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EDITORIAL 

Opportunity for Partnerships 

The water and wastewater industries servicing our nat ion 's commun it ies are undergoi ng rapid trans­

formation , as exist ing water treatment systems are be ing mod ified or rep laced to meet str i ngent new 

federal and state environmental regu lat ions . Most technolog ies to be adopted wi l l  be electrical ly rather 

than chem ical ly based , and as this month 's cover story points out , that presents un ique opportun it ies for 

electric uti l ities to work with a major customer class for mutual benefit and commun ity progress .  

Recognizi ng the importance of maintai n i ng and improving the urban infrastructure for the 

benefit of  al l  c itizens, EPRI and its members have taken the lead in deve loping partnerships toward the 

development and deployment of new technologies that water and wastewater uti l ities can use in support 

of their local commun it ies. Many of our R&D efforts have focused on new technologies needed for 

environmental compl iance-ozone treatment for potable water. ultraviolet treatment of wastewater. and 

advanced reverse-osmosis designs for desal ination f aci l i t les, among others. 

However, potential opportunities extend beyond water treatment technologies. Currently 3% 

of the electric power consumed in the Un i ted States is used for water treatment. Efficiency improvements 

now avai lab le for such mundane items as pumps and air compressors can substantially reduce water 

faci l it ies' operating costs whi le supporting electric ut i l i ties' demand-side management objectives. Sig­

nif icant cost reductions can often be achieved immediately th rough the use of advanced motors and 

adjustable-speed drives . In some seacoast regions where potable water is in short supply, it may make 

economic and envi ronmental sense for water and power uti l ities to become even more closely 

connected-through the construction of desal i nation faci l i t i es r ight at e lectric power plants . 

Perhaps most important are the strong partnersh ips EPRI has formed with the American Water 

Works Association Research Foundation .  the Water Environment Research  Foundation , and several 

dozen ott1er  part icipants i n  the I ndustr ial Prog ram's Munic ipal Water and Wastewater (MVvW) Project. 

Through this project, electric uti l i t ies and water-related uti l it ies are working together to address shared 

concerns about the environment , the publ ic service I nfrastructu re, and risi ng costs. 

Changes in water and wastewater treatment requ i rements represent only one of a growing 

number of Infrastructure chal lenges to the nation 's urban environment. Our objective is to bui ld on the 

experience with the MWN Project to establ ish a new center-the Commun ity Environmental Center-that 

wi l l  expand opportunities for partnersh ips into such areas as sol id waste management and medical 

waste disposal . I urge other interested EPR I  members to jo in us in th ls effort . 

Manager, lndustr 1al Prog ram 

Customer Systems Divis ion 
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been used since the mid-nineteenth cen­
tury, and the first continuous chlorination 
of a publ ic water supply ,w the } Jnited 
States was inaugurated i!' 1,908. Disinfec­
tion processes then �an_ged little until the 
1 970s� w.tten''the development of advanced 
ana'lytical equipment led to the discovery 
that chlorine could read With; otganic ma­
terial in water to form · coh,pounds, such 
a.s chloroform, that are carcinogenic. · By 
the 1980s, mor'e concerns had arisen about 
whether conventional water treatment, 

designed to kill bacteria, was also ade- ment of electrici ty demand js expected to 
quate to protect the public against infec­
tion by parasites and viruses. 

As a result of these and other health and 
environmental considerations-, new regu­
lations affecting the treatment of lx>f� 
drinking water and wastewater have re­
centl)f been imposed . For maiJy munici­
pal water util ities, these regulations meati 
th at additional treatment step must be 
added and that new technologies will.� 
be }leec!.ed -;--- geJ;1.e,raUy i11crCc1;sing both e_�­
ergy eonsumption and treatment costs. 

Because tlie potable water a-nd waste­
water treatment industries consume ap­
proximately 2-3% of total U:S. electric 
power, electric utilities have an important 

grow by some 40% over the next 20 year 
in part b�cause of the new regulations and 
in part because of population growth. ' 
Conseq_uently, EPRI has been working 
With- the American Water Works A ocia­
tion Research Foundation (AWWARF) and 
the Water Environment Rese�ch Fo�da­
tion (WERF) to improve energy efficiency 
at treatment iaci lities and to support the 
development of advanced treatment alter-
native . This colJaborative effor�, initi­
ated i.o 1 990 and called the.Muni�ipal Wa­
ter and Wa tewater (MWW)' Project, will 
help �ater ar)d wastewater utilities reduce . 
electricity and environmental complianc� 
costs while enabling electric utilities to 
meet demand-i?ide management (DSM) 



objectives (see sidebar). The project cur­
ren tly has 42 participants, including indi­
vidual e lectric utilities, state and federa l  
agencies, a n d  priva te research organiza ­
tions. 

"Most wa ter and wastewater utili ties 
are having budget problem , and since en­
ergy is a major cost ,  that's where change 

can be made that will benefit both the u t i l ­

i ties and their ra tepayers," says Charle 
o s, director of re earch at WERF. "The 

WW Project helps fill a gap in re earch 

that other fu nding agencies are not ad ­
dressing. EPR I i s  looking a t  fund amenta l  

development issues, taking new technolo­
gies from the laboratory and  putti ng them 

into useful demonstra tion." 

Regulations and 

treatment strateg ies 

Most of the drinking water used by large 

com munity systems comes from surface 
sources, such as lakes and rivers . Many 
smaller systems and a few large syst ms 
rely on grou ndwater from wells. The treat­

ment of water from surface sources usu­

al ly involves both the physical removal of 
suspended material ,  through sedimenta-

Ozonat ion pi lot p lant , Kansas City, Kansas 

tion and fi l tration, and chemical disinfec­
tion, usua l ly with chlorine. For many 

ground wa ter systems, di infection is the 

only treatmen t, and ome grou nd water is 
not treated at al l . 

Many wa ter u ti l i t ies are having to make 
major changes in theiI treatment proce­
dures because of 1 986 amendments to the 
Safe Drinking Water Act. In particular, nu­
merous treatment facil i t ies will have to b 
upgraded by June 1 993 to me t new re­
quirements for the r duction of viruses 

and cyst-forming parasites, such as Giar­

dia /a1 11b/ ia . By 1 996, water uti l i t ies will also 
have to comply with new regulations for 
l imit ing by-products of disinfection, such 
as chloroform, in potable water. 

On the wastewater ide, treatment in 
the United States has already been going 
through major changes for several years, 

and more improvement will soon be re­

quired . In respon e to the federal Clean 
Water Act of 1 972 - the goa l of which wa 

OZONE D IS INFECTION The use of ozone to 
d isinfect dr inking water. practiced in  Europe for a 
century, is just now being pursued in the United 
States as a substi tute for less-expensive but envi ron­
mental ly  prob lemat ic  chlorinat ion processes . Ozone is 
produced by elect r i c  corona d ischarge through air or 
oxygen and is then bubbled through water to inacti­
vate Giardia cysts and destroy organic materials and 
herb icide res idues. 

to achieve "fishable and swimmable" sur­
face waters throughou t the cou ntry - the 
number, s ize, and complexity of waste­

water treatment faci l i t ie  have already 
grown rapidly. More recently, the Water 

Qual ity Act of 1 987 trengthened federal 

water qual ity regu lation and placed new 

emphasis on the con trol and di po al of 

sludge formed d u ring wastewa t r treat­
ment .  

Virtua l ly al l  wastewater y terns use 
some form of prel imi nary treatmen t - the 
removal of coar e sol ids, such as debris 
and grit - and primary treatmen t, in 
which creening and sedimentation are 

Produc ing ozone with corona d ischarge 



UV DISINFECTION Ultravio let l ight will qu ickly 
kill bacteria and vi ruses ,  wh ich are the primary 

contaminants in wastewater. The water is 
channeled th rough a bank ol several thousand 
fluorescent  lamps made lrom special quartz g lass 

that transmits 90% of UV l ight. Un l ike ch lorination 
approaches , UV treatment leaves no residua l 

contaminants . 

used to remove a portion of the su pended 

olids and organic material  . Because this 
level of treatment al lows a con iderable 

amount of organic materia l to remain in 

the effluent, however, plan ts that rely only 
on these two tep wil l general ly have to 

be upgraded under the new regu la tions 

by add ing econda ry and adva nced treat­
ment. 

Secondary tr atment  is d i rected princi­

pa l ly toward the removal of biodegrad­
abl organics a nd su pended solid and 

toward disiniecbon . Secondary trea tment 
usua l ly involves aeration of the wa te­
water, separation of ludge, and chlorina­
tion of the fina l  l iquid effluent .  Proced ure 
for the removal of nitrogen a nd pho pho­
rus nutrien t may also be included to pre­
vent blooms of algae and aqua t ic plant 

in la kes or other deleterious effects in 

streams and grow1dwater. Advanced waste­

water t reatment is defined a the n ed for 

proce se beyond conventiona l secondary 
treatment in order to remove nutrients, 
toxic compound , orga nic ma terial, and 

usp nded sol ids .  The number of sec­

ondary and adva nced treatment faci l itie 
is expected to grow significantly during 
the next severa l years, together with a 
need for new way to treat and dispo e of 
the increased amount of Judge that wil l  
be prod uced. 

Some of the cha nges requfred in the 

treatment of water and wa tewater can be 

implemented by enhancing or moderniz­

ing existing facil i t ie . In some cases, how­

ever, new technologies will be needed . 

Electrotech nologies 

for disinfection 

Disinfection is the key to water and waste­
water trea tment .  As new regulations place 

UV system at Central Contra Costa San itary D istr ict ,  Ca l iforn ia 

tighter restrict ion on the treatment of 

potable water, wa tewater, a nd Judge, 

everal n w technologies offer a ttract ive 
alternatives to trad i t iona l trea tment meth­
od , ome of which have changed l i t t le in 

the last hundred years.  Most of these new 
technologie are electrical ly ba ed in order 
to achjeve greater effectiveness, higher ef­
ficiency, lower environmental impact ,  or 
some combination of these factors. EPRI 
has been actively involved in the evalua­
tion of these electrotechnologies and, in 
some cases, is sponsoring demonstration 
in cooperat ion with member uti l i t ies. 

Although chlorination remains the lead­
ing generic d i  in fection trea tment for 

potable water, a sea rch is under way to 
find alternatives that are more effective 

again t Ginrdia and viruses and tha t  pro­

duce f wer d i  in f  ction by-products 
(DBP ) .  Al l  pu blic wa ter systems using 
surface water must now achieve a 99.9o/. 
reduction of Ginrdin cysts a11d a 99.99% re­
duction of viruses. Current regulation 
l imi t  t he maximum levels of certain DBP 
to 1 00 parts per bil J ion, but a much more 
restr ictive rule to l imit combined total 

DBPs to 50 ppb is w1der consideration. 

For inact iva tion of Giardia cysts, dis­

infection with ozone (03) can be 1 00 to 
300 t imes more effect ive than d isinfec-

t ion with chlorine, whj le red ucing DBPs. 

Ozonation also destroys many of the or­
ga nic materials in drin king water that can 
give it an object ionable taste or od or. The 
reduct ion of herbicide residues in water 
upplies can al o be ach ieved with ozona­

tion, as demon trated in an EPRl-funded 
project with Union Electric Com pany and 
the S t .  Louis County Water Compa ny. 
Ozone has been used to disinfect potable 
water since 1 893 in Europe, where such 
treatment is now quite common. Only a 
few ozonation faci l i t ies a re cu rrently op­
erating in the United States, but a number 

are either under con truction or being de-
igned . 

Ozone is prod uced from oxygen by 
means of an electric discharge through air 
or pure oxygen that is pas ing between 
concentric tubular electrode . (Ozone gen­
erators differ primarily in the percentage 
of init ia l  oxygen enrich ment, the fre­
quency and voltage of power upplied, 
and the configuration and materials u ed 
in the generator cells.) The ozone-enriched 

gas is then bubbled through water, and the 
re idual ozone is de troyed or recycled . 

Since ozone treatment lea ves no re idual 

dis infection capability in the water, a 
mall do e of chlorine or a chlorine com­

pou nd is usual ly added to the pu rified 
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Help for Small Community Systems 

II any small U.S. communities lack 
the financial resources to bring 

their water and wastewater facilities 
into compliance with new regulations. 
As a result, these communities are 
responsible for some 90% of current 
water quality violations. To see how 

electric utilities could help, EPRI, the 

Environmental Protection Agency, the 
American Water Works Association 
Research Foundation (AWWARF), and 

the National Rural Electric Coopera­

tive Association (NRECA) sponsored a 
study of small community treatment 
systems and identified both short- and 

long-term actions that water and elec­
tric utilities can undertake coopera­
tively. 

The depth of the problem is illus­

trated by considering the case of Ore­
gon, a relatively rural state with one 
major urban corridor. Approximately 

90% of the total water systems in the 
state serve populations of under 3300. 
The total cost of improving these small 
systems is estimated to be $225 mil­

lion-as much as $12,000 per person 
served. The median family income in 

the rural areas affected, however, ranges 

from about $20,000 to $31,500. In other 
words, for a family of three, the prorated 
cost of improving community water­
works would exceed median family in­

come. In addition, some of the technical 
and managerial skills required to up­
grade water and wastewater facilities 
may not be available in many of these 

communities. 
Although many of the institutional 

and political problems posed by the new 

regulations remain to be solved, local 

electric utilities can provide help to 
many small community water and 
wastewater systems in a variety of 

ways. Almost immediately, they can of­
fer technical assistance in developing 

plans for system upgrading, financial 
assistance through the design phase, 
and administrative assistance once a 

project is completed. Already some 
utilities, including Buckeye Power in 
Ohio and Dixie Electric Cooperative 
in Alabama, have assisted communities 

in developing improved water systems. 

Over the long term, utilities can help 
communities overcome institutional 

barriers, introduce new technologies, 
and consolidate treatment systems­
either physically or administratively­

into more-efficient entities. For exam­

ple, a utility might undertake monitor­
ing and maintenance duties for several 
community facilities. Further research 

on such long-term options is currently 
being conducted with funding from 

EPRl, •RECA, and AWWARF. 0 



wat r before di tribu tion to prevent re­
contamination. The mal l  amount n eded 
for th i  u e, however, hou ld remain w JJ 
below problem level for chlorine. 

The main d rawback of ozona t ion is that 
i ts capital and operat ing costs a rc co nsid-
rably higher tha n  tho e of chlori na tion. 

U ing ozone to d isinfect potabl water is 
abou t twice a expen ive as usi ng chlo­
rine. About 75% of the opera t i_ng cost is 
for electricity, however, so pecific cost 
depend on local electricity rate and other 
factors. Un fortu11ately, from a DSM point 
of view, ozone must cu rrent ly be pro­
d u ced on-si te for i mmed iate use, ince 
storage is difficult and danger u because 
of its high reacti vi ty. Power u e for zone 
water treatment therefor generally coin­
cide with the daily u ti l i ty pea k de­
mand - the mo t expen ive t ime to be 
buying electricity. 

For the di in fection of wa t wat r, u l ­
traviol t (UV)  t r  atmen t no t  on ly off rs 
evera l advantage bu t a lso prom i e to be 

I c t ly, e pecia l ly in terms of ca pitc I in­
v tmen t for new faci l i ti . ompared 
with chlorina t ion, UV offer t he  e adva n­
tage : i t  di infect wa tewater wi thou t the 
need to tore or handle dangerou ch m­
ica! ; the hort contact t ime needed with 
UV make it prnctical to r due the ize of 
treatment ta nks; and the absence of mov­
i ng pa rt con iderably impl ifie the op-
rat ion . Becau e U doe not inact i vate 

Ginrdin cy t , i t  i genera l ly  not a good 
ca ndidate or treating p table water from 
urface ource , but i t  may be an option 

for d i  in fechlig groundwa t  r where Ginr­

din i not a problem. 
U d i  inf  ction systems co nsist of a 

n tw rk of severa l t housand fl uorescent 
lamp with pecial quartz glass that tran -
mits 90% of UV light. Wastewater i chan­
neled betw en the la m ps, where e po­
sure to UV qu ickly k i l l s  the bacteria and 
viruse that are the pr domina nt contam­
ina nt . The absence of a 1 1y chlorine by­
product means that trea tment faci l i t ie 
u ing UV do not have to dech lorinate the 
effluent after d i  i n fection to prevent envi­
ronmental da mage. Current regulat ion 
l imit total re id ua l  ch lorine to 19 ppb for 
effluent di charged to fresh wa ter and 1 3  
ppb fo r  those d i  charged t o  a l t  water. As 

ELECTRON-BEAM DISINFECTION EPA l has sponsored tests of an experimental wastewater 
disinfection approach that Involves bombard ing the water with high-energy elect rons from a 
partic le acce lerator. The fast-moving e lectrons and the chemical radica ls created by their impact 
have been shown to destroy both microorganisms and organic contaminants. Whi le E-beam 
d isinfection is an in t rigu ing idea, more work will be required to demonstrate its practica l ity. The 
b lue l ight in the photo reveals the l ine where e lectrons strike the water f lowing over the weir. 

E-beam 

L ---- Weir 

�---1, _____ _ 
a resu l t ,  many wa tewater faci l i t ies ar ei­
ther in tai l i ng dechlorination equ ipment 
or eeking re idual-free aJtematives, such 
a UV treatment .  An E l  Rl eva luat ion of 
ozone and UV ystem for d is i n fect ion has 
been completed . 

An experimenta l electrotechnology tha t  
can di infect wa tewater while al o de-
troying toxic orga nic compou nd has re­

cently b en d mon trated with E PRI fu nd­
ing. Ca Ued electron-beam (or E-beam) d is­
in fect ion, thi proce involves the u e of 
an accelerator tha t  shoots high-energy 
electron i11to wa tewater. E-beam tech-

nology has long b n u ed in manu fac­
t uring plasti , wher the electrons brea k 
l ong molecu lar chains, creati ng cro s­
l inks to str ngthen polymers. More recent­
ly, electron bea ms have also been u -ed 
to steriliz med ica l equ i pment and fo d .  

! J1 wast water, the fa t-movi ng elec­
trons and the  chemical rad icals created by 
their impact de troy both microorgani ms 
a nd the organic molecules often found in 
ind u tr ial wa te. During February 1 992, 
EPRl ponsored mul tiple te ts of E-beam 
d isinfection on wa tewater at the Palo 
Alto, al ifornia, Regiona l Water Quality 

EPRl JOURNAL March 1 993 9 



Deal ing with sludge 

I nner belt 

The big problem with sludge produced as 
a by-product of water and wa tewater 
treatment is, of cou rse, how to get rid of 
it . Currently, ome of it is composted, 
some landfilled, ome incinerated, and 

Outer 
belt 

Sludge 

·.>. cake 
discharge 

Cathode 
belt 

ome pread on land . If better methods 
could be fow1d to dewater sludge, its d is­
po al co ts would be reduced, and bene­
ficial u e - for example, a a soi l  amend­
ment or ferti l izer - would be promoted. 
EPRI is upporti ng the development of 
two promising electrotechnologies for 
sludge dewatering. 

ELECTROACOUSTIC SLUDGE DEWATERING 

Ultrason ic transducer assemb ly 

In electroacoustic dewatering , sludge is sandwiched 
between two belts that are pressed against a large 
rol ler and subjected to an electric field and u l t rasonic 
sound. The mechanica l pressure and h igh-frequency 
sound waves separate the solid and l iquid fractions 
of the sludge, and the electric f ie ld pulls the f rac­
tions in opposite d i rections. 

Control Plant, using a 1 -kW linear accel­
erator developed by utek Corporation of 
Palo Alto. These tests establi hed the E­
beam dose required for disinfection and 
also showed that system effectivene is 

1 0  EPRI JOURNAL March 1 993 

extremely sensit ive to flow control con­
figura t ion and beam sha p . PR I i con­
sidering furth r demonstra t ions of this 
technology with high r-power E-beam 
generator 

In electroacoust ic dewatering (EAD), 
sludge is andwiched between two belts 
that are pre ed against a roller while be­
ing subjected to an electric field and ul­
trasonic sou nd .  The high-frequency sound 
waves agitate and separa te the solid and 
l iquid fractions of the sludge, and then the 
electric field pu lls the fraction in oppo i te 
d i rections. An EPRl-sponsored demon tra­
tion of EAD i expected to begin in 1 993 at 
three municipal ewage treatment plant 
in orth Carolina; the equipment i man­
ufactured by A hbrook-Simon-Hart ley of 
Hou ton, Te a , and Duke Power om­
pany i the host ut i l i ty. 

Te t ing of a mechanical freeze/thaw de­
wa tering proce s is w1der way at the ew 
Jer ey American Wa t r Company with 
EPRl fund ing. Jer ey Central Power & 
Ligh t Company i the host utility. ln thi 
technique, a lurry of wa ter treatment  
J udge i dropped i11to the refrigerat ion 

chamb r fa commercia l  ice maker. As th 
sludge freeze on the urface of refriger­
at  d pla tes in the chamber, the solids ag­
glom ra te and become easy to separat 
from the l iquid fraction . 



Reverse-osmosis units at Diablo Canyon nuclear  plant 

Santa Barbara , California, desalination facility 

REVERSE-OSMOSIS DESALINATION Advanced designs have made reverse osmosis and other 

processes more economical for seawater 

Desa lination and water reuse 

In coa tal areas with l imited freshwater re­
sources - includ ing some heavily popu­
lated region of the East Coast ,  the Gulf 
Coast ,  and California - uti l ities can play 
an even more d i rect role in providing 
potable water, through the desal ination 
or reclamation of wastewater at power 
plants. A lack of sufficient water upplies 
has impeded economic development in 
some impacted areas . Since all desal ina­
tion and water-recycUng processes are en­
ergy-intensive, some advantages of such 
combined power and water faci l i t ies are 
obviou s: either waste hea t or electrici ty 
could be provided with minimal d i stribu­
tion costs and los es. As recent studies 
conducted for EPRI and Florida Power & 
Light Company (FPL) show, however, the 
potential synergism goes even deeper. 

Sit ing power and de alination plants to­
gether also provides an opportunity for 
the sharing of facil i t ies that would other­
wise be dupUcated . Probably the most im­
portant of these are seawater cooling in­
t ake and discharge tructures, which typ­
ically represent some 20% of the capital 
cost of a desal ination plant. Adding such 
a facility to an existing power plant can 
eliminate the need for bui ld ing new in­
take and discharge structures. Combining 

desalination projects and for the recla-

mation of wastewater at power plants. 

Stud ies have shown that locating power 

and desalination plants at the same site 

can lower costs by min imizing power 

distribution costs and enabling shared use 

of expens ive intake and discharge 

structures. 

these facilities cou ld also have environ­
mental benefits. Warm effluent from a 
power plant normal ly flows near the 
ocean surface after d ischarge, while the 
dense brine prod uced by desalination 
sinks quickly to the ocean floor. Mixing 
the two ould more do ely a pproximate 
neu tral buoyancy, enabling the combined 
effluent to mix more rapidly with the ur­
rounding water and thus minimizing eco­
logical effects . 

Technological developments, too, have 
st imu lated in terest in combinjng power 
and desa lination faci l i ties . Low-tempera­
ture, mult ieffect disti l lation (LT- ED}, for 
example, can make more-efficient use of 
relatively low-temperatu re steam from a 
power plant .  Because of its high energy ef­
ficiency and suitabili ty for cogenera tion, 
LT-MED has largely di placed older, high­
temperature flash vaporation methods, 
except in energy-rich countries of the Mid­
dle East . · 

Another tech nological ad vance, desa l i ­
nation through reverse osmosis (RO), i 11 -
volves the use of electric power d i rectly. 
In ordinary osmosis, a semipermeable 
membrane separating pla in  water and salt 
water inhibi ts the passage of di solved 
ol id bu t  a l lows water to flow from the 

region with lower salt concentration to 
that with higher concentration. This flow 
ca n be reversed, however, by applying 
high pressure to the sea water side - es­
sential ly pushing fresh water through the 
membrane while leaving the sa lt behind. 

At first, RO desalination u d flat mem­
branes, which proved to be w1 conomical .  
More recently, however, two ad vanced de­
signs have made RO more competi t ive. In 
a spiral-wound RO module, a layer of 
porous material that will carry the fre h­
wa ter product is sandwiched between two 
membranes. These, in turn, are covered by 
pacer sheets that provide an inlet for 

feedwater, and the whole assembly is 
wound around a hollow tube. Fresh wa­
ter from the porous central layer of the spi­
ral wind ing flow through holes into the 
hol low tube. Such assemblies can with­
stand pressures as hjgh a 1 000 pounds 
per square inch (psi), enabling them to 
achieve high flow rates. Spiral-wou nd RO 
u ni ts are used mainly for desalinating 
brackish water, which has a lower salt con­
cen trat ion than seawater. 
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ost existing water and waste­
water facilities were not buil t  

with the efficient use of energy in mind. 
As new and more expensive treatment 
are required, however, the cost of en­
ergy is becoming a more important 
consideration for plant operators. At 
the same time, many electric util ities 
are actively seeking way to influence 
the demand for electricity through de­
mand-side management (DSM) pro­
grams. Speci fic DSM objectives differ 
considerably among utilities, but com­
mon goals include strategic energy 
conservation to reduce the need for 
adding new facilities and load-shape 
management to lower demand peaks. 

"Water uti l ities and electric utilities 
share a mutual area of concern in en­
ergy management," says Elizabeth 
Kawczynski, a senior project manager 
at the American Water Works Associa­
tion Research Foundation. "By work­
ing with electric u tilities, we can take 
advantage of what they already know 
about demand-side management. In 
addition, EPRJ offers a lot of expert ise 
about electrotechnologies that we can 
use to good advantage." 

Potable water treatment facil ities are 
particularly attractive candidates for 
introducing more-energy-efficient tech-
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nology, since electricity represents 
about 20-30% of plant operat ing costs, 
and 80% of the electric power is used 
for just one application-pumping wa­
ter. Under such circumstances, the in­
stallation of high-efficiency motors for 
pumps or of adjustable-speed drives 
(ASDs) to optimize the performance 
of existing pump motors can result in 
significant reductions in energy use 
and savings on power bills. In many 
applications, payback periods may be 
Jess than three years. Installing more­
sophisticated instrumentation and con­
trols to monitor and optimize system 
operations can facilitate both energy 
conservation and load-shaping efforts . 
And if the difference between peak and 
off-peak power rates is particularly 
grea t, the construction of increased 
storage capacity that can be filled by 
pumping during periods of low de­
mand may be justified. 

In any case, the development of a 
DSM strategy begins with an energy au­
dit in which the electric and water u ti l­
ities cooperate to analyze how power 
is being used and what potential ben­
efits could be acllieved by implement­
ing changes. Some electric utilities also 
offer incentive for industrial cus­
tomers to undertake DSM measures, in-

Improving Energy 

eluding loans or rebates for purchasing 
high-efficiency equipment.  These ini­
tiatives can be su pplemented by special 
rate stmctu re that would be applica­
ble to water faci l ities, such as time-of­
use charge and interruptible service 
discounts .  

In a recent example of such efforts, 
Jersey Central Power & Light Com­
pany has been cooperating with the 

ew Jersey American Water Company. 
After conducting an energy audit, the 
uti lities proposed undertaking a vari­
ety of DSM projects . In four project 
now completed, ASDs were installed to 
control several pumps; the result was 
annual savings of more than $1 00,000. 
Other projects currently under evalua­
tion include energy recovery with a 
turbine generator and replacement of 
conventional air cond itioners with wa­
ter-sou rce heat pu mps. Using commer­
cially available heat pumps to recover 
heat from treated water to meet proces 
and space-heating needs appears to be 
a promising DSM option for both water 
and wastewater treatment facilities. 

In wastewater systems, the largest 
single user of electricity is the aeration 
system, which accounts for 50-60% of 
operating costs . Here the challenge is 
to optimize power utilizat ion in an air 
compression system that may have a 
ninefold fluctuation in demand over 
the course of a day. The instal la tion 
of dissolved-oxygen monitors and of 
ASDs that can adjust the operation of 
aeration equipment as needed ca n sub­
stantial ly enhance sy tern performance 
and provide energy savings. Replacing 
conventional coarse-bubble aeration 
systems with fine-bubble equipment 
has resulted in energy savings of 20-
35% for many plants. Also, peak load 
can be reduced by adding wastewater 
storage ahead of aeration tanks. 



Efficiency 

Pumping systems and sludge pro­

ces ing are al o ignHicant u er of 

electricity in wastewater treatment. In 

the ca e of sludge, one valuable DSM 
mea ure is to use a lower-hor. epower 
belt pres for thickening instead of 

larg centrifuges or fil ters. The perfor­
mance of pumps used to move sludge 
can also be improved significantly 
through the use of high-efficiency mo­

tor and ASD . 
The effectiveness of DSM for waste­

wat�r system wa demonstrated at th 
treatment faci l i ty of the ci ty of Colum­

bia, Tennes ee, in cooperation with the 
Tennessee Valley Au thori ty. The project 

not only saved ignificant fraction of 
tl1e plant's energy consumption but 

al o provided improved proces con­
trol and a reduction i n  labor co ts. The 
addition of ASDs to s me pu mp � 

duced their power consW11ption by 
nearl one-quarter. Dis olved-oxygen 
monitors were also installed, wltich 

helped reduce the operator t ime de­
voted to adjusting aeration equipment. 

On the ba is of energy savings alone, 

the payback period for the purcha e of 
the new equ ipment was expected to be 
fou r y ar . 

A study of DSM options for water 

and wast water treatment facil itie ha 

been completed, with resul ts to b pub­

lished this ear. Myron Jon s and Paul 
Meagher of the Customer Systems Di­
vision are the BPRJ project manager . 

The study report concludes: "U tility 
experience with DSM in the water and 
wastewa ter trea tment i ndustries has 

been limited to da te .  Most of the expe­

rience have been as part of general in­
dustrial programs. Because of the in­

dustry- pecific proce es found in wa· 
ter and wastewater treatment, it may 
be useful for utilitie to target the e in· 
du tries specifically. "  D 

The other advanced RO design uses 
membranes composed f hollow fibers. 
These fibers hav an ou ter d i ameter of 
only 0 . 1  mm and can withstand pressures 

as high a 1 500 psi. Under pre ure, wa­
ter permea te the fiber and flow down 

t hei r cen ters for col lect ion at the end of a 
bund le  of fiber . Hol low- fiber membrane 

a re cu rrently favored for ea wa ter desali­

na tion becau e of thei r u i tubi l i ty for high­

pre u re opera t ion and rela t ively high re­
c very rates for fresh wa ter. 

T n  the tu die for EPRI and FPL, LT-MED 

and RO d esa l i na t ion sy tem were eva lu­
ated for u e at specific power plants for 

botl1 brackish wa ter and ea wat r. The re-
n i ts showed t ha t  RO tc h nology is less e -

p n iv tl1an LT-MED for bot h water 
sou rces because f it lower capital re­
qu irements. For sea water desa l ina tion, a n  
R O  plan t  ca n produc frc h wa ter for 
20 -30o/r less t han LT-M E D. Ot her advan­

tages of  RO incl ude ease of  implementa­
tion, a sma l ier insta l la t i  n footprin t , and  
greater operating flexibi l i ty. 

Deta i led ca e stud ies at particu la r  

plants indicated t hat a 50-mill ion-gallon­

per-da desa l ination pla n t  ba ed on RO 

technology cou ld produ e fresh wa ter 
at $1 .50-$2.00 per 1 000 gal lon from 
bracki h wa ter a nd at 2.00- 3.00 per 1 000 
gallons from ·ca watcr. For comparison, 
the next-most-effic ien t  technology - LT­
M E D- wou ld produce fre h water from 
sea water at about  $2.50-$5.00 per 1 000 
gal lons. Such figure may seem high in 
compari on with the average retaH  cost 

of water in the Un i ted State - about 
. 1 .00 -$1 .50 per 1 000 ga l lon - but t l1 a t  

cost i the  re ult of heavy g vemment 
ubsidization for uch capital  project a 

aqueduct con tru tion .  

EPRJ i al  o pan or ing  stud ie  of  mem­
brane a ppl ica t ion in wa tewater reclama­
tion, i nclud ing th u of rec la imed water 
for recharging grmmdwa t  r aqu i f  rs or in­

dustrial  use. Consid ra t ion i also being 
gi ven to the fo nd ing  of other tedmologie . 

Future i nitiatives 

The diverse resea rch taki ng place under 

the Municipal Water and  Wastewater Proj­

ect i currently being co rd inated by a 

project office i n  Oakland,  Cal i fornia, un -

der the d i rect ion of a steering com mittee 

r presenting project part icipa n ts .  Plans 
are now being made to establ i h a per­

ma nent center to manage th MWW Proj­
e t and  related areas of col laborative re­
search, such as solid waste management 
and medica l wast disposa l .  Th new 
Commu ni ty  Environmenta l  Cen ter is ex­

pected to become operationa l in 1 993; l ike 

other EPRl technology application cen­
ter , it wil l  provide technica l su pport to 
member uti l i t ie , fo ter tech nology tran -

fer, and faci l i ta te col laborati e re earch 

pr jects i nvol ving mult iple i nd u  trie . 
"The fie ld f water and wa tewater 

treatm nt offer igni fican t opportunit ie 

for lect ric u t i l i ties to work wi th a maj r 
indu trial customer to the benefi t of the 
whole communi ty," say yron Jon , 

project manager for environment and en-
rgy management in EPRJ 's I ndustrial Pr 

gram.  " E n vironmen tal concern , an aging 
infrastructure, rising cost , and new regu­
lat ions have created eriou problem for 
wa ter and wastewa t r ut i l i t ies across t he 
cou n try. i nd i ng sol utions for t hese prob­
lem wi l l  requ ire r search and coord ina­

t ion effort U1at reach acros trad it iona l i n­

dustry bou ndarie . Electric u t i l i tie ca n 
play a ma jor role, a we have a l read y een 
in the WW Project . Once th Community 
Env ironmental Center is e tabl i hed, we 
wi l l  be a ble to expand this work ub·ta n­

t ia l ly i n  response to a growing demand for 
coopera t ion i n  provid ing  essen t ial  com­
muni ty  ervice ." 

Further reading 

ware, and Was1ewa1e, lndusrr,es Character,s r,cs and 
DSM Opporturnt,es Final report for RP3046, prepared by 
Metcalf & Eddy, Inc For lhcom1ng EPR I lR - 1020 15. 
Rura l We/or/Wastewater Study Vol 1 Fina l repor t  for 
RP2662-20. p repared by Kennedy/Jen�s Consultants 
January 1993 EPA! TR· 1 00820. 
Desal1na/1on Srudy of FPL Power Plants F inal report for 
RP2662-23, prepared by General ALom,cs December 
1992 EPRI TR- 1 0 1 236 
Desallflfl/lon Technology Evalua/lon Final report for 
RP2662-23 . prepared by General Atomics November 
1992 EPRI TR- 1 010 1 9. 
Review of E/ectro/9Chno/og,es Usod ,n Ina 01s1nfoc1,on of 
Water and Was1ewa1er Final reporl for RP2662- 1 0. pre­
pared by Metcalf & Eddy, Inc October 1 992 EPRI TR-
100977 

Background intorma11on fo, lh1s a r t icle was provided by 
Myron Jones . Cus lomer Systems OMs•on 
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by Taylor Moore 

Images in Infrared 

E 
lectronic sensors and imaging 
systems that respond not to vis­
ible, reflected light but to the 
slight! y-longer-wavelength in­

frared radiation emitted by warm or hot 
objects have been used in military appli­
cations ranging from early night-vision 
scopes to heat-seeking missiles. Tele­
scopes incorporating such technology 
have peered into the far reaches of the 
universe to see planets and stars that are 
optical ly obscured by interstellar dust. 

Over the past 1 5  to 20 years, infrared 
(IR) imaging systems have also come to be 
used in a broadening spectrum of indus­
trial a nd manufacturing applications in 
which the abil ity to visualize heat flow or 
a thermal anomaly can yield valuable, but 
otherwi e invisible, information. One of 
the mo t familiar use of these thermo­
graphic systems is gauging heat loss 
through the doors and windows of bu ild­
ings as part of efforts to control energy 
costs. 

ow, electric utilities are increa ingly 
turning to IR as a powerful tool for non­
destructive eva luation ( DE), both in 
power plants and for transmission and 
distribution systems. They are document­
ing substantial benefits from using lR in 
predictive, preventive maintenance stra te­
gies that try to avoid the premature repair 
or replacement of components while min­
imizing failures that can take down re­
lated equipment or systems. In fact , utili­
ties are finding that the value of the in­
formation available from IR systems can 
far exceed the capital investment for the 
equipment itself. Nonetheless, effective in­
spection programs that yield the maxi­
mum benefit from IR technology require 
a n  investment in personnel and training 
as well as in hardware. 

Many u til i t ies routinely survey distri-



bution lines and substations with van- or 

truck-mounted IR scanners, looking for 

hot spots that are a sign of higher- than­

normal resistance to current or of loose, 

corroded, or worn connections. One util­

ity has mounted a unit at a substation to 

perform continual freeze-frame scanning 

of a busbar to record the location of 

flashovers. Utility or contractor crews in 

helicopters with gimbal-mounted IR scan­

ners fly over transmission lines. In a sub­

station, an IR scanner can identify a 

blocked cooling fin in a large transformer 

long before the transformer itself would 

overheat and fail. 

The practice of using IR in trouble­

shooting a wide range of power plant 

equipment, both electrical and mechani­

cal, began and grew in nuclear stations. 

Now the trend is spreading to fossil units, 

as operations and maintenance (O&M) 

staffs in those plants become familiar with 

the technology and its potential. Many 

LR applications-from examining cables, 

steam pipes, valves, and motors to locat­

ing steam traps and scoping switchgear, 

transformers, and fuse boxes-are similar 

for both nuclear and fossil plants. And 

other applications with potential for both 

kinds of plants are being explored and de­

veloped -for example, the use of IR to 

recognize small temperature differences 

for leak detection among hundreds of con­

denser tubes. Moreover, except for appli­

cations that involve steam, power plant 

uses of IR apply equally to hydro stations. 

"Infrared thermography is becoming an 

important diagnostic tool that is not 

equipment-specific-it can be applied to 

virtually the whole spectrum of equip­

ment in power plants," says John O'Brien, 

EPRI program manager for nuclear plant 

operations and maintenance. Adds Larry 

Nottingham, a manager at EPRI's Nonde-



structive Evaluation Center in Charlotte, 
North Carolina: "Just about any kind of 

problem you can imagine that manifests 

itself by some temperature change is a 
candidate application for infrared inspec­
tion." 

EPRl's Nuclear Maintenance Applica­
tions Center ( MAC), located at the NOE 
Center, has produced the Infrared Ther-

111ograplzy Guide, which gives utiLities the 
basics of LR theory, covers instruments and 
applications, and provides guidance on 

how to set up b1-house IR inspection pro­
grams. An updated, expanded version of 
the gujde, including full-color coverage of 
new applications, is in preparation. NMAC 

also sponsors, in cooperation with EPRl's 
Generation & Storage Division, work­
shops and trninh1g courses on IR the.r­

mography at EPRJ's Maintenance & Diag-

DETECTING LIGHT BELOW THE RED 

A chart of the electromagnetic spectrum 

shows where the infrared region is located, 

just beyond the red end of the visible spec­

trum. IA inspection systems can detect 

hot spots because hotter objects radiate more 

of their energy at shorter wavelengths (point 

A, closer to the wavelength of visible light) 

while cooler targets radiate more energy at 

longer wavelengths (point 8). Most IA thermal 

imagers used in power plants or other utility 

applications operate in the spectral region of 

3-5 or 8-12 micrometers. 

nostic (M&D) Center at the Eddystone sta­

tion of Philadelphia Electric Company. 

Meanwhile, plans are tmder way to in ­
crease the sophistication of m thermogra­

phy as a plant diagnostic tool by devel­

oping expert system software that can 
manage and interpret massive databases 

of sto.red thermographic images. Also, in 

the electrical systems area, there are plans 

to include m technology in a detailed eval­

uation of advanced assessment and iJ1-
spection methods for overhead transmis­
sion lines. There is even hope that [R ther­
mography can be used to make accurate 

measurements of conductor temperatures 
to help determine line current loadings. 
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Heat beyond the light 

Our understandmg of the fundamental 
relationship between light and heat can 
be traced to U,e early nineteenth century, 

when the English astronomer Sir Willinm 
Herschel used a thermometer to show that 

the red end of the spectnun emerging 
from a prism was warmer than the blue 

end. Herschel found still-higher tempera­
tures just beyond the red, where no light 

was visible. Hence, the invisible light be ­
low the red, or infrared. A theoretical ex­
planation for the relationship ca.me a cen­
tury later, when the German physicist 
Max Planck described how a perfect nb­
sorber of incident electromagnetic radia­
tion -a blackbody-emits radiation at 
infrared wavelengths (1- 20 micrometers) 
as a function of its temperature. 

The earliest infrared camern had an oil-
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coated membrane and sensed thermal en­

ergy directly as the oil evaporated. By 

World War TI, sensors that detected pho­

tons of infrared light witJ1 a metal-cathode 
vacuum tube were beil1g used to trnck 
ships and tanks. 1t was several more 

dec,1des, however, before electronic detec­
tor arrays based on semiconductors ru1d 
coupled with microprocessors were de­

veloped that offered the spectral response 
and spatial uniformity necessary for high­
performance fR cameras. 

Today there are several mature JR de­
tector technologies based on such semi­
conductor combinations as platinum-sili­

cide, indium-a11timonide, and mercury­
cadmium-telluride. ln this country alone, 
IR instruments and cameras of various 
kinds and specifications are available from 
three or four dozen manufacturers, in­
cluding Agema, Fl.JR Systems, lnframet ­
rics, and lSl. These products range from 

pocket -sized probes and gun-type ra­

diometers for spot measurements (both of 

which provide a digital temperature read­
out of whatever they are aimed at) to scan­

ning JR imaging systems that-on a sin­

gle computer chip-electronically process 
and integrate the signals from thousands 
of detectors to generate a digital thermo­

graphic data image. Such images can be 
stored on videotape or computer djsk, 
pri11ted, or digitally manipulated and an­
alyzed using special software. Most IR 

thermal imagers are designed to respond 
to the spectral region of either 3-5 or 8-12 
micrometers. 

For most utility applications, there are 
two broad types of fR thermographic 
imaging systems: qualitative and quanti­
tative. In general, the former are designed 
to assist in visual inspections for obvious 

temperature anomalies, while the latter 
are capable of making fairly precise mea­
surements (±0.1 °C) of what the cross hairs 
are trained on. In addition to generating 

black-and-white IR images, both types can 
assign colors to diiferent temperature 

ranges along the so-called steel scale from 
very cool to very hot (blue to green to red 
to yellow to white) to heighten contrast 

and so emphasize the thermal patterns. 
JR systems are far more versatile and 

durable than physically attached thermo­
couples. As a noncontact, nonintrusive 

tool for temperature measurement, IR can 
be used on normally operating equjpment 

that is in motion, is electrically energized, 

or is too fragile, hot, or remote for ther­
mocouples. 

But with any JR sensor or scanner, the 

accuracy of temperature measurement de­
pends on proper calibration of the instru­

ment. That requires determining as pre­
cisely as possible the emissivity of the sur­
face to be measured, taking into account 



HANDS-ON TRAINING IN IR 

THERMOGRAPHY EPRl's 

Maintenance & Diagnosti c 

Center at Philadelphia 

Electri c Company's 

Eddystone station puts on 

three-day workshops for 

member uti lity personnel 

in the application of 

thermography in the 

early detecti on of 

equipment anomalies. The 

workshops are presented jointly with EPRl's Nuclear 

Maintenance Applications Center, located in Charlotte, North Carolina. 

Classroom sessions cover theory and equipment, and field demonstrations using power plant 

mechanical and electrical 

equipment give participants hands­

on experience in thermography 

applications. The M&D Center also 

conducts more-extensive IR 

training in two five-day courses 

directed toward ASNT Level I and 

Level II certifi cation. 

background thermal radiation reflected 

from the surface or transmitted through 

the component. 

For example, polished aluminum has a 

much lower emissivity than anodized alu­

minum because it reflects more incident 

radiation. A widely used technique for re­

ducing reflection and improving emissiv­

ity for thermography is to spray a surface 

with foot powder or dye-check develop­

ing fluid. 

The complexities of instmment calibra­

tion and of techniques for obtaining accu­

rate temperature measurements have led 

to a demand for technical training for IR 

thermographers. In addition to conduct­

ing an annual three-day workshop on [R 

thermography, EPRl's M&D Center now 

offers five-day courses directed toward 

Level I and Level II thermography certifi­

cation by the American Society for Non­

destructive Testing (ASNT). The first Level 

I course is scheduled for this May. Such 

training is also commercially available 

from several firms, some of which also do 

technical consulting on lR applications or 

will contract to conduct lR surveys. 

The ASNT accepts IR thermography as a 

valid NDE method, and it has issued rec­

ommendations for various levels of rR 

training and suggestions for inspection 

program design. It is expected to eventu­

ally outline formal guidelines for training 

and certification. 

Quantitative TR imaging systems of the 

sort favored by many utilities for power 

plant applications can be purchased for 

about $50,000-$70,000; additional features 

and software can bring the cost to as much 

as $100,000. Because the semiconductor 

detectors in such imaging systems must 

opernte at a low temperature to ade­

quately sense infrared photons, most of 

the early systems introduced in the 1970s 

required liquid nitrogen cooling, which 

can be cumbersome and impractical. 

More-recent IR systems, however, feature 

onboard electric coolers that can be pow­

ered for several hours by a battery belt­

pack. 

The technology is catching on 

"IR imaging systems have been around for 

a long time, but they've really caught on 
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with utilities in just the last few years," 

notes Paul Zayicek, a technical specialist 

in IR at EPRI's NDE Center. "EPRl has been 

promoting the technology because it has 

turned out to be a very valuable tool for 

predictive maintenance.'' 

Zayicek observes that there are proba­

bly as many utilities using IR in transmis­

sion and distribution applications as in 

power plants. ''The electrical equjpment 

area, including T&D and power plant ap­

plications, seems to most easily lend itself 

to JR inspections, and the images seem to 

be the most easily interpreted." Typical ex­

amples of electrical applications, besides 

those already mentioned, include inspec­

tions for corroded, loose, or undersized 

conductors; open conductor strands; or 

hot spots from induced currents. IR can 

aJso be used to detect a phase imbalance 

in a three-phase circuit (because one con­

ductor will glow hotter with infrared en­

ergy than the others). And battery cells 

wiU, high internal resistance because of a 

connection problem can be identified by 

comparing their IR readings with those of 

other batteries. 

Major types of mecl,anical equipment 

are amenable to IR inspection as well. IR 

systems can detect friction heating of such 

rotating or movi11g equipment as motors; 

discern leaks or blockages in valves, pipes, 

and boiler tubes; inspect pipe or valve in­

sulatiun for integrity; and assist in various 

building inspection jobs. Besides pi.n­

poi11ting heat losses in buildings as part of 

energy conservation efforts, lR imaging 

systems can be used to locate air loss or 

ingress, poor insulation, and wet roofs. 

IR imagers have also been used in in­

specting condensers for vacuum leaks. 

And systems have been taken aloft in a he­

licopter or plane to observe a plant's lher­

mal plume to help verify compliance with 

environmental discl,arge limits. Some LR 

applications are unique to nuclear power 

plants. For example, an JR imager with a 

telescopic lens can be used to observe hy­

drogen ig1uters inside containment or to 

monitor the flow of heated air pumped 

through containment spray header noz­

zles to verify that they are unblocked. 

To assess the overall implementation 

NMAC recently surveyed member utilities 

and asked them to describe all their cur­

rent and planned applications. According 

to the responses received-from 15 boil­

ing water reactor plants and 37 pressur­

ized water reactor plants- rR is used 

more at PWRs, for reasons that are not 

readily apparent. About two-thirds of the 

plants responding indicated that a formal 

LR inspection program was either under 

way or planned. Despite the fairly exten­

sive use of JR c1t nuclear stations, the range 

of applications remains somewhat narrow, 

probably owing to a Jack of experience 

with other applications. 

That situatio11 is changing, however, as 

more plant O&M personnel get up to 

speed with IR technology, says the NDE 

Center's Zayicek. " A lot of the people who 

are trained iJ1 rR thermography are self­

starte.rs, and as they become more com­

fortable with the technology in their 

hands, they take the equipment out into 

the plants and try it in different situations 

on thefr own." 

One plant that has had IR equipment for 

some time and is considered one of the 

most aggressive in applying it is the 

Southern Company's Farley nuclear plant 

near Dothan, Alabama. The plant volun­

teered to host an EPRJ demonstration in­

volving a comprehensive inspection with 

LR systems. /\n initial survey to identify 

temperature anomalies that pointed to po­

tential equipment failure was followed up 

four months later to determine whether 

corrective actions were effective. 

The inspections at Farley led to an im­

medfate benefit in that the site's annual 

insurance premium was reduced by ap­

proximately $20,000 as a result of includ­

ing specific equipment for examination in 

the inspection program. Another quantifi­

able benefit r11sulted from identifying an 

overheated terminal board connection in 

one of the cabinets housing the control 

rod drive system. The anomaly could have 

eventually resulted in a plant trip. Taking 

startup and troubleshooting time into ac­

cow1t, discovery and repair saved over 

$200,000. Other potential problems identi­

fied at Farley or in subsequent inspections 

at other plants operated by Southern Nu-

status of lR technology in nuclear plants, clear have included high-resistance con-
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nections in electrical control circuits, con­

denser air in-leakage (some leaks being 

less than 1 standard cubic foot per 

minute), high-resistance connections on a 

4160-kV bus, and leaking feed water heater 

shell relief valves. 

"My feeling is that we have just 

skimmed the surface with IR inspections 

and that their use in the plant will go a .lot 

deeper," says Don Mansfield, manager of 

Farley's 11uciear maintenance support 

group. ''Tf temperature is involved with a 

problem or can tell you that you have a 

problem, you can use IR for troubleshoot­

ing. The project with EPRJ has given us a 

mucl1 better understanding of what the 

equipment can do for us. Since then, 

we've formed a task force and shared the 

tecl,nology with the company's Hatch and 

Vogtle nuclear plants in Georgia as well." 

Al H11mmett, a nuclear specialist with 

Southern Nuclear, says the Farley and 

Vogtle plants recently purchased new JR 

equjpmenl, while a third system was pur­

chased for use by Southern Nt1clear's in­

spection and testing group for routine 

plant surveys at all three sites. Hammett 

PG&E VAN CUSTOMIZED FOR IR INSPECTION 

Like a growing number of other utilities, Pacific 

Gas and Electric routinely uses IR imaging 

detectors to inspect lines and components on its 

distribution system for hot spots-signs of wear, 

corrosion. or needed maintenance. The utflity has 

put five IR inspection systems on wheels lor 

greater flexibility and speed. PG&E"s Mission 

Division office in Hayward, California, uses a 

modified Hon, natural-gas-fueled service van 

equlpped with a roof-mounted, remotely operated 

video camera and IR image scanner: convenienUy 

arranged inside the van are color video and IR 

image monitors, plus video recording, color 

printout, and remote control equipment. IR and 

video images can be compared side by side on a 

sfngle screen to quickly identify hot spots. 

Supervisor Bob Loggins says that Virtually all 

substations and distribution lines, as well as some 

transmission equipment, can be viewed from the 

truck with a zoom Jens: also, the camera heads 

can be lowered and directed out the back of the 

van to inspect underground equipment. 



notes that once personnel are adequately 
trained in using the IR systems, "the most 
difficult decisions are not related to the 
technology. The hardest part is dedicating 

the man-hours and deciding what to look 
at first. There are so many components 
to inspect, you have to prioritize and fo­
cus on those things with the greatest pay­
back. It must be a flexible program that al­

lows components to be easily added or 
removed or their inspection frequency 
changed." 

Hammett says one lesson about lR in ­

spection programs already learned at 
Southern Nuclear is that the expertise and 

knowledge of the personnel trained in the 

use of the technology and in the interpre­
tation of JR images are too valuable to let 

easily or quickly slip away. "You have 
to have people who are knowledgeable 

about plant equipment as well as fR the­
ory. But if they're soon promoted or trans­
ferred or otherwise leave, the effectiveness 
of an JR inspection program will decline 

drastically." 

Duke Power is another nuclear utility 
aggressively using lR inspections. Marc 

Snyder, an lR thermographer and nuclear 
maintenance specialist at the utility's 
three-unit Oconee station in South Car­
olina, says the plant has been using IR sys­
tems for less than n,vo years and has doc­
umented over $1.5 million in savings from 
avoided equipment failures in just the last 
year. In one recent outage alone at Unit 2, 

he says, IR inspections (combined with ul­
trasound scanning) of the unit's four main 
steam bypass valves revealed that only 
two required teardown and rebuilding, 

saving the utility over $100,000 in deferred 

work. 
Snyder says that some of Duke's nu­

clear thermographers recently took their 

equipment to several of the utility's hy­
droelectric dams and Ln two months of in­
spections identified anomalies worth an 
estlmated $1 million in avoided repair 
costs. The hydro maintenance group "was 
really impressed, and we've since helped 
them get their own IR program started. 
They're now usiJ1g IR extensively iJ1 a pre­
ventive maintenance program, along with 
vibration analysis." Snyder also gets in­
volved in IR surveys of Duke's substa­
tions, although most of the surveys of T&D 

lines are handled by contractors. 
Speaking from the perspective of 18  

years' experience in the power generation 
field, Snyder says "the evolution in the 
technical capabilities of the IR equipment 

Ron May 

that is available now has been amazing 

and parallels that of the computer. Each 
year it seems there's a new generation of 

systems witl1 better electronics, better de ­
tectors, better storage, and better graphics 

software. And the resolution is so much 
better now." But the cost of lR systems has 
followed the climb in functionality and 

image quality, he adds. "You can get a 
high yield in terms of Lmage quaLity with 

a low to moderate investment in a quali­
tative IR system if you just want to hunt 

for hot spots and follow a seek-and-repair 

strategy. But if you want to do quantita­
tive IR them10graphic surveys, you need 
to have a program and some full-time 

people." 

Working with utilities to 

extend IR's reach 

Although m technology already is used 
fairly routinely in most nuclear plants and 

on most utility T&D systems, tl1ere are still 
significant opportunities to refine and ex­

tend its utility applications. EPRI is pursu­
ing some of these opportunities through a 

combination of efforts, including the IR 
workshops at the Eddystone M&D Center, 
collaborative projects with several utili­
ties, and new work to demonstrate addi­
tional applications and develop advanced 

LR diagnostic capabilities using expert sys­
tem software. 
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"In fossil plants, rR has the potential for 

becoming a major diagnostic tool, al­

though utilities have not yet applied it to 

the optimal extent,'' says Rob Frank of the 

M&D Center's staff. "An JR system that 

costs $50,000-$70,000 has the potential for 

saving on the order of over a million dol­

lars a year per plant." 

Such an estimate has been substantiated 

by direct experience at the Eddystone sta­

tion, where Philadelphia Electric docu­

mented over $1.2 million in savings last 

year from lR inspections of Units 1 and 2. 

Temperature anomalies were identified in 

equipment that ranged from electrical 

gear to vacuum-pump valves to motor 

bearings. As pa.rt of EPRJ's three-day fR in­

spection workshop at the M&O Center­

a showcase for the full range of fossil plant 

monitoring c1nd diagnostic techniques­

attendees are taken through the Eddy­

stone plant for hands-on LR demonstra­

tions. 

But EPRl is not just waWng for utility 

personnel to go to Philadelphia to learn 

what lR can do for their plants. The M&O 

Center's IR specialists are currently work­

ing with several utilities at individual 

power plant sites to further expand the 

technology's capabilities. They are con-
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Deteriorated fuse-holder connection in 

three-phase service panel 

ducting combi.nation IR plant surveys aJ1d 

intensive training designed to jump start 

in-plant inspection capabilities. The par­

ticipants include Pacific Gas and Electric, 

Florida Power & Light, Toledo Ectison, 

and Philadelphia Electric. The plants in­

clude both fossil and nuclear units. "Most 

of them hc1ve already purchased equip­

ment. We help them get it up and rutming 

and show them what to look for," says 

Frank. "But as we survey the plants, we're 

also building a dc1tabc1se of lec1k detection 

teclmiques and TR images." 

At Unit 7 of PC&E's gas-fired Contra 

Costa plant, an IR team from the M&O 

Center helped utrnty personnel look for 

hot spots iI1 a variety of mechanical equip­

ment, as well as for air in-leakage in the 

condenser and associated air ejectors. 

"One of the main goals of the collabora­

tive effort here with EPR1 is to find out if 

we can use IR to reliably and repeatedly 

find these types of leaks," says Mike 

Teskey, an NOE supervisor in PC&E's Tech­

nical and Ecological Services Department. 

"You have to be able to discern a tenth of 

a degree difference between ambient tem­

perature and the component temperature 

in locations that are difficult to access. 

When you look at the condenser box with 

A SAMPLER OF IMAGES A few 

selections from the current and forth­

coming editions of EPRl's Infrared 

Thermography Guide (NP-6973)­

produced by the Nuclear Maintenance 

Applications Center to help utility person­

nel apply IR systems-lllustrate the 

variety of situations in which the ability to 

visualize temperature ditterences can 

have great value from a preventive 

maintenance perspective. More-general 

uses of IR scanners include visualizing 

heat loss from buildings. 

an IR viewer, it seems to breathe and pul­

sate with the heat flow. We've recorded 

these different images on videotape." 

Frank, of the M&D Center, says that 

many of the thermograms being gener­

ated in the collaborative efforts with util­

ities are added to a growing database of 

images for various applications. Eventu­

ally, researchers hope to use the therm o ­

graphic database in the development of 

expert system software that can help ther­

mographers and engineers interpret im­

ages for equipment diagnostics. Image 

processing and diagnostic software al­

ready available from LR systems manufac­

turers can analyze each pixel of an image 

and present a variety of information to the 

user. But an expert system, programmed 

with a mle-and-knowledge base, conceiv­

ably could rapidly analyze many different 

images taken at different times, compar­

ing them iJ1 detail to a baseline image and 

perhaps recommending, on the basis of 

the severity of observed temperature 

anomalies, when to replace a component. 

The U.S. Army pioneered such differential 

thermographic techniques for identifying 

defective components on the surface of a 

printed circuit board. 

At EPRl's NOE Center, a program in el-



Loca lized hot spot in 250-kV, 
s ing le -phase main t ransformer  

ement diagno tics is investiga t ing u ti l i ty 
u e of differentfal thermogrnphy in elec­

tronic, electrirnl, and mechmtical applica­
t ions.  The DE enter, tl1e M&D Center, 
and IMAC are jointly developing a pre­
dicti ve maintenance guide for implement­
ing and  executing power plant IR inspec­
tion program and are a lso investigat ing 
advanced IR techniques for detecting such 

problems as pipe thinning.  
Avtar Singh, a uclear Power Division 

project manager in human and component 
reliability, ay that an expert sy tern mod­

ule has already been developed for diag­

nosing problems wi th variou types of 

valves, and modules for several other 
power plant component are planned over 

the next two to three years. PR I hopes to 
have a11 IR thennographic x pert system 
module in the pi lot stage thi year, he 

adds. 
EPRl' s Jo lrn O' Brien ay building a 

pla nt database of IR images i something 
that uti l i ties already using fR should con­

sider. "While the IR gear i not equipment­

specific, the interpretation of the thermal 

images that you get with this technology 
will become equipment-specific. To do an 

IR inspect ion program right should in­
clude creating a database of images and 

Hot  spot in  pulverizer 
worm-gear bearing  

acqu iring the trained experti e over time 

in comparing d i fferent images . Eventual ly, 

an expert syst m of the type EPR I is de­
veloping may a ist in thi interpretation." 

There a re al o new developmen t in IR 

technology in u t i l i ty T&D system . For ex­

a mple, an I R  y tern for conti 11ual freeze­
frame scanning of ub tation equ ipment 
was d eveloped through EPRI support and 

recently commercial ized by Xedar Com­
pany of Colorado. The fir t unit  is now .i n  

operat ion a t  an SF6- insulated enclosed 
substa t ion on Lou isiana Power & Light's 
transmission y tem, according to PR I 
program manager Stig i lsson .  Protect ive 
relays activate the IR image recorder with 

milli econd sp ed in time to reveal the ex­
act location of an incipient flashover in-

ide a metal bu ba r. 

eanwhile, work is under way in a 
two-year project to evaluate advanced as-
es ment and inspection methods for 

transmission lines. IR systems are one of 
several technologies that wil l  be explored 
for their potential to more accurately as­
se s the cond ition of condu ctor and  as­

sociated equ ipment and po sibly deter­
mine tlie line current loading themselves. 

ome util i t ies are already taking their r R  
equ ipment t o  EPRI ' Transmis ion Line 

loose or corroded connect ion  
on transformer bus air brake 

Med1anical Research Center in Texas to 

calibrate the in truments for determining 
the temperatu re of tra nsm is ion l ine un­
der va rious cond it ion . 

Seeing the future in a warm glow 

From all  indicat ions, I R  thermography is 
a maturing, yet st i l l  evolving, diagno t ic 
tool with a futu re that is bright aero s a 
broad pectru m of utility plant and T&D 

appl ications. Expert ay IR thermography 

may even tually become as standard at 
electric utility facil i t ie a any other in-

pect ion technique, in many ca e com­

plemen ting other methods, in other ca e 

yielding unique i nsights from an other­

wise invisible world of light below the 

red . 

Further reading 

C. Pax ton . · 1nfrared-Thermograph 1c Inspec t ion Improves 
Service  Re l iab1h1y. " Transm,ss,on and Distribulion. Vol. 44 , 
No. 4 (Apri l 1 992) , pp. 32-35 . 

J Silverman et al " Infrared Video Cameras. "  Sc,en/lfic 
American, Vol .  266 . No . 3 (March  1 992) . pp, 78-83. 

infrared Thermography Gu;de. NMAC llnal report lor 
RP281 4 - 18 ,  prepared by American R isk Management 
Corporation and Honeyh l l l  Technical Company. Septem­
ber 1 990 EPRI NP-6973 Second edi tion forthcoming . 

Background 1nforma11on for 1h1s arhcle was prov,ded by 
M ike Downs and John O'Brien , Nuclear Power Division . 

EPRI  JOURNAL March 1 993 2 1  





Co�pact Fluorescent byLeslie Lamarre 

N 
early a decade of utility pro­

grams to encourage the use 

of compact fluorescent lamps 

(CFLs) has boiled down to this: 

many folks just haven't wanned up to 

them in the United States. In Japan, on 

the other hand, they're selling about as 

fast as raw fish at a sushi bar. Now, from 

the vantage point of 10 years of utility ex­

perience with this technology, EPRI is be­

ginning to draw conclusions about the 

U.S. phenomenon, with the iJ1tention 0£ 

laying the groundwork for the next step 

in efficient-lighting programs for the resi­

dential sector. 

Aside from being expensive (costing up 

to 40 times as much as incandescents), cur­

rently available CFLs may not fit into ex­

istiJ1g light fixtures for the home, cannot 

be used with diJnming devices, and may 

not produce enough light for such tasks 

as reading. These were some of the con­

cerns aired in a recent EPRl survey of near­

ly 400 consumers in five major markets 

across the United States. Overall, the study 

showed that when offered three types 

of lighting technology (i11eandescents, 

fluorescents, and CFLs), 43% of compact 

fluorescent users and 53% of nonusers 

we.re "least likely" to buy CFLs iJ1 the fu­

ture. Even those who had tried tl1is tech­

nology and indicated that they were sat­

isfied users rated CFL Hghtmg poorly. 

"Are we saying that some utility light­

ing programs failed?" says John Kessel­

ring of EPRJ, manager of residential sys­

tems. "Absolutely not. We're saying the 

technology was not ready for a broad, en­

ergy-dismterested public and simply djd 

not live up to the high expectations the in­

dustry had for it. The lighting programs 

still succeeded from an educational stand­

point in that they introduced thousands 

of U.S. consumers to advanced lighting 

technology." In fact, de.spite the consumer 

dissatisfaction, utility lighting programs 

saved 300 million kWl1 of electricity in 

1990, which is enough to meet the residen­

tial electrical needs of 80,000 people for 

one year. 

Kesselring notes U1at the lamps were 

successful for a small group of consumers. 

About 25% of CFL users said that, given 

the d1oice of iJ1candescents, fluorescents, 

and CFLs, they were "most Hkely'' to buy 

compact fluorescent products in the fu­

ture. These users cited long-term energy 

savings and concern for the environment 

as issues that make CFLs "worth the extra 

effort." 

Utility action 

Back in the early 1980s, when utilities be ­

gan to launch efficient-lighting programs 

for the residential sector, CFLs certainly 

seemed alluring. Up to four times more ef ­

ficient than mcandescent bulbs, they also 

have the potential to last 10 times longer. 

Making them even more attractive, some 

models can be screwed directly into in ­

candescent sockets-ballasts and all. 

Utilities were drawn to compact fluo­

rescents like environmentalists to solar 

power. Across the country, utilities began 

to establish efficient-residentia I-lighting 

progTams that revolved «rOllnd compact 

fluorescent technology. In fact, a recent 

EPRl study (TR-101221) reports that 27 of 

the 29 utility programs surveyed feah.1red 

CFL technology. 

As with other efficiency improvement 

efforts-part of the iJ1dustry's demand­

side management initiatives- the intent 

of these programs was to save energy and 

help postpone the need to build new 

power plants. To encourage U1e use of 

CFLs in the home, utilities disseminated 

educational material on the technology, 

offered rebates to customers who pur­

chased the lamps, and sometimes even 

gave them away free. Public mterest 

groups heralded the arrival of such pro­

grams, as did public utility commissions, 

which encouraged-and even mandated 

-theiJ· implementation. In recent years, 

some commissions have offered financial 

i.ncentives for utilities to sponsor such pro­

grams. 

Today, 133 U.S. utilities offer 196 effi­

cient-residential-lighting prog,·ams, the 

oldest of which date back to 1983. But as 

EPRl's recent customer suivey revealed, 

the CFLs promoted by these programs 

haven't always been well received. (This 

survey, documented in TR-100734, was 

part of a broader initiative to mvestigate 

the impact of utility lighting programs fea­

turing CFLs.) 

The survey found a widespread per­

ception among consumers that CFLs fall 

short of manufacturers' claims for light 

output, life expectancy, and versatility. 

The resulting dissatisfaction has caused 

many consumers to return to the use of 

the relatively inefficient incandescents, 

which makes it difficult for utilities to 

gauge the impact of efficient-lighting pro­

grams. Another problem making such 

evaluation difficult is the snapback phe­

nomenon-a d1a.nge iJ1 energy use pat­

terns that follows the implementation of 

energy efficiency measures and results in 

the loss of part or all of the energy sav­

ings. For example, a consumer who is dis­

satisfied with a CFL may wmd up using 

supplemental incandescent light to make 

up for diminished lighting intensity. One 

utility reported a snapback rate as high as 

33% for its residenti.aJ lighting program. 

Kesselring points out that some prob­

lems resuJt from a lack of communica­

tion. For instance, although the claims of 

longevity for CFLs may be technicaJly ac­

curate, the frequent turning of a lamp on 

and off can significantly shorten its life 

span. Similarly, CFL light output ca11 be re­

duced by up to 30% if a lamp is mstalled 

in a fixh.tre that directs the light upward. 

"Consumers need to be informed about 

these kinds of things," says Kesselring, 

who notes that EPRI is now producing 
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Attribu1e CFL (%) 

PERCEPTIONS OF RESIDENTIAL Most modern looking 64 

LIGHTING TECHNOLOGIES 
EPRl -funded researchers asked Most expensive to buy 60 

1 78 users of compact fluorescent 

lamps (CFLs) to rate three resi- Uses least energy 57 

dentia l l i gh ting technologies on the 
basis of several att ribu tes. The Most environmental ly fr iendly 42 

chart l ists some of these att ributes , 
indicating the percentage of CFL Best value 42 

users who favored compact 
fluorescents , incandescents, and Best for homes 32 

f l u orescents in each category. While 
CFLs d id well in  some categories Best look ing 26 

and poorly in others , conventiona l 
incandescents were preferred Best for lights switched on and off 1 9  

overall b y  a signif icant marg in . 
Eas iest to install 1 3  

Fits into most places/f itt ings 1 1  

Comes on most qu ickly B 

Most l i ke ly to buy 24 

Least l ike ly to buy 43 

brochure to hel p u t i l i t ie add res such is-

ues. He believes i t  i i mportant to be open 

with consumers abou t any drawbacks in­
herent in today' effici n t- l igh t ing tech­
nology. "We wa nt to help ensu re that the 
introd uction of improved CFLs by manu­

facturers is met  wi th greater en thusiasm 
by consu mer ." 

The overrid ing d rawback of current 
FLs is th ir cost , which can be over $20 

per la mp without u ti l i ty subsid ies. "Even 
a t  a price of $10 ,  which is chea p for these 
lamps, most people aren't intere ted in 
bu yi11g them," says M ichael Evans, a de­
mand-side management expert at EPR l 
who col laborated with Kesselring on ome 
aspects of the CFL init iative. "They think 
abou t paying $10  for a l ight bu lb, and i t  
ju t doesn't make sen e. In their mind , 
l igh t  bu lbs are supposed to co t u nder $1 ." 

Indeed, consumers urveyed by PR I 
considered price of $1 0 or higher for com-

consu mers who had tried CFL pa id  full 

price for the la mps. Rather, they recei ved 

them through util i ty programs, either free 
of charge or for a signi fican t ly red uced 

price. As Evans point out ,  the cost factor 
is l inked to other concerns. "At prices over 

$10, consu mer want to ee guarantee on 
longevity, and they wa n t  to make sure 

the e things don't break," he says.  "But 
broken l ight bu lbs a re a fact of l ife. I t's 

bound to ha ppen to som one." 

Meanwh i le in Japan . . .  

Despite the d rawbacks of compact fl uo­
rescents, th Japa11ese have a eemingly 
insat iable appeti te for them . CFLs now 

provide  more than 80% of tha t country's 
home l ight ing, according to a new EPRl 
tudy (TR-1 00868) t hat is part of EPRI'  CFL 

ini tiative. By con trast, the use of CFLs in 
U.S .  homes is negligible, with the rare user 
typically employing only one or two 

pact fluorescents "outrageou ." Few of the la mps. 
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Incandescent (%) Fluorescent (%) 

1 6  20 

1 5  26 

9 34 

35 23 

21 37 

52 16 

53 21 

69 1 2  

78 10 

84 5 

85 7 

67 9 

1 7  40 

There a re several reasons for this dis­
crepancy. To start wi th, Ja panese con-

umer are accu tomed to re idential flu­

orescent l ighti ng. Acu te energy shortages 

a fter World Wa r a led to a ma ive cam­
paign to encourage consu mer to switch 

from incandescen t to fluore cent lighting. 

HERE VERSUS THERE Although the use of 

compact f luorescent lamps in U .S. homes is 
negl igib le , CFLs provide more than 80% of 
Japan's res idential l ighting. Acute energy 
shortages, high e lectric ity rates , and a w ide 
avai lability of sophisticated CFL fixtures in Japan 
are among the explanations for the sharp 
contrast , a recent  EPRI  report states . Cultural 
d ifferences also play a significant role ; on the 
whole, Japanese consumers are far more 

interested in h igh technology than the typical U .S . 
consumer. 



Co t incentives and aesthetic improve­
ments in lamps and fixtu res helped the  
movement gain momentum. 

Today, the relat ively high electricity 
ra tes for residential consumers in Japan ­
their average rate is about twice the aver­
age. U.S. residenti a l  ra te - continue to en­
cou rage the use of efficien t  l ighting. But 
perhap more significant, there's a cul tural 
difference between U.S. and Japanese con­
sumers. The Japanese are keen on high 
teclmology, and l ighting is no exception. 
"The Japanese are much more wil l ing to 
try new technology," ays Kesselring, not­
ing tha t  this cu ltural d ifference was 
pointed out by a consultant working on 
EPRl's study of light ing use in Japan. The 
consu ltant is a native Japanese who ha 
also l ived in the Uni ted Sta tes. "The Japa­
nese t ake pride i11 having the latest tech­
nology in t heir homes, and they show it 
off," Kesselring says. For insta nce, while 
Americans hide their heating and cooling 
systems in basements and other out-of­
the-way places, the Japanese pu t  them in 
plain view. Indoor un i ts ,  which a re sl im 

A high-tech Japanese kitchen 
i l l um inated by advanced lighting 
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and attractive compared with U.S. mod ­
ls ,  ar mounted on the wa l ls of central 

rooms. Ou tdoor uni ts typically hang on 
balcony rail ings. 

Japanes consumers can't seem to get 
enough CFLs, and they are already de­
manding n w teclmical advances, such as 
more-intense light, b tter color rendition, 
and h igher efficiency. Their enthusiasm 
has led to the wide avai lability of CFL 
products, as Japanese ma nu facturers 
scramble to fil l  the market need and com­
pete with one another to introduce en­
tirely new re·idential prod uct l ines. 

The situation in the United Sta tes is 
markedly different. U.S. l ighting manu­
facturers focus almost exclusively on tJ,e 
incande cent market, with virtually all the 
CFL production stimulated by uti l ity pro­
grams. Consumers cannot find CFLs i n  
grocery store and other ou tlets where 
they mo t freguently purcha e l ight bulbs, 
and th y face a dearth of options on at­
tractive fixtures for the lamps. Indeed, 
accord ing to EPRl 's resea rch, typicaUy 
90% or more of the stock at retail fixture 
outlets in the United States is dedicated 
to incandescent technology. Aesthetically 
pleasing fixtures are simply not being de­
signed for use with compact fluore cents. 
Decorat ive wall and cei l ing CFL fixtures 
are nonexistent. 

There a re some fundamental inhibitors 
to the growth of the CFL market in the 
United Sta tes. To start with, the ountry's 
l ight ing industry is segmen ted, with 
lamps, ba l l asts, and fixtu re produced by 
d ifferent compa nies with ometimes con­
flicting business philosophies. The result 
is a Jack of synergism in the development 
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and production of components and in 
their integrat ion into complete l ighting 
product . Al o contributing to the confu-
ion is the absence of standardization in 

the production process. 
By contrast, welJ-defu1ed l ighting ta11-

dard guide the production of CFLs in 
Japan. The CFL manufacturers are part of 
vertically i n tegra ted conglomera tes that 
produce a l l  the necessary lighting compo­
nents and incorporate them i nto the fin­
i hed products . Since the conglomerates 
manufacture other product lines that in­
clude components useful in lighting, R&D 
for advanced l ighting teclmologie can be 
carried ou t at red uced risk and cost . Fur­
ther lowering costs is the a l ready-estab­
lished large-volu me production base for 
this technology. 

Although it appears that U.S. and 
Japa11ese CFL technologies a re comparable 
at this time, EPRI' report suggests that 
Japanese manufacturers' expertise in ad­
vanced, high-frequency fluorescent light­
ing teclmology will allow them to address 
the kinds of problems inhibiting pur­
chases by American consumers. "lf ac­
companied by appropriate marketing pro­
grams," the report states, "the introduc­
tion of low-cost high-frequency fluores­
cent l ighting products into the American 
marketplace could be highly successful. '' 
The report does not specify how likely it 
i that the Japane e will pur ue this path. 

Like their counterparts in the United 
States, utilities in Japan actively promote 
advances in L ighting. However, Japanese 
utilities are able to maintain a stronger al­
liance with manu facturers to ensure the 
con t inued d evelopment of ad vanced 
l ighting products. This is part ly because 
the same firms tha t  manu facture l ighting 
equipment a lso manufacture utility equip­
ment, so ut i l i t ies represent a significant 
ma rket for them. In the U1t i ted Sta tes, CFL 
production, ma rketing, and d istribution 
are plagued by a lack of coordination 
among manufactu rers, ut i li t ies, and reta il­
ers. This creates a number of problems for 
utilit ies - for example, the availability of 
products that generate harmo1, ic distor­
tion, which can interfere with the smooth 
operation of electronic applia nce in cu -
tome.rs' homes. 
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C ompact fluorescent lamps (CFLs) 
are only one type of efficient-light­

ing technology. Below are descriptions 
of the efficient-l ighting technologies 
available for indoor resid ntial use. 
Fluorescents Standard 4-foot fluores­
cent tubes are four to five times more 
efficient than stand ard incandescent 
lamps and last up to 20 times longer. 
Commercially available since the late 
1930s, the standard fluorescent tubes 
ar filled with a mixture of gases, 
including mercury vapor, and coated 
on the inside with phosphors. During 
operation, an electric charge passe 
through the lamp and excites the mer­
cu ry vapor, producing ultraviolet en­
ergy. The phosphor coating absorbs 
this energy and converts it into light. 
Fluorescent lamps require ballasts, 
which provide the high voltage need­
ed to start the lamp and control the 
cu rrent provided to the lamp during 
operation. Ad vanced, electronic bal­
lasts operate lamps at high frequency 
(20,000 - 60,000 Hz, compared with 60 

Hz for conventional, magnetic bal­
la t ) .  Fluorescent tubes come in a va­
riety of sizes and are ava ilable in a U­
shape to fit special fixtures. 
Co m p a c t  fl uores ce n t s  Avail able 
sine the early 1 980s, CFLs are up to 
four times more efficient than incan­
de cent lamps and last up to 10 t imes 
longer. They are ingle-ended, and 
most have a small-diameter tube coiled 
up to provide increased surface area 
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(the light output of fluorescent lamps 
increases with surface area) .  Like stan­
dard fluorescent lamps, CFLs require a 
ballast for startup and operation. 

Generally available CFLs fa l l  into 
three categories. The T-4 twin-tube and 
quad-tube models measure 1/2 inch in 
diameter and use starter devices and 
magnetic ballasts . (Special T-4 lamps 
without starters can be used with cer-

tain dimmable ballasts that are now be­
coming commercially available . )  The T­
S twin-tube lamps are % inch in diam­
eter and are designed to operate with 
either magnetic or electronic ballasts. 
T-4 and T-5 models offer separate lamps 
and balla ts so that the lamps, which 
don't last as long as the ballasts, can be 
replaced as needed. The third category 
of generally available CFLs consists of 
models that integrate ballasts and lamps. 
These models, ome of which mimic 
the shape of incandescent bulbs, screw 
directly into incandescent sockets . 

Another typ of CFL is the circular 
fluorescent, which offers about the same 
light output as other CFLs and has a 
slightly longer l ife (12,000 hours versus 
10,000 hours) . However, because these 
lamps are larger than other compact 
fluorescents, they fit into fewer fixtures. 
Tungsten halogens A type of incan­
descent lamp offering an efficiency in­
crease of about 35% over standard in­
cande cents, tungsten halogen lamps 
have been commercially available since 
the late 1950s. Like standard incandes-

cents, these lamps prod uce light when 
electricity passes through a coi led 
tungsten wire filament, heating it until 
it glows. In standard incandescent , the 
filament slowly evaporates, its residue 
accumulating on the bulb wall ,  reduc­
ing light output. In tw,gsten halogen 
lamps, halogen gases combine with the 
evaporated tungsten particle before 
they can accumulate on the bu lb wall . 
This mixture then migrates to the hot 
filament, where the halogen separates 
from the tungsten and the process be­
gins again. As a result of this continu­
ous process, the quality of these lamps' 
l ight output does not degrade as 
rapid Jy as that of standard incandes­
cents .  AJso, tw1gsten halogen lamp of­
ten la t longer. Like standard incan­
descent lamps, many tungsten halogen 
lamps are dinunable, thus increasing 
th potential for energy avings. 

A newer type of tungsten halogen 
lamp, the infrared parabolic a lumi­
nized reflector lamp, is designed for 
floodlight and spotlight applications. It 
uses an infrared-reflecting coating to 
direct much of the heat generated dur­
ing lamp operation back into the fila­
ment. This increases the lamp's light 
output and efficiency by raising the 

tempera ture of the fih:1men t without 
requiring a higher wattage. The e ad­
vanced tungsten halogens are 30% 
more efficient than standard tungsten 
halogens and have been available for 
about two years. D 



Other groups have complaints as wel l .  
Retai lers and d i  h·ibu tors grumble about 
u t i l ity programs tha t  circumvent their role 
as middlern n in the l ighting purchase 
transaction. Manufacturers gripe about 
the typically short notice given for major 
u t i lity orders; because CFLs are not yet in 
high-volum production in tlus country, a 
large order can tie up supplies for several 
weeks. Manu facturers are also concerned 
U1at short-term u ti l i ty efforts may have 
created unrealistic price expectations 
a mong consu mers and hurt the long-term 
potential for compact fluorescent prod­
ucts. They encourage u tilities to col labo­
ratively set product performance stan­
dards for CFLs and serve as i ndustry 
watchdogs, restrict ing rebate and di count 
programs to high-qual i ty lamp . 

New directions 

ew util i ty efforts are addressing some of 
these concerns. For insta nce, Pacifi c  Gas 
and Electric has initiated a program that 
offers cash incentive direct ly to CFL man­
ufacturers to lower the cost the ma nufac­
turer d1arge retai lers. The idea is that the 
lower cost wi l l travel through the d istri­
bu tion channel to the shelve of retai l ou t­
lets, where consu mers will ul timately ben­
efit. Susru1 fisher, appliance efficiency pro­
gra m manager for PG&E, note that the 
program allows the lamps to flow through 
d i  tribu tors and retailers, middlemen 
who are excluded in conven t ional u tility 
programs. The cash incen t ives to the man­
ufacturers of the 320,000 CFLs produced 
for th i  program are $5 or $7 per lamp, de­
pending on the lamp' efficiency. Retai l  
prices ra nge from about $4 to $1 3 .  PG&E 
will hare its find ings on the effectiveness 
of th is  program with fel low members of 
the Ca lifornia Compact -a con ortium 
formed by five Paci fic Coast u ti l i tie , the 

a tural Resources Defense C uncil, and 
Lawrence Berkeley Laboratory to promote 
the residential use of CFLs. 

Acknowledging consu mer dissatisfac­
tion with CFL teclrnology, Pisher say 
manu facturers are working on improve­
ments that wi ll be ready for fu ture u ti l ity 
programs. "Our customers wan t  CFLs 
brighter and mal ler, and that's what we 
wilJ be focusing on in the fu ture. I t h ink 

that in 1 993 we' re go ing to see sign i ficant 
cha nges to increase the applica t ion of 
CFLs.'' Already manufactu rers have suc­
cessful ly addressed the issue of poor color 
r nd i tion, an early CFL weakness (al­
t hough not a cause of signjficant com­
plain t a mong the consumers int rviewed 
for EPRJ's survey) .  Also, Fisher notes that 
at recent con ferences sponsored by the 
California Compact, manufacturers have 
demonstrated d imrnable and three-way 
CFL technology that they intend to make 
commercial ly available within the next 
few year . 

EPRJ's researd1 shows that CFLs wi l l  not 
be widely adopted by consu mers un til 
certa in technical dra wbacks are add ressed 
a nd the lamp become available for less 
tha n $10 through the retai l  outlets, such as 
grocery stores, where consu mers normally 
pu rchase L ight bu lbs. But compact fluo­
re cent are, after al l , only one type of 
efficient l ighting for the home. Perhap 
upcoming advances in CFL technology 
wil J  keep it a favori te of uti l i ty programs, 
or perhap u til i t i  wil l  opt for ther tech­
nologies that are less efficient bu t that 
may prove more effective in meeting pro­
gram objective . On possible a l ternative 
i the rungsten halogen lamp, an efficient 
halogen-gas- fi l led incandescen t .  

Costing approxima tely five t imes the 
price of incand cent lamps, tu ngsten 
ha logen lamp. offer energy savings of 
abou t 35Cf< . Al though this is considerably 
less than the 75% av ings offered by CFLs, 
tungsten halogens are more likely to be 
used throughou t the home because iliey 
prod uce a white l ight simila r t tha t  of tra­
di t ional inca ndescents - at an acceptable 
cost .  Moreover, improvements are being 
made to the e lamps to increase their 
longevity and light output . Says EPRl 's 
Evans, ''Maybe it' worth going a fter a 
technology that aves les energy but 
would be u ed more widely. I f  we ca n get 
a $2 bu lb used for ha l f  th l ight ing in a 
home, that 's better than a cou ple of $20 
compact Auore cents that ultimately w ind 
up on a closet shelf." {The sidebar offer 
more in formation on tungsten ha logens 
and other efficient-light ing tech J1ologies 
for the residential sector. ) 

EPRJ manager have been communicat-

i ng wii li manufacturers about poten tial 
col laborativ efforts to improve efficien t­
l ighting technology. One possibi l ity  i to 
work together to increase th l ight ou tput 
of CFLs. Currently, the lamps prod uce a 
maxi.mum il lumination equivalen t to tha t  
o f  a 75-watt incandescent bulb. B u t  con­
sum rs prefer the illumination of a 1 00-
watt incandescent for certain tasks, such 
as reading. The I nsti tu te would also like 
to encourage th establishment of stan­
dard for CFL l ighting. "! think  there are 
too many opti ns for manu facturer right 
now," say Ke elring. "The lamps can be 
a 11y shape or any size, and they can plug 
in or crew in . Manufacturer need some 
kind of boundarie that wil l  help l imi t  
those options and guide them in produc­
i ng qual i ty products." For example, stan­
dard testing cou ld be instituted to hel p en­
sure that actual l ight outpu t  matches the 
ou tput tated on l amp packaging. 

Bu t is it real Jy w rth the effort to search 
for energy savings in l ight ing, which ac­
cou nts for only 10� of the electricity used 
in home ? ''We certainly think so,'' E an 
says. While i t  may ound l ike a smaJI 
a mou nt of electricity, thi 1 0% represents 
about 94 bi l J ion kWh per yea r. A savi ng 
of just 20� of thi su m wou ld be abou t  1 9  
bi l lion kWh, o r  more than enough t o  meet 
th an nual re iden tial electricity needs of 
Chicago. 

Purther study is needed to determine 
precise! the appropriate cou rse for u t i l ity 
l ighting programs f n  the fu ture. Bu t , 
Kes e l ri ng say , EPRl's research has of­
fered a good star t i 11g poi11 t ,  taking t l1e first 
tep toward moving the uti l i ty industTy 

into a new phase i n  residential L ighting 
progra m - a  phase that is a l.mo t certain 
to focus on the marketabi l ity of efficient­
l ight ing product . "Uti l it ie have been try­
ing to introduce re identia l  customers to 
the new technologie available," Kes el­
ring says. "But they can ' t  sub id ize the 
tech nologie fore er. They must begin to 
design programs that wil l timu la te the 
market o i t  can u tain i t  elf. At ome 
point the market mu t take over." 

Background 1nforma t 1on lor  this article was provided by  
John Kesselring and M ichael Evans . Customer Sys tems 
Div ision . 
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Timely Low-Level Waste 
Guide l ines Help Uti l it ies W i th the recent do ing of  one of the 

three U.S. dispo al ite for low­

level rad ioact ive waste, the impend ing 

do ure of another, and the imposi tion of 

access r tricti n at the third, uti l i t ies 
across the cou ntry are grappl ing with the 
issue of temporary on-site · torage of low­
level wa te (LLW) .  To aid u ti l itie with th 
technical and regulatory processes en­
tai led in u h interim on- i te torage, EPRI 
recen t ly relea ed C11ideli1 1es for [11 teri111 Stor­

age of Low-Level Waste (TR-1 01 669). 
The new guideli nes provide a frame­

work for u ti l itie to u e in planning for 
long-term in terim LLW storage. U efu l for 
ut i l i t ie tha t  r1re ei ther d evelop i J1g, re­
viewing, or modi fying on-site stornge pro­
grams, the guidel ines identify the signifi­
cant pla nning is ues to consider. They in ­
clude an execu tive summary of  a complete 
on-si te storage project, as well as a flow­
chart howing the va rious plrn es of the 

planning and implementation process. An 
extensive le ans-teamed ect ion high­

l ights significant i ue that can impo e 

l i mi ta t ion on torage faci l i ty operation . 
The gu idelines also provide a mea n of 

evaluating ongoing torage projects and 

upply numerous reference to a pplicabl e 
informa tion in a rela ted five-v l ume set of 

EPRI r ports on L W. 
"Every uti l i t  faced w i th  interim stor­

age of low-level waste wil l  ne d to evalu­
a te i ts unique i tua t ion relative to dis­
posal," ay Carol Hornibrook of EPRI,  
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manager of th� project tha t produced the 
guidelines and related reports. "Ut i l i t ies 
considering on-site torage wil l  need to 
make informed decis ions on licen ing is­
su s, facil ity design, storage dura tion and 

capacity, waste form, and other i s sues. 
These reports docu ment industry experi­

ence a nd offer in ight from LLW pert . 

Equipped wi th this comprehensi e set f 

EPRINET Bul letin Boards 
Get Uti l it ies Ta lking 

When a Carolina Power & Ligh t em­
pl yee recently wan ted some i 11 for­

ma tion on red ucing th moisture content 
of coal , he didn' t  pick up the telephone. 

or did he flip through an EPRI report. He 
si mply keyed a bri f quest i n onto the 

screen of his com pu ter. 
data, utilit ies can make decisions on the The next day, a response ca me from 

basis of the best a vailable i n fomrn tion Georg Wi lts e, the moderator of the elec-
withou t ha ving to develop the in forma­

tion i ndependent ly." 

The five-volume serie (TR- 1 00298) ,  to 

be used with the gu ide l i nes, pr ent the 
methodologie ut i l i ties need for in ter­
im torage pl anning. Volume l addre se 
the l icensi ng and regu la tory i sue wi th 
whid1 u til i t ie mu t compl y. Volume 2 ha 
two pa rt . The fir t cover th range of de-
ign option for LLW faci l J tie and  lay 

ou t a technique for e 11mining tho e de­
ig11 to d term ine which one wou ld be·t  
uit  a utility's u nique si tuat ion . Part 2 i 

a survey of existing on-si te storage faci J j ­
t ie . 

The th i rd vol ume also ha two part . 
Pa rt 1 discus es how to estimate t he vol­
u me of wa te a u t J l i ty  i going  to gener-
11te and offer a fr,1mework for managing 

the da ta on this waste during the torage 
period. Vol ume 3, Part 2, pre en ts a com­

pu ter progra m for project ing wa le vol­

u mes. Volu me 4, Part 1 , addre ·es con­
tainers for in ter i m  torage, ident i fy ing 
various l iner <1nd coating m<'lterial to 
help utilJtie determine which type i ap­

propriate for the k ind of wast to be 

tored . Vol um , 4, P<1 rt 2, covers ontain­
er monitoring, d i  cu ing the u fulne s 

of curren tly ava i l11ble moni toring tech­

nique . Volume 5 provid e guidance on 
the form in which waste should be stored 
in order t optimize stora ge c<1pa i ty  and 
min imize the  l ikel ihood that waste wi l l  

have to be reproce ed before d ispo al .  
Several of the TR-1 0029 reports are 

a lready available . The rema i ning th ree ­
Pa rt 2 of Volume 3, Part 2 of Volume 4, 

and Volume 5 - wi l l  be pu bl ished i n  Au­
gust.  EPRJ Co1 1 tact: Ca ro/ Homibrook, 

(415) 855-2022 

tronic bu lletin boa rd that the CP&L em­
pl oyee had acce ed - the Upgraded Coal 
Prod uct ion and  Uti l iza t i  n Bulleti n Board . 

Wi l ts e explain d that EPRI ' work on the 

remova l of moi ture from coal fal l  into 
two ca tegories, aJ1d he provided a l ist  of 
r levant EPRI report . A couple of days 
a fter tha t ,  a U nJon Electric employee a c­
ce sed the ame bu l leti n board and added 
ome informa tion abou t his u t i l ity' ex­

p'Jora t ion of this topic. He r1lso offered hi 
telephone n u mber and encouraged other 
to contact h im .  

These two  ut i l ity employee were ta k­
ing  adv11ntage of just one of the 20 bu l le­
t i n  boa rd now avaj Jable on EPRI ET, the 
l nstitu te's electronic informa tion system. 
"The bul let i n  boa rd a re among the mo t 
hel p fu l services EPR I ET offers, putting 
u ers in touch with one another and e -
tabl i  hing professiona l  relationships that 
ca n go beyond a main fra me term jna l  in­
teraction," ay D. W ohn, program man­

ager for technology tra n fer y tems mar­
ket ing at EPR ! .  

EPRl l ET began offer ing ele tronic bu l ­

let i n  board in 1 990, c bou t  a year a fter i t  

was lau nched . Tod ay the system's bu l l  t in  
boards cover timely topics ranging from 
electric and magn tic field s to di tribu ted 

gen rat ion . ot e eryone who ub cribe 
to E PRf NET can access the bu l let in boa rd ; 
this special form of service is reserved for 
m m ber u t i l i t ies and elected contractors. 

Each EPRlNET bu l leti11 board ha a mod­
era tor, typical ly an EPRT manager or con­
tractor, who is responsible for checking in 
with the service regularly. The modera tors 
oversee the da i ly interactions between 
those who access the bul letin board and 
help ensure tha t  participants stay on track. 



EPRlNET's modera tor als init ia te d iscus­
sion on relevan t  topics and are avai lable 
to answer questions and offer advice. 
Most of EPRINET's buJ let i .n board moder­
ators try to log on every day, a l though this 

is not always possible .  
According to Soh n, EPRIN ET's bulletin 

boa rd services an, not nearly as popular 
as i ts news ervices at  this t ime. "Our 
subscribe.rs are accustomed to the news 
format, simply reading information pro­

vided," Soh n  sa . "We're trying to get 
them more intere ted in taking advantage 
of the  great resources a va i lable through 
the more active involvement tha t our  bul­
letin board service offer. U ti l i ty member 
in different pa rts of the country may be 

going through sim ilar experien es a nd can 
rec1lly benefit from an interactive dic1-
logue." 

Sub criber don't nece sari ly have to ac­

tively participa te to benefit from the bul­
letin board . They ca n ·mply brow e 

through the d ialogue on any given topic 

and lec1rn from the informa tion relayed . 
The Upgraded Coa l Production c1nd U ti­

l ization Bulletin Boa rd , formerly cal led the 
Clean Coal U ti J iza tion Bu l let in Boa rd , i 

intended to help u t i l i t ies develop cost-ef­
fecti ve tra tegies for complying with the 
1 990 Clean Air Act Amendments. It breaks 

the main topic down in to four area for 

discu ion, including low-rank-coal up ­
grading technologies and co  t and perfor­

mance i m pact . Like other electron ic bu l­
l ti n boards on E PRJ ET, i t  al  o offers a 
place for commen t about the bu l l et in 
board i tsel f, su h a  rem inder to the mod ­
era tor and  suggest ions for bu l leti n board 
i m provements. 

The U pgraded oal Prod uction and U ti­
l iza t ion Bulle t in  Board is rela t ively new to 

EPRJNET, havi ng come on- l ine late l ast De­
cember. Another new bulletin board is de­
signed to help uti l i tie d1aracterize and re­
solve soil, surface water, and groundwa­
ter contamina tion a t  man uJactuied gas 

plant i tes .  Called the MGP Soil Cleanup 
Bul le t in Board, i t  offers 15 subtopic for 

di cu sion, includ ing cleanup technolo­

gies and hea l th /ecological risk. 
Con rnd Kuli k, a manager in EPRI ' G n-

eration & Storage Division who oversees 
these two new bulletin boa.rd , notes that 

both Wiltsee and Jacques Guertin, the 
modera tor of the MG P Soil Oeanup Bul­
letin Board ,  have worked for EPRJ in the 

past . "They ;ire fir t-class mod erators," 

Kulik says. "Both of them are e perts in 

B U L L E T I N  B O A R D S 

UtilftY Open 
EPRINET 
Lighting 
EPR I Environmental 
Continuous Emissions Monitoring 
Envlronmentol Externalities 
EPRI Software 
Integrated UtllftY Communication 
Fossil Plant Maintenance 
Asbestos Research 
Distributed Generation 
Biomass/Waste 
Storage and Renewables 
MGP Soi l Cleanup 
Upgraded Cool Production and 
Ut i lization 
Steam Generator Reliability 
Commercial-Grode Items 
Managers of EPRI Technology Transfer 
Ta i lored Collaboration 
Technology Delivery Committee 

their su bject areas, they know the util ity 
business, and they know what  ou r mem­
bers are looking for. They are good at cri ­
tiquing suggestion and offering ad vice. 

i t's l ike ]1aving a COil ulta nt at your fin­
gert ips ." 

User can access EPRI ET' electronic 
bul let in boa rd erv i ces through the ma in 
EPR[ ET menu. For further information 
abou t the bul let in boa rds, contact the 

EPR I ET help de k at (800) 964-8000 . 

EPRI Releases 
Waste-to-Energy Guide 

The rnpid ly growing waste-to-energy 

bu iness ha · d rawn significant inter­
est from the u ti l ity i .ndu try in recent 
year . A new EPR I report, Waste-lo-£1 1e1gy 

Scree11 ing Guide (TR-1 00670),  and i ts as o­

cia ted software program provide ut i l i ties 
wi th the in formation and tools they need 
to quickly estimate the cost a nd perfor­
mance of waste-to-energy project . Ac­
cord ing  to the report, despite their rela­
t ivel y h igh capi ta l cost -typica l ly two to 

three time that of conventiona l  power 

plants -waste-to-energy plants can be 

cost-effective when payments, or "tipping 

fees," for waste disposa l exceed $80 per 
ton. 

EPRI has monitored a nd assessed devel­

opment rela ted to the use of municipal 
solid waste (MSW) as a power plant fuel 
si nce the industry's first cofiring experi­
ments at Union Electric in St . Lou is in 
1 975. Com mercial development of waste­

to-energy plants accelera ted rapidly in the 
m.id-1 980s. By 1 991 more than 1 40 power 
plants in this country generated abou t 
2000 MW from the combustion of MSW. 

The creening guide consists of two vol­
ume . The first is a guidebook that offers 
key descriptions of wa te-to-energy tech­
nology, economics, and issues. l t  covers 
the i major technologies for converting 
MSW to energy and offers qua ntitat ive and 
quaUtative in.formation for u tilitie to use 
i n  screen ing  waste-to-energy options. The 
data were developed from technica l l i ter­
atu re; from the e perience of the contrac­

tor, Bechtel Group, I nc., in designing, bui ld­
ing, and operatiJ1g commercial plants; and 
from analyses conducted for thi project. 

The second vol ume, cal led Data, Fomrn­

/as, a 1 1d Verification, offers documentation 
for the oftware program, WTE SCREE , a 

PC program that perform creening cal­

culations. The volume contains data on 

co t, perfonnance, MSW properties, and 
fuel propert ies. Among other things, the 

fuel modu le  addres es is ues thc1t ari e 

from recycl ing, enabling the u er to see 
how different level of recycling in d mer­
ent pa rts of the wa te stream will a ffect 
th amount and qua l i ty of fuel available 
for combust ion. 

A lso prepared as part of tltis project 
is a sepa rate report- Waste-to-Energy Per­

milling Sourcebook (TR-10071 6)- on envi ­
ronmenta l  and permit t ing issue , which 
are criticaJ considera tions in any u t iUty 
eval uat ion of a wa te-to-energy project. 
Other recent EPRI reports on waste-fired 
power plan ts and technology include 

CS-5754, GS-6994, GS-7538, and TR- 1 00058. 

EPRJ Contact: Evn1 1 H11glles , (4 1 5) 855-

21 79 
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RESEARCH UPDATE 

Residential Program 

Hydronic Thermal-Distribution Systems 
by John Kesselring, Customer Systems Division 

F or many years home heal ing and cool­
ing were considered commodities, and 

space-condition ing equipment was pur­
chased , not on the basis of lndividual prod­
uct features, but with an eye toward min i­
mizing the instal led cost. As a result , home 
bui lders have typica l ly packaged re latively 
lneffic fent gas furnaces with re latively inex­
pensive a ir  conditioners and have installed 
networks of sheet-metal ducts for the distri ­
but ion of conditioned air throughout homes. 
In the typical arrangement. a s ing le ther­
mostat controls the operation of all the 
space-condit ion ing equipment. 

Changing approaches 

to home space conditioning 

I n  recent years . at least f ive developments 
have forced home bu i lders and space-con­
di tion ing equipment manufacturers to re­
consider the t raditional approach and have 
stimulated interest in hyd ronic, or c i rculat­
ing-water, tllermaJ-d istribution systems. 

Fi rst .  the National App l iance Energy Con­
servation Act has mandated that all newly 
manufactured resident ial heating and cool­
ing equipment meet specif ied minimum ef­
f ic iency levels. This has increased con­
sumer interest Tn energy eff iciency. 

Second, "smart" microprocessor-based 
controls are now avai lable for appl ication In 
many home functions, inc luding space con­
ditioning ,  and they are expected to grow In 
power and sophistication.  As a result. there 
is Increased interest in opt imizing residents' 
options for improving both comfort and en­
ergy eff ic iency. Us ing advanced controls . 
residents can easi ly contro l space condi­
t ioning on a room-by-room basis .  Different 
notions of comfortable temperature can be 
accommodated ,  and energy consumpt ion 
can be reduced by adjust ing temperature 
settings 1n unoccupied rooms. 

Third, the appearance on the market of 

30 EPR I  JOURNAL March 1 993 

so-cal led ductless min i-split air condition ing 
and heat pump systems (which move re­
frigerant from one air condit ioning zone to 
another) has drawn attention to the advan­
tages of using liquids rather than air for ther­
mal d istribution . Fluid l ines are less bulky 
than air ducts , do not leak supply a i r into 
uncondit ioned spaces, and do not col lect 
dust and bui ld up mold. However, wide­
spread concern about the re lease of chlo­
ri ne-based refr igerants to the atmosphere 
may well precl ude this approach . which re­
quires i nstallers to make many, potential ly 
leaky, refrigerant- l ine connections on-s ite . 

Fourth, as an outgrowth of consumer 
concern wi th energy efficiency, several 
manufacturers have developed multi func­
tion app l iances. For instance , water heating 
has been combined with space heating i n  
some devices and with both air condition­
ing and heati ng in advanced , h ighly efficient 

heat-pump-based systems. Such equip­
ment can offer greater energy efficiency and 
sma l ler s ize. 

Fifth. because of delays in nuclear plant 
construction and difficult ies in financing new 
plants that meet increasingly stringent emis­
s ions regulations , capacity margins for U . S . 
utl l ities are shrink ing .  Seeking ways to f lat­
ten peak load and to defer the bui ld ing of 
new generating capacity, uti l it ies are en­
couraging the use of heat- and cool-storage 
equipment and of devices that faci l itate the 
implementation of ut i l ity load management 
options . 

Comparison of thermal­

distribution systems 

In hydronic systems . water (or water with an 
anti freeze additive) is used to d istribute ther­
mal energy. This approach avoids several 
drawbacks associated with ai r  distribution . 

ABSTRACT An EPRI study has shown tha t hydronic, or circulating-water, 

thermal-distribution systems compare favorably, on an economic basis, with 

other methods of distributing the output of residential heat pumps. Several 

other factors - including an increased concern with energy efficiency, a grow­

ing use of microprocessor-based space-conditioning controls in homes, and 

an emerging utility interest in load management options - make the use of 

hydronic heat pump systems even more attractive. Installation of these sys­

tems either during new construction or during home renovation - when home 

owners can replace fossil fuel systems with electrical systems - could offer 

customers greater energy efficiency and lower heating and cooling costs. The 

time seems ripe for bringing hydronic thermal-distribution technology to the 

residential heat pump market. 



Air ducts tend to leak supply ai r, often into 
unconditioned spaces, and the resul ting 
static pressure variat ions can promote in­
f i ltrat ion , which imposes an addit ional load 
on the space-condition ing system . Further, 
zoned control in an air d istribution system 
requires dampers, and unless these are of 
relat ive ly expensive construction, they tend 
to leak when closed . 

Under EPRI sponsorship , Tecogen, Inc , is 
develop ing hydronic systems for l inking 
heat pumps with conditioned spaces. 
These systems represent a cost-effective 
and energy-efficient approach to residential 
zoned control .  Whi le provid ing the benef i ts 
of multifunction appl iances, this approach 
does not involve the movement of refriger­
ants through resident ial systems, and it 
could eventually help ut i l ities exerc ise some 
control over residential load . 

As documented in a two-volume EPRI 
report (CU-6962) , Tecogen sought to iden­
tify cost-effective thermal-distribution sys­
tems for use with e lectric heat pumps. Re­
searchers performed detai led cost analyses 
for severa l opt ions ,  Inc luding convent ional 
and hypothetical ai r d istr ibut ion systems: in­
d ividual d istr ibuted heat pumps; refrigerant 
distr ibution systems: and hydronic distribu­
tion systems. The researchers studied ap­
p l ications in houses wi th s ingle-zone control 
and with multiple-zone contro l . 

The cost study indicated that for single­
zone systems, an improved air distribution 
system - one designed to be easier to i n­
stal l than sheet-meta l  ducts - would con­
st i tute an attractive approach. A patent was 
assigned to EPRI for a design featuring plas­
tic ducts and terminals that could be in­
sta l led very quickly in a typical residence. 
A review of appl icable bu i ld ing codes, how­
ever. indicated that the al l-p lastic construc­
tion wou ld not prove acceptable. and it has 
not been pursued . ( Plastic f lex-duct is cur­
rently in use, but it is wire-re i nforced and is 
considered acceptable under National Fire 
Protection Association codes . )  

The results on  hydronic distribution sys­
tems were encouraging. The study found 
that when operated from a s ingle thermo­
stat , a hydronic system - which obviates 
the need for expensive, bulky, and poten­
tia l ly leaky a ir ducts - is competitive with a 

Figure 1 A mult ip le-zone heat pump system with hydron ic dist ribution. In a heat exchanger housed 
In a compact indoor un it, thermal energy is transferred between refrigerant and water, which ls 
circu lated to space-condition ing zones with fan-coi l un its under thermostatic control . Flex ib le mul­
tichanne l cab les contain both the water passages for thermal d istr ibution (blue) and the electrical 
wires used in system contro l (red ) .  
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s ingle-zone a ir  d istr ibution system. The 
study further concluded that hydronic sys­
tems represent a flexib le ,  cost-effective , en­
ergy-efficient approach for multiple-zone 
appl icat ions as wel l . 

Hydronic system design 

Figure 1 shows the principal components of 
a mul tip le-zone hydronic distribution sys­
tem .  The heat pump's indoor unit is bui lt 
around a refrigerant-to-water heat ex­
changer. The water is circulated through 
compact, easy-to- insta l l hydronic l ines to 
terminal fan-coi l un its . and thermostats con­
tro l individual or clustered terminal un i ts as 
appropriate. The indoor un i t  is s l ight ly more 
complex than units in air d ist ribut ion sys­
tems. but it is not larger. since. in the ab­
sence of a irf low. less space is required for 
heat exchange and no blower is necessary. 

The outdoor uni t  may be a convent ional 
s ingle-speed unit. a multispeed un i t , or a 
un i t  that can vary speed continuously. The 
precis ion wi th which the heat pump system 
can follow the variable i ndoor load depends 
on the degree of control that can be exerted 
over the outdoor unit's motor speed. (Var ia­
tions in load ref lect changes in the mix of 
terminal units operating in response to the 
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indiv idual thermostats . ) When control over 
the outdoor uni t  is l imited ( i .e . . when a sin­
g le-speed motor is used) , the value of a 
thermal buffer, such as a smal l water stor­
age tank, becomes apparent .  

To ensure proper control of the system, a 
thermostat must communicate with the in­
door unit, which then sends a s1gnal that 
switches the fan-coil on or off. The ideal in­
terface between the fan-coils and the Indoor 
unit is a f lexib le mult ichannel cable with both 
f luid passages and electrical  wiring . Such 
cable wi l l  have two fluid passages (supply 
and return) and perhaps a thi rd , depending 
on how the condensate is handled in the a ir  
condition ing mode. (The condensate can 
be drained di rectly to the outdoors at the 
fan-coi l ,  or it can be returned to the indoor 
unit and drained there.) Typical ly, the cable 
wi l l a lso have three or four electrical wires, 
depending on how the system contro ls the 
fan-coi ls .  I f  the insta l lat ion is in a smart 
house, however, commun ication can take 
p lace through the house network and on ly 
f lu id passages are necessary. In any case, 
system designers prefer to use a continu­
ous cable between the central unit and 
each fan-coi l to avoid having to make con­
nections in diff icu lt-to-reach places , 
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In addttion to avoid ing problems inherent 
in air d istr ibution systems, hydronic distribu­
t ion systems present opportunities. For ex­
ample , g iven a simple hydronic system ,  one 
could eas i ly incorporate heat pump water 
heating from the heat exchanger and could 
add dual-fuel capabi lity by insta l l ing a fos­
sil fue l  water heater in the circuit (which 
cou ld serve as a uti l ity-commanded de­
mand contro l device) . 

Further benefits could be real ized by us­
ing a water-to-water heat pump as the heart 
of the system. Such a dual hydronic sys­
tem uses water to connect to the amblent 
(ground, groundwater, or air) as wel l  as to 
d istribute tl1ermal energy throughout the 
home. The terminal tan-coi l un its are the 
same as in the simpler system. Now, rather 
than reversing the heat pump to switch be­
tween heat ing and cool ing, the valves in the 
hydronic c ircuit can be repositioned to red i -

Electrical Systems Software 

reel condenser and evaporator water. Be­
cause the switch ing is done on the hydronic 
c i rcuit, not on the refrigerant circuit , the lat­
ter can be factory-sealed ; the insta l ler has 
to make only water connections at the s ite , 
and the risk of refrigerant escaping to the 
atmosphere is minimized. Also, the perfor­
mance of the evaporator and the condenser 
can be optimized for component function 
and for re lative load , instead of revers ing the 
loading on each component and having 
them serve dual functions. Further, th is 
arrangement simpl ifies heat pump water 
heating off the condenser in the air condi­
t ioning mode. 

Future prospects 

Compared with heat pump systems us ing 
conventional air d istribution , systems us ing 
hydron lc  drstribution could offer a lower first 
cost , improved eff ic iency, and greater com-

fort. To gather more data on this technology, 
EPRI insta l led a mult iple-zone hydronic dis­
tr ibution system in an unoccupied test 
house in Gaithersburg , Maryland , in late 
1 992 and is conduct ing extensive perfor­
mance testing . The f ield test system fea­
tures a two-speed outdoor unit and a sup­
p lemental heater that is housed in a smal l 
but adequate water storage buffer. Test re­
su l ts wi l l be avai lab le late th is year. 

Hydronic d istribution represents a new 
approach that wi l l take t ime to gain accep­
tance, but ongoing changes 1n residential 
heating , venti lation , and air condition ing 
pract ices and technology wi l l  speed that 
acceptance. I n the coming years, the in­
stal lation of hydronic heat pump systems 
during new construct ion and during reno­
vation or expansion of existing homes cou ld  
lncrease the electrfc uti l it ies ' share o f  the 
home space-conditioning market. 

ESWorkstations: The Next Generation 
by Giora Ben- Yaacov, Electrical Systems Division 

0 ver the years, uti l i ties have used com­
puter programs in a var iety of tasks , 

ranging from generat ion p lanning to equip­
ment troubleshooting. Developed one at a 
t ime , these programs use differing data­
bases and interfaces. As a resul t .  ut i l ity per­
sonnel have had to learn how to use a va­
riety of programs and have had to develop 
data to input into each program. 

To faci l itate and expand software use . 
EPRI has developed integrated packages of 
programs, each package related to a com­
mon engineer1ng funct ion -for example, 
system grounding. Known as Electr ical Sys­
tems Workstations (ESWorkstations) , these 
packages of software allow users to perform 
a number of re lated and interdependent 
tasks much more efficiently than if the pro­
grams were used indiv idual ly. Taking ad­
vantage of a standard interlace and a com­
mon database, these software workstat ions 
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ABSTRACT Utilities have responded positively to the first generation of 

Electrical Systems Workstations (ESWorkstations), integrated packages of 

computer programs that address various engineering functions. Now EPRI 

is making these software tools even more useful and accessible. In response 

to utility suggestions, the next generation of the workstations will include 

knowledge bases, on-line reference and engineering tools, and standard data 

links to other software. What's more, the EPRI workstation programs are 

being designed to be compatible with software developed in-house at utilities. 

These enhancements will enable more utility personnel to use the worksta-

tions more efficiently. 



(not to be confused with hard­
ware workstations) reduce the 
time spent learn ing individual 
programs and developing In­
put data. Because they inte­
grate programs that address 

Figure 1 The next generation of ESWorkstations will feature a bui lt-in ex­
pert advisor ca l led MENTOR, wil l be compatible with ut i l ity-developed soft­
ware, and will have standard l inks to externa l  databases (using the Uti l ity 
Communications Arch i tecture) and to CAD systems (using the Data Ex­
change Format). Also, users will be ab le to exchange information elec­
tronically via EPRINET. 

ing explanat ions as necessary. 
MENTOR's engineering tools 

include l inks to external ap­
pl icat ions software. such as 
spreadsheets and word pro­
cessors. They a lso include 
easy-to-use calcu lators. For ex­
ample, the soon-to-be-re leased 
E lectr ic and Magnetic Fields 

var ious aspects of a given en­
gineer ing function , ESWorksta­
tions can help uti l it ies develop 
more-comprehensive des igns 
and so lutions to problems . 

I ndustry response to these 
integrated software packages 
has been posit ive. From 25 to 
1 50 uti l i ties are using the six 
or iginal ESWorkstations. and 
uti l i ty benef its are mounting . 
For example, by using EPR l 's 
DYNAMP program , a dynamic 
ampacity module in the Trans-

EPRINET 

External 
databases 

miss ion Line Workstat ion ( TLWorkstation™ ) , 
the Salt River Project expects to save $8 .6 
mi l l ion in deferred and canceled transmis­
sion projects dur ing the next four years . I n  
another case. Southern Company Services 
used the Extended Transient- Midterm Sta­
bi l ity Program ( ETMSP) and the Smal l S ignal 
Stab i l i ty Program (SSSP) - two EPRI soft­
ware modules that wi l l  be Incorporated into 
the Power System Analysis Workstation -to 
develop an alternative strategy to bui ld ing 
a new transmiss ion l ine, thereby deferr ing 
an estimated $1 20 mi l l ion In l ine construe-
tion costs. 

As uti l i ty personnel with an increasingly 
wlde range of technical backgrounds and 
computer experience use the ESWorksta­
t ions .  and as uti l i ties f ind new ways to ap­
ply these tools, new areas for software R&D 
are being identif ied . On the basis of this ex­
perience. EPR l 's Software Advisory Commit­
tee, composed of uti l ity representatives , has 
suggested various ways to make the work­
stat ions even more usefu l . 

These suggest ions have led to the de­
velopment of the next generation of work­
stations (Figure 1 ) .  The new workstations wil l  
operate on standard computer systems, in­
corporate open-systems technology, and 
feature graphic user interfaces.  They wil l be 
compat ib le with software developed in­
house by ut i l i ties . Equally important, the 
workstatfons wll l have standard l inks to uti l -

,�ENTOR 

Workstat ion, Version 2, con­
tains a power l ine ca lculator to 
help users compute unbal­
anced loads in a three-phase 

-- -- . system. Using a few relat ively 
simple equations,  thls calcula­
tor e l iminates computational er­

UCA DXF 

ity databases, to external computer-aided 
design (CAD) systems ,  and to EPRINET 
(EPRl 's e lectronic information and commu­
n ications network) . At the core of each of 
the next-generation workstations wi l l be a 
bu i l t- in expert advisor cal l ed MENTOR (for 
methods , engineering tools ,  and on- l ine ref­
erence) . 

A MENTOR for users 

Designed to complement the ana lysis and 
design modules of a workstation ( i . e . ,  its en­
gineering resources) .  MENTOR can act as a 
tutor, a calculator, a gateway to other soft­
ware too ls , and a comprehensive reference 
l ibrary. The goal is to enable ut i l ity person­
nel who are not wel l versed in the technol­
ogy of the analys is and design software to 
use the next-generation workstat ions . 

The methods portion of MENTOR Inc ludes 
a knowledge base, a handbook with step­
by-step instructions ,  and case studies to 
i l lustrate software use. For example. the 
CUFAD (compress ion and upl ift foundat ion 
analysis and des ign) module in the TL­
Workstation aids in the design of transmis­
sion and distr ibution pole foundations. With 
the addition of a knowledge base, the mod­
u le has been substant ially upgraded so that 
novice designers can use ii. The enhanced 
module ,  which is cal led CUFAD+. guides 
users through the design or analysis of a 
given structure one step at a time, provid-

CAD 
systems 

rors and prov ides handy 1nfor­
mat ion quickly and easily. 

As an on- li ne refere nce , 
MENTOR provides tutor ials ,  l ists 

of references for obta in ing more fn tormation , 
and a section where users can enter notes 
during software application. For example, a 
module in the Underground Transmiss ion 
Workstation consol idates informat ion on ca­
b le ampaci ty from several reports and pre­
sents it on- l ine in an easily accessib le for­
mat (F igure 2) . Users who know nothing 
about cable ampacity can learn its basics 
quick ly, whi le experienced users can just as 
quick ly expand the ir  knowledge on the sub­
ject . 

An open architecture 

A key attri bute of the next generat ion of 
ESWorkstations is compati bi l ity w1th uti l i ty­
developed software. Many uti l ities have 
modif ied existing software or have devel ­
oped the ir  own computer programs. often 
investing years of staff time ln the process. 
For this software to operate wi th the work­
stations ( i .e . ,  to use common lnterfaces and 
databases) , the workstat ions must have an 
open-systems architecture. This means that 
standard , commercially availab le computer 
hardware . operating systems, communica­
t ions hardware and software, databases, 
and user interfaces must be used. The Dis­
tr ibution Engineering Workstation for de­
signing and analyz ing d istr ibution fac i l i t ies 
wi l l  be one of the f i rst new workstations to 
feature such an open arch i tecture. 

The need for easy access to data stored 
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Figure 2 The on- line reference capabil ities of MENTOR are Il lustrated in this interact fve screen 
f rom a tutorial on cable ampacity fundamentals for the Underground Transmission Workstation . 

All heat generated by the able must 
eventually reach the surface of the earth. 
Increasing burial depth (L) decreases 
ampacity by increasing the heat flow path 
(the amount of thermal resist.Ince the heat 
m\m pass through before it reaches 
ambient air al the earth's surface) . This is 
true even though earth temperature mey 
decrease and moisture content md)' 
inaease with depth. This diagram shtfS 
the effect of burilll depth on the ampaify 
of a pair of 34,-kV piDe-type cables with 
2500 kcmi\ ( 1 257 mm 2 J conductot 1 . 
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in other uti l ity f i les wi l l be addressed by de­
veloping standard links to both CAD sys­
tems and external databases. To l ink with 
CAD systems, the workstations will use the 
Data Exchange Format (DXF) , Because de­
tai led substat ion specif ications are typically 

Land and Water Quality 

® HPFF Q SCFF 

stored in CAD systems, one of the f irst work­
stations that wi l l  be l inked to CAD data by 
using DXF is the Substation Grounding 
Workstation (SGWorkstation) . This data l ink 
wi ll e l iminate the need to reenter substation 
data; specif ications can be transferred di -

rectly from a CAD system to the SGWork­
station database. 

The Ut i l ity Communications Architecture 
(UCA) wil l be used to l ink workstations with 
external databases. As part of an effort on 
integrated ut i l ity communications,  EPRI has 
undertaken the UCA project to design an ar­
chitecture that meets the complete range of 
uti l ity communications needs. This arch i tec­
ture is based on the Open Systems I nter­
connection , or OSI , reference model , which 
was estab l ished by the International Orga­
nization for Standardization at the urging of 
computer users and vendors wor ldwide. 

Other important features of the next gen­
eration of ESworkstations are easy-to-use 
graphic user interfaces and access to 
EPRINET. Electronic bu l letin boards for ex­
changes of information and data between 
EPRI and users wi l l  soon be established as 
part of EPRINET. 

EPRI plans to upgrade each of the six 
orig inal ESWorkstations to incorporate MEN­
TOR and the other new features. New work­
stat ions, 12 of which are in various stages 
of development, will inc lude these features 
from the start .  By 1 994 near ly a score of 
these integrated software packages wi l l be 
avai lab le , maklng EPRl 's e lectrica l  systems 
software easier to use than ever before.  

Degradation of Organic Compounds in Contaminated Soils 
by lshwar P. Murarka, Environment Division 

0 rganic compounds can be converted, 
or degraded , to other compounds by 

physical . chemical , and biological means. 
For example , microorganisms ( particularly 
bacteria and fung i )  can biodegrade a wide 
variety of organic compounds, converting 
them to carbon dioxide and water. Research 
over the past decade has explored the pos­
s ibi l it ies of bioremediation - active man­
agement to enhance the b iodegradation of 
organic compounds in contaminated sol ls 
and water. 
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Bioremediation is becoming a popular 
method for c leaning up s ites contaminated 
with var ious organic compounds. Through 
1 99 1 ,  bioremed iation was specif ied as a 
t reatment in 10% of Superfund cleanups. 
And more than 20% of the technologies be­
Ing developed under the U.S. Environmen­
tal  Protection Agency (EPA) Superfund I nno­
vat ive Technology Evaluation (SITE) Program 
include some form of on-s ite or off-site 
bioremedlation . Considering al l federal pro­
g rams mandating soi l  cleanups, more than 

1 30  s i tes are using or p lanning to use bio­
remediat ion . 

To date. the largest bioremedial ion ex­
periment has been the cleanup of the 1 1 -
mil l lon-gal lon Exxon Valdez crude oi l sp i l l  of 
1 989. Because large-scale efforts to en­
hance biodegradation by applying ferti l izers 
appeared to succeed in some areas of the 
Valdez spi l l  but not in others, the EPA's Sci ­
ence Advisory Board concluded that en­
hancing biological breakdown involves 
more than simply adding nutrients . The ad-



visory board recommended that research 
focus on eval uating the large number of fac­
tors that can affect the success of b1ore­
mediation . 

Although cleaning up a site wi th contam­
inated soi l  presents a smal ler-scale problem 
than clean ing up the Valdez spi l l , soi l  biore­
mediation can involve even more factors_ 
Given such complexity and uncertainty of 
success, why is bioremediation becoming 
an attract ive technology for soi l cleanup? 
The primary reason is that it is perceived to 
be an extension of a natural process, re­
sulting in the conversion of toxic materia ls 
into benign end-products. Also, in many 
cases it promises to be less costly than 
other methods,  such as Incineration , al­
though this has yet to be verif ied for the 
wide variety of chemical compounds and 
contaminant mixtures that have been en­
countered at soil contamination sites. 

Ongoing projects in EPRrs Land & Water 
Qual ity Studies Program are explorlng both 
natural and enhanced biodegradation pro­
cesses. This research focuses on a handful 
of organic compounds important to the ut i l ­
ity industry: polycyol ic aromat[c hydrocar­
bons (PAHs) found at old manufactured gas 
p lant (MGP) sites : wood preservatives (pen­
tachlorophenol and creosote) associated 
with uti l ity poles; petroleum hydrocarbons 
associated with fuel storage: and polychlo­
r inated blphenyls (PCBs) associated with d i ·  
electric f luids. 

Technical considerations 

Biodegradation caused by natural ly occur­
ring organisms is wel l documented for many 
organic compounds in soils and water. 
While the occurrence of biodegradation is 
undisputed, its rate and its importance 1n 
regulating contaminant migration and re­
moval are less clear. The primary factors 
control l ing biodegradation in soil are as 
fol lows: 
0 Types of microorganisms present 
0 Accessib i l ity of the target compound 
a Nutrlents present (n itrogen, phosphorus. 
potassium) 
0 E lectron acceptors present (usually 
oxygen ) 
0 Soi l chemical conditions (pH, redo 
acid ity/alkal inity, organic matter) 

ABSTRACT Organic compounds from utility operations may contaminate 

soils and water. EPRl-sponsored researchers are exploring ways to degrade 

these contaminants by enhancing the natural activity of microorganisms in con-

junction with physical and chemical amendments. This research is focusing 

on polycyclic aromatic hydrocarbons, wood preservatives, petroleum hydro­

carbons, and polychlorinated biphenyls. Laboratory studies have shown en­

couraging results, most notably for the preservative pentachlorophenol. Future 

studies will test successful degradation strategies (combining physical, chem­

ical, and biological processes) on a larger scale at field sites. 

0 Soil physical condit ions (texture. 
moisture content, temperature) 
0 Supplemental organic compounds 
present 

Depending on these factors , an organic 
compound may completely biodegrade in 
a matter of days or weeks or may persist 
unchanged for a long period of time. As a 
resul t. biodegradation rates reported in the 
literature span several orders of magnitude. 
ref lecting variabil ity among chemicals. sites. 
and experimental conditions. 

Bioremediation seeks to stimu late or en­
hance blodegradation rates through the ac­
tive management of factors that contro l nat­
urally occurring microbial activity. Whi le it is 
relatively easy to enhance biodegradation 
rates under contro l led laboratory conditions, 
achieving enhanced rates in large-scale 
fie ld operations has proved to be consider­
ably more diff icult . 

Successful b ioremediation requires that a 
targe organic compound be access ib le to 
microorganisms present in the soi l .  Organic 
compounds can reside in the soil envi ron­
ment in many phases, some of which are 
more readily accessible than others . Com­
pounds can reside in the aqueous phase, 
the nonaqueous l iquid phase, the adsorbed 
phase, and the soi l hum1c matter (solid ) 
phase. Organic compounds 1n the aqueous 
phase are generally the most readily ac­
cessible to microorganisms, whi le chemi ­
cals in the soi l -bound and nonaqueous l iq-

u,d phases are the least accessib le .  If the 
concentration of a contaminant compound 
is too high, it may be toxic to microorgan­
isms in the soi l : if its concentration is too low 
and it is d ispersed, it may not support an 
active community of biodegraders. 

Bioremediation rel ies on the act iv ity of or­
gan isms with affinity for the target com­
pounds Adapted or introduced microor­
ganisms must be able to compete suc­
cessfu l ly with indigenous organisms to 
maintain their  n iche. Furthermore , their ac­
tiv ity depends on having the right mix of nu­
trients and soil properties to provide optimal 
l iving conditions for a healthy microbial 
community. 

I n bioremediation, one additional and 
very Important factor to consider is the 
biodegradation pathway. Ideal ly the b iolog­
ical breakdown of organic compounds pro­
ceeds to mineral ization ( 1 00% biodegrada­
t ion to carbon dioxide and water) . but com­
plete biodegradation occurs rarely for most 
compounds. Instead , stable intermediate 
compounds form that are persistent and 
can sometimes be more toxic than the orig­
ina l compound . In evaluat ing either natura l 
or enhanced biodegradation . tt is cri tica l to 
assess the toxicity, persistence, and be­
havior of such stable intermedia es. 

Coal-tar-contaminated soils 

One focus of research has been a coal tar 
disposal site (cal led Site 24) in a forested 
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rural area in New York. In the 
early 1 960s, about 1 0 ,000 gal­
lons of coal tar wastes from an 
MGP holding tank were placed 
in a rectangular t rench bes ide 
a country road and covered 
with sand .  The trench was left 
und isturbed for more than 20 
years, unti l groundwater contam­
ination was discovered down-

Figure 1 In laboratory tests, naphthalene and phenanthrene were added 
to soi l cores from a coal-tar-contaminated s i te to study degradat ion by nat­
ura l ly  occurring bacteria .  Both compounds were rapid ly b iodegraded in wa­
ter table interface and saturated-zone samples f rom ins ide the p l ume. No 
biodegradation of these compounds was observed in control tests using 
samples f rom two other soi l  layers in  the plume area { the unsaturated zone 
and the underlying c lay layer) and samples from a core col lected outside 
the plume.  

ra l  microbial community had 
adapted to the presence of the 
coal tar and that bacteria were 
actively consuming PAHs ema­
nating from it. 

The laboratory exper iments 
showed that, under optimal con­
di tions ,  b iodeg radation would 
el iminate 50% of the carbon-
1 4-radiolabeled naphthalene in 

gradient from the trench and an 
investigation was begun. 

Because of its age and re­
mote location ,  as well as Its sin­
g le , well-def ined tar source and 
its well-developed contaminant 
p lume, Site 24 provided an 
ideal location for evaluat ing the 
effects of natural  biolog ica l  
processes on coal tar  deg­
radat ion . The narrow plume , 
which stretched to a series of 
seeps about 400 meters down­
gradient f rom the tar source. 
conta ined several PAHs. in­
c lud ing naphthalene, phenan-
threne, and acenaphthene. The 
pl ume was conf ined to a shal­
low. sandy aquifer overly ing a 
sequence of interbedded si lts 
and clays. 

One object ive of the re­
search at Site 24 was to de­
scribe the natural b iological 
degradat ion p rocesses t h at 
had developed in response to 
the presence of coal tar. A to­
tal of n ine soi l cores were col­
lected - three from near the 
source, three from elsewhere 
ins ide the p lume , and three 
f rom outs ide the affected area. 
Using aseptic techn iques to 
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avoid contamination, the researchers ex­
tracted severa l samples f rom each core and 
subjected them to chemical and biological 
analyses. 

Microbio logical  analysis revealed an 
abundance of active PAH-degrading mi­
croorganisms within the plume. Below the 
bio logically act ive surface soi l  horizon , the 
numbers of viab le bacteria were largest at 
the water table interface and decl ined 
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Naphthalene 

8 to 50 days. But the persis­
tence of naphthalene and other 
PAHs at Site 24 suggests the 
operation of other factors ,  such 
as constant del ivery of new 
PAHs from the source and/or 

Saturated zone physiological l imitat ions of the 
microbial community. These is­
sues are current ly being inves­
t igated. 

Phenanthrene 

• Water table 
Control 

Soi l texture was the most in-
fluent ial environmental factor in 
determin ing the distribut ion of 
microorgan isms at S i te 24 . Bio­
logical act iv i ty was g reatest 
where the sand content of the 
soi l was highest . Conversely. 
the decl ine in viable organisms 
with depth in the saturated 
zone was probably related to 
an increase in the soi l 's silt and 
c lay content. Disso lved oxygen 

Saturated zone and nutrient avai lab i l i ty did not 
appear to be l imi ti ng factors for 
PAH biodegradat ion at Site 24. 

5 1 0  1 5  
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• Water table 
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rapid ly with depth In the saturated sand . 
PAH degradation by these bacteria was 
studied in laboratory tests in which carbon-
1 4-radiolabeled naphthalene and phenan­
threne were added to S i te 24 soi l  samples. 
In these tests, the naphthalene and phenan­
threne were b iodegraded in samples from 
certa in soil layers ins ide the plume. but not 
in samples from outside the plume (Figure 
1 ) .  These results indicate that the natu-

25 

While the Site 24 research 
focused on natural biological 
processes .  a laboratory study 
involving another MGP site in 
the nor theastern United States 
y ie lded encouraging resu l ts on 
the potential of bioremediation 
using fungus. The investigators 

found biodegradat ion of more than 85% of 
the PAH compounds in soi ls inoculated with 
a white rot fungus in test tubes. 

After determining that the white rot fun­
gus could be transported and successful ly 
transplanted under carefu l ly controlled con­
dit ions ,  EPRI researchers conducted a field 
study on the use of the fungus for biodegra­
dat ion of coal - tar-contaminated sediments 
under both aerated and unaerated condi-



lions.  I n a series of experiments , s ix pans 
(three treated with fungus and three con­
tro ls) were sampled weekly. S l ight reduc­
tions in PAHs (apparently caused by the 
volati l ization of two-ri ng compounds) were 
observed in al l the pans;  there was no sig­
nif icant d ifference between fungus-treated 
and control pans (Figure 2) . The use of a 
sl ightly different method of handl ing the fun­
gus, together with scaling diff iculties , may 
have been responsible for the inab i l ity of the 
whi te rot fungus to biodegrade PAH com­
pounds in these pan experiments . The re­
sults of th is study i l lustrate the sensit ivity of 
b iodegradat ion processes to even srna l l  
perturbations in condit ions. 

PCP-contaminated soi l s  

The uti l i ty industry i s  keenly interested in the 
degradation of pentachlorophenol (PCP) be­
cause of i ts widespread use as a wood 
preservative on distr i but ion and transmis­
sion poles. Previous research has shown 
that PCP is high ly suscepti b le to degrada­
tion processes .  In response to the industry's 
critical need for information, EPRI has in it i ­
ated research on the phys ical . chemical . 
and biological conversion of PCP in contam­
inated soi l s .  

In the f i rst phase of  study, EPRI re­
searchers conducted laboratory f lask and 
pan studies on soi l samples col lected from 
Iowa and Washington .  I n order to achieve a 
complete mass balance, carbon- 1 4-radio­
labeled PCP was used in some of the ex­
periments. The soils had PCP concentra­
tions ranging from less than 1 mg/kg to 9000 
mg/kg . 

The effectiveness of the fo l l owing mea­
sures in enhancing PCP b iodegradat ion was 
evaluated : adding nutrients to the soils to 
stimulate indigenous microorganisms, ex­
pos ing the so i ls to u l traviolet (UV) l ight , and 
adding chemical oxidants to the soi ls . ( I n­
oculat i ng the so i ls with the PCP b iode­
graders F/avobacterium and white rot fun­
gus was a lso tried ;  however, in it ial tests i n­
dicated that inoculat ion did not enhance the 
biodegradation process, and it was not pur­
sued.) Since PCP strongly adsorbs to soi ls , 
an ethanol-water mixture was added dur ing 
some of the tests to enhance PCP solubi l ity. 

The results of these laboratory studies 

Figure 2 In pan experiments wi th coal -tar-contaminated soi l from a manufactured gas p lant s i te , 
some pans were inocu lated wi th white rot fungus. PAH degradation resu l ts for these t reated pans 
were similar to results for the contro l  pans, indicating that the fungus did not enhance degrada­
t ion. The observed PAH losses were attributed to the volati l i zation of two-ring compounds from 
both sets of pans. 
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were very encouraging . The addit ion of a 
so lution contain ing nutrients and ethanol to 
so i ls in habi ted solely by i nd igenous mi­
croorganisms resulted in the enhanced 
b iodegradation of PCP and PCP intermedi­
ates. Two PCP intermediates of potential 
concern - 2,4,5-t rich lorophenol and 2 ,4 ,6-
t r ich lorophenol - did not appear to accu­
mulate during PCP b iodegradation. The ex­
periments y ielded a f i rst-order biodegrada-
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tion rate of 0 .0 15  to 0.030 per day and a 
hal f-life of 23 to 46 days . The addi t ion of the 
ethanol-water mixture and exposure to UV 
l ight increased the rate of PCP degradation 
s ignif icant ly over rates achieved sole ly wi th 
ind igenous microorganisms. The use of ox­
idants in conjunction wi th the ethanol-water 
mixture produced the best PCP degradat ion 
resu l ts (Figure 3) . 

I n  the second phase of study, EPR I re-
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Figure 3 Laboratory resu l ts on enhanced b iodegradat ion of pentach lorophenol (PCP) in contam­
inated soils. A nutrient so lution was added to a l l soi l samples in conjunction with various other 
measures. The best resu lts were obta ined for medium-PCP soi l  to wh ich oxidants and an ethano l ­
water solution were added at the beginn ing of testing .  For h igh- and low-PCP samples , add i ng 
the ethanol -water so lu t ion (in this case at day 30) also enhanced biodegradation , as d id expo­
sure to ul t raviole t (UV) l ight. (The early upturns in these cu rves are the resu l t  of sampl ing and 
ana lysis variab i l ity.) 
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searchers are scal ing up these exper iments 
and taking them to the f ie ld ;  on-site studies 
are being performed In Washington with 
so i ls treated in pans and boxes. In de­
veloping treatment combinations, the re­
searchers are focusing on varying the con­
centrations of ox idants , the exposure to uv 

l ight, and the st imulat ion of indigenous bac­
teria The ethanol-water mixture is added in 
a l l  cases . 

Petroleum hydrocarbons 
and PCBs 

EPRI recently in itiated research to assess the 
biodegradatron of petroleum hydrocarbons 
and PCBs I n the case of petroleum hydro­
carbons. invest igators are looking al the use 
of non-white rot fungus (strain GMB-6) to 
remediate so i ls contaminated by motor oil 
released dur ing the maintenance of rai lroad 
cars . The efficacy of amending soi ls with 
GMB-6 wi l l  be stud ied in f ive field plots with 
total petroleum hydrocarbon concentrations 
in excess of 2000 mg/kg . Fungus spores 
and nutrients wi l l be ti l led di rect ly into the 
contaminated soi ls .  The goal of the project 

Steam Generator Corrosion Control 

is to reduce tota l petroleum hydrocarbon 
concentrations to below 200 mg/kg. 

In a col laborative effort with the Ten­
nessee Val ley Authori ty, EPRI w i l l a lso eval­
uate the potentia l for on-site b loremediat ion 
of PCB-contaminated soi ls. Whi le it has long 
been known that PCBs can be b 1odegraded, 
their environmental persistence indicates 
res istance lo the biodegradation process. 
This resistance arises largely from the 

pentach lorophenol. PCP has been found to 
be highly susceptible to chemical and pho­
tolytic deg radat ion in conjunction wi th bio­
degradat ion , and work is now focused on 
developing practical methods of exploiting 
these processes in f ield-scale soil remedia­
t ions. At MGP sites. the natura l b 1odegrada­
tion of some PAH compounds (notably 
naphthalene, phenanthrene. and acenaph­
thene) was observed, but initial efforts to en-

strong sorption of PCBs to so i l s  and from the hance biodegradation rates by introducing 
complex mixtures of congeners found in 
most PCB-contain ing o i ls .  For example . the 
more highly chlor inated congeners (those 
with more than four ch lorine atoms) are less 
susceptible to biological attack. This re­
search project is designed to characterize 
PCB biodegraders, develop methods in the 
laboratory to enhance the biodegradaUon 
process, and assess those methods at field 
scale. 

Taking research to the field 

I n  summary, recent EPRI research on the 
deg radation of organic compounds has 
yie lded encouraging resu lts , part icu lar ly for 

fungus have met with l imited success. 
Wh i le the l iterature conta ins many exam­

ples of enhanced biodegradation in labora­
tory studies. successes at f ield scale are 
less common. It has become clear that 
transferring promising laboratory f indings to 
a f ie ld setting requires more than simply 
scal ing up a treatabllity study. The complex 
interaction of physical ,  chemical , and bio­
logical factors at a site must be cons idered 
in order to maximize the l ikel ihood of suc­
cess. Over the next few years,  EPRI re­
searchers hope to learn enough about th is 
complex interaction to achieve successful 
implementation of field-sca le t reatments. 

PWR Secondary Water Chemistry Guidelines 
by Christopher J.  Wood, Nuclear Power Division 

I n December 1 988, EPRI publ ished PWR 

Secondary Water Chemistry Guidelines, 

Revision 2 (NP-6239) .  The purpose of that 
document was to provide operationa l chem­
istry guidance to the e lectric uti l ity industry 
for min imizing local ized corrosion in steam 
generators and turbines. Since 1 988, ut i l ity 
conformity to the guidel ines on impur ity val­
ues has been excel lent, with most steam 
generator b lowdown concentrations at or 
below 1 0% of the guidel fne values . 

Many forms of corrosion have affected 
steam generator performance over the 
years. The move to a slight ly alkal ine. re­
ducing water chemistry has el iminated most 
of these problems, and the dominant issues 
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in PWR secondary systems today are inter­
granu lar attack ( IGA) and stress corrosion 
crack ing (SCC) of steam generator tubing at 
crevices formed by tube -tube support p late 
intersections. Despite the good perfor­
mance of plant chemistry programs, there 
has recently been a rapid increase In 
IGA/SCC , as indicated by data on the s leev­
ing or p lugging of damaged steam gener­
ator tubes (Figure 1 ) .  Although the percent­
age of tubes removed from service remains 
smal l ,  the accelerating trend demands at­
tention . There have been some isolated in­
stances of IGA/SCC in once-through steam 
generators , but of primary concern are oc­
currences in recircu lating steam generators. 

Chemistry to control IGA/SCC 
Recent research has focused on under­
standing the causes and growth patterns of 
IGA/SCC. One signif icant factor is crevice 
chemistry, especial ly e lectrochemical corro­
s ion potentia l (ECP) and pH (Figure 2) . 
Given that the tota l concentratron of impuri ­
t ies in feedwater has decreased , the abi l ity 
of a smal l  imbalance of one impurity - for 
example. sodium- to affect crevice pH has 
increased . This is bel ieved to be one of the 
reasons for the increasing incidence of 
IGA/SCC. 

There are essent ial ly three approaches to 
control l ing crev ice corros ion , at least two of 
which wi l l be necessary at most PWRs with 



susceptible materials .  The f i rst approach fo­
cuses on cleanl iness: avoiding the bui ldup 
of s ludge and min imizing the ingress of ionic 
impuri t ies (particularly lead) that accelerate 
attack. Sludge accumulates in low- and re­
str icted-f low areas - at tube-tube support 
plate intersections, in tube-tubesheet crev­
ices, and on top of the tubesheet. Aggres­
sive impurities then concentrate in these 
crevices and s ludge p i les, leading to 
IGA/SCC problems. 

Sludge is composed of corrosion prod­
ucts (primar i ly iron oxides) released from the 
construction materia ls used in the low-tem­
perature parts of the secondary system, 
such as the moisture separator drain re­
heaters. This type of corrosion is reduced 
by a factor of about 10 for each 1 -unit in­
crease in feedwater pH. Major advances in 
pH contro l are occurring at th is time. The 
ammonia al l-vo latile treatment (AVT) has 
been replaced by morphol ine in nearly half 
the PWRs in the United States, and testing 
of ethanolam ine (ETA) , which appears to be 
super ior in several respects to morphol rne, 
started in 1 992 at three p lants.  (Other 
amines are also under test at plants in the 
United Kingdom and the Uni ted States. )  

A s  noted above, t h e  continu ing improve­
ment in feedwater quality has had the un­
desirable effect that even smal l 1mpurity in­
creases cause much b igger swings in 
crevice pH than in earl ier times , when the 
overal l mix of impuri ties buffered the sys­
tem . The second approach to reducing 
crevice corrosion therefore is to control the 
cation/anion balance, particu larly by avoid­
ing caustic condit ions . This approach, 
which has been adopted by several U .S. 
plants and by most Japanese plants, in­
volves reducing sodium ingress ,  measuring 
hideout return to determine actual crevice 
chemistry, and, if necessary, increasing 
chloride concentrations s l ightly. 

The third approach to crevice corrosion 
control is to add inhib itors to the feedwater 
to reduce the effects of aggressive species 
present in the crevice envi ronment. Boric 
acid provides some bufferi ng, thereby he l p­
ing to avoid extremely caustic condi t ions, 
but a more effective addi t ive wou ld be 
desirab le .  I n laboratory tests sponsored 
by EPRI , titanates have greatly reduced 

ABSTRACT Corrosion damage in PWR steam generators has been a 

costly problem for the industry, necessitating more-frequent inspection and re­

pair and, in several plants, complete steam generator replacement. With many 

forms of corrosion now well controlled, chemistry guidelines for the secondary 

systems of PWRs are focusing on reducing intergranular attack and stress cor­

rosion cracking at tube-tube support plate intersections in steam generators. 

These guidelines signal a new approach to plant chemistry programs-an ap­

proach emphasizing proactive management and plant-specific optimization. 

IGA/SCC . with no identrfiab le adverse ef­
fects. Qualif ication test ing on titanates is 
continu ing, and the f irst plant tests are 
planned for 1 993. 

Other factors influencing 

IGA/SCC 

The growing incidence of IGA/SCC may be 
partly the effect of better de-
tection procedures; the contin­
u ing improvement in eddy-cur­
rent inspection techniques pro­
vides uti l ities wi th more-sensi­
tive procedures for detecting 
this type ot damage. In addi­
tion, the h igher operating tem­
peratures of newer plants can 
result in shorter t imes to fai lure 
and increased sensitivity to the 
crevice environment. 
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steel dri l led hole , stain less steel dri l led hole , 
eggcrate (carbon or sta in less steel ) ,  and 
quatrefoi l broach. (The last two designs 
have about the same resistance.) 

Several other tactors inf luence plant sus­
cept ib i l ity to IGA/SCC, most notably the bal­
ance-of-plant (BOP) design .  For example , 
the presence of copper a l loys in the system 

I I I I I 
0.05 0 . 1 0  0 . 1 5  0 .20 0 .25 
Tubes Plugged (% of tota l in service) 

Laboratory studies and fie ld 
experience suggest that res is­
tance to IGA/SCC also depends 
on the tub ing material and the 
tube support des ign. The fol­
lowing tubing materia ls are 
ranked in order of increasing 
resistance to IGA/SCC: low­
temperature mil l -annealed Al­
loy 600 , high-temperature mi l l ­
annealed Al loy 600, thermal ly 
treated Al loy 600, and Al loys 
690 and 800. The fol lowing 
tube support designs are a lso 
ranked in order of increasing 
resistance to IGA/SCC: carbon 

Figure 1 Percentage of steam generator tubes plugged and 
removed f rom service at U . S. PWRs because of IGAISCC. A l ­
though the percentage of tubes affected is smal l , the upward 
trend has spurred the development of revised secondary 
water chemistry guide l ines to min imize IGA/SCC damage. 
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Figu re 2 Stress corrosion cracking rate versus pH. Shown are laboratory crack growth rate data 
for mi l l-annea led Alloy 600 under low and high e lectrochemical corros ion potential (ECP) condi ­
t ions, which correspond to fu l ly reducing and fu l ly oxidiz ing conditions , respectlvely. 

impurity concentration in crevices. Reduc­
ing copper wi l l  lower crevice ECP. The new 
l imits - 5 ppb for i ron and 1 ppb for cop­
per - are sti l l  h igher than the levels achiev­
able in most p lan s .  but this recommenda­
tion emphasizes the desi rab i l ity of control­
l ing pH in the BOP (to min imize corrosion 
product input) and e l iminating copper al loys. 
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Boric acid treatment Boric acid i s  
used in many p lants and appears to reduce 
p lugging and s leeving rates . Thus the 
gu idelines recommend its use in plants wi th 
IGA/SCC problems. This recommendat ion 
appl ies especially to plants wi th copper al­
loys in the BOP, most of which are a lready 
using the treatment. 

H gh -Temperature pH 
Monitoring of cat ion /anion ratio This 

is the key recommendat ion , since an im­
balance in this ratio can resu l t  in high 
crevice pH . At planned shutdowns. plant 
personnel can moni tor the return of impuri ­
t ies from crevices to the bulk water (h ideout 
return ) in order to obtain important informa­
t ion for relat ing b lowdown chemistry data to 
what is actua l ly concentrat ing in the crev­
ices . The MULTEO computer code can then 
be used to model the crevice chemistry 
(EPRI Journal, March 1 992, p. 4 1  ). The start­
ing point in managing the cation/anion 
ratio is to min imize the ingress of caustic 
impuri ties f rom the plant c leanup system. 
Controlled chloride ingress is being consid­
ered at some plants with caustic condit ions .  

increases susceptibi l ity by  rais ing crev ice 
ECP. 

Chemistry guidel ines 

The increase in steam generator tube deg­
radation and a desire to improve plant 
chemistry programs have prompted a revi­
s ion of the water chemistry guidel ines. PWR 

Secondary Water Chemistry Guidelines, Re­

vision 3 (TR- 1 02 1 34 . forthcoming , spring 
1 993) rev isits al l the material in the 1 988 re­
vis ion to make the guidel ines consistent wi th 
current understanding . The new EPRI report 
develops concepts f i rst presented in Interim 

PWR Secondary Water Chemistry Rec­

ommendations for IGA/SCC Control (TR-
1 0 1 230, September 1 992), which was pre­
pared on an accelerated schedule to help 
the industry move quickly to control the r is­
ing incidence of IGA/SCC. 

Both the new revis ion and the interim re­
port ii supersedes were produced by an in­
dustry committee cons isting primari ly of 
representatives from uti l it ies, vendors, the 
I nstitute of Nuclear Power Operat ions. and 
EPRI .  The fol lowing sections summarize the 
ma1n technical recommendations of the new 
guidel ines. 

Hydrazine concentration Because IGA 
and sec accelerate in ox id iz ing environ­
ments , hydrazine is added to feedwater to 
produce reducing conditions .  Previously, 
suffic ient hydrazine to reduce oxygen in the 
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bulk water was recommended . However. 
because crevice ECP influences IGA/SCC , it 
is beneficial to increase the hydrazine con­
centrat ion further, to at least 100 ppb ,  to en­
sure that reducing cond itions are main­
tained in the steam generators . It is not 
desirable to operate with high levels of hy­
drazine under al l  circumstances. though, 
and this recommendat ion is subjec t to p lant 
l imitations and envi ronmenta l constraints . 

Feedwater iron and copper l imits Re­
ducing sludge, by control l ing feedwater i ron 
to 25% of the previous l imit, should reduce 

Diamlnoethane 

3-hydroxy· 
qulnuclidene 

Ethanolamine 

Morpho l ine 

Ammon fa 

I 
0 2 

I I 
4 6 

Feedwater Concenlralion (ppm) 

I I 
8 1 0  

Figure 3 Calcu lated concentrations o f  a lternative feedwater addi tives requ ired t o  produce a h igh­
temperature pH of 6 .6 in moisture separalor dra in reheaters .  U .S. PWRs now use e i ther ammo­
n ia or morpho l ine for pH control, but ethanolamine is under test as an attract ive replacement can­
didate. Other addi tives show promise but requ i re more study ;  the compat ibil ity of d iaminoethane 
with some cleanup systems st il l must be resolved, and 3-hydroxyquinuclidene rs not commercial ly 
ava i lable . 



Phosphate chemistry Phosphate was 

historically used to inhibit corrosion in PWR 

steam generators; in the late 1970s, how­

ever. it was replaced by ammonia AVT at 

U.S. plants because of wastage problems. 

Two plants in Europe are sti ll using a mod­

ified phosphate treatment. which appears 

to merit consideration for plants where 

lGA/SCC is more life limiting for steam gen­

erators than wastage is. An appendix to the 

revised guidelines outlines recent experi­

ence with phosphate chemistry and lists 

factors to be considered before implement­

ing this treatment. 

Improved pH control Corrosion prod­

ucts, primarily insoluble iron species, are 

transported from the BOP to the steam gen­

erators via the feed train. Ammonia AVT has 

been used to control feedwater pH and thus 

minimize secondary-system corrosion. Am­

monia is volatile. however. and tends to dis­

tribute in the steam phase In two-phase re­

gions of the circuit. As a result, little protec­

tion is provided in wet steam areas. which 

are the source of much of the corrosion ma­

tenal that eventually forms sludge 1n the 

steam generators. 

Over 30 plants are currently using mor­

pholine, an organic amine compound that 

is less volatile than ammonia and hence 

reduces corrosion significantly. However. 
other amines with more favorable properties 

than morpholine have been identified in 

EPRI research and evaluated in a simulated 

secondary-system loop. In-plant testing of 

one of the most promising of these amines, 

ETA, is under way at three PWRs- Duke 

Power's Catawba Units 1 and 2 and Toledo 

Edison's Davis Besse plant. Using ETA in­

stead of morpholine results in a higher pH, 

reduced iron input from flow-assisted cor -

rosion, and a smaller Increase in cation con­

ductivity. Moreover. the fact that significantly 

less ETA than morpholine 1s required to 

maintain a given pH in the BOP (Figure 3) 

results in several operational advantages. 

Revision 3 of the guidelines offers the op­

tions of ETA. ammonia AVT. and morpholine. 

The future 

The philosophy of chemistry control has 

changed substantially since the first edition 

of the guidelines, which essentially provided 

one specification for all plants. Advances in 

technology have resulted in alternative ap­

proaches, which have undoubtedly con­

tributed to the overal l improvement in steam 

generator performance. As a result of these 

developments, the latest guidelines include 

several options, which should be evaluated 

on a plant-specific basis. The list of choices 

will become longer as improved inhibitors 

are qualified. To help utilities evaluate the 

new developments, application guidelines 

are being prepared. For example. guide­

lines on amine application. to be published 

in the second quarter of 1993, will present 

a methodology and essential data for use 

in evaluating alternatives to morphollne. 

Looking further ahead. improved tools are 

needed to help utilitfes optimize water 

chemistry for specific plant situations. With 

increasing understanding of the interaction 

between chemistry and corrosion. accurate 

modeling of the entire secondary system is 

becoming a possibility. Computer modeling 

of system chemistry-for example. by ex­

tending the CHECWORKS family of codes­

is a challenging goal . but the result prom­

ises to be a valuable tool for utility use ,n 

optimizing water chemistry. 
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New 

Contracts 

Pm1ec1 

Customer Systems 

Development of Advanoet'l Lead-ACICI 
Bat1ery (RP24 15- 1 5 )  

I ntegra ted UCA-Comp llan t Customer 
Commun,oat ,on Sys tem (RP2568-22) 

Mun icipal Waste and Water Treatmen t 
Pro1ect ( RP2662-34) 

Non-Vapor-Compress,on Heat i ng/ 
Cooling-Cycle l nvest,gatlons 
(RP2792-24) 

Demonstra tion of Hydron1c Heat Pump 
System (RP2892-27 ) 

Water Heater B 1om 1t1ga\1on S ud1es , 
Phase 1 (RP2958- 17) 

Ice Storage System Test Facility 
(RP3280-25) 
Advanced l nstrurnental lon for 
V1sua l iza 1 1on and Eva luat ion al the 
A11 llow Perlormance of Cold Ao r 
D1 1fusers (RP3280-35) 

Appl i cation or Qua l i ty Funcllon Deploy-
ment to DSM Program Des,gn al PSI 
Energy (RP33 1 0-5 )  

Ad1ustab le-Speed-Dnve Applicat1-0ns I n  
The rmornechamcal Pu lp Refrnrng 
tRP3328-5) 

Scop,ng Study on lhe Bleaching l>I 
Wood Pulp (RP3328-7) 

Relngerant Issues (RP34 1 2- 1 )  

Screening o l  HCFC-22 Alle rnahves 
(RP34 1 2-7 ) 

Fuzzy-Logic Controls lor Mrcrowavo 
Clothes Dryers (RP34 1 7-3) 

Sof twa1e for Use ,n Con1unctron With 
Shor t -Term Energy Mon,tor ong 
(RP35 1 2-2) 

Development ol a Duct Test Pro tocol 
(AP35 1 2·3) 

Re id Test of Ven11 1a1,on Controller 
Prolotype (RP351 2-4 ) 

L,ne-Votrage Thermostats (AP35l2-5) 

E lectrica l Systems 

Ouant 1hed Subsequent Lightn ing Strokes 
Study (RP2431 - 10) 

I n tegrating Transm,ssron Planrnng Powei 
Pooling and C lean Air Act Comphance 
Issues (RP2473-63) 

6,di recoonat Satellite Commun1oat 1ons 
Technology (RP2949- 1 2) 

I n tegra ted Graphic Display for 
Distr ibution Autorna1ron Da1a 
(RP2949-13) 

UCA Revision lor Wa ler I ndustry 
Requirements (RP2949- Jg) 

Branched Polyethylenes for High-Voltage 
Cable Insu lation (RP29B6-8) 

Development or Advanced MOS-
Con trolled Thyristor Devices (RP3 t 1 5-4 ) 
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Funding/ 
Dura/ton 

$496,000 
7 mon lhs 

$238.900 
12 monlns 

$21 8 ,300 
10 months 

$74, 1 00 
7 mon lhs 

$248 ,400 
1 2  months 

$ 1 30 . 200 
1 4  months 

$397,800 
28 mon1hs 

$90, 100 
15  months 

$97,800 
4 months 

$55 ,000 
5 months 

$50,000 
5 months 

$ 1 30,000 
12 months 

$ 1 75,600 
8 montns 

$ 1 03 .000 
7 mon ths  

$ 1 50,200 
19 months 

$200,000 
6 mon1hs 

$257 ,000 
9 111onths 

$ 150,500 
14 months 

$829,900 
35 months 

$54 ,400 
8 months 

$400.000 
27 months 

$240.000 
1B months 

$200.000 
9 months 

$300,000 
32 months 

$2.566,400 
38 months 

Contractor/EPRI 
Pro1ecl Manager 

8eo1rosouroe / R. Sweroop 

Unisys Corp. I 
L Carm,chael 

Metcalf & Eddy / M  Jones 

Foster-M i l ler I 
S. Kondepudi 

Geomet Technologies / 
J Kass91nng 

Umvers,t y  al 
Pennsylvania I C  Hr//er 

Mart ,n Mariella Energy 
Systems / A. Wendland 

Color ado Stale Un 1ver5'1y / 
R Wendland 

Pu 1nam. Hayes & Bartlell / 
T I lenneberger 

Georg ia  Tech Research 
Corp. I A. Amarna/h 

lnstotute ot Paper Science 
and rechnology I 
A Amamath 

Un,versi ty or W1scons 1n. 
Mad ison I W. Kr/// 

Martin Mar iel la Energy 
Systems I T Sia/I 

Honeywell /J. Kesselring 

Macrodyne Energy 
In ternationa l /  J. Kesselnng 

Syneriech Systems Corp . / 
J K asse/nng 
Honeywell /  J Kesselring 

Geomet Technologies / 
J. Kesselrmg 

State Urnversl ty ol 
New York Research 
Founda t ion I v  Tah,ltam 

Apploed Technotog1es 
lntemat rona l / R Adapa 

Nova-Nel 
Commurncat1ons/8. Blair 

Power System 
Eng1neering / 8  Blair 

EMA Serv1ces/ R. Iveson 

Un,vers1ty al Tennessee I 
B. Bemsle1n 

Hams Corp . / H Meil/a 

Funding/ Con/rector/EPR/ 
Pro1ec1 D1.1ration Pro/eel Manager 

Design of Mu l t i purpose So l,d -Stale $249,500 Un1vers1 1y of Arkansas / 
Eqvipment tor D i stribu�on Syslems 34 monlhs H_ Meh(a 
(RP3155- 1 2 )  

Environment 

Revegelat•on ol a Flue Gas Desul lur- $41 1 • .000 Umvers11y at Arizona I 
,zatron Waste Evaooratron Pond 52 months J. Goodr,ch-Mahoney 
(RP2485-29) 

Select ive Noncatal yt1 c Reduction $ 1 50 ,000 Long I s land Lighti ng Co. / 
Demonstration System Support 28 momns J S1a111ngs 
(RP2869- 1 5 )  

Mechanical and Enwonmema, $ 1 65.200 Un,versi ty of Pinsburgh I 
Properties ol Fly-Ash-Fortified 24 months D Golden 
Autoclaved Ce l lular Concrete 
(RP3 1 76- 13 )  

Modeling of Subsu r face Contaminant $63,500 Hyor0Geolog10/ 
Transporl and Fate (RP32 7- 1 )  9 months D Maln/osh 

Atrnospnenc Fala of Aor Toxics $325,900 ENSR Consutt,ng and 
Em,ss1ons. Explora tory Assessment 12  months E n_g I neenng I P Saxena 
(RP32 1 8-4) 

Su r lace Water Risk Assessment Model $ 169.800 Tetra Tech /R. Golds/em 
tar Power Plant Di scharges (RP322 t -3 )  16  months 

Analysis Team lor MECCA (Mode l  $7 1 3,600 Macquarie Park 
Evaluation Consortium for Clima te 37 months Research /C Hakllannen 
Assessment ) (RP3267 -2 t ) 

M,xtures of Ash and Organic Compost S 1 74,000 Ohio Stal Umaers1 ty 
as Soil Suost 1tutes and Amendmen ts 27 months Research Founde11on I 
(RP3270·6) I Murarka 

U1 , 1,zahon of Coal Combustion By- $60,000 ECG Consulhng Group / 
products ,n Agricullure and Land 8 rnonlhs J Goodr,ch-Mahoney 
Reclamati on: Mar�et Analysts for 
No, theasl Region (RP3270-7)  

G loba l S tress-Modeling Library for $284 ,500 Boyce Thompson lnsrnute 
Assessment of Plan t and Forest 24 months for Planl Research I 
Response (AP3316- I )  L .  P,relka 

Feas1b i l 1 t y  of Decrs,on Analysi s $ 1 07,500 ENSR ConsutMg and 
Framework for Ozone Management 5 months Eng ,nee1 1ng I R Golds/em 
Pho1ochem1cal Model (RP3429-2) 

Exploratory & Applied Research 

A Songle-Component Q-,de Fuel Cat i  $296.500 Un iversity of 
Qpera1lng at 600-BOO'C (RP8002-39) 41 months Pennsylvania IR Golds1e1n 

Elec trochem,cal Con trol of S10,ch 1ometry $283,800 Colo,aoo Slate Urnvers1ty I 
1n High-Temperature Superconductors 36 months R Weave, 
(RP8002-43) 

Fiber-Ophc Cor ros,on Mon1 1or $2-30,200 Babcock & W i lcox Co./ 
(RP8004-23)  19  months T Pass911 

Harmon ic l nstab l l i t1es ,n Power Systems $287 .600 Universi ty or W1scons1n . 
(RP801 0-33) 36 months Mad I son I A. Edrrs 

Fuzzy Logic to r E lec1rrc Utility Sys1ems $205,000 Un,vorslty of Cali forrna, 
(RPB010-34) 18 months Be rkeley IS. Bilal/ 

Neural Networks lor ldent 1 f1ca t1on and $98 ,600 Honeywell /A Mehta 
Control of Ash Depos,t1on ( R P900 t -1 )  1 2  monlhs 

Depost\lOn 1n Power Plants : Mecharnsms $ 1 24 ,800 Montana Stale UrnversHy I 
and Impact (RP9002·4) 17 months B. Dooley 

Generat ion & Storage 

Dow Gas,hcat1on-6ased Molten $77,800 Fluor Darnel IE GIi/ts 
Carbonate Fuel Cell Power Plan t :  Case 4 months 
Study (RP104 1 -33) 

Prospects for Sola r-Therma l E l ec tric $50,300 HGH Enterpr i ses/ 
Power (RP2CJ03. 13) B mon ths E DeMeo 



Fundrng/ Con1rac1or/£PR/ 
Pro/eel Duration Projec/ Man ger 

Weld Repa i r  ot High-Pressure/ $ 167.000 Un1vers11y of I llinois I 
Intermed iate-Pressure Turbine Rotors 27 monltls R Viswanathan 
(RP248 1 - 1 2J 

Assessment 01 Marke, !o• tnsura11on S!00,000 ECG Consun,ng Group/ 
Detenoratron Instruments and Moni tors 6 mon1hs J S1e,n 
(RP2577-7 ) 

Assessmen1 or Constructio'1 Technology $95,000 Sargenl & Lundy 
Improvements (RP2578-8} 7 monihs Engineers IS Pace 

DeveTopmenr and Demonst ration ol $ 159,600 Science Applicati ons 
Comoostlon Turbine Control Systems: 1 2  monlhs International Corp . / 
Tecnmcal Suppon (RP2653- 1 2) G. Quentin 

Des ign  and Development of the Controls $ 1 85.500 Automation Technology I 
Workstation (CNTRL-X) (AP27 1 0·29) 19 months G. Pflas/erer 

Upgrade al Predict ive Opacity Model lor $ 136,700 Energy Technology 
Oil-Fired Boilers (RP2778- 1 8) 1 4  months Consultanls / W Roves// 

V1brat10n Experl Sysrem (RP28 1 7·7) $97 ,500 Bogan / R Co/sher 
12 months 

Control and Automation Prciecls $323. 1 00 Unt ied Engineers & 
Technical Supper (RP28 1 7-9) 17 months Constructors / A. Co/sher 

Root Cause Ana1ys,s Workstatron $ 1 49,900 FBJ l u re Prevent10n I 
(RP28 1 7- 1 9) 1 3 months R. Co/sher 

Advanced teak De1ect 100 Researcn $99.900 Bogan / R. Co/sher 
Evaluation Demonstrauon (RP28 1 7-29) 31 months 

Gas Turbine Outage Cr iteria Database $249.300 Encotech I R. Frischmum 
(RP2831-9) 27 monlhs 

Gas Tu rbine Overtiau l Plan lor Asea $ 1 9 7 .500 Dperat1ona1 Services/ 
Brown Boveri Simple-Cycle Type 1 1  20 mooths R FrisctmJU/11 
(AP2B31 - l0)  

Combust ion Turbine Plant Performance $ 1 96,300 Organ,za�onal Learn ong 
lmprO\lement (RP2831 - 1 1 )  1 2  mon1hs Center IR. Fr,schmuth 

lnlegrated Gas1ltca1ion-Compressed-A1r $240,000 Bechte l Group /A. Cohn 
S1orage With Hum,d1f1ca1ion . Engmee11ng 10 months 
and Economic Evalua11on (RP2834-:i) 

Development end Orgarnzatlonal $ 62.700 Enwonmenta 1 
ActMlles for EPRl 's  ABATE Program 10 months B101echnolog1es/ S 'riJnker 
(RP3 1 19- 1 4 ) 

Flu1d 1zed-Bed Combust,on Database $107,300 SFA Pac1 f 1 c / S  Drenker 
(AP31 62-9 )  23 months 

Tecnmcar ano Cost Des,gn Aev,ew ot $52,400 Haldor Topsoe / D Rasrler 
2-MW Carbonale Fue l Cell Power Planl  4 mon1hs 
(RP3252·4) 

Electnc Ul l l ity l nsole11on Resource $53 100 Days1ar I J .  Bigger 
Measurement Program (RP3258-6) 1 1  montns 

Power Plant Pertormance $1 .200,000 Potomac E1ec1rrc Power 
Instrumentation System {RP338J· 1 )  1 2  mon1hs Co IE Petn/1 

Compact S1mulalOI tor Repowered $659.900 Trax Corp / R  Fray 
S1auon {Lauderdale) (RP3384..J) 16 montns 

Compact S1mu lalor Wi th Emulated Man- $963.000 Trcl)( Corp.  IR Fray 
Machine Interface (AP3384-4) 18 months 

Development of Whole-Tree-Energy $52,800 Energy Performance 
Technology (AP3407-3) 5 months Systems / E Hugnes 

Backscatter Raci,og rapnic Measuremern S406 200 IDM Corp . / R Tlf/ey 
al Bor ler Tube Wal l  Thickness 7 months 
(RP3469- 1 ) 

Natural Gas-Fueled Mollen Carbonate $4,300,000 San Diego Gas & Electric 
Fuel Cel l  Power Plant· Developmenl ana 48 rnonths Co. I R. Goldsrem 
Demonstration (RP3472- ) 

Header Feedwater Heater Retrcnts 5400.000 Long lslana Llghtrng Co I 
(RP3479· I 16 ononths J Bartz 

Development, Analysis. and Testing or $424,900 Stress Technology I 
L-1 B lade Repair or Replacemenl 18 months T McClaskey 
Options (RP3482· 1 ) 

Fly Ash Carbon Burnou1 Pilot Plan! $433,000 Progress Maleroals I 
(RP3497- 1 )  12  monrhs T Boyd 

Pro/eel 

OemonstraJfon of Contro r Re1rofl1 and 
Integ ration Gu ,delines (RP3499- 1 ) 

Integrated Energy Systems 

Gas-Elec troc r n1egra lion and Gas 
Research Scop,ng ( RP3201 -5) 

PC Cost · Development ol a Cost-
Estimati ng Model for Pu lverized-Coat-
Fired Power Plants (RP3436- 1 )  

Econom10 Impacts of LJm1t1ng Carbon 
Emiss ions (AP344 1 · 1 ) 

Nuclear Power 

Gu idelines for Nuclear Power Plant Heat 
Rate Improvement (RP2407-5 ) 

Guidelines on the Upgrading and 
Cal ibra1lon of Radial ion Mon 1 1orl ng 
Systems (RP2409-24) 

Technical Repai r Gu idelines for 
L1m1torque HBC 0- 1 O Gear Bo es 
\RP2814·62) 

RBR Suppor1 (AP3300-4)  

LWR l. J le-Cycle Management (RP3343-1 )  

Con1ro1 Room and Related Dlg1tal Tech-
nology, Internat ional Survey (AP335 1 - 1 )  

Verlficatior a11d Valloat 1on Guidelines for 
D1g 1 1a1 H1gh- lnl9!lrl ly  Systems (R?3352·2)  

Electropolish ing Moll slone-2 
Reolacement Steam Generators 
(RP3358-3) 

CHECWORKS'v Computer Program 
(RP3382-1 ) 

FIVE (Are- Induced Vu lnerability 
Evaluation ) Molhodology : Testing cl 
EPRIGEMS Module (AP33B5-2J 

Nuclear Engineer ing Worksla t ron tor 
Utilit y Appl icat ions (RP3394-1 )  

Guidelines on Electromagne1 1c 
Interference Immunity lor  D1g 1 t al Comrols 
ancJ I nstrumentation Upgrades 
(RP3406-3) 

Prair ie Island Instrumental on and 
Control Plan \RP341 1 -2) 

Perspectives on NRC Aev,ew ot 
I ndividua l  Plant E,am1nat1on Submll tals 
{ RP3480-2) 

Aspec1s ol Preorcl ing now-Assisted 
Corros,on (RP3500-l 1 )  

Demons1ra11on of AC Poient ,ar Drop 
Techniques for Detechng Sma l l  Cracks 
rn S1eam Generator Tub,ng at High 
Temperatu re (RP3S00-l 3) 

tnves11ga1ion of Mulhple-Chok,ng  
Phe�omenon (RP3500- 1 4 ) 

M l xed-Wasle Charactem:at lon 
(AP3800- 16) 

Analys,s ol Emergency Diesel Gene rator 
Load Pickup Capab i l i ty (RP41 14  7) 

Nuclear Safety Analysis and Response. 
Techn,caJ Suppor! (RP4 1 1.\- t 0) 

runding 
Dural/on 

$9 , 1 00.000 
48 montl'\S 

$54 ,700 
21  'TIOnlhS 

$270,300 
20 mon1hs 

$570. 1 00 
1 8  months 

$69.600 
7 montns 

$139,400 
18 monlhs 

$65,000 
8 months 

$69.200 
7 months 

$784,300 
1 8 montrs 

$293,200 
22 momns 

5254 ,000 
12 months 

$56400 
7 monlhs 

$547,500 
8 mooths 

$21 2.500 
1 7  monlns 

$50,000 
7 months 

S 49,400 
8 months 

S 157 400 
1 1  months 

$ 1 60, 1 00  
1 7  mon1ns 

$76,400 
5 months 
$ 1 35.900 
9 months 

$50,000 
3 months 

$209, 100 
7 months 

$50,000 
3 months 

S150, 100 
8 months 

Conrracror/£PRI 
Pro}P.cl Manager 

Center,or Energy Corp . I 
M Blanco 

Charles R ive• Assocra1es I 
J Pia// 

United Engineers I.\ 
Construclors/ 
C S1ehenll1al 

Charles R iver Associates / 
L Williams 

Mol lerus Engineering 
Corp JJ O 'Brien 

Tara Wesl Technologies/ 
R James 

Power Safety 
In ernatlonal I B Varma 

Yankee Arom1c Elect ric 
Co. I F  Rahn 

Ba111n1ore Gas & Electric 
Co I M  Laprdes 

Babcoc & W1h:o� Co. / 
J Naser 

Rome Labora1ory IS Bila/I 

Northeast Ut1h1 1es I 
C Wood 

Altos Eng,neenr,g 
Appl1cat1ons / 8 Clle"><al 

Professional Loss Control / 
R Dahlberg 

Computer S 1mulat1on and 
Analysi s IL  Agee 

ln1er ference Control 
Technologies/ S. Bna/f 

Mollerus Eng1nee1 1ng 
Corp. / D Wilk ,nson 

Sc,ence Apphca11ons 
International Corp I 5. Oh 

lnternauonal Research & 
Deve1oomen1 I B. Cnexal 

Massach1.1sa1 1s tnst, tule o l 
Technology I A Mc/lree 

Compu1er Slmulal lon and 
Analys,s /8 Che�al 

Roy F Weston / 
C Hor111btQO� 

Rochester Gas /l. Electric 
Corp / H Wyckoff 

Science Appl 1cat1ons 
lnternat,onaf Corp . / 
J Haugh 
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New 
Technical 
Reports 
Requests for copies of reporls should be d i rected 
to the EPRI Dist ribution Center. 207 Coggins Drive , 
PO.  Box 23205, Pleasant  Hill , Ca lifornia 94523: 
(5 10) 934-4212 There is no charge for reports re­
quested by EPRI member utilities and affi liates . Re­
por ts w i ll be provided to nonmember U.S. u 11llties 
only upon purchase of a l icense. the pr ice of which 
will be equal to lhe price of EPR I membership, 
O thers pay the listed price or, in some cases (when 
no1ed ), must enter into a l icensing agreement . 

CUSTOM ER SYSTEMS 

Analysis o f  Supermarket 
Dehumidification Alternatives 

TR-100352 Final Report (RP2891 ·3) : $200 
Contractor Un 1vers1ty of  W1scons 1n , Madison 
EPRI Project Managers: M Khattar. M B lat t .  
R . Wendland 

Procedure for Economic Eval uat ion of 
Steam Turbine Drives Versus E lectric Drives 

TR-100603 Final Report (RP2783- 17 ) ;  $200 
Contractor · TENSA Services, Inc. 
EPRt ProJecl Manager· A Amarnath 

Survey of End-Use Metering Equipment, 
Sensors, and Designers/Installers 

TR-100745 Final Report (RP2568-21 ) . $200 
Contractor · Plexus Research , Inc 
EPR I Project Manager : L .  Carmichael 

Review of Electrotechnologles Used In the 
Dis infection of Water and Wastewater 

TR - 100977 Final Report (RP2662-10) : $200 
Cornractor Metcalf & Eddy, Inc 
EPRI ProJect Manager: M . Jones 

Medical Waste Management :  Regulatory 
and Tech nical Background Report 

TR-100978 F inal Repor t ( RP2662- 18) . $200 
Contractor: Doucet & Mainka 
EPR I  P ro1ecl Manager: M. Jones 

Opportunities for Energy Conservation 
and Load Shaping in S l udge Management 
Systems 

TR -101026 Fina l Report (RP2662· 10): $200 
Cont ractor Metca lf & Eddy, Inc . 
EPRI  Pro1ect Manager: M. Jones 

Proceedings:  Electric Dehumidification­
State-of-the-Art Humidity Control for 
Supermarkets Seminar 

TR-101 154 Proceedings (RP2569-14); $200 
Cont ractor- Pol ley Research Associates, Inc 
EPRI  Project Manager M Khattar 

Proceedings: Heat Pump Associations , 
Alliances, and Allies 

TR- 101 157 Proceedings ( RP241 7- 12}. $200 
Contractor : Policy Research Associa tes. Inc 
E PRI Pro1ect Manager: J, Kesselr ing 
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Demand-Side Management G lossary 

TR- 1 01 158 F lnal Report (RP1940-25) :  $200 
Cont rac!ors: ACES, Inc . ; Pac ific Consu1 ! 1ng 
Serv ices 
EPR I Project Managers : V. Rabi , P. Meagher 

Automated Handling of Textile 
Yarn Packages to Enhance Rad io 
Frequency Drying 

TR-101375 Final Report (RP2782-6) : $200 
Contractor: North Carolina State University 
EPRI Project Manager _ A_ Amarnath 

Application of Ultrasound in Text i le  
Wet Processing, Phase 1 

TR- 10 1379 F inal Report (RP2782-6); $200 
Contractor : North Carolina State Un iversi ty, 
College of Textiles 
EPRI Project Manager: A Amarnath 

Survey of Util ity Electric Vehicle 
Activities 

TR - 101395 Final Repor l (RP3272-6): $200 
Contrac tor :  Theodore Barry & Associates 
EPRI Pro1ect Manager· J Janaslk 

ELECTRICAL SYSTEMS 

Fiber-Optic Voltage and Current 
Sensors for Distribution Systems 

TR-100291 Final Reporl (RP2734-4) ,  $200 
Contractor :  OPTRA . Inc 
EPRI Proiect Manager J Porter 

Measurement of Electrical Conductor Drag 
Coefficients in a Free-Air Wind Tunnel 

TR-100672 Interim Report ( RP2016-3 } ,  $200 
Contractor: Sverdrup Technology Inc 
EPRI Pro1ect Manager P Lyons 

Application of Tuned Sound Enclosures 
to Transformers, Vols. 1 and 2 

TR- 1 00800 Final Repor t  (RP995-1); Vols. I 
and 2. $200 each volume 
Contractor A I i ts-Chaimers Corp . 
EPRI Pro1ecl Manager . S. Nilsson 

Longitudinal Nondestructive Evaluation 
of New Utility Wood Poles , Vols. 1 and 2 

TR-100864 F inal Report (RP3078-1 ) : Vol .  1 $200; 
Vol, 2 , license requ i red 
Con t ractor· Engineering Data Management Inc 
EPR I Project Manager H. Ng 

Clean Fog Flashover Tests on 138-kV 
Nonceramlc line Post Insulators Before 
and After Artific ial Aging 

TR- 100886 Final Report (RP2472-6) ; $200 
EPRI Project Manager J Hall 

Character istics Study of TLMRC 
Wind Tower Data: Notes on Field Wind 
Loading Experiments 

TR-100906 Inte r im Report (RP2016-3}: $200 
Contractor: Sverdrup Technology, Inc . 
EPRI  Project Manager P Lyons 

Economics of Static VAR Compensat ion 

TR-101075 Final Report (RP2707-2) ; $200 
Contractor. Univers1 1y of Wisconsin . Madison 
EPR I Project Manager· S Lindgren 

Impacts of Governor Response 
Changes on the Security of North 
Amer ican lnterconnectlons 

TR-101080 Final Report (RP2473-53) : $200 
Contractor : EPIC Engineering. Inc 
EPRI Project Manager :  G. Cau ley 

Robust Adaptive Transient Damping in 
Power Systems,  Vols. 1 and 2 

TR- 101097 F inal Report (RP2665-1 ) . Vols 1 
and 2. $200 each volume 
Contractor: Montana State Un iversity 
EPRI Proiect Manager. R Adapa 

Electrokinetic Effects In Power 
Transformers 

TR-101216 Interim Repor t (RP1499-12); $200 
Contractor: Rensselaer Polytechn ic Institu te 
EPRI  Project Manager S. Lindgren 

Soft Rot Decay Capabil ities and 
Interactions of Fungi and Bacteria 
From Fumigated Ut ili ty Poles 

TR-101244 Final Report (RP1471-3) $200 
Con ractor· State Univers ity of New York , College 
or Env l ronmenral Science and Forestry 
EPR I Pro1ect Manager : H . Ng 

Advanced Power Semiconductor Devices 

TR-101297 Final Report (RP31 15- 1 ): $200 
Cont ractor· North Carolina State Un iversi ty 
EPRI Project Manager· H .  Mehta 

ENVIRONMENT 

Fabric F i lters for the Electric Util ity Industry, 
Vol. 5 : Guidelines for Fabric Filter Design 

CS-5161  Final Report (RP1 129-8), Vol 5 , $500 
Con ractors· Electric Power Technologies . Inc. 
Southern Research l nsutute : C. A. Gallaer  
Southern Research Technologies . Inc 
EPR I  Project Manager : R .  Chang 

VALOR Code Version 1 .0 :  A PC Code 
for S imulating Immisc ible Contaminant 
Transport in Subsurface Systems 

TR-101018 F inal Report ( RP2879·8) , $200 
Contractor: Un iversity of M ichigan 
EPRI Pro1ec1 Manager : b .  McIn tosh 

Predicting Corrosion Rates 
of Some Commonly Used Alloys 
in FGD Outlet Ducts 

TR-101037 Final Repor t ( RP1 871 - 19 ) , $200 
Contractor: Battelle  
EPR I Project Manager· B. Syrett 

Proceedings: 1 991 S02 
Control 

Symposium, Vols. 1-3 

TR-101054 Proceedings: Vols 1-3 . $400 for set 
EPRI Proiect Manager· 8 . Toole-O'Neil 

The Ability of Subsoils to Attenuate 
Metals in Coal Pi le  Leachate 

TR-101086 Final Report (RP2485-18) :  $200 
Cont ractor: Un ivers i ty of Wisconsin , Madison 
EPR I Pro1ect Manager :  M Elrash1d l  

Proceedings: 1990 International Conference 
on Measuring Waterborne Trace Substances 

TR- 101 141  Proceed ings (RP1851 ) :  $200 
EPRI Pro1ect Manager : W Chow 



Future Epidemlologic Studies of Health 
Effects of Electric and Magnetic Fields 

TR-101175 Proceedings (RP2964-11); $200 
Contractor: University ot Texas Health Sciences 
Center al Houston 
EPRI Project Managers: R. Black. L. Kheifets 

Applications Handbook for FASTCHEM™, 
Vol. 1: Flow Modules 

TR-101218 Final Report (RP2485-15): Vol. 1, $200 
Contractor: Stanford University 
EPRI Pro1ect Manager· D. McIntosh 

Applications Handbook for FASTCHEMT", 
Vol. 2: Chemical Transport Modules 

TR-101218 Final Report (RP2485-19); Vol. 2, $200 
Contractor: Lawrence Berkeley Laboratory 
EPRI Pro1ec1 Manager D. McIntosh 

EPRI High-Sulfur Test Center: 
Mini-Pilot Thiosulfate Test Results 

TR-101351 Final Report (RP1031-9)· $200 
Contractor- Radian Corp 
EPRI Pro1ect Managers R. Moser, D. Owens 

Physical Model Studies of Dense 
Solute Plumes in Porous Media 

TR-101387 Final Report (RP2938-1) $200 
Contractor: Auburn University 
EPRI Project Manager. D McIntosh 

A Survey of Daily Asthmatic 
Activity Patterns in Cincinnati 

TR-101396 Final Report (RP940-5): $200 
Contractor: Roth Associates, Inc. 
EPRI Pro1ect Manager. A. Silvers 

Effect of Targeted Chlorination on 
the Corrosion Behavior of Copper-Nickel 
Condenser Tubing 

TR-101405 Final Report (RP2300-17), $200 
Contractor: Ocean City Research Corp, 
EPRI Project Managers B Syrett, W. Chow 

Assessment of Children's Long-Term Exposure 
to Magnetic Fields (The Geomet Study) 

TR-101406 Final Report (RP2966-4l. $200 
Contractor: Geomet Technologies. Inc 
EPRI Project Managers. S. Sussman, R. Kavel 

Assessment of Children's Long-Term Exposure 
to Magnetic Fields (The Enertech Study) 

TR-101407 Final Report (RP2966-6): $200 
Conlractors· Enertech Consultants; General 
Electric Co. (High-Voltage Transmission Research 
Center) 
EPRI Project Managers: S Sussman, R. Kave! 

Power Line Calculator for DOS 

TR-101409 Interim Report (RP2966-7): $200 
Contractor· Enenech Consultants 
EPRI Pro1ect Managers: S. Sussman, R l<avet 

GENERATION & STORAGE 

High-Temperature Gas Filtration, Vol. 2: 
Operating Performance of a Pilot-Scale Filter 

GS-6489 Final Report (RP1336-7): Vol. 2, $200 
Contractor: Rheinisch- Westfalische Technische 
Hochschule Aachen 
EPRI Project Managers 0. Tassicker. S. Drenker. 
R. Brown 

High-Temperature Gas Flltratlon, Vol. 4: 
Mechanical and Thermal Design of a 
Pilot-Scale Filter 

GS-6489 Final Report (RP1336-7): Vol. 4. $200 
Contractor· Rhe1nisch-Westfalische Technische 
Hochschule Aachen 
EPRI Project Managers. 0. Tass1cker. S .  Drenker. 
R. Brown 

High-Temperature Gas Filtration, Vol. 5: 
Mechanical and Thermal Design of 
High-Temperature Tier Filter Modules 

GS-6489 Final Report (RP1336-7): Vol. 5, $200 
Contractor. Rheinisch-Westfalische Technische 
Hochschule Aachen 
EPRI Pro1ect Managers: 0 Tass1cker, S Drenker. 
R. Brown 

Evaluation of 450-MWe BGL GCC 
Power Plants Fueled Wlth Pittsburgh 
No. 8 Coal 

TR-100376 Final Report (RP2525-22); $200 
Contractors: Bechtel Group Inc.: British Gas pie: 
Lurg1 GmbH 
EPRI Project Manager: M. Epstein 

Waste-to-Energy Permitting Sourcebook 

TR-100716 Anal Report (RP2190-5. -7); $200 
Contractor· Bechtef Group, Inc 
EPRI Project Manager· E Hughes 

Utility Motor and Generator 
Predictive Maintenance Workshop 

TR-100952 Proceedings (RP2591). $200 
EPRI Pro1ect Manager: J. Stein 

Survey of Landfill Gas Generation Potential: 
2-MW Molten Carbonate Fuel Cell 

TR-101068 lnlerrm Report (RP1677-21); $200 
Contractor: Resource Management International. 
Inc 
EPRI Project Manager· E. Gillis 

Yttrium-Iron-Garnet as a 
Molten Carbonate Fuel Cell Cathode 

TR-101069 Final Report (RP1085-14); $200 
Contractor: Ceramatec, Inc. 
EPRI Project Manager. R. Goldstein 

Molten Carbonate Fuel Cell (MCFC) 
Porous Electrode and Kinetic Studies 

TR-101070 Final Report (RP2278-3): $200 
Contractor Institute of Gas Technology 
EPRI Pro1ect Manager R Goldstein 

Performance Potentials of Solid Oxide 
Fuel Cell Configurations 

TR-101109 Final Reporl (RP1676-15): $200 
Contractor UII G. Bassel 
EPRI Project Manayer. D. Rastler 

Unit Commitment DYNAMICS: User's Manual 

TR-101229 Computer Code Manual (RP3116-2); 
$500 
Contractor Decision Focus, Inc. 
EPRt Project Manager: R. Schalnker 

Demonstration of EPRI Heat Rate 
Guidelines at Southern California 
Edison Ormond Beach Unit 2 

TR-101249 Final Report (RP2818-1); $200 
Contractor· Southern California Edison Co 
EPRI Pro1ect Manager. J. Tsou 

Proceedings: Fossil Plant Layup 
and Reactivation Conference 

TR-101250 Proceedings (RP2819-20), $200 
Contractor: Encor-Amer1ca Inc 
EPRI Proi ect Managers: J Tsou. J. Bartz 

Evaluation of Silicon Carbide Candle Filters 

TR-101331 Final Report (RP1336-12); $200 
Contractor: Semler Materials Services 
EPAI Project Managers· W. Bakker. R Brown 

Composting of Coal Tar Contaminated 
Soils, Phase 1 :  Blotreatability Studies 

TR-101352 Fmat Report (RP3119-1) license 
required 
Contractor: Michigan Biotechnology Institute 
EPRI Project Manager S Yunker 

Detection of Fouling In Coal Gasification 
Ducts Using Acoustic Ranging 

TR-101359 Ftnal Report (RP1654-46) $200 
Contractor· NV Kema Technology and Service 
Division 
EPRI Pro1ect Manager· W. Bakker 

Thick-Section Welding of Modified 
9Cr-1Mo (P-91) Steel 

TR-101394 Interim Report (AP1403-14) $200 
Contractor ABB Combustion Engineering 
Systems 
EPRI Project Manager: W Bakker 

Engineering Autotrophic Microorganisms 
for a New Electrotechnology 
TR 101414 F,nal Report (RP8003-30) $200 
Contractor· Clemson University 
EPRI Project Manager: S Yunker 

Technical and Economic Assessment of 
Molten Carbonate Fuel Cell Manufacturing 
Costs 

TR-101525 Final Report (RP1677-22); $200 
Contractor: Michaef A. Cobb & Co. 
EPRI Proj ect Manager: E Gillis 

Compressed-Air Storage With 
Humidification (CASH) Coal Gasification 
Power Plant 

TR-101584 Final Report (RP2834-1): $200 
Contractor Energy Storage & Power Consulta111s 
Inc 
EPRI Project Manager· A Cohn 

Engineering Evaluation of Prenflo-
Based Integrated Gasification-Combined­
Cycle (IGCC) Power Plant Designs 

TR-101609 Final Report (RP2221-20); S200 
Contractor· Sargent & Lundy Engineers 
EPRI Project Manager: N. Hertz 

CRFLOOD: A Numerical Model 
to Estimate Uplift Pressure Distribution 
in Cracks in Concrete Gravity Dams, Vol. 4 

TR-101671 Final Report (RP2917-7); Vol 4, $200 
Contractor: University of Colorado 
EPRI Pro1ect Manager: D Moms 

Photovoltaic System Performance 
Assessment for 1990 

TR-101678 Final Report (RP1607-6); $200 
Contractor: New Mexico State Uni versity. 
Southwest Technology Development lnstilute 
EPRI Proj ect Manager J Bemrng 
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Evaluation of Strobe Lights for Fish 
Diversion at the York Haven Hydroelectric 
Project 

TA-101703 Final Report (RP2694-1): $200 
Contractor: Stone & Webster Environmental 
Services 
EPRI Proiect Managers: C. Sullivan, J. Mattice 

NUCLEAR POWER 

Emergency Battery Lighting Unit 
Maintenance and Application Guide 
TR-100249 Final Report (RP2814-47), $7000 
Contractor Edan Engineering Corp. 
EPRI Project Manager· W. Johnson 

Interim On-site Storage of Low-Level 
Waste, Vol. 2, Part 1: Facility Design Options 

TR -100298 Final Report (RP3800-2); Vol. 2. Part 1. 
$200 
Contractor· Sargent & Lundy Engineers 
EPRt Project Manager C, Horn1brook 

Interim On-site Storage of Low-Level 
Waste, Vol. 2, Part 2; Survey of Existing 
On-site LLW Storage Facilities 

TR-100298 Final Report (RP3800-1); Vol. 2. 

Part 2, $200 
Contractor: Sargent & Lundy Engineers 
EPRI Project Manager: C Horn,brook 

Interim On-site Storage of Low-Level 
Waste, Vol. 4, Part 1: Waste Containers for 
Extended Storage 

TR-100298 Final Report (RP3800-4) Vol 4, 
Part 1. $1000 
Contractor: J E. Cline & Associates. Inc 
EPRI Project Manager: C. Hornibrook 

Ductile Tearing Resistance of Flawed Pipes 

TR-100374 Final Report (RP2455-17); Tier 1 $200, 
Tier 2. license required 
Contractor: Novetech Corp 
EPRI Pro1ect Manager T. Griesbach 

Modeling of Ground-Motion Attenuation 
in Eastern North America: Validation of 
Techniques and Sensitivity Analysis 

TR-100410 Final Reporl (RP2556-50); Tier 1. $200; 
Tier 2. license required 
Contractor: State University of New York 
EPRI Project Manager· J. Schneider 

Verification of EPRl's Nuclear Power 
Plant Emergency Operating Procedure 
Tracking System (EOPTS) 

TR -100648 Final Report (RP2347); $200 
Prepared by· Wann-Ching Chang 
EPRI Pro1ect Manager: C. Lin 

Coolant Radiolysis and Bolling 
in Water-Cooled Reactors 

TR-100789 Final Report (RP2816-1): $1000 
Contractor: AECL Research 
EPRI Proiect Manager- T Passel! 

Effects of Morpholine and Boric Acid 
Implementation on Secondary Chemistry 
and Corrosion Product Transport 

TA-100791 Topical Report (RPS409-3); $200 
Contractor. NWT Corp. 
EPRI Project Manager· T Passell 
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BWR Chromium Chemistry 

TR-100792 Final Report (RP1447-1); $500 
Contractor· GE Nuclear Energy 
EPRI Project Manager: T. Passell 

Fault-Tolerant Architecture: 
Evaluation Methodology 
TR-100803 Final Report (RP3008-1): $200 
Contractor: Oak Ridge National Laboratory 
EPRI Project Manager· S, Bhatt 

Proceedings: Advanced Digi tal 
Computers, Controls, and Automation 
Technologies tor Power Plants 

TR-100804 Proceedings (RP3208); $200 
EPRI Proiect Manager: S. Bhatt 

Utility Requirements for Human-Centered 
Automation in Surveillance Testing 

TR -100814 Final Report (RP3185-1): $200 
Contractor Joseph Thie. inc. 
EPRI Project Manager: S. Bhatt 

Characterization of the Resistance to 
PWSCC of Hydraulic Tube-Tubesheet 
Expansions 

TR-100865 Final Report (RPS406-12); $1000 
Contractor· Westinghouse Electric Corp. 
EPRI Proiect Manager: A. Mcllree 

Stress Corrosion Cracking Resistance 
of Weld Metals 182, 72, and 308L 

TA-100968 Final Reporl (RPC103-5); $25,000 
Contractor Babcock & Wil cox Co. 
EPRI Pro1ect Manager: J. Nelson 

Grain Boundary Segregation Studies 
of Irradiated Austenitic Stainless Steels 
and Nickel Base Alloys 

TR-101009 Final Report (RPX102-3); license 
required 
Contractor: Nuclear Electric pie. Berkeley 
Nuclear Laboratories 
EPRI Project Manager· J. Nelson 

Resin Oxidation Process Improvements 

TR-101046 Final Report (RP1329-5); $1000 
Contractor: Bradtec Ltd 
EPRI Pro1ect Manager. C. Wood 

Design and Operation of the NAC-128 
Spent-Fuel Storage Cask 

TR-101091 Interim Report (RP2406-4), $200 
Contractor· V1rg1ni a Power 
EPRI ProJect Manager· R Lambert 

Consolidation and Disposal of 
PWR Fuel Inserts 

TR-101092 lntenm Report (RP2406-4): $200 
Contractor: Virginia Power 
EPRI Proiect Manager: A. Lambert 

Welding of NOREM Iron-Base Hardfaclng 
Alloy Wire Products: Procedures for Gas 
Tungsten Arc Welding 

TR-101094 Interim Report (RP1935-19); $200 
EPRI Pro1ect Manager: H. Ocken 

Remedial Actions for Acidic Sulfate Corrosion 

TA-101105 Final Report (RPS407-36), $1000 
Contractor: Westinghouse Electric Corp. 
EPRI Proiect Manager: P. Paine 

Adsorption of Sulfate in PWR 
Steam Generators: Laboratory Tests 

TR-101106 Topical Report (RPS407-37): $1000 
Contractor: NWT Corp. 
EPRl Project Manager: P. Paine 

Effect of Crystal Orientation and Local 
Microplasticlty on sec Susceptibility of 
Austenitic Stainless Steel 

TA-101161 Final Report (RP2614-71); $10,000 
Contractor: Rutgers University 
EPRI Project Manager: J. Nelson 

Long-Term Capital Planning Considering 
Nuclear Plant Life-Cycle Management 

TR-101162 Final Report (RP3343-1); $200 
Contraclor: Grove Engineering, Inc 
EPRI Project Manager: M. Lapides 

Use of an Individual Plant Examination (IPE) 
to Enhance Outage Management, Phase 1 

TR-101172 lnlerim Repon (RP3323-2); $200 
Contractor· Science Applications International 
Corp. 
EPRI Project Manager: B. Chu 

Fingerprinting the Thermal History 
of Polymeric Materials 
TR-101205 Final Report (RP2614-32): $200 
Contractor: University of Tennessee, Knoxville 
EPRI Project Manager· G Sliter 

Interim PWR Secondary Water Chemistry 
Recommendations for IGA/SCC Control 

TR-101230 Interim Report (RP2493, RPS401); 
$200 
EPRI Pro1ect Manager: C. Wood 

Identifying Prospective Antifouling 
Coatings for Venturis: Zeta Potential Measure­
ments of Oxides at Elevated Temperatures 
TR-101256 Final Report (RP3097-2): $5000 
Contractor: SRI International 
EPRI Project Manager· H. Ocken 

Feedwaler Flow Measurement in 
U.S. Nuclear Power Generation Stations 

TR-101388 Final Report (RP2409-8): $200 
Contractor: Ontario Hydro 
EPRI Project Managers; J. O'Brien, G Allen 

Examination of Trojan Steam Generator 
Tubes, Vols. 1-3 

TR -101427 Final Report (RPS413-2 -4);  Vols. 1-3, 
$10,000 Jor set 
Contractors: ABB Combustlon Engineering· 
Rockwell International 
EPRI Proiecr Manager: A Mcllree 

Hydrogen Water Chemistry Effects 
on BWR Radiation Buildup: Preliminary 
Evaluation of Plant Data 

TR-101463 Interim Report (RP3313·1), $200 
Contractor: GE Nuclear Energy 
EPRI Project Manager· C. Wood 

User's Guide for RAPID/TAG Software 

TR-101561 Computer Code Manual (RP2508-4): 
license required 
Contractor· Science Applications International 
Corp. 
EPRI Proiect Manager: B Chu 



EPRI Events 

MAY 

5-7 
Plant Communications and Computing 
Architectures, Control Rooms, and 
Workstations 
Tampa, Florida 
Contact : Linda Nelson , (415} 855-2127 

9-13 
12th International Conference 
on F luldlzed-Bed Combustion 
San Diego, California 
Contact: Leslie Friedman, (212) 705-7788 

1 0-11 
Nuclear Plant Performance 
Improvement Seminar 
Scottsdale , Arizona 
Contact: Susan Otto, (704) 547-6072 

10-14 
FACTS: Power Electronics Appl ications 
for Electric utllltles and Large Industries 
Madison, Wisconsin 
Contact: Bil l Long , (800) 462-0876 

17-21 
Thermography Certification Course 
(ASNT Level I) 
Eddystone, Pennsylvania 
Contact: John Niemkiewicz, 
(215) 595-8871 

19-21 
Troubleshooting Rotating Machinery 
Vibrations 
San Diego, Cal ifornia 
Contact: Susan Bisetti , (415) 855-7919 
24-27 
EPRI-EPA Joint Symposium on 
Stationary Combustion NO

x Control 
Miami, Florida 
Contact: Pam Turner, (415) 855-2010 

JUNE 

2-3 
Application of Slagging Combustion 
for Utlllty Power 
Minneapolis. Minnesota 
Contact: Bi l l  Weber, (205) 970-0294 
2-4 
Electric Dehumidification in 
Commercial Buildings 
New Orleans, Louis iana 
Contact: David Ross, (703} 7 42-8402 

7-9 
ISA POWID-EPRI Controls and Instru­
mentat ion Conference (Nuclear and Fossil) 
Phoenix, Arizona 
Contact: Lori Adams, (415) 855-8763 

7-11 
High-Voltage Transmission Line Electric 
Design Seminar 
Lenox, Massachusetts 
Contact: Joe Slocik , {413) 494-3320 

8-10 
Cooling Tower Performance Prediction 
and Improvement 
Eddystone, Pennsylvan ia 
Contact : John Niemkiewicz , 
(215) 595--8871 

10-11 
FACTS Impacts In the Control Center 
Washington, D.C. 
Contact: Gerry Cauley, (415) 855-2832 

11-12 
Electrical Injury: A Multidisciplinary 
Approach to Therapy, Prevention, and 
Rehabilitation 
Chicago, I l l ino is 
Contact: Marlene Goldberg , 
{312) 702-1056 

1 4-1 6 
Seminar on Advanced Concepts In Line 
Structure Evaluation Techniques 
Haslet, Texas 
Contact: Paul Lyons, {817) 439-5900 

14-16 
Technology Transfer Workshop 
San Francisco, Cal iforn ia 
Contact: Susan B isetti, {415) 855-7919 

14-17 
FACTS and HVDC Modeling Using TACS 
Madison , Wisconsin 
Contact: Bi l l  Long, (800) 462-0876 

15-16 
Conference on Low-Level Mixed Waste 
Boston, Massachusetts 
Contact: Linda Nelson, (4 15) 855-2127 

15-18 
Boller Tube Failures: Correction, 
Prevention, and Control 
Eddystone, Pennsy lvania 
Contact: John Niemkiewicz, 
(21 5) 595-8871 

16-18 
EPRI-NAS National Biofuels Roundtable 
Port land, Oregon 
Contact :  Cindy Farrar, (415) 855-2180 

21-23 
End-Use Metering: How to Get 
the Data You Need 
Port land, Maine 
Contact: Richard Gi l lman, (503) 274-4139 

29-July 1 
Heat Exchanger Performance Prediction 
Eddystone, Pennsylvania 
Contact: John Niemkiewicz, 
(215) 595-8871 

JULY 

1 3-1 5 
2d International Conference on Managing 
Hazardous Air Pollutants 
Washington , D .C. 
Contact : Lori Adams, (415) 855-8763 

1 9-21 
ASME-EPRI Radwaste Workshop 
Boulder, Colorado 
Contact: Pam Turner, (41 5) 855-2010 

20-23 
Steam Turbine/Generator NOE, Life 
Assessment, and Maintenance 
Albany, New York 
Contact: Tom McCloskey, (415) 855-2655 

22-23 
Seminar on Management 
of Low-Level Waste 
Boulder, Colorado 
Contact : Pam Turner, (415) 855-2010 

AUGUST 

1 6-18 
Radiation Field Control 
Seattle,  Washington 
Contact: Linda Nelson. (415) 855-2127 

17-19 
Steam Generator NOE 
Location to be announced 
Contact: Ulla Gustafsson , (415} 941--8552 

17-19 
6th International Workshop on 
Main Coolant Pumps 
Toronto, Ontar io 
Contact: Rick Sturkey, (704} 547-6043 

24-27 
EPRI-EPA-DOE 1993 S02 Control 
Symposium 
Boston, Massachusetts 
Contact: Pam Turner, (415) 855-2010 

SEPTEMBER 

8-10 
EPRl's 9th Electric Utility Forecasting 
Symposium: Forecasting and DSM 
San Diego, Cal i fornia 
Contact: Lori Adams, (415) 855-8763 

14-1 7 
PCB Seminar 
New Orleans, Lou isiana 
Contact: Linda Nelson, (415) 855-2127 

19-24 
In Situ Monitoring of Corrosion and 
Water Chemistry 
Houston, Texas 
Contact: Barry Syrett, (41 5) 855-2956 

21-23 
4th International Symposium on 
Biological Processing of Fossil Fuels 
Sardin ia .  I taly 
Contact: Stan Yunker, (415) 855-2815 

29-0ctober 1 
Condenser Technology 
St. Petersburg , Florida 
Contact: Lori Adams, (415} 855-8763 
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Contributors 

Jones O'Brien 

Downs Kesse lr ing 

Evans 
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E l e c t ro t e ch n o l o g i e s  f o r  Wa ter  
Treatm e n t  (page 4 )  was  written by 

science writ r Joh n  Douglas with as i -
ta nce from Myron Jones, manager for 
environ ment and energy management 
in the Industri a l  Program of EPRl' Cus-

S hedding Light on the Compact 

F luorescent (page 22) wa written 
by Lesl ie Lamarre, ]0 1 1 mal enior fea­
ture writer, with technica l information 

from two members of the Cu tomer 
Sy tern Divj ion. 

tomer Systems Division. Before joining Joh n Kessel ring, manager for re i­
the Institute in 1 990, Jones was vice dential systems, came to PRl in 1 9 6 
president of a subsidiary of Pacific Gas after four year a a vice presid ent with 

and Electric, where he wa re ponsi ble Alzeta Corporation in Santa Oara, Cal-
for natural ga s sa les and corpora te 
plannj ng. He has also worked for Bech­

tel ,  Shell  Development orporation, 
United Technologies, and R ust Engi­

neering in a variety of process d s ign 
and R&D capacit ies. Jones holds an S 
degree in chemical engi neering from 

the University of Ma ine. • 

I mages in I n fra red (page 14 )  was 

writ ten by Taylor Moore, ]01 1rnal  se­
nior featu re writer, wi th  the guidance 

of two member of the uclear Power 
Division. 

i fornia. Before tha t, he was associa te 
manager of the Combu tion Technol­
ogy Department a t  Acu rex Corpora ­
t ion . Earl ier he served as a n  assista n t 
profes or of rnecharuca l and aerospace 
engineering at the Universi ty of Ten­
nes ee for five years. Kesselring holds a 
B degree in aeronautical engineering 
from the University of Michigan and 

S a nd Ph D degrees in aeronaut ic  and 
astronautics from Stanford Univer i ty. 

M ichael Evans, manager for com­
mercia l  d emand-side management, 
ca me to EPRJ in 1 990 after ix year 

John O' Brien, manager of the Nu- wi th -Cyte, an electronics manufac-

clear Pla n t  Operat ions & aintenance 
Program, has been wi th EPR I ince 
1979, special izing in human factors en­
gi neeri ng. He previou ly worked for 
five year at the We t i nghou e R&D 
Center and  before tha t was a re  earch 
analys t at the Cen ter for Occu pa tiona l 
Ed ucation at orth Carolina State Un i ­
versi ty. O'Brien received BA ,  M A, and 
Ph D degrees in indust ria l and engi­
neering psychology from orth Caro­
Una State U niversity. 

Mike Downs, manager of the Nu­

clear Main tenance Applications Center, 
jo ined EPRI in 1988, init ially as a loaned 
employee from Bechtel Corporatfon ,  
where h e  w a s  chief engineer for pla11 t  
sta rtup and operat ing ervices. Downs 

worked for 20 year in nuclear plant 

operation and maintenance engi neer­

ing at Bechtel . He tudied mechanical 
eng:ineering at George Wa hington 

U niversity. • 

tu ring firm in Mountain View, Califor­

nia,  where he ul timately became vice 
president of engineering. Before tl,at, 
he wa vke pre iden t  of operations at 

a combustion technology R&D com­
pa ny. Evan ha BA and BS degrees i n  
mechanica l engineering from Rice Uni­

versi ty and MS and PhD degrees in 

high-tempera tu re ga d yna mies from 

Stanford Uruversi ty. • 
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