  
problem can b e  easi ly prevented by using 
an inexpen i ve  heater. i negar , i th  n igh 
level of ace t i  acid are anot her pos ible 
food ource for the  bacteri a ,  bu t  the are 
typical ly more e pe n i e than corn yrup. 

Daca fro m t he Wiggi n demonstra t ion 
enabled the town of oyle ,  k lahoma. t o  
w i n  state approval for t he f ir t commercial 
application of the  L chno log . Th · tem 
is bei ng i n  tai led by i t ra t c  Removal Tech 
no logie of Go lde n , olorado, which l i 
censed t he technology from Lhe Univer i ty 
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Pilot-scale membrane filtration system in Decatur, Illinois 

EPRI is supporting the development of three 

very different approaches to removing 

nitrate from drinking water-one physical, 

one chemical, and one biological. 

of Colorado. IL is expected to be opera
tional this summer. 

JoAnn Silverstein, Lhe lead researcher in 
the university's developmenL work, points 
out that the system was designed specifi
cally for use by small communities with 
limited economic resources. "The entire 
system can be maintained by a part-time 
operator with a basic level of technical 
training," she says. 

It may seem odd that electric utilities 
would participate in a project that doesn't 
involve much electricity. But as Steve Lin
denberg, administraLor of the Cooperative 
Research Network at the National Rural 
Electric Cooperative Association, points 
out, there are other motives for sponsor
ship. "Clean water allows for economic 
development in rural areas," he says. ''As 
these communities grow and prosper, their 
utilities benefit too." 

Ion exchange 

The only technology for nitrate removal 
that has advanced to the point o f  being 
used on a commercial scale by water util
ities is the ion-exchange process. Long 
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used in a variety of other water treatment 
applications-such as making ultrapure 
water, producing boiler feedwater, and 
removing heavy metals from industrial 
waste-the ion-exchange process involves 
a chemical reaction that removes the u n 
wanted substance. 

In nitrate removal, for which ion ex
change is currently employed in some two 
dozen U.S. communities, the process uses 
an exchange bed made up of polystyrene 
pellets that are about the size of sand 
grains and have been treated with chloride 
or a similar substance. As the nitrate-laden 
water runs through this chloride resin, 
nitrate ions are exchanged for chloride 
ions, which are carried out in the water 
stream. Once the bed is saturated with ni
trate, it must be flushed out for reuse. A 
chloride solution is 1·un through the bed 
and picks up virtually all the remaining ni
trate while regenerating the bed with chlo
ride ions. The process results in a waste 
stream chock full of chloride and virtually 
all o f  the nitrate from the original water 
stream. 

Although not considered hazardous, this 
waste stream typically represents about 
3% of the original water input and can be 
costly Lo dispose of. In fact, the disposal is 
sue has deterred some communities from 
using the ion-exchange method for nitrate 

Inside EPRl's ion-exchange trailer 

removal. Research sponsored by EPR! and 
Southern California Edison is now devel
oping an electrochemical process that 
promises to resolve the disposal problem. 

In this new process, the waste stream 
from the ion-exchange unit passes through 
the cathode compartment of an electro
chemical cell, where nitrate ions are re
duced to ammonium ions. (The anode 
compartment, a necessary component of 
the electrochemical cell, generates oxygen, 
which can be harmlessly discharged into 
the atmosphere.) Since the ammonium 
ions in the resulting stream will not adhere 
to the exchange resin and since the chlo
ride ions are several orders of magnitude 
more concentrated than the ammonium 
ions, the stream is still useful for nitrate re
moval and can be circulated back to the 
ion-exchange bed. In a variation of the 
process, the cell's anode compartment can 
be used to convert the ammonium in the 
circulating stream to nitrogen for release 
into the atmosphere. 

"The advantage is that the water stream 
can be used many times over, with total ni
trate removal reaching 99%," says Myron 
Jones, who oversees EPRl's ion-exchange 
research. And for large water utilities, it 
may make economic sense to further i m 
prove the processs efficiency by treating 
the resulting waste stream with caustic 



Biological denitrification demonstration system in Wiggins, Colorado 

oda to remove a m monia . The , m monia 
n 1 h n be old for fe r i l ize r or om other 

appl i a t ion .  
The researc he rs sponsored by EPR I  and 

ou thern al iforn ia Ed i o n  ha e de e l 
op d , d m n t r, t i on - ca le mode l of a n  
ion-e change system t hat incorporate t h e  
e l ectrochemi a l  p rocess. The  s y  tern i s  
h o u  e el  i n  a t ra i ler that i che  l u l ed to b 
de l ivered 1 0  Tu lare , CaliG rn i a ,  for a fie ld  
test th i  summer. The syste m  is  designed 
to be l l e  ible and is adaptable to a broad 
rang of feed rate . ay J o ne , "The pro
cc can be ret rofi t ted to e i t i ng, fu l l -
cale n i t ra te remova l y t ern '' 

Search ing for solutions 

A com m u n i t ie earch i n  for t he pcrfc · t  
o l u t ion LO the nitrate contaminat ion pr b

l 111 w i l l disco e r, there a re man rac tors 
LO consider in decict ing which t ech nology 
to dep lo  . am of t he  Com111 un i t  nvi
ron me n ta l ente r, wh i c h  i coord i na t i ng  
EPRl's n i trate re moval research , no te  t hat 
the  size of a give n water treat ment  sy tern , 
the o nt aminan t  o t her than n i t rate pre -
en t  i n  the  water upply, t he  vo l ume of 
water pa ing  t h rough t he y t 111 , an I 
eco nomics w i l l  a l l  pla a role i n  t he  t reat
ment deci ion. 

8 ca u e the  ion-exchange pro css ha 
al ready been appro ed for denitr ifi at ion 

by a n u m ber of t a t  n i ronme n t al regu
latory agen ie , i t  may be an at tractive op
t ion for water u t i l i t ies l ooking for a qu ick 
ol u t ion . But ot her fac tor  may hinder i ts 

u i n  certa i n area . "Or in Lance, 0 111 
com mon grou nd� a ter co n ti t u en L  l i ke 
dis olved i ron ca n fo u l  t he  exchange bed 
and i nte rfere w i t h  the  ion -excha n ge pro
ces . And di po ing  of the  n i t rate- laden  
wastewater resu l t i ng from the  proces can 
also pose a chal lenge for ma l l  communi 
L ie � i th  l i m i t ed eco nom ic r ources. 

Th mem brane  fi l 1 rat ion proces pre-
e n ts an even bigg ·r d i  po.al chal lenge. 

The was t e  tream i m uch la rger t han that 
resul t ing from ion exchange, and i t  conta Lns 
not only ni trate but such o t her comam i 
nants a s  sedimen t ,  bacteria , a nd  po  sib ly 
eve n pes t i  i des . A l t hough EPRI' economic 
analy i of t he membran approach has not 
be n com plet cl, t he re u l t s  arc e pected to 
how t hat i t  i more e pen i t l 1an e i ther  

t he  ion-exchange or the  bio logica l tech
n ique. vert hcl s ,  for com m u n i t ies aim
ing  to eradicate a number of con ta minants 
from their dri nking water upp l i  , a mem
brane sy tern might be the  mosL attractive 
opt ion . nother advan tage i t hat uch a 
y tern requi re v ry l i 1 t lc ma in tenance and 

can even be operated re motely. 
With regard to wa L e ,  t he  b io logical o

l u t i on is t he  mo l nvi ronmc ntal ly fr iendly 

f the t h ree option at t h i  t ime. nd arn 
be l ieve t hat the economic compar i  on 
u nder way might f ind i t  to be the  most 
cost-e f� ct iv a we l l . One d rawback f the  
approach , ho\  ever, is tha t  the  ex i  t i ng 
tc hn logy wa developed pec ifica l ly for 
sma l l s t 111 and wa not de igned to 
handle rap id  now rates. ! though the bio
l ogical co n cept ·ould be appl ied to la rger 
y tcm , the technology it e l f  has not et  

been ca lcd up. 
A commun i t i  acros the cou n t r  de

l i be rate on the n i t rate removal i ue ,  an 
i ncreas ing n u m ber o f  power com pa nie 
ar get t i ng i n  olved . "We see i t  a a n  op
port u n i t to he lp the  l oca l water u t i l i ty 
w i t h  an nvi ronmen tal problem," ay J im 

ay, project coo rdi nator for l l l i no i  Pow
er. "Wat er supply i a key i ue i n  Deca tu r  
be aus  we  have a fa i r ly la rge i ndu  tr ia l  
base here who facil i t i e  use wat er. nd 
a good ,. al r ource for them can al o 
attract ot her busi nes es to our area . " Be
si de , he a , " u pport i ng a ni tra te re
mova l techno logy l i ke t h i  gi e us a great 
opp rtu n i ty to demonstra te one  o f  the  
many po i t ive roles electric i ty  can p l a  i n  
a com mu n i t  . "  • 

Bacl1gro11 1 1d i 1 1Jum1at io1 1  for 1 h is ,u-t i c le wa 11mvickd 
by Ke i t h  C,m1s ,md /l lynm jo11c , E11c1gy Del i 1•c 1y cmr/ 

1 i l i za t 1 1m  Div i s ion . 
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The Sto ry i n  B rief Why pay for energy 

when there 's a free stockp i le of it r ight 

unde r  you r  feet? With t he  he lp  of a 

geothermal heat pump  system ,  you 

can extract that energy from the 

ground and put it to good use, lower

i ng  heati ng and coo l i ng  costs . F rom 

pr ivate homes to pub l i c  schoo l s  and 

fast-food restau rants , an increas i ng  n um 

ber o f  estab l i shments are tu rn i ng  to geo

thermal heat pump systems for space cond i 

tion i ng .  Experts say 1 998 is already proving to be 

the best year yet for the tech nology, and they foresee 

an even more prom is i ng futu re .  by Les l i e  Lama rre 

he energy crisis of the  m id- 1970s dea l t  a harsh blow to t .  J o  eph's 
Indian chool in Chamberlain , outh Dakota. Heated with o i l ,  this 
elemen tary school fo r  disadvantaged ati  e merican wa ome
t imes left i n  the lurch when fuel trucks got snowbound or imply 
didn't show up on frigid wi n ter morning . Teacher re oned to wrap
pi ng their h ivering tuden ts in blankets. 

"The ituation ju t brought tears to your eye ," recal l  Richard 
iess, a con ult i ng engineer who worked for Westinghouse at the t ime.  He 

had learned of the  chool' pl igh t duri ng a telephone conversation with a 
brother of t heJ  su i t  order, w h ich run the schoo l .  The brother had cal led to 
i nquire about a heat pump L chnology he thought m igh t  be able to ext ract 
warmth from the ground and u e i t  to heat the  hoo t bui ld ing. ie con
firmed that indeed hi company had developed an electric heat pump that 
was being used i n  some industries to raise the temperat ure of hot water for 
clean i ng and proce purpo e . And h didn't ee any rea on why the tech
nology couldn't al  o be u ed to extract t hermal energy from tepid under
ground water and use i t  Lo heat the school. 
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And so i t  was that , with 
some modifications t o  the 
technology, St. Joseph's In
dian School became the 
proud owner of a geo-
t hermal heat pump sys

tem, which began op
erat ing in 1 980. " ur 
enough, it heated the 
school just fine, and the 
brother was the happiest 

camper you can imagine,'' 
says iess. According to 

Harold Juhnke , the school's 
faci l ity manager, the geother

mal heat pump is sti l l  running 
strong. Operating it co ts about 

half as much as heating wi th oi l ,  
he says, and it's a lot more rel iable . 
Geothermal heat pump ystems (also 

cal led ground-source heat pumps or geo
exchange systems) capitalize on a fundamen

tal fact of nature:  as l i t tle as 6 feet underground, 
the temperature remains stable year- round--gen

erally about  equal to the average annual air temper
atu re of a region (typica l ly  omewh re between 40 
and 70°F) .  By taking advantage of th is free energy, a 
geothermal heat pump system reduces the amount 
of electric ity required for space condit ioning. The 
system has an underground piping network ( tech
nically called a ground loop) that serves as a heat 
exchanger. In the heating mode, thermal energy 
from the ground is transferred to a water mixture 
circulating in the loop .  The mixture t ravels to the 
system's heat pump unit , which is qu iet enough to 
be located inside the building. There, a compressor 
is used to rai c the heat to a useful temperature .  Ln 

the summer months, the process can be reversed, ex- i 
t ract ing heat from the bu i lding and dumping i t  into I 

the ground to provide effic ien t  cooling. � 

When geothermal heat pump technology emerged in I 
Lhe United States half a century ago,  it was primarily a res- "' 
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i dem ia l  lechnol ogy. ow the re a re h un 
d reds o f  thousands of geot herma l hea t  
pump across the  cou n t ry, ope rat i ng  not  
on ly  i n  homes b Ll l  a lso i n  schoo ls , govern
mem b ui ldi ngs, office compl exes, and a 
ar ie ty of com mercial es t abl ish men ts . I n

terest i n  the  tech nol ogy i r i s ing steadily, 
pa r t i cular ly in th com merc ia l  markel eg
ment, says Mu kesh l<hauar, who manage 
E P R ! :S research on systems for commerci al 
ap pl icat ions. 

h i  s ta t e men t  is supported b tat i  t ic 
from the GeoExchange I nformat ion Cen -

Students a t  St. Joseph's Indian School 

in Chamberla i n ,  South Dakota, enjoy a 

comfortable indoor environment even 

dur ing the region's harsh winters, 

thanks to a geotherma l  heat pump 

system instal led at the school in 1 980. 

t e r, wh ich i fu nded by E P R I ,  the  
U . .  Departmen t  of E n ergy, the . .  
Environmemal Pro tection Agency, 
elect r ic u t i l  i L ie , and the  geot hermal heal 
pump i ndu t ry. The i n format ion  center i 
part o f  t he  Geo t hermal H eat Pump Con
so rt i u m , a no n p rofi t  o rgan izat ion e Lab
l ishe I t o  promote t he techno logy. The cen
ter repor ts t hat i nstal l at ions have been 
n u m bering more t han 50,000 a n n ua l l y  
and  est i mate t hat th i  f igure may  increase 
a m uch a 50% t h i · car. " l nt e re t i rea l ly 
shoot ing  u p  r igh t now," ay Pau l  Liepe , 
e xecu t ive director o r  the  consort i u m . 

L iepe reca l l s  t hat t h ree and a ha l f yea r 
ago , when t h e  co nsort i um wa fou nded , i.t 
received th ree o r  f ur i nqui r ies a week .  
Th ese days, the  i n  formation center fields 
h und reds of i nquiries dai ly from con -
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umers, power companies ,  architects , t he bee n say i ng t he echno logy i ju t around 
media ,  and othe r . "Th i  i defi n i tely lhe the corner ;  now l bel i eve i t's here . "  
most i nterest we've see n ," he says, not ing 
that the e nt h usiasm was re f lected in an ex
cel l e n t  t u rnout at the at ional ocia t ion 
o f  Horne Bui l der ' a n n ual confere nce in 
Dal las this Jan uary. ·'We had a t raffic jam 
in fron t  of our booth. " 

Con t r ibut ing to the technology's bur
geon ing popu lari ty a re i ts nvironmen t a l  
advan tages, especi a l l y  i t s  energy efficiency: 
This efficiency was documemed in a 1993 
E PA s LUdy on residen t ial pace condi L ion-

ing, whkh compared emergi ng 
ground- ource heat pump wi th  
other avai lable opt ions-incl ud-

j ing a syste m combining a tan 

� dar<l gas furnace and a sta ndard 
� air condi t ion er and a ystem 
§ comb in ing an advanced o i l  fur
� nace and an e fficient a i r  condi 
f tfo ncr. The study decla red geo-
� t herma l heat pump systems Lo 
i be the most energy-efficielll and 

co L-effect ive reside ntia l heating and cool
i ng tech nology avai lable . And experts be
l ieve t hat geothermal y Lem o ffer i m
i l a r  benefi ts i n  commerc ial appl ica t ions. 
At a White House co nference o n  cl i mat 
change last fa l l , Pre ident Clin ton prai ed 
the power companie  involved i n  promot
ing  geo therma l  hea t pump tech no logy, 
aying t hat t heir e fforts wil l  ''reduce the  

t h reat or global warmi ng. " 
J a mes Bose , exec ut iv  d i rector of t he  

J n t e rnation a l  G round ource H eat Pump 
oc iat ion ( IG H PA) , ba eel at  Ok la homa 

Late Universi ty, agrees wi t h  ot hers \ ho 
th ink t hat 1998 j u  t m igh t be the year for 
geotherma l  heat pump : " Fo r 20 y ars I 've 

Down under 

L i ke the eart h i n  which t hey a re placed, 
t he grou nd l oops of geotherma l  heal 
pump ystem can va ry dramat ica l ly. Gen
eral l y, t he  co n figu rat ions fal l  in to two cat
egories :  open and clo eel loop. In an open
loop syste m, such as t he one in t a l lecl 
at t .  Joseph 's l ncl ian chool , the  water 
tapped fro m an u nderground sou rce t rav
els th rough the system once and t hen is 
discharged ( in  ome ca es di rectly back 
i n to the aqu i fer) . This design i more com
mon i n  earl i er i nstal lat ions and is now 
used mai n l y  where water suppl ies  are 
p l en t i fu l .  

By cont ra t ,  c l osed-loop y tems have 
an extensive underground pip ing net
work t hrough which a water mixture c i r
culate . Typica l l y, t h is ol u t ion con t ains 
corrosion inh ibitors t o  prot ect a ystem 's 
metal compone n t  ; i n  colder region , an t i 

freeze i s  added as  we l l . 
The clo eel-loop config
uration-in which hun
d reds of feet of pipi ng 
nake through the ground 

-eme rged as a pract ical 
opt ion wi th the advent 
of h igh-densi t y po lye t h 
ylene pipes. These are far 
les expensive than cop· 
per pipes , and t hey do n't 
experience the  problem 
with corrosion t hat metal 
pipes do. Today, exvens 

say, some 75% of new geothermal heat 
pump insta l la t ion are of the clo eel - loop 
ariety. 

The ground loop of closed-loop systems 
can be insta l led i n  e i t her a horizonta l or a 
vertical po i t ion .  I n  typ ical horizomal sy 
te rns, two or more pa ral le l  pipes l ie only 
abou t 6 feet below the ea rth's su rface. Hor
izontal l oop are usua l ly cheaper to in ta l l 
becau e the  eart h can be dug with a back
hoe or a tren cher, whereas vertical i nstal
lat ions requi re a wel l -dri l l ing r ig .  On the 
o ther hand , hor i zomal l oops need a much 
larger surface area t ha n  vert ica l one , a 
wel l  a soil that' ma l l eable enough Lo be 
t renched. 



One space-saving design for horizon
tal systems..--a spiraling loop shaped 
something like a Slinky toy-was re
lined in the late 1980s by Oklahoma 
State University researchers, with fund
ing from EPRJ and the National Rural 
Electric Cooperative Association. Since 
it requires a much smaller excavation 
area, this design also saves on trenching 
costs. " lt's a way of cost-effectively pack
ing more heat exchanger inLO a given 
amount of trench," says EPRJ's Carl 
Hiller, who oversees research on resi
dential geothermal heat pumps and 
ground thermal properties. However. as 
l liller notes, trenching is not always re
quired for horizontal ground loops; if 
the.re is a pond or a lake on a given site, 
the loop can lie in the water rather than 
in the ground. This option is feasible 
only in water that maintains a depth of 
at least 6 feet, even during the driest 
months of the year. 

Vertically oriented ground loops are 
Lhe common preference for sites with 
limited space. In a vertical system, the 
parallel pipes stand upright under
grnuncl in a series of U-bends, For these 
installations, well drillers bore dowu to 
a depth of I50 lo 450 [eel-and some
times even deeper. A single hole is 
drilled to accommodate each V-bend. 
Vertical ground loops are common at 
commercial sites, which require a much 
bigger cooling capacity tl1an do residen
lial systems. As Hiller explains, "The 
cost of bringing a drilling rig out to 
make a couple of holes for a residen1ial 
system ca11 be prohibitive. But the same 
rig might drill hundreds of holes for a 
commercial project.'' The number of U
bend pipes and boreholes required for a 

The ground loop of a geothermal heat 

pump system varies according to a build

ing's heating and cooling needs and the 

space available at the site. A vertically 

oriented ground loop is best for packing 

lots of cooling capacity into a limited 

space, while horizontal loops are favored 

where land is plentiful and heating and 

cooling needs are smaller. One space

saving horizontal design that features a 

spiraling loop was refined with funding 

from EPRI and the National Rural Electric 

Cooperative Association. 

venical-loop system will be dictated not 
only by the desired cooling capacity but 
also by the depth of the holes-that is, 
the deeper the holes, the longer the J
bends and the fewer required for a given 
capacity. 

A relatively new development in 
ground-loop designs is the standing
column well. Such a system involves 
drilling n single borehole about 6 inches 
in diameter, into which a 2-inch-wide 
pipe is inserted. ln one project on East 
64th Streel in Maohauan, for inst.Ince, 
drillers bored dovm 1500 feel into bed
rock for the pipe. Th.is approach offers a 
large cooling capacity for a very small 
amount of surface area. Another advan
tage is that in extremely cold or hot 
weather, water in the borehole can be 
pumped away so that it is displaced by 
fresh water from Lhe ground, offering 
additional heating or cooling capacity. 

Once the piping of a standard vertical 
system is installed, contractors close the 
air gap between the piping and the earth 
either by backfilling the space with soil 
or by injecting grout. EPRl has devel
oped thermally enhanced versions of 
the two most popular grouts-one a 
bentonite-based formula and the other 
a cement-based formula. Kow widely 
available, these two improved grouts 
have demonstrated thermal conductiv
ity increases of as much as 100% over 
their conven1ional counterparts. As Hil
ler points out, however, the benefits or 
using thermally enhanced grout depend 
on the soil conditions at a given site; if 
the soil bas a high thermal conductivity, 
such grout is very useful, but its benefits 
are reduced if the soil's thermal conduc
tivity is low. 

Hybrids 

Even sites that don't lend themselves to 
full -llcdgcd geothermal systems might 
still be able to rake advantage of the 
technology. That was the case with a 
commercial project involving EPRI and 
Pennsylvania Power & Light (PP&L). 
Originally, the project called for a geo
thennaJ heat pump sys1em that would 
meet the entire heating and cooling 
needs of a four-swry office building to 
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be con lnlcted in Al lento 1, Pen n  lvania. 
The plan was to dri l l  55 hole , each 5 0 

feet deep ,  for a to ta l  borehole depth of 
27 ,  00 l inear feet and a y em o l i ng ca
paci ty of 200 ton . A test wel l at t h  fr nt 
of the property howed no problem at a 
depth of up to 500 feel .  However, the wel l 
dri l l i ng  cont ractor o n lea rned t hat t h e  
geology at t h e  rear of t h e  i te , where the 
ground loop wa to be in ta i led, wa d i f
fere nl .  Exce sive underground wate r  now 
in t h is area made d r i l l i n  cond i t ions ve ry 
d i ffi u l t ;  i t  was going to be im pos i ble to 
i n  t a l l  t he  ground loop withou t  ca i ng  
ach borehole-an e pen  ive  procedure 

t he developer had not an t icipat d .  
P P&L suggested t hat t h e  developer opt 

i n  tead for a tern with a mall r ground 
loop ized to meet the  bu i lding' en t ire 
heat ing load and its cool ing requ irement 

Because of their energy efficiency and thei r 

design and s izing flexib i l i ty, geothermal  heat 

pump systems are an increasingly popular 

choice for space conditioning at a var iety of 

faci lities, as i l lustrated by these user sites. 

.. .. 

McDonald's restaurant in Detroit 

for a l l  bu t  the hon t, 1110 t humid  day . 
For tho e days, a conven tional cool i ng 
tower wou ld  be i nstal led to provide u p
pl emen tal cool ing .  The develo per agreed 
to thi modification , and the  contractor 
proceeded t o  i n  ta l l  on of the coun t ry' 
fi rst combinal ion yst em , known i n  the  
indu try a hybrid . 

The m di fied y tern has 88 borehole , 
each 1 25 r et deep-for a total of 80 ton 
of coo l i ng capac i ty-and a uppl e men ta l 
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cool i ng towe r wi h a  1 20-ton capaci t y. The 
80,000-square- foot o ITice bu i ld i ng, ca l led 
the Pa ragon emre, opened i n  1994. Data 
from E P R l - i n  tal l d moni t ri ng  equip
m nt i nd icate that ,  \ i th a bu i ld i ng occu
pancy ra t of 80% , t ta \  an nual energy 
consumption has been j ust 1 1 .7 kWh per 
square foot .  Thi repre ents an ann ual cost 
of 0.94 per square foot , com pa red wit h 

1 .60 for a bui lding of the ame izc ha -
i ng  a ga -fired boiler and an a i r  cond i t ion
i ng y t e m w i t h  a cool ing towe r. 

PRJ 's Khat tar a the  hybrid solu-
t ion make e n  c not ju t for i te with 
d ifficu l t  dri l l i ng con
d i t i ons but also fo r 
projects wi th large 
cool i ng  loads or long 
coo l i_ng season . l f  a 
m uch larger ground 
loop i required for 
sum mer cool ing than 
for winter healing
which is often the ca e 
i n  com mercial build-

i ng  , pecia l l y  tho e i n  c l imat with 
hot sum mer -i t  i le e pen ive LO ize 
the geot hermal y Lem for wi n ter heat ing 
need and upplement i t  \, i Lh a Uu id 
cooler or a cool ing tower. Thi  reduce i ni
t ia l  co n t ruct ion co ts and can ove rcome 
pace l i m i tat i o n . Hybrid ystem migh t 

al o provide a practica l approach i n  t ates 
where regu l a t ion re Lr ict bori ng dep1 h 
and grout ing material or where labor 
rates are very high . 

Cambridge-Isanti ice arena in Minnesota 

Going commercial 

One n iche market for geot he rmal heal 
pump tha t  ha emerged among com mer-
ial ut i l i ty cu Lamer is fast-food e tabl i  h

ment . Ju L \ i t h i n  the past year, EPRI has 
pan ic ipated in in La l la t ion  al a Mc Don
ald' i n  Det ro i t  \ i th Detroit Edi on and a 
Wend 's i n  e\ York t ate with Cen t ral 

• H ud on Gas & Elect r ic ; it i now i nvolved 
w i t h  OG& Electnc erv ices i n  p lanning 
a geo t hermal heal pump for a Hardee's in  

kla homa. 
A Khat tar exp lai n  . man of t he e 

e t ab l ish men ts a re au racted b the l ow 
mai mcnance cost of geotherma l heat 
pump S}' terns. n l ike large commercial 
en terpri e , which can afford Lo em plo 
maintenance work r t o  tend to conve n
t ional cemral yst ems or roo ftop equi p
ment t hat i expo ed to the ele men ts, the 
relat i  e l  ma l l  fa t - food c tabl i hmen ts 
u ual ly don't e m ploy uch per onnel .  
" i n ee you r  heat e xchanger i buried in 



Single-family residence 

in Oklahoma City 

L he  gro u nd, ou cl n'L 
have to v Ofl)' abou t  i t  
clogging up w i t h  lea"e 
or now," Kha t tar a 
" 1r t ual l y  a l l  mai nte
nan e i u arc c l im i 
na t  d." Ju  L about the  
on l  mai 1 1 1cnance re
qu ired for uch y -
Lem , i n fact , i a p riodic changi ng of the 
air fi l t er. 

on tribu t i ng to t he  efficiencr of t h  ·e 
Lem at commercia l  i t e  i t heir p ten

L ia l  for u i ng v asLe heat ( from refr igera
t ion equ i pmen t , f r examp le) . u h i t he  
ca  e at a new, a l l - e lectric ice-skat i ng r ink 
i n  I . ant i , M i n ne ota ,  t hat fcaL U re a geo
t herma l y ·tem for heat i ng, cool i ng, and 
ice maki ng. The re , wa Le h a l  from t he 
i e-making equ ipmen t i bei ng used t o  
he lp warm t h e  bui ld ing a n d  heat at r. 
The Cambridge- I an t i rena orp rat ion , 
which op ned the faci l i ty in  Janua ry, L i
mat e t ha t  ice- making and p c -condi
t ion i ng costs wi l l  be as l iule ha i r  what 
other inne ota arena of comparabl ize 
are pend ing. 

im i l arl , a ornbi nation a t a t ion-
fa t- food r tau rant bu i l t by 1 ·aco i n  
Oklahoma Ci t • uses heat expe l !  J b , re
fr ig ration and i e-makin equ i pme n t  to 
upplement  t hermal energr from the  

ground for heat ing during the \�inter 
months. Opera L i ng i nce t h  stat ion 
opened in J u l , l 996, t he heat pump , -

1em i also in tegrated � i t h t he ar-wa h 
water, , h1ch comp!  men t h  ear th  a a 
i n k  r r umm rt i me heal , t h  r b im 

proY ing efficienc i n  t h  co l ing mode. 
Thi d i n a l lowed i r ome down izi n  
o f  the  ground l o p. - lcct ri er
v ice , t he I ca l  pm r co m pany, worked 
wi th  Texaco, EPR L ,  and the klahoma en
ergy con u lt i n  firm P , I nc . ,  l d ign 
and i n  tal l  t he •s t e m at t he al l-e le t r i c  

awa . erve a a good 
compari ·on faci l i ty b -
cause it i ident ical i n  
const ru L ion e c pt fo r  
i t  heat i ng, c o  l i ng, 
and refrige rat ion 
L em . I t  ha conven
t ional equipment-a 
r oft p elec t ric a i r  con
d i t i  ner, a naLU ra l-ga -

School in Lincoln, 

Nebraska 

Paragon Centre in Allentown, Pennsylvania 

powered hea t ing  system, and an ai r-coo led 
refrigerator. Ene rgy mon i t  r i nsta l led a t  
both i t e  h w t hat for t h  p a  I car and 
a hai r  or operat i  n , the 11 r bi l ls of t h  
stat ion wit h t h e  ge t h  rmal heat pump 

, t cm have been , o n  ave rage, 27� IO\ e r  
than  tho f the c m pari n tat i  n .  

"The  avi n , u ld  have been n 
h igh r, bu1 la t ·ear the  t a t ion wit h  t he 
conventio nal s t em lo ed the  restau ran t  
port ion of i t s  co nvenie nce to re ," ay 

M rri Lo el l  vice president of Geother
mal D ign and Engineering-\ hich, after 
th a l l - I t r i tal i n op ned, wa e 1ab
lished as the fir t unr ulat d ub id ial)• 
of & ' pa re nt  c mpan  . The new firm 

ff r· a \. ide range of geotherma l  heat 
pump erv i , inc luding de ign engineer-
ing, proj ect managemen t, and 
maintenance. 

t lll 

I t h  u h t he tal ion , i th  the ge th r
mal hea t pump c t ab u t  46,000 mor 
w bui ld t han t h  mparable c nv n t ion I 
tal ion , its annual energ aving (which 

t p L 0 ,000 even , i thout the fa t-food op
eration nm n i ng in the con em iona l  ta
l ion) a re e ·peeled lO more than co er t he 
co t o f  t he y tern in four ears. " I th i n k  
t h e  t e m  ha done rea l !  wel l ," · a y  Bob 
Burkman , manager f market i ng and engi
neering f r Te ·aco. Burkman a h . c m
pan i now con idering i nstal l i ng geo
t hem, I tern at tat ions in o ther parts 
of the oun t r  . 

Te ·aco i n't t he on l  c mpan t hat l i ke 
t he te hnolog . OG&E i benefit ing from 

the  i ncr a ed rev n u  o f  a bigger electT i 
cal load i n  the wi nt  r an I fr m the avi ng 
that make an importan t u tomer happ)'· 
'·Th i  i a technolog that' going to take 
off " a s te  e Ganzer, form rl pr · iclent 
of P and n w wi th Ge thermal Design 

vol ed i n  commer ial and g emment 
pr 1 cl i n  ther areas of the  coumry. " h's 
a rea l bu i n  opp nuni l , '' he ay . E PR I 
is curre n t !  a i t in i n  two of the fi nn' 
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local projects, the Hardee's restaurant 
mentioned earlier and a Conoco station, 
both in Norman, Oklahoma. 

Spreading the word 

As the use or geothermal heat pumps be
comes more widespread, EPRI continues 
its efforts to improve the technology: Last 
year, it published a series or reports (TR-
109160 through TR-109169) to assist in
stallers or geothermal systems. For exam-

database is expected lo be available next 
year. 

Meanwhile, an environmentally friendly 
antifreeze for ground-loop systems- de
veloped wiu, funding from EPRl, the N a 
tional Rural Electric Cooperative Associa
tion, and others- is gaining in popularity. 
Called GS-4, the antifreeze is based on 
potassium acetate, which was originally 
used as a runway deicing fluid and is read
ily biodeg.adable. EPRl, working with re-

searchers at Oklahoma State 

Equipped with a geothermal heat pump system for heating, 

University and manufactt1r
ers, adapted the chemical 
for use in geothermal heat 
pumps, in part by adding 
corrosion inhibitors. The re
sulting fluid, which became 
commercially available about 
five years ago, is nontoxic. 
Moreover, it requires less 
pumping power than most 
other antifreeze solutions 
because, unlike them, it 
maintains a low viscosity at 
low temperatures. This char
acteristic also means, how
ever, that GS-4 can leak 
more easily through the pipe 
fittings. Installers using it 

cooling, and refrigeration, this Texaco Star Mart station in 

Oklahoma City uses 27% less energy than a comparable 

station S miles away that has conventional equipment. 

pie, the reports offer guidance on the 
proper use of grouts in vertical systen_1s. 

EPRI and the Geothermal Heat Pump 
Consortium are now working on a soil 
database to help contractors, engineers, 
architects, and others involved in planning 
geothermal heat pump systems determine 

must apply special thread sealants and take 
other precautions to prevent leakage. 

Other technological developments in 
the planning stages should encourage the 
use of geothermal heat pump systems, 
Khattar notes. One example is a meth
odology that EPRI intends to develop for 

sizing hybrid systems. These systems offer 
planners more site flexibility, since a site 
that is too small or otherwise unsuitable 
for a full-scale geothermal system-as was 
the case at the Paragon Centre-could ac
commodate a smaller-scale system supple
mented by a conventional energy source. 
The planned sizing methodology could 
greatly increase the use of hybrid systems 
by helping designers determine what por
tion of the cooling load at a given site 
should be handled by the geothermal sys
tem and what portion should be handled 
by the conventional equipment. The ideal 
percentage or each would vary from site to 
site and climate to climate. 

Another area of effort is control tech
nology for geothermal heat pump sys
tems. Recently, EPRI partnered with GC 
Controls of Greene, New York, to develop 
a low-cost, reliable microprocessor -based 
controller to efficiently control water-loop 
heat pump systems. The technology, called 
Smart Loop 2000, uses EPRl-clevelopecl 
control algorithms to maximize efficiency 
and performance. The controller is ex
pected to be commercially available later 
this year. Khattar would like lo extend the 
capabilities of this technology so that it 
can be used with geothermal heat pumps 
and ultimately with hybrid geothermal 
systems. 

Such technological advances are among 
the subjects discussed at live satellite con
ferences cosponsored by EPRI, the Geo
thennal Heat Pump Consortium, and oth
ers at least once a year. These conferences 

provide a forum in which 
engineers, contractors, re
searchers, and others in
volved with geothermal heat 
pump technology can share 
their experiences. 

the ideal loop design for 
a system, given a partic
ular soil type. The data
base will use extensive 
soil maps that the U.S. 
Geological Survey has 
developed for localities 
across the United States. 
A user would first look 
up a locality on the USGS 
soi I map to determine its 
soil conditions. The user 
could then plug this 
information into EPRl's 
database to determine 
the thermal properties 
or this type of soil. The 

Richard Stockton College in Pomona, New Jersey, is home to what is believed to 

be the world's largest single closed-loop piping network, which provides a cooling 

capacity of 1600 tons. 

According to EPRl's Hil
ler and others, an increas
ing number or heating and 
cooling professionals are 
becoming familiar with geo
thermal heal pump sys
tems. Contributing to u,e 
growing level of geothermal 
heat pump expertise in the 
field is an lGSHPA-spon
sored certification program 
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Bu r i ed A p pea l  

I
ronica l ly, pan or w hat makes geother
mal heat pump sy tern o a t tracL ive i 
Lhal Lhere' noLh ing to look at .  l n  fact, 

a number of buildi ng of arch i tecLura l 
significance deploy Lhe Lechnology pe
cifica l ly  for that reason. As Carl H i l ler of 
E PRI puLS i t ,  "Th r ' no th ing l ike an air 
condi t ioner hanging out of a window to 
lake the romance away from a cen turies
old bui lding." 

Anot her advan tage of the ystems' in
visibility is t hat, with the piping network 
underground and the heat pump i nside a 
building, vandals cannot gain ace to the 
equipment. This feature has proved to be 
a key at traction for schools ,  government 
buildi ngs, and prisons, which u ffer big 
equipment losses due  Lo vandal ism .  

Among those taking advantage o r  the 
technology's aesthet ic and other benefils 
is the Colonial Wil l iam burg Fo u nda
t io n . Accord ing to Clyde D. Kestner, di
recto r of engi neering for the foundat ion , 
al l  of the more than 60 exhibition bu i ld
ings in Wil l iamsburg's eigh tcenLh-century 
historical district-i nclud i ng the  Capi
tol ,  the Governor' Palace, and the Wythe  
House-have space-co ndit ion ing sys
tem that tap imo a 65°F aqu i fer lying 
400 feet undergro u nd . Most o r  the e 
sy tems have a n  open-loop design and 
p rovide only coo l i ng, using the  waler 
once and t hen di chargi ng i t  for a range 

for i n  ta l l e rs . Estab l is hed s ix  year ago 
w i t h  EP R I u pport , t h e  p rogra m cert i fi e s  
c l ose lo  1 000 i n  ta l ler each year, says 
I G H PA' J am Bose . l n  fac t , the program , 
which wa fi rst  held at IG H PA's h ad
quart er at Okla homa tale n iversity, has 
become o poJ u l ar t ha t  t he  a socia t i on  
now offer i t  i n  various locat io n across 
the  cou nt r , in l ud ing cw ork, ew J er
sey, A labama, and Pen nsylvan ia .  A l t hough 
state rcgu l,H i ons at this Lime do 1 101  cal l for 
loop i nsta l lers to be cen i fi  d to perform 
t h e i r  work, a n  i ncrea i ng numbe r or l ocal 
govern ments ,  schools , and arch itect ural 
firm are requi r i ng cert i fi cat ion , Bo e ays . 

of other appl i cat ions, 
from irrigat ion to water
fal ls .  However, over 1 0  
of the open-loop sy terns 
al o em ploy heat pump , 
thereby providi n g heat
i ng as well as cool ing. 

Th ree of the approx i mately 60 exhibi
t ion bui ldings use closed-loop geother
mal heat pump sy tems to provide both 
heat i ng and coo l ing. The largest of the e 
systems was insta l led in 1989 at hields 
Tavern ,  a recon truction of a tavern orig
inally bui l t  in the early 1 700s. The new 
tavern is a funct i o ning restau rant that 

"We've got a b t t er n t work of t rade a l 
l ies now," ays H i l l e r, not i ng t hat a vari 
e ty o f  o ther  bui ldi ng pro fessionals have 
al o become fam i l iar w i t h  geot he rmal heat 
pump tech nology in recen t year . I n  fac t ,  
Pau l  Liepe of the Geot hermal Hea t.  Pum p 
Co nso r t i um ay t hat even re idem ial rea l 
estate appraisers i n  many areas of the 
country a re now recogn iz i ng the  ystem ' 
va lue i n ign i ri can t ly red uci ng heat i ng  and 
coo l i ng bi l l s . The  con oni u m  aim lO i n
crea e the n u mbe r o f  a n nua l geot hermal 
h eat pump i nstal lat ions fro m 50,000 to
day t o  400 ,000 w i t h i n  t he nex t  decade. 
Achiev i ng t h is goal wou ld red uce ann ual 

operates seven days a week and accom
modate up to 250 diners at a t ime. I n  
the winter, its geothermal sy t e m  draws 
heat from 250 feet underground to main
tai n a com fortable indoo r temperature of 
68°F, even on the coldest n igh LS . In the 
ummer, the y tem transfers heal to the 

grnuncl, cool ing t he tavern to an average 
o f  7 2° . 

" I t's an ideal tech nology for a hi tori 
cal dis rict ,  where you can't afford to have 
any ou tdoor a i r-source cool i ng equip
ment humming," a Kesmer. "The over
rid ing concern is au thenticity. You don't 

want to ee these modern systems, hear 
them , or even know t hat they are there. 
You j u t wan t  them to do their job qu i 
eL ly behi nd the cene . " Kestner notes 
t hat a the agi ng boi lers in the other ex
hibition bu i ldi ngs are replaced , an in 
creasi ng nu mber of the bui lding wi l l  
come to rely on geothermal heat pumps 
for heating and cooling . o 

carbon emis ion by more t han I m i l l ion 
metr ic tons .  

What  do t he exp r t  th i n k? ' T heoret i
cal I }' i t's pos iblc , bu t t h e  i ndu t ry w i l l  
have t o  be creat ive t o  reach t hat goal ," say 
EPRl 's Mon Bl a u , Energy Del ivery and 

L i l i zal ion D iv i s ion d i rector. " ucce w i l l  
d epend  no t  on ly on tech nological devel
opmen ts ,  wh ich E P Rl is pursu i ng, but a lso 
on t h e  market i ng efforts spearheaded by 
the  eoExcha ngc I n formation cn t  r. " • 

/ltlc'1ground injomwt i on {l ir // 1 i " ' t ide was prov ided 
by M1.!1esl 1 l<lwuw and Cnrl /-f i /lc1; Enng)' Del i vc ,  
wu/ 1 i / i za / io11 Dil•i i ,m .  rlie GeoE.xcluwgc ! 1 1Jo 1 1 1w-
1 io11 c1ucr lws a We!J . i lc  1 1 1 www.geocxclu1 11gc.org . 
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I nside EPRI 

New Chairman and Board 
Members E l ected 

A merican ElecLric Po� er Com pany's 
E. Li n n  Draper. J r. , wa ele ted to 

a two- ear term as chai rman o[ EP R I ' 
Board or D i rector at t he  ann ual meet ing 
held in pril in Wa h ington ,  D. . Draper 
is chairman , president, and O of b th 
A EP and its ma nagemen t and tech n ology 
arn1 , A mcrican Elenric Power ervic 

orpora t ion .  Before joi n i ng A E P  in 1 992, 
he spen t  1 3  year wiLh Gulf talcs L i l i 

t i o mpany, 
\ here he a l  o 
erved a c hair

man, pres iden t , 
and CE . Ear
l ier h was an 
as ociate pro� 
or at t he ni

ver i t y  or Tex 
and d i rected the  
·chool ' nu !ear 
engineeri ng pro

gram. Draper cu rrent !  s its on the board 
of the Ed i on lectric In L i  Lu L e ,  t he uclcar 
Energ In L i tu  e, and the  I nst i tute of u
clcar Power perat ion , a well as on the  
executive com mi t tee o f  t h  at io nal oal 

ounci l . Formerly; he cha i red t he 
board and crved as president and board 
member of t h  A merican uclear ociet . 
I n  1 992, he wa e lected a memb r o f  L hc 

al ional Academy of Engi neering. 
Two vice chairmen and even new 

members were also elected to the PRI 
board at the A pri l meeting. hrist ian H . 
Poi ndext r, cha i rman and E of Bal t i 
more a and lecuic Company, wi l l  
erve a li rst  vice chairman, and Craven 
rO\ e l l ,  chai rman of the Tennes ee al le , 

Authority, as econd vice chairman . The 
new boa rd member are Wil l iam A . olcy, 
presidem of Duke Power; Pierre Dames, 
CEO of lectricite de France; Richard R. 
G rigg, pre idem and 00 of Wi ·on.in 
E l ec t ric Power; Roger W. Hal e , chairman 
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News and i nformation h igh l ig ht ing E P R I  staff and operations 

and CEO of LG er nergy orpora t ion: 
James J .  Ju ra ,  general manager an<l C 0 
of sociated Electric ooperative; A l len 

organ, 0 of E K M; and Jack Robert -
son , act ing adm in i  L rator and O of the  
Bonnevil le Power Ad mi nistrat ion . 

Smithsonian Hosts EPRl's 25th 
Anniversary Symposium 

To commemora te i ts 1wen t  r-fi ft h 
ann i ver ary a th nation' leading 

provider of col laborative cnerg sc ience 
a nd technology, EPRI ponsored a 5)'111-
po ium on elecLlicit i n nova t ion for the  
twen t  -fi r  t cem ury at th mi th onian 
In t i t u t ion in ash ington ,  D. . ,  on p ri l  
29. T h  ympo i u m·· panel member and 
anendees-who included en ior govern
mem offic ials, congre ional staff mem
ber , ch ief executiv of E PR I  member 
eompan i  , and other energy leaders
joined i.n a discu ion ab UL the  future o f  
electricity and abou t  the ay researc h wil l  
b e  conducted in t he  emergi ng compe t i t ive 
elect rici t i ndu t ry. 

"Elect ric i t  i the only form of ene rgy 
Lhat can simultaneou l}' provide eco
nomic growt h ,  environmental protect io n, 
and natu ral resou rce conservaL ion ," a id 
Kurt Yeage r, pre idem and of - PR l .  
�With proper incent ives for furt her devel
opment  of and in vest mclll in c: lcct rici ty
ba ed tech nology, we cou ld  improve the  
nat ion' e nergy effic iency by  _0% and add 
a t ri l l ion dol lar 10 the econom over the 
next 25 year :· 

Bernard Finn , curator for electrical 
ol lec t ion at the 111 i 1hsonian's ational 
u cum of American Hi 10ry. pro i c led 

hi torical perspect i e for Yeager'· pred ic
t ions .  �The es. ent ia l tech n logi for elec
t ric  powe r were avai lable by t he end or the 
n ineteenth ccmury," Finn noted. " In t he 
twemieth cen t UI)� we bui l t  t hem i n to y -
Lem t hat made elecL ricity cheap! a a i l 
abl LO virt ual !  every part of t.he  coumry. 

The conseq ue nces have been an incred
ible xpan ion of our capab i l i L i  , bot h  al 
home and in the workplace." 

ccordi n Lo Yeager, el c tric ity' his-
10rica l benefi ts wi l l  be dwarfed b those 
10 come. "The fu tu re wil l be dri ven by 
ne, indus t rie reated by revo lu t ion i n  
in formation technology, advanced materi
al , bio logy and gene t ic , e lectroLechnol
ogy, and  ecologica l manage men t . These 
technological mcgatrends present new 
chal lenges LO global nomic and en i-
r n mcnta l su t a i nabil i t y. ncrgy provided 
by elect r ici ty has a major ro le LO play. 

"For a su ta inabl fut.ure ,  we need LO on 
om the b L opp r t un iL ie for ele Lricity, 
define the tech nological gap , el the re
search agenda, and promote public-priva1e 
partnersh ip Lo inv L in the work that 
w i l l  find the an ver .� Yeager said .  EPRL  
is  leading thi effort by faci l i tat i ng the de
velopmen t of t he lect ric i t  Tech nology 
Roadmap, a high l  co l laborat ive project of 
diver e take ho lder that wi l l  help gu ide 
cien e and technology i n  the com ing 

decades \0 achie e maximum value for 
la eholder and ocicty. A eri of \ o rk
hops wi l l  take place Lhis su mmer, wit h a 

goal of unrol l i ng  the roadmap i n  the fall .  
The y m po ium al o feat u red a panel 

d i  cussion on the  futu re of publ ic ly funded 
re earth and die cha l l enges of providing 
for cri t ical R&:D i n  a deregulated , com
pet i t ive ele L ric i ty  i ndu cry. R ben Fr i ,  
di rector of 1he at ional M u  eum of a t 
u ra l  H istory, m dcrated t he panel , which 
inc luded Dan Adam on ,  specia l  a istan t , 
Office of the ecretar , . .  Department 
of - nergy; u an Clark, com mis ioner, 
Florida Publ ic ervice Cammi ion ,  and 
chair of th · R C ubcomminee on 
Electrici ty;  therine  Van Way, majority 
coun el ,  Hou- ommillee on om-
merce; and Howard U eem , enate Com 
mi nce on Energy a n d  alllml Resource . 

" Deregulat ion of the indust ry demand 
t hat leader cl a l  serious! \ i t h  the  cope 
of and fu nding mechanism for publ ic ly 



Journal Wins Top 
Magazine Award 

Panel ( left to right): Fri, Adamson, Clark, Van Way, Useem 

T he EPRT jou rnal wa judged the grand 
wi nner fo r  magazi nes in the 1997 In

t ernationa l l.ercury Awards competit ion.  
Pr en ted by the l n ternational Academ)' 

of ommunica t ion A rts and ciences, the funded R&D .  We can't afford to leave th i  
to chance," a id  Fr i ,  formerly presiden t  of 

Re ource for the  Fut ure. 'A ke)' quest ion 
i whether increased competit ion and 
rest ructu ring are l ike ly to encourage the 
best use of fu ture technologies . " 

Adamson poi nted out t hat  whi le i n 
crea ed  compe ti t ion and re  t ructuring 
could res u l t  in gr ater pres u re for compa
nies Lo i nve t i n i nno a t ive t echnologies 
and related R& D, th re is concern tha t  
such pr sure cou ld  al  o mean less up 
port for longer-range, public-benefi t  R&D 

that doe not pro m ise a near- term pa)'off. 
lark hared t h i  concern:  "T he i m por

tance of R&D LO our fu t u re means we v i l l 
look for opportuni t ies to usta i n  its fund
ing in a deregulated env i ronmen t . " he 
said the A R  e l ectric i ty ubcommiuee 
is carefu lly con idering  how LO address 
t he  potent i a l  market fai l ure of competi
tion to ensure support for ba ic and long

term re earch . " tale publ ic ervice com

missions wi l l  con t inue to play a role i n  

encouragi ng col laborat ive,  pub l ic - benefi t 

research," she added. 
Competi t ion i n  whole ale power mar

kets is a l read)' i n n uenci ng the choice of 
technologie for effic ient and low-co t 
elec t ri i ty genera t ion at emergi ng new 
merchan t power plants, accord ing LO Van 
Way. "There are i ncen t i ves for companie  
to  i nvest in tech nologies that  give con-

u mers power that is cheaper and more 
rel iab l e . We also see more ut i l i t ie  look

ing at  distributed generat ion as a way to 
give consumers the added va l ue t hat  d i f
ferent iates a company i n  a compet i. t ive 
ma rket ," Van Wa)' noted . he added t hat 

new en trants in the e lectrici ty e nterpr i e 
should al o i nve t in R&D.  

U eem encouraged the  power indu t ry 
LO be vocal a ongress consider variou 
legi !al ive propo al  to faci l i tate e lect r ic i ty 
de regu la t ion and re t ru turing  over t he 

next couple of )'ear . " Lawmaker wi l l  be 
receptive to consen us uggestions from 

the i ndu t ry on how to nsure su pport fo r 
col laborat ive R& D, but you m u  L peak 
loud l y and clearly, with so ma n)' other 
issues on the congres ional agenda." 

Charter Members Honored 

lercu ry Awards recogn lze outstand ing  
achievement  i n  bus ines comm u n icat ion 
and are considered one of the mo t presti
g ious awards i n  th is fie ld .  The competit ion 

draw ome 1 000 en t rie each year from 
over 20 countries . This year's win ner in 
other categories i ncluded AT&T, M icro
soft , Consumers Power, the . . Postal 

ervice , Genente , E PN, and I BM .  

mong E PRls curren t  members are 4 3  ut i l i ties that have continuously sup
ported the organfaat ion since its i nception i n  1973. These charter members 

were recogn ized by president and CEO Kurt Yeager in a special awards ceremony 
at EPRl's twenty-fif

t

h a n n i  er ary ymposium in April .  " I 'd l ike to thank  these 
farseeing companies for their leadership in helping found our organization and 
for t heir constancy in promot ing innovation in our industry," said Yeager. "They 
have made it possible for EPRI to truly make a ct iITerence. ' Th following ut il ities 
were honored: 

Bal timore Gas and Electr ic Co.  
Bonnev iUe  Power Administration 
Buckeye Power, I nc .  
Carol ina Power & Ligh t Co. 
Centerior Energy Corp. 
Cemral Hudson Gas & Electric orp. 
Centra l I l l inoi Public Service Co. 
Commonweal t h  Energy ystem 
Consol idated Edi on Co. o( ew York. l nc . 
Duke Power Co. 
Duquesne Light Co. 
Empire Di tTict lecLTic Co. 
Houston Lighting & Power Co. 
JES Util i t ies, Inc . 
I n terstate Power Co. 
Kansas City Power & Light Co. 
Ken tucky Uti l i t ies Co. 
Madison Ga and Electric Co. 
MidAmerican Energy Co. 

evada Power o .  
ew England lectTic ystem 
ew York State Electric & Gas Corp. 

Northeast Utili t ies 
Oklahoma Gas and Electric Co. 
Orange and Rockland Util i ties , lnc . 
PE O Energy Co. 
Pennsylvania Power & Light Co.  
Publ ic ervice Co. of Colorado 
Public Service Electric and Ga Co. 
Puget ound Energy 
Rochester Gas and Electric Corp. 
Sal t River Project 

ierra Pacific Power Co. 
outhem Company 

Southern Indiana Gas and Electric Co. 
Tennessee Val ley Authority 
TU Electric 
Unfon Elec t ric Co. 
U t i J iCorp United, Inc. 
Western Resources, Inc . 
Wi con in Electr ic  Power Co. 
Wi consin Power and Light Co. 
Wiscon in Publ ic Service Corp. 
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I n  the Field 
Demonstration and a p p l ication of EPR I  science and techno logy 

Advanced Particle Col lector 
Tested, Ready for Demonstration 

A no el, h igh-e.ITic ienc part icle col l ec
t ion sy Lem t hat can take over where 

underperforming e lectro tal i.c prccipi l a
tor ( P ) l eave o ff i ready r r fu l l - ca l 
demon Lralion, fo l lowing ucce fo l fi Id 
test at a coa l -fired power plam in la
ba ma .  lec t ro ore-an e l ect ro L a l ical ly 
en hanced core eparator y te m deve l 

oped by EPR l  and LS R Tec hno logi w ith 
uppo n fr 1 1 1  the . . Depar tmen t  of 

E nerg •-combi ne cemri fogal and elec
t ro tatic fore for col lect ion efficiencie 
as high as 9 %. 

" lectro ore is the 11 10 l i n no at iv 
device l '  e ee n in 22 year i n  pani ulate 

con t ro l ," say a l l is Harri on , a r ·earc h  
pecial i L i n  charge o f  out hern o m -

pa n s part icle con t rol research. The  s
tem' de ign i based on a centrifugal core 
eparator origina l !}' developed by R. 

Ralph  l t man ,  a project manager in 
E PRJ' nergy Conversion Divi ion ,  pr 
po·ed add i ng a par1 ic le-chargi ng device 
and an electrnstat ic fie ld  to remove ub
m i rometer- rn nge particles tha1 would 
o then i e el ude t h  ·em ri fuge. 

- lcc1 ro ore o rks b cparat i ng the  
nue ga fro m a plant E P int o dean and 
d in  gas trea m . The Oue gas i pun  i n  
E l  ··c t ro ore' cyl indrical cpara tor  wh ich 
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causes part ic les t m igrate LO 1h uter 
wall of the  cylinde r. An e lecu tat ic field 
in t he l inder en ures t he eparation of 
e en the mal lest pan icl from th pre
charged gas, boosti ng the  ,stem 's col 
lect ion effic ienc . The clean ga , about 
90% or the Jow, i5 rouLed LO the plan t 
ta k, w h i le the par t icle and about l0% 

of the ga now are ret urned lo the E P for 
reci rcul at ion and evemual co l lect i on . 

I n  laboratory te l usi ng a simula ted 
exhau t ga sLTeam wi th  plan t f l  a h , a 
proLo t ype sy Lem demon trat ed a co l lec
t ion efficiency of 99%. That allract ed t he 
i n ter L of DOE and of Ha rri on o f  ou Lh 
e rn  ompan ervices, \ hi h offered t he 
u f labama Power ompan · J H . 
M i l ler. J r. , p lan t for field-re t ing a 1 -M 
prototype. DOE provided fund ing for the 
lest 

onducted last year on an e, hau I ga 
l i p  t ream from i l ler un i t  3 , the field 

test confirmed Elect ro ore can ol lect 
95-98% of the  panicu late mauer remain
ing  i n  gas that  has pa ee l  t h rough an E P. 

11 econ mic a sessme nt by argen t & 
Lu ndy projected Lhat the · tcm could be 
retro fi t ted Lo a 250 -M coal-fired uni t for 
abou t " 2 5/kW. The system con t a i n  no 
fabric fil ter and take up l i ule pa ·c .  

" = lectroCore i a h ighly p ra · t ica l sol u
ti n for unclerpe rform i ng S P  ," ay 
" PR!' Alnnan .  "l l  can improve the  per
formance of almo l an E r. ·· he )' Lem 
can i ncrea e col lect ion e ffic ie ncy at u n i ts 
tha t  arc curren t !  burn i ng l ow- uHur coal 
but have E P d igned for high -su l fur 
coa l .  I t  can al o be effect ive al unit with 
ma l l E Ps designed for high- u l for coa l .  

The  next step for the  Elect rn ore 
Lem is either a large- ca l ( 1 0-20-M ) 
p i lot  demon tTa t ion or a fu l l - cale ( 30-
50-MW) retrofit. Ei ther cale w i l l give 
uL i l i t ie the oppon uni t  Lo con firm the 
y 1em' co t , long- Lenn performance. 

and r l iabil i ty. 
• For more i nformat ion ,  con1e1c 1 Ralph 
Al t.man ,  (423) 899-0072. 

Digital Meter Measures 
Ground Impedance On-Line 

N ow avai l able in a digi ta l  r ion i the 
mart Ground Mu l timeter ( GM ) ,  a 

device for mea uring ub  talion ground 
impedance and provid ing other i n forma
tion t hat u bst a t ion w ner need to con 
fi r m  ground ing  y t e m  d ign pecifica
t ions and e nsure worker afety. Developed 
wi 1 h upport from EPRl  and manufac
tu red b Hood- Paner on & De\ ar, I nc. , 
of De atur, Georgia, the GM mea u re 
ub tation grou nd i m pedance fa ter and 

more accurately than Lhe conven t ional 
fa l l -of-potemia l  me1 hod. 

�Boc h the original ver ion and the new 
digi ta l  ver ion have pro ided us wi l h  
excel le nt r u l ts i n  L e  t i ng ub tal ion 
ground mat re i t ivi L; and touch volt
ages." sa s Ro land Jame of Emergy 
Corporat ion . "The GM help us make 
ure t hat our  new and exi t ing ub 1a1ions 

are p rforming a d igned.'' 
Wi th the fall-of- pote n tial method, mea-

uremem mu L be made on de-energized, 
i ola tecl ground ing sy Lem -a ta k that 
i nearly i mpos ible at exi t i ng facil i t ies 
without i n terrupti ng the customers· 
po\ er suppl . I n  add it ion , thi labor
i n t e nsive met hod requ i res ru nning long 
length of cable Lo points l"ar outsi de the 
subst a t ion property 

I n  con trast , t he  GM ca n quickly and 
ea i i)' mea ure t he  ground i mpedance on 
bot h  energized and d -energi zed ub ta· 
l ion grou nding y Lem . I t  i njects a tran
sient e lectric current at the groundi ng sy 
tern under t t and mca ures t ransien t 
ground po tent ia l  di ffere nc a round the 
y Lem , a \ ell a th injected curren t .  

I t  mea ures t he ground po1em ial wi th 
r pec t LO veral points  n the earth' 
urface at re lat ively mall di Lances from 

the  te l tern . thu  determi ning ground 
potent ia l  di fferences. 

The mea uremen are then processed 
b computer o tware that fi l t ers out elec-



t r n ic  noi e, correcLS for error re u l t ing 
from cable ca pac i ta nce and the h igh 
ground re i tance of t he vol tage probe , 
and t imat t h  ub ta t ion gr und  mat 
impedance . The GM can a l  o measure 
o ther k parameter · , i ncl udin r u h 

)I rk wa i n  t ru mental  i n  t he f ie ld evalua
t ion and d ign n hancemcn t of t he G . 

t i l i ty per onncl  te L d the gr und re i -
Lance at 27 ub tali ns and on • 345-k 
tow r while eva l ua L in  the device . "The 
enhanced i n format ion fro m t he G en 
abled u LO a e over · -+50, 00 i n  ground 
grid i mprovem n ts-i m pro cm nts t hat 
had been con idered nece ar)' on the 
basi of mea urcments made wi Lh  a con-

e.n t ional Le t i n  t rument ," a , on ol i 
dated Edi on'  Dan Marks. 

n i ncre· e in com p t i t iv aet iviti 
has led to a ri e in the ale a nd pu rchase 
of ub tal ion . a • J err y Melcher, EPRI 
project manager, --rhe man Ground 

ultimeter ffe r mil i t ie  a fast ,  accurate 
way LO te t the d ign and intc rity f 
t h · e y tem , t hu en u ri n  t h  afct)' o f  
t hei r work r a n d  their invest ment . ·· 
• For more i 11Jonnat io1 1 .  co1 1 1acr '-:vn Cosb or 
). 8. Fra11/i/i11 at Hood-Pau .,. 011 c� Di·wm; 
(-10-1) 296-5990; Jax (40-1) 299-35-+2. 

DFD Process Appl ied at 
Nuclear Plants 

A n E PRl -de eloped d i l ute chem ical 
proce that can a hie e rad ioact ive 

dee n tam ina t i  n fa tor exec d ing 1000 
wa applied to th react r olan t  tems 
of t\  o nuclear  p lants-Big R ck Poi n t  and 
Maine Yan kce--earlicr thi year, hort ly 
after the plants v ere permanen t l)' hut 
down. Tbe h igh clecon tami nal ion factor 
achievable wi th thi  proc wi l l  permit the 
u nr t r ic ted release of tainl  teel and 

a l loy 6 com ponents  at  ret ired plam 
and wi l l  mini mfae per onne l  rad iat ion 
e xposu res d u ri ng decommis ion i ng work. 

Th EPRI pro , a l l  d t he Decon-
tami nat ion i r Dec mmi  ion ing (DFO ) 
pro e , ca n al o be appl ied to team g n 
e raLOrs a nd other c mponems rem ved 
fro m ·ervi at  pera L ing plan . Earl ier 
it wa demon trated on rel ir  d heat e ·
changer from l\  o om monwealth di-

n plants-Quad i t i  and Dr den . 
Thr e vend r i n  t he  n i ted tat  and 
one in the Un ited K ingdom are now 
l icen ed to u c the DFD process. 

ther curre n L I  ' available di lme chemi 
cal proces e . designed for t e al opera t 
i ng pla11 1s , genera l !  do n o t  achieve t h e  
degree of deco11tam inat ion requ i red fo r  
the  unre · t ricted release or recyc l ing o f  
radioact ive com ponent  . Proces e s  for 
compon e11 1s ret i r  cl rrom ervi e can u e 
morc-aggr · ive olven t han proce 
for penning I la 1 1 t  · , wh re avoidi ng cor
ro ion is a key c nc rn .  Mo t I ven ts 
t hat  can achieve a h igh degree of decon
taminat ion , how vcr .  produce radioact ive 
waste i n  an i n t ractable f m, t hat  i di ffi
cu l t  to mana e and c1 ·  po e L 

The DFD proce , com pletely rem ve 
comami nation b di  o lvi ng a thin layer 
of the b e metal  from the surface of a re
ti red componen t . The di  olved contami
nat i  n i t hen col lect  d ia tabli heel 
ion-exchange technolog . A rece11t EPRJ 
techn ical report ( T R- 107707 ) dcscrib 
the decontamination and recycl ing of 

· tain le teel fro m regenerat ive heat ex
changer from water cleanu p l m al  
th Quad i t ic  and Dre-den BWRs. 

The fi rst  fu l l  reactor c ]an t L 1 1 1  
dcrnmami na t ion using the DFD proc 
was onducted at Consumers ·nergy: Big 
Ro k Poi n t  B\ R i n  M ichigan, v hich huL 
down permanen t ly  last A ugu L after 3 

1ear of uc essful operat ion . ppl icd in 
ix cycl  , the DFD proces removed m re 

than 96°1<> or the radi a ti ity-amou n Li n 
10 o er -+00 curie and approximate!  • 
10 0 pou nds of corrosion p r ducts-for 
an o era l l  do e-reduction factor of 1 5 . 

t the laine ank PWR, 1 1  DFD 
c cl  \ ere conducted i n  two campaign , 
redu i ng area radiat ion fie lds b ' fanor of 
up 10 3 7 and average con tact fie lds LO an 
avera e f l o  f predcn n tami nat ion lev
el . Th dee ntaminat ion facLOr achieved 
for rnd iol  gica l ly ignificant sour es ( t he 
source mo L important fo r per-onn I 
e; posure) wa 9. t bot h  Big Rock Poi nt 
and M aine Yankee, u e of t h  DFD pr -
cc mean substantial do e aving  for 
curre n t  and fu wre decommis ion ing 
,. ork .  Fu rther d omami nat i  n of me 
com ponen ts may be required , ho\ ever, l 
·nablc rec cl ing rat her than dispo al a 
radioact i  e waste. 

The patented EPRI DFD proce is 
avai lable under l icen e from laron r
poration , Bradtcc Ltd.  ( K) , Framat ome 
Te hn lo ie . and P en ·ces. 
• For more i11fonnal ion, contact Chris Wood, 
(650) 855--379. 
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Technica l Reports & Software 

To order reports, contact the EPRI Distribut ion 
Center, 207 Coggins Drive, P.O. Box 23205, Pleas
ant Hi l l , CA 94523; (5 1 0) 934-421 2. To order 
software, contact the E lectric Power Software 
Center, 1 1 025 North Torrey Pines Road, La Jolla, 
CA 92037; (800) 763-3772. 

Energy Conversion 

CHECWORKS™ Flow-Accelerated Corrosion: 
User Guide 
TR-1 03 1 98-P l 
Target :  Nuclear Power 
EPRI Project Manager: B. Chexal 

CHECWORKS™ Application Manager: 
User Guide 
TR-1 03 1 98-P3 
Target: Nuclear Power 
EPRI Project Manager: B. Chexal 

Valve/Steam Trap Leakage Quantification 
User Gu ide 
TR- 1 03 1 98-P4 
Target: Nuclear Power 
EPR I  Project Manager: N.  H i rota 

PWR Primary-to-Secondary Leak Guide
l ines, Revision 1 
TR- 1 04788-R 1 
Target: Nuclear Power 
EPR I  Project Manager: R. Thomas 

PWR Steam Generator Sleeving Assess
ment Document, Revision 1 
TR- 1 05960- R 1 
Target: N uclear Power 
EPRI Project Manager: A. Mcl l ree 

Inhi bit ion of IGA/SCC on Al loy 600 Surfaces 
Exposed to PWR Secondary Water, Vol.  1 
TR- 1 062 1 2-V l 
Target: Nuclear Power 
EPRI Project Manager: A. Mc l l ree 

Depth-Based Structural Analysis Methods 
for SG Circumferentia l  Indications 
TR- 107 1 97 
Target: Nuc lear Power 
EPRI  Project Manager: D. Stein inger 

Hydro Stakeholder Education 
Resource Catalog 
TR-1 07298-R 1 
Target: Hydro Relicensing and O&M Cost 
Reduction 
EPRI  Project Manager: C. McGowin 

EPRI DFD (Decontamination for Decom
miss ioning) Process Evaluation: Overview 
of Appl ications 
TR- 1 07707 
Target: Nuclear Power 
EPRI Project Manager: C. Wood 
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Advanced Mixed-Waste Treatment: Results 
of Mixed-Waste Treatment at the M-4 
Facil ity 
TR-1 07974 
Target :  Nuc lear Power 
EPRI Project Manager : C. Hornibrook 

Radioactive Liquid Processing Guidelines 
TR-1 07976 
Target: Nuclear Power 
EPRI Project Manager :  C. Hornibrook 

Advanced Resin Cleaning System (ARCS) 
Field Test: Demonstration at Grand Gulf 
Nuclear Stat ion 
TR-1 07988 
Target: Nuclear Power 
EPRI Project Managers :  P. Mi l lett, P. Fratti n i  

Technical Issues and Low-Level-Waste 
Performance Assessment: 14 C in 
Disposal Facil it ies 
TR - 1 07995 
Target Nuclear Power 
EPRI Project Manager: C. Hornibrook 

Titanium Dioxide Application Guidel ines 
TR-1 08002 
Target Nuclea r Power 
EPR I Project Manager: T. Gaudreau 

The Effect of Alternative Amines on the 
Rate of Boiler Tube Foul ing 
TR- 1 08004 
Target: Nuclear Power 
EPR I  P roject Manager: P. Frattini 

Oi l -Fired Combustion Turbine SCR NO. 
Control Test ing and Evaluation 
TR- 1 08 1 69 
Targets: NO. Control; Combust ion Tu rb i nes, 
Repower i ng, and Dispersed Generation 
EPRI Project Manager: R. Fr i schmuth 

Cesium Removal From High-Conduct ivity 
Waste Using Selective Ion-Exchange 
Media 
TR- 1 08262 
Target: Nuclear Power 
EPRI Project Manager: C. Hom i brook 

Assessment of Magnetostrictive Sensor 
Technique: Detecting Flow-Accelerated 
Corrosion in Feedwater P ip ing (Revision 1 )  
TR- 1 08449-Rl  
Target: Fossil Steam Boi ler O&M Cost Reduction 
EPRI Project Manager : C. Brett 

NOE Guidelines for Fossi l Power Plants 
TR- 1 08450 
Target: Foss i l  Steam Boiler O&M Cost Reduction 
EPRI Project Managers: C .  Brett, R. T i l ley 

Startup and Testing of the ABB GT24 Gas 
Turbine in Peaking Service at the Gilbert 
Station of GPU Energy 
TR- 1 08608 
Target: Combustion Turbines, Repowering, and 
Dispersed Generation 
EPRI Project Manager: G. Quenti n 

Advanced Gas Turbine Guidel ines: Startup 
and Operations of the Siemens 84.3A in 
Peaking Service 
TR- 1 08609 
Ta rget: Combustion Turbines, Repowering, and 
Dispersed Generation 
EPRI Project Manager: G.  Quent i n 

Util ity Responses to Railroad Market 
Power: Assessment of Options 
TR- 1 08653 
Target: Fuel Supply Cost Management 
EPRI Project Manager: J .  P latt 

Thermal-Hydraulic Bases for Fuel-Cycle 
Designs to Prevent Axial Offset Anomalies 
TR- 1 0878 1 
Target: Nuclear Power 
EPRI Project Manager: B. Cheng 

Battery Performance Monitoring by 
Internal Ohmic Measurements: Application 
Guidelines for Stationary Batteries 
TR-1 08826 
Target: Nuclear Power 
EPRI Project Managers: N. Hirota, W. Johnson 

Improved Steam Generator Upper Bundle 
Hydraulic Cleaning System 
TR- 1 08856 
Target: Nuclea r Power 
EPRI Project Manager: R. Thomas 

Guidel i nes for Control l ing Flow
Accelerated Corrosion in Fossi l Plants 
TR- 1 08859 
Target: Fossi l Steam Boi ler O&M Cost Reduction 
EPRI Project Manager: R. TI i iey 

Clean Coal Demonstration Projects: Opera
t ion Experience and Risk Assessment 
Through September 1 997 
TR- 1 08865 
Target: New and Repowered Plants (Coal and 
Opportun ity Fuels) 
EPRI Project Manager: M. Epstein 

Updated Cost and Performance Estimates 
for PFBC and Hybrid Gasification/FBC 
Power Plants 
TR- 1 08866 
Target: New and Repowered Plants (Coal and 
Opportun ity Fuels) 
EPRI Project Manager: M. Epstein 



CMMS Selection at Wisconsin Public 
Service: Computerized Maintenance 
Management System 
TR-108938 
Target: Plant Maintenance Optimization 
EPRI Project M;,mager: R. Pflasterer 

SENTINEL™ Technical Basis Report 
for Limerick 
TR-108953 
Target: Nuclear Power 
EPRI Project Manager: S .  Kalra 

Outage Risk Assessment and Management 
Implementation at Fermi 2 
TR-109013 
Target: Safety and ReliabilFty Assessment 
EPRI Project Manager: S, Kalra 

Dry Triboelectric Separation of Carbon 
From Fly Ash: Proof-of-Concept Testing 
TR-109016 
Target: Combustion By-Product Management 
and Use 
EPRI P(oject Manager: R. Chang 

Hydro Stakeholder Collaboration and 
Public Involvement Planning Case Studies 
TR-109060 
Target: Hydro Relicensing and O&M Cost 
Reduction 
EPRI Project Manager: C. McGowin 

Green Mountain Power Wfnd Power Project 
Development: DOE·EPRI Wind Program 
TR-109061 
Target: Renewable Ene(gy· Business Intelligence 
EPRI Project Manager: C. McGowin 

Central and South West Wind Power Project 
First-Year Operating Experience, 1996-97: 
OOE-EPRI Wind Program 
TR-109062 
Target: Renewable Energy Business Intelligence 
EPRI Project Manager: C. McGowin 

Development and Demonstration of 
250-kW Molten Carbonate Fuel Cell Power 
Plant: Miramar Naval Air Station 
TR-109083 
Target: Combustion Turbines, Repowering, and 
Dispersed Generation 
EPRI Project Manager: R. Goldstein 

Mobile Generation Options to Enhance 
Customer Service Reliability: Case Study 
for the New York Power Authority 
TR-109118 
Target: Combustion Turbines, Repowering, and 
Dispersed Generation 
EPRI Project Manager: D. Herman 

CANMET/lndustry Research Consortium on 
Alkali-Aggregate Reactivity 
TR-109132 
Target: Combustion By-Product Management 
and Use 
EPRI Project Manager: D. Golden 

Crack Growth and Microstructural Charac
terization of Alloy 600 Vessel Head 
Penetration Materials 
TR-109136 
Target: Nuclear Power 
EPRI Project Manager: R. Pathania 

Modeling for Assessment of sec Initiation 
Time in Alloy 600 
TR-109137 
Target: Nuclear Power 
EPRI Project Manager: R. Pathania 

Assessment of the Pulsed Eddy Current 
Technique: Detecting Flow-Accelerated 
Corrosion in Feedwater Piping 
TR-109146 
Target: Fossil Steam Boiler O&M Cost Reduction 
£PRI Project Manager: C. Brett 

Assessment of a Transportable 200-kW 
Fuel Cell in Rural Applications, Site 1: 
Central Georgia EMC/Oglethorpe Power 
Corp., Jackson, Georgia 
TR-109154 
Target Disuibuted Resources for Energy 
Services and Delivery Enhancement 
EPRI Project Manager: J. O'Su.llivan 

Second National Green Pricing and Green 
Power Marketing Conference: Summary 
Report 
TR-109179 
Target: Renewable Energy Business Intelligence 
EPRI Project Manager: T, Peterson 

Green Pridng: Experience and Technology 
Options Assessment 
TR-109204 
Target: Renewable Energy Business Intelligence 
EPRI Project Manager; T. Peterson 

NOx LOI Predictor: User Guide and Tutorial 
TR0109208 
Target: NO� Control 
EPR/ Project Manager: J. Stallings 

Assessment of Low-Pressure Turbine 
Exhaust System Improvements at Mayo 
Generating Station 
TR-109225 
Target: Steam Turbine Generator and Balance· 
of-Plant O&M Cost Reduction 
EPRI Project Manager: T. McCloskey 

Predictive Maintenance. Assessment 
Guidelines 
TR-109241 
Target: Steam Turbine Generator and Balance
of-Plant O&M Cost Reduction 
EPRI Project Mana,ger: R. Pf!asterer 

Proceedings: Effects of Coal Quality 
on Power Plants-Fifth International 
Conference 
TR-109340 
Target: Fossil Steam Boiler O&M Cost Reduction 
EPRI Project Manager: A. Mehta 

Proceedings: Integrating Natural Gas 
Technologies Into Coal- and Oil-Designed 
Boilers-Second Utility Workshop 
TR-109341 
Target: Fossil Steam Boiler O&M Cost Reduction 
EPRI Project Manager: A. Mehta 

Design Description of a Prototype Imple
mentation of Three Reactor Protection 
System Channels Using Field-Programmable 
Gate Arrays 
TR-109390 
Target: Nuclear l>owe.r 
EPRI Project Manager. J. Naser 

Small CHAT Plant 
TR-109434 
Target: Combustion Turbines, Repowering, and 
Dispersed Generation 
EPRI Project Manager: A. Cohn 

Calculating Cycling Wear-and-Tear 
Costs: Methodology and Data 
Requirements 
TR-109470 
Target: Generation Assets Management 
EPRI Project Manager: D. Broske 

A Comparison of Canadian and U.S. 
Hydro Operations and Maintenance 
Practices 
TR-109484 
Target: Hydro Relicensing and O&M Cost 
Reduction 
EPRI Project Manager: C. Sullivan 

PWR Steam Generator Tube Plug 
Assessment Document 
TR-109495 
Target: Nuclear Power 
EPRI Project Manager: A. Mcllree 

Renewable Energy Technology 
Characterizations 
TR-109496 
Target: Renewable Energy Business Intelligence 
EPRI Project Manager: E. DeMeo 

EPRI M&D Center Course. Catalog 
TR-109511  
Target: Steam Turbine Generator and Balance
of-Plant O&M Cost Reduction 
EPRI Project Manager: It Pflasterer 

Infrared Thermography Developn,ents for 
Boiler, Condenser, and Steam Cycle 
TR-109529 
Target: Steam Turbine Generator and Balance
of-Plant O&M Cost Reduction 
EPRI Project Manager: R. Pflasterer 

Distributed Generation Case Study: 
Industrial Process Heating (Cogeneration) 
TR-109554 
Target: Combustion Turbines, Repowerfng, and 

Dispersed Generation 
EPRI Project Manager: D. Herman 
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GOTHIC Analysis of Containment Fan 
Cooler Unit (CFCU} Cooling Water 
Response Following a LOCA With Loss 
of Off-Site Power 
TR- 10961 2 
Target; Nuclear Power 
EPRI Project Manager: A .  Singh 

Energy Delivery and Utilization 

CLASSIFY-Applications, Vol. 3: Moving From 
Customer Needs to Customer Solutions 
TR- 1 04568-V3 
Target: Enhancing the Market Success of 
Emergi·ng E lectrotechnologies 
EPR I  Project Manager: T, Henneberger 

Portfolio Management: Finding Growth 
Opportunities in a Restructured 
Marketplace 
TR- 1 08 106 
Target: Producing Successful Product and 
Service Portfolros 
EPRI Project Manager: P. Meagher 

Stock Characteri.i:ation and Energy 
Savings Potential of Forced-Air Systems 
in Frostbelt Homes 
TR- 1 08408 
Target: Res identia l  Heat Pump Technology 
EPRI  Project Managers: 5. Kondepudi, 
J. Kesse lring 

Inventory of Available Methods and 
Processes for Assessing the Benefits, 
Costs, and Impacts of Demand-Side 
Options, Vol. 1: Overview of Methods, 
Models, and Techniques 
TR,l 08506"V l 
Target : Producing Successful Product and 
Service Portfol ios 
EPRI Project Manager: G. Heffner 

Inventory of Available Methods and 
Processes for Assessing the Benefits, 
Costs, and Impacts of Demand-Side 
Options, Vol .  2: Country Survey of lnt.e
grated Planning Approaches 
TR- 1 08506-V2. 
Target: Produc ing Successful  Product ,and 
Serv ice Portfolios 
EPRI Project Manager: G .  Heffner 

Proceedings: Strategic Research Meeting 
on Electrotechnologies in the Chemicals 
and Petroleum Industries 
TR- 1 08908 
Ta rgets: Chemicals and Petroleum Industries; 
Strategic R&D 
EPRI Project Manager : A. Amarnath 

Costing and Pricing Electric Power 
Reserve Services 
TR- 1 089 1 6  
Ta rget: Power Markets and Resource 
Management 
EPRI Project Manager: C Clark 
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Product Life-Cycle Management: Adapting 
the Best Practices of Other Industries 
TR-1 08984 
Target: Producing Suceessfu l Product and 
Service Portfol ios 
EPRI Project Manager. P. Meagher 

Bundl ing of Products and Services in the 
Energy Services Industry 
TR-1 08985 
Target: Producing Successfu l Product and 
Service Portfolios 
EPRI Project Manager: P. Meagher 

Market Profiles and Marke( Entry Strate
gies for New Electricity-Driven Chemical 
Process Technologies 
TR- 1 09005 
Target: Enhancing the Market Success.. of 
Emerging E lectrote.chnologies 
EPRI Project Managers: T. Henneberger; 
A.  Amarnath 

Conductor and Associated Hardware 
Impacts During High-Temperature 
Operations: Issues and Problems 
TR-1 09044 
Target : Overhead Transmission 
EPRI Project Manager.: 8 .  Clai rmont 

Cable Oil Monitor and Tester (COMAT) 
TR- 1 09071 
Ta rget: Underground Transmission 
£PR.I Project Manager: T. Rodenbaugh 

HPFF Cable Leak Location Using Perfluoro
carbon Tracers 
TR- 1 09086 
Ta rget Underground Transmlsslon 
EPR I  Project Manager : T. Rodenbaugh 

Strategies for Marketing ElectrQtechnologies 
and Energy Services to Small Businesses: 
Metal Finishers and Electronics Fabricators 
TR- 1 09 1 34 
Target: Smal l  Businesses 
EPR I  Project Manage1 :W. Kril l 

Customer Load Response to Spot Prices in En
gland: Implications for Retail Service Deslgn 
TR· \ 09 1 43 
Target; Power Markets and Resource 
Management 
EPR I Project Managec A. Faruqui  

The High-Efficiency Laundry Metering 
and Marketing Analysis (THELMA) 
Project, Vol. 2: Laboratory Testing of 
Clothes Washers 
TR· 1 09 1 47-Vl 
Target Residential Appl iances 
EPR I  Project Managers: R .  Gillman,  J , Kessel ring 

Physical, Thermal, and Hydraulic Properties 
of Bentonite-Based Grouts 
TR-1 09 1 60 
Target: Resident ia l  Heat Pump Technology 
EPR I  Project Manager: C. H i l ler 

Soil Classification Systems Review 
TR- 1 09 1 61 
Target: Residential Heat Pump Technology 
EPRI Project Manager : C. Hi l ler 

Design, Testing, and Evaluation of a Water 
Injection Grouting System 
TR, 1 091 62 
Target Resident ial Heat Pump Technology 
EPRI Project Manager: C. Hi l ler 

Evaluation of the Pumpability of 
Bentonite-Based Grouts 
TR- 1091 63 
Target� Residential Heat Pump Technology 
EPRI Project Manager: C. H i l ler 

Thermal, Physical, Hydraulic, and 
Heat-of-Hydration Properties 
of Cement-Based Grouts 
TR- 109 165 
Target: Reside.ntial Heat Pump Technology 
EPRI Project Manager: C. Hiller 

Ground-Source Heat Pump Cement-Based 
Grout Literature Review 
TR- 1 09166  
1arget: Residential Heat Pump Technology 
EPR I  Project Manager: C. Hi l ler  

Grouting for Vertical Geothermal Heat 
Pump Systems: Engineering Design an.d 
Field Procedures Manual 
TIH 091 69 
Target :  Residential Heat Pump Technology 
EPRI Project Manager: C. Hil ler 

Electric Vehicle Vision 2007 
TR- 1 091 94 
larget: E lectrlc Transportation Information 
Package 
EPRI Project Manager: L. Sandell 

Heat Pump Manual, Second Edition 
TR- 1 09222 
Target: Res idential Heat Pump Technology 
EPRI Project Manager :  M, B latt 

EPRI Freezing-Rain Ice Mapping Project: 
Region 4 
TR-1 09440 
Target: Overhead Tra nsmission 
EPRI Project Manager: P. Lyon s 

Office Complexes Guidebook: Innovative 
Electric Solutions 
TR- 1 09450 
Target: Office Complexes 
EPRI Project Manager: K. Johnson 

IJ PROBE: Product Benefits 
Estimator 
Version 1 ,0 (Windows) 
Ava i lable to all EPRI targets 
EPRI Project Manager: L.. Holy 



II ProfitManager 
Version 3.73 (Windows) 
Target: Producing Successfu l Product and 
Service Portfol ios 
EPRI Project Manager :  P, Meagher 

11 TRELSS: Transmission Reliability 
Evaluation for Large-Scale Systems 
Version 4.0 (Windows 95/NT) 
Target: Gr1d Operations c1nd Planning 
EPR I  Project Managers: R. Adapa, 
N .  Abi-Samra 

11 UTWorkstation™ (Underground Trans
mission Workstation): PTMF (Pipe-Type 
Cable Magnetic Fields) 
Version 1 .0 (Windows) 
Target: Underground Tra nsmission 
EPRI Project Manager: T. Rodenbaugh 

II UTWorkstation™ : TOAD (Trench 
Optimization and Design) 
Version 3.0 (Windows) 
Ta rget: Underground Transmission 
EPRI  Proje.ct Manager: T. Rodenbaugh 

II VIBRATION: Damper Placement for 
Aeolian Vibration 
Vers ion 1 .0 (Windows) 
Target; Overhead Transmission 
EPRI Project Manager: A .  Hirany 

Environment 

Relation Between Residential Magnetic 
Fields, light at Night, and Nocturnal Urine 
!'Aelatonin Levels in Women, Vols'. 1 -2 
TR-1 07242-Vl -V2 
Target: EMF Health Assessment 
EPRI Project Manager: L . Kheifets 

Coal Combustion By-Products and Low· 
Volume Wastes Comanagement Survey 
TR- 1 08369 
Target: Combustion Wastes and Groundwater 
Protection 
EPRI  Project Manager: I .  Murarka 

Pole Preservatives in Soils Adjacent 
to In-Service Utility Poles in the 
United States 
TR-1 08598 
Target: T&D Soi l  and  Water I ssues 
EPRI Project Managers :  I .  Murarka, A. Quinn 

PISCES Water Toxics Field Study Report, 
Site C 
TR-1 0889l -V1 -V2 
Target : Water Toxics Measurement and 
Control 
EPRI Project Manc1ger: P. Chu 

A Pilot Study for the Extraction and 
Treatment of Groundwater From a 
Manufactured Gas Plant Site 
TR- 1 0891 4 
Target: MGP S tte Remediation and Heal th R isk 
EPRI Project Manager: I .  Murarka 

Round-Robin Study of Methods for Trace 
Metal Analysis: Graphite Furnace Atomic 
Absorption Spectroscopy-Cadmium, 
Arsenic, and Chromium 
TR- 1 08989 
Target: Water Toxics Measu rement and 
Control 
EPRI Project Ma nager: B. Nott 

Modeling of Mercury Deposition to 
Ecosystems 
TR- 1 09235 
Target: Air Toxics Hea lth and Risk Assessment 
EPRI Project Manc1gers: L .  Levin, M. Allan 

Magnetic Field Shielding Design Guide 
TR - 1 092 7 1  
Target: E M F  Management 
EPRI Project Manager :  F. Young 

Study of Ground Currents in Proximity 
of Substations 
TR-1 092 72 
Target: EMF Management 
EPRI Project Manager; E Young 

Power Plant Intake Systems Database 
Bibliography 
TR- 1 09'273-DK 
Target: Water Toxics Measurement and 
Contro l 
EPRI Project Manager: K. Zamm it 

Magnetic Field Management: Active Loop 
Shielding-A Scoping Study 
TR-1 094 1 5  
Ta rget: EMF Management 
EPRI Project Manager : E Young 

Large Granular Lymphocytic (LGLJ Leuke
mia in Rats Exposed to 60-Hz Magnetic 
Fields: Results of the Second Study Using 
Continuous and Intermittent Fields 
TR- 1 09469 
Target: EMF Health Assessment 
EPRI Project Managers: C. Rafferty, K. Ebi 

II RAMAS Ecotoxicology: Population-Level 
Ecotoxicology Risk Assessment 
Version 1 .0 {PC-DOS) 
Target: Warer Toxlcs Assessment 
EPRI  Pmject Manager: R .  Goldstein 

Strategic Science and Technoloty 

Research a.nd Development Opportunities 
in Eledrosynthesis and Electrochemical 
Manufacturing Processes 
TR- 1 07022 
Target: Strategk R&D 
EPRI Project Manager : A . Amarnath 

Application of the Case-Specular Method 
to the Savitz Denver Study Residences 
TR- 1 0775 1 
Target: Strategic R&D 
EPRI Project Manager: K. Eb i 

Effects of Magnetic Fields on Cardiac 
Control Mechanisms 
TR-1 0825 1 
Target: Strategic R&D 
EPR I  Project Manager: R. Kavet 

Intelligent Unified Control of Unit 
Commitment and Generation Al location 
TR-1 083 1 8  
Target: Strategic Science a n d  Technology 
EPR I Project Manager: R. Adapa 

Smart Materials and Structures: 
An Overview, With Implications for 
the Power Industry 
TR- 1 083 77 
Targets: Exploratory Research; Strategic R&D 
EPRI  Project Manager: J. Stringer 

Superior Perovskite 01dde Ion Conduc
tor: Strontium- and Magnesium
Doped LaGa03 
TR-1 08742 
Target: Strategic R&D 
EPRI Project Manager: W. Bakker 

Proceedings: Strategic Research Meeting 
on flectrotechnologies in the Chemicals 
and Petroleum I ndustries 
TR- 1 08908 (see l ist ing. under Energy Del ivery 
and Uti l izat ion) 

Development and Demonstration of 
an Agent-Oriented Integration 
Methodology 
TR-1 08976 
Target: Strategic Science and Technology 
EPRI Project Managers: R. Pflasterer, 
M. Wildberger 

The Future State of End-Use Technologie$ 
in the United States 
TR- 1 09070 
Target: Strategic R&D 
EPRI Project Manager :  T. Henneberger 

Experimental Development of Power 
Reactor Intelligent Control: Advanced 
Direct-Control Experiments 
TR- 109 1 8 1 -V1 -V4 
Target: Strategic R&D 
EPRI Project Manage(: J. Naser 

Ceria Electrolyte for Solid Oxide Fuel 
Cell Applications 
TR- 1 09 1 99 
Target: Strategic R&D 
EPRI Project Manager: W. Bakker 

Residential Information Technologies 
and Energy Manageme"t: A Customer's 
Perspective 
TR-1 09452 
Target: Strateg ic R&D 
EPRI Project Managers: S. Kondepudi, 
T. Henneberger 
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EPRI Events 

July 

6-7 

Service Water Assistance Program 
Coordinators Meeting 
Wi l l iamsburg, Virginia 
Contact: Brent Lancaster, (704) 547--60 1 7  

7 

Year 2000 Web Site and Knowledge 
Base Training 
Palo Alto, Ca l ifornia 
Contact: Susan Marsland, (650) 855-2946 

8 
Year 2000 Web Site and Knowledge 
Base Training 
Palo Alto, Ca l ifornia 
Contact Susan Marsland, (650) 855-2946 

8-9 
Improving Service Water System Rel iability 
Williamsburg, Vi rg in ia 
Contact: Brent Lancaster, (704-) 547--601 7 

1 3-1 4 

3d International Conference. on 
Arsenic Exposure 
San Diego, Ca l iforn ia 
Contact: Janice Yager, (650) 855-2724 

l l-1 5 
EPRI/ASME Radwaste Workshop 
Orlando, Florida 
Contact: Michele Samoufldes, (650) 855-2 127  

1 3-1 7 

Boiler Operating Theory Fundamentals 
Ca�t ine, Maine 
Contact Sarah Van.berg, (8 1 6) 235-5623 

1 4-1 6 

Workshop on In-Service Inspection and 
Nondestructive Evaluation 
Manitowoc, Wiscons in 
Contact: Sherryl Stogner, (704) 547-61 74 

1 4- 1 7  
Basic Vlbra_tion Testing and Analysis 
Long Beach, Cal iforn ia 
Contact Edie McFal l, (800) 745-9982 

1 4-1 7  
Machinery Alignment 
Eddystone, Pennsylvania  
Contact: Edie McFal l, {800) 745-9982 

1 4- 1 7  

Purdue Compressor Technology Conference 
Purdue, Indiana 
Contact: Cindy Quillen, (765) 494-6078 
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1 5-,17 
1 998 International Low-Level-Waste 
Conference and Exhibit 
Orlando, Florida 
Contact: Michele Sarnoul ides, (650) 8S5-2 1 27 

1 5- 1 7  

Nu.clear Maintenance Applications Center 
Safety/Relief Valve Workshop 
Wrentham, Massachusetts 
Contact: Linda Suddreth, (704) .547-6061 

1 6-1 7 

Introduction to Computer-Aided Power 
Plant Analysis 
Kingston, Tennessee 
Contact: Eric Tolime, (423) 71 7-201 6 

20-22 

Steam Turbine Performance Monitoring 
and Diagnostics Course 
Eddystone, Pennsylvania 
Contact: Edie Mcfal l ,  (800) 745-9982 

20-22 

Technology Delivery Workshop 
Denver, Colorado 
Contact Megan Boyd, (650) 855-79 1 9  

20-24 

Drum Boiler Unit Operations 
Casti ne, Maine 
Contact: Sarah Van berg, (81 6) 235-5623 

2 1  

Ex.tending Time Between Generator 
Inspections 
Phi ladelphia, Pennsy lvan ia 
Contact: Jan Stein, (650) 855-2390 

21 -23 

Lubrication Oil Analysis 
Long Beach, California 
Contact: Esther Blanco, {562) 493-7741 

22-24 

Power Plant Pumps Short Course 
Eddystone, Pennsylvania 
Contact: Edie McFall, (800) 745-9982 

23-24 

Neural Network Theory and Engineering 
Applications 
Kingston,  Tennessee 
Contact: Erk Tol lrne, {423) 71 7-2016  

27 

Year 2000 Web Site and Knowledge 
Base Training 
Palo Alto, Ca l ifornia 
Contact: Susan Marsland, {650) 855-2946 

27-3 1 

Infrared Thermography: Level 1 
Long Beach, Ca l ifornia 
Contact: Esther Blanco, (562) 493-7741 

27-3 1  

Supercrit ical Boiler Unit Operatio!'ls 
Kansas Gty, Missou ri 
Contact: Sarah Vanberg, (81 6) 235-5623 

28 

Year 2000 Web Site and Knowledge 
Base Training 
Palo Alto, California 
Contact: Susan Ma rsland, (650)  855-2946 

28-30 

Fluid-Film Bearing Diagnostics 
Eddystone, Pennsylvania 
Contact: Edie McFal l1 (800) 745-9982 

28-3 1 

Infrared Thermography Training and 
Users Group Meeting 
Atlanta, Georgia 
Contact: Edfe McFall, (800) 745·9982 

August 

3-7 

Combined-Cycle Unlt Operations 
Kansas City, Missouri 
Contact: Sarah Vanberg, (81 6) 235-5623 

4-6 
Turbine-Generator Troubleshooting 
Short Course 
Eddystone, Pennsylvahia 
Contact: Edie M cFal l, (800) 745-9982 

5-7 
Lubrication Workshop 
Charlotte, North Carolina 
Contact: Linda Suddreth, (704) 547-6061 

1 0-1 1 

Nuclear Plant Performance Improvement 
Seminar 
Toronto, Canada 
Contact Brent Lancaster, (704) 547·601 7 

1 1 -1 2  

Manhole Event Workshop 
Lenox, Massachusetts 
Contact: Judy Mac Pherson, (41 3)  499-570 1  

1 1 -1 3  

Plant Performance Enhancement Program 
Coordinators Meeting 
Toronto, Canada 
Contact: Brent Lancaster, (704) 547-601 7  



1 1 -1 4  

Generator Monitoring a n d  Diagnostics 
Course 
Phi ladelphia ,  Pennsylvania 
Cohtoct: Edie McFall, (800) 745-9982 

1 7-19 

Advanced Power Quality Workshop 
Knoxvi l le, Ten nessee 
Contact: Martha Powers, (423) 974-8288 

1 7-19 

1 7th Annual Workshop on  Steam 
Generator Nondestructive Evaluation 
Breckenridge, Colorado 
Contact: Ulla Gustafsson, (650) 855-2388 

1 7-21  

Designing, Developing, and Evaluating 
Training Pr'ograms: Power Plants 
Kansas City, Missour i  
Contact: Sarah Mal inowski, (81 6) 235-5623 

1 7-2 1 

Feedwater Heater Technology 
Symposium 
Seattle, Washington 
Contact: Cindy Layman, (650) 855-8763 

1 7-2 1 

Stea m Plant Operations for Util ity 
Engineers 
Castine, Maine 
CotJtact: Sarah Vanberg, (8,1 6) 235-5623 

18-21  

Pressure Relief Vafve Appncation, 
Maintenance, and Testing 
Eddystone, Pennsylvania 
Contact: !=die McFall , (800) 74-5-9982 

1 9-21  
Root-Cause Analysis 
San Antonio, Texas 
Contact: Edie McFal l, (800) 745-9982 

20-2 1 

Nonroad Electric Vehicle Conference 
Orlando, Florida 
Contact: Michele Samoul ldes, (650) 855-2 1 27 

2�28 
Vear 2ooo· Web Site and Knowledge 
Base Training 
San Diego, Californ ia 
Contact: Peggy Amann, (650) 855-2259 

24-25 
Westinghouse DB and DS Circuit Breaker 
Users Group Meeting 
Pittsbu rgh, Pennsylvan ia  
Contact: Brent Lancaster, (704) 547-601 7 

25-27 

NOx Controls for Utility Boi lers 
Ba ltimore, Maryland 
Contact: Megan Boyd, (650) 855-791 9 

25-2 8 
Air-Operated Control Valve Applications 
Eddystone, Pennsylvan ia 
Contact: Edie McFal l, (800) 745-9982 

l6-26 

Westinghouse DH and DHP Circuit Breaker 
Users Group Meeting 
P ittsburgh, Pennsylvan ia 
Contact: Brent Lancaster, (704) 547-60 1 7  

3 1 -Sept. 2 
1 998 EPRlweb Conference 
Orlando, F lorida 
Contact: Michele Samoul ides, (650) 855-2 1 27 

September 

1 -3 
1 998 EPRI PWR Plant Chemistry Meeting 
Huntington Beach, Col ifornia 
Contact: Barbara James, (?O]l  829-3500 

8-9 

Phased-Array lnspectlon Semi'nar 
Portland, Maine 
Contact: Susan Otto-Rodgers, (704) 547-6072 

9- 1 1 

Reactor Coolant Pump Workshop 
Portland, Oregon 
Contact: L inda Suddreth, (704) 547-606 1 

1 4-1 8  

Cyclone Boiler Unit Operations 
Kansas City, Missouri 
Contact: Sarah Vanberg, (81 6) 23 5-.5623 

1 5- 1 7  
Predictive Maintenance Program 
Long Beach, California 
Contc1ct: Esther Bl'anco, (562)  493-774 1 

1 5-1 8 

Basic Vibration Testing and Analysis 
Eddystone, Pennsylvania 
Contact: Edie McFall, (800) 745-9982 

1 6-1 8 

Forward Price Curve in Competitive 
Markets 
Orlando, Florida 
Contact: Peggy Amann, (650) 855-2259 

20-24 

ASHES (American Society for Healthcare 
Environmental Services) Annual 
Conference 
New Orleans, Louis iana 
Contact: Kel ly Cipr ian, (6 1 4) 855-1 390 

2 1 -23 

1 998 Heat Rate Improvement 
Conference 
Baltimore, Maryland 
Contact: Megan Boyd, (650) 855-79 l 9 

2 1 -25 

I nfrared Thermography: Level 2 
Eddystone, Pennsylvania 
Contact: Edie Mcfal l, (800) 745-9982 

22-23 
Operational Reactor Safety Engineering 
and Review Group 
Baltimore, Maryland 
Contact: Cindy Laymon,  (650) 855-8763 

2 2-25 
Air-Operated Control Valves: 
Advanced Level 
Logan, Utah 
Contact Edie McFall, (800) 745-9982 

23 
New Electric Motor/Drive Markets 
and Solutions 
Tempe, Arizona 
Contact: Teri De Breau, (650) 855-2833 

24-25 
ProfitManager Software Training 
and Users Workshop 
Dallas, Texas 
Contact: Lynn Stone, (972) 556-6529 

28-0ct. 2 
Boi ler Operating Theory Fundamentals 
Kansas City, Missouri 
Contact: Sarah Vanberg, (81 6) 235-5623 

29-0ct. 1 
Fluid-Film Bearing Diagnostics 
Long Beach, Cal ifornia 
Contact: Esther Blanco, (562) 493-774 1 

29-0ct. 2 
Protective Coatings 
Eddystone, Pennsylvania 
Contact: Edie McFal l ,  (800) 745-9982 

October 

4-7 

1 998 G;uiftcation Technologies Conference 
San Francisco, Ca l ifornia 
Contact: Miehe. le 5amoul ldes, (650) '855-2 1 27 

5-6 

Power Qual ity Opportunities i'n a 
Changing End-Use Market 
KnoxvlUe, Tennessee 
Contact: Martha Powers, (423) 974-8288 

5-9 
Turbine Operating Theory Fundamentals 
Kansas C ity, Missouri 
Contact: Sarah Vanberg, (81 6) 235-.5623 

7-9 

Substation and Switchyard Predictive 
Maintenance 
Eddystone, Pennsylvania 
Contact : fdie McFal l , (800) 745-9982 
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