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EDITORIAL 

International Research at EPRI 

For many years now, we have witnessed the evolution of an increasingly interconnected global econ­
omy. While American companies have expanded their operations in foreign lands, a growing number of 
overseas companies have opened U.S. offices. So much in the way of expertise, hardware, and 
manufacturing processes crosses national borders these days that it is a challenge for consumers to 
pinpoint the domestic origin of many commonplace products. 

The electric utility industry is no exception to the globalization phenomenon. Large 
multinational firms headquartered in other countries have begun to dominate the market for generation 
and transmission equipment. Meanwhile, U.S. utilities are investing in overseas projects and-through 
EPRl-are collaborating at an unprecedented level on research and development with utility organizations 
around the world. 

Although international cooperation is far from new to EPRI, today there are more reasons than 
ever to have an international perspective when 1t comes to R&D in the utility industry. One key reason is 
the growing number of industry issues-including global climate change, nuclear safety, and emissions 
control-that transcend national borders. If such issues are to be dealt with efficiently and effectively, 
they must be confronted jointly by utilities around the globe through the sharing of knowledge and the 
pooling of R&D resources. 

Our work wrth overseas utility organizations-especially 111 recent years-has shown us not 
only that our interests are becoming more similar, but also that these international groups often provide 
valuable expertise and fresh perspectives that help us with our domestic problems too. We have a great 
deal to gain by working with utility groups in other countries, and by the same token, we would have 
much to lose by choosing not to collaborate. 

To ensure that EPRl's international relationships provide the most valuable input for the Institute 
and its members. we recently adopted some new mechanisms and established a more businesslike 
approach to these interactions, as described in greater detail in the cover story. We look forward to the 
outcome of these initiatives and anticipate that, as an expansion of EPRl's productive international 
cooperation, they will help us continue to provide our members with innovative solutions to address their 
most pressing needs. 

J�B. K��� 
, �pelman U 
nager, International Activities 

Office of Commercialization & Business Development 
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34 Biofilm Formation and Microbial Corrosion 

Fundamental research on b iof i lm format ion mechan isms , 
bacterial metabol ism , and interact ions between bacterial 
species is ident i fy ing methods to control b iof i lm develop­
ment and prevent m icrobia l ly  infl uenced corrosion . 

37 Water-Loop Heat Pump Enhancements 

A combi nation of h i g h  energy eff ic iency, low f i rst cost ,  
s imple controls, and reduced space requ i rements makes 
water-loop heat pump  systems an attract ive opt ion for 
the heat ing and cool ing of commercia l  bu i ld ings ,  and 
efforts are under way to enh ance and publ icize their 
advantages. 

39 High-Efficiency GCC Power Plants 

Improvements in gasification tec hnology, gas tu rbine 
performance, and overal l  p lant i ntegrat ion now make 
possible gasificat ion-combi ned-cycle power plants with 
heat rates that are 1 5-23% better than those of conven­
t ional pu lverized-coal p lants with scru bbers. 

42 CHECWORKS: Integrated Corrosion 
Software 

By i nteg rat ing a nu mber of corrosion analysis modu les 
wi th a shared database , the C H ECWORKS software 
platform wi l l  g ive ut i l ity personnel maximum flex ib i l ity i n  
pred icting t he  occu rrence, l ocat ion ,  causes, and effects 
of power p lant corrosion. 

DEPARTMENTS 

32 Tech Transfer News 

46 New Contracts 

48 New Technical Reports 

50 Events 

52 Contributors 



m,t ,...� - t F !1l �JJ � 14 Cool Storage 

EPRI O RNAL 

Volume 17, N umber  5 J u ly/August 1 992 

ED ITORIAL 

I nternational Research at EPR I  

COVER STORY 

4 Tapping the International R&D Resource 

As i ndust ry i ssues have become more global in 
recen t  years , EPRI  has i ncreased its i nvolve­
ment i n  internat ional col laborat ion and has for­
mal ized its relationsh ips with R&D groups 
outs ide the Uni ted States in the p rocess . 

FEATURES 

14 Cool Storage: Saving Money and Energy 

Beyond thei r t rad it ional load-sh ifti ng capabi l it ies, 
today 's cool storage systems have energy effi­
ciency advantages that make them strongly 
competitive with conventional ai r condit i on i ng 
equ ipment .  

22 Refrigerants for an Ozone-Safe World 

E PR I  has launched a long-term cooperat ive 
effort with chem ical producers and equ i pment 
manufactu re rs to deve lop new, non-ozone­
dep let ing refr igerants and hardware by the end 
of the decade . 

22 Refr igerants 



by Leslie Lamarre 

Tapping the Intern 

T H E  S T O R Y  I N  B R I E F  

International collaboration 

has been a part of EPRI's 

approach to R&D since the 

Institute 's beginnings almost 

20 years ago. Through its 

partnerships with utility 

organizatjons around the 

world. EPRI has increased 

the productivity of its own 

work while makjng some 

, aluable contributions to the 

R&D programs of overseas 

groups. As industry issues 

have become more global jn 

recent years. EPRI has taken 

advantage of the interna­

tional R&D resource to work 

jointly on issues of common 

concern. \Vhilc increasing 

its involvement in interna­

tional collaboration, the 

Institute has also formali:r.ed 

the nature of this activity to 

ensure that EPRI and its 

members receive an equita­

ble return for the informa­

tion and expertise provided 

to R&D entities outside the 

United States. 
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W ELCOME TO FRANCE, a 
cou ntry only four-fifths 
the size of Texa that is 
home to the wor ld 's  

large t e l  ctri u t i l ity. It  is  a society tha t 
d rives more than 75% of i ts electric 
power from n uclear reactors, producing 
twice as much nuclear energy, per ca pita, 
as the nited Sta te and three times a 
much as Japan. Today France i as wel l 
known for i ts high-speed lectr ic train 
-the fastest in the world-as it  is for its 
Bordea u x .  

Four thousand miles across t h e  globe 
is India, where indu stries must opera te 
in staggered shifts to get the electricity 
they need to function . The country 
suffers an 8 .5% electricity shortage, 
which increases to 1 8% d uring periods 
of peak demand. Covering an area about 
one-th ird the size of the United Sta tes, 
f ndia contains three and a half t imes the 
U.S. popu lation. About 75% of these 
people l ive in vil lages, many of wh ich 
do not have electricity. 

The issues confronting electric ut i l i t ies 
in these two cou ntries are vastly differ­
ent .  Bu t energy expert in both bel iev 
there's much to be gained in working 
closely with EPR J .  E lectric ite de France, 
the world ' s  largest electric utili ty, is now 
in its tenth year of a working relat ion­
ship with the Institu te. Today this 
partnership involves 25 projects on 
topics rangi ng from global wa rming to 
ma teria l re earch. So far, India's 
relationship with the l nst i tu te, estab­
lished il1 1990, is l imited to an informa­
t ion exchange agreement .  Bu t a delega­
tion of high-level govenu11 ent officials 
recen tly visited EPRJ wi th  hopes of 
establishing morc:!-Lntimate t ies. 

"EPRJ ha always been involved with 
in ternational u tilities, but recent activity 
has begun to make the lnstitute a true 
i nternationa l ly col l aborat ive re  emch c1nd 
development organiza tion,'' ay Jay 
Kopelman, EPRJ' ma nager for interna­
tiona l activ i t ies. " ot only has EPR I  
increased i ts  involvement wi th  u t i l i ties 
overseas, but i t  has formalized the 
natu re of that involvement to help 
ensure tha t it get compa rable va lue  
back for what  i t  gi ves out, be  i t  i n the 
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form of experti e, i nformation, t chn l­

ogy, fi nanci ng, or a combi nation of these 
benefi . " 

Pa rt of thi  m r st ructu r1cd act ivi ty i 

a n w pi lo t  pr gra m through which 

i nterna t iom1 l  u t i t i ty orga n iza t ions 

become affi l ia tes of EPRJ . E PR I  hc1s a l  o 

opened two of
f

ice overseas-in Bi r­

mingha m, Engla nd , and Melbou rne, 

Au tra l ia-to help manage the  r lilt i  n ­

sh ip with t h e  affiliate a n d  n ha nce the  
fl w uf tech nol gy from the  a ffi l i i1 t  

a n d  other u t i l i ty rgan i7a t iun i n  the  e 

regi n back to E PR I .  
" I cc t he· effort  a the fi rst tage i n  

t he  globa l i za t ion of EPRl 's  act ivit ie n a 

more forma l  basis," sa - Dwa i n  pen er, 

vice pre iden t for the ffice of ommcr­

cia l i7cl t ion & Bu ine. D v lopmen t ,  

which vcr ce· t h e  I n  t i tu te' i n volve­

men t i n  the i nterm1 t iona l a r  no . 

"Knowledge and i ts cien t i fic and  

tcch nolog i  c1 l  products  have  become a 

!4IOba J as L ,  w i t h  no i ngl  cou ntr  

hold ing  ,1 monopol y po · i t ion," says Kurt  
eni;er, EPR l ' s  enior v ie- presi dent  for 

techn ical or ernt ions. " I t  is t h  r fore 
sent ia l  that  EPRI t rengt hen iL world­

wide rdation on belu1 l f  of ou r member 

and  a f fi l i o te ll.l ensur t hat  they have 

ac e- ·  to the cu t t ing ed ge o f the  i n tema­

t iont.1 1  knowledge re ou rce and c1 re able 
to more ffec t i vcly hn rve · L t h a t  r -
sou rce." 

Why go global? 

EPRl ' · incre - ,d intt•rna t iona l i n  •ol , 

mcnl i pr p •l led i n  pnrt b_ t he growing 

nu mber of ind u. t ry i .u tha t  .ire not  

defi ned by na l i on.:1 ! bord er  . W hen i t  

come. to  uch conce rn. as globa l 

w.:1rm in�, nuc lmr o fet , and the need 

for incr a .  cd cffidenc in the tu: ond 
d el i ver of ele t rici t , many i n  th  

i nd u. t ry be l i  'Ve tha t an in terna tional 

re pcm i - not an pt illn bu t a n ' s i t  . 

"The s pe of the L . ue- fac ing the 
el  c t ric power i ndust ry t h roughout the 

world  Tequ i res col labora t i v  cffor to 

re ·olve t hem ," penccr told a n  aud ienct' 
at a n  I n ternat iona l  Energy Agency 
con ference i n  H u nga r , arty thi  ,ea r. 

" Many of th i ue · in i t ia l !  d rew the  

. .  electric u t i l i t ie t g t her to f rm 

PRI . L t  i now clea r t hat imilar m tiva­

t ion are bri nging the world 1 c t ric 

c rnmuni ty together." 

Over the past 15 rea rs, EPR I  ha been 

instru menta l in developing a nu mber of 

i n terna tiona l  progra rns t work on uch 

ri t i  a l  c ncern . ne cu rren t  exa m ple i 
the Mod el Eva l uat ion n ort ium for 

Cl imate A se ·mcn t  (ME pr j�ct. 

M , w hich repre. t:n t  ju t ne fac 

of E PR l ' s  c l i m.:1te change re ea rch 

stra tegy, in volve_ a consort ium of u t i l i ty, 

academ ic, and  govern ment  group  from 

t he nited tate. , Japan, Fra nc , l t,1 ly, 

nd the ether land . The proje t wa, 

undertaken to quan tify the pla u ible 

rn nge of cl ima te cho ngc-a. pred icted 

by com pu ter model -so t h a t  pol icymak­

er would under · ta nd th econom ic r isks 

as ociated w i t h  vari us pt ion · for 

l imi t ing grecn hou -e gas emis · ions. 

ol lab ra t i vc pr ject. l i ke ME A 

reprc_ ent  more t l rnn a u n i ted concern, 

h w v r. They a r  a r fl t i  n of th 

globa l iza t ion th.1 t has wept t lw busine • •  

world i n  r en t  ea r . This movemen t 

ha had a sig n i fi a n t  i mpact on the 
ut i l i t  indu tr  , t ra nsformi ng nat iona l 

manufoctur ing fi rm i n t  mu lt i na t iona l 
gian ts and prompt ing  U . .  ut i l i t i c  to 

e tobl ish ubsid ia r ies to invest in F owcr 
pla n t. over. eas . Imo. t inv lu ntu r i l _ , 

the economics of fa r- fl u n  c u n t r ies 

lrn ve bee m more i n tegrated . For man 

organ i,:a t icm · tha t  want to . ta a hec d 
today, a n  i n ternat iona l  p r pec l i  e i 
mc1 11d a tory J 1 1 .; t , rnm ri'l n ir<; ;u·rn md tlw 

globe have jumped nat iona l bord er to 
tap new mn rkct and to gc1in accc .• to 

t • hnology a nd ki l led ln bor, · PRI has 
ough t  to keep u p  wi th  t he _ tale of t h� 

a rt i n  th i nd tktr  world wide. 

I nd eed , El 'R l  ha I arned , Jot from 

working w i t h  in terna t iona l u t i l i t  

organ iza t ions over t h  yea r . Bot h  
ranee and  Japa n  have a sig n i firnn t  

.i mou n t  of n uclea r genera t i ng c.i paci t  

from which they h;iv ga ined va t 

opera t ing e>.perienc that ha provid d 
val uabl le s n- f r . .  ut i l i t ies; Bri ta i n 

ha prod u d som of t h  we r id ',  

I ad rs  i n  ma terial - r scar h;  a nd 

Germon  u t i l i t ies, w hich face t r ingent 

env i ronm ntal regu la t ion , a re pcri-

enc d in applyi ng advanced tech.nology 
t control n i t rogen o ide . Even coun­
t rie that  are grappl i 11g with evere 

issue in t h  pow r ind u try have how11 

they hc1vc somethin to ffer. For 

i nsta n ce, EPRT r searcher have lea rned 

from the viet pract ice of adding 
oxygen to the fecd water of fos i J -fi red 

boi ler. to ont rol c rro ion. EPR I  L now 

t t ing thi  t chnol gy in tw U.S. fossi l  

pla nt  
'' I t i clec r t hat  sci n� • ;ind engineer­

i 11g know no geographic b i.mda ries a nd 
t hat 11e, idea and tcchnologie an� 

consta n t ! emerging i n  our i nd u  try," 

. ay. To ny Armor, d i rector of PRl's 

Fo ii Power Plant Depa rt men t .  " EPR I 

rec gniz s this and i reach i ng ou t 

a ro the  world to bring the be t 
Jdvan  d tc hnulogies tu il. member • . " 
Ju t within his department, Arm r n 1tes, 

a n u mber of technol ogies tha t  wer 

d eveloped in other cc u n t ries have b en 

imported ver the  ye.:1 r . ne exa mple is 

the above- men tioned oxygenated 

hemist r ystcm. fi rst appl ied i 11 Ru. ic1 
and ,ermany. A nother i • ;in acoust ic 

s • tem for d le t i ng lea ks in u t i l i ty 
boi ler tubes. rigi na l l  employed a l  
u t i l i t ie_ in l t <1 ly and England , t h i .  sy, tem 

is now being u ed at more t h a n  -o U . .  

u t i l i t ie • . 

PR! ' .  o l labora t io n w i t h  i n t  rna l ionc1l  
u t i l i ty orga n iza t i  n. ha · offered a 

num ber of adv< n tages. Not only h;i i t  

d i  pt:r d th ' fi na ncifl l  burd en of ma j r 
rf'c ea r h projects, bu t it ha al.  0 pooled 

the  umula t ive opera ting c periences of 
those invo lved, off ring va luable les on 

from a w i d e  voriet , of u t i l i t  • v tl'm,;;. 

In ;i d d i t ion , i t  has pro id ed ;icccs� to 

demon ! rat ion and  test fa i l i t ie th;it  

have no counterparts in the nited ta tt 

F r in tan  e, t h rough i ts overseas work 

i n  pr>� miz d fluidiz d-bed c mbu tio n  
( PFB ) ,  "PR I h ,  s tak  n J v a n tag of 

ex i  t ing faci l i t i  in n land, Germa ny, 

Fin l and ,  and wcden . These c u n t ri 

have been heavi ly i n vol ved in t h  
development of PFB technology, n 

rela t i ve ly new, h igh-efficienc opt ion  

for genern t ing power clean ly from co.i i .  

Accord ing  t o  t v n Drenker, EPRI ' 

program manag r for fl u id ized -bed 
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EPR I  R&D ARO U N D  T H E  WORLD  

EPRl 's technical divis ions are working with util ity organizations from many different countries. Here 

are highl ights of some of their  projects. 

Through a joint project with Japa- � 
nese ut i l ity organizations,  EPRI 

has tested equipment at this 

photovoltaic research and testing 

fac i l ity in  Japan. 

Establ ished to quant ify the p laus i ­

ble ranges of cl imate change 

predicted by computer models, 

the Model Eva luat ion Consortium 

for Climate Assessment involves 

util i ty, academic, and government 

groups from live countries. 

A seismic research project with 

Taiwan Power produced this 1/4. 

scale model of a pressurized water 

reactor conta inment bui lding in 

Lotung, Taiwan.  

Live-l ine testing with BC Hydro and Ontario Hydro . 
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This cylindrica l pu lse-jet bag­

house in Austra l ia was part of a 

pilot demonstration project with 

the Electr ic ity Commission of New 

South Wales . 

The Advanced Light Water Reactor 

Program, which currently involves 

ut i l ities from eight overseas coun­

tries, has produced four reactor 

designs, including this one by 

General E lectric. 

Ontario Hydro is partic ipat ing in  

an EPRI  project a imed at develop­

ing advanced and effic ient e lectro­

technologies for wastewater 

treatment p lants. 

The Cool Water project provided 

the f i rst commercia l -scale demon­

strat ion of integrated gasifi­

cation-combined-cycle technol­

ogy. A Japanese consortium of 

private companies helped fund the 

project . 



combustion, they have invested some 
$200 million in PFBC test facili ties ince 
the la te 1 970s. By comparison, EPRI has 
spent about $1 2 mil l ion for test ing at 
the e plants .  

"By piggybacking on top of the 
enormous investment that has already 
been made, we're reall y leveraging the 
.R&D dollars of our members," says 
Drenker. Through i ts participat ion i n  a n  
International Energy Agency project· i n  
S w  den, EP.Rl i s  hel ping t o  test two hot 
gas fi lters that may im prove PFBC 
technology. Organiza t ions from seven 
countries are participat ing in this $ 15  
million project. Beca use EPRI's pioneer­
ing work in hot gas fil ter technology 

contributes valuable expert ise to t J1e 
project, the I nstitute's share amounts to 
only 3% of the total cost. However, the 
L nstitute and its members derive the full 
benefits of the technology improvements 
resu lting from the work. 

Looking back 

EPRI ha been involved with interna­
t ional organiza tions since the first years 
of i ts existence. "There was a fu ndamen­
tal philosophy when EPRL was estab­
l ished that it was going to try to get al l  
of the best in formation-scientific, 
engineering, and teclmica J-anywhere iJ1 

the world, bring .i t  all together, and  
synthesize i t to  provide the  American  
util i ty industry with the best insight as 
to what' goi ng on and what i t  ought to 
be doing, '' says Cnau ncey Sta rr, the 
l nsti tu te's founder and first president. 
'

1 PRl's ambition, right from the very 
beginn i ng, was to encompa ss the  world '  
knowledge and experience." 

According to Starr, EP.Rl's international 
involvement not on ly increased the total 
fund of knowledge the lnstitute had to 
offer its members, bu t  also enhanced 
EPRl's i n lernalional repu ta t ion as a reU­
able and authoritative sou rce of infor­
mation. The f n  ti tu te's earl iest rela­
t ionships with international ut i l i ties 
involved an open exchange of informa­
tion, typical ly outl ined in a memoran­
dum of understanding. The idec1 was to 
maintain a quid pro quo exchange 
through joint workshops and meetings 
and throu gh publications put ou t by 
both part ies . Early exchanges were 
establ ished with utilities in B11gla nd, 
Taiwan, and  the Soviet Union, among 
other countries. o money changed 
ha11ds in these col labora tions. A Starr 
puts i t ,  " I t  was a pool ing of knowledge 
rather tha n a pooling of resources ." 

Gradual ly the T ns t i tu te' s re l ationships 
with international entities evolved lo 
i nclud e the cofunding of projects ,  the 
sharing of facili t ies for testing and 
demonstra tion, and even the loa ning of 
employees. As such effort progressed, 
EPRI's repu tat ion spread around the 
globe. ''EP.Rl became very well known 
international ly," says Kopelman. "ft 
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grew to b a well known and  widely 

r spected in many foreign nation as i t  

had become in t he  Uni ted States ." 

I n  the late 1 970s, E PRI ini t iated a 

project that took the oncept of interna­

t iona l involvement to an unpreced ented 

level for the l.n ti tute. Tha t  project wa 

the first commercial- ca l e  d emonstrat ion 

of in tegra ted gasi fica t ion-combined-cycle 

( JG ) technology. Known as the Cool 

Water project becau se of it locat ion a t  a 

Sou thern a l i forn ia Ed i on pla n t by that 

name, this demonstrati  n wa u nder­

taken to i l l u  trate tha t  coa J can be used 

to genera te electric ity clea nly wi thout 

the u e of energy-wa ting flue ga 

crubber . A Japa ne onsort ium of 

pri vate ompani s contributed $30 m il­

l ion to the  proj ct, rough ly 1 0% of the 

total cost; U.S. manufacturing compa­

nie con t ri but d $1 70 million; a nd EPRI 

provided abou t $70 mil l ion . 

"Thi wa the fi r t time the private 

sector on an in ternational ba i total ly 

fo nded a l a rge- cale faci l ity to demon-

trate a new technology," ay Spencer, 

e pla in ing that t he U.S. Depa rtment of 

Energy had played a significan t role in 

fu nding EPRl 's previous demonstra tion 

project . "The ool Wa ter pro ject 

brought ou r expert i e and the r qui red 

fi nancial capabi l i ty together to demon-

trat a ne\·\ t chnology tha t otherwise 

would not have been demonstrated ." 

The lG C pla nt ,  which came on- l ine i n  

1 984, exceeded i t  environmental and 

opera t ional performc nee objecti ves and 

clearly demon tra ted the technology to 

be a viable option. pence.r, ho wa 

PRI' ice pre iden t for advanced 

power sy tems At the t ime and oversaw 

the dem n · t ration, a y · I C i now the 

world ' s  front-ru mi ing ca ndida te  for the 

a d vanced u t i l i za t ion of coa l .  "Ba ed on 

what we hea r from the h ine e, the 

Japa 1 1e ·e, t he  French ,  and the  Bri t ish, i t  

is  c lea r tha t  we have cha nged the 

viewpoi n t  of the whole world on what i · 

the most imp rtan t advanced coa J 

technology," he ays .  

The fir t com m rci, I u t i l i ty ICC u nit  

is sched u led to co me on-l ine in the 

etherla nd in 1 994. EPRl wil l  be 

moni tor ing thi  project both throu gh i t  

long collabora t ive a sociat ion wi th  Shel l ,  

the system developer, and through the 

Dutch u ti L i tie that wi l l  operate the 

faci l i ty. Two other commercial  u nit in 

th Un i ted Sta te -on at Potomac 

Electri Power a11d one at Tam pa 

E lectr ic-a re sched u led to be operat ing 

by t he turn of the  century. 

Beyond Cool Water 

Since the era of the Cool Water project, 

internat iona l  collaboration at PRI ha 

en ter d a new d imension of major, 

mul t ina t i  nal  u nderta kings. While 

informa t ion ex hange agre ment and 

le s forma l re lat ionsh ip  t iU  exist, the 

I ns t i tu te  now regularly enters i nto 

larger-sca le agr ements involving m r -

int i ma te col laboration. By far the biggest 

cu rren t  exa mple is the Adva nced Ligh t  

Wa ter Reactor Progra m. I nit iated a 

de ade  ago, the A LW R  program aims to 

dev I p de ign r qui rements for the nex t  

genera tion f a fe nuclear reactor . 

Today the pr gram is join t ly  fu nd ed by 

U . .  u t i l i t ies ( t hrough EPRI), t he  U. 

Depa rtment o n rgy, U .  . r actor 

vendors, a nd i nternationa l  ut i l i t ic  . Wi th 

a col laborat ive budget of near ly  600 

mi l l ion, it i · the large t ma nagemen t 

project i n  t he  h i story of the l n  t i tu te .  

"Design ing afer, more relfable nuclear 

reactors i an i ue that many countric 

face, becau e they are all going to have 

to add capacity before the end of the 

century or 0011 a fterwa rd ,"  ay Ted 

Mar  ton, d i rector for advanc- d rca tor· 

d velopm nt in EPRJ ' uclear Power 

Di vi  ion. "lt makes en e to w rk on 

thi  i ·ue joint ly. Why waste re ou rce 

d u pl icahng efforts when we ca n accom­

pl ish o m u  h more by worki ng to­

get her. " 

o fa r, ut i l i t ic, in eight over eas 

ou ntrie ( I ta ly, the et herlands, Jape n, 

Fr, n e, Germany, pain, Engla nd , c n d  

B lgium ) a re pa rtici pa t ing in t h e  la te L 

phn e of t he  A W R  program. Each i 

con t ribu t i ng  abou t 9 mi l l ion i n  fu nds  

and other resou rce -i ncluding cx pcrti c, 

opera t ing ex perience, test resu l ts ,  and  in 

many ca e· employees. (Ta i wa n  a nd 

Korea part i i pa ted in earl ier pha cs of 
the progra m . }  Abou t one-thi rd of t he 30-



EPR I  

AFF IL IATES 

PowerGen pie 
One of two privatized electric generating 
companies in England 

Capacity: 18 ,000 MW (fossi l fired) 
E PRI affi liate as of Apr i l  1 , 1991 

Azienda Energetica M unicipale (AEM) 
An Italian utility located in Milan 

Capacity : 1036 MW (60% hydro and the 
rest o i l  and gas f ired) 
EPRI affi l iate as of Ju ly 1, 1991 

British Columbia Hydro (BC Hydro) 
The provincial utility of British Columbia 

Capaci ty: 10,500 MW (almost entirely hydro) 
EPRI affil iate as of Ju ly 1 , 1992 

State E lectricity Commission of Victoria (SECV) 
Generation. transmission, and distribution company that 
supplies the state of Victoria in Australia 

N V  tot Keuring van Elektrotechnische Materia len (KEMA) 
The R&D organization for electric utilities in Holland 

Capacity: The country's lour generating companies have 
Capac ity: Approx imately 8000 MW (mainly 
coa l  f i red with some hydro and some gas fired) 
E PRI alfll fate as of February 1 , 1 992 

member ALI R t;iff i 011 loa n lo EPRI  
from ll t i l i l ie· i n  the c coun t rie" . Another 
t h i rd of t h  A LW R  ta ff i on loan  from 
dom • l ie ti t i l i l i e  , 1 h i le  t he rema in i ng 
t h i rd is made u p  of EPR I  cmpk ycc · .  

The cu rrent  pha e of the LW R 
progra m involvl' · the actu a l  de. ign of 
the adva nced pas i vc reactor, usi ng a 

ompr1:: hen. ive ·et of requirem n ls 
de e loped i n  an  ea rl i r pha,e of the  
progr;im.  The go<1 l is to ompl  te t h is 

design ph;i ·e in 1 995 o t hat the fi r t 
reactor ba. ed on tho e ·peci fi at ions an 
b bu i l t , l icensed, and operat ing b 
abou t the  yea r _000. To he lp en. u re t h  
l i c1c11 ·abi l i ty of the  new de. ign , EPR I  has 
worked clo ely with the uc lear 
R gula tory ommi sion,  whi h has 

rev i w1::d a l l  -+2,000 design a nd techn ica l 
r, q1 1 in'n1 , •n tc;. 

" I t h i n k t he d e  ign ha. bl.'cn po·i t i \'cly 
in Ouencl.'d bv the int ernationa l c n t ribu­
tor ,"  . ays Mar ton, not ing that most l l f  
t he  pa r tkipant  cou ntrie • hav lc1rge 
nuclea r investments and much perat­
i ng  experi n e. "When Vl.'r we fou nd a 

bd l t'r muu e trap, w incorp rn t d i t  
i n t t he  r qu i r  men t  ."  Ne1  fea tu res 
r u l li ng from the d ign of t he pa s ive 
pla n t  w i l l  be tested a t  faci l i t ies-in  
J a pa n, I ta ly, and Swi tzerland- p i fi ­
r n l l  , bu i l t  for the n e d  o f  th ' L\i R .  

A mong the enhancement to th 
d sign was a 1ggc tion fr m a pan i  h 

pa rt ici pant to u e de p w r d ir ct ly from 

the r actor ' ba ku p power ·ource, 
, el im ina t ing a c nverter. ccord ing t 

about 15 ,000 MW of capacity (roughly 7250 MW coal f ired. 
7250 MW gas fi red , and 500 MW nuclear) 
EPRI aff i l iate as of Ju ly 1, 1992 

eor e Bockho ld f EPR I , proj cl 
manag r r the A LWR effort , t h i  
. uggc · t ion has hel ped impro e the  
rel iabi J i ty a nd economi  of t h  in t ru ­
mentation a nd on t ro l  s ,  tcms. i ncc de  
power is com pa ti ble w i t h  modern 
in · t ru menta t ion and cont rol sysll!m, , th1c 
power om·ertcr is not ne d ed .  

The ! ta li, ns, t h e  Bri t i. h ,  a n d  t he 

French have a lso con tr ibu t d v, lu ab l  

i nJonna tion to the project . t i l i l i e  in the 
K and France arc bu i l d i ng new n u cll.'ar 

power plan ts ,  and a a re ul t thei r 
de ign inc lude ad a nc d ,  d ig i ta l  
t h nology. u h te hn 1 log i bei ng 
incorpora ted i n to the W R  design to 
m;ike the 111  n-mach ine i n tcrfci e mor 

u ·er- fricnd l y. Th' op1cra t i ng experience 
of the Ell ropea n u t i l i t ie. ht1s  d emon­
stra ted t ha t  u · i ng micro om put r to 
conduct  ma n. sma l l  la::.ks i. prefera ble 
to u ing one la rge ma.in ra me computer 
. . . tern to con t rol every t h ing in a pla nt .  

, the e u t i l i l ie · have lea rned , main ­

frame c mputer ·y-tcm. a rc no t  fa. t 
enough to on t ro l  t he  thou and. f ta k 

required in a n u cle;ir c wcr pl a n t .  
The A LW R  progra m is just one of 

many i nterna t iona l  act iv i t ies o f  the 
uclear Power Divi. ion, which em ploy 

more than  70 , of th I n  t i tu te '  interna­
t i  na l n- loa n  staff members. "There'. a 
very large egm nt of our  w rk t day 
f r whi h it ha. b1.: me a lmo t 111 nda­
tory t hat I e bave i n ternat iona l coop ra­
t ion ," ay John  Ta lor, vie pre iden t  for 
t he divis ion. "Just from the v iewpoint  of 

c fct i ue , t li,re'. a strt1n movem nt 

in t he i nd u. try w rldwid to ·ha r 
i nformat ion, and for good rea,011 . Take 
U1e hernob I a cident :  even though 
that stem i, nothing l i ke t he one · w 
u e i n  th U ni ted tate , incorpora t i ng 
haracteri t ic that wou ld never have 

been permi t ted and l icen. cd in t h i  
coL1 11 l r  , t h e  event  gener,lted very, very 
bad pub l i  i t y for ou r nuclea r  power 

i ndu  trv. WL· have a lot of ommon 
objectiv . acr ·s the I orld, and if we 
share the w rk t ha t '  needed t r olve 
t hese j · ue , we're all better off or i t . " 

Quid pro quo 

rigin;i l l  EPR I  ma i nta ined a pol icy of 

op nnL·s · t n  i t · xchange_ . Then, in the 
ea rl , 19 Os, the l nst i tu t , adopted a 

po l i  'Y on i nternt1 l ional col laborn t ion thn t 
cmphasiz •s t lw importan e llf hav i ng 
qu id pro quo arrnngement ·. in e tha t  
t ime, EPR I  ha · t igh tened u p  on the 
in forma tion i t  r lea s to  over ea s 
o rgan iza t ions, cut t ing down on the 

n u mb r of r port it ends out ;ind i n  
gen ml r •st rict ing • c c  • to i t  res a r  h 
resu l ts . Th ' ci im  i s to en u r  that PR I  
t1 nd i ts me111b r c H ' gethng ;i ret u rn  of 
value for what  the I n. t i tu te giv ou t .  

" I n  amin ing the i n ternati ona l  
re lat i nsh ips tha t ht1d been tab l i shcd, 
w fou nd tha t  some situations w re nol 
equ i table , "  say Mil t  Klein, a con. u l tant  

f r r R l  who, befor h i  ret iremen t, \\'as 

t he [ nst i tu te' v i  e r id n t  for indu try 
r • la t ion. and informat i  n erv ice . .  " We 
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learned that b ing open with our 

re earch re ult  w not an effe t ive wa 

to get infonnation fr m others. We 

fou11d tha t  we mu t-i n effect-bargai n  

wi th them. "  

EPRL el imina ted ome informa tion 

exchange agr ement  that i t  didn't 

con id r useful to t he I n  t i tute. t one 

t ime ther were 25 i n. forma t ion e cha ng 

a reements in place tha t involved more 

than one d ivision. Today ther a re 1 4  

uch agreemen ts, and these w i l l  b e  pared 

down over the ou r e f thi ea r. The 

chang ha ve a ff cted more i n-depth 

col l a bora t ion as wel l .  "We are bee ming 

mu h more busine l i ke about r qui ring 

a dear quid pro quo from any interna­

t iona l project-re l a ted agreement o tha t  

there's a clear flow of  informat ion and 

da ta,  or a har ing  of u nique e peri men­

tal  facil i tie that EPR! would n't otherwise 

be able to make u e of," ay pencer. 

Al o helpi ng lo en ure that El'RI g t 
enough back for wha t it gives out,  t he  

I n  ti h.1 tc ha establ ished a mor  formal 

ha nnel t h rou gh which i nformation 

now to and  from ome i nterna t i  nal  

u til i ty organiza tions. This new channel  i 

the L n terna tional Jfil iate Pr gram,  

ma naged b Jay Kope lman. Apprn d 

on a pi lo t  ba i by the Board of Director 

in De mber of 1 990, the progra m 
cu rren tly i nvol ve· u t i l i ty grou p from 

Britai n, I ta l y, Au 1-ra l i a ,  a nada,  a nd the 

etherland . 

Rather tha n joint ly fu nd ing project 

with EPR I,  t he a ffil iates buy in to speci fic 

re earch a reas. Within the program they 

invest in, the affil iate receive resu l t  of 

- PRl 's R&D. H wever, they mu t al  ·o 

provid ' revers tech nolugy tra nsfer, 
releasi ng informa t ion to El RI from their 

own, counterpart program . ''While a 

globa l perspective on R& D i goi ng lo 

become ever more igni ficant in the 

coming decade , i t  i important  to 

Lmder ta nd that EPRl '  work i s t i l l  very 
heaviJy focused on i t  member ' need ," 

ays Ri Rud man, t h  I n  t i tu te's · ni  r 

vice pre ident f r bu ine op ra t ion . 

"The i n  ight and , p rti e deri ved from 

interna t ional resea sch wi l l  ffer c l  ar 

practical benefi ts lo EPR! '  member 

u t i J i t i e  and  thei r ratepayer· ." 
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EPR! is pa rticu larl intere ted in the 

R&D programs of i nternational u l i J i ties 

t hat have grown considerably in size 

a.nd  ophist ica t ion. Today some foreign 

uti l ity R&D opera t ion are much la rger 
than Lho e f an si ngle America n  u t i J ity. 

I n  ome a , individ ual progra m are 

comparable to or larger than EPRl 's 

programs in the ame field .  For in la nce, 

Tokyo Electric Power's budget for 

n uclea r  R& D is bigg�r than tha t  of EPRJ '  

uclear Power Division .  

To oversee the e a ffi l i a te relat ion h ip  

and help nhanc the  flow of t chnology 

from the interna tiona l  ut i l i t  organiza­

tions to EPRl, th In t i tu te this pring 

e·ta blished two offices over eas.  A l 

Dolbee of the  Generat ion & Storage 

Divi ion heads  the office u1 Birmingham, 

England, wh ile Owen Ta icker, a l  o of 

&S, head t he office in Melbou rne, 

Au tra l ia .  Both loca t ions aie equ ipped 

i th video onferencing capabil ity and 
wi l l  over ee  the techni a l  rela tion with 

PRI '  n w in t  mationa l  a ffi liates a nd 

provide a basi foI broader in terna tional 

activ i t i e::. .  The Melb urn office's ph re 

of ac t ivi ty w iU e tend to nea rby ew 

Zealru1d a nd to coun lrie of sou thern 

A ·ia, including Japan, Taiwan, and 

K rea . Th Birmingham offi e wil l  

over�e r lat ion acros the U nited 

Ki ngdom and the uropean conti nent . 
"I t  is e ential to have oversea l ffice , 

be a u se we a re a gl ba l presence 

alread ," ay George Pr ton, vi e 

presid n l  for generation and storage. "l n  

order to provide our domestic m mbers 

wi th  the full benefit of our international 

acl i v i t ie -from our affi l i a te relat ion to 

ou r R& D pr ject -it ' s  crit ical tha t  we 

have ornebod y n t l,e poL" 

Accord i ng to Pr ton, PowerG n, a 

Brit ish u t i l i ty t hat b came EPRI' first  

a ffi J iate in pril 1 991 . has con idcra ble 

e pcr i encc in nonde lructive evalua t ion, 

com po11ent  l i fe asse, ment, gas t u rbine 

combinL:d-cycle pla nt · , materi11ls, a nd 

ontrol of n i t rogen oxide emi ions. 

While E l 'R I  a l  o ha ·perience in the e 

area · ,  PowerG n'. data and e perti · 

wi l l augmen t the  I n  t i tule' program 

and accelerate its R&D re ult , Preston 

says. "The new a ffi l i a tes offer EPRI 

member the opportlmity to Iran fer 

tech nology from international organ iza­

tions to U.S. ind ustr . Tha t '  what 

warrants th ef
f
ort to r em i t a ffi l iate 

a nd e tablish overseas office . The 

revenue enhancements to ou r U.S. R&D 

program are of secondary in terest ." 

New opportunities 

Tradi t iona l ly, EPRI ha pu r u ed rela t ion­

ships with advanced, i ndu triaJ iz d 

cou ntries p rceived posse ing 

va luable experience and  expert i  e that 

cou ld flow back to the I nst i t u te and i t  
members. Bu t i t  i becoming a ppa rent 

that ther a re a number of benefi ts EPRI 

and it memb rs can d eri ve from 

worki ng with developi ng cou n trie too. 

As a ra in  Hingornni, vie: pre iden t  

for eJectrica l sy tea , poin t · ou t, many 

developing cou ntries are growi ng 

rapid ly a nd tt rgentl need to i ncr a e 

their electric generating capaci ty. 

Di fference · in the geogra phy of t ht• 

cou ntrie a nd in their electrica l  systems 

off r new opportun i t ies to demonstra te 

emerging technologic . Su h o port un­

i t ies ma , not e i L i n  the U n i ted tates. 

L nd ia, for e ample, i a prime I ca t ion 

for di persed g nera t ion, a cone pt that 

has been low to calch on i n  the Uni ted 

tates b cause the U . .  genera t i  m ys­

tem i a l ready well developed . Disper ed 

genera ti n involve the u e of many small 

generating u n it tra tegica l ly  located to 

meet a relatively I w demand . Jar-

powered d i  per ed generati  n i a n  idea l  

ca ndidate for electri fying t h e  600,0 0 

vil lage scattered throughou t l n d ia . For 

a good part of the yea r, lhe e v i l lage 

receiv� 1 2  hou rs of u nsh i ne dai ly. 

"When we want to in t rod uce a 

te hnol g , there ha to b a large 

enough market," ay H i ngora n i .  " ma l l  

genera tion i important  to  a l l  of u . Bu t 

f ir some type of ma l l  genera t ion , �uch 

as ola r  power, the economi cs are not 

r ight to introduce the technology in this 

country. I n  a ount ry Like Lndia ou can 

introduce the techn lo much ooner, 

and once you do tl1at, the co t w i l l  come 

d own and the technology will b ome 

viable for appl ica t ion in lther countr ie ." 

Developing cou n t rie also prosent 



growing market opportuni t ies .  Accord­
ing to the U.S .  Agency for In t  rnation a l  
Devel opment, the market for electric 
power equipment and ervices jn 
developing countries will range from 
$370 bil l ion to $900 billion over the next 
rwo decades. As Deborah Blevis , 
executive d i rector of the International 
Insti tu te for Energy Conservation, points 
out, one strong segment of this market is 
energy efficiency. "These countries 
cannot afford to grow at the rate that 
they1re projected lo grow,11 Bleviss says. 
"They're going to need a significant 
amount of energy efficiency, o there's a 
very strong financial d rive for those that 
provide the  necessary energy efficie11cy 
goods and services to ta ke advan tage of 
the market ." 

Already, EPRJ has begun to eek 
overseas market opport unities fur 'ome 
effidency-related products prod uced by 
the Customer Systems Division. Through 
a unique business agreement signed late 
last year. PRl l1a appoi nted a n  i11terna­
t i011al consu lt ing finn as i ts agent for 
licensing a number of dema nd-side 
management software codes and reports 
outside the United States and Ca nada . 
At this time the products are being 
marketed primarily in Europe (indud iJlg 
Eastern Europe) and Australia. However, 
the potential exists for further opportu ni­
tie in the developi ng world.  

Both Eastern Etuopea n a nd develop­
ing coun tries lag behind the Uni ted 
Sta tes in compu ter technology and could 
benefit from a number of EPRJ's software 
programs and workstation ·, uch as 
those geared toward the design of more­
efficient transmission systems. However, 
many of these countries don't have the 
resou rce to purchase and ;ipply this 
technology. EPRI i curren t ly comm uni ­
cating wi th  ou tside agencies that  may be 
able to provide some fu nding for 
project s in U1ese countries. Among the 
po sible sources are i 11tern11 t ional 
financing agencies like the World Bank 

Despite the financia l  cha l leng tha t  
come wit 11 projects in  t he developing 
world , many bel ieve they represent an 
avenue of both opportuni ty and respon­
sibi l ity for EPR T .  Over the next two 

decades,. a significant increase in 
electricity generation will be needed to 
suslafo U1e world's bmgeoni..ng popula­
tion. Since much of this growth is 
occurri ng i.J1 the developing world, it 
ma kes sense to apply the ad vanced 
knowledge, ski l ls, and  technologies 
a lready developed by the i ndustrial i zed 
world. The motivation is as mud1 
pract ical as it is altruistic. After aJJ, 
effective em ission management, 
operating procedures, Rnd nuclea r sa fety 
practices will benefit the industry, as 
well a society, worldwide. 

"I t  is e sential to our shared gl oba l 
destiny that the lesser-d eveloped 
cou ntr ies not apply obsolete, inefficient 
technology we .have already discarded ," 
says Kurt Yeager of EPRI. "Through its 
international tedmical rela tions, EPRI can 
facil i tate opportu nitie for U.S. uti l i ties 
and indu try to develop busines ven­
tures provid in g the most prod uctive 
technology for the world at large. Tech­
nological innova tion through electricity 
provides ociety the be t mean to 
ba lance finite resotuces, i.ncludb1g the 
e1iviron.ment, against a rapid Jy expand­
ing global population whose economic 
aspiration are consta ntly moving higher. 
Ad1ieving this ba lance wil l  be a major 
challenge of the twenty-first century." 

Work with developing countries is just 
in U1e early phases of consideration at 
EPRJ, and i t  will be some time before the 
Institute determines whether to launch 
any major initiatives i.J1 this a rea. Re­
gardless of wha t the Inst itute decides to 
do, however, many have h igh hopes for 
what it can accompl ish. " I  th.ink there's a 
market niche for BPRJ 's c.i pabi l i ty 011 an 
international basis," says Spencer. '' 1  
tl1 i nk  we' re hitt ing the mil rket at exact ly 
the r ight t ime. Wi th our trong technical 
taff and intellectual property base, EPRJ. 

could make a significant conlTibution lo 
many countries ." 

Backgro�nd 1n forma. 1 lon tor t h i s  a rt ic le was prov ided by 
Jay Kope lman and Dwain Spencer. Office of Comme 1 -
cia1 12at lon & Business Deve lopm ent : Tony Armor, Gener­
ation & Storage  D ivision: and Ted Marston Nuclear Power 
Dill istllO 
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S PA E COOU I A  COM E  A 

LO G WAY SI CE THE 1 950 , 

when movie theater u ed to 

ad verti e tha t th y were a i r­
condi t ioned . Th i was 1,ve l l  bef re t he 

emergence of re id ential a i r  cond i t ioni ng, 

and  the ad u ccceded i n  lu ri ng crowd 

from thei r homes on hot sum mer days. 

Today nea rly all new homes in the 

wa rmer regions of t.he cou n t ry a re bui l t 
with air conditioning .  And i n  commerc ia l  

, nd indu tr ia l bu i ld ing , a i r  cond i t ioning 

is crit ica l ,  gi ven the need to su tai n  worker 

productivity a nd ensur the . m ot h pcr­
a t ion of n itive compu ter equ ipmen t .  I n­

deed, the use of space c ndition ing  has 

i ncreased so much over the past four 

decades that during the ummer month 

i t  now account  for nea rly half  of the pea k 

electr ic load con u rned by the com mercia l  

ect r. 

Bu t keepi ng customer cool d oes n t 

have to pu h le tr ic generat ing capacity 

to it l im i t  . Cool storag tech nology (a lso 

cal l ed thermal energy s torage) a l lows 

bu i lding ow ners to •nera te cool ing d u r­

i ng  u t i l i t ies ' off-pea k hour,, when de­

mand for ele tricity is rela t ively low. 1l1e 

coding i simply stored in a t herma l  

medium-water, ice, or  eutect ic sal t-u n­

t i l  i t  i released as needed d u ring  the day. 

ool storage system can provide ei ther 

fol l  or part iaJ  cool ing.  Part ia l torage y -

tem- u pplemen t cool ing generated b 

conven honal a i r  condi t i  ning sy tern . 

Cool torage technology wa a rou nd 

d uring t h  days f the  cou ntr  's first  a ir­

cond it ioned movie thea ter . In fact ,  some 

of these theaters employed cool s torage 
ra ther than  conventional air cond i t i  nin • 

sy. tems.  Part of the advantage from the 

u tomer's per ·pe ti vc wa , tha t th tech­

n logy e l imina t 'd th ne d for cxpen i c, 

l a rge-capaci ty a i r  cond i t ion i ng sy. tems 
ca pable of cool i ng a l a rge space over a 

hort pe riod of t ime .  · i ng cool storage 

a lso mad e  it  u rniccessa r to i nstil l l  add i­

t ional  e le tr i  power Cil paci ty  to ru n the 

ma - ive ompre ors of the  a ir  cond it ion-
ing tems. 

The cool · tore ge ystems i n  p l11cc tod .iy 

help reduce peak d emand for u t i l i t ie · 

while si mu l taneous ly ma k i ng good LI l' of 
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genera t ion, 

transmission, 

and di tribu t ion 

ca pa ci ty that is 
typi ca l l y  u nderu ti-
l i zed d u ri11g th o ff-

peak hours. For l a rge 

electricity consu mers, the 

systems yield avi ngs i n  d e­

m a nd cha rge , w h i c h  a re 

based on the grea t _ t electric 

loc d dema nd d in a given m nth .  

I n  addi t ion,  t he al low cu tamers 

to take adva ntage o chea per ra te. 

a v a i lab l e d uri ng u t i ) j t ies '  o ff-p a k  

hou rs. 
I n  fact ,  low off-pea k ra tes and the cor­

respond ingly 1 w electric i ty bi l l  have 

made cool tora e y t m opera tion 

co t -effe t ive tha t un t i l  rec nt l  there wa 

no tr  ng economic  ju t i fi at ion to max i­

m ize the  e fficiency of the  ystems. [ n  tead ,  

re�ea rch .ind  d 'velopmcn t engi n er have 
focu cd on improving rel i 11b i J i ty  and  re­

d ucing the  ca pi ta l  cost of t he  systems to 
keep t hem competi t ive wi th  on ventiona l 

a i r  cond i t ioning ystem on th ma rket. 

I n  recen t  ea r , however, the R&D em­

phasis has drnng d. Envi ronm nta l  con­
cerns and increased u t i l i ty  i nvolvement in 

prom t ing energy- av ing technologie for 
demand-side ma nagemen t have made ef­

fic iency a top priori ty. 1 n a refl e t i  n of 

th i  hi ft , EPR I ,  wh ich has fu nd d ool 

s torage re earch and devel pmen t ince 

1 980, mou n ted a n  aggres ive ca mpa ign 

two years ago to improve the efficiency of 

t herma l  energy storage. 

E PRl-developed cool storage s stem 

that a re ju. t a. effic ien t a convent iona l a i r  

ondi l" ioning equi pment-and i n  some 

a s more dficien t-a re a l rL'ady a vc1 i l ­
nble .  ow Lhe  Inst i t u te is worki ng on n 

m1 mber of hard wa re and so lwa re mod i­
fica t i ons t hat wi l l  save even more energy. 

As i1 resu l t  of the  e efforts, accord ing  lo 
EPRI ' e pert , by 1 996 the ma rket wi l l  fea­

ture cool torilge system th.i t  a rc 1 0% 
more efficien t  tha n the ma jori t of the con­

vent ional a i r  cond i t ioning 1:qli ipment  i n­

sta l led to provide the  amc a mount  of 

cool ing. 
"We I a n t  peo ple to ll lider ta nd thil t  

by  Les l ie Lamarre 

' 

' 
' 

' 1 



THE STORY 

I t- BA I  F 

For nearly h al f  a 

centu ry, cool stor-

age systems i n th i s  

cou ntry have been 

I 
he lp i ng  ut i l i t ies sh i ft 

load off-peak , sav i ng  

money for com merc ial and  i nd ust r ia l ' I customers . Bu t  because cool storage 

I 
has been regarded pr i m ari l y  as a load-

sh i ft i ng  too l ,  its benefits for energy eff i-

' I 
c iency have been over looked . I n  fact , 

cool storage systems ava i lab le  today are 

I just as eff ic ient as convent ional a i r  cond i-

t ion i ng  eq u i pment-and in some cases 

' I 
more effi c ient .  EPR I  has u ndertaken a 

n umber of projects to further  improve the 

eff i c iency of  coo l  storage tech nology and 

to encou rage ut i l it ies to i nc l ude these 

t I systems i n  the i r  demand-s ide manage-

ment prog rams .  

I 
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THE EFFICIENCY COMPARISON Cool storage techno logy is just as efficient as , and in some cases more efficient than , convent iona l  air condit ion ing 
equlpment .  To ind icate etllciency, th is graph shows the average annual energy consumption of e ight storage systems and four nonstorage systems for the 
commercial sector. The h igh-effic iency centr i fugal central chi l ler-the most efficient nonstorage option avai lable today-is the basel ine technology against which 
aJI the others are compared In terms of energy use. The values shown account for tota l system energy use (for space healing , cool ing, and venti lat ing) and 
assume electric res istance supplementa l  heat : they wil l  vary, depending on climate and maintenance. 

' S l ippery ice . with heal recovery and cold air d istr ibution 
------------- 1992 

' Ice . w i th heal recovery and cold air d istr ibut ion 

' Chi lled water, with heat recovery • Storage systems 

High-efficiency centr i fugal cent ral ch il ler, with heat recovery 

• Chil led water 

r�s 
Basel ine: High-efficiency centrifugal  chil ler 

" I c e ,  with cold air d istr ibution 
======--

' Ice, w i th heat recovery 

• Slippery ice 

Large roottop 

' Ice 

Smal l rooftop , 10 years old 

50 60 70 80 90 100 1 1 0  120 130 1 40 150 160 170 

cool torage tcchnol gy is efficien t ," �ay 
orion Bla t t , manager f th ommer ia l  

Pr gram i n  EPR I '  Cu·tomer y terns Di­
v i  ion. "We want to tn, ke L i re u t i l i t i  s 
know that t he ca n av •ncrgy by i n­
clud i ng th i  l echno l  g in t hei r dem<1nd­
sidc management  progra ms.'' 

I n novations in storage 

1 o l st ragl' Ll.'chn I g go t i ts t ar t  in the 
da iry i ndu  t ry in the 1 940 , whL• n  the m i l k  

p c  st mi...:at ion pr c0ss wa" i n t roduced . I n  
t h is p ro  ess, m i l k  i · hea tl'd to "J80° F ,- r nd 
must be oo l  d swi fr ly in order to preven t  
bc1cl r ia growth and m,1 i ntain a h ig h­
qua li ty flavm. 

Th1.c: tl'ch nnlogy d cvl!lop1;d to pc-r furm 
t h i  !a k on i ted of a wa lcr- fi l led stor­

agt: ta nk wnt<1 in in:,i; a ::.erpent ine oi l 

t h rough wh ich rl•frigera n l  1,vas circu lall'd . 
I e acc1 1 11wlalcd on the  cui l .  ch i l l i ng tht• 
wa ler around i t .  'hi l led water was d i-
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Energy Use (% of base l ine un it) 

verted from !he t ank  tu a hea t exchanger 
• need ed to ool the mi l  . 

Over Lhc pasl four de ades, ool torage 
technology ha b come m uch more sn­

phjsUca lcd and efficien l .  Aero · the cou n­
try today, nea rly 2000 chil led -wa ter, ice, 
and eu tect i a l t  Y ' tem tore more than 

4 m il l ion tun-hours of coo l i ng for  com­
mc,·cia l  c1nd i ndu  trf a l  bu i l d i ng . Together 
they sh i ft an est imated 42 ,000 kW (425 
M W )  of d1.:ct r ic p wer from on-peak to off­

pea k period s. "A l though th i  · i a good 

tart, we lrnve ba rcl begun to ta p  the po­
lent i;i l  1 00,000 W tha t  ctiu ld be shi ft d 

( !ff-peak through wide pr •c1d u e of t h i  
le h nolog ," s.:1  · Ron Wend land ,  ma n­
ager uf lh L•rma I slorage tech nolngy at 
6PR I .  

I n  1m1 11y WJ s, ·ool stora ge terns a re 

.i n hl'nmt l  effic i1m t. Be Jl 1 Se they produce 

.:oo l ing <1 head of t ime c1nd not 11 a n  a -
needed basis, t hey d o  nol r �u lar l  cv le 

on and off .  Thi means  lha l t hl!y ru n at 
near ly fu l l  lo;i d ,  or pea k efficiency, when­
e er they are cha rgi ng or cooling. By com­

par i  on , conventional a i r  cond i t ion ing 
uni t  , w h ich con ta n tl cy le on 11 11d off, 

op rate a t  ma · imum ffi iency le than 
25 '/I of the  l ime on a n  � nm1al basi . EPR I 
field te t c1nd com puter si mu la t ion have 
shown tha t t he noncyc l i ng foctl r a lone 
red uce en erg consu m ption by ·1 0% a n­
nua l ly. 

ool tor.- ge s Lems a ve <1ddi t iona l 
energy by u ing  cl �ctTicity gcncrn tcd by 
base load pt1w ,r pla n t s . Th •s · p l an t  , 
which provide power d u ring u l i l i l ie ' off­

pea k periods, arc on a rage 25'lr more l'f­
ficient t h an  power pla n ts used to meet 

pL'A k dl'mand .  Another benefi t is th<1 L 1� s 

ener�y i lo t throu gh the u e of u t i l i ty 
trn m,mi ion .i nd d i  tribu t inn sy:.tcms. 
d u ring off-pea k, nigh t t ime per iod .. Thi s  i s 
due lo l he low r a mbien t tem pera tu res 



and the lighter electricity load tramported 

by the systems during these hours. 

Similarly, electric chillers operate 5-

IO� more efficiently when outdoor tem­

peratures are relatively low. Most or all 

of a cool storage system's chiller opera­

tion can occur at njght to take advantage 

of the lower temperatures. In fact, in some 

dry climates that experience 

low humidity at night, the cost 

of cooling c.m be significant-

ly reduced by bypassing the 

compressor and using only the 

cooling tower. The tower uses 

17o/. of the energy consLmwd 

by the compressor to perform 

the same amount uf cooling. 

Cool storage systems can 

provide free space heating tin­

der some circumstances. Even 

during the winter months, 

large office buildings require 

some cooling of interior spac­

es. The heat generated in charg-

ing a cool storage tank at night can be re­

jected into the building rather th,m into 

the outdoor air. At a 550,000-square-fool· 

office building outside of Dallas, heat re­

covery from an ice storage system sup­

plies about two-thirds of the annual heat­

ing energy. 

Naturally, cool storage has some effi­

ciency drawbacks as well. The most sig­

nificant of these is the energy lost during 

stur.ige through the natural heat gain in 

the storage tank over time. However, this 

is a problem that can be rectified relatively 

e.isily. Extensive field and laboratory mon­

itoring conducted by EPRJ shows that stor­

age tanks that are properly insulated and 

installed experience thermal losses that 

typically are less than 2% of the system's 

total output. 

Opportunities of ice 

Of the three types of cool storage systems 

available todc1y, ice storage offer!> the 

greatest opportunities for increased effi­

ciency. This is partly due to the amount of 

energy lost in the ice-making processes 

curr<.>ntly employed in these systems. As 

ice builds up on the heat exch,mger sur ­

face, it begi11s to act as insulation, reduc­

ing efficiency by about 10'k. Some units 

"harvest" the ice by defrosting the heat ex­

changer with hot gas so that the ice drops 

off the su.rface. But this hot gas defrost cy­

cle also reduces efficiency by about 10%. 

To address this problem, EPRI has de­

veloped and patented the so-called slip­

pery ice process, which prevents ice from 

adhering to the surface of heat exchang-

ers. In this process, calcium magnesium 

acetate, a substance similar to the chemi­

cal used for de -icing aircraft, is added to 

the water. The use of this additive causes 

ice to form in the liquid pool, away from 

the heat exchanger surface, and results in 

a slushy type of substance that will not 

ding to metal. 

EPRI has tested the slippery ice process 

extensively in a laboratory at the Univer­

�ity uf Mi��uuri and has examined meth­

ods for enhancing the process. Paul 

Mueller Corporation, a major ice storage 

system manufacturer, is building an ice 

storage system for EPRI thal will employ 

the slippery icL' process. The system is 

scheduled to be installed at a building 

owned by the Chevrnn Corporation in 

Dublin, California, this September. 

Aside from reducing the amount of en­

ergy wasted in the ice-making process, the 

slippery ice technique may help signifi­

cantly cut the capital cost of ice-based cool 

slora�e systems. The reason is that slip­

pery ice eliminates the need for the defrost 

cycle, which exerts 120-180 pounds of 

pressure on evaporator surfaces every 1 5  

minutes. To withstand the stress of this 

pressure, current evaporators are built 

with thick <1nd costly 17-gage stainless 

steel, a major contributor to the equipment 

cost, Without the pressure resulting from 

the defrost cycle, a much thinner and less 

expensive steel could be used, signifi­

cantly reducing the capital cost of the sys­

tem. In fact, it could even become cost­

effective to add more of U1e thinner evap­

orator surface to further improve the 

unit's energy efficiency by 

5-10%. 
Additional potential for in­

crt!ased efficiency in ice stor­

age systems exists in the air 

distribution system. This op­

portunity is unique to ice stor­

age because of the lower wa­

ter temperatures that are read­

ily available. [n fact, water 

supplied to the cooling coils of 

ice-based storage systems is 

about 12°F colder th,m that 

supplied to the coils of non­

storage air conditioning sys­

tems. This means that the air 

ultimately delivered from the cooling coils 

to the conditioned space is also much 

colder, typically ranging from 42 to 48"F, 

compared with 55°F. 

The lower temperatures generated by 

ice storage systems mean that less air must 

be distributed to achieve the same amount 

of cooling. ln other words, distribution 

components, such as ducts and fans, can 

be dmvnsized. Not only does this save on 

costs for the materials required to build 

the distribution systems, but it also re­
duces the amritint of Pn('rgy 11c;i:>cl to oper­

ate the systems. ln fact, EPRI research 

shows that the sm.iller fans use as little as 

50% of the energy consumed by the larger 

fa11s. 

EPRI has monitored projects that illus­

trate the savings possible through the use 

of these cold air distribution systems. At 

the new Seafirst Building in Bellevue, 

Washington, an ice stllrnge system with 

cold air distribution is projected lo save 

$56,400 in energy expenses per year. An 

added benefit is that the smaller ductwork 

used wilh the cold air distribution system 

allowed building designers to reduce 

floor-to-floor height by 4 inches and con­

struct an extra story. This story con­

tributed 13,000 squMe feet of rentable 
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fl or pace to tlP proje t. Reduced spa e 

requir men l for th me ha nical room 

con l r ibu ted nother 4000 quare feet . 

Comb.i n d ,  the tra pace represents an 

addi tion a l  $340,000 p�r year in rt'n la l in­

come for the  owner. 

To fu rther improve the  qual i l  a 1 1d ef­

ficien y of cold a i r  d istr ibut ion y tems, 

E PR l  i working to develop an ad va nced 

d iffu ·er tha t ca n i ntrod uce old a i r  in to  

.pac 0s withou t rely ing on fan·powercd 

mix ing bo, s .  ike the en •rgy-consu ming 

mi ing bo, c , t he  ad vane d d i ffu er  wil l  

i n tr d u  c cold a f r  smooth] 1 t h <1 t  i l  doe 

nol fa J I  from Lhe  ceil i ng in one 111<1s <11 1d 

cre;i te drc fts Uiat ad versely o ffcct the com­

forl of bu i ld i ng occu pa n t  . The d i ffuser 

wi l l  spread the cold air a long t he cei l i ng 
evenly, enab l i ng it Lo blend gradua l ly wit J, 
the room's \ armer ai r. 

Another a pect of cool lorage technol­

ogy tha t nff 'r opp\ rtu n it i e  for in rca cd 

effic ien y i:, th con t rol  • L<."m .  WiLh l  u t  

the a ttcn t·i1 m  o f  very know ledgeable a n d  

conscien t ious bui ld ing opera tors, cool 
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storage sy tems are l ikely to ful l y cha rge 

t hem elves every d ay they a re in use. 

Si nce tJ1ere <1re not many days in a given 

year l hal reqlli re <1 full c.ha r  e of U1e sys· 

tern, ome energy i ·  wasted in this 

pr cess. Also, many cool storage ystem 

perform m SL  efficiently when the stor d 

cool i ng  is completely e. hau ted before 

recha rging. Thi· require a fairly accurate 

prediction of what the cooling need wi l l  

b 0 in a given day. 

E J > l� I lws developed a cool s torage con ­

L rol l e r  and a rela ted softwa re program lh� t  

p timizc t he efficiency f ch i l led-water 

and ice storage system opern ti n . The 

ct n tro l ler pred icts, 24 hl 1urs in ad va nce, 

the hourly outdoor tem pera tu re, the ool ­

ing load r0quircd, and the bL1 i lding' tota l 

ele tricity d emand . I t  aJ o c<1 11 mea ure the 

a mou nt of coo l i ng cap<1ci ty in ·t  rage and 

can be program med wi th  t he  u ti l i ty rate 

stru ctu re i n  order  to ach ieve lbe Low sl 

operat-ing cost . Wi th thi  infomiati n the 

cont-ro l l  r opt imiz 'S the chargi ng and d is­

charging of stornge., prod ucing enou gh 

co L ing t get th r� ugh a given d ay. t;PRl ' 

patented cont rol ler ha been cum merciii l ly 
avai lable for a bou t two years from Hon­

eywell orpor<1 l ion . The l nst i tu tL: i cur­

rently i nv  1 t'd in negotiat ion. t ht1t  cou ld  

;il low it  to l icen the  tech nology lo  o th  r 

compa nie:,, making the  syst m more 

widely a v;i i lable . 

Penetrating the market 

E PR l  r ea rcher· bel ieve tha t  crnll ton:i ge 

y tem would be a vc1 l uc ble <1ddi tion to 

u Ul i ty d emand-sid e ma na gemen t pro­

gra m . On e a dvantage i t ha l  a single in-

ta l Jation resu l ts i n  ignificanl d emand 

and energ avings tha t  are l a rgdy pre­

d icta ble, bot h  before j 1 1, tal la t ion and  over 

th ' long lt:rm. Thi make:, D M pla n n ing 
and  eva lu<1 L io 1 1  ea · ier. 

Bu t a W nd land noll� , cool toragc 

te hnol gy h<1s ty pi a l ly be n lefl out of 

DSM progra m . " Beca u e cool turagc h.1!:> 

been a lmost i ngularly iden tified with 

uti l i ty ben fits uch as load h i ft ing and 

vaU y fi l l i ng, the te hnology's use as <1 

- � 

� • 

Total commercia l  / 

New construcllon 

Retrofit 

� 
1982 1983 1984 1 985 1986 1987 1 988 1 989 

COMM ERCIAL MARKET TRENDS A growing number of aging air cond i t ioning 

systems.  combined with a sluggish economy. are help ing to boost the ret rofit heat­

ing , ventilat ing, and air conditioning market . EPRl 's researchers bel ieve this market 

otfers the best potential for the widespread int roduction of cool storage systems. 

1990 



c nserva t ion tra tegy has been ver-
l ooked and  u nderestimated ," he ay . 

To promote the wider use of cool stor­

age technology, E PRr  is putting m re em­

phasis on t he retrofit mark t .  "One f th 

re;i ons we fe I the retr  fit market i. very 

importa nt  is tha t it now e:<ceed the ne\ 

onstruct i n mark t ," ·ay Wend land . 

Rough ly ha lf  of the  exi ting com m rci a l  

a i r  cond i t ioni ng i n  t he U n i ted !ates con­

·isl of rooft p eqld pment, according t 
Wend land , and ma n. of the fi r t ba tch of 

rooftop systems insta l led 20 or more yea r. 
,1go now ne1cd to b upgraded or rep la ed . 

The e old er r ft p un i t  con ume 25 -
l OOo/r mor •ncrgy than cu n  nt ly av. i l ­

ilble conven tiona l  a i r  condi t ioning sys­
tem a nd cool · t orage a l ternati ves. 

EPR J  is e a min ing variou c1 pproilche· to 

retro fi t t i ng exist i ng rooftop u ni t  econom ­

ica l ly; severa l demon t rat ion projects are 
u nd er way. ln addi t i  n , th I t i tu te  is 

d ocu m nt ing before-and-a fter en rgy con­
sumpt ion on ret rofit project:, involving 
chi l l  d-wa tcr, i e, <1nd u tect ic a l t  sy -
tcm . . 

I n  on of t he ·e projects, the ow11ers of a 

exa I ns t ru ments  plan t  in Dal las retrofit­
ted <1 mw n t ionc1l  cen t ra l  .i i r  c ndi t ion i ng 

tem to c ccommodate a ch i l led-water 
ool stor.ige y tem. The i mplementa t i  n 

f thL · s tem, a long wi th  rela ted i m-

provement. t th di t ribu t ic n · tem, r -

duced the faci l i ty '  on-peak d em<1nd b 

2900 kW, or 33% , ;ind cen tr.i l ch i l ler clec­
trici tv w, by 1 0% . I n  another project­
a l  l h  H<'n r  . B ck id d le chool i n  

berry H i l l .  lcw Jersey-c1 fo i l ing 4- ton 
rooftop air co nd i t ioning uni t  wa con­

verted to a n  i e storag y ·t m .  The retro­
fi t· u$ed the 1:xist i ng qui pmcnt, in lud i ng 
the u pply fil n , oi l · , and d ucts, ,wing  

c1b ut  . 25,000 i n  capi ta l  co  t . I n  i ts fi r· t 

yea r of scr\'icc, t he retrofi t " ystcm reduced 

on- pea k demand. by as mu h a 3 'Ir .rnd 
en rgy u e by a. much as 1 2'7, . 

EPRI is ex pl ring other a venues that 
n1c1y hel p bring add i t ional o I :-.torag 
tech nolog to t h  marketplc1 po­

tt'nt ia l  ,1 ppl ic.it ion that  cou ld take ild van­

t<1gc f the new l i pper_ i c process is di ·­

t ri t cool ing .  District cool ing -Y tern cen­
tra l ize coo l i ng generat ion in one cool ing 
plan t  t ha t  provide a i r  cond i t ion ing  to a 

. . 

THE COOL STORAGE SYSTEM Cool storage systems d iffer from conventiona l  

air conditioners primari ly in  that they include a storage tank.  The tank contains a 

thermal medium (water, ice, or eutectic salt) that stores cooling generated by the 

refrigeration unit. When cool ing  is needed, a water solution from the storage 

tank is c irculated in a pipe system that runs throughout the bui lding. The storage 

capacity effectively decouples the refrigeration process from the building toad, 

a l lowing build ing owners to generate cooling during uti l ities' off-peak hours, 

when e lectricity demand and rates are relatively low. 

DISTRICT COOLING The basic components of cool storage systems a lso exist 

In district cooling systems, which use a central plant to cool nearby buildings.  

D istrict cool ing systems are employed in the United States, but they are far more 

common in Europe at this time. EPRI believes district cooling would be a profit­

able business opportunity for many utilities because they could sell cooling while 

tapping generation capacity that typically goes unused in the off-peak hours. 
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COOLING THE COMM ERCIAL AND INDUSTRIAL SECTORS Across the 
country today, nearly 2000 cool storage systems provide coo l ing in commercial and 
industrial bui ldings. Together these systems store more than 4 mi l l ion ton-hours of 
cool ing. shifting an estimated 425 .000 kW of e lectric power from on-peak to off-peak 
periods. A few of the bui ldings with cool storage are p ictured below. 

Home of EPR l 's reg ional off ice outs ide Dal las , Texas 

group of bu i ld ings or customers. Al­
though ud1 y tem are more prevalent 
in Europe, they are a lso employed in this 
cou n t ry, mosl commonly on col lege cam­
puses . 

According to Wendlnnd,  the slu h pro­
duced by the lippery ice process could 
be pumped d ire tly through d istri ct cool­
ing sy tem , which normally distribute 
cll i Ued water. Because the slush consists of 
both water and ice, i t  has greater cool ing 
capacity than chilled water a lone, o le 
of it would be requi red to accompl i h the 
same amount of cooling. A reduction i n. 
the amount of material flowing through 
the d istr ict cool ing systems wou ld m an 
tha t  pipes, pumps, and other system com­
ponent cou ld be down ized ,  saving sig­
nificantly on both capita l  and operating 
costs. Wendland estima tes that pipe size 
and pumping energy cou ld be reduced by 
a factor of 4. 

EPRI i exploring the applica ti on of s l ip­
pery ice in d istrict cooling through a proj­
ect cofunded with orthern Sta tes Power 
and Argonne a t iona l  Labora tory. Other 
uti l i t ies in terested in cool torage ha ve 
b n i nvited to partic ipa te .  As Wendland 
point ou t ,  d istrict cooling could present 
a profitable new business for many u ti l i ­
t ies .  "A uti l i ty can get the best of every­
thing ou t of this," he says. "It can make 
the cooling at night, when i t  baseload 
plant are tmdemti l ized, and it ca n ben -
fit from the sa le of the cool ing." 

CFCs and education 

Best Products corporate headquarters in Richmond , Virg in ia 

Di tri ct cool ing plant may a l  o help ad­
d ress anoth r issue: chlorofluorocarbons 
( FC ) .  The production of CFC , which 
function as refrigerants in air cond Woning Westbrook Corporate Center near Ch icago, I l l inois 
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and cool s lorage sy stems, is currently be­
ing phased ou t through in ternationaJ 
mandates because CFCs destroy the ozone 
layer in the upper a tmosphere and con­
tribute to the greenhouse effect. 

EPRI is spending $2 mi l l ion a year lo de­
velop CFC substi tutes that ca n be u ed 
with both conventional a i r  conditioning 
sy terns a nd cool stora ge systems. But in 
the meantime, says Wend land, ammonia 
is an a t tractive al terna tive for appl ication 
in di trict cooli J1g plan ts that employ cool 
torage. Al though ammonia ca n be haz­

ardous to human , i t  is an efficient , envi­
ron men ta l ly benign refrigera nt ,  We11dla 11d 
says. District cool ing systems wou ld con­
fine the circulation of the sub ta rrce to 
l a rge isola ted pla nts . 

For the same reason, ammonia is also a n  
a ttractive sub ti tu te for ind i vidu al cool 
storage systems. Unlike convent ional air 
condit ioning ystems, cool storage tech­
nology doe not circu la te  refr igerant in 
coi ls lha l  nm through occu pied bu lld i.ngs . 
Instead, t hese systems circula te chilled 
wa ter through the bui lding while the re­
frigera nt i con fined to machi J1ery located 
ou ts ide. Any accidental leak of ammonia 
would therefore occur i J1 the open air, 
away from people. 

Already, several ice torage ystems in ­
stal led in the  industrial sector u se ammo­
rua as a refrigeran t .  Food processing faci l ­
ities, petrochemica l manufacturing plants, 
al1d refrigerated warehouses a l l  have em­
ployed ystems that use ammonia. EPRI is 
studying the application of ammonia  in 
cool storage y terns and is compiling ed­
ucational materia ls on how to apply c1.m­
monia properly in sud, systems. One im­
portilnt considera t ion is to keep the appa­
ralLts lhal circulates the ammonia r1way 
from place , uch as sidewalks, frequented 
by people. 

Information tran fer ha alwr1y been an 
importa n t  facet of EPRT's work in cool stor­
age. "A lot of people don ' t  real ize tha t cool 
storage systems aren't  just 11 compre sor 
and a storage tank," says Wendland . "ln 
order to optimi ze you r  system and make 
it  more cost-effective, you have to com­
pletely rethi nk the en t ire heati ng, ven ti· 
la t ing, and air cond i t ioning system a nd in 
some cases even the bu i lding structu1·e i t-

self, as was the case in t11t' Seafirst project 
[ discu ssed earl ier]. A11d you're dealing 
with many different people: engini:ers, 
building owners, uti l ities, architects, con­
tractor , and bu i ld ing opera tor •. There are 
a lot of variables that have lo be brought 
together." 

EPRl has a keen in terest in providing 
high-quali ty technology trnnsfer for cool 
storage, s ince any system designed, in­
stal led, or opern ted improperl y is a bad re­
flection on the technology overall. I n  an 
effort to offer comprehensive technology 
transfer seniices, EPRl in 1989 established 
the Thermal Storage Applications Re­
search Center at the n iversity of Wis­
consin at Madison . 

Accessible to members through a tol l ­
free 1, umber (800-858-3774), the center 
performs and manages applica tions-ori­
ented research and provides member util­
i ties and their customer with information 
on cool- torage-related DSM opporb mi ­
L ies . l l s  u tili ty services include technical 
training eminars and applica tions trou­
bleshooting  on crit ical projects with com­
mercia I customers. The cen ter also ftmc­
tions as a l iaison to manufacturers, pro­
fessional organizations, and other research 
groups. 

WendJand stresses that EPRI's role in 
cool storage ed uca tion i ju t as significant 
a its tecluucal role .  "We can devel op all 
ki;1ds of wonderful improvements that 
will make this teclmology more efficient," 
he sc1ys. "Bu t un less the right information 
is gett ing to the appropria te people, tl1ese 
ystems may not i l lustrate the ful l  benefits 

that cool storage has to offer utilities m,d 
their customers . We want to make sure 
everyone that opts for this teclrnology get 
to experien e the tnie exten t  of i ts energy 
effic iency and cost-effectivene s." 

Background n format 1on fo r  th i s article was provided by 
Ron Wendland and Morton B ien Cus tomer Systems 
Di v ision . 
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C
HLOROFLUOROCARBONS (CFCs) 

AND RELATED COMPOUNDS 
called h yd rochlorofluorocar­
bons (I-ICFCs) are the essential 

working fluids in virtually all electrically 
driven vapor-compression systems that 

keep food fresh or frozen and homes, 
buildings, m1d vehicles comfortably air­

conditioned. There is growing evidence, 

however, of damage to the earth's protec­
tive ozone layer by chlorine from CFCs 

(and, to a lesser extent, HCFCs) used as re­
frigerants, blowing agents, and solvents 

and by bromine from halon gases used as 
fire extinguishants. As a result, these 

chemicals are being phased out of com­

mercial use even faster than the pace set 
in a 1987 international agreement sparked 
by satellite images of a springtime ozone 
hole over Antarctica. 

Jn that accord-the Montreal Protocol 
on Substances That Deplete the Ozone 

Layer-over 35 countries agreed to cut 
the production and use of CFCs and 

halons in half by mid-1998. But since then, 
evidence of even faster and more wide­

spread destruction of the ozone layer has 

spurred an accelerated phaseout of CFCs 
in this and other developed countries, in  
an increasingly urgent c1ttempt to reduce 
the level of stratospheric chlorine over the 
next several decades. These efforts will 
eventually bring changes that will proba­

bly affect the cost and operating efficiency 

of everyone's refrigerator, freezer, and 
home or car c1ir conditioner. Fortunately, 

there are reasonable prospects for success 
in the development of suitable, non­

ozone-depleting alternative refrigerants 
for such applications as refrigerators, 

fre�ers, and auto air conditioners. 
But perhaps more problematic for in­

door air conditioning c1nd chiller manu­

facturers-as well as for utilities, who de­
pend on the sale of electricity for these 
types of  equipment for a m<1jor shc1re of 
their revenue-is that efforts to save the 
ozone layer by eliminating CFCs and 
halons will eventually also extend to 
HCFCs. These refrigernnts <1re used in <111 
unitary heat pumps and air conditioners 

in homes and businesses, as well as in 

positive-displacement chillers for cooling 
commercial buildings. One I-ICFC com-
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by Taylor Moore 
THE STORY IN BRIEF CFCs and 

other refrigerants that can 

destroy the earth's protective 

ozone layer are on the way out, 

under both international agree­

ment and new U.S .  laws. The 

move wil l mean big changes in 

the design and cost of al l  types 

of cool ing and refrigeration 

equ ipment, including those 

used in cars, homes, and busi­

nesses. E lectricity used for 

indoor cooling and refrigera­

tion accounts for a major share 

of uti l ity industry revenue, so 

uti l ities have much at stake in 

ensuring that suitable alterna­

tive refrigerants are identified 

and developed for al l  the 

major equipment categories 

without substantial sacrifices 

in energy efficiency. On behalf 

of the utility industry, EPRI has 

launched a long-term, col lab­

orative effort with refrigerant 

producers and equipment 

manufacturers to develop new 

refrigerants, as wel l  as a ful l  

range of non-ozone-depleting 

systems to use them, by around 

the end of this decade. 



NASA 
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pound is also the favored near-term re­

placement refrigerant for low-pressure 
centrifugal chillers, which up to now have 
used a CFC. 

Because HCFCs contain hydrogen, they 
decompose in the atmosphere years 
sooner than CFCs (which persist for 

decades) and are only one-twentieth to 
one-fiftieth as damaging to the ozone 

layer. Yet HCFCs are still of enough con­
cern that policymakers believe they too 
must eventually be elimjnated. 

Major chemkal companies that produce 

LFCs and I !CFCs, such as DuPont, Allied­
Signal, and ICI Chemicals, are intensively 
pursuing the development of alternative 
compounds, primarily hyd ronuorocar­
bons (HFCs), that do not contain chlorine 

and thus do not damage stratospheric 
ozone. But it is expected to take about a 
decade lo fully develop and bring new re­

frigerants-and eqwpment optimized for 

their use in various applications-into 
commercial production. 

Until recently, HCFCs were seen as the 
chemical s;iving grace that would enable 
a transition lo more enviro11ment,1lly bl.'­

nign substitutes for most of U1e existing 

$135 billion of nonautomotive compres­
sor-based instaUed cooling eqtdpment. 

However, as evidence has mounted that 

ozone depletion is occurring ill possibly 
twice the rate projected by models and 

ovt'r wider areas of the globe-not just in 

the southern polar region, as previously 

observed, but even in the midlatitudes­
the timetables for the phaseout of CFCs 
hc1vc been stepped up, and additional 

ones for HCFCs are being set. 
Echoing the position of refrigerant man­

ufacturers who have endorsed ;in acceler­
ated phaseout of CFCs, President Bush ear­
lier this year moved to ban Cl'C produc­

tion for new equipment by the end of 
1995-five years earlier than called for in 
Lhe 1990 Clean Air Act, provisions of 
which were intended to codify the Mon­
trea I Protocol but in fact went even fur­
ther. One major manufacturer has ;ilready 
stopped making CFCs, sourcing new or ­
ders from ;inothcr producer. A follow-up 

international accord to the Montreal Pro­

tocol contained only voluntary provisions 

for I ICrCs, but the Clean Air Acl calls for 
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a production free:te in this country begin­
ning in 2015, which will lead to a ban on 
their use in new heating and air condi­

tioning equipment beginning in 2020. The 

U.S. Environmental Protection Agency 
(EPA) is responsible for regulation and en­
forcement w1der the provisions of U1e 
Clean Air Ad. 

Refrigerant producers and equipment 

manufacturing industries are hoping they 

will be assured of enough time to use 
HCFCs to get through at least one product 
development cycle. That would provide 

some transition before another redesign to 
accommodate a completely new, as-yet 
unidentified, refrigernnt compound (with 
unknown efficiency and cost implica­
tions). 

But if being destructive to ozone we.re.n't 
bc1d enough, CFCs-and, to a much lesser 
extent, HCFCs and even Hr-Cs-can also 

contribute to possible global warming as 
so-caUed greenhouse gases. The extent of 
global emissions of CFCs and their co11-
centriltion in the <1tmosphere ;ire orders of 
magnitude less th;in those of the m;ijor 

greenhouse gas, Cnrbon dioxide; yet per 
molecule, CFCs are 10,000 limes more ef ­

fective at absorbing infrared radiation 

than is CO
2
-and they do it within a win­

dow of infrared w;ivelengths not absorbed 
by CO

2 
or w;iter vapor. I !CFCs and I LFCs 

;iJso absorb infrared energy, but not nearly 

as effectively as CFCs. 
While their ozone-depletion potential is 

the main reason CFCs and HCFCs are on a 
Cast track Lo prohibition, their potential 
role in global warming-as wel.l as the 
role of possible substitutes-further com­

plicates scientific assessment and regula­
tory policymaking reg;irding lime frames 
for phaseout and the acceptability of new 

refrigerants. 
ln  terms of direct emissions of gTeen­

housc gases, CFCs released into the a t ­
mosphere up to now have come m<1inly 
from automobi.le air conditioners and 

commercial refrigeration systems. They 

represent only about a quarter of total 

greenhouse emissions, while CO
2 

accounts 
for more than half. Far more. important as 
a potential contribution to global wam1-

ing for nearly all v;ipor-compression 
equipment over its Hfe cycle are indirect 

em1ss1ons of CO
2 

from fossil-fuel-based 
electricity generation. Since this potential 

contribution is a function of energy effi­
ciency, experts say it is criticaUy important 

that energy efficiency not be compromised 

as the next generation of equipment is de­
signed to use ozone-safe refrigerants. 

The fate of CFCs and its eventual exten­

sion to HCFCs as a result of their role in 

ozone deplelion ;ind potenlial greenhouse 
warming have prompted one mc1jor re­
frigerant producer to announce its inten­
tion to stop selling J ICFC-22 for use in 

new equipment manufactured after 2005. 
Meanwhile, the Natural Resources De­
fense Council (NRDC), an environmental 

organization that has often succeeded in 
forcing more-aggressive terms into EPA 

regulatory policy, has petitioned the 
agency tt� ban the use of HCFC-22 for new 

equipment after 2000 and for existing 
equipment after 2005. Such pressure may 

also affect the prospects for accelerated 
phaseout of HCFC-123, the favored re­
placement £or CFC-11, which is used in 

most centrifugal chillers. Yet there are cur­
rently no ,wailable alternatives for I !CFC-

22 in heat pump and coolmg applications, 

and none for I ICFC- 123. 

The clock is ticking 

Will the ph;iscout of HCFC-22 be acceler­
ated? The EPA is expected to issue regula­
tions spelling out a timetable for HCFCs 

sometime after a United Nations Environ­

ment Program review of the Montreal Pro­
tocol this November in Copenhagen. While 

the NROC is trying to force a phaseout of 

f ICf,C-22 for new equipment beginning in 

2000, the Air-Conditioning and Refrigera­

tion Institute (ARI), representing equip­
ment manufaclurers, has proposed 20 IO as 
a basis for a more rational transition. 

"If there isn't the security of having 

HCPC-22 around for some time in the fu­
ture, users are less likely to nwve ;iway 
from CFCs," s;iys Mark Menzer, ART'S vice 
president for research and technology. 
"Moreove1; right now there are no proven 
substitute:, for I ICFC-22 that you could c1c­

tually design a heat pump or air condi­
tioning system to use." 

Finding and developing substitutes is a 
protracted process. "Since it l;ikes al least 



REFRIGERANT APPLICATIONS A N D  ELECTRICITY USE It is est imated that more than $50 bi l l ion in an nual ut i l ity 

revenue comes from the sale of e lect ricity to run refr igerators , f reezers , heat pumps, a i r  cond itioners ,  and ch i l l e rs across all 

end-use sectors . CFCs, which have been the preferred refrigerants and insulat ion -b lowing agents for much of this equ ipment , 

are on an acce lerated phaseout schedule because of their potent ia l  to damage st ratospheric ozone.  HCFCs are somewhat less 

damaging to ozone and unt i l  recently were thought  to offer an in terim so lu t ion to  the loss of CFCs. But HCFCs are a lso slated 

for eventual phaseout early in  the next century, and there are no proven alternat ives for most appl icat ions in  which HCFC-22 is 

now widely used. 

E lectric i ty Use 
App l i cation Refr igerant (b i l l ion kWh/yr) 

Refrigerators, freezers CFC- 1 1 ,  CFC- 1 2  177 

U n itary air condit ioners ,  heat pumps HCFC-22 262 

Ch i l lers CFC- 1 1 ,  CFC- 12 ,  
HCFC-22 59 

Commerc ial refrigerat ion CFC- 12 ,  CFC-502, 
HCFC-22 50 

Indust r ia l refrigeration CFC-1 2 , CFC-502, 
HCFC-22 , ammonia 55 

603 

Percentage of Total 1988 
E lect ric i ty Use 

6 .9 

1 0 .2 

2 .3  

1 .9 

2 . 1 

23 .4 
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10 to 12 years to develop a new refriger­
ant all the way through toxicity testing 

and equipment development, there is re­
ally very little time to respond to lhe an­
ticipated phaseout of HCFCs,'' says Pow­

ell Joyner, technical manager for advanced 
residential projects in EPRl's Customer 

Systems Division. "Only 2 to 3 years ago, 
people in the HVAC industry thought 
HCFC-22 was going to be the solution to 
their problems, but in a relatively short 

time it will be gone, like CFCs." EPRI is 
playing a key role in ensuring that alter­
native refrigernnts and the equipment to 
use them are developed. 

Although CFCs r1re not gone from the 

market yet, it has suddenly become more 
difficult to deal with their continued use 

in auto afr conditioners. As of July 1, 1992, 
i t  is illegal to lntentiunally release CFCs lo 

the atmosphere, and EPA regulations re­
quire service shops to recover and recycle 
CFCs with costly machines; violators are 
c1ssessed stiff penalties. Any consumer 
who has recently tried to buy a can of CFC-

12 (R-12) to recharge an auto air condi­
tioner has most likely felt the pinch of thc1t 
refrigernnt's sudden drop in availability 

and its intfatcd price. 
Next year, U.S. automakers are expected 

to begin producing models with re­
designed air conditioners that nin on I IFC-

134a by using different compressors and 

larger evaporators and condensers. Re­

frigerant producers c1re scaling up recently 
built HFC-134a pilot-scc1le facilities to sat­
isfy the expected demand. For existing 

CMS, though, the high cost of retrofitting 
units to use HFC-134a is likely to be pro­

hibitive, so most motorists will have to go 
lo service shops to get recycled CFC-12, 

which will remain available for some time. 

But the added costs and difficulties of 
converting auto air conditioners lo run 
on non-ozone-depleting refrigerants will 
seem modest compared with the technical 

challenges and possible implications of 
redesigning nearly all other vapor-com­
pression-based refrigeration and cooling 

equipment in an atmosphere of confusion 

and uncertainty over the possibility of 

even further refrigerant restrictions. 
Annual revenues from U.S. sales of re­

frigerants for all applications are esti-
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mated at about $250 million and represent 
n small fraction of the overalJ business of 
the chemical companies that make refrig­
erants. Further up the pyramid of refrig­

erant-dependent revenue, the manu fac­
tu re and installation of all air condition­
ing equipment and commercial chillers 
amounts to $20 billion yearly in revenue. 

But considering that the electric utility in­
dustry gets over $50 billion, or 23% of its 
revenues, annually from the sale of elec­
tricity to run vapor-compression-bc1sed re­

frigeration and heating and cooling sys­

tems, it's not hard to see which industry 
hc1s the most at stake in the global re­
sponse to ozone-depleting refrigerants. 

The outlook for advanced compressors 
and HFC-l 34a to enable a transition from 
CFCs is perhaps somewhat more encour­
aging i11 the case of home refrigerators 
than in other applications. Refrigerator 

and compressor manufacturers are mak­

ing progress and generating considerable 
technical innovation in respond.ing to a 

multklimensional challenge: the phaseout 

of CFCs is coming at about the same time 
that tough new federal energy efficiency 

standards take effect. Manufacturers are 
developing several new approaches to 
advanced compressors thc1t can run on 

HFC-134a. 

The EPA, meanwhile, has encour<1ged 
the use of I I FC-152a in refrigern tors be­
cause it has less potential to contribute to 
direct global warming than HFC-134a. So 

far, manufacturers have shown little i n ­
terest i n  developing equipment to use this 
alternative because of its Aammability. Yet 

there is considerable consternation among 

manufacturers over the uncertainty sur­
rounding potential substitute refrigernnts, 
given the EPA's ultimate authority to spec­
ify acceptable compou11ds for particular 

applications. The agency is conducting an 
ongoing assessment of the globaJ warm­
ing potential of candidate alternatives, 

and there is concern that a compound 

judged acceptable in the near term may 
later be ruled unacceptable. 

EPRI and several utilities are actively in­
volved in cooperative efforts with appli­

ance makers to develop CFC-free refriger­

ators and supermarket refrigcrntion sys­
tems. Various utiliti.es are also involved in 

the so-called Golden Carrot incentive pro­
grnm to develop superefficient-and CFC­
free-domestic refrigerators. A notable 

example of the effort in supermarket re­
frigeration is the recent demonstration, led 
by the New York State Energy Research 

and Development Authority and cospon­
sored by EPRI in conjunction with that 
slate's utilities, of an HFC-134a-based c1ir 

conditioning and midtemperature refri g ­
eration system in a new Glens Falls, New 

York, supern1arket. The advanced system 
features innovative screw and open- d rive 
compressors. 

But for electr ic heat pumps, unitary 

(residentic1l, window, and rooftop) air con­
ditioning systems, and chiUers, the tech­
nical and financial challenges of accom­
modating the switch lo ozone-safe refrig­
erants that also have low potential to con­
tribute to global warming seem more 
problemcllic. Many of the manufacturers 

of healing and cooling systems also pro­
duce a variety of gas-fired cooling sys­
tems. And iJ1 Jc1pan, gas-fired absorption 

chillers have already gained a dominant 
market share. U.S. chiller mm1ufacturers 
could focus on producing such equipment 

for the American market, consideriJ1g that 
each of them already has a joint venture 
or import marketing agreement with 

Japanese manufacturers. 
Tn th<:! case of air conditioning systems, 

"it is possible that equipment manufac­
turers may be forced to adopt a refriger­

ant that may be a satisfactory alternative 
to HCFC-22 for unitary air conditioners 

but is less th,rn optimal for heat pumps," 
says Arvo Lannus, residential program 

manager iJ1 EPRJ's Customer Systems Di­
vision. "This could cause increased U.S. 
energy consumption, marketplace confu­

sion, m1d fewer heal pump manufacturers 

and thus c1ccelernte the loss of electric 
heating market share." 

Not only do utilities have the most to 

lose from the lack of suitable alternatives 

to CFCs in terms of the implications for 

revenue and market share; they also have 
the most to lose if substitute refrigerants 
turn out to be less energy-efficient. Be­
cause about two-thirds of the country's 

electricity is generated with fossil fuels, 
even a small decrease in the energy effi-
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OZONE-DEPLETION AND GLOBAL WARMING POTENTIALS: A RELATIVE MATTER Different refriger­

ants have d ifferent potentials to destroy stratospheric ozone or contribute to possible g lobal  warming, 

depending on their chemica l  composition and their  residence time in the atmosphere. With CFCs 

soon to be out of the picture commercially, regulators and pol icymakers have turned their attent ion 

to the relative potentials of HCFCs, which are expected to be eventually phased out after 2000, and 

HFCs. Because they contain no ch lorine and thus have zero ozone-depletion potentia l , HFCs are a 

promising class of a lternatives. But the ir  ability to absorb infrared radiat ion as greenhouse gases, 

although not as great as tha� of CFCs, makes their u ltimate acceptability as CFC/HCFC replacements 

uncertain. The sizes of the circles represent relative atmospheric l ifetimes. 
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ciency of installed refrigeration and cuul­
ing equipment could translate to substan­

tial increases in utility emissions of CO
2 

from increased fossil-fired generation. 
A recent study at Oak Ridge National 

Laboratory (ORNU evaluated the relative 

equivalent contributions of direct CFC 
emissions and indirect energy-related car­

bon emissions to the global warming po­
tential associated with l O  major applica­
tions of  refrigerants and insulatiun. 1t 
highlighted the importance of energy effi­
ciency i 11 a total life-cycle evaluation of 

global wanning potential. The analysi;, 
was part nf a collaborative effort spon­

sored bv the Alternative Fluoroc.irbons 
Environmental AcceptabWty Study-a 
consortium of major chemical compani�·s 
-and the government. 

The ORNL study found that the greatest 

proportionate reductions in equivalent 
warming impact will come from replacing 

LFCs in commercial refriger<1tion, in auto 
air conditioning, and in roof insulation for 
commt>rcial buildings. The first two appli­

cations have up to now involved eguip­
n.ent with typical refrigerant loss rates 1)i 

25-30'1, per year (although new designs 

..:ould reduce losses by c1n order of mag­

nitude); in the third case, a lot of blowing 
agent is used. AJ5 a result, direct chemical 

emissions account for about one-third of 
the lolal equivalent warming impncl or 

e,1eh of these three applicc1tions. For new 

equipment designs, the insulation that 

uses HCFC-. nr l lKs as alternative blow­
ing agL'IH:, "'ill ha, e tv be al k·c1:,l <1:, 1.•n­
l'rgy-efficient as the insulation that uscs 
<.. FC:,, and it must also have kiw global 
wc1m1ing potential itself. 

For most other applications, including 
refrigerators, chillers, air conditioners, 

henl pump:,, and other types of im,ulation 
(including that used in rdrigerntors and 

freezers), by far ihe greatest equivalent 
wMming impact comes not from direct 

emission::. of CFCs or HCFCs but from CO2, 
produced indirectly through the genera­

tion of electricity to power the cquipmenL 
The study highlighted the opportunitie:.. 
for reducing direct emissilll\S in a few a p ­

plicatiorn, through new technology, but 
in most <1ppLicatio11s, new technologies 
would have to be equal to (or better than) 
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HCFC/HFC options tn efficiency and com­
p.irablc in cost to actually lend to lower 
o,·erall warming impact. "Further con­

straints on the HCFC and HFC alternatives 
could be counterproductive from a global 
warming point of view," the OR lL re­
searchers noted. 

"Manufacturers of home refrigerators 
and commercial refrigerators are doing a 

remarkable job ol responding to the chnl­
lenge of the CFC phaseout by developing 
models that use, for example, HFC-134a, 

and are also as energy-efficient as current 

equipment-in these <1pplications we ran 
expect to maintain comparable overall ef ­

ficiencies. But there really is a danger of 
losi11g energy ef(iciency in present c1ppli­

cations of HCFC-22, such as heat pumps 
or central air conditioning," says Steven 
Fischer, a building equipment researcher 

in ORNL's energy division. 
Fischer says manufacturers' data gath­

ered by ARJ for the alternative fluorocar­
bon study indicate that if, for ex<1111ple, 

HPC-134a had to be ust.>d as a lcss-tha11-
optiJ11al substitute for HCFC-22, heal 
pumps and air conditioners made lo sdl 

al today's costs would consume anywhere 

from 1 0<1, tu 35'1. more electricity in heat­

ing and 2011, to 30'1, morC' in cooling. 

Response to the 

CFC/HCFC phaseout 

Since 1988, EPRI has �upported research 

on new refrigerants (some ot it cospon­
sored with the FPA) al Clt'ms<111 Univcr­

:,ity, lh..: Unh ci ::-ity df Tenllt':,::-t:e, c1nd the 
ational Institute of St<1ndards and Tech­

nology (NIST). EPRI has also been work­
ing wiU1 refrigerant and equipment man­
ufucturers to identify altl'rnativc chemi­

cals and evaluate Lhermodynamic cycles 
for positive-displi1cen11.•nt .rnd centrifugal 

chillers with zero ozone-depletion potcn­
tia I. 

But, c1rcording to Joy1wr, "research 
c1imed at resolving the I-ICFC alternatives 
problem needs a nation.ii focus. The di­

vergent roles and business interests of 
equipment manufacturers and the policie� 
and charters of the Deparhnl'nt of Energy, 

El'A, and NIST and the national laborato­
ries cause them to pursue differL•nt aspects 
of the problem." 

To respond to a possibly accelerated 

phnscout of HCFCs. notably HCPC-22, and 
to ensure that the transition to non-ozone­
depleting refrigerants does not wipe out 
much of the success of energy conserva­
tion efforts by rnusing increased energy 
use, EPRI has consolidated and expanded 

its research in this area. The result is a 
comprehensive 10-year, $23 million effort 

to develop non-ozone-depleting heating 
and cooling systems. lt is nnticipated that 

additional universities, research centers, 
and manufocturers will become involved 

in the work with EPRl as p<1rt of vertically 
integrated industry teams. 

The broad goal is to cataly1l' substantial 

collaboration with equipment manufac­
turers, and also t<.J work with chemical 

producers, in identifying suitable refriger­
ants and in developing for all major ap­
plications equipment and systems that do 

not damage the ozone layer and have only 
minimal potential global wMming impact. 
More-specific- and ambitious-goals rail 

for collaboratiwly developed non-ozone­

depleting equipment to account ror a sub­
stantial share of the market for new heat 
pumps, air conditioners, and chillers 

within five years of their introduction at 
the turn of the century. 

TI1c ultimate expected outcome of the 

EPRI initiative-the widespread adop­
tion of environmentally acceptable heat 
pumps .1nd chillerg-will depend heavily 

on the identification of suit<1ble refriger­
ants, dear choices for which have not yl·t 

1:llll'J�cJ. A"' ii i t:::-ult, the fir:,I pha:,c \.If the 

work will involve characterization studies 
for a broad range of fluids. These will be 
followed by evc1Juatiuns of the potential 
performance of candidate refrigerants in 

heat pumps and chillers with c1nc1lytical 

cycle models, coupll'd with expcriment:il 

measurements from brecidbonrd systems. 
In the second phase of the projt•ct, 

equipment development will be under­
taken with participating manufacturers to 
produce unitary air-source m1d water­

source heal pumps and reciprocating, 
�crew, and centrifugal chillers for selected 
residenti;il and commercial applications. 

Manufacturers are likely to include many 

of the companies with which EPRI is al­
ready actively engaged in R&D, including 



MOLEC U LAR CHEMISTRY DEFINES 

THE POSSIBIL ITIES CFCs and HCFCs 

are made up of s imple, one- and two­

carbon methane and ethane molecules 

with varying numbers of attached chlo­

rine, fluorine ,  and hydrogen atoms. 

The molecular s implicity of these com­

pounds makes them easy to produce. 

But the fully ha logenated compounds, 

which contain no hydrogen atoms,  have 

been deemed unacceptable because 

of their ozone-depletion potential , and 

other compositions within the methane 

and ethane series are unacceptable be­

cause they are flammable or toxic. 

Acceptable a lternatives are being pur­

sued, including new compounds and 

a lso mixtures in  which a compound that 

might otherwise have safety drawbacks 

is blended with another refrigerant. 

EPRl and the Environmental Protection 

Agency have cosponsored research 

that has identified nearly a dozen com­

pounds in  the more-compl icated pro­

pane and ether series for deta i led evalu­

ation as potentia l  replacement refriger­

ants. Meanwhi le ,  all the major chemical 

companies that produce refrigerants are 

build ing new facilities to produce hydro­

fluorocarbons,  such as H FC-134a.  

Ron May 
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Leru1ox, Trane, York, and Carrier. 

Before this recent expansion of activity, 
EPRl was already sponsoring work by 

Trane c1nd York to develop non-ozone-de­
pleting positive-displacement heat pumps 
and d1illers and was working with Trane, 
York, and refrigerant producer AJlied-Sig­
nal to develop non-ozone-depleting cen­
trifugal chillers. "H's critically important 
for refrigerant manufacturers to identify 
and understand the machine design and 
engineering issues associated vvith equip­
ment cha11ges that will be needed to deal 

with the changes in refrigerants," says 
Wayne KrilJ, a senior project manager 
in EPRl's Customer Systems Division. "If 
this work is done right, there may be op­
portunities to improve equipment per­
fonnance and efficiency in ways that 
wouldn't have been possible without a 
change in refrigerants." 

The ra11ge of equipment applications 
eventua]ly developed under the compre­
hensive research effort may include split­
system, rooftop, grow1d-loop, and in-

building water loop heat pump and air 
conditioning systems, as well as water­
cooled and air-cooled chillers. In the final 
phase, EPRl pla11s to actively involve mem­
ber utilities-for example, by using tai­
lored collaboration to mow1t field demon­
sh·ations of production units. Technology 
transfer and promotion activities will be 
conducted with the manufacturers. 

The project's systematic, wide-ranging 
search for alternative refrigerants incor­
porates work that was already tmder way. 
Joyner says the working fluids U1at are 
likely to be of practical interest in the time 
frame of the expected HCFC phaseout faU 
into two categories. First are pUie refrig­
erants and also azeotropes-mixtures that 

behave as a single f]ujd. Then there are 
nonazeotropic mixtures, with composi ­
tions that vary at different boiling points. 
EPRI expects lo support up to five projects 
at national research centers and laborato­
ries to thoroughly characterize candidates 

in tern1s of their lhermophysical and heat 
transport properties, cycle behavior, com-

patibility with lubricants, and effects on 

equipment design. 
fn earlier work cofundcd by EPRl and 

the EPA, research chemists at Oemson and 
the University of Tennessee synthesized 
some 37 fluorinated propanes, butanes, 
and ethers for evaluation as potential re­
frigerants. The compounds were of suffi­
cient stability, and were sy11thesized in 
sufficient yield and purity, to enable the 
relevant physical and them,odynamic 

properties to be measured. h1 recent 
Senate subcommittee testimony, Eileen 
Oaussei,, who heads the EPA's Office of 
Air and Radiation, said that of those 37 
compounds, 1 1  (9 hydrofluoropropanes 
and 2 hydrofluoroethers, none containing 

chJori.ne or bromine) 11ave been selected 
for furtJ1er study at the agency's Air and 
Energy Engineering Research Laboratory 
in orth Carolina. 1l1ese 11 have boiHng 
points and critical temperatures near 
those of the key CFCs (or may form mix­

tures wiU1 des.irabl� properties). 
"Much testing remains to be done on 

THE OZONE-FRIENDLY SUPERMARKET A Shop 'n Save store in Glens Falls, New York, is the site of the ffrst large-scale demonstration 

ol HFC-134a for supermarket refrigeration and air conditioning applications. The work is being funded cooperatively by the New York State 

Energy Research and Development Authority, the Empire State Electric Energy Research Corporation, and EPRI. 
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the e comp und ," a id Claussen. "EPA 
wil l  work coop rat iv l y wi th industry to 
en ure d i  tr ibu tion of ongoing project a nd 

te t result and encourage participa tion i n  
t h e  furth r evaluat ion and pos ib le devel­

opmen t of these pot n t i a l  a l terna t ive ." 
The e pa nded EPR I effort wi l l  a l  o t ake 

adva ntage of env ironmenta l d a ta gath ­

ered in Oak Rid ge ational Laboratory's 

recen t  study of a lt 'rnati ve fluoroca rbons 
ilnd of a laxge th rn1ophy ical properties 
d a tabase ma inta ined by N I T. EPR I wi l l  
contribu te a nd expa nd i n fonnation devel­
oped through i ts membership in the Air 
Cond Jt ionin g and Refr igera t ion Center at 
the U niversi ty of 1 1 1 inois and wi l l  partici­
pate i n  the acqu isi t ion of lubr icm1t and 
material · compa tibil i ty d a ta by A Rl .  

J n  work a l re11dy u n d e r  w c1 y  for EPRI be­

fore the l!lte t i n i t ia tive was approved , re­
searchers a t  1 !ST evaluated new refriger­
a J1 t  m ix ture as potent ia l  repla emen ts for 
H F -22, the flu id  used in most hea t 
pu m p  . [ n  sepa rn te project , NL T exam­
i ned the prospect for refr igera nt that 
ou ld be u ed i n  new equ i pmen t and the 

prospe ts for candida te rtc pla emcnts for 
exist ing equipment .  The chal lenge is a 

tough one ind e d ,  s in e l F -22 - like 
most of the F - has proved to be a n  
ideal refrigera nt beca use of i t s  excel lent 
t hermodyna mic propert ic , chemica l sta­
b i l i ty, nonfla m mabi !Hy, low tox i c i ty, and 
l ow co t .  A l ternatives no t  on ly must 
ma tch thest: propert ies bu t a l  , must have 

zero ozone-depletion poten t i c1 I  as wel l as 
low poten t i al to add to global warm i ng. 

Because i ntensive  effort to d< ltc in the 
refrigera t ion i ndu stry have fa i led to iden ­
t i fy a i ngle-component refrigera n t  t hat 
cnn ma tch H F -22 '  opt ima l ba lance of 
effic iency and ca paci l , I T resea rcher 
have betc11 tud ing m i  h.i re of refriger­
a n ts .  One bi nary m i xture of R-32, wh ich  

by i t  elf i. flam mabl e, a nd I I F - 1 34a look 
promising for some new equ i pment and  
may even be more energy-effi c ien t than 
I I r -22 if certa in  hea l e, changer d esigns 
a re used . 

1ST' David Didion ex pla in  : " oun­
terflow he<1 t e changers a r  p ract ica l 

equ i pment modification for refrigerant­

to- L iqu id  mnchines bu t not for re frigeran t­
to-a i r  u nits . A a re u l t ,  th R-32/ 1 34a 

mhture is a promising development for 
ground-sou rce heat pumps, bu t  it is not 
yet a sol u tion for a i r-source hea t pumps." 

Re ea rchers have br adened the earch 

for alternc1 tive refr igern nt · t include 

ternary and quat mary mixtu res. In a re­
lated L T project ,  re ea rcl1ers a re i nve t i­
ga t ing poten t i il l  candida tes tha t  cou Jd be 
appl i  d in exis t ing home hea t pumps and 
ot J 1er  refrigerat ion systems without re­
qu iring ignificant ha rdwa re chc1 nges. A 
before, the proces invol ve compu ter 

model ing  c nd labora tory te t ing wi th  a 

m in ibread boa rd hea t pump. The foClls i 
on identi fy i ng m ix tu res whose propert ie 
match t hose of 1 -JCF  and F · a" closely 
as possible. There is n effort , a there wa 
in the fir t s tudy, to capi ta l ize on the phys­
ica l properties of m ix tures through equ ip­
ment ada ptations. 

" For new equ ipment, you may be able 

to accept a refrigera n t  the t i less dficien t 
than the pr ferred u bstc n e by compen­
sa t ing fur i t  i n  the equ ipmen t design, a l ­
t hough tha t  usua l ly  enta i l  h igher cost," 
say Joyner. " Bu t  for e� l ing equ ipment , 
the impl ica t ions for increa ed indirect 
greenhouse gas em is ions mean U1a t a l­
terna t ive refrigera n ts have to be at lea t a  
energy -efficien t a. whi1t  you used before." 

To environmen ta l den t ists and pol i  y­
ma kers, inc ludi J1g the EPA regu lators who 
mu t u l t imately rule on the ac eptabi l i ty 
of each replacemen t refrigerant for specific 
applica t ions, probably the  most importa n t  

cri teria for considera tion a re, in descend­
ing rder, ozone-deple t ion potei 1 t ia l , glob­
al warming poten t ia l ,  tu · ic ity, and energ 
efficiency. Bu t for refri era n t  prod ucers 

and users ,  o ther key cri teria m ust be Fac­
tored in to considera t ion, indud ing flam­
mabi l i ty a nd the s i mpl ici ty and cost of pro­
d uct ion. Refrigera n t  producers must pay 
the h igh co t of long-term test i ng  of ca n­
d ida te to make ure tha t  the chemical 
ar not hea lth haza rd . .  A nd it i equ i p­

ment  man u fo tu rL·r who b ar the bru n t  of 

the l ia bi l i ty burden and thu  · a r  re l uct.,nt  
to a ccept flammi!ble repl c1cemen ts . 

Planning for a ripple effect 

Becau c EPR I c pccts to be ilblc to work 

d i rect! wi th  on ly hn l f  c1 dozen or so of the 
more than 30 manu fu tu rer tha t  make up 

the hea t  pump and chil ler manu facturing 
industry, a key element of EPRl 's strategy 
is an expe ted ripple effect as compet itors 

seek to match the performance and inno­
vation developed thr ugh ponsored re­

sea rch with pecific manu factu rer . Con­
ceivabl , much of the current a n nual U.S. 

hea t pump ma rket of abou t  a mi l l ion un i ts 
could be covered by products d eveloped 
or l icensed from EPRl' s initiat ive i f  the 
u nit perform a well as or better t han cu r­
ren t  models a nd if the alterna t i ve refrig-

ra nt provid es a t i factory performc1nce 
for cooling use. A l  o, the penetra t ion lev­
el for hea t pumps in re ·identic1 l nrn rket­

hou ld grow as c1n a l ternat ive to electric 
resi ta.nee hea t i ng. 

A big que tion is whether e lectric 

chi J J ers wiJJ mai n tain ma rket share aga inst 
gas-fired ab orpt ion equ ipment .  An nua l  
h. ipmcnt of centr ifu ga l and po i ti ve-d is ­

plc1cemen t ch i l ler number about 1 1 ,000, 
a l l  bu t a few hund red of wh ich a re le -
tric11 l ly  d riven. E PR I  e · pect to underta ke 
ad vanced d evelopmen t projects wi th  
abou t  hnl f of the major U.S .  chil ler manu­
facturers. 

For now, how ver, vi ions of ma rket 
hare and r�vt!nue streams a re tempered 

by the s beri ng knowledge of the cxi t ing 

busin s tha t i at take in upplying and 
pow r i 11.g v11por-compression cool ing and 
r frigerat ion sy tem i n  , n w re�me of 
protect ion for the global stra ta phere. The 
big cha l lenges of ada pt ing mod ern l i fe 
a nd conveni 1: :ncc to do wi thou t ch lorine­
conta ining refrigera n ts mai n ly t i l l  l i e  
ahead .  

Further read ing 

S K F ischer e l  a l  'Globa l  Warm,ng lmphcauons c l  Rt;­
plac ,ng CFCs ASHRAE Journal. Vol 34 No 4 (A r ll 
19  2) .  pp 14 - 1 9  

CFCs and £ 1oc111c Chllle1s. F 0 1 1al report lor RP2938- l 7 
piepa red by G1lberl & Assoc iates March 1992. EPR I T R· 
100537 

U S Depar tmen t of Energy and t11e A l lernauve Fluorocc11 
bons Env , ronrnenle l Accep1ab i l 1 ly Study. Energy and 
Global Warming Impacts of CFC A//emative Technolog,es 
Prepared by Oak Ridge Nal l ooal Laboratory and ArH1ur 
O U11Je Inc Decemlier 1991 

CFCs and Elcc/r1c U/1/1/Jos Mak111g /he Transmon ro a Salm 
World. Final report for RP2792- 12 .  p repared by Bevilac· 
qua Kn iqht , Inc Oc lobcr l 90 EPRI CU· 7021 

CFCs The Chal lenge of Doing Without · EPRI Journal 
Vol 4 , No 6 (Sep1omber 1 9891 , pp 4 13 

Background , n lormal lon was provided by Pow� I I  Joyner 
a11cl Wayne Kr i l l  Cusro rne r Systems o,v,s ,on. 
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TECH 

TRANSFER 

NEWS 
Videoconferencing: New 
Ties to Members, Centers 

A : pa rt of i t  ongoi ng i n i t i a t ive to en­
.fl.. ha nce tech nol gy t-ra nsfer through 

the  u . of advanc d e lectron ic  in forma tion 
ystcm , EPR I l1a i nsta l led il videocon frr­

encing faci l i t  a t  its Palo Al to headquar­

ters . A l  read t he faci lHy is bei ng put to u e 

rou t inel y for improving comm u nica t ion 

with member u t i l i tk• and wil" l 1  E PIH ' col­

laborn t i  c work center thr ughl ut th 

c mn t ry. 
Li ke fac imi le  tran m is i n, videocon­

fer nci ng ha been arow1d for man  years 

bu t  has only recently becom inexpensive 

1::nough for rou tine bu iness use. I n  bot h 

cases, i t  wa the development f a new 

genera t ion of powerfu l  i n tegra ted ci rcui t  

t h a t  brou gh t  abou t a v i rt u a l  e. plosion 

of mn merc ia l iza t ion act ivi t . For ome 

older . y terns, videoconfere ncing requi r1cd  

specia l  telephone ci rcu i t s  t ha t  cou ld cn rry 

up to 1 .5 m il l ion d igit iz d bil of i n for­

ma t ion per . econd, at a ost of scv m l  
hund r  d d ol lar  per hour. The n e w  t e  h­

n i logy em ploy two _ tan nrd d igit ize l 

t w Ltcd -pai r telephone l i ne , v., j t h  a tota l  

carr ing capacit of 1 1 2  ki lobits per sec­

ond .  Min imun1 equ ipment costs ru n 

abou t $25,000, a nd the  cost of J vide con­
ferencing cal l  i onJ a few d l l a rs higher 

tha n ord inar I ng-d i tan e hargc . 

A I th )Ugh th� origi n a l  pr misc of vidco-

on fe rencing wa that i t  wou l d cu t t he  

t ra vel  requ ired of bu, y exe u t iv ·· , recen t 

experi ence ha shown t hat prod uct i v i ty 

ga ins in routi ne meetings may actua l ly be 
more i mportant .  By making fricc·to-foce 

meet ings spannin t he  con t inen t  po. sible 
v irtua l l  on demand, vid eocon ferencing 

enables more people to p, rti i pat in more 

d l iber<1 l ion , with m u  h I ss commit-
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ment of t ime a nd travel e pense . Alread 

many com pa n ies in the electronic and 

aero pace indu tr ies u e videocon ferenc­
ing to bri ng div r ex pert tog ther for 

engi neering a nd prod u t de ign. EPRI' 
i n i ti a l  mpha i.  i n bu i ld ing t ronger 

t i  w i t hin the re ea rch com mun ity of 

the  geographica l ly d isper cd el  ctric pow­
er ind us try. 

Some of the ·e ne L il's l'Xlend dirl'cl ly 

to member u t i l i t ies. Bonnev i l le Power Ad­

mini tra t ion ha agT�ed to a year- long pi­

lot progra m involv ing a erie · of mon t h (  

video onf renc • • wi th  E PRJ to d i  cuss a 

list of spec i fic tratcgic L pie . Becau e BPA 

i a lso c nnected to the government' FT 

teleconfcrenci ng network, E l RI pn rt ic i ­

pa n t  wi l l  have ace .s t a m uch wider po­
tential aud ience. noth r u t i l i ty ha u�ed 

a portabl vi  eocon fer n i ng  u n i t  to en­

' ble i ts enior cxecu t iv  t hold a ser ies 

of meet ing w i t h  grou ps of EPRJ taff rom 

fou r d ivi  ion s . Te t con ferences have aLo 

ta ken place wi t h Power en, EPR I '  inter­

natiom1 l  fl ffi l ia te  i n  the  ni ted Ki ngd o m .  
A s  t h e  I nsti tu te  i tsel f continues to d i ­

versi fy geogrr ph i  a l ly, t h rough i t · co l lab­

ora t i  e work cen ter , vi o on ferencing  i 

e 'peeled to pla c1n i n c rea ingly impor­

tant  role in o rd i nat ing communica t ion 

wi th EPRI he11dq uart  r-. Every Tu day, 
for exilmple, thcr is a v id eoconference 

betw en u lca r Pow r Division stn ff i n  

Pa lo A l to c1nd  personnel  a t  t h e  onde­

slTUct ive Eva l ua t ion enter i n  Char lotte, 

North Carolina . Enc>r · ther Frid.i_-, i t '  
the enera t ion & tor, ge Division' turn. 

Videoconferencing foci l i t ie have be n e -

tabl i. hed a t  E rR1 ' . W;i h i ngton, D.C. ,  f­

fic , t he  H igh· u l fu r Te· t 'nler in lew 

York, and the oni tor ing and Diagno tic 

ntcr nea r Ph i l ade lph iil .  Fac i l i l ic in oth­

er centers ar pla n ned for the near fu t u re. 
In ad d it ion to -cei ng each ot her, people 

a t tend ing  n videocon fcrence ca n shr1re a 

va riety of graph i  i n format ion , i nc luding 

l ides, docu ments, computer d ispli!y , 
v id eotapt's, and  h.ind d r,1wing . For high 

re-ol u t ion, d umt>n t. ca n be tra n m i l ted 

in a freeze- frame mode a nd �tored elec­
tronica l ly at e i ther  end .  

which supplie. the l n  t i tu te's videocon­

ferencin equi pment, to offer a d isco u n t  to 

member u t i l i t ie who w i  h to establi h 

th ir own faci l i tie . Compa tible ommer­

cia l faci l i t ie  for videocon f renc ing are 
a lso bee m i ng avai l abl  i n many part. of 

the cow1 t ry. A n  i n formationa l  broc h u re n 

E PR l ' s  new videoco11 ferenci ng c11 pab i l i t jes 

( BR-1 00655) wi l l  be publ i  hed thi  Sep­

lembl'r. £PR /  Co1 1 l n r l :  S1m1/1 8n)W11 ,  
(-4 1 ) 855- 886 

Bonnev il le Power Admin 1strat 1on 's Randall Hardy 
and EPRl "s D rck Balzhiser participated in  a long-dis-

News on Nuclear  Topics 
Avai lable On-l ine 

E Pl{ I ET, t h  I n  t i tu te' e l ectroni i n ­

forma tion and c mmu nicat i l  n n 't­

work, has recent ly added and en ha nced 
new ervices re la ted lo thr e key nuclear 

plan t  i sue: lm\."·l v I wa t , radia t i  n 

contro l , nd pla nt ch m i  try. The·e ser­

vic 's offor u p-t  - the- minute in f  rmation 

on industry developmen t., rR J r( '• rch r '-

u l t. and  produ  t , fu tu re e\'en t  , newly 

pt1 bl ishcd reports, and new projec 

Low- Level Wa tc ews is ai med at u ti l · 

ity rad ioacli e waste ma nagers a nd indi ­

v i d u n l  i nvol ved i n  d evelopi ng new d is­

posa l faci l i t ies .  In addi t i  n to rt>port ing rc-

en t l:: l'R I a ti vi t ie · , t h is new ervice ov­

er emerging issues a t  I� , EPA, E, .i nd 
EEi;  prov ide • •  ta tus report on st11 te om­

pa t ·; and incl u d es an up-to-dat l ist ing 

of u t i l i ty contact . 

Rad iat ion ont rol ews is for u t i l i ty cor-

E PRl has arra nged wi th  Pictu reTel , pora te c1nd  plant rad ia t ion protect ion man-



ager and ot her taff involved in r ducing 

oc upa tional exposure. The service covers 

i J1d u try news, primary ch mis try for re­

d u cing ra d iation field s, cobalt reduction , 

precond it ion ing, and decontami nation . 
N uclea r Pla n t  hemi try ews is di­

rected toward corporate and plant chem­

ists, as w 1 1  a u ti l i ty sta ff pecial i  t i n  

other a reas-steam generators, materials , 

and fuel, for e am ple-w ho need to keep 

abreast of d evelopment in water chem-

tance ribbon-cutting ceremony that opened the ln­
stitute's p i lot videoconference link with BPA in June. 

i try. w. i prov id ed on PWR prima ry­

system ch mi l ry, PWR s c ndary- _tem 

chemistr , BW R chemistry, serv ice water, 

and  o ther  hemistry issue . 

D uring 1 992 E PRll  ET i available at no 

charge to all i ntere ted u ers in the U ni ted 

ta t· . Pl a e Cill l  the EPR I N FT I Je lp Desk, 

(800) 964- 000, to ign on t thi  · erv ice 

and  obta in a u ,.:r 's package. 

EPRINET Carries 
CGI Database 

A
da taba e on nude<1r commercia l ­

grnde  i tem ( I ) i m1aj Jable v ia  

l'R I ET, providing u ti l i ti es with a cen­

trn l ized, onst ,rn t ly u pd a ted sour e of i n ­

formation for LI . c in va lu ,  t ing, procu r­

i ng, and accepting these i tem_ for sa fet 

rela ted service. iven the de rea ing n u m­

ber of vendors th11 t  . upply replc1 cemc11t 

i tem manu fa tu red u nder i1 cer t i fied 

( 10 F in), Append i ' B) qual i t  progrn m, 

tbe ava ilabi l i ty ;md prop r u e of CCI 

hav taken on incr ased importance a t  op­

erati ng nuclear pl11 n t  

The ucl ar Regu latory Com mission 

requ ires that when a CC I is to be used in 

a a fety-related application at 11 nuclear 

power plan t , a u t i l ity must first "ded icate" 

the i tem for th i  appli ation by perform­

ing a technical eva luation and i mple­

ment ing an E.PR l-developed ru1d indu I Ty­

approved ace p tance proce . Th EPR l /  

J oi n t  Uti l .i ty Ta k Grou p ( J UTG) w a  cre­

ated to mini m ize the fi nancial burden of 

CG! ded icat ion by developing a co n istent 

approad1 f r implementing th e dedica­

t ion reqtt irement  . Technical i n formation 

genera t d through this effort  i pooled 

into the G I Databa e. 

"Several u t i l i t ie u e the I Da taba e 
ve.r day," says Warren Bi.la n in, ma nager 

of EPR l ' s  nuclear plan t  appl ication 11ct ivi­

t ies in Charlotte, orth <1rolina . " ost 

importa nt, i t  ave them l ime. They d on' t 

have to cha. e down information from al l  

over-and getting the r ight i n formation 

;im unt t 0 -70% of th job. I n  addi t ion, 

they can le. rn whal  e.\.perience other ut i l ­

i t ie have had with pa rt icular pr ducts 

and  vendors, whjcJ1 ca n r u l t  i n  on. id ­

erable cost avi ngs. " 

By acces · i n the Cl Databa e t h rou h 

EPR l ET, u t i l i t ie can incorporate techni ­

ca l evaluation pack;ige informati  n ap­
proved b th J UT I ra t her than h;iving to 

d velop com plete packages for ded ica ting 

commercia l ly avai lable i tems 011 their 

own .  1-\ Jso, a u t i l i ty can query the da tab11se 

for informa t i  n on the control a vendor 

'Xerci e over Lhe manu factu re of a G I ,  

thu I a m i ng from th e p • r i  nee of other 

u t i l it ie . I n  t he  fu tu re, a ut i l ity wi l l  a l ·o be 

able to obtain information un the  pn 1cu rc­

men t  h istory f a  vend or r i tem. 

ew tech n ica l eva lua t jons a re 11dded to 

t he  CC I Da t11 base as t hey arc completed by 

the  J re Tech n ical  Work G roup mid ap­

proved by the  J UTG memb"rsh ip .  Th 

JUT Te h n ic11 ! Ad visory ,rou p ha re­

c n t ly propo ·cd 11 new menu system for 

the G I Da t aba 'e ,  which is cu rren t ly  be ing 

incorpora ted int  t he  E PR l i  ET fornrnt .  

• EPRJ Co1 1 /nct : Tom M ulford, (704) 54;--
6087 

LILCO Turns to 
Community for R&D 

T ong  Jsland Ligh t ing Com pany ha  

L l au nched a n  w R&D progra m aimed 

at tapping the  rich scientific resou rces in 

the u t i l i ty's ow n ba ckyard . " In  a symbolic 

en e we're opening up the wind ow to 

let  the fre h a i r  of new ideas come in to 

us from the ou t ·de," ay Ti mothy J . Dris­

col l ,  L!LC 's re ea rch. and d evelopme11 t 

d ire tor. 'What we're try ing to do i get 

new th inking to he lp  us solve ou r energ 

problems a nd improve the way we pro­

vid e ervice t () iu r customers." 

s Ori col l  points ou t, signi fica nt scie11 -

t ific developments -such as t he  creation 

of the mod u le  that t ok the first men to 

the moon - have tak n place on Long 1 -

land.  Th com muni ty ha ;i! ·o b en home 

to a numb r of notable ienti ts, includ ­

i ng a obel Prize wi nner in genetic and  

the i n ven tor of syn t he t i c  i nsul in . 

LI L O' s ol icitiltion of last pt mber 

d rew 1 62 responses, 28 of wh.ich wen, se­

l1ccted for fu nding.  ome of th i s  R&D is al­

ready under w;iy. ne of the winning pro­

jects inv Ive the d evelopment of an inte­

grated c mmun ication -iem . The firm 

ha.nd l i ng this job is a defen cont ractor 

that has d eveloped si m ila r technology for 

the .S. mil i ta ry. A nother project invol ve 

the crea t ion of il rob t i  arm t hat uti l ity 

l ine w rkers an u e in in · ta l l ing and 

mai ntai ning di t ribut ion wires.  

The new, regional ly focused R&O pro­

gra m, ai led t he  Long I sland Energy R&D 

I nit ia tive, su pplemen ts e is l ing LJ LCO 

R&D effort at the na t ional l evel ( t hrough 

· PRI and the ""  Research In t i tu te) ;ind 

i1 t the ·tate level ( thr ugh the Empi re Sta t e  

Energy R search rpor11 t ion, or 

E · ·R 0). The progra m repr · n t 1 5 "/,, 

of L I L  O' s R&O budget and  i n  ! ude co­

fu nd ing  from ESEER O and  others .  

"We had great coopera tion from EPR I in 

� recning the  various proposa l · w1: got to 

make cert -� i n  there was no d u pl irn t ion 

wi th  the I n. ti tu te' r �car h , 11 Ori  coll 

ne ni e s id e  benefi t of t he i n i t i ,  t i ve, 

he < dd · , i • tha t it has promoted lo c pa rt­

nership bet ween L I L and i t ' morn­

ni ty. 
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RESEARCH UPDATE 

Exploratory Research 

Biofilm Formation and Microbial Corrosion 

by Robert Goldstein and Donald Poree/la, Environment Division 

W
hen microscopic organisms grow on 
surfaces. they form a th in coating, or 

biof i lm ,  that thickens as the microorgan isms 
mult ip ly. A thick biof i lm blocks ambient 
gases and nutrients f rom reaching the sur­
face it is colonizing and traps metabol ic by­
products in its own matrix .  Within each 
biof i lm, local physical and chemical condi ­
tions create an environment that is inhos­
pitable to some microorganisms but ideal ly 
suited to others. 

Over time. the physical and chemical 
conditions created by biof i lms can pro­
foundly affect the surfaces on wh ich they 
are growing .  For example, meta l and a l loy 
surfaces corrode much faster when nny 
colonies of aerobic bacteria (which o 1d ize 
i ron ) or anaerobic bacteria (which reduce 
sulfate) live on them. Because corrosion 
eats away metal surfaces. such microbially 
inf luenced corrosion (MIC) can cause water 
l ines to fai l ,  shutting down ull l i ty power plant 
equipment and compromising reliable plant 
operation I n some cases. water-cool i ng 
safety systems have fai led before going into 
service because microorganisms-in con-

laminated water left in pipes alter pressure 
testing-have corroded system equipment . 

Ut i l ities need information about biofi lms 
and thei r corrosive propert ies to design re­
l iable power p lant operat ing systems. To 
provide that information. EPRI is sponsoring 
basic biof i lm research at the U niversity of 
Tennessee and Montana State Un iversity 
(RP80 1 1 -2) . There scientists are studying 
how biof i lms form and how interact ions be­
tween microorganisms determine biofilm 
properties, including their corros ive poten­
tial .  This basic research, d irected by EPRl 's 
Environment Division and Office of E plor­
atory & Applied Research. complements 
ongoing appl ied research under the Nu­
clear Power Division . A recent ly published 
Technical Bnef (TB- 1 00 1 52) summarizes the 
results of appl ied b1ol 1 lm research on de­
tecting and controlling M IC  at various power 
p lants . 

Through basic research , scientists at Ten­
nessee and Montana State are learn ing how 
to control biof i lm formation. With th is knowl­
edge. they wi l l  be able to identify specif ic 
ways Lo p 1 evenl MIC. For example, if scien-

ABSTRACT Biofilms-colonies of microorganisms growing on sur­

faces-can greatly accelerate the corrosion rates of metals and alloys in util­

ity water systems. Fundamental EPRI research is showing how mechanisms 

of biofi/m formation, interactions between bacterial species, and metabolic ac­

tivities control such biofilm properties as corrosive potential. This research is 

identifying methods to control biofilm development and prevent microbia/ly in· 

t ists know that certa in microorganisms form 
noncorrosive b1of ilms. they may be able to 
prevent MIC by seeding wa er sources with 
those microorganisms-displacing others 
known to form biofi lms with more corrosive 
potential . Moreover. research on b1ofilms 
may prove useful in efforts to describe and 
control other processes involv ing groups of 
interdependent microorganisms, or b iologi­
ca l consort ia . 

Unti l recently. studying biofilm processes 
has been d ifficult . Not only are b iof i lms het­
erogeneous, but methods of characterizing 
them have required destruct ive. rather than 
1n situ , analysis .  Scientists have tackled both 
these problems in the f i rst 18 months of the 
four-year research project at Tennessee and 
Montana State. They have developed a sys­
tem that grows reproduci ble biof 1 lms. thus 
m1nim1z ing the diff icult ies that resul t  from 
comparing heterogeneous samples. They 
also have demonstrated a set of novel , non­
destruct ive biological and chemical tech­
niques for monitor ing biof i lm development 
1n situ . These techniques wil l al low re­
sea,cl1ers to study the way blofi lms de­
velop, metabol ize, and hence promote cor­
rosion 1n their natural environment .  

In itia l appl icat ions o f  these new growing 
and monitoring techniques show their  po­
tential for increasing basic knowledge about 
biof i lms. Without d isturbing the biof i lms un­
der study, sc ientists can combine these 
techniques to collect s imultaneous on-site 
measurements of biofifm functions and elec­
t rochemical propert ies . Ongoing EPRl -spon­
sored research focuses on using these 
measurements to understand the l ink be-

fluenced corrosion. The results should also apply to the control of other tween microbial activity 1n biof i lms and MIC 

processes involving biological consortia, including the bioremediation of con- Growing reproducible biofilms 

lamina ted groundwater and soil and the biodesulfurization of coal. Scient ists working to grow b1ol i lms with re­
producible characterist ics have devised 
physical f low-through models to simulate 
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biofi lm formation. In settings simi lar to those 
found in utility freshwater cool ing systems, 
water f l ows through cel ls over surfaces that 
are suscepti b le to corros ion. Researchers 
can use a variety of nondestructive biolog­
ica l and chemical techniques In the f low­
through cel ls to monitor on-site bacteria l col­
on ization and biof i lm activity. They can a lso 
use microe lectrodes to measure the elec­
trochemical act ivity associated with b 1ofilm 
development and corrosion . 

Du r ing f low-through experiments, re­
searchers introduce microorganisms and 
nutrients into water f lowing over a flat metal 
plate (cou pon) The microorganisms attach 
to the coupon, creat ing a biof i lm. Using ad­
vanced analytfcal techniques (described 
below) , scient ists have demonstrated that it 
is possible to grow b,of i lms with repro­
ducible characteristics 1n f low-through ex­

periments . Furthermore . analys is shows that 
those characteristics depend on the micro­
bial species i n troduced and their order of 
introduction. 

There is evidence that the characterist ics 
of b iof i lms a lso depend on the surface prop­
er t ies of the metals they colonize. For ex­

ample, laser confocal microscope images 
have revealed selective growth of the bac­

ter ium Pseudomonas aeruginosa along the 
grain boundaries of a Type 3 1 6 sta in less 
steel coupon Scientists are seeking to bet­
ter understand the phys ica l and chemical 
properties of meta l surfaces that exert a 
strong inf luence on microbial attachment. 
They are a lso seeking to contro l this vari -

Figure 2 L ight  emissions from genetica l ly en­
gineered bacteria (photo) are being used 
to estimate microbia l populations , 
identify spec iHc metabolic activi ­
t ies, and l ink ind ividual species 
with corrosion.  For example 
(graph ) .  l ight emissions f rom 
Pseudomonas f/uorescens 

(lux) provide a linear mea­
sure ot the nu mber of bac­
teria in a b lof i lrn. (Photo 
courtesy ot Gary Sayler. U n i ­
vers ity of Tennessee: graph 
f rom D. C. White et at . , "Nonde­
struct ive On- l ine Monitoring of 
MIC," paper presented at Corro­
sion/90. Nat ional Association of Corrosion 
Engineers , Las Vegas, Nevada, April 1 990. ) 

able 1n comparative biof i lm 
analysis by developing meta l 
cou pons with identical surface 
properties .  

Monitoring biofilm forma­

tion and metabolism 

Flgure 1 A biofi lrn growing on a quartz crysta l microbalance 
causes the crysta l 's v ibration frequency to decrease . As 
shown here, there Is a l inear re lationship between the fre­
quency shift induced by the growing f i lm and the number of 
bacteria in the fi lm, as determined by a destructive cou nting 
method. (Adapted from D. C. While et a l . ,  "Nondestructlve 
On- t ine Monitoring of MIC ," paper presented at Corrosion/90, 
National Association of Corroslon Engineers . Las Vegas, 
Nevada, April 1 990.) 

Scientists have adapted sev-
eral nondestructive monitor ing 
techniques to study b iofi lm for­
mat ion and metabolism. These 
techniques involve the use of 
a quartz crysta l m1crobalance. 
genetical ly eng ineered micro­
organisms with l ux  ( l 1gh l ­
prod uc1n g )  genes , attenuated 
total ref lectance-Four ier trans­
forming infrared (ATR-FT/IR) 
spectroscopy, and open -circui t  
potential (OCP) measurements . 

The quartz crystal microbal­
ance technique 1s adapted 
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from a method used to detect contarrnna­
t ion in u ltrapure environments .  I n  biofi lm ex­
periments . i t  ind icates how many bacteria 
are coloniz ing a vibrat ing crystal surface to 
form a b iof i lm. The quartz crystal ,  immersed 
in solution, vibrates at a known frequency 
when electrodes on its surface receive al ­
ternat ing voltage. As bacteria colonize the 
crystal 's surface. thei r  weight damps its vi­
bration. When the bacteria become densely 
attached ( 1 CY" to 1 06  cel ls per square cen­
t imeter) , shifts in the crysta l 's vibrat ion fre­
quency provide a l inear measure of the 
growing biof i lm's weighL A trad i t ional , de-
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structive counting method shows that shifts 
in the crystal 's vibration frequency a lso give 
a linear measure of the number of bacter ia 
coloniz ing the crystal ( Figure 1 ) . 

Scient ists are us ing l ight emitted from b10-
luminescent bacteria to locate bacter ia 1n 
the envi ronment and to monitor physiologi­
ca l processes control led by certain bacte­
rial genes. To study biof i lms, they have cre­
ated bacteria that f luoresce in the presence 
of sal icylate. an anion easily added to wa­
ter in a f low-through cel l , To create these 
bacteria , the sc ient ists connect lux ( l ight­
producing) genes to an operon (gene se-
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N umber of Bacteria ( 1 06 cells/crn2) 
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Figure 3 The scanning vibrating electrode technique can be used to map variations in electro­
chemical potential over a metal surface, which indicate areas of active corrosion. These maps. 
for carbon steel exposed to bacteria, show variations after (a) 3 hours, (b) 7 hours, (c) 1 1 .5 hours, 
and (d) 23 hours. (Reprinted with permission from Corrosion Science, Vol. 32, No. 9, Michael J. 
Franklin et al., "Pitting Corrosion by Bacteria on Carbon Steel, Determined by the Scanning Vi­
brating Electrode Technique"; © 1991 by Pergamon Press Ltd.) 
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quence) whose expression (functioning) is 

triggered by salicylate. and then they insert 

the engineered operon into the bacterium 

Pseudomonas fluorescens. 

The new bacterium-Pseudomonas fluo­

rescens (lux)-emits light when exposed to 

salicylate. In a flow-through cell. these ge­

netically engineered bacteria attach to a 

stainless steel coupon. When water flowing 

through the cell contains salicylate, the bac­

teria emit light, which can be measured 

through a glass viewing-port by using a flex­

ible liquid light cable and a collimating 

beam probe. The amount of light emitted by 

the bacteria serves as a measure of the 

number of bacteria attached to the stainless 

steel coupon (Figure 2). 

In other species of genetically engineered 

bacteria, lux genes are connected to oper­

ons that regulate production of the extra­

cellular polymers that the bacteria use to 

adhere to surfaces. With these bacteria. re­

searchers are identifying areas of coloniza­

tion and growth and investigating the prop­

erties of metals and bulk fluids that control 

bacterial adhesion. 

ATR-FT/IR spectroscopy is used to char­

acterize the chemical composition of paints 

and other thin-film coatings. EPRl-sponsored 

research has adapted this technique to 

study the chemical composition of biofilms. 

In analyzing biofilms, scientists submerge 

a germanium or zinc selenide prism in so-
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lution and allow bacteria to colonize its sur­

face. Because materials in these prisms are 

transparent to radiation of infrared wave­

lengths. the scientists can shoot an infrared 

beam through the colonized prism. A brief 

pulse of infrared radiation passes through 

the prism. travels a short distance into the 

solution (100-3000 nanometers. depending 

on prism type), and then reflects back 

through the prism to an infrared detector. 

The detector displays an infrared spectrum 

that shows the chemical composition of the 

film created by microorganisms and meta­

bolic by-products adhering to the prism's 

surface. Specific wavelengths 1nd1cate the 

presence of certain metabolic by-products. 

such as proteins and carbohydrates. As the 

biofilm grows. energy at those wavelengths 

increases. 

Thus ATR-FT/IR uses spectral energy mea­

surements to correlate increases in specific 

metabolites with biofilm growth. It also indi­

cates shifts in the chemical composition of 

a growing biofilm and-because compo­

nents ot the biofilm community have differ ­

ent infrared spectra- identities changes in 

community structure. 

Scientists use measurements of open-cir­

cuit potential to study electrochemical ac­

tivity in fluid systems. In EPRl-sponsored ex­

periments. researchers have used changes 

in OCP to monitor the metabol ic activity of 

biofilms growing in flow-through cells. For 

example, they have studied a cell contain­

ing carbon steel coupons and aerobic and 

anaerobic bacteria extracted from a utility 

water system site with active MIC. They 

found that the OCP within the cell changes 

as biofilm formation progresses. In particu­

lar, the OCP change parallels a shift in fluid 

pH that occurs when growing numbers of 

bacteria accelerate the metabolism of glu­

cose to the volatile fatty acids acetate and 

butyrate. Evidence suggests that these fatly 

acids promote MIC. 

Monitoring corrosion 

Nondestructive methods of monitoring MIC 

include the scanning vi brating electrode 

technique (SVET) and a further adaptation 

of ATR- FT/IR spectroscopy. 

Scientists developed SVET to map elec­

trochemical activity in the nervous system. 

A platinum wire electrode. vibrating at ap­

proximately 200 hertz. detects variations in 

electrochemical potential over a surface. In 

neurological studies, the electrode vibrates 

over neNous tissue; in biofilm studies. it vi­

brates over an active corrosion site on a 

metal coupon (Figure 3). 

EPRI researchers are using SVET to eval­

uate the effectiveness of the corrosion in­

hibitor sodium molybdate. In a flow-through 

cell containing carbon steel coupons. they 

found no corrosion over a 27-hour test pe­

riod when sodium molybdate was present. 

Without the inhibitor, the same experiment 

revealed corrosion after only 2 hours. On­

going SVET experiments are investigating 

sodium molybdate's potential for inhibiting 

the corrosive behavior of anaerobic (sulfate­

reducing) bacteria. 

A further adaptation of ATR -FT/IR spec­

troscopy allows researchers to use this tech­

nique to monitor MIC. In these experiments, 

bacteria colonize the surface of an infrared­

transparent prism coated with a metallic film 

so thin that a brief pulse of infrared radia­

tion can penetrate it. Once a biofilm is es­

tablished on this thin metallic surface. in­

frared spectra can track minute microbially 

induced changes in the thickness of the 

metall ic film. This technique is so sensitive 

that it can detect changes of thickness as 

small as a few atomic layers of copper. Re­

searchers are now investigating methods of 



coating the prism with a thin f i lm of stain­
less steel-the most common metal in uti l­
i ty water systems. 

An i ntegrated analytica l 

approach 

Researchers are apply ing combinations ot 
the nondestruct ive techn iques descr ibed 
above in order to simultaneously monitor 
severa l characteristics of biof i lms in f low­
through cel ls . 

For example. scientists have made si­
mu ltaneous measurements with several 
techniques to study how lnteractions be-

Commercial Program 

tween microorganisms affect b lof ilm char­
acterist ics . In one set of exper iments ,  they 
added various combinations of four bacte­
r ia-Pseudomonas fluorescens (lux) and 
three other species isolated from a patch of 
corrosion in a ut i l ity water system-to water 
In a f low-through cel l .  l ight emissions,  
changes in the OCP, and tradit ional count­
ing methods all showed that the order in 
which these bacteria entered the water crit­
ically determined the growth rate and com­
pos i t ion of the resu l t ing biof i lms , Th is sug­
gests that seeding ut ili ty water systems 
with specttic microorganisms might bring 

Water-Loop Heat Pump Enhancements 
by Morton Blatt and Mukesh Khattar, Customer Systems Division 

E 
PRI  has implemented a comprehen­
s ive research effort a imed at enhanc­

ing and public 1z1ng the benefits that water­
loop heat pump (WLHP) systems offer for 
commercial heating and cooling. Through 
this effort . EPAI has developed an ad­
vanced , h igh-effic iency WLHP unit , has cre­
ated guidelines and controls for optimizing 
WLHP system operation, and 1s producing a 
gu ide tor designing. specifying , and in­
stal l ing the systems. Ongoing research ac-

t ivities include analyzing system f ield-test 
results, assessing enhancement possibi li ­
t ies, and examining factors lhat affect heat 
recovery and effic iency. 

The basics 

The typical water- loop heat pump system is 
very simple in concept . I I  consists ot a pipe 
loop for c irculat ing water and a series of 
heat pumps -one 1n each thermal zone­
u,at use the  p iped water as a heat source 

ABSTRACT Versatile, cost-effective and reliable, water-loop heat pump 

(WLHP) systems are an attractive option for heating and cooling large and 

medium-sized commercial buildings. In addition to offering energy efficiency 

through inherent heat recovery. WLHPs fea ture low first costs, zoning flexibil­

ity. simple controls, and reduced space requirements. Despite these benefits, 

WLHPs make up only 4% of the commercial heating and cooling market, a far 

cry from the 40% market share they could capture. EPRI is sponsoring re­

search both to enhance the performance of WLHP systems and to inform util­

ities and their commercial customers about WLHP advantages. 

biof i lm formation and MIC under con rol . 
Us ing advanced . nondestructive cheml­

cal and biolog ical techn iques in an inte­
grated approach provides a powerfu l  tool 
tor understanding and possibly control l ing 
MIC. I n general, such an approach can lead 
to a greater understanding of dynamic i n ­
teractions within biologica l  consortia . Th is 
knowledge may help scientists gu ide 
processes involving biological consortia in 
other areas of concern to the uti l i ty industry, 
such as the bioremediatlon of contaminated 
groundwater and soil and the biodesul fur-
1zation of coal . 

or sink . The system also requires a means 
of removing heat from the pipe loop (typi­
cally a cool ing tower ) and a means ot 

adding heat ( typ ically a boi ler). 
The cooling tower and the boi ler operate 

as necessary to keep the tempera ure of the 
water in the loop within a 60 - 90°F range 
This moderate range al lows the use of unin­
su lated piping , which s ign i f icant ly reduces 
installed costs . And because each heat 
pump can perform both heat ing and cool­
i ng, 1t is poss ib le to use a two-pipe system 
rather than the usual four-p ipe system - fur­
ther cutting distnbut1on system costs . 

The WLHP's efficiency is particularly ev1-
denr when a bui ld ing has simul taneous 
heat ing arid cool ing needs. This situation 
otten occurs in larger bui ld ings with pe­
r imeter areas that need heating in colder 
weather and core areas that need year­
round cool ing I n  these cases, the WLHP 
units that are cool ing add heat to the loop 
and U;ose that are heat ing extract heat from 
l he loop, thus reducing boi ler and cool ing 
tower operat ion (Figure 1 ) .  

H igh-efficiency WLHP 

EPRI and the Trane Company have devel­
oped a h1gh-eff ic1ency WLHP with advanced 
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Cooling tower F igure 1 A typical WLHP system consists of a water ci rculat ion loop (a two-pipe, supply-and-return 
system) . a series of heat pumps that use the water as a heat source or sink to perform heating or 
coo l ing, and a boi ler and a cool ing tower that operate as necessary to keep the temperature of the 
circu lating water within an opt imal range (usual ly 60 - 90' F) . Heat pumps operat ing in the cool ing 
mode add heat to the loop: those operating in the heating mode extract heat from it . 

Main system pump 

Standby system pump 

features that make owning and operating a 
WLHP system even more advantageous. 

Effic iency Is the key feature of this new 
unit .  which can achieve a cooling energy 
eff iciency rat io ot up to 1 5.2 (at Air-Condi­
t ion ing and Refrigeration I nstitute Standard 
320 condit ions) and a heating coeff icient of 
performance of up to 4 .5.  But the l1 1gh-effl­
ciency WLHP offers 11 1uci l r r iore. Tl 1eBe u 1 1 i l:, 
have been acoustically insu lated to ensure 
quiet operation . and they come with manu­
facturer guidel ines on techniques for further 
reducing noise. The guidelines also expla in 
ways to ensure indoor air quality through the 
optimal introduction of outdoor air 

The new WLHP 1s easy to maintain and 
serv ice- removable components faci l i tate 
cleaning and access to internal parts. The 
unit's high rel fabil ity. low operating costs .  
and competitive f irst costs make i t a prac­
tica l . h igh-qual i ty. cost-effective choice or 
many bui ldings .  

The high-efficiency WLHP is avai lable 
nationwide through Trane/CommandA1re. 
(8 1 7) 840-3244 . EPRI has produced an in-
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Cool ing mode 

Cool ing mode 

formational brochure (CU.2047.01 .92) to 
help member ut i l i t ies make potential users 
aware of th is product's benefits . 

Guides for better installation 

A WLHP system wtl l de l i ver maximum effi­
c iency benef its on ly 1f proper ly designed 
and installed . However. the geMral ized 
yu iue:l i 1 1es avai labl8 fron 1 8quiprnent manu­
facturers often fai l to answer the more com­
plex design questions.  To f i l l  this in formation 
void. EPRI is developing a comprehensive 
two-volume water- loop heat pump engi­
neering guide for architects . engineers ,  and 
contractors . Publ icauon is scheduled for 
later th is year. 

The f i rst volume 1s a design gu ide ihat 
provides technical information on select ing . 

designing. and specifying WLHP systems. I t  
d iscusses select ing optimal design param­
eters and includes application guidel ines for 
adding such features as variable-speed 
pumping , thermal storage, and energy 
management systems. I t  a lso covers the in­
tegration of WLHPs with sprink ler systems . 

Heating mode 

Heating mode 

service hot water, and ground-coupled heat 
pumps. Although this volume focuses on 
southern Cal i fornia . much of the information 
it contains 1s appropriate for installat ions in 
all cl imates. EPRI plans to revise the design 
guide to make it appl icable to colder cli­
mates. The second volume ot the WLHP en­
g ineer ing guide focuses on Cal i forn ia code 
compliance issues. 

WLHP field study 

For three years. an office bui lding in Stam­
ford , Connecticut .  has been provid i ng EPRI 
with va luable real-l ife data on WLHP perfor­
mance- as wel l as seNing as a test case 
for verify ing the results of performance­
boost ing modlf icatrons. With typical struc­
tural and occupancy characterist ics and 
cold-weather cl imate condi t ions . the bui ld­
mg has yielded data with a wide range of 
applicabi l ity. 

The study has confirmed some bas ic as­
sumptions, showing that proper design, in­
stal lat ion, and operation are necessary to 
control boi ler energy use and correspond-



i ng electric i ty demand in an a l l -e lectric 
bui lding. The study has a lso demonstrated 
that operational changes can produce 
quantif iable improvements. For example, 
proper control strategy and careful control 
setting reduced the electr ic boi ler 's annual 
energy use by 20% .  The cumulative effect 
of improvements invo lving boi ler control , 
heat pump startup schedule,  cool ing- tower 
isolat ion , and the intake of outs ide a i r to the 
bui ld ing core was lo reduce electric boiler 
demand on the order of 30%. 

I n  particu lar, one of the modrfications sug­
gested by the project team - cooling-tower 
isolation - can cut energy use dramatical ly. 
Previously, the bu i lding operator had left the 
cool ing tower connected a l l w inter in case 
it was needed . To protect the system from 
freezing, water was pumped through the 
cooling tower a lmost constantly, resu l t ing in 
heat losses of as much as 400 mi l l ion Btu 
per month. The team's so lution cal led for 
putting manual valves on the cooling tower 
so that its use can be l imi ted to the few days 
when heat rejection fs needed . A 30% an­
ti freeze solution was added to the circulat­
ing water for protect ion. These changes 
have proved invaluable: an ongoing eval­
uatlon is showing monthly energy savings 
of the ful l  400 mil l ion Btu prev ious ly lost .  At 
this s ite, yearly sav ings could reach $8000 

Gasification-Combined Cycles 

Assessing enha ncement opt ions 

An EPRI report pu bl ished last year, Waler­
Loop Heat Pump Systems: Assessment 

Study Update (CU-7535) , answers some of 
the most common questions about the sys­
tems. I t also documents their cost-effect ive­
ness , showing that WLHPs can provide an 
excel lent combinat ion of low heat ing and 
cool ing costs and low instal led costs ( due 
to the low-cost dist ribut ion system ) . 

In addition , the report presents concepts 
and guidel i nes tor reducing energy costs 
and enhancing performance by improv­
ing system design and operation. In many 
cases. one of the best ways to red uce costs 
and improve performance is to keep the 
loop water temperature low. At low temper­
atu res, fhe Increased cool ing efficiency of 
the heat pumps usual ly more than offsets 
the h igher energy consumpt ion for the cool­
ing tower and for heat pump heat ing. If the 
loop temperature is 50'F or lower, an addi­
tional advantage is that the loop water can 
be used directly for cool ing . Again, the 
h igher energy use for cool ing-tower opera­
tion is offset by the reduction in compressor 
operat ion. However, 50'F water coil opera­
t ion requires insulated pip ing and an extra 
cool ing coil , with a corresponding Increase 
in installed costs . 

Decreas i ng the f low rate of the loop wa-

High-Efficiency GCC Power Plants 
by Nandor Hertz, Norman Stewart, and Arthur Cohn, Generation & Storage Division 

T 
he efficiency of gasif ication technology 
is inf luenced by several factors ­

some related to the gasi l lcat fon process i t­
se l f , others to coal feedstock character ist ics 
and the consumption of the gas i f ication re­
agents. This complex re lationsh ip is best 
character ized by two performance indexes 
-cold gas efficiency and the overal l ther­
mal eff iciency of the gasif icat ion process. 

Cold gas efficiency is a measure of the 
amount of chemical energy in the c lean. 

co ld syngas and is expressed as the ratio 
of the syngas·s chemical energy to that of 
the feed coal . The overal l  t11er mal efficiency 
of the gasif ication process accounts for 
both the syngas's chemical energy and the 
steam generated from the gas's sensible 
heat . I t  is expressed as the rat io of the sum 
of the chemical energy of the cold syngas 
and the heat content of the steam gener­
ated in the gas i f ication area to the energy 
input of the feed streams. 

ter also can produce energy savings. Re­
ducing the constant f low to 2.0 ± 0.5 g pm 
can cut energy costs by up to 25% without 
compromising system performance. Vary­
ing the water f low rate accord ing to the 
number of heat pumps operating can pro­
vide energy cost savings of up to 35%. 

Another system enhancement is the ad­
dition of thermal storage capacity. This fea­
ture seems to be most advantageous in 
cases when extra daytime heat can be 
stored and then used to help keep the bui ld­
ing warm dur ing unoccupied hours , d is ­
placing boiler heatrng. I n  such cases,  ther­
mal storage can reduce winter energy costs 
for unoccupied periods by 25 - 35% . 

EPRJ 's robust portfolio of research activ1 -
l les is y ield ing WLHP improvements on sev­
eral fronts . New, efficient units are avai lab le : 
design gu ides wi l l help architects , engi­
neers , and contractors design and install 
better systems :  and data on actual  perfor­
mance and guidel fnes on optimal system 
operation should increase conf idence in the 
cost-effectiveness and operat ion of these 
systems. (See a lso the favorable results on 
system reliabi l ity and longevity publ ished 1n 
the Apri l /May 1 99 1  issue of the Journal, 

p. 50. ) Together. these efforts should pro­
v ide ut i l i t ies a strong base for promoting this 
low-cost . efficient technology. 

I mproved gasification 
technology 

Dry-feed. entrained-f low. slagging gas i f ica­
tion technology-developed by Shell in the 
United States. with cofunding from EPR I .  and 
by Krupp-Koppers In Europe- has many 
of the features needed for h igh-eff iciency 
gasi f icatfon - combined-cycle (GCC ) power 
p lants . It offers high co ld gas eff ic iency, ef­
ficient uti l ization of the sensible heat of the 
syngas, high carbon conversion , and good 
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ABSTRACT Gasification -combined-cycle {GCC} technology gives the 

utility industry a coal-based power genera tion option that is both efficient and 

environmentally clean. Major ongoing EPRt-cofunded development efforts have 

provided new technologies to make high-efficiency GCC power plants eco­

nomically attractive. Improvements in gasification technology, high-tempera­

ture combustion turbine performance, and overall plant integration now make 

possible high-efficiency GCC power plant designs with heat ra tes of about 8000 

Btu/kWh {HHV basis), compared with 9500 - 1 0,500 Btu/kWh for traditional 

pulverized-coal plants with flue gas desulfurization. These GCC plant designs 

a/so offer environmental performance approaching tha t achievable wlth nat­

ural gas, the cleanest fossil fuel available. 

selectivity toward the fuel components of the 
syngas. co, H2 , and CH.1 together make up 
over 90 vol% of the dry syngas. 

The Shel l coal gasi f ication pilot plant , 
cal led SCGP- 1 , has completed four years of 
operation . dur ing which a broad range of 
coals were tested . The resul ts of this EPRl­
cosponsored work have conf i rmed the ex­
pected favorable performance characteris­
t ics of this oxygen-blown . dry-feed, en­
tra ined-f low process. 

Carbon conversion values in the range of 
99.3- 99.9% were obtained . Good sing le­
pass carbon convers ion was 

merciaf-scafe (260-MW) GCC power p lant .  
which incorporates the GCC technology de­
veloped by Shel l  and others, is nearing 
complet ion at Buggenum. the Netherlands. 
Startup is scheduled for 1 993. After a 
shakedown test and a three-year demon­
stration per iod to conf irm the design U1er­
mal effic iency of 4 1 .4% (h igher-heating­
value , or HHV , basis) . the pioneer GCC 
power plant will begin commercia l  opera­
t ion. During this phase. the Buggenum plant 
is expected to go through a fast learning 
curve, which wil l mature its GCC technol-

ogy and u l timately lead to a commercia l ly 
proven GCC power plant design with im­
proved performance, operabi l ity, and rel ia­
bi l i ty as wel l  as lower electr ic ity cost . 

High-temperature combustion 
turbine 

The cornerstone of the h igh-eff ic iency GCC 
power b lock wi l l  be the new. high-f iring-tem­
perature (2300 -2400°F) , high-power-output 
( 1 50 -200 MW) combust ion turbines (CTs) 
that have recently become avai lable for use 
with e i ther natural gas or syngas . Matching 
a single-tra in fuel plant (gas i f ication and gas 
treat ing) to such a turb ine will prov ide an 
economy of sca le . These machines also op­
erate at a high turb ine exhaust temperature 
( 1 050 - 1 1 50�F) ,  which provides the steam 
parameters needed for an efficient steam­
cycle design .  

The mach ines are equipped with other 
important features. such as in let guide vane 
contro l , air extraction capabil ity at the CT 
compressor out let . and com bustors capa­
ble of f i ring low-Btu gas with low thermal 
NO formation. 

I n let guide vane control makes it possi ­
ble to reduce the CT compressor intake air­
f low- to as low as 75% o the design 
value- as necessary for efficient operat ion 
at low ambient temperature or part load. 

A i r  extraction at the CT compressor out­
let is one way to enable an off-the-shelf ma­
chine (designed for natu ral gas )  to operate 

on coal gas. Specifical ly, by 
augmented by fly s lag recycle 
as Gu1 1u i l iu1 1s wc11 1 c11 1 tecJ. Culu 
gas effic iency values ranged 
from 76% to 83% .  The lower 
values were obta ined with the 
re latively unreactive Maple 
Creek coal ; the h igher values, 
with the reactive Pike County 
coal ( Figure 1 ). Exper imenta­
tion with the moderately reac­
tive I l l inois No. 5 coal was ex­
tensive and demonstrated the 
benef icial effects of steam ad­
d i tion and fly slag recycle (Fig­
ure 2) .  The overal l thermal effi­
c iency of the gasification sys­
tem ranged from 93% to 97% 

83.5 ,_ % = Steam/oxygen (by we1ght) extract ing a i r  from the CT com­
pressOI' outlet , the turbine in let 
mass f low can be maintained 
at the design f low value for nat­
uraJ gas. The extracted air can 
be used in a pressurized air 
separation unit (ASU) . I n  turn , 
n i trogen from the ASU can be 
added to the coal gas as a 
d i luent for NO, control and to 
provide add i t ional motive 
power ( mass) to the CT.  

Construct ion of the f irst corn-

83.0 ,_ * 1 1 % • 11 % 

� 13% 10% 82.5 10% 
·u 

9% 9% w 
U) 82.0 - 10% 

10% 12% "O 9% 0 81 .5 

8 1 .0 I I I I I 

0.97 0.98 0.99 1 .00 1 .0 1 1 .02 
Oxygen/MAF Coal (by weight) 

F igure 1 Gas i f icat ion resu l ts  for Pike County coal (with fly s lag recyc le) .  
Tests at the Shel l  gasif icat ion p i lot plant have explored how cold gas eff i­
ciency is affected by the rat io of oxygen to moisture- and ash-free coal ,  
the ra t io of steam to oxygen, and f ly s lag recyc le. The h ighest co ld gas 
eff ic iencies were achieved wi th th is reactive coal .  
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The combustion of d i luted 
coal gas ( 1 20 - 1 30 Btu/scf, 
lower-heating-value basis) at 
high f i ring temperatures with 
low thermal NO, formation ( less 
than 1 0  ppm by volume) was 



confirmed at General Electric in 
EPRl-cotunded work using wa­
ter vapor as the fuel gas di lu­
ent and at Siemens in work us­
ing ni t rogen as the diluent. 

Figure 2 She l l  gasification resu lts for the moderately reactive I l linois 
No. 5 coal show the benefits of control l ing the oxygen-to-coal ratio , of 
steam addit ion , and especia l ly  of fly s lag recycle. 

Btu syngas by extracting 1 00% 
of the air needed for air sepa­
rat ion from lhe CT compressor. 
The ASU for the conventional 
scheme was designed to op­
erate near atmospher ic pres­
sure and to produce 95% pure 
oxygen; the ASU for the innov­
ative scheme was designed to 
operate at elevated pressure 
and to produce 85% pure oxy­
gen, found to be the optimal 
purity in terms of overal l  sys­
tem efficiency. 

81 "lo = Steam/oxygen Wi thout fly s lag recycle 
(by weight )  Wl lh f ly s tag recycle 

> BO 
r 1 0% 1 0% I 

t 79 

·;::; 78 !E L.J w 

Other EPRl-cotunded work at 
GE confirmed the feasib i l ity of 
adapting the off-the-shel f GE 
7F machine for low-Btu-gas 
operat ion with h igher CT power 
output, whicl1 ultimate ly is l im­
i ted by the torque l imits of the 
turbine components. In th is 
case , the machine is sl ight ly 
modif ied 1n order to pass a 
greater-than-design f low of 
gas through the turbine: it is 
operated with a more open f i rst 
turbine nozzle vane. and the 

"' "' 10% 10% 
0% 

C) 77 

76 

75 
0.86 

pressure provided by the CT 
compressor is higher than is opdmal for a 
natural gas-f ired machine. 

Overall plant integration 

The conventional integrat ion schemes ap­
plied to date have been l im i ted to the inte­
gration of the steam and boiler feedwater 
systems and the use of avai lable low- level 
process heat for clean fuel gas satura­
t ion . More recently, innovative integration 
schemes have been developed and inves­
tigated in order to improve overal l system 
efficiency, re l iab i l ity, and operabi l ity whi le 
fu l ly uti l izing the potential of the improved 
power plant components described ear l ier. 
The Integrat ion object ive ot the innovat ive 
schemes extends beyond the l imi ts estab­
l ished by the more conventional  schemes. 
addressing al l  three major e lements of an 
oxygen-blown GCC power plant: the a ir  sep­
aration unit, the fuel plant, which performs 
gas i f icat ion,  gas processing. and fuel gas 
satu ration , and the power block ,  i nc l uding 
the combust ion turbine, the heat recovery 
steam generate� and the steam turbine. 

With cofunding from EPRI , Flor ida Power 
& Light .  and Virgin ia Power, a proiect team 
composed of specia l ists from Krupp­
Koppers, Linde. Siemens Kraftwerk Union 
(KWU), Lotepro, and Sargent & Lundy has 
1ust completed a comparative study to eval­
uate the mer its of a conventional integration 
scheme and an innovat ive scheme. The 

5% 0% 

0.68 0 .90 

0% 

0.92 

0% 

0 .94 

Both schemes featured con­
trol of thermal NO� formation 
to 36 ppm by vo lume. I n  the 

Oxygen / MAF coat (by weight) convent ional  scheme. this con­
trol was achieved solely by 
saturating the fuel gas with wa-

power plant was configured with L1nde's ter vapor : in the innovative scheme, by sat-
ASU : the dry-feed . entrained-f low Prenflo urating the fuel gas with water vapor and di-
coal gasif ication technology; and the KWU lut ing it with waste n itrogen recycled from 
VB.4 high-temperature CT. The innovative the ASU .  
scheme provided for C T  operation on low- Pittsburgh No. 8 coal from the Blacksvi l le 

Table 1 
GCC PLANT INTEGRATION SCHEMES: 

Net p lant heat rare (Btu/kWh. 1" 1HV) 
At 90�F lull design load 

COMPARATIVE EVALUATION 

At 60°F wuh na 1ura 1 gas augmentauon 

Al 60"F w i thout natural gas . max imum 94% load 

Net plant efficiency at 90'F. ful l design load (%) 

Load-fol lowing characte r ist ics 

ln lel guide vane conlrol of CT a i r  mass flow (% of des ign value) 

M 1r nmum CT load (%) 

Reduction l rom lu l l  CT load lo minimum load (minutes) 

Ramp-up from 50% CT load to 100% load (m 1nu1es )  

Specific cap i ta l  1nves tmen1 ($/kW, 1 990 dol lars) 

Plant facil i ties investment ' 

Tola !  capital requ irement • 

Revenue reqwements (m i l ls/kWh. consran l  1 990 do l lars ) 

Al 85% capacity factor 

Al 75% capac i ty factor 

At 65% capacity factor 

Conventional 
Integration 

8210  

8 1 1 9  

827 1 

4 1 .6 

75 -90 

68 

1 0 

30 

1 303 

1 742 

46 .2 

50.2 

55.3 

Innovative 
Integration• 

7970 

7925 

BO t O  

42 .8 

75- 1 00 

60 

8 

23 

1 27 1  

1 696 

44 .9 

48 8 

53 .8 

'" In  1ri1s 'SC:lieme 00 ol 1t 1e 311 nm�d<n1 lo, an s-epara 11on s ei<.t racled hnm 1 t,e r.0mb1�s1tnn turh111e compfE!SSur 
'E.i<ctu[jes allowances lu, cununye1,c ownei, s cost am, l unds u mJ uu1 1riy ·t>r ,suuctlOh 
1t ncluoes allowances tor ,:oni rngen�y. own , ·!. < OSI . an..1 1 un.:1� us <.I <luring .c,ristrur; ,on 
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mine was used for the study. (EPRI has con­
ducted many gasification tests on this coal 
and has selected i t  as the reference coal for 
Institute stud ies. ) 11 has a moisture content 
of 5 .5 wt% and an ash content of 7 .8 wt% 
(mois u re-free bas is) . 

The f indings of the study are presented 
in Table 1 . They conf i rm that the innovative 
scheme (wi th 1 00% of the ASU air suppl ied 
from the CT) has a 2- 3% lower net plant 
heat rate at 90°F, fu ll-design-load condi­
tions; faster load-fo l lowing characteristics; 
a 2 .5% lower specific capital investment :  
and a 3% lower cost of electricity. The In-

Power Plant Corrosion Control 

novative schemes performance advantage 
is retained at the part-load condi tions in­
vest igated and at lower-than-des ign ambi­
ent temperature. 

Wi th EPRI cofunding , a project team com­
posed of specia l ists from Shel l ,  GE , and Ai r 
Products Is investigat ing the merits of an­
other innovative integrat ion scheme for a 
GCC power plant - a  scheme based on a 
pressurized ASU prod ucing 95% pure oxy­
gen ,  the Shell coal gasification technology, 
and the GE 7F combustion turbine. In th is 
alternative. only part of the air needed for 
air separation is ext racted from tl1e CT, and 

the GE 7F machine is s l ightly mod if ied to ac­
commodate a h igher turb ine in let f low than 
that for natural gas. The results of this study. 
which is using Pittsburgh No. 8 ( Blacksvi l l e  
mine) coal , wil l be  avai lable later this year 

Results from an earlier study of a s im i la r  
scheme conducted by She l l .  GE.  and Air 
Products were presented at the tenth EPRI 
gasif ication power plant conference ,  held 
in San Francisco in October 1 99 1 . They 
showed a heat rate of 801 0  Btu/kWh (HHV 
basis)  for P i ttsburgh No. 8 coal  and a cap­
i tal cost of $ 1 330/kW ( U .S . Gulf Coast si te ,  
overn ight construction , mid- 1 99 1 dol lars) . 

CHECWORKS: Integrated Corrosion Software 
by Bfndi C/1exal, Robin Jones, James Lang. Chris Wood. and Rosa Yang, Nuclear Power Division 

Corrosion continues to trouble power 
plants . both fossi l and nuclear: For ex­

ample .  it accounted tor nuclear p lant ava1 l ­
ab 1 l ity losses of c lose to 5% during the past 
decade. In addition . corros ion creates plant 
and personnel safety concerns. Many cor­
ros ion mechanisms are affected by the 
same factors . For example. the secondary 
water chemistry of pressur ized water reac­
tor (PWR) p lants attects the f low-accelerated 
corrosion damage of pip ing and equipment ; 
the steam generator sludge pi le :  the crack-

industry organizations, is yield ing engineer­
ing models that can predict much of the cor-
rosion behavior of operat ing plant equ ip-
ment. Plant owners can use such predictive 
tech nology to identify where corros ion dam­
age 1s l ikely to occur so that they can de-
velop proactive inspection and repair pro­
grams They can also evaluate the potentia l 
of changes in plant design and operat ion to 
reduce corrosion damage. 

Among EPRl's contributions 1n this area 1s 
the CHEC fami ly of codes for use in con­
trol l ing ! low-accelerated corrosion damage 
of p iping . Now researchers are extend ing 
th is successfu l  approach to cover many 
other types of corrosion and degradat ion 
mechanisms and are mounting the predic­
tive technology on a software platform 
called CHECWORKS™ (Chexal-Horowitz En­
gineering Corros ion Workstation) . 

ing . denting , .:md pitting of steam generator ABSTRACT Corrosion is responsible for nuclear plant availability losses 
tubes: the corrosion of turb i ne generator 
components; and the performance of con­
densate polishers and demineral izers . 

To reduce corrosion losses and also en­
hance p lant safety, p lant owners need an 
approach that addresses corrosion mecha­
nisms in an integrated fashion . To meet th is  
need , EPRI has dedicated considerable re­
sources to developing a fundamental un­
derstanding of the causes of corros ion and 
the inf l uence of the governing parameters . 
This effort involves research in materials 
science. water chemistry. t lu id mechanics . 
corrosion engineer ing , and nondestruct ive 
evaluation technology. 

This R&D , as well as re lated work at other 
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of nearly 5%, and its control is important in holding down O& M costs. As a re­

sult, EPA/ continues to invest considerable resources in corrosion-related re-

search. One forthcoming product-the CHECWORKS software- will provide 

an integra ted approach to the control of corrosion in plant piping and in-line 

equipment. Using a series of modules that share a common database, utility 

personnel will be able to identify where a corrosion attack is occurring, what 

is causing it, and where the resulting corrosion waste is going. This predictive 

capability will be valuable in planning inspections to prevent failures, evaluat­

ing mitigation options. and developing new designs. 



The f i rst re lease of CHECWORKS wil l inte­
grate the capabi l ities of the ex isting CHEC 
family of codes, simpl ifying the process of 
making predictions and reducing its cost . 
And since CHECWORKS is being designed 
to permi t the addit ion of modules for other 
types of corros ion and components , plant 
owners wi l l  eventual ly be able to use i t  for 
a variety of eva luations , They wi l l  be able to 
assess cavitation. droplet impingement . 
s ludge transport and deposition , fou l ing 
and corrosion in service water systems, 
steam generator tube cracking and inter­
granular attack. fuel c ladding cor ros ion, and 
cracking ot vessel internals. welds, and 
penetrations. The long-term goal 1s to 
achieve an integrated pred ictive capabi l i ty 
tor all pressure boundary and reactor inter­
nal components and for all relevant corro­
s ion mechanisms. 

Planning for CHECWORKS has revealed 
that he same mathematical subroutines can 
be used in making many corrosion predic­
t ions . For example .  a routine to determine 
f lu id conditions (such as f low rate . temper­
ature. and entha lpy) in a pip ing component 
provides values that are necessary for pre­
dicting f low-accelerated corrosion . cavita­
t ion . droplet impingemen t ,  foul ing , s ludge 
generation , and sludge transport .  Therefore, 
CHECWORKS is being developed as a mod­
ular code in which a l l modules share a com­
mon database (F igure 1 ) . Users wi l l  be able 
to select a technology module from an in­
teractive menu or icon panel . The resu l ts of 
corros ion evaluations wi l l enter lhe plant 
database and wi l l be available for subse­
quent evaluations. 

Init ia l  relea se 

The initia l  release of CHECWORKS (Version 
1 .0) wil l include the basic platform, the data­
base structure. and the f irst group ot tech­
nology modules -which will Integrate the 
capabi l i ties that exist today in the CHEC 
codes for f low-accelerated corrosion . 

Since a l l  the echnology modules wi l l ac­
cess the common database. dupl ication of 
data will be eliminated. The database wi l l  
cons ist of industry l ibraries , a plant l ibrary. 
and plant inspect ion data . The industry l i ­
braries . which EPRI wi l l  instal l . wil l  inc lude 
steam tables and information on p i pe s izes.  

Figure 1 The modu la r  organizat ion of CHECWORKS, in  which technology sottware modules use 
a common database, is  key to ils efficient , Integrated approach to corrosion contro l .  Version 1 .0 
(color) , scheduled ror beta re lease at the end of the year, wi l l feature seven technology modules 
focus ing on flow-accelerated corrosion, as well as a modu le for generating reports. Later versions 
wlll add the other modu les shown . 

Flow-
acce lerated 
corrosion 

Void 

Fuel 
cladd ing 
corros ion 

BWR 

Sludge 
transport 

materials propert ies , and American Society 
of Mechanical Engineers (ASME) Code re­
qu irements. Users will benef rt not only from 
the convenience of not having to instal l  
these l i braries bul also from lhe h igher de­
gree of industry standardization they wi l l  af­
ford . Users wi l l  enter their own information 
into the plant l ibrary and p lant data f i les . 
This can inc lude p lant drawings. inspect ion 
data and records , p lant operating condi­
tions. and acceptabi l i ty evaluat ions. 

CHECWORKS 1 .0 wi l l feature seven tech­
nology modules. These modules , which are 
described in the fo l lowing paragraphs.  wi l l  
determine void fract ions, f lu id f low condi­
t ions ,  water chemistry cond i t ions. and f low­
accelerated corrosion rates . manage 1n­
spect1on data : determine the structural ac­
ceptance of worn f i ttings: and perform leak­
before--break eval uations.  

The void module determines the vo id 
fraction of two-phase mixtures for the lu l l  

Service 
water 

oorros ion 

Structural 
eva luation 

P!CEP 

Reports 

range of pressures f lows, and f luid types 
(steam-water and air-water) typically found 
in power p lants. I t has been qual ified 
against severa l sets of steady-state, two­
phase/two-cornponent ! low test data that 
cover a wide range of thermodynamic con­
di tions and geometries typical of PWR and 
boi l ing water reactor (BWR) fuel assembl ies 
and pipes up to 450 mil l imeters in d iame­
ter The correlat,on used is based on a drift 
f lux mode! .  Output f rom this module 1s used 
in rnaking predict ions about flow-acceler ­
ated corrosion and droplet impingement . 

Tlie network l low module, which rs cur ­
rently operat ional  in the CHECMATE code, 
determines local operating condi t ions for 
f low-accelerated corrosion pred ictions .  It is 
used to determine f low rate. temperature. 
pressure , and steam qual ity 1n branched 
piping systems. The module accounts for 
source and sink conditions. p ipe rout ing, e l ­
evation changes. p ipe insulat ion, in- l ine 
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equipment. valve type and position, and 

surface roughness. 

Two major enhancements to this module 

are planned. One involves the capability to 

predict how suspended solids are trans­

ported in service water systems. This will be 

useful for predicting fouling and for indicat­

ing where the sediment may concentrate 

water impurities. The other enhancement in­

volves the capability to determine the trans­

port of magnetite and hematite (products 

of flow-accelerated corrosion) around the 

steam cycle. This wi ll be useful for predict­

ing sludge deposition in major equipment 

like steam generators. 

Tl1e water chemistry module determines 

the oxygen level and operating pH on a line­

by-line bas,s throughout the steam cycle. It 

takes into account system operating condi­

tions and pH control additives (amines) and 

models the volatility of an amine ( or mix of 

amines) as it partitions in wet steam lines. 

Output from this module, which is cur­

rently operational in CHECMATE, is used in 

predicting component-by-component wear 

rates due to flow-accelerated corrosion. Fu­

ture enhancements will model some new 

amines now in the experimental stage of 

power plant application (e.g .. amino-methyl­

proponal. or AMP. and diethanolamine). A 

similar module wi ll model water treatment in 

service water systems. The goal is to de­

termine the transport of water treatment 

chemicals throughout the service water sys­

tems ,n order to predict the microbial growth 

rate at each component location. 

The flow-accelerated corrosion module 

will predict the rate of wall thinr11ng from 

flow-accelerated corrosion on a compo­

nent-by-component basis. enabling plant 

owners to locus inspections on the worst lo ­

cations and identify problems long before 

leaks or failures can occur. The module will 

also be helpful in planning plant modifica­

tions. Currently, the predictive algorithms 

used in the CHEC and CHECMATE codes are 

being updated on the basis of data that 

have become available in the past several 

years. This effort will improve the technol­

ogy·s accuracy. ease of use. and speed. 

The inspection data module will allow 

users to import, manage. display. store. and 

evaluate data from the ultrasonic inspection 
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of piping components that have been sub­

ject to wall- thinning degradation. This ca­

pability is currently provided ,n the CHEC· 

NOE computer code. The module w,11 also 

map wear areas and perform statistical 

analyses of the inspection data. 

The structural evaluation module will as­

sess the structural acceptance of piping 

components that have thinned because 

of flow-accelerated corrosion and similar 

degradation mechanisms. Such evaluations 

are now provided by the CHEC-T computer 

program and are compatible with proposed 

rules of Section XI of the ASME Code. In 

1992 EPRI is sponsoring additional research 

to develop criteria for components and wear 

configurations not now covered by these 

rules. The extended criteria will be included 

1n the structural evaluation module. 

The seventh module, PICEP, is currently 

available as a stand-alone computer code 

for performing leak-before-break evalua­

tions of cracked pipe. It demonstrates that 

leak rates are detectable before the onset 

of crack growth instability. PICEP is applica­

ble to piping subject to intergranular stress 

corrosion cracking and fatigue. User input 

includes a description of the crack as well 

as data on piping materials. fluid conditions. 

and applied loads. Output includes the size 

of the crack opening area. the critical crack 

length. and the flow rate through the crack. 

Future releases 

Future releases of CHECWORKS will add 

several more modules and evaluation tech­

nologies. One of those modules will address 

cavitation damage. Cavitation occurs when 

water near the saturation pressure enters a 

component with a restricted flow area, such 

as an orifice, a flow control valve, or a level 

control valve. The resulting flow accelera­

tion and large pressure drop can cause the 

water to flash into a two-phase mixture If 

the downstream pressure is high, the vapor 

bubbles may collapse when they hit an or­

thogonal surface (such as a valve internal. 

an elbow. or a tee) Damage can occur any­

where between the flow constriction and the 

orthogonal surface. The first release of the 

cavitation module will indicate the likelihood 

of cavitation in the piping system. 

A related module will address the droplet 

impingement that occurs when water near 

the saturation pressure enters a component 

with a restricted flow area. If the water 

flashes into a two-phase mixture, the en­

trained water droplets that strike an orthog­

onal surface can cause additional wear 

through erosion. The first release of this 

module will identify piping locations and op­

erating conditions where there is potential 

for droplet impingement. 

Service water (raw cooling water) sys­

tems in both nuclear and fossil plants have 

experienced a wide spectrum of corrosion, 

fouling, and erosion mechanisms. Another 

CHECWORKS module will provide a relative 

ranking, on a component-by-component 

basis. of the severity of microbial and gen­

eral corrosion attacks in these systems. The 

module will build on the methodology cur­

rently used in EPRl's MICPro code. The goal 

is to help plant owners identify the causes 

of damage and plan inspections to prevent 

failures. The module output will also be use­

ful 1n evaluating options for reducing the 

seventy of the attacks. 

The development of a predictive model 

for the generation, transport, and deposition 

of sludge will provide an important new tool 

for reducing steam generator corrosion and 

condensate polisher fouling. The sludge 

module being developed for CHECWORKS 

will predict sludge generation, filtering (by 

condensate polishers), transport, removal 

(by PWR steam generator blowdown sys­

tems or BWR reactor water cleanup sys­

tems). and deposition in steam generators 

and other plant equipment. 

CHECWORKS will also feature a steam 

generator corrosion module that will interact 

with the sludge module. This module will 

predict and evaluate tube degradation that 

initiates from either the primary side or the 

secondary side. The degradation mecha­

nisms covered wi ll include stress corrosion 

cracking and intergranular attack. The mod­

ule will address electrochemical potential. 

crevice chemistry. crack initiation. and crack 

growth. The first release will focus on help­

ing plant owners manage the remaining life 

of damaged steam generators. 

A BWR component cracking module will 

give plant owners the technology to under­

stand the condition of piping and the reac-



tor pressure vessel (RPV) and its internals. 

This capability is important because several 

BWR piping systems. a variety of RPV inter­

nal components, some nozzles, and some 

welds that attach the internals to the RPV are 

made from materials found to be potentially 

susceptible to stress corrosion cracking. 

The regions of greatest concern are the 

heat-affected zones adjacent to the welds. 

If cracking initiates at a nozzle or at an RPV 

attachment weld, there is some potential for 

crack propagation into the vessel. A variety 

of access limitations make thorough in­

spections of RPV internals and attachment 

welds very difficult. The component crack­

ing module will identity internals or welds 

that require inspection and will recommend 

an inspection schedule It will also hel p own­

ers dec,de what to do if they find indications 

of cracking. 

Another module will evaluate fuel clad­

ding corrosion. Cladding ls the first barrier 

preventing the release of fission product to 

the environment. Historically, its failure has 

affected BWRs more than PWRs. However. 

recent experience indicates that at high 

burnup, PWR cladding can exceed ,ts de­

sign limits. 

To avoid corrosion failures and to help in 

planning reload schemes, many European 

uti lities measure and predict cladding cor­

rosion oxide buildup rates. As U.S. utilities 

pursue more-demanding operating condi­

tions-including higher discharge burnup, 

longer operating cycles. higher cladding 

temperatures, and different water chemistry 

environments-cladding corrosion could 

become a life-limiting parameter for fuels. 

Wi th CHECWORKS, uti lities will be able to 

predict fuel cladding corrosion accurately 

under various operating conditions. 

Development plans 

Initially, CHECWORKS is being designed to 

run on IBM PCs (and most compatibles) with 

a 386 or 486 microprocessor and the MS 

Windows operating system. l l  will support 

multiple users on local area networks and 

will be able to operate on all platforms that 

support Windows/NT. It will include guide­

lines for applications development. will stan­

dardize the behavior and development of 

applications. will enable applications to 

communicate with each other and with a 

common database, and will feature re­

usable software to minimize future develop­

ment and maintenance costs. 

Code development will continue over a 

seven-year period. Version 1.0, which deals 

pri marily with flow-accelerated corrosion. is 

scheduled for release to utilities in a beta 

test version this December. Version 2.0-

whict, will add the cavitation, droplet im­

pingement. and service water modules-is 

planned for release in December 1993. Ver­

sion 3.0. which will add the sludge transport 

and deposition module. is scheduled for 

December 1994. No release date has been 

set for Version 4.0, which will add the steam 

generator tube corrosion. BWR component 

cracking. and fuel cladding corrosion mod­

ules. Development. verification. documen­

tation, and control of all versions will be In 

accordance with a quality assurance plan 

that meets the requirements of 10CFR50. Ap­

pendix 8. 

Strategic alliances are being formed to fa­

cilitate broad participation in the CHEC· 

WORKS development effort. Participating 

organizations will include EPRI member util­

ities. U.S. consultants. and utilities and con­

sultants in other countries. Participation is 

likely to include information and data shar­

ing, loaning of personnel, software devel­

opment tasks. and demonstration projects 

at operating power plants. 

CHECWORKS promises to be an effective 

tool for helping plant owners reduce corro­

sive attack on piping and in-line equipment. 

The existing CHEC family of codes has been 

very successful 1n reducing plant costs due 

to flow-accelerated corrosion. CHECWORKS 

will build on these codes. improving their 

accuracy and ease of use and extending 

predictive capabilltfes to other corrosion 

mechanisms and other plant components. 
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New 

Contracts 

PID/BCI 

Customer Systems 

0 11ec tory or Revef\ue and End-Use 
Me termg and Data Commun 1cat 1ons 
(RP2568·2 1 J 

Advanced Hoat Pump F 1e'd Mo 1 11t0t i r1g 
(RP2892·22) 

Wa ter Heater Test ing and Ana lys,s 
{AP2 58- 1 8 )  

Advances 1 n  Etec t nc  Uhhly F inanc ial 
lnlorma t ,on and Management Prac t,cos 
(RP2982- 1 4 ) 

F ield Perf0<mance of Wate, Furoace AOV 
Heat Pumps I R P302J-8 ) 

Commerc ial HVAC Technology 
Assessment (RP3 l 38·8) 

Commorc,01 HVAC Tocnnotogy  Translo, 
Supporl (RP3 1 38-9) 

Deve lopmenl and Test,ng ol LONTalk 
Con1 1ollo, (RP3 163 ·8 )  

Advanced Revcrso-Osmos1s 
DemonSl(a11on (RP3243·3 )  

L ,li rary Hum1d,ty Con trol (RP3280- 1 5 ) 

Wastewater Treatr,,enl ol Pulp M ,1 1  
E l tluon t (RP3328- 1 ) 

Tex 1 1 1 0 Dycrousc Was ewatcr Colm 
Remova l i R P3329· 1 ) 

Commerc ,a1 Bu1 td1ng Energy Cer11er 
(RP3353- 1 ) 

Water-Loop Hea Pump Field Eva luat ion 
(RP 371 - 1 )  

E lectr ica l Systems 

Convors1on ol Static Security 
Enhancement Sysiem to a UNIX 
Works1auon Plat lorm (RP1 7 1 2- l 

Slow Refeas of Fung1c,des lor Wood 
Po10 App l 1ca1 ons ( RP2881-2) 

FACTS Anal yti cal Stuo 1cs 10  
Uemonwale t nyns10H,;on1ro11 ·d !:,enes 
Compensahon (RP3022- 15 )  

Ana lyt ica l  Melhods for Con tmgency 
Sc lect ,on and Rank ing lor Dynamic 
Secur i t y  Analysis (RP3 103·3) 

hwes1 1gat 1on ol S .F , . ,  P •oduct ,on and 
M1t1gat1on 1 n  Comprcssed-SF,.-l nsulated 
Power Sys1oms (RP3 1 78· U 

Faul! Loca1 1on E�pon System and 
Mar1ua l tor Transm ission and D 1s t ribuuon 
Cab les  (RP7913-3J 

Improved Po1ymcr- lnsulalea 
T ransrrnss1on Cable Systems (RP79 1 7·2 )  

Environment 

H,gh-Ell i c 1ency FGD Tes t,ng (RP 1031 - 1 9 1 

Techn ical and Econom,c Impact ol 
Ctilonde Removal F rom Wet FGO 
Sys ems (RP  03 1-20) 

Ozor1e Acid Aerosol I nte ractions Animal 
Tox 1cotog1ca1 Studies (RP2 1 55·4 ) 

46 EPRI JOURNAL Ju ly/August 1992 

Funding/ 
Durarton 

S 107 800 
22 months  

$23 1 ,800 
21 montns 

$297}00 
4 months 

$ 1 00, 100 
7 months 

$77  000 
1 8 months 

$ .000 
1 2 months 

$ 1 32 .500 
1 ,1 months 

S 8 ,600 
1 0  rno�ths 

$60. 100 
1 1  months 

$ 1 28 .700 
25 months 

$ 1 5 1 .300 
5 months 

$52.500 
6 months 

$700,000 
48 months 

S7  ,600 
13 months 

$259 600 
14  months 

$1  1 19 ,800 
37 monlti s 

$158 .300 
1 1  monlhs 

S458 ,600 
22 monlhs 

$220 000 
36 mon ll1s 

$439.600 
?2 mor1ths 

$854 100 
28 mon1hs 

$400,000 
15 mon1hs 

$399 900 
15 months 

$430.000 
2 months 

Contraclor/EPRI 
ProJecl Man<1ge, 

Plexus Resea,cn I 
L. Carm1ch<1el 

Camo, co,p . 1  
J Kesselring 

E T L  Testrng L a bora101 1 es I 
C Hiller 

Arthur Andersen Co . I 
P Hanser 

F iem,ng Group IC Hiller 

Joseph A Pietsch I 
M Bia / I  

Bov,iacqua Kn tghl I 
M Blat/ 

Un,1y Sys tems I A Lannus 

Wate, Technolog ies I 
P McDonough 

Sud Associates I 
M. Khallar 

Blac, & Vea tcti 1 
A Amarnelh 

Hydroso encc I 
A Anmrn,1th 

Un 1 vers,1 y  o f  W tscoristn 
Mao 1son IR Wendland 

C l imate Master /M Khal1<1r 

lncremen ral Systems / 
G Cauley 

Southwest Research 
Inst i t ute/ B Bernsre,n 

New York Power 
Au thonty/ N  l:Jalu 

Empros Systems 
tnternat1onal I G Cauley 

N t 1ona l l nst nute of 
Standards and 
Tcchno logy / G Addis 

Power Tec11no1og1es I 
D Von Dollen 

Caotcc Uhhty Cable Co I 
F Ga,c,a 

Rad ian Corp / 0  Owens 

Rea 1an Corp / 0  Owens 

Un1vers11y ol Cal 1 lorn1a 
Dav is /  L Goldsto,n 

Pro1ecl 

S 1destrearn Fou1tr1g Mon ito1 (RP2300- 1 9 ) 

Full-Scale Demonslrat on of Urea 
l n1ec t,on for 0 1t-Fired Booler NO Con1ror 
( RP2869- I 4) 

F i e ld S tud res ol Fungal Conversion of 
Hydrocarbons 1n S01ts Excavation and 
Aop 1 rca11011 IRP2879· 1 6 )  

Futl-Sca ie Demonstrat on of Low-NO . 
Cel l  Burner Retrof i t  lRP291 6- 1 7 ) 

I n tegrated Dry NOJSO, E nv1 ronmenlal 
Con1rol System ( RP29 l 6- 1 8 ) 

8 1oava 11abr hty of Ingested Trace 
E lements ( A P2963·8) 

Ce l lular Responses to Low-Frequency 
E lec;tnc and Magnei 1c F ields 
E lectro,ecepuon 1 n  Sha rks and Rays 
(RP 5 - 19 )  

Technica l Support Ri sk Methods 
(RP308 1 -4 1  

A r  Emissions R i sk  Assessmen t Mode l  
(RP308 1 -5) 

Oec,s•on Framework for Aor Ol1 a llly 
Standard Cost-Benet 1 1  Ana lys,s 
(RP3081 -6) 

Compac t Hybrid Parl tculale Col lector 
Dcrr>or1sirauon iRP3083-24 ) 

FGO Gypsu,n Demo11s1ra11on 1RP3 124· 1 l 

C lea� A,r Technology Workstation 
(RP3296- 1 ) 

Exp loratory & Applied Research 

BWR Z,rcaloy Nodular  Corrosion 
lnvcs 1 1gatlon (RP2426-� 1 )  

D1amor1d and RelaJed Materials 
Consontum (RP2426-50J 

Coonputa1 1onal Modcl1�g S1udy of 
Add 1 1 1ve E lfecls on tre E1as11 c Behavior 
ot Alloys (RP2426-52) 

l 11 -sorv1co Degrada11on ol Fo,s1 1 P1 an1 
Component Materials 1RP2426-53) 

B ipolar Ho 1 1 LOnt a l -Or·enlal 1on. Sealed 
fsJ 1ckot-Z1nc Voh,clo Propuls ion 8ancry 
( RPB002·33) 

Pho101nh1b i t1on ol Local 11ed Corrosion 
(AP8002-36) 

Ox1dat tve Reactions ol Sullur Forms 1r1 
Coal ! RP8003 ·32)  

Oeta,ted Chemica l Mt-chan,sms for 
F lame-Ger1era led Depos,hon of Na .,SO, 
and Na.,co . on Heated Meta l 
(RPS005- 1 5j 

Computat ,ona l  F l u id Dynamics on 
Simpl 1c1al Meshes (RP8006-24) 

lnorgan ic-Polymer-Der,ved Ceram,o 
Membranes (RPS007- 15 )  

H 1gh-Elfi ctency F lam Retnrdan 1s lor 
Polyolef tns Using Cataly1 ,c Modes of 
Action (RP8007- 1 8 )  

Development o l  Superconductor-Based 
Opt ical Devices (RPB009-20) 

Funding/ 
Dural/on 

$ 1 80,300 
33 months 

$2 .8 15 ,800 
28 months 

$426,500 
8 111ontt1S 

S1 .350.000 
39 monlhs 

$ 1 . 500 000 
,19 monlhs  

$300 000 
37 monihs 

$376 ,200 
3 mon1hs  

$55,900 
29 months 

S 1 78 300 
24 monihs  

Contractor/ EPRI 
Pro1ec1 Manager 

Manne B,ocontrol Corp I 
B. NoU 

Rad,an Corp / J Stalt,ngs 

Mycotech Corp I 
I Murarka 

Baocock & Wotco Co I 
D. l:skrna,1 

Public Serv ice Co ol 
Colorado /J Srallmgs 

Un,vors 1 t y  ol C 1nc 1nna1, 1 
L Goldstein 

Un,vers 1 t y  ol Ca lorn1a 
San D 1ego/C Ratferrv 

C lement l nterna1 1onal 
Corp . IL L fN•n 

IWG Corp IL L o vm 

$ 1 81 ,900 Dec ,s1on Foc L,s /L u,vm 
24 monu,s 

S lOA00.000 Toxas u 1 1 1 1 1 1 es E lectri c 
30 mont1 1 s  Co /R c1,�n9 

$ 1 00.000 
25 monu1s 

S363 800 
1 7 months 

$ 1 50 700 
2 1 months 

S50.000 
24 monlhs 

$50.000 
6 mon1 11s 

$ 165 ,400 
27 mont11s 

$ 1 96.000 
12  months 

$ 1 40 ,000 
24 months  

$ 00,000 
1 monttis 

$ 1 70,500 
30 monlhs 

New York State E r ectr ic 
Gas Co,p I C  Dene 

Sargenl Lul'dy 
Engineers I A Rlwdy 

G nera t E lectnc Co I 
D Cub,cc101t1 

Pennsy lvan ia State 
Un,vers1 1 y / R Pal/lama 

West V 1 rg 1nla Universi t y  I 
J StrlngtN 

�auurc A 1 Ja1ys1s 
Assoc,ates I 
R V,swanathan 

Energy Research Corp I 
R SwRroop 

Pennsy l vania Slate 
U 111vers1 1 y / 8 Syrolr  

Iowa Stale U ntvcrs,ty I 
W weoe, 

Un tvers11 y of Ca l 1 lor rua 
Santa Ba, ba, a I A Mehra 

S218 .900 Univer5'ly ol Pi t tsbu rgh I 
2'1 months L Agse 

$ 1 64 ,000 
35 months 

$332 .500 
39 months  

$1 1 2 ,500 
32 monihs 

Urnvers 1 1y ol New Mexico / 
W Bakker 

Po1y1ec11n1c un,vers,ty / 
8 Bemstern 

Urnvers1 t y  of Texas 
Aus1,n I T Peterson 



Pro1e··1 

Exploratory & Appl ied Research (cont.) 

Con11oller Synlhesis for Cr itical 
App1 1catu)ns 1n the Nuclear and Foss i l  
Pow�, Industry ( R P80 1 0- l<J) 

Structura l Stabil i t y  1n P,,wer Systems 
(APBOH).21 ) 

Analysis of Sr•esscd I terconnecieo 
Power Networks (RPBOl0-28) 

Clouo Cnem1slry Wotn M1cropnys1cal 
Models (RP80 1 - 1 1 1  

lnves11gahons of CO,. Hydrate Formahon 
(RP801 1 - 1 4 )  

Fundamental Stud ies o r  Microwave 
S1nter 1ng (RP8012-3) 

Op1,m,i ng Energy Use ,n l ndvs1r,al 
Free11ng (AP8012· 1 J 

We,dao, 1 11y or Cav, at lO"·E ros,o.,. 
Res1s1ant NOREM Alloys (RP9000- 13) 

Generation & Storage 

Asse.sment 01 1ne Benefits of 
Dosl r lbuled Fuol C.ell Ge,,ere 1ors ,n tho 
Serv,ce Areas of Centra l a11d South Wesl 
Corp (RP 677-25) 

So11er Tuoe Fa1 1ure M01a11u rg,ca1 Gu1oe 
(RP l800·9) 

B lend,<'g of Western and Eastern Coa ls 
as SO Campi a<'ce Stra tegy (RP1891-7) 

E11a1ua11on of Advanced Fossil Powe, 
System Technolog,es (RP2 14 -9) 

Appt ,ca1,oos ol Molten Carbonate Fuel 
Cells 1 0  E 1eo , ,c Po.,er Systems 
(AP2221 ·36) 

Shel l Coa1 G ,,1,ca1 on P rocess Hum,c,. 
A t r-Tu•b,,,e Cyc,e S1uov 1RP222 1 ·3B) 

TUBEL IFE Cooe Ennancemenls 
IRP2253· 1 4 )  

Tnew,onuclear Fat,gue o l  Coateo 
Supe ral loys for Advancod Gas Turo ,ne 
Blading (RP2382·7) 

H lgh-Resolu1,on Superco•,duct•ng 
Quantum Interface Devrce fo• 
Nonr11,struc1 ,ve Eva ua1 101 (AP27 19·3 )  

App1 1c;a1 ,on of Foss,1 Plar11 Au1oma1,on 
TecMotog,es al Ro bo<'o Genera 1 1n9 
S1a 1 ,on (RP2922-8 J 

Appl ,ca11on ol Foss,• P 1an1 Au1oma1,on 
Tec11r,01og,.,s ,,t Ro,boro Gene•a1 1ng 
Stat O'l I AP2922-1 2) 

Eva 1 , ,a1 ,or, ol Barr um/Cerrum o, ,aes l,;,r 
H 1911 Temperature Elc,ctroche:rn 1ca1 
Hy1J r0!,on Concentration (AP307Q.36) 

Ir proving Growth and Oegraoa 1 1on 
Res1sta"ce of Hyorogenalod Amo, hous 
S,l ,cO" nd St 1 ,con Alloy F r lm, 
{ R P3 1 20· 1 l  

Compact S mulato• lo• RePOWerea 
Sta1 ,on f Lauoo,rda e) (AP3 52- 1 l 

Comoact S rnu1a10r W11h Emula eo Man 
Mac• 1ne Interlace ( RP3 52· 1 2 )  

W tlsnr· Hot  Gas  Cleanup Test Facr 1 , 1y lor 
Cas1 l ,ra1 ,on and Pressun100 
Combushon Pro1ect (AP3 160·2) 

Funct111g 
Dural/On 

$ 1 1 2  500 
28 mon1 

$ 1 25.700 
23 mom s 

S 1 26  1 00 
1 8 months 

Contractor EPRI 
PtOJBCI Manager 

U l\1 vers,1y ol 111,no,s I 
S Bhat/ 

Un1 �crs,1y ol 11 11no1sl 
R Aelapa 

Iowa State Universoly I 
R Adapa 

240.400 Urnvers11y ol Washington I 
3 montns D Hansen 

$ 1 90,500 
1 2 months 

Caltlom,a lnst , l ute of 
Tcohnolog I D, Spencer 

S 1 13.000 Un1vers,1y of W,scons,n 
38 ,ironlhs Mad ison I W Bakker 

$50 .000 Unrvers,1y of Cahlo•r na  
3 mo11tns Dav,s I A Amarn.a/11 

S54.300 C 11ma• Aeseaich 
1 5  mon!hs Ser v ces / H Ocken 

$ 1 1 4 .000 
7 mon l 11s 

S229 ::,uo 
9 months 

$65,000 
10 mon!hs  

552 800 
12 rr,onths 

$ 1 52.500 
mcmins 

S300 000  
1 s mo,w s 

$56 700 
6 months 

$24 1 700 
47 months 

$636.900 
36 n oru s 

S2 342 .000 
50 montt.s 

S 1  ,170 000 
50 fl'Cl\lhS 

S54 ,100 
J O mt't11l l1s 

S350 000 
23 n,ontns 

$659 900 
16 TV>l111'1S 

$963. 000  
l8 mc,11(hs 

$43 100 
1 t1 mnno,s 

Barnngton-We l leslay 
Group ID Rasller 

Aptech Eng,neer1 11g 
s.,,v,ces/ B Doole} 

Uni ve rsity al North 
Da O� IA Mehta 

Fossil Fuel Sc,ences I 
R Wol� 

Fl uor Oan,el /J  McOan.ol 

S"el l O ,t Co I N S/ev.or• 

Ap1ech Eng ,neer,ng 
Serv,ces /R Vrswanatnan 

Era Tecnno1ogy 1 
A V,sv.anarnan 

Vanderb1II Un,vers , 1y I 
J Siem 

ABB pc,,..,, Automa ,on I 
R C-Olsn� 

Ca10! 1na Power & L ghl 
Co I R  Cotsr-,r,r 

,, SI I IU!e of Gas 
T�cnnology IR Gotds1e11, 

Ur nvers,1y of 1 11 , r in s I 
T Pelerso11 

Tr.., Corp I A  Frav 

Soulhern Compan, 
Sr,rv,ces I M fost1w1 

Tasung of H1gt1 - Tempera(ure , High· 
Pressure Fi lle rs a t  ABB-Carbon AB Pilot 
Plan t (APJ 161 -3) 

Ourabli1ty Tes1 ,ng o1 Ceramic Par1 1culate 
FI i ters Under Coa l-Gas1fy1ng CondlllOllS 
(RP316 1-6) 

F ly Ash Carbon Burnout Pilot Plan t 
(RP3162·4 ) 

Integrated Energy Systems 

New York S tale Envi ronmen1al 
Ex tornal i1 ies Cosl Study /APJ23 1 -2 \ 

Nuclear Power 

Main Coolant Pomp 01agt10s11c Test,r,g 
(AP 1 �S6·7 )  

Des19" Rev ew ot ne MAAP Code 
(RP2637-20) 

Maintenance Gurde Wesltnghouse OB 
Low-Vollage 8,eakers (RP28 1 4-49) 

Marnlenance Gwcle Westtnghouse OS 
Low-Vol tage Breakers (RP28 1 4 -61 ) 

BWR Au tomeled Spent- Fuel 
Conso1 ;aa1,on <AP31 00-2) 

CHECWORKS Computet ProgratT 
f AP31 1 4-931 

Gu1de 1,nes ano Oa1aoase 0,1 S1anoarc1s 
and Requt rements for l ns1rumen1a1,on 
and Control Upgrades (RPJl 1 4-97 ) 

lnstrumen tal ton and Severo-Acc 1den1 
Plant Status lmerpretat,on (AP3 1 63-2) 

F,re ano Smoke S1mu la1ton (RPJ234-2) 

Prooao h�t ,c Safely Analysis Appltcat,ons 
and Gu,oe11nes (RP3300. l 

Deorolopment ol StochasJ,c MoCleT o! 
Grouno Motion Var i  llt111y (AP3302·7) 

Aeg1ona1 t.-a1 1on of GrountJ Mot100 
A1tenuat 1on rn Ule Eastern U1111e,1 States  
( RP3302-8) 

Deve lopment ol Grnaehnes lor Deter­
mm,ng S•te-Spe.:,l,c Grouno Mot,on 
fn1egra1oon end Ana1ys,s Etlori� 
(RP330?-9) 

Oeve,op1T,ent or GrO\J nd Mal on 
Me1nooo1ogy ano Gu,oet,nes Us ,, g 
BLWN Model (RP3302- 10l 

Assessment ol G round Mo1,o From 
Emplf1c.a1 Data ( AP3302- 12 J  

Ful l -Sys1em Docon1am,ne11on 
Enhancemenl Study ( R P3307·3 1  

R isk-Based EQu pmerit Ma,r,tenancE 
E lfect,ver,ess Evaluation (RP3323- 1 )  

B rowns Fen lnstrvmoniat,on an(l 
Control Upg ,ad Plan ( RP3332· 1 J  

Human Reloab, l t l y  Assessment and 
l\pphcalt0"IS During Non-Ful 1 -Po1•,er 
Operations ( R P3333·2! 

Outage Rel1ab 1l 1ty and R rsk IM 1 1 1 a11ve 
Plann ing (RP3333-5) 

Funding . 
Dural/on 

$46 1 ,700 
32 months 

$ 1 04 1 00 
! 1  months 

$.433.000 
12 monthS 

Co111rac1or/ EPRI 
Project Manager 

ABB Carbon AB/ A  Brown 

V11g,n1� Polytechnrc 
l nslllute and State 
Unavers11y J W Bakker 

Progress Mater a1s 
T Boyd 

$300.000 ESEEACO I V Niemeyer 
24 mon ths 

S 100,200 0•11ar,o Hydro/J O 'Brren 
25 r• 10 thS 

S59 .000 Jasor, Assoc•ales Corp / 
1 2 months E Fuller 

SB0.700 
9 months 

$75,000 
10 monlhs 

$450.000 
1 6  n,onms 

$125.000 
1 2  months 

$74 700 
13  ff1Dn1 S 

$246,900 
1 6 monlhs 

$456,900 
37 months 

$54 900 
15 months 

$ 1 44.900 
15 ononln; 

$275,000 
IS months 

S27 1 BOO 
1 :i  months 

S393 100 
1 5  mont s 

$69 000 
1 5 monins 

$267 , 100 
3 months 

$470 100 
19 months 

$ 1 49 600 
10 months 

$463 200 
28 months 

67 600 
1 2 Months 

Grove Eng 1nee1tnQ I 
J Sharkey 

Grove Engineering / 
J Sharkey 

ESEERCO IR Lamber! 

A l to,; Eng ,noorong 
Appl ca11ons I B Chexa1 

MPR Assoc,ares l 
W Reuland 

Er,n Eng,neenng and 
Research  I S Oh 

Numencal App11ca l 1ons / 
R o,mlberg 

Sc,ence Appl1ca1 10�& 
l nterr1at 1onal Corp 
R Oen/berg 

No,man A Abrahamso 
J Schne,dr1r 

WooClward-C tydc, 
Coosullants/ J Schne1de1 

R ,sk Eng,neertnQ I 
J Schneider 

P ac1nc E,ig , nee11ng II 
Ara•ys ,s / J Sc/,nt,,aer 

Georratn, Consultants I 
J Scnne,uer 

Pac , f1c Nuc lear Systems I 
C Wood 

Halbllurio� NUS 
En� ronmen lal co , , , I 
B C11u 

Mo· erus Eng ''""" ,ng 
CO'o I R Torc>J,. 

Sc,eoce Apphcal1ons 
ln1ernat,ona 1  Corp f 
A Singh 

Ouactre Energy Se rv ,ce 
Corp IR Oehlberg 
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Nevu 
Technical 
Reports 
Requests for cop ies ol reports sllou ld be d i rected 
to the E PRI  Dis tribut ion Center. 207 Cogg ins Drive . 
P O  Box 23205 . Pleasant H i l l , Cal i fornia 94523: 
( 5 10 )  934-42 12 , There 1s no charge lor reports re­
quested by EPRI member u t i li t ies and alt l l i a tes. Re­
ports wi l l  be provided lo nonmember U S. u t i l i ties 
on ly upon purchase ol a l icense. the price of wh ich 
wi l l  be equa l  to the price of EPRI membersh ip . 
Others pay the Ii sled price or. m some cases (when 
noted). must enter in to a l icensing agreement . 

CUSTOMER SYSTEMS 

DSM Evaluation: S ix Steps for 
Assessing Programs 
CU-6999 Final Report (RP2981 - 1 ) : $200 
Contractor Barakat & Chamber l in . Inc . 
EPRI Proiect Managers . T. Henneberger , 
P Hanser 

Power Qua l i ty Assessment Proced ure 
CU-7529 F inal Report (RP2935- 13) , $200 
Cont ractor : E lec t rotek Concepts. Inc 
c rrn rro/ec t  Manager· M Samoty 1 

User 's Guide: HOTCALC 1 .0 Commercial 
Water Heat ing Performance Simulat ion Tool  
CM-1002 1 1  Computer Manual (RP3 1 9-1 )  $295 
Contractor D W Abrams. P E  & Associates P C  
EPRI Proiect Manager K Johnson 

Evaluat ion of a Short-Term Resident ia l  
Bui ld ing Test Method 
TR-100362 Fmal Report (RP2034-25) : $200 
Contractor : GEOMET Technolog ies . Inc 
EPR I  Pro1ect Manager J. Kesse l r ing 

Proceedings: E i ghth E lectric Ut i l ity 
Forecast ing Sympos ium 
TR- 100396 Proceedings ( R P3092-6) $200 
Cont ractors, Meeting Planning Assoc iates, 
Pac 1f 1c Con:utt 1ng Services 
EPRI Pro1ec 1 Manager· P Hummel 

Fac i l ity Management Needs in Automated 
Office Bui ld i ngs 
TR- 100413 F i nal Report (RP3 14 1 -3) : $200 
Contr actor ·  Workp lace Diagnost ics , Lid , 
EPR I Project Manager· K . Johnson 

E lectrotechnology Appl ications In  Cereal 
G ra in Processing:  An Eva luation of 
Microwave Processing in  R ice Parbo i l i ng  
TR- 100448 Final Repor t  (RP2782-4) :  $200 
Contractors. Lou is iana S tate Universi ty; 
Nationa l  Food and Energy Counci l 
EPRI Project Managers. A . Amarna lh , 
0 Zimmerman 

DSMRank: A Model for Screen ing and 
Se lect ing Demand-Side Management 
A l ternatives 
TR-100468 Final Report (RP2548-12 ) , $1000 
Cont rac tors: Polydyne .  Inc . .  Balte l le. Columbus 
EPRI Projecl Manager P. Hanser 
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Survey of Innovat ive Rates ,  1 991, Vols .  1-3 
TR- 100469 Fina l Report (AP2343-7) · $600 for  set 
Contractor : CSA Energy Consul tants Inc 
EPRI  Proiect Manager: P Hanser 

Proceedings:  Urban Guideway Transit 
Workshop 
TR-100492 Proceed ings; $200 
Contractor. Bevi lacqua Knight Inc 
EPA! Proiect Manager: L O'Conne l l 

F ie ld Demonstration of the Thermostone 
1 1 11" Electric Thermal Storage Furnace 
TR-100534 F inal Report (RP2731-2): $200 
Cont ractor ·  Science Appl ications I nternat iona l  
Corp 
EPRI P ro1ec 1 Manager J . Kessel r ing 

CFCs and Electric Chi l lers 
TR- 100537 F inal Report  (RP2983-17 } , $200 
Contractor  Gilben & Assoc iates 
EPRI Pro1ec1 Manager· M B la t l  

ELECTRICAL SYSTEMS 

Substat ion Voltage U pgrad ing  
EL-6474 Final Report (RP2794- t ) , $5000 
Cont rac to r . GE Industr ia l  and Power Systems 
EPAI Proiect Manager  J Par ler 

Further Experimentat ion on Bubble 
Generation During Transformer Overload 
EL-7291  F inal Report (RP1289-3) , $5000 
Contractor  ABB Transm1ss 1on Technology 
Institute 
EPRI Pro1ec1 Manager G Addis 

More-Robust Solut ion Techniques for 
Nonl i near Network Analys is 
TR-100244 Fina l  Report ( R P2473-38 ) $200 
Cont ractor Arizona Sta le  Un 1vers,1y 
EPR I P ro1ec t Manager· A. Adapa 

Amorphous Stee l Core Distr ibution 
Transformers, Vols. 1 and 2 
TR-100295 F inal Report ( RP1592- 1 ) , Vol 1 $200, 
Vo l .  2 . l icense requ i red 
Contrac tor :  General E lec t ric Co. 
EPRI  Proiect Manager: H Ng 

Development of a Lightweight  Composite 
Trench Cover 
TR- 100296 Final Report (RP.7910-3 )  l icense 
required 
Conlractor Fos1e r-Mil ler, Inc 
E PRI  Proiecl Manager: T Rodenbaugh 

Study of Trenching Versus Trenchless 
Construction Methods for Instal l i n g  
Underground H P F F  Cable Systems 
TR-100302 Fina l  Reporl ( RP7910·7 ) : $200 
Cont ractor Foster-Mil le r. Inc 
EPR I Project Manager. T Rodenbaugh 

Des ign of a Robot ic  Mouse and Other 
Techn iques for Instrumenting H PFF P ipe­
Type Cable 
TR- 100303 F inal Repor t  (RP7910-9): $200 
Contractor ·  Fosle r-M i l ler. Inc . 
EPRI Pro1ect  Manager. T. Rodenbaugh 

Studies of Superhigh-Temperature 
Superconduct iv i ty and High Cr itical 
Current Density 
TR-100326 Final  Report (RP791 1 - 18); $200 
Contractor: Lockheed Missi les & Space Co . . Inc . 
EPR I Project Manager: M. Rabrnow1tz 

F ie ld Determinat ion of Meta l  Oxide Var istor 
Character istics 
TR- 10034 1 F inal Repor t  (RP2747-2) :  $5000 
Contractor: Power Technolog ies . I nc .  
EPRI P roiect Manager : J Por'ter 

Eva luat ion of Corros ion Conttol for 
Underground Residentia l D istr ibution 
Cables 
TR- 100379 Fina l  Report ( RP1771·4 ) :  $200 
Cont ractor Pac1 f1c Gas and E lectric Co. 
EPRI Pro1ect Manager · T Kendrew 

Waltz Mi l l Test ing of 1 38-kV Factory-Molded 
Spl ice Assembl ies 
TR- 100415 F ina l Report (RP7801-7 ) :  $200 
Contractor . Westi nghouse E lect r ic Corp . 
E PAI  Proiect Manager : J Sl11mshock 

Proceedings: FACTS Conference I-The 
Future In H igh-Voltage Transmission 
TA- 100504 Proceedings ( R P3022) : $200 
EPRI Proiect Manager . D Maraluku tam 

ENVIRON M E NT 

Cancer Mortal ity Among Nuclear Ut i l 1ty 
Workers: A Feasib i l ity Study 
EN-7373 F inal Report (RP2920- 2 ), $200 
Conrrac 1or New York Un1vers, 1y Med ,cal Cen1er 
EPRI Proiec t Manager· L. Khe i fels 

Proceedi ngs : N i nth Particulate Control 
Symposium, Vols .  1 and 2 
TR- 100471  Proceed ings ( AP3083) , $200 each 
vo lume 
EPR I  Pro1ecl Managers R Chang.  R Altman 

F ly Ash Design Manual  for Road and Site 
Appl icat ions ,  Vols .  1 and 2 
TR- 100472 F inal Repor t ( RP2422-2) ,  $200 each 
volume 
Contractor: GAi Consu l tants, I nc 
EPRI  Proiecl Manager . D Golden 

High-Volume F ly Ash Concrete Technology 
TA - 100473 Fina l  Report (RP3 1 7  - 1): $200 
Conlractor· Center fo r By-product Ut 1 l 1 2at 1on , 
Un iverS1 IY  or W1scons1n . M i lwaukee 
EPRI Pro1ect Manager: D .  Golden 

Spray Dryer F lue Gas Desu l fu r i zat ion for 
Medium- and High-Sul fur  Coal Retrofit 
Applications 
TR-100494 In terim Report (RP2826·2) ; $ 1000 
Contraclof' Radian Corp 
EPRI Pro1ec 1  Manager A Rhudy 

Low-Cost Ash-Derived Construct ion 
Mater ia ls : State-of-the-Art Assessment 
TR-100563 ln ler1m Repor t (RP31 76- t ) :  $200 
Conlractor. Center fo r By-product Ut i l i zation 
Un iversity ol Wiscons in ,  MIiwaukee 
EPAI Project Manager: D. Golden 



Mixing and Plume Penetration Depth at the 
Groundwater Table 

TR-100576 Final Report (RP2938-1). $200 
Contractor. Auburn University 
EPRI Proiect Manager D. Mcln1osl1 

Supplemental Proceedings: Fourth Interna­
tional Conference on Fly Ash, Silica Fume, 
Slag, and Natural Pozzolans in Concrete 

TR-100577 Proceedings (RP3176-6); $200 
Contractors· Radian Canada. Inc.; Canada 
Centre for Mineral and Energy Technology 
(CANMET) 
EPRI ProJect Manager· D Golden 

EXPLORATORY & APPLIED 

RESEARCH 

Microstructure and Critlcal Current Density 
in High-T0 Metal Oxide Superconductors 

TR-100437 Final Report (RP8009- 1 ) ,  $200 
Contractor SRI 
EPRI Pro1ect Manager W Bakker 

Influence of Stress Corrosion Crack 
Merging on Remaining-life Predictions 

TR-100456 Final Report (RP8002-2), $200 
Contractor University of Newcastle Upon Tyne 
EPRI ProJecl Manager B. Syreu 

GENERATION & STORAGE 

Feedpumps and Boiler Feedwater Systems 

TR-100161 Final Report (RP1403-22\. $200 
Comractors Sulzer Brothers, Ltd Asea Brown 
Baver 
EPRI Pro1ecl Manager J. Bam 

Deoxygenation in Cycling Fossil Plants 

TR-100181 Final Report (RP1184-9): $200 
Contractor NWT Corp. 
EPRI Pro1ect Managers· J. Sche1bel. M Blanco 

Part-Load Flow and Hydraulic Stability of 
Centrifugal Pumps 

TR-100219 Final Report (RP1884-10). $200 
Contractor Sulzer Bwthers. I Id 
EPRI Project Managers: S Pace T McCloskey 

FGD Retrofit Design Improvement Study 

TR-100310 Final Repon (RP2873-1). $1000 
Contractor. Sargent & Lundy 
EPRI P101ect Manager· C. Dene 

Spray Dryer Flue Gas Desulfurization for 
Medium- and High-Sulfur-Coal Applications 

rR-100330 Interim Report (RP2880-1). $1000 
Contrac101 Radian Corp 
EPRI Pro1ecl Manager- R. Rhudy 

Pilot-Scale Evaluation of the HYPAS S02 

and Particulate Matter Removal Process 

TR -100332 Final Report (RP2934-1). license 
required 
Contractor Electric Power Technologies, Inc 
EPRI Pro1ect Manager· R. Rliudy 

Supercritical Power Plants in tile USSR 

TR-100364 Frnal Reporl (RP2819-8)· $200 
Conllactor Joseph rechnology Corp Inc 
EPRI Pro1ect Manager A Armor 

A Summary of Recent Advances in the EPRI 
High-Concentration Photovoltaic Program 

TR-100392 Interim Repon (RP1415-9). $300 
Contractor· Daedalus Associates, Inc 
EPRI Pro1ect Manager F. Dostalek 

Recent Advances In the EPRI High-Concen­
tration Photovoltaic Program. Vols. 1 and 2 

TR-100393 Interim Report (RP1415·9), $500 each 
volume 
Contractor· Daedalus Associates Inc 
EPRI Pro1ect Manager· F Doslalek 

Proceedings: Electric Utility Zebra Mussel 
Control Technology Conference 

TR-100434 Proceedrngs (RP2504· 10), $200 
Contractor Stone & Webster Environmental 
Services 
EPRI Project Manager· J. Tsou 

Corrosion Fatigue Boller Tube Failures in 
Waterwalls and Economizers, Vols. 1-4 

TR-100455 Final Reporl (RP1890-5) Vol. 1, $200: 
Vols. 2 - 4. fortl1com1ng 
Contractor: Ontario Hydro 
EPRI Projec1 Manager· B Dooley 

Turbine Designs for Improved Coal-Fired 
Power Plants 

TR-100460 Final Report (RP1403-15): $200 
Contractors General Electric Co . Toshiba Corp. 
EPRI Pro1ect Manager. S Pace 

Basic Research on Advanced Silicon 
Materials for High-Performance 
Photovoltaic Devices, Vols. 1 and 2 

rR-100486 Final Report (RP8001-4). $200 each 
volume 
Contractor Georgia lnsmute of Technology 
EPRI Proiect Manager· F Goodman 

Procurement. Operation, and Maintenance 
Guidelines for Electrostatic Precipitators 
With Rigid Emitting Frames or Electrodes 

TR-100511 Final Report (RP1835-25); $300 
Con1ractor· Charles A. Gallaer 
EPRI Pro1ec1 Managef' W P1ulle 

Superconducting Magnetic Energy 
Storage: Technical Considerations and 
Relative Capital Cost Using High­
Temperature Superconductors 

TR-100557 Final Report (RP2988·2). 5200 
Contractor Bechtel National. Inc 
EPRI Pro1ect Manager T Peterson 

NUCLEAR POWER 

MULTEO, Equilibrium of an Electrolytic 
Solution With Vapor-Liquid Partitioning and 
Precipitation, Vol. 2: Database (Revision 3) 

NP -5561-CCML. Vol 2. Rev 3. Computer Code 
Manual (RPS407-t8): license required 
Contractor. Maxwell Li'10orator1es. tnc 
EPRI Pro1ect Manager P. Paine 

Determination of Thermodynamic Data for 
Modeling Corrosion, Vol. 3: C02-NaOH-H20 
System 

NP-5708 Topical Report (RPS407-1): $200 
Contractor· Brigham Young University 
EPAI Proiect Managers· P. Paine. P Millen 

Roll Transition Inspection of Doel-2 Steam 
Generator Tubes, Vol. 3: September 1991 
Inspection 

NP-6716-L Final Repon. license required 
Conlractor Laborelec 
EPAI Project Manager L Wlllrams 

Lotung Large-Scale Seismic Test Strong 
Motion Records, Vols. 1 - 7  

NP-7496 Final Report (RP2225}: Vol I. $200 
NP-7496-L Final Report; Vols. 2 - 7  license 
required 
EPRI Pro1ect Managers: Y Tang, H. Tang 

Zircaloy Corrosion Properties Under LWR 
Coolant Conditions (Part 2) 

NP-7562 -D Final Report (RPX101-1) $150.000 
Contractor· Commissariat a l'Energ1e Atom1que 
EPRI Pro1ect Managers. A Machrels, S Yagn,k 

Threshold Levels for Nonstochastic Skin 
Effects From Low-Energy Discrete 
Radioactive Particles 

TR-100048 Frnal Report (RP3099-2): $200 
Contractor: Battelte. Pac1l1c Northwest 
Laboratories 
EPRI Project Manager· C. Hornibrook 

Metal Fatigue in Operating Nuclear Power 
Plants 

TR-100252 Final Report (RP2688-7): $200 
Contractor Structural Integrity Associates 
EPRI Pro1ect Manager· T Griesbach 

Radiation-Field Control Manual, 1991 
Revision 

TR-100265 Frnal Report (RP2758)' $200 
EPRI Project Managers. H Ocken, C Wood 

FATIGUEPRO'M User's Manual: On-line 
Fatigue Usage Transient Monitoring 
System for Nuclear Power Plants 

TR-100272 Computer Code Manual (RP2688-J). 
license required 
Contractor. Structural Integrity Associates In<; 
EPRI Pro1ect Manager . T Griesbach 

Application of Fatigue Monitoring to the 
Evaluation of Pressurizer Surge Lines 

TR-100273 Final Report (RP2688-3); $200 
Conuactor. Structural lniegrlty Assoc,ates. Inc 
EPRI Project Manager: T Gnesbach 

Evaluation of PWR Radiation Fields: 1986- 1 990 

TR-100306 Interim Report (RP2648- 1) $200 
Contractor Westinghouse Electric Corp. 
EPRI Pro1ect Manager· H. Ocken 

Effect of Lithium Hydroxide on Zircaloy 
Corrosion in the Ringhals-3 PWR Plant 

TR-100389 Final Report (RP2493·5) $200 
Contractor Nuclear Electric pie 
EPRI Project Manager C Wood 

Stress Corrosion Monitoring and 
Component Life Prediction in BWRs, Vol. 
2: Data and Predictive Models for 
Environmental Cracking of Nickel Alloys 

iA-100399 Final Report (RP2006-17). license 
requiled 
Contractor. General Electric Co 
EPRI ProJect Manager R Patlian1a 
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EPRI Events 

SEPTEMBER 

21-23 
5th Predictive Maintenance Conference 
Knoxvi l le. Tennessee 
Contact: Lori Adams, (415) 855-8763 

23-25 
Appl ication of Fluid ized-Bed Combust ion 
Technology for Power Generat ion 
Cambridge, Massachusetts 
Contact: Linda Nelson, (415 )  855-2127 

23-25 
Battery Storage Appl ications Workshop 
San Francisco. Cal i fornia 
Contact : John Berning . (415) 855-5461 

28-30 
Power Qual ity Conference: End-Use 
Appl ications and Perspectives 
At lanta, Georgia 
Contact: Marek Samotyj , (415) 855-2980 

28-0ctober 7 
NOE In-service Inspection Training Course: 
IGSCC Detection 
Charlotte . North Caro l ina 
Contact : Annette Med l in ,  (704) 547-6110 

29-30 
Distributed Generation: Assessing High­
Value Util ity Applications 
New Or leans, Lou is iana 
Contact : Dan Rast ler. (415) 855-2521 

29-0ctober 1 
EMF Basics: A Short Course for EMF 
Newcomers 
Lenox, Massachusetts 
Contact : Leonard Sagan, (415) 855-2585 

29-0ctober 2 
Basic Vibration Testing and Analysis 
Course 
Eddystone ,  Pennsylvania 
Contact: Robert Frank. (215) 595-8872 

30-0ctober 1 
1992 Gas Turb ine Procurement Seminar 
Danvers , Massachusetts 
Contact : Henry Schreiber. (41 5) 855-2505 

OCTOBER 

5-9 
Computer-Aided Contro l System Analysis 
Eddystone, Pennsylvan ia 
Contact : Joe Weiss. (415) 855-2751 

5-9 
NOE Technical Skills Training Course: 
U ltrasonic Examination (Instructors) 
Charlotte . North Caro l ina 
Contact: Annette Medl in , (704) 547-61 10 
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8-9 
Gas Turbine Controls Upgrade Workshop 
Dearborn , Michigan 
Contact Dave Dobbins . (704) 547-6100 

8-9 
GE Low-Voltage Circuit Breaker 
Maintenance Workshop 
Newport News, Virg in ia 
Contact: J im Sharkey, (704) 547-6057 

1 2-14 
NOE In-service Inspection Training Course: 
Detect ion Requal ificat ion 
Char lotte , North Carol ina 
Contact : Annette Medl in . (704) 547-61 10 

12-16 
Feedwater Heater Technology 
Seminar and Symposium 
Birmingham, Alabama 
Contact: Lori Adams, (415) 855-8763 

12-16 
NOE Technical Skil ls Training Course: 
Visual Examination (Level 2) 
Char lotte. North Carol ina 
Contact: Annette Medl in , (704) 547-6110 

13-1 4  
Compressed-Air Energy Storage 
Working Group 
Mobi le , Alabama 
Contact : Thea Goossens, (415) 855-7922 

13-14 
ESPRE (EPRI Simplif ied Program for 
Residential Energy) Training Workshop 
I rv ing ,  Texas 
Contact: Paul Grimsrud , (415) 855-8902 

13-16 
1992 EMF Science and Communication 
Seminar 
San Francisco. Cal i fornia 
Contact: Amy Birney, (612) 623-4600 

14-1 5 
1992 Fuel Oi l  Ut i l i zation Workshop 
Atlanta , Georgia 
Contact : Wi l liam Rovesti , (415) 855-2519 

1 4-15 
T&D Cable Faul l  Location Workshop 
Mar l borough, Massachusetts 
Contact : Don Von Dol len , (4 15 )  855-2679 

14-1 6 
Coatings and Appl ications Workshop 
Eddystone. Pennsylvan ia 
Contact: Robert Frank, (215) 595-8872 

14-16 
Planning Your First Transmiss ion Cable 
Project 
Or lando, Florida 
Contact : John Sh imshock, (412) 722-5181 

19-23 
American Wind Energy Association Annual  
Meeting 
Seattle ,  Washington 
Contact : Earl Davis , (415) 855-2256 

19-23 
Workshop on Demand-Side Management 
Program Evaluation 
Palm Beach , F lorida 
Contact: Jean Cialle l la or Lorna Smith , 
(510) 987-8141 

19-30 
NOE Technical Ski l ls Tra in ing Course: 
Ultrasonic Examinat ion (Level 2) 
Char lotte, North Carol ina 
Contact : Annette Medl in , (704) 547-61 10  

20 
Uti lity Coal Gasificat ion Associat ion 
Meeting 
San Franc isco, Cal i forn ia 
Contact : Barbara Evatt. (415) 855-21 74 

2 1-22 
Fuel Supply Seminar 
Cambridge, Massachusetts 
Contact: Susan Bisetti, (415) 855-7919 

21-22 
Mult ifactor Aging Mechanisms and Models 
for Electr ical Installat ions 
Victor ia , British Columbia 
Contact: Bruce Bernstein , (202) 293-7511 

21 -23 
Coal Gasi fication Power P lants 
San Francisco, Cal i forn ia 
Contact : Linda Nelson, (415) 855-2127 

21 -23 
Nat ional E lectric Vehicle Infrastructure 
Conference 
San Francisco, Cal ifornia 
Contact: Pam Turner, (4 15)  855-2010 

26-27 
EPRINET Users Group Conference 
I rving , Texas 
Contact: Carrie Koeturius . (510) 525-1 205 

26-28 
Workshop on Air-Operated Valves 
Alexandria , Virg inia 
Contact : Ken Barry, (704) 547-6040 

27-28 
Compact Simulator Host Uti lity Group 
Meeting 
Charlotte, North Carol ina 
Contact : Roy Fray, (415) 855-2441 

27-28 
Defin ing User Requirements for On-l ine 
Dynamic Security Assessment 
San Francisco, Ca l ifornia 
Contact: Gerry Cauley, (4 15 )  855-2832 



27-28 
Generator and Large-Motor Wi nding 
Assessment Us ing MICAA 
Palo Alto , Cal ifornia 
Contact: Jan Stein ,  (415) 855-2390 

29-30 
FGDPRISM Train ing Workshop 
Dal las . Texas 
Contact :  Rob Moser, (415) 855-2277 

29-30 
System Voltage Stabi l i ty/Secur ity Analysis 
San Francisco, Cal iforn ia 
Contact: Domin ic Maratukulam. 
(415) 855-7974 

NOVEMBER 

2-5 
NDE  Training Course: Maintenance 
Proficiency Evaluat ion 
Char lotte, North Carolina 
Contact : Annette Medl in , (704) 547-61 10 

2-6 
NDE In-service Inspection Train ing Course: 
IGSCC Sizing 
Charlotte, North Caro l ina 
Contact Annette Med l in , (704) 547-6110 

4-5 
Short Course on Power Plant Pumps 
Eddystone, Pennsylvania 
Contact: Tom McCloskey, (415) 855-2655 

4-5 
Uti l i ty Strategic Asset Management 
Conference 
Cambridge, Massachusetts 
Contact : Lori Adams, (415) 855-8763 

8-11 
Wood Pole Conference 
Starkv i l le, Mississippi 
Contact : Harry Ng, (415) 855-2973 

9-11 
Substation Diagnostics 
Palo Alto , Californ ia 
Contact: Joe Porter, (202) 293-7510 

9-12 

10-12 
PEAC Tra ining Course on Power Quality 
Knoxvi l le , Tennessee 
Contact: Marek Samotyj , (415) 855-2980 

1 1 -12 
NSAC-Operationa l Reactor Safety 
Engineering and Review Group Workshop 
New Or leans, Louis iana 
Contact : Linda Nelson, (415)  855-2127 

12-13 
Underground T&D Construction Workshop 
St. Petersburg, Florida 
Contact: Tom Rodenbaugh , 
(415) 855-2306 

16-19 
Decision Analysis for Uti l ity Planning 
Miami , Florida 
Contact : Charles Clark. ( 415) 855-2994 

16-1 9 
NDE  In-service Inspection Train ing Course: 
Weld Over lays 
Char lotte , North Carolina 
Contact : Annette Medl in , (704) 54 7 -61 10 

17-19 
AIRPOL '92 International Seminar: 
Solv ing Corrosion Problems in Air  
Pol lution Control Equipment 
Orlando, F lor ida 
Contact: Paul Radcl iffe,  (415) 855-2720 

1 7-19 
Heat Rate Improvement Conference 
Bi rmingham, Alabama 
Contact : Pam Turner, (415) 855-2010 

1 7-19 
ROBAL Computer Code for Rotat ing­
Machinery Balancing 
Eddystone, Pennsylvania 
Contact: Tom McCloskey, (4 15)  855-2655 

1 7-20 
NDE Train ing Course: Microbiologically 
Influenced Corrosion 
Charlotte, North Carol ina 
Contact : Annette Med l i n ,  (704) 547-6110 

18-20 
International Conference on Low-Level Waste EPRI- EUMRC Market Research 
Baltimore, Maryland Symposium 

Contact: Carol Hornibrook.  (4 15 )  855-2022 Dallas, Texas 

9-13 
American Society for Nondestructive 
Testing Thermography Course (Level 1 )  
Eddystone. Pennsylvania 
Contact: John Niemkiewicz ,  (21 5) 595-8871 

9-13 
NOE Tra i n ing Course: Nuclear Util ity 
Procurement 
Char lotte , North Carol ina 
Contact: Annette Medl in ,  (704) 547-6110 

Contact : Susan B isetti .  (415) 855-7919 

18-20 
1992 PWR Plant Chemists' Meeting 
San Diego, Cal iforn ia 
Contact: Peter Pa i ne ,  (415) 855-2076 

30-December 4 
NOE Technical Ski l ls Train ing Course: 
Ultrasonic Examinat ion (Level 3) 
Charlotte, North Caro l ina 
Contact : Annette Medl in , (704) 547-61 10 

DECEMBER 

2-4 
Noncombustion Waste Seminar 
Orlando, Flor ida 
Contact : Susan Bisett i ,  (41 5) 855-791 9 

7-11  
NDE Technical Skills Training Course: 
Bas ic/Specific (Level 3) 
Char lotte . North Carol ina 
Contact Annette Medl in , (704) 547-6110 

7-16 
NOE In-serv ice Inspection Tra ining Course: 
IGSCC Detection 
Charlotte, North Carolina 
Contact: Annette Medl in ,  (704) 547-61 10 

8-9 
Space Charge in Extruded Cables 
Scottsdale ,  Arizona 
Contact : Bruce Bernstein , (202) 293-7511 

8-11  

Machinery Alignment Course 
Eddystone, Pennsylvan ia 
Contact : John Niemkiewicz , 
(215) 595-8871 

9-11 
1992 Advanced Computer Technology 
Conference 
Scottsdale ,  Arizona 
Contact: Pam Turner, (41 5)  855-2010 

14-18 
NDE Technical Sk i l lsTra in ing Course: 
Visual Examination (Level 3) 
Charlotte, North Carol ina 
Contact: Annette Medlin, (704) 547-61 10  

1 5-18 
Motor Monitoring and Diagnostics Course 
Eddystone. Pennsylvan ia 
Contact: John Niemkiewicz, 
(215) 595-8871 

FEBRUARY 1993 

3-5 
Coal-Handl ing Systems: State of the 
Future (cal l for papers) 
Pensacola ,  Flor ida 
Contact: Barbara Arno ld , (4 12) 479-6012 

9- 10  
Conference on  Energy-Effic ient Electric 
Motor Systems 
Balt imore. Mary land 
Contact : Les Harry, (415) 855-2558 

9-11 

Conference on Cable Condition Mon itor ing 
San Francisco, Cal i fornia 
Contact: Linda Nelson, (415) 855-21 27 
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Contributors 

Kopelman Spencer 

Wendland B latt 

Joyner Kril l 

T a pp i ng U, e In terna t iona l  R&D 

Resource (page 4)  wa  wri tt n by 
Lesl ie La ma rre, Joumnl enior fea t1.1 re 

wri ter, w i t h  informat ion provid ed by 
tvvo member of EPR I '  Office of om­

mercia l ization & Busine Develop­
ment. 

J ay Kopel man, manager of i n terna-

t iona l  acti vit ies for B O, joined EPRI 

i n  1 978 a ma nager of special stud ie 

for the tra tegi Planni11g Oivi ion. B -
for t hat , he spen t five year wi th  t he 

Stan ford Research I n  t i tu te as manager 

of the Energy Mod eling Program a nd 

project lec1der fur t he  R f  wurlu euerg,y 
s tudy. Ea rlier Kopel ma n was d i rector 

of the Office o Re ear h Servi e at  the 

EPRI i n  1974 as program ma nager for 
solar and  geoth rma l  energy. Previ­
ou ly he worked at t he Cal i forn ia lnsti­

tut of Technology's Jet  Propu lsion 

w riter, with assis tance from two mem­

bers of EPRl's ustomer Systems Div i­

sion . 

Powel l J oyner i the techni  a l  man-

· aborn tory for 16 yea r , t he fi nal 2 of ager f r advanced projects in the Resi-
wh ich he was on loan to th ation;il 

cience Foundation, de ign i ng a pro­

gra m of sola r nergy resea rch. Spencer 

has a BS degree in chemical engi n  er­

i ng from the  n iver i ty of otre Dame 

a nd an MS in engi.neer i n  fro m Pu rd ue 

n iver i ty. • 

C ool Storage:  Sav i ng Money and 

Energy ( page 14) wa • wri t ten by 
Le l i e  Lama rre, /01 1 rnr1/ sen ior fea tu re 

writer, with informa tion provided by 
two members of EPRl 's ustomer 

tem Division. 

Ron Wendland, ma nager of thermal 
·torage te hnology, joined EPR1  in 19 5 .  

Before tha t , he was vice pre id ent for 

bu i ness a nd tech nica l developmen t a t 

Aqua-Chem, I nc .  Eii r l ier he held var­

ious posi tion involving the develop­
ment a nd markt'ting of technical prod­

uct  . Wend land ha two BS deg rees 

from the Ma achu ett I ns t i tute of 

Te hnology, one i n  aeronaut ics and a -

t rona utics a nd one in ind us t r i a l  man­

agemen t .  
M orton B la t t , manager of the om­

mercia l  Program, joined the I nst i tu te  in 

"1 9  5. Previou ly he wa manager of 

end-use efficiency progra m· in the En­

e 1 g Sy::. lem · ,1 1 1d uns r a l ion Divi­
sion of Science Applica t ions I n tem11-

t ional orpora t ion .  Before that ,  he was 

den tia l Progrn m. H e  came to PR I i 1 1  

1 9 5 a fter 1 7  y ars wi th Tra ne C m­

pa ny, where he was vice presiden t for 

research on HVAC sy terns and  indus­

tria l fu me i nci nera tion . From 1 963 to 
:1 968 he worked for A ll i s-Chalmers, and 

st i l l  earl ier he held cient i fic a nd man­

agement  posts at  Honeywel l a nd at 

a l lery hemical ompa ny. Joyner 

gradual  d i n  phy i s from entenary 

College and ea rned a Ph D i n  physica l 

chemistry a t  t he  Univer i ty of lowa . 

Wayne K ri l l  i a sen ior pro ject  man­

ag r in the  omrnercia l  Progra m, re-
ponsible for project to d evelop ad­

vanced heat ing and co ling equ ipm1cnt 

and a ppl ia n  e· for commercial  bu i ld­
i ngs.  He joi ned E PR t  i n  1 991 a fter 1 1  

years at  Alzeta orpora tion, w h ich he 

helped fou nd and  w hkh de igns and  

develops low-emi sion, radiant bu rner 

com bust ion sy tems.  A regi ter d pro­

fessional engineer in a l ifornia, Kri l l  

earned BS  o'.l nd MS d egrees in mecha ni­
cal engineering at the Uni ers i ty  of 

a l i forn ia at Berkeley. • 

U n iver i ty of olorado, where he a l  ·o a en ior them, dyn11mi engineer 

ser ed as an a istant profe sor of 

phri and a n  a i. tant dean of t h · 

grad uate school . He has a B i n  ph ic 

from Rens ·elaer Pol teclrn ic I nst i tu te 

a nd a PhD in phy ics from Northwe t­
ern U niver i ty. 

Dwa i n  Spencer, vice pre iden t for 
BO, ha headed the office i nce i t  

w a  estab l i. hed in 1 988. Before that, h e  
wa · vice pre iden t  for the Ad vanced 

Pow r Systems Divi ion. He joi ned 
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wi th  Genera l D nami . B la t t  received 

a bachelor' d egre in mecha n ical engi­

ncNing from ooper Union,  an MS i n 

i ndu t r ia l engi neeri ng from ew York 
n iver i ty, and an M in bu ine ad­

m i n istra t ion from Sa n Diego Sta te  Uni­

ver ity. • 

R efrigeran ts for an Ozone-Safe 

World ( page 22) wa wri tten by 
Ta lor M oor , Jo 1 1rna/ s njor f a ru r� 
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