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PowER • COR Software Series 

Corrosion problems are prevalent in a variehJ of electric generating 

systems. Diagno ing and resolving t/1ese problems can be challeng­

ing, given the torrent of information currently available. The 

POWER•COR series of software programs is designed to help 

demystifiJ corrosion problems. The series offers utilities a single 

source of information-a source that enables the swift resolution of 

corrosion problem without the help of an expert. Currently, there 

are six modules in the POWER•COR series, all of which employ a 

user-friendly, menu-driven format with the option of color screens. 

For more information, contact Barry Syrett, (415) 855-2956. To 

order, call t/1e Electric Power Software Center, (800) 763-3772. 
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MICPro, Version 2.0 

MICPro is an expert system that gives utility personnel a rapid 
way to predict the susceptibilities of nuclear and fossil power 
systems and components to microbiologically influenced 
corrosion and abiotic corrosion. Version 2.0 allows the user to 
more easily evaluate the effectiveness of various methods of 
controlling both types of corrosion. 

FGD•COR 

FGD•COR guides utility engineers in the selection of corro­
sion-resistant construction materials for wet flue gas desulfur­
ization systems. The module includes a failure analysis 
advi or that helps use.rs identify the type and cause of corro­
sion or deterioration experienced. The advisor can also 
suggest preventive treatments for the type of corrosion 
identified. 
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CO N DENSER•COR 

Thi hypert t module can be u d t analyze the failure of 
ith r fr hwater or a ltwater cond n r component . Packed 

with a variety of corro i n data for common component 
materia l in fossi l  and nucl ar plant , 0 DE SER • COR al o 
can s nre a a material s lection gu id or be u d to pre crib 
corro ion con trol options. 

SW• COR 

This mod ule helps ut i l i ty engineers elect the appropriate 
const ruction materia ls for piping and heat exchangers in 
power plant er ice water y tern . SW •COR can help u ers 
identi fy and under tand the mechani m of fai lure in exi t ing 
comp nent of nuclea r and fo ii plant . The program also 
pr vide adv ice on h w to pr vent or m ini mize failures. 

EDEAC-PC 

EPRI developed EDEAC-PC to h Ip uti l i ti  d t rrnine fatigu 
crack gr wth rates for ariou s tructural ma terials in nuclear 
power plants . The program conta i n  data from over 1900 
fatigu crack growth te t on f rr itic teels, tainle tee! , 
and nickel-ha a ! Joy in a i r, h igh-purity water, boiling water 
react r, and pre urized water reactor environments. 

SCC/IGA-600 

SC / I A-600 rve a a guide for a e ing and tracking 
tr corro ion cracking and intergranular attack in Alloy 600 
tea m generator tubing in pre urized water reactor ec­

onda ry- ide water. An important f ature of this program i i t  
ability to record and track the nu mber of tub fai lures in the 
u er '  ow n team generator . 
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Magnetic Fields May Forewarn of Earthquakes 

he ability to predict earthquakes has long been the 
Holy Grail of seismologists around the world and 
a topic of deep fascination for the general public. 
Every year, it seems, somebody comes up with a 
new theory about how to tell when the Big One 
might strike. Strange animal behavior and irregu.­

lar geyser activity are just two of the more offbeat theoretical 
harbingers that have surfaced. 

The theories with the most credibility, of course, are those 
based on scientific fact. One such theory, well publicized after 
California's 7.1 Loma Prieta temblor of October 1989, has 
drawn much attention from respected seismologists: the 
ampUtudes of the earth's naturally occurring magnetic fields 
have been observed to significantly increase directly before 
large earthquakes. 

According to Antony Fraser-Smith, a Stanford University 
professor of electricaJ engineering and geophysics who is 
among the scientists in the United States and elsewhere 
currently researching this phenomenon, such magnetic field 
fluctuations have been observed as much as a month before 
an earthquake. These fluctuations are sometimes followed by 
an additional variation only a few hours in advance of the 
event. So far, significant fluctuations-in most cases, more 
than double or triple the normal magnetic field ampUtudes­
ha ve been observed in eight earthquakes, including the great 
Alaskan quake of 1964, the devastating Armen­

In order to obtain accurate data, Fraser-Smith says, it is 
necessary to sift out the magnetic fields that don't occur 
naturally, such as those generated by cars and buses. That is 
precisely what he intends to do in a current EPRl-sponsored 
research project that will help establish a comprehensive 
monitoring system on the Hayward Fault, a 31-mile geologic 
fracture that runs through heavily populated areas east of San 
Francisco Bay. 

According to Allan Lindh, a seismologist with the U.S. 
GeologicaJ Survey, the Hayward Fault is geologically very 
similar to the fault that caused the 7.0-magnitude temblor that 
devastated Kobe, Japan, in January. And given that the Hay­
ward Fault runs through urban areas inhabited by 6 million 
people, the impact could be just as severe. 

Researchers plan to establish a monitoring station near 
Lake Chabot, located east of San Francisco Bay, by April. 
Then, says Fraser-Smith, "It's just a matter of time." Already, 
he says, he is gathering data from similar monitoring stations 
established on faults in central and southern California. 
Admittedly, Lindh says, "this project falls into the category 
of long-shot experiments. But anything you do in earthquake 
prediction has the potential to be a long shot. And this hap­
pens to be the most promising method of near-event earth­
quake prediction around." 
• For more informntion, co11tnct H. T. Tang, (415) 855-2012. 

ian quake of 1988, and the Loma Prieta quake. 1--���;;;:::::--:-:--::;������;:':'�lij� 
Fraser-Smith, who colJected magnetic field 

data from the Loma Prieta earthquake, reports 
that his readings were up to 300 times the 
amplitudes normal for the region. As he ex­
plains, he captured the readings by chance while 
recordi11g magnetic field data for the U.S. Navy 
in an area that happened to lie just 3 miles from 
the quake's epicenter. Magnetic field data from 
the seven other sites were captured at greater 
distances from the epicenters, he notes. 

Device Developed for Bird Protection 

E 
PRl-sponsored researchers have developed a technology 
to help prevent birds from flying into structures that 
can injure or kill them. The device, which emits a pattern 

of radio-frequency signals that are imperceptible to human 
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beings, has been tested successfully in the laboratory. Now the 
researchers are preparing to test i t  in the field. 

The technology was conceived for use at wind farms. But 
according to EPRl's Earl Davis, who is managing the ongoing 



research at the University of Pittsburgh, it has the potential to 
be useful in a variety of applications-for diverting birds 
away from airplane engines, tall buildings, and sites contain­
ing hazardous chemicals, for example. The technology could 
even be used to drive nuisance birds away from areas like 
sports stadiums and hotels. 

"The historical approach to this kind of diversion has 
been to use lights and sounds that people can perceive," says 
Davis, "but these techniques are not necessarily the best way 
of communicating with animals." EPRI's technology emits a 
pattern of radio signals in a frequency already approved by 
the Federal Communications Commission for broadcasting. 
Since these signals cannot be detected by human ears, they 
can be used in areas where people are present. 

The aim of EPRJ's research is to successfully startle birds 
away from a given danger zone. In laboratory tests at the 
University of Pittsburgh, researchers have determined that 
pigeons perceive and recognize the radio signals. Comple­
mentary signals, such as ultraviolet light and sound, may be 
used to enhance the technique. 

The next step is to test the device under controlled condi-

tions on other bird species in tl1e field. Commercialization 
would follow. ln the meantime, EPRJ has applied for a patent 
on the technology. The U.S. Air Force, which is plagued by the 
problem of birds flying into the engines of its aircraft, is 
among the groups that have already shown considerable 
interest in the device, Davis says. "This technology has the 
potential for great commercial value," he concludes. 
• For more informatio11, contact Earl Davis, (415) 855-2256. 

New Magnets Promise More-Efficient Motors 

L 
arge electric motors- those of 20 hp or more-consume 
more than one-third of the electricity generated in the 
United States, so even a small increase in their efficiency 

could provide significant energy savings. Most of these 
motors now use only electromagnets, which are relatively 
large. U permanent magnets were used, the size and weight 
of these motors could be reduced by about half, and their 
efficiency could be increased from the present average of 
about 88°ft, to as much as 96%. 

Most of today's permanent-magnet motors have frac­
tional horsepower and typically use materials based on fer­
rites (mixed oxides of iron and barium or strontium). Much 
more powerful magnets-with more than five times the 
magnetic flux density of ferrites--can be made from a!Joys 
composed of rare-earth and transition metal elements. These 
RE-TM materials are commonly used in such small applica­
tions as earphones and computer disk drives, but their mag­
netic properties are unstable in situations where temperatures 
fluctuate widely, as in large motors. 

Recently, EPRJ's Strategic Development Group sponsored 

a scoping study by Daedalus Associates to explore opportuni­
ties to use advanced RE-TM materials for the benefit of the 
electric power industry. ln particular, the Daedalus 
researchers looked for new materials with a hjgher Curie 
temperature-the temperature at which atomic-level random­
ization of molecular orientation makes permanent -magnet 
characteristics disappear. In addition to identifying promising 
candidate materials, the researchers concluded that new 
approaches-such as postconstruction magnetization-could 
overcome some of the difficulties previously encountered in 
trying to fabricate large motors with permanent magnets. 

"We are currently considering furtl1er research, includ­
ing the investigation of manganese -based materials and an 
economic analysis of their use in large motors," says John 
Stringer, EPRJ's director of applied research. "It would be 
particularly beneficial to utilities if permanent magnets could 
be used to build more-efficient motors of 100 hp and up, 
because these are used mainly in power plants and consume 
about 10% of the power generated." 
• For more information, co11facf John Stringer, (415) 855-2472. 

EPRI JOURNAL March/April 1995 5 





by Taylor Moore 

Health Risks 

THE STORY IN BRIEF Previous studies suggesting an increased 

risk of leukemia and brain cancer among workers in electrical 

occupations generally involved small numbers of cases and had 

very limited information on magnetic field exposure and on 

exposures to other agents. Three large epidemiologic studies of 

electric utility workers that included extensive exposure measure­

ments and were designed to test specific hypotheses about poten­

tial cancer risks have recently been completed. Their results, 

although inconsistent, have substantially enlarged the epidemi­

ologic foundation for researchers probing the potential health risks 

of magnetic field exposure. 
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D 
espite efforts by some of the 

world's leading epidemiologists 

and health researchers, the possi­

ble effect on human health from 

exposure to magnetic fields remains uncer ­

tc1in. Since the earLiest suggestion of an ap­

parent link with certain forms of cancer 

was reported 15 years ago, scientists sup­

ported by government and industry r e ­

search programs in more than half a dozen 

countries have conducted increasingly r e ­

fined and better-designed health studies 

thilt have probed for increased risk of dis­

ease from exposure to power system fre­

quencit::s of c1ltemating-current magnetic 

fields. Key populations studied have been 

children in typical residentiaJ environments 

-who spend most 0f their time at home 

ctnd who are believed to be perhaps the 

gmup most vulnerable to possible risks­

and adult workers in the so-called electri­

cal occupati0ns, who presumably have re­

ceived higher exposures to magnetic fields 

than other populations. 

So far, the results of the epidemiologic 

studies have been inconsistent. Many in­

vestigators have reported an association 

between increased risk of certain cancers 

and estimated e11.1JOSure to magnetic fields; 

different studies have reported associations 

with different types of cancer, however, 

and lhe suggestions of increased risk are 

relatively weak when compared with some 

other causes of cancer, Like cigarette smok­

ing or exposure to certain toxic chemicals. 

Moreover, the association of risk with i m ­

puted exposure, particularly for chiJdhood 

leukemia, has not been nearly so apparent 

when the epidemiologic data are ilnillyzed 

by using actual exposw-e measmements. 

Althou1sh important insights into the ex ­

tent and nature of human exposure to mag­

netic fields and into the difficulties of epi­

demiologic research in this area have been 

gained, solid conclusions or definWve an­

swers about possible health risks remain 

elusive. Beyond epidemiologic studies, lab­

oratory research involving animals and 

cells is being conducted in several colll1-

tries to investigate possible bi1,logical mech­

anisms by which power-frequency mag­

netic fields may interact· with biologirnl 

c;ystems. Meanwhile, considerable electri­

cal engineering research is being focused 
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on evaluating options for limiting human 

exposure to magnetic fields. 

Still, it is in the epidemiology of cancer 

incidence and mortality that some of the 

most extensive investigations for a link be­

tween magnetic field exposure and cancer 

have been centered in recent years. And it 

has been particularly among utility work­

ers that epidemiologists have hoped to find 

the clearest evidence, or lack thereof, for in­

creased health risks. The results of an im­

portant study taking this approach have re­

cently been reported. This investigation, 

one of the largest epidemiologic studies 

ever conducted in this country, involved 

nearly 139,000 workers at five American 

utilities and was ftmded primarily by EPRI 

(with cofunding from the Empire State Elec­

tric Energy Research Corporation). With 

these results and recent results from other 

key studjes, a substantiaJJy higher plane has 

been reached in the amount and quality of 

epidemiologic information about possible 

health risks from occupational exposure to 

magnetic fields, if not yet in the full under­

standing of the informc1tion's meaning. 

Early studies raised possibility 

Since 1981, more than 50 studies have ex­

amined the occurrence of cancer among 

workers exposed to electric and magnetic 

fields (EMF). Until recently, these studies 

focused on a loosely defined group of elec­

trical occupations. In the late 1980s, a num­

ber of  studies were initiated that looked at 

specific occupations or industries and spe­

cific diseases, such as leukemia and brain 

cancer. These studies include the five-com­

pany U.S. utility worker study, conducted 

for EPRI by a research team at the Univer­

sity of North Carolina (UNC) School of Pub­

lic Health under the direction of epidemi­

ologists David Savitz and Dana Loomis; an 

EPRJ-sponsored study of telephone work­

ers by Johns Hopkins University research­

ers; a study by Southern California Edison 

Company of its workers; a study of work­

ers at three large electric utilities in Can­

ada and France; ru,d a study of workers in 

Sweden. 

Many of the earlier studies were hypoth­

esis-generating studies that examined a 

collection of occupations presumed to in­

volve exposure to EMF. The results were in-

consistent: some studies showed a small­

to-moderate elevation in mortality risk 

from leukemia or brain cancer among elec­

trical workers; others showed no effect or 

even lower risk. None involved the mea­

surement of exposure to magnetic fields or 

even a dose look at job history; many were 

based solely on information from death 

certificates. The results served mainly to 

raise the possibility that a relationship b e ­

tween job exposure to EMF and disease 

might exist. 

Later studies of occupational EMF expo­

sure and cancer focused mainly on brain 

cancer ru,d leukemia, although a few looked 

at other cancers, such as male breast cancer 

and malignant melanoma (a severe form of 

skin cancer). These studies shared some of 

the limitations of the earlier studies: a non­

specific definition of electrical occupations, 

no measurement of EMF exposure, limited 

information on work history, and relatively 

few cases of disease. 

Several analyses combining the results of 

various studies have been conducted. One 

published in 1988 found relative risks of 

1.18 for all types of leukemia combined 

and 1 .46 for acute myeloid leukemia, the 

type most common in adults. (Relative risk 

is the ratio of risk among exposed subjects 

to the risk among the unexposed. A value 

of 1.0 indicates no risk.) At least 12 case­

control studies of brain cancer and occu­

pational EMF exposure have been done. 

Several showed a small excess risk (a rela­

tive risk of 1 . 5  to 2.0) for aJJ electrical occu­

pations combined and larger risks (above 

5.0) for some subgroups. The occupational 

groups showing excess risk, however, d i f ­

fered from study to  study. And since brai.n 

cancer is rare, the number of subjects in a 

specific occupation in any one study was 

small. 

Indeed, part o f  the difficulty of epidemi­

ologic studies of EMF i s  that both leukemia 

and brain cancer are relatively rare d is ­

eases. Leukemia in its severaJ forms occurs 

at a rate of about 10 cases per 100,000 peo­

ple a year, or about 28,600 new cases annu­

ally in the United States. Rates for all types 

of leukemia have changed Little over the 

past two decades. Brain and central ner ­

vous system cancers are rarer, occw:ring at 

a rate of about 8 per 100,000 people a year. 



CONTRASTING TYPES OF EPI DEMIOLOGIC STUDIES 
Hypothesis-generating studies that used death certificate information to examine the occurrence of disease in 

populations first raised the possibility of a link between certain forms of cancer and presumed occupational expo­

sure to magnetic fields. More recently, two types of analytical studies--cohort and case-control studies-have been 

conducted to test hypotheses regarding specific cancers and occupational exposure to magnetic fields. These 

studies involve the collection of detailed data on exposure,  disease, and other factors. Both types may be used to 

examine the relationship of exposure either to the occurrence of disease or to disease mortality. 

External Comparison 

In terna l Comparison 

Low High 

General populat ion Cohort Exposure in the cohort 

Cohort studies identify and select groups (cohorts) of individuals for study typical ly on the basis of some exposure of 

interest-for example,  exposure to magnetic fields. Investigators determine the disease incidence or mortality 

patterns within the cohort. They then make comparisons of incidence or mortal ity rates between the cohort and the 

general population or between subgroups with different levels of exposure within the cohort. 

Cases Exposed 
--------------- Exposure ---------------

__ <D_o_o_o _______ 
1

------_

assessment 
______ , 

________ o_o_o_o _ 

_ 0_0_0_0_0_0_0_0_0_0_1 -------- D ---------1 ____ 0_0_0_0_0_0_ 
Contro ls Nonexposed 

Case-control studies start by identifying individuals who have the disease of interest (cases) and individuals without 

the disease (controls). Investigators then compare the previous exposure experience of cases with that of controls. 

Faster and less costly than some cohort studies, case-control studies can achieve adequate statistical power with 

smaller sample sizes. They can be more prone to bias, however. Nested case-control studies combine some features 

of both cohort and case-control studies. 

For brain ca ncer, both the ra te of incidence 
and the rate of mortality have been increa 
ing sl ightly ince 1 973; how ver, that is 
thought to be at least part ly the re ult of 
improved detection and diagno i u ing 
noninvasi e imaging techniques, uch a 
CAT cans and magnetic re onance imag­
ing. 

Env i ronmental , occupa tiona l, and ge-

netic factor have all been a ociated with 
one or more typ of leukem ia. Expo ure 
risk factor include the organ ic olvent 
benzen and ionizing radiation, uch a X­
ray . (Power-frequ ncy magnetic field , in 
contrast to ionizing radiation, are much 
lower in frequency and are not believed to 
have D A-damaging potential. } Although 
there are no dead recognized risk factor 

for brain cancer, occupa t iona l  expo ures to 
ionizing racLiat ion, organic solvent , and 
pe ticide have been linked to the di ea e. 
Bu t the cau e of leukemia and brain can­
cer are not well under tood, a nd, taken to­
gether, the currently known or u pected 
ri k factor are l ikely to account for only a 
small proportion of ca , EPRl re ea rcher 
say. 
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COMPARISON OF THREE STUDIES OF UTILITY WORKERS 

Three recent occupational EMF studies incorporate significant improvements over earlier studies. Possibly important 

di erence among he recen s udies inc ude what size cohort they used, whether they examined the incidence of 

disease or only deaths from disease, whether magnetic field exposure measurements were random, and whether the 

potential  for confounding exposures was taken into account. 

Uti l i ty 

Design 

Cohort size 

Fol low-up per iod 

Type of study 

Outcome 

Type 

Main focus 

Exposure Assessment 

Sampling 

Instrument 

Number of measurements 

Median exposure 
(mill igauss x yr) 

Adjustment for 
other exposures 

1 0  EPRI JOURNAL March/April 1995 

Sahl et al. 

1 993 

Southern Cal i forn ia  Ed ison 

36,22 1 

1 960-1 988 

Nested case-control 

Morta l ity 

Leukemia 

Bra in  cancer 

Lymphoma 

Convenience 

EM DEX 

776 

35 

No 

Theriault  et al .  

1 994 

Electr icite de France 

Ontario Hydro 

Hydro-Quebec 

1 70,000 (EdF) 

3 1 ,543 (OH) 

21 ,749 (HQ) 

1 970-1 989 

Nested case-contro l 

Inc idence 

Leukemia 

Brain cancer 

Ma l ignant melanoma 

Conven ience 

Positron 

2066 

22 (EdF) 

49 (OH) 

63 (HQ) 

Yes 

Savitz et al . 

1 995 

Caro l ina Power & Ligh t  

Pacific Gas and E lectric 

PECO Energy 

Tennessee Val ley Authority 

Virg in ia Power 

1 38 ,905 

1 950-1 988 

Cohort 

Morta l ity 

Leukemia 

Brain cancer 

Random 

AM EX-30 

2842 

52 

Yes 



More-recent studies 

In 1992, re earcher from Johns Hopkin 
University published th results of an EPRI­
spon ored case-control study of leukemia 
among telephone l inemen, for whom an 
important source of EMF exposure is the 
electric power distribution ystem, ince 
telephone and power lines are often close 
together. This was the first occupational 
study of EMF to look at exposures and ri ks 
in a large population, and it u ed measure­
ment of on-the-job expo ure and tele­
phone company records of job histories. 
Exposure estimates for four categories of 
lineman jobs and one for all other tele­
phone company jobs were based on 238 
full-shift mea urements of EMF expo ure 
using an EPRI-developed recording expo­
sure meter-the EMDEX. 

Overall, the study did not find clear evi­
dence of an excess ri k of leukemia mortal­
ity among telephone company linemen. 
Tho e who were exposed to high level of 
magnetic fields of rapidly varying intensity, 
however, had exces risks-in the range of 
1 .5 to 6 times higher than the least-exposed 
worker . Ri ks among the e workers in­
creased with increasing expo ure. Because 
the actual number of subjects for whom de­
tailed work histories were available wa 
mall ,  however, the estimate of risk was 

impreci e and not stat istica l ly  significant 
and the researchers concluded that the ob­
served di fference may have been due to 
chance. (See sidebar, p. 1 6 . )  Moreover, many 
of the analy e made in the tudy were 
considered exploratory and were not ba ed 
on a hypothe is specified beforehand. 

Meanwhile, in eparate studies pub­
lished in 1993, researchers at Sweden's a­
tional Institute of Occupational Health and 
in Denmark u ed national cancer regi try 
and census data in population-based stud­
ie of worker . (U.S. cancer incidence data, 
in contrast, are not collected nationally.) 

The Swedish case-control study exam­
ined all cases of leukemia and brain cancer 
over a 4-year period among adult men in a 
region of central Sweden. Questionnaires 
and measurements of magnetic fields where 
subject worked formed the basis for expo­
sure assessment. Workers were queried 
about potential confounder , such as expo­
sure to chemical or other agents, that could 

Other EMF Health 

Effects Research 

I n addition to the rec ntly c mpleted 
epidemiologic studies of health risks 

from occupational EMF exposure, other 
important studies in progr are x­
pected to add further to dentili c  under­
standing. These include national studies 
of childhood leukemia r i  ks that are un­
der way in Canada, France, ew 
Zealand, the United Kingdom, and the 
United State . EPRI i co ding the 
Canadian study. AU of thes current 
childhood leukemia tudies invol e 
large numbers of recen t inciden t c e 
and are examining mul t iple ri k factors. 
Re ults a re anticipated beginning in 
1996. 

Meanwhile, animal studie te ting 
models for various cancers-including 
leukemia and brain cancer-are under 
way with sponsor hip from EPRI and 
other organization . The ational Toxi­
cology Program of the ational In ti ­
tutes of Health is conducting a major 
tudy of pos ible carcinogenic effec of 

magnetic field exposure, for which re­
ult are anticipated in late 1 997; related 
tudies are being conducted in Canada, 

Europe, and elsewhere. 
TI1e results of laboratory tudies on 

potential biological mecl1anism of EMF 
interaction will be fundamental to an 
understanding of whether and how 
magnetic field can be invol ved in can­
cer development. Wh ile a number of 
po sible route of interaction have been 
propo ed and tudied experimentally, 
none ha the theoretica l and experimen­
tal upport requ i red for broad accep­
tance within the scientific community. 
Many scienti t believe that if and when 
a plausible biological mechanjsrn for 
EMF interaction is establi hed, the labo­
ratory etting may be best uited to in­
vestigating the relative re ponses of bio­
logica l y tern as the parameter of 



SELECTED CAUSES OF DEATH IN 

THE U.S. UTILITY WORKERS COHORT 

(Cohort Size: 1 38 ,905) 

Observed Expected 
Deaths Deaths 

All causes 20,n3 26,n9.5 

All cancers 4,833 5 ,6 1 6. 1 

Selected cancers 

Lung 1 ,692 1 ,859.5 

Breast 6 7.5 

Brain and central nervous system 1 5 1  1 58.4 

Lymphatic and hematopoietic 439 532.4 

Leukemia 1 64 21 7.0 

Heart d isease 7,768 1 0,209. 1 

Respiratory d isease 1 , 1 78 1 ,71 6.8 

Transportation accidents 8 1 0  1 , 1 05.8 

Accidenta l falls 1 4 1  1 90 .8 

Su icide 536 661 .3 

Homic ide 1 75 41 8 . 1 

CAUSES OF DEATH FROM CANCER IN THE U.S. MALE POPULATION Leuke• 
mla and brain cancer deaths are rare in the overall  picture of cancer In the 
general population. The UNC mortality study of workers at five U.S. electric 
utlllties found fewer deaths from al l  causes, from all cancers combined, and 
from leukemia and brain cancer specifically than would be expected in the 
general male population. This is attributed to the tendency for employed 
people to be healthier than the general population. 

B ladder 

Cancer Deaths: General Male Population 
( 1 994 Estimates) 

---- Prostate 

,------ Lung 

�----------- Colon and rectum 

either create a spurious association or mask 

a real one. Jobs held the longest during the 

preceding 10 years were then targeted for 

EMF measurements by subjects or surro­

gates wearing personal exposure meters. 

Swedish researchers reported that EMF 

exposure in the job held longest in the 10 

years before diagnosis was associated with 

chronic lymphoid leukemia (odds ratio of 

3.0 to 4.0) but not with the other common 

form in adults, acute myeloid leukemia. 

(Odds ratios are calculated in case-control 

studies as estimates of the relative risk of 

disease associated with exposure.) Brain 

cancer risk was weakly associated with 

mean exposure in the job held longest. But 

because the study looked at many jobs and 

industries, it yielded little information on 

risks among electric utility workers per se. 

Major studies of electric 

util ity workers 

Three recent studies looked directly at elec· 

tric utility workers and were specifically de­

signed to resolve much of the uncertainty 

that plagued earlier, more limited projects. 

Because of this, the results of these studies 

are the focus of much of the attention of 

EMF health researchers today. The principal 

results of the EPRI-funded, five-company 

study of U.S. workers by UNC researchers 

were published in January in the peer­

reviewed American Journal of Epidemiology. 
The same journal last year published the 

results of a second large study, begun at 

around the same time in 1988 and based on 

223,000 utility workers in Canada and 

France. That study was a cooperative effort 

of research groups .led by Gilles Theriault 

of Montreal's McGill University, Anthony 

Miller of the University of Toronto, and 

Marcel Goldberg of France's National Insti­

tute of Health and Medical Research. The 

results of a third study, which evaluated 

cancer risks among 36,221 Southern Cali­

fornia Edison (SCE) workers over a 28-year 

span, were published in the spring of 1993 

in Epidemiology. 
Each of these studies had strengths and 

weaknesses that limit the interpretation of 

their resul ts .  But all were designed to yield 

a more credible assessment of magnetic 

field exposures and to test hypotheses spec­

ified beforehand. 



HOW THE UNC STUDY WAS DONE 
Here are the key steps followed by ,....rchers at the University of North Carolina School of Public H-lth In examining 
mortality patterns and risks for leukemia and brain cancer among workers at five U.S. utllltles. 

Cohort Identification Mortality follow ... Statlstlcal analysls 

Worker identification -----------------•: Mortality follow-up ----• 

! Measurement of workers' 
Obtain work history exposure with AMEX-3D 

! ! 
Create occupational 

� 

Magnetic field Statistical analysis: 
categories job-exposure matrix ------------------: magnetic field and chemical 

exposure and mortality 

Chemical job-exposure 
matr ix ---------------------• 

Job-site surveys 
and interviews 

All ma les who had worked at any of From the cohort, over 4000 workers State death certificate data and a Researchers combined the data 
the uti l it ies full-time for at least six were randomly selected to wear the comprehensive national roster were from the cohort exposure assess-
months between January 1 ,  1 950, AMEX-3D device to obtain full-shift used for mortality follow-up and ment and the mortal ity follow-up to 
and December 31 , 1 986, were 
el ig ible and were identified from 
company personnel records. 
Records were used to assemble 
complete work histories. Jobs were 
grouped into 28 occupational 
categories. 

exposure measurements. More 
measurements were made In larger 
companies and in jobs with potential 
for higher exposure. Time-weighted 
average exposure data from the 
measurements were used to derive 
magnetic field exposure estimates 
for the utility occupational cate­
gories; these estimates were , in 
turn , grouped into five categories of 
exposure distribution. Potential 
exposures to PCBs and solvents 
were also examined. 

classification of the specific causes 
of death among the cohort mem­
bers. Driver's license renewal, credit 
card application, and other records 
were used to help identify men who 
were still alive at the end of the 
study period. 

perform several types of analysis. 
Mortality rates for all deaths, for 

specific cancer types, and for other 
causes in the cohort were com­
pared with those in  the general 
population . With in the cohort, rates 
were contrasted on the basis of 
cumulative magnetic f ield exposure 
and duration of employment in some 

jobs. For all analyses, mortality rates 
were adjusted for age,  social class, 
and other potential confounding 
factors .  

The SCE study combined cohort and 

nested case-control components to evalu­

ate the possible relation of mortality from 

leukemia, lymphoma, and brain cancer 

with occupational exposure to magnetic 

fields. The cohort consisted of employees 

of SCE who had worked for at least a year 

between 1960 and 1988. 

Exposure was estimated in several ways 
and was based on a reconstruction of each 

worker's job history. 1n the cohort study, 

exposure status was categorized on the ba­

sis of job title. The case-control study used 

exposure scores based either on time spent 

in electrical craft occupations or on an inte­

grated magnetic field exposure history. Ex­

posure data came from volunteers in rele­
vant jobs at SCE who wore EMDEX record­

ing meters . 

The researchers reported that electricians 

had the highest exposures (mean = 30.1 

mill igauss, median = 3.7 milligauss), fol­

lowed by machinists. Plant operators, shop 

technicians, linemen and cable splicers, and 

welders were also among the high-expo­

sure workers. 

Among the 36,221 workers in the cohort, 

known deaths numbered 3125, including 
44 from leukemia, 67 from lymphoma, and 

32 from brain cancer. For electrical workers 

considered as a group, the mortality risks 

from leukemia, brain cancer, and all can­

cers combined were similar to those for the 

comparison groups. Most of the risk esti­

mates were close to 1 .0, except for lym­

phoma, for which a slightly elevated-but 

not statistically significant-risk was seen 

in the cohort analysis. In general, the re­

sults were similar regardless of study de-

EPRI JOURNAL March/April 1 995 1 3  



Elevated risk 

No elevated risk 
f rom exposure 

Reduced risk 

• Le ukemia risk 

4.0 A Brain cancer risk 

3 .0 

2 .0 

Reference 
group 

0-30 31 -50 51 -70 7 1 -90 > 90 

Percentage d istribut ion of total occupational exposure 

Lowest H ighest 

UNC RESULTS ON LEU KEMIA AND BRA I N  CANCER RISK In this graph, the risks of leukemia and brain cancer (with 

associated 95% confidence intervals)  for the four higher exposure-distribution categories in the UNC uti l ity workers 

study are compared with the risks for the category of workers who received the least exposure (the reference group), 

for which the risk is set at 1 .  The results indicate no elevation of r isk for leukemia among the exposed groups compared 

with the reference group. There is a trend of elevated risk for brain cancer with increasing cumulative occupational 

exposure, however. 

ign or reference group. 
The resu l ts of ana lyses for peci fic job ti ­

tles varied somewhat. In the cohort analy­
sis, slightly elevated mortality risks (rela­
tive ratios of 1 .25 to 1 . 30) from leukemia 
and brain cancer were observed for electri ­
cians, bu t  the corresponding estimates in 
the case-control analysis were substantially 
lower. Because of the sma!J numbers of 
cases and only sl ightly increased odds ra ­
tios (below 2.0), the results were not statis­
tically significant. There was no evidence 
that risk increased with length of employ­
ment. In al l  analyses that used exposure 
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scores (including those of latency and ex­
posu re windows), odd ratios were close 
to 1 .0. 

Improvements in the SCE study over pre­
vious studies that hould have helped to 
m inimize bias and enhance the val idi ty of 
the results included thorough enumera tion 
of the cohort, detailed information on oc­
cupational history, magnetic field measure­
ments, and sophisticated data analysis. 
EPRI researchers say that because the SCE 
study is similar in important respects to the 
five-company C study, their results may 
be the most comparable. Limiting the pre-

cision of the SCE study's results are its rela­
tively small numbers of cancer cases and 
the lack of data on confounding factor , 
such as exposure to chemicals. 

In contrast with the SCE study, the 
Canada-France study explicitly analyzed 
worker exposure to potential confounders. 
It also derived estimates of magnetic field 
exposure from an even more extensive mea-
urement survey. The three groups con­

ducting this study examined cancer risk in 
relation to EMF exposure among men em­
ployed by Hydro-Quebec, Ontario Hydro, 
and Electricite de France. Men who had 



worked for at least one year were identified 
at each of the utilities, with the Canadian 
cohorts including retired as weU as active 
workers. 

The Canada-France study used a nested 
case-control design, combining features of 
cohort and case-control studies. Researchers 
compared the EMF exposures of cases with 
those of controls in each group. The epi­
demiologic endpoints specified at the start 
of the study were the incidence of- not 
deaths from-all cancers combined, leuke­
mia, brain cancer, and malignant mela­
noma. 

Estimates of EMF exposure were ob­
tained by combining the job history of each 
worker with information on EMF e>..'Posure 
from each job. Job-specific estimates were 
based on extensive measurements among 
employees of the three companies. ln all, 
2066 workers wore for one week a com­
mercial EMF exposure meter originally de­
veloped by Hydro-Quebec that measures 
magnetic fields, electric fields, and high­
frequency electromagnetic transients. 

Potential confounders that were specifi­
cally addressed in the Canada-France 
study included smoking, ionizing radia­
tion, chemical agents, and sunljght. Data 
on smoking were available only from the 
medical histories of subjects from Hydro­
Quebec, however. Occupational hygienists 
at ead1 of the companjes developed esti­
mates of exposure to chemicals and sun­
light for eaci1 job category. In an approach 
similar to that used to estimate EMF expo­
sure (but without the measurement com­
ponent), each subject's job hjstory was 
combined with the estimated exposure to 
obtain a cumulative exposure estimate for 
each chemical agent. Statistical methods 
were used to estimate the effects of the pri­
mary exposure (EMF) on disease risk while 
adjusting for possible effects of the con­
founding factors. 

Half of the workers in the Canada­
France study had cumulative exposures of 
31 milligauss-years or less. They served as 
the baseline against whid1 researchers esti­
mated risks for the subjects with above­
median cumulative exposures and for the 
10% of workers with the highest cumula­
tive exposures. 

The researchers found one type of leuke-

mia- acute nonlymphoid leukemia (ANLL) 
-to be associated with cumulative mag­
netic field exposure. 1n a comparison with 
the baseline group, ANLL risk was found to 
be 2.4 times higher among the half of work­
ers with greater exposures. When only 
acute myeloid leukemia-a subset of ANLL 
-was considered, the risk among the haJ f 
of workers with the higher exposures in­
creased to about 3.1, although no e.xposure­
response relationship was found in a more 
detailed analysis. 

In addition, an elevated risk for one type 
of brain cancer, astrocytoma, was found in 
the 10% of workers with the highest cuml1-
lative exposures. Researchers said that U,ey 
suspect the result may be an artifact of the 
statistical method used to adjust for socio­
economic status, because it diminished 
sharply without this adjustment. The re­
sults of the Canada-France study did not 
confirm earlier suggestions of an increased 
risk of malignant melanoma or male breast 
cancer. 

"Despite the attempts made in this study 
to achieve adequate [statistical] power, de­
firutive evidence of an association betvveen 
exposure to magnetic fields and leukemia 
and brain cancer has not been obtamed," 
the Canadian and French researchers con­
cluded in their peer-reviewed publication 
of results. "One of the main hypotbe es 
tested was the association between mag­
netic fields and acute nonlymphoid leuke­
mia (acute myeloid leukemia) that has been 
reported in severa I other studies. Consider­
ing that among all the cancers analyzed in 
our study this is the one for whjch a statis­
tically significant association was found, 
we believe our results speak for an associa­
tion between exposure to magnetic fields 
and at least one type of leukemia." 

UNC's utility worker study for EPRI 

Because it also incorporated the method­
ological improvements applied in the SCE 
and Canada-France studies and because of 
its large cohort size, the five-company UNC 
study substantially deepened the epidemi­
ologic understanding of th? possible risks 
of occupational EMF exposure. The cohort 
included all men who had been full-time 
permanent employees of one of the utilities 
for- at least six months between 1950 and 

1986. The utilities that participated in the 
study were Carolinc1 Power & Light Com­
pany, Pacific Gas and Electric Company, 
PECO Energy Compc1ny, the Tennessee Val­
ley Authority, and Virginia Power. 

The UNC researchers assembled a work 
history for ead1 man, listing length of time 
in each job held with a utility. TI1ese histo­
ries became part of the basis for estimating 
each worker's cumulative magnetic field 
exposure. The other key element was 28�2 
full-shjft measurements of exposure to mag­
netic fields for a random sample of work­
ers in 28 utility occupational categories. 
The workers wore a lightweight EPRl-de­
,·eloped device cc1lled the AMEX- 3D that 
mec1sures the time-weighted average mag­
netic field. Information from the AM EX-'ID 
mec1surements was linked with job histo­
ries to estimate cumulc1tive occupational 
exposure for the study subjects. In general, 
worker exposures were comparable to 
those reported in the Canada-France study. 

To evaluate possible confounders, LNC 
industrial hygienists assessed worker ex­
posure to a number of other agents (in­
cluding solvents and PC3�), sun t:!yed facil­
ities and work practices. and con�ulted 
with longtime employees at the participat ­
ing utilities about confounder exposure po­
tentials in each of the 28 job categories. The 
statistical c1nalyses of risk included adjust­
ment for potential confounding by these 
and other factors, including age and socic1I 
class. 

Of the 138,905 individuals in the study, 
76,934 were no longer employed by the 
companies and had to be traced. Vital sta­
tistics were determined by w1rious means 
for more than 99% of the study subjects. By 
the end of the period being studied, deaths 
among the cohort totaled 20,773. The UNC 
resec1rchers first compared the mortality 
patterns of the study group with those of 
the general population. They then com­
pared the mortality rates of the more­
e.xposed subgroups of the cohort with the 
rates of the least -exposed subgroup (de­
fined as the lowest 30'Yo). 

The overall rate of death in the five-com­
pany worker cohort was 23'\o below the c�­
pected rate for the U.S. male population­
a result attributed to the tendency, also 
seen in other occupational studies, for em-
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ployed people to be healthier than the gen­
eral population. Overall mortality was also 
low compared with the total male popula ­
tion for all cancers combined and for most 
specific types of cancer. The standardized 
mortality ratio (observed deaths from a 
given cause divided by the number ex­
pected among men of the same age and 
race in the population as a whole) for leu­
kemia was 0.76 (at a 95% confidence inter-

S tatistical significance is often con­
fused with practical or biological 

significance and, as such, is often mis­
used. One way to assess the statistical 
significance of epidemiologic results is 
through a confidence interval (CI)-an 
interval calculated to contain the true, 
but unknown, value of the risk with a 
specified probability (usually 95%). The 
larger the CI, the less precise the risk es­
timate. Conversely, the narrower the CI, 
the greater the estimate's precision. But 
importantly, if the CI includes 1.0, it 
means that the possibility that there is 
no effect cannot be excluded and that 
observed differences in risk could have 
been the product of chance. So risk ra-
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val of 0.64-0.88), while that for brain can­
cer was 0.95 (95% CI of 0 .81-1.12). 

mias showed no association of risk with in­
creased exposure. 

When the risk of brain cancer was exam­
ined by comparing worker groups catego­
rized by percentiles of the exposure distri­
bution, the relative risk for the three mid­
dle categories (compared with the least­
exposed group) was about 1 .5, and for the 
highest-exposure category, 2.3 (95% CI of 
1 . 15-4.56) . Similar analyses for all leuke-

Examination of risk by duration of em­
ployment for all exposed jobs combined 
and for linemen, electricians, and power 
plant operators-categories with sufficient­
ly large numbers of workers with high po­
tential for exposure-did not identify con­
sistent pa tterns of risk, although there was 
an elevated leukemia risk for electricians. 

tios with a 95% CI that includes 1.0 are 
said to be not statistically significant, 
while those with a CI whose lower Limit 
is above 1 .0 are statistically significant. 

While statistical significance is related 
to the strength of an association (e.g., 
large risks are more likely to be signifi­
cant), it also depends on such factors as 
sample size, variability of the exposure 
of interest, and how common that expo­
sure is. So a risk of 2.0 might be statisti­
cally significant in a large study but not 
in a smaller one. In another study of a 
given size, a risk of 5.0 might be statisti­
cally significant, but a risk of 3 .0 might 
not be. 

The greatly elevated ( 10  to 20 times 

higher) risk of lung cancer among ciga­
rette smokers compared with nonsmok­
ers makes it Jes likely that some other 
variable, or confounder, is actually re­
sponsible for the association. On the 
other hand, it is harder to rule out the 
possibility that a low relative risk may 
result from some problem in the study 
design or from factors other than those 
under examination. When elevated risks 
have been found for the cancers most 
frequently examined in EMF studies 
(leukemia and brain cancer), they are 
mostly below 3.0. That, by itself, doesn't 
mean that the association isn't real, but 
it does make the association more diffi­
cult to study. o 



The U C re earchers concluded that "in 
contra t to other tudies, these data do not 
su pport an association between occu pa­
tional magnetic field expo ure and leuke­
mia but do ug� t a l ink to bra i n  cancer. " 

ln a summary prepared for re1ea e con­
current With the publication of the tud 
r u l ts, Sav itz and L om i elaborated on 
thei r interpreta tion. "The large iz of the 
tudy, random sel ction of a larg number 

of workers for magnetic field mea ur -
men ts, and exa mination of chem ical expo­
su re are dea r strengths relative to most 
previou [ studie ] . Al though the mo t re­
cent tudie- had found evidence tha t mag­
netic field were related to leu kemia, we 
d id  not. Some uggest ions of an a soci;i­
tion were fou nd, bu t  overa JJ we did not 
find nearly th degree of support seen in 
a number f other tu.d ie , includ i ng the 
Canada-France tudy of e lectric uti l i ty 
workers. The po i tive as ociation betwe n 
magnetic field and bra in cancer tha t  we 
aw wa stronger than had been en in 

prev iou tudie of e lectr ic uti l i ty worker , 
again com pa red to both the Southern Ca l i ­
fornia Edi on tud and the Canada-France 
study." 

The C re ea rchers continued, " l t  i 
disappointing tha t our re ults do not pro­
vide a dea rer picture w hen combined w ith 
the previous tudies of electrical worker 
and pa rticularly lectric uti l i ty worker . "  
They aid tha t  variou deci ion made in 
cond ucting the tud and in anal zing the 
data could have I d to di fferen t re ult but 
tha t  th i wa - not l i kely. For exa mple, the 
U tud y  used a random ample of work­
er to mea u re EMF expo u re, while other 
studies did not random] el ct worker 
for expo ure measurement . ln addit ion, 
the U C tudy of mortality ri k rel ied on 
death certifica te , w hile re earcher in the 
Canada-France tudy examin d the i nci­
d nee f cancer. 

"Cla ificat ion f EMF expo u re remain 
the bigg t cha J Jenge in epidemiol gic 

our under landing, rather than more stud­
ies of the type just completed, we n d to 
fol low up on opportunities to mea u re e 
posure more accura tely or develop and test 
more refined hypothe e· abou t  the biologi­
cal ly relevant a pect of expo u re poten­
tially re lated to cancer. " 

Sum marizing hi per pecti ve on the 
UNC tudy re ult , Savi tz ay , "Tf the 
qu stion is, do it s m mor l i kely a fter 
our study that [magnetic fiel d ·po ures ] 
caus cancer than it did before our "tudy? 
my answer wou ld be that it eems l ight ly 
more l ikely, and J mean l ightly. Ou r study 
add some evidence that is c lea r ly posi­
ti ve for bra in cancer, and yet for leL1 ke­
m ia, where the [earl ier ] re ul h, ve been 
tronge t, I thi n k  it ad d important  nega­

tive evidence. J don ' t  think that houJd be 
ignored-we shouldn ' t  look only at the 
brain cancer finding . "  

Sa itz adds: " I t  wou ld be much ea ier to 
give a one-sentence answer if that  i what 
the result provided, but i t '  rea l ly  inherent 
in the na ture of re earch that you de elop 
the method and conduct th tudy w1th 
ca re and bj ctivity and the re u lts come a 
the wi l l .  ln th is instan e, at lea t a t thi 
time, there a re om rather my teriou di -
crepancies among the major tudie of the 
recent past ." 

EPRI perspective 

tan Su man, ta rget manager for EM F 
tudie i n  PR!' tra tegic Development 

Group, comment : "U C' la rge and com­
prehens ive  study of U .S.  u t i l i ty worker 
provide ub. ta n t ia l  new da ta on occupa­
t iona l expo u res in the u ti l ity ind u  try and 
adds important new info rm a tion to the 
considera tion of an associabon betw en oc­
cupational E F expo u re and ca ncer. But 
con idered in the context of the other uti l­
i ty  worker tud ie and the 0\ ernl l body of 
EM F res arch re·u l ts, the m t recent tudy 
of utility worker , de pite many impr ve­
ment , unfortu na tel y ha not clarified the 

tudies," concluded the C re earcher ·. rela tion hip between EMF expo ure and 
"Lf ome more tibt le a pect of magnetic cancer. The incon istencies in re ul am ng 
fields i trul related to leukemia or bra in tudie underscore our limited under tand-
cancer, then we may have captured it more 
(or less) accu.ra t ly than was done in other 
tudie , and what appear to be c mparab le 

EMF e po u re real! are not. To advance 

ing of the ri ks of expo ure to E IF among 
utility worker a nd uggest the need for 
further analy e and additional tudie . "  

According t o  Leeka Kheifet., tlw E PR.L 

proj ct manag r for th U C stud , "The 
three recent stud i of ut i J jty work rs ha ve 
involved la rg r numb r than before, bet­
ter assessments of exposure, and m ore­
rigorous tudy de igns. Taken as a group, 
the ind ications of ri k in th recen t tud ies 
remain. relati ely weak, even as the studies 
have been made m re rigorou ." She goes 
on, "Unfortunately, the detailed re ult of 
these recen t tud i  are not con istent with 
each other, and tha t  i pr bably frustra ting 
to uti l ity worker and cientists a l ike. But 
the stud je ama ed a n  enormou a mount 
of very hlgh qua l i ty da ta that need to be 
fully e plored." 

EPRI pla11 to compare the methodolo­
gies and resu l t  of the t h ree tud jes to in­
ve tigate the rea-on for difference in the 
r u .lts and a lso pla11 to pursue other com­
para ti e anal . Th tudie ' focu n 
u ti l i ty worker and tJ1ei r u e of ta te-of­
the-art exp u re a  e men t a re thought to 
offer a un ique opportunity to bett r w1-
derstand bolh e. po u r  env i ronment and 
potential r i  ks in the industry. Explain 
Kheifets: ' 'We are planning to bring a J l  the 
re earcher. tog ther and have them e am­
ine the i r  data in more detai l  o that, we 
hope, a clear r pictu re v>'ill emerge and we 
wil l  know where to g from there." • 
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Customer �lue Deployment: 
Turning lnf ormation Into Action 

by Peggy Waldman 

THE STORY IN  BRIEF Gearing up for increasing competition, electric utilities are spending 

mill ions of dollars on research to understand their customers. Yet knowing customer needs 

isn't enough. Companies must translate market intell igence into products and services that 

build customer loyalty and satisfaction, while compressing product development time and 

reducing costs. To those ends, some utilities are turning to a process that helped American 

automakers meet foreign competitors head on. 
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I 
n Augu t 1 992, when PST Energy want­
ed to encourage small businesses to 
insta l l  energy-efficient l igh ting, J -2rry 
Brandom and hi col league at the ln­

diana-ba ed uti l ity decided to try ome­
thing d i ff  ren t .  According to Brandom, 
P l' manager for ma rket plann i ng at the 
t ime, the ut i l i t  ' pr gram d ign practice 
,vere al ready fai r! trong. Stil l ,  h fel t  that 
thos practice coul d  b improv d . 

"We w a nt d to b c rta in we d id n't 
waste t ime and sp i n  our wh els by add­
ing  progra m tha t  d idn't qu i te meet cu -
tamer needs, " Bra ndom ays. Besides, he 
had learned orneth ing abou t a technique 
cal led grn1 l i ty function deployment, or 
QPD. FiI t em ployed i 11  tJ,e manu fac tur ing 
ector but u l t i mately ju t a  w id ly u d !J1 
·ervice ind u tr ies, Q D-Brandom heard­
wa� u po ed to ignificantly la h the 
ti me and co ts in olved in bringing a new 
prod uct to market .  He cal led EPRl to find 
out m re. 

i t  turned out, Thom Henneberger, 
EPRl's manager for product de elopm�nt 
and ma rketing, wa a l ready ,. orking to 
adapt QFD to the utiWy indu try. Tog th r 
witJ, Henn b rger and otJ,er EPRI e.xpert , 
Brand om and hi coUeagu s at PSI u d 
EPRl '  mod i fied ver ion of QFD, a i led cus­
tomer va lue dep loymen t (CVD), to e tab­
l i  h a  new l igh t ing  program. 

Toda B random report that,  de pite i t  
comple ity, the program had one of the 
moothe·t ta rh1 p · of  an P I marketing 

effort to date and ha been among the most 
ost-effect ive P I programs of i ts k ind . A l l 

of this, pl u  a r cord-high cu tamer -ati -
faction ra te-well abo e 90%. "We met or 
exceeded a l l  goa ls, includ ing a target of re­
ducing demand by 9.7 MW by 1 995," Bran­
dom ay . J.ndeed thi demand r - d uction 
goa l ,  whi h wa ·et for June 30, 1 995, wa 
rea hed by late Janua ry t h. i  year. Brandom 
e·timate that u ing CY D aved PSI over 
$1 miUion in two ears through red uced in­
centive co t , lower imp! mentation co t , 
and the el imination of the need for pro­
gram prete t ing .  

What  tar ted a an i olated e p riment 
at PSI ha grown into a way of doing bu,i­
ne . " V D  i now our tandard practice," 
Brandom ay . "We 've u ed th proce to 
de ign v i rtua l ly  e ery program ince we 

first tried it-from residential water-heat­
ing programs to custom ized indu tria l  
energy aud i t  program . We've ven u ed 
it  to rede ign existing programs ."  In fact, 
about tJ,e time that PSI Energy merged with 
Cincinna ti Ga & Electric Company last fall 
(the tw entitie remain epa rate operating 
compani under a new hold ing company, 
Cl ergy), Brand m and hi· col league a -
ist d EPRI in a CVD training e uion for PSI 

and G&E employee . 

What is CVD? 

PSI is in the anguard of U. . l ctric ut i li­
ties tLt ming to CVD a a way to speed up 
product cycle , reduce co t , and improve 
cu torner erv ice. a tura l ly, ince the pro­
c was i n  pired by the QFD concept, I t  
bea rs trong im ilari tie · to its predeces or. 
QFD gr w out of the quality mo em nt-a 
movement ,  ba d on cu tamer focu and 
cont inuou improvement, tha t revolu tion­
iz d corporate America in the 19 Os. 

First i mplemented at M i tsubish i '  ship­
yard in Kobe, Japan, more tha n 20 years 
ago, QFD made i ts way into the United 
State ia Ford and Xero in the mid-19 0 . 
By 1 9  1 ,  accord i ng to one e t imate, more 
than 1 00  ompani -including r vice and 
manu facturing firms-were u ing ome 
form of QFD. That the bu i n  world o 
readi ly l a tched on to QFD i no urpri e. 
Companies tha t  rely on tJ,e proce have 
e perienced reduction of 40% i n  de ign 
ti me and 60% in de ign co t .  U.S. automo­
bile manufacturer report tha t  the proce s 
red uced , uto design t ime from even to 
three and a hal f years.  

The ba i of QFD, and hence VD, i 
imply acti ve l isten ing t cu t mer need 

-something that just ab ut every com· 
pany recognizes is i m portant today. us­
tomer need are add re s d not only in the 
beginning but th.roughout the proce s. The 
wa in which CY D i implemented i a 
bit le s instincti ve. Cro -functional teams 
-I r in lance, team involving p ople 
from pr duct d ign, ale , marketing, and 
program val uation area -mu t work to­
gether from the tart. Tradi t ionally pecial­
i ts in each of these area have worked in 
i lat ion, ha ing l i t t le or no contact with 
each other. 

method the bucket brigade. ·� 1 1  of these 
people hand le a project separa tely, pa ing 
i t  on through the lin wi thout communi­
cating," he ay . ' Th problem i that the 
needs and inter ts of the di fferent group 
never get h a.rd together." For instance, a 
salesperson who knows about th ma rket 
barr iers a proposed new product will face 
never get a chance t voice these con­
cerns unti l after the product is designed 
and intr d uced to the ma rket. The conse­
quence is that the prod uct may not succeed 
in U1e mark tplace. U l limately the product 
gets rede igned, a tep tha t  could have 
been a voided . I t  i not unu ual ,  under tra­
ditiona l practices, for product redesign to 
occur everaJ time . ach t ime the product 
come back to the drawing board, develop­
ment co ts go up and those involved with 
the proce get frnstrated . 

Henneberger note that companie have 
had grea t ucce wi th D, mainly be­
ca use it i a tra igh tforward ,  appl i cable 
proce . "Mo t peopl al ready knov that 
being customer focu ed i i mportant, but 
the e people don't oft n get the tool to 
make it happen. CVD i different becau e 
it provi e the tools to make in formation 
on cu tomer needs a tionable . So when the 
outside pert wal k away, thi proce has 
a l ready attai ned a life of i t· own within the 
organiza t ion. I t '  rea l l  about turning in­
formation into action, theor int pra -
t ice- VD gi es you tJ,e tool to make 
quaUty real" 

Matrices: the secret tools 

The tool that a l low V D  to work so we l l  
a re a erie o f  fi v e  matrices that look l i ke, 
and h nc are commonly ca l led, hou e . 
The matrice c reate an agenda for action 
a nd proyide a fram�work for gathering 
data, etting prior i t ie on the basi of cu -
tamer desire , defi ning mea 'urable p rf r­
mance targets, and d umenting decis ion 
making. CVD matric help uti litie make 
di fficu l t choic beh, een competing take-­
holder need , and they g nerate opporh1 -
nit ie to er -che k thinking. 

The item in the horizonta l row of the 
fi r I matri.x, or hou e, are a I i  t of cu tamer 
need , ranked in order of thei r ignificance. 
The items in the ert ical columns of thi 

Henneberger call thi conventiona l  hou- indicate U1e d ign ta rge nece ar 
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ARlCETING 
SEARCH 

TEAM-BASED PROCESS Traditional methods of product and program develop­

ment involve specialists from various groups working separately on different 

phases of a project. By contrast, CVD involves a team of workers-from groups 

as diverse as product design, sales, marketing, and program evaluation-collab· 

orating on a project from start to finish. This approach ensures that the knowl• 

edge and concerns of the various groups are considered up front, thereby avoid· 

ing time-consuming redesigns after a program or product has been released. 

for satisfying the customer needs. The tar- The matrix approach discourages seat-of-

gets include the attributes a product or ser­

vice must have in order to meet those 

needs. For instance, the matrix for a light­

ing program that includes a customer need 

for low-cost lighting in the horizontal rows 

might include the design target "invest­

ment payback in less than two years" in the 

vertical columns. 

Symbols are used on the grid framed by 

the customer need and design target axes 

to indicate the strength of the relationships 

between the needs and targets. Says Hen­

neberger, "The strength of these relation­

ships offers critical information for deci­

sion making." Atop the square -shaped grid 

is a trianguJar rooflike grid containing sim­

ilar symbols, which indicate relationships 

between the various design targets. For in­

stance, a symbol in the triangular grid 

might indicate that equipment cost has a 

negative relationship with biJI amount­

that is, higher-cost equipment is likely to 

result in lower electricity bills, since the 

equipment is likely to be nigher quality 
and more energy-efficient than less expen­

sive equipment. By the same token, lower­

cost equjproent is likely to result in higher 

electricity bills. 

The very act of constructing the matrices 

helps a utility team understand the critical 

relationships between customer needs and 

the company's ability to satisfy those needs. 
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the-pants decisions, impelling team mem­

bers to make explicit judgments and trade­

offs. "When you put something down on 

paper, you think hard, and if you aren't 

sure, you investigate," Henneberger says. 

"By ranking everything on a measurable, 

quantitative basis, you clarify areas of con ­

flict and work effectively toward customer­

driven solutions." While smaller matrices 

can be written by hand, use of a software 

program is recommended for performing 

the more extensive calculations of complex 

matrices. According to Henneberger, a 

standard spreadsheet program will work 

fine. However, two software programs 

specifically designed for the QFD process 

are also commercially available. 

Inside the houses 

The first CVD house, the House of Value, is 

perhaps the most signjficant house in the 

series. As QFD methodologists say, this is 

where the voice of the customer resides. It 

is in this house, or phase of the process, 

that customer needs are identified and pri­

oritized and that design requirements­

whether they are related to a program, a 

tecltnology, or a characteristic of a service 

- are developed to satisfy those needs. 

The term "voice of the customer" has 

come to represent the prioritized set of cus­

tomer needs that reflects the relative im-

portance of the needs to the customer. The 

voice provides the basis for all product and 

program development in CVD. Experts 

stress the importance of describin.g the 

needs and desires of customers in their 

own words (obtained through processes 

like interviews, surveys, focus groups, and 

market research), rather than filtering the 

comments through the perceptions of a 

product development team. This distinc­

tion is significant because team members 

tend to translate customer needs, such 

as "brighter light," into specific solutions, 

such as "halogen lamps," at a very early 

stage-thereby missing out on other, per­

haps better, ways of addressing the need. 

1n its CVD process, PSI Energy relied on 

focus groups and market research to iden­

tify customer needs. Customers said they 

wanted lights that were low in cost, visu­

ally appealing, long lasting, easy to control, 

and flexible. They also wanted tlte fixtures 

to be installed by competent workers who 

were easy to reach and guaranteed instal­

lation at a convenient time. And they did 

not want to spend much time investigating 

systems or selecting installers. PSI took into 

account each of these customer needs in 

developing its program design targets. 

Since the voice of the customer drives 

all decisions in the CVD process, how well 

an organization documents its customer 

needs is critical to success. But gathering 

this information can be time-consuming 

and expensive. Some utilities may opt to 

use EPRJ's CLASSlFY System as a starting 

point. A collection of residential, commer­

cial, and industrial customer needs pro­

files, the CLASSIFY System provides utili­

ties with the information, methods, and 

tools they require to be customer driven. 

The system is based on an extensive series 

of focus groups and interviews with utility 

customers across the country. Utilities may 

either use this information directly or sup­

plement the data with information culled 

from their own service territories. Either 

way, notes Henneberger, using CLASSIFY 

will save a significant portion of the cost 

that would normally be incurred in gather­

ing such data. 

The second house, sometimes referred 

to as the House of Design, is where pro­

gram or product features are developed to 



satisfy the design targets established in the 
fi rst hou e. The third house is the House 
of Del ivery. This is where marketing and 
implementa tion strategies are created to 
deliver the product, program, or service 
developed in the House of Design. Fourth 

back on whether the program, product, or 
service is meeting customer needs and de­
sign ta rgets; whether the marketplace is re­
sponding as anticipated; and whether the 
market ing strategy is working. 

By all accounts, the first stage of the CVD 
is the House of Management, in which in- process is the most time-consuming. But , 
ternal control procedures are established to as is the case with QFD, such close attention 
en ure effective implementa tion. Fina l ly, up front pays off in the long run. Says 
the Hou e of Evaluation ets up an inte- Brandom of PSI, "For every hour we in­
gra ted tracking system that provides feed- ve ted in planning, we saved two or three 
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MATRICES: CRITICAL TO THE CVD PROCESS A series of five houselike 
matrices provide the foundation for the CVD process. Shown is an 
example of the first house/matrix involved in the establishment of a 
space-conditioning program. The rows on the left l ist customer needs In 
the order of their priority. The columns above l ist the design targets 
identified to meet those needs. The square grid framed by the two l ists 
indicates the relationships between customer needs and design targets. 
The triangular grid above the design targets i l lustrates the relationships 
between the various targets. By showing the strength of these relation• 
ships, the matrices give decision makers a good sense of the trade-offs 
they may have to make in the design process. 

hours in implementation. We're also spend­
ing considerably les time fixing a nd 
changing programs after implementation 
becau e of better plann ing up front .  Even 
though our people in sales still think de­
velopment take t o long, both ale and 
our customer are very sa tisfied with what  
we' re doing." 

User perspective 

Kansas City Power & Light Company, an­
other ea rly utility ind ustry entra n t  into the 
CVD movement, u ed the methodology to 
develop a program promoting retrofit, 
add-on heat pumps to homeowner . L ike 
PSI, KCP worked cJosel y with EPRI to lea rn 
CVD method . Launched la t April , the 
heat pump program is off to a strong sta rt, 
says Kevin Mu rphy, KC PL's manager of 
marketing programs. "We're getting many 
more customer to ta ke the leap and instal l  
a heat pump," Murphy ays. 

KCPL's design tea m c(msidered cu tomer 
need for comfort, reLiability, and economy; 
trade-al ly needs for a product that is easy 
to sel l and in tall and will help build busi­
ness; sale staff need for a progra m tha t 
sati fies cu tamers and contractors; and 
corporate needs for a program tha t  more 
tha n pay for it el £ through add i tional off­
pea k power sa le and posit ions the com­
pany as a customer-focused energy expert. 
"Before CYD, we looked at everything more 
from a KCPL point of view," Murphy ay . 
" ow we recognize the need to consider 
a l l  tho e w ith a ve ted interest in a project' 
outcome-especial ly the customer. ' '  

Murphy notes that whi le CVD took some 
time to learn,  not u ing CVD take even 
longer. " We were designing another pro­
gram at the ame ti m a our ad d-on hea t 
pump effort, a nd we thought we didn' t 
have time to use CYD for it," he ays. "Bu t  
our  add-on heat pump program was ou t 
for months before we final ized the other 
program." CVD' biggest advantage, u r­
phy says, is that the planning proces a l­
low a l l  stakeholder to voice their needs 
and concerns up fron t ,  thereby avoid i ng 
the type of backtracking that typically de­
lay new program . "We've found that 
CVD promotes teamwork and a l low u to 
get a better product ou t  more quickly and 
a t  lower cost." 
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HOUSE OF VALUE 

The first step in  the CVD process is 

to determine what uti l ity customers 

really want. The uti l ity's cross­

functional team then identifies the 

design requirements necessary to 

meet customer needs. 

Since KCPL's first experience with CVD, 

the u ti l ity has adopted a new emphasi on 

p rogra m evaluation . "Previously, program 

evalua t jon was more of a n  afterthought .  

And by then , much of the data could no 

longer be obtained," Mu rphy ays. "For 

ou r add-on heat pump program, we have 

an extensi ve computer tracking system 

tha t  mon i tors sales, customer sa tisfaction, 

and progra m costs ." K PL is promoting 

VD to it two state regulatory commis­

ions as one methodological component of 

i t  in tegrated resource planning. "We're 

let ting regulators know we have a process 

for designing and eva lua t ing programs 

that we in tend to u e widely in the future," 

Murphy ays. 

Bonnevi l le  Power Admin istra tion has 

al o found CV D useful-specifica l ly in de­

veloping demand- ide management pro­

grams. As a federal power marketing 

agency erving the Pacific orthw t and 

the We t Coast, BPA in tends to  broaden it 

app l ication of CVD to include power and 

transmi ion products . "The basic VD 

framework i val id for any product," says 
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HOUSE OF DESIGN 

In the second house, the utility 

team develops design options 

for their  program, product, or 

service-options that will satisfy 

the design requirements estab• 

l ished in the House of Value. 

How d id 
we do?  

Great, 'fOIJ 

veal \y Met 
my V\eeds • . . 

HOUSE OF EVALUATION 

In the fifth house, the cross• 

functional uti l i ty team evaluates 

the program, product, or service to 

make sure that it is  meeting 

customer needs. 

HOUSE OF DELIVERY 

In the third house, uti l i ty team 

members develop marketing and 

implementation strategies to 

deliver the program, product,  or 

service to customers. 

HOUSE OF MANAGEMENT 

In the fourth house, team members 

manage the implementation 

process, establishing internal 

controls to ensure that the pro­

gram, product, or service has been 

delivered effectively. 



A D VA N TA G E S  O F  C V D  

• Reduces product development cost 

• Compresses product deve lopment time 

• Bui lds customer satisfaction and loyalty 

to guide Quality Function De­
ployment: A Customer-Driven 

Process to Deliver Value (TR-
104663). Those desiring a more 

John Eliza lde, BPA's manager 
for product development. To 
train its taff in the CVD pro­
cess, BPA relied on a sistance 
from EPRI, as djd PSI and KCPL. 
But others-for example, South­
ern Company Service -have 
relied on in-house taff. 

• Translates customer needs into specific, measurable targets speedy introduction may opt 
for EPRI' two-and-a-half-day, 
u tility-hosted tra ining sessions 
for up to 30 people. 

• Bui lds cross-organ izational teams for decision making 

• Simplifies decision making 

• Documents decisions for future reference 
Southern Company Services' 

applica tion of CVD goes be-
yond program development. 
For instance, the company re-
cently began using the methodology to 
redesign its customer ati faction measure­
ment program. Accord ing to Charles Plun­
kett, manager of customer research, the 
customer satisfaction ga uged in thls pro­
gram serves a the basis for employee in­
centive award . "We're using CVD to re­
engineer and refine our satisfact ion mea­
surement process," he say . Prevjously 
Southern Company Services relied largely 
on focus groups to define customer needs. 

ow the company u es one-on-one, in­
depth inter iews and customer surveys. 
Plunkett praise voice-of-the-customer prac­
tice as providing "one of the cleare t l ink­
ages l 've seen between cu tom er needs and 
the design and use of that information. " 
The CVD ma trice , he notes, prov ide "a 
clear blueprint for where we need to con­
centrate our efforts to improve customer 
service. " 

A growing trend 

Although fewer than a dozen electric utili­
ties currently employ CVD, Henneberger 
ex.pects this number to i ncrease dramati­
cal ly in th next few years. As the driving 
force behind util ity operations shifts from 
regulatory compliance to marketplace de­
mands, utility services need to keep pace, 
he says. "The costs of being wrong in a com­
peti tive industry are significant, o there' a 
growing market for strategies that enhance 
cu tamer service, deliver better value, im­
pro e y tern u e, and take advantage of 
creative pricing and delivery techniques." 

What util ities have found attractive about 
the CVD process i tha t  it does not require 
exten ive training or the establi hment of 
elabora te da taba e , Henneberger ays. The 
technique is impl enough for utilities to 
employ on their own, with the help of pub­
lica tions l ike EPRI' recent ly relea ed how-

For i ts first experi nee with 
CVD, PSI engaged an out ide 
consultant to serve a i t  team 
facilita tor. ow the proce is 

managed by PSI personnel. Brandom rec­
ommends that anyone starting out with 
CVD "do more than just look at a manual." 
He suggests either attending a workshop 
such as those sponsored by EPRI, hiring a 
consultant, or ervi.ng on someone else's 
CVD design team. 

While program development is the most 
common application of CVD, Henneberger 
believe that many uti lities, like Southern 
Company Services, w ill find just a m uch 
value in applying CVD to other areas. "CVD 
is especial ly well su i ted to facilitating 
strategic market assessment and company 
reengineering," he says. "Everyone in the 
util ity indu try could benefit from using 
CVD in one form or another." • 

Background information for lh1s a rticle was prov,ded by 
Thom Henneberger of the Customer Systems Group's Mar­
ket ing Tools & DSM Business Urnt. 

A STRONG FOLLOWING Quality function deployment, the process on which EPRl's CVD concept Is based, was 

developed at Mitsubishi 's Kobe shipyards In 1 972 and adopted by Toyota In the late 1 970s. In the 1 980s, Ford and 

Xerox pion-red QFD applications In the United States. Today, more than 100 leading U.S. companles-lncludlng 

service firms-use some form of QFD or CVD. Several of these are listed below. 

Manufacturers 

Campbell Soup 

Colgate 

Digital Equipment 

Ford 

Gil lette 

Hewlett-Packard 

IBM 

Kodak 

Procter & Gamble 

Texas Instruments 

Xerox 

Service Firm• 
Fidel ity Trust 

Fordham University 

Hancock Industries 

John Muir Medical Center 

R i tz-Ca,lton 

University of Michigan Medical Center 

Utilities 
AT&T 

Cincinnati Bell 

Cincinnati Gas & Electric 

Florida Power & Light 

Georgia Power 

Kansas City Power & Light 

Pacific Gas and Electric 

PSI Energy 

Southern Company Services 



S 
tate-of-the-art power plants in 
this country and abroad are 
making use of advanced aUoys 
and coatings, design innova­

tions, digital controls, and leading-edge 
environmental systems. 1n a four-year col­
laboration with the Chicago-based archi­
tect-engineer Sargent & Lundy, EPRI has 
produced state-of-the-art software for con­
ceptua l design and engineering analysis of 
these new power plant options. The soft­
ware takes advantage of the latest in mi­
croprocessor technology to gather volumes 
of knowledge about power plants into one 
convenient package and to place concep­
tual design tools in front of every uti l ity en­
gineer. 

EPRI's State-of-the-Art Power Plant 
(SOAPP™ ) WorkStation and the individual 
technology modules associated wi th it­
the first suite of which spans all major 
systems of the combustion turbine and 
combined-cycle plants leading the market 
today-are CD-ROM-based, multimedia soft­
ware. The product won several honors in 
New Media magazine's 1993 INVISIO Mul­
timedia Awards, including a Gold Medal in 
the catalog and reference category and an 
Award of Excellence as one of that year's 
top multimedia software products. 

SOAPP WorkStation™ is a powerful ana ­
lytical package compos d of sophisticated, 
interlinked calculational engines that com­
bine extensive cost and performance data 
on commercial power plant designs and 
equipment and provide a high degree of 
real-time interactivity. EPRI managers envi­
sion SOAPP as the principal technology 
transfer vehicle for integrating the best cur­
rent engineering knowledge and design 
practice with actual  cost and performance 
informa tion on a fulJ array of commercially 
available power plant equipment. 
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Designed for use by engineers and man­
agers, both specialist and nonspecialist, 
SOAPP software enables the rapid genera­
tion and evaluation of alternative, project­
specific conceptual plant designs. This is 
done by selecting components from lists of 
commercial equipment options and enter­
ing key design criteria along with site, fuel, 
and economic parameters. SOAPP Work­
Station uses this input to automatically cal­
culate material and heat balances; generate 
detailed specifications and equipment lists, 
as well as diagrams of piping and process 
flows; estimate capital and opera ting and 
maintenance (O&M) costs; and provide a fi ­
nancial analysis . And all of this can be 
reevaluated in light of changes in plant ca­
pacity, equipment options, or site or finan­
cial criteria. The output designs can be 
used to produce bid specifications, to sup­
port decisions or technology selection, and 
to ajd in planning studies; they can also be 
used as the starting point for more-detailed 
computer-aided design (CAD) drawings. 

Although the development of SOAPP 
WorkStation originally focused on state­
of-the-art pulverized-coal power plants, 
particularly their environmental control 
systems, the principal focu for the first 
commercial release of the workstation is 
combustion turbine plants-both simple 
cycle and combined cycle. This is a re­
sponse to feedback from utility advisors 
who have been closely involved in the 
project. The initial release places a wealth 
of technical and economic data about the 
latest combustion turbines and combined­
cycle power plants at the ready service of 
any engineer. Adrutional SOA PP product 
releases this yea r will extend the work­
station's comparative analysis capabilitie 
to the eval uation of selected fossil plant 
repowering options-an area of intense 
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1HE STORY IN BRIEF EPRI has teamed up with Sargent & Lundy to produce a powerful PC software 
package for engineers that  enables conceptual design and analysis of advanced power plants from a desktop 
computer. Combining the latest cost and performance data from equipment vendors with state-of-the-art 
design and engineering knowledge, this award-winning multimedia software, ca lled SOAPP, gives users the 
ability to quickly screen, analyze, and visualize alternative plant configurations. The first series of products 
focuses on gas turbine and combined-cycle power plants; a related module 0 11,  the repowering of existing fos­
sil plants is forthcoming. Future modules are expected to extend coverage to o'ther advanced plant options. 
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interest among uti l i ties that have aging, 
underutil ized fossil steam generating ca­
pacity. 

Meanwhile, SOAPP WorkStation may 
play a role in the lnsti tute's increasing 
number of international initiatives, includ­
ing those in the world's fastest-growing 
power generation market today: the Pacific 
Rim. "Wi th an Wlprecedented surge in fos­
sil power pla nt construct ion planned in 
southern Asian colllltries over the next 
decade, PRl 's SOAPP WorkStation will 
help us establish new partnerships and 
al l iances in the Asian-Pacific countries, 
which hold 40% of the world's popula­
tion," says Anthony Armor, d irector of the 
Fossil Power Plants Business Uni t in EPRl 's 
Generation Group. Armor met with utility 

SOAPP WORKSTATION INTEGRATES TECHNOLOGY 

MODULES The combustion turbine-combined-cycle 

part of SOAPP Workstation provides an integrated 

software interface for analyzing all the cost and 

performance data calculated for base-case and 

specific power plant designs with the 13 individual 

SOAPP technology modules. SOAPP WorkStation 

automates the plant conceptual design process and 

generates a complete set of reports and drawings, 

including various drawings constructed from a three­

dimensional plant model that Is created on the basis 

of user equipment selections. Other drawings can be 

loaded Into AutoCAD-compatible CAD software. The 

three-dimensional model produced in SOAPP WorkSta­

tion can also be used with other software, l ike lnte• 

graph's MicroStation, to generate a rendered view. 

and power project consortia officials in sev­
eral Asian-Pacific COWltries last year. 

Power plant design tool boosts 

productivity 

EPRI's original R&D interest that led to the 
development of SOAPP at Sargent & Lundy 
wa a quest for guidelines that would help 
utility engineers integrate and understand 
the many individual technological choice 
that affect an overall plant design's u lti ­
mate cost and potential performance . 

Explains Stanley Pace, a manager in the 
Fossi l Power Plants Business Unit, "We 
were looking for ways to bring together 
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all the engineering and cost data for vari­
ous technologies incorporating the latest 
advances in efficiency and environmental 
performance so the technologies could be 
evaluated on an equivalent basis. We also 
wanted the capability to quickly and easily 
analyze the influence of project-specific con­
ditions, including the potential upstream 
and downstream effects a particular tech­
nology choice has on the overall plant ." 

In its proposed workstation, Sargent & 
Lundy anticipated the availability of CD­
ROM mass data storage and sufficiently 
fast, low-cost microprocessors for desktop 
computers to enable the intensive engi­
neering calculations needed for such an ap­
plication, explains William Miller, senior 
vice president of the company. "Our staff 

TECHNOLOGY MODULES PERFORM DETAILED ECO· 
NOMIC ANALYSIS In the 1 3  lndlvldual SOAPP tech• 
nology modules for combustion turbine and combined· 
cycle power plants, users get in-depth economic and 
performance data on a complete selection of commer• 
cially available equipment and subsystems. Sample 
screens from one of these modules-Inlet air cooling­
illustrate how equipment sizing, performance, and 
cost estimates are automatically recalculated on the 
basis of user-specified changes in key design parame• 
ters. Users can immediately observe the effects of 
such changes on the relative costs and rankings of 
alternatives. Embedded levels of detai l  provide 
increasing specificity on capital and operating costs. 
Technical process descriptions are also within easy 
reach for reference. 

knew that computer hardware and soft­
ware were coming that would be able to 
support as robust a product as SOAPP." 

Miller says that the commercial version 
of SOAPP WorkStation is "absolutely at the 
leading edge of the state of the art today" 
in engineering software. He notes that it 
incorporates "orders of magnitude more 
sophistication, complexity, and computing 
power" than the prototype developed for 
the project, reflecting the input of the utili­
ties that have been actively involved in the 
project. 

Pace says that some benchmarking stud­
ies done with SOAPP have shown produc-
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tiv i ty improvements of 50 to 1 in the form 
of reduced engineering t ime. "Analyses 
that previously would have required 1 000 
hours of engineering can be done by one 
person in 20 hour with SOAPP," h ex­
plains. 

Bu t both Pace and Miller note that, 
rather than encroach significantly on the 

SOAPP TECHNOLOGY MODULES: STATE·OF•THE•ART 

POWER PLANT DESIGN TOOLS Each SOAPP technol• 

ogy module focuses on technology alternatives for a 

specific plant process or component. (Shown are 

screens from the turbine selection module.) Each 

module can be used in a stand-a lone mode, in which 

performance and economic evaluations are based on 

default parameters, or  launched from SOAPP WorkSta· 

tion, which allows users to specify key parameters as 

the basis for the evaluations. Designed for use with 

Windows 3, 1 software,  the SOAPP modules organize 

information as in a book-with chapters, topics, and 

sections. Users cl ick on buttons and objects in the 

mult imedia environment to view data, charts, draw­

ings, text, photographs, and video with sound cl ips. 

u ti l ity market for a rchitect-engi neer (A-E) 
consulting services, SOAPP will l ikely stim­
ulate a new approach to strategic analysis 
at the corpora te, project, and engineering 
levels. Thi will benefit utilities, A-Es, and 
manufactu rer by fo tering plant process 
election according to financia l ra ther than 

technical cr i teria ,  resu lting in more-com­
petitive plan t designs. Therefore, managers 
expect tha t  SOAPP w i l l  be embraced and 
l icensed by most A-E firms. 

Besides Sargent & Lundy, severa l other 
major A-E firms-including Bechtel , G i l­
bert A sociate , and Stone & Webster­
participated in the development of SOAPP. 
These fi rm w re member of an industry 
advisory committee tha t  a lso i ncluded ma­
jor vendors of power-genera ting equ ip­
ment .  Approximately 70 companie pro­
vided and reviewed cost and performance 
da ta for incl usion in SOAPP. 

Pace and Miller agree that the real payoff 
for utilities that use SOAPP to full advan­
tage is not nece sarily in lower co t for 
engineering serv ices but in greater con fi ­
dence that a pa rticular choice or decision is 



optima l-a payoff resulting from SOAPP's 
abil i ty to evaluate so many more option 
and possibil ities. "SOAPP provides-inge­
niously, I bel ieve-the kind of calcula­
tional abi l ities and option for wha t- i f  
analyses that engineers have always had 

to shortcut," says Mil ler. " I  believe tha t  
SOAPP users will find tha t they can be 
much better engineers beca use now they 
can examine many more scenarios quickly 
and inexpensively. " 

Focus on combustion turbines 

The combustion turbi_ne component of 
SOAPP WorkStation (SOAPP-CT) i sup­
ported by 13 OA PP techno l ogy mod ules. 

Each module add re ses a key decision area 
in the power plan t and provides tutor ia l  
and general reference information in a 
mu lt imed ia format, combining text, pho­
tographs, and video cl ips w i th sound. The 
mod u les provide overviews in layered de­
tail on aU major systems and compo­
nents-overviews that can serve importa n t  
deci ion-support trajni ng a n d  orien tation 
function . 

The cornerstone of SOAPP- T is the com­
bustion turbine selec tion mod ule, which 
lets engineer eva luate the use of individ­
ual CT model in a simple-cycle or a com­
bined-cycle configurat ion as a function of 
everal key decision sensit ivi t ies. The mod­

ule currently include a database of over 
35 commercia l ly ava i lable CT models, in-

dud ing the General Electric Fram 7FA 
and the Westinghouse SOl F. Addit ional 
machines will be added to the databas as 
new informa tion beromPs avai l ahlP . A n­
nual  upd ates ar p lanned. 

Other SOAPP mod u les address combus­
tor 0, control, postcombustion emissions 
control, inlet air precooling, inlet air fil tra­
tion, heat recovery steam generator (HRSG) 
configurat ion, bypass systems, team tur­
bine selection, duct burner systems, fuel sys­

tems, deaerators, condensate preheaters, 

and cool ing systems. 
Performance a lgorithms embedded in 

the SOAPP software al low the optimization 
of CT exhaust condi tjons and HRSG de­
signs. The calculational engine that gener­
ates hea t and material balances as wel l  a 
water, steam, and exhaust gas properties 
was derived from the CYCLE port ion of 
EPRI's GATE/CYCLE program.  

Plant conceptual design documenta tion 
generated by SOAPP WorkStat ion includes 

process flow diagrams, energy and mas 
bala nces, equipment and bulk materials 
l ist , piping d iagra ms, general arrange­
ment  drawings, electrical single-line dia­
grams, major equipmen t functional specifi­
ca t ions, capital and O&M cost e timate , 
and a construction sched ule. SOAPP Work­

Station can al o be u ed to generate inpu t 
for ystem planning software, such as En­

ergy Management A socia tes' PROMOD or 
EPR I ' CEAS. In add it ion, SOAPP output 

may serve as input to more-detai led engi­
neering design software used by A-Es. 

The SOAPP products for CT-based plants 
W (>TP r!PvP1 0pPrl wi th PPR [ h:o1�P- mg,.� m 

funds, with extensive adv isory inpu t from 
a panel of what began as 9 ut i l ities and 
now numbers 14. The utilities have worked 
clo ely with Sa rgent & Lundy to define the 
appropri a te levels of detail and the featu res 
that engineers need most . 

Expected to be released later this year are 
an addi t iona l  SOAPP technology module 
for screening repowering options and a com­
ponent of SOA PP WorkStation for the con­
ceptual design of combined-cycle repow­
ering projects. The developmen t of these 
products was funded by EPRJ and four uti l ­

ity sponsor -Mjssouri Publ ic Service, 
Pub l i c  Service Company of ew Mexico, 
Southern Company Services, and Union 
Electric Company-through EPRI's tailored 
col labora tion progra m, in conjunction witl1 
s i te-specific repowering studies at the util­
i ties . The workstat ion will enable users to 
input basic information about an existing 
fossil plant, match it up with CT and HR G 
select ion , a nd generate plans ilnd d raw­

ings, co t , and performance for a repow­

ered unit . 

Util ity perspective 

Engineer who a re fam iliar with tl1e capa­
bi l i t ies of SOAPP a re convinced tha t it wil l  
become a major productivity-boosti ng a 
se sment and eva l uation tool tha t  not on ly 
will save firm money but w il l  sharpen the 

ana ly is of options for least-cost planning 

STATE-OF-THE-ART POWER PLANTS I N  THE 
PACI FIC RIM Today's market-leading combined­
cycle power plant designs are exemplified by 
Korea Electric Power Corporation's 1 91 0-MW 
Seoinchon plant. The plant is currently composed 
of eight General  Electric combined-cycle units, 
each of which includes a GE 7F gas turbine­
generator and a reheat steam turbine-generator. 
The util ity has undertaken a 2000-MW expansion at 
the plant and has selected GE to provide equip­
ment and services. The additional combined-cycle 
capacity is expected to come on-line in 1 997. 
(Photo: GE Power Systems) 
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and avoided-cost-of-generation tudies. 

"1 think it will lead to big savings," ay 

G orge Powers, a technical specialist engi­

neer at Potomac Electric Power Company 

(PEPCO) in Washington, D.C. "For util itie 

that don 't  plan on building new capacity 

but that ha e to go through the evaluations 

anyway to ju tify their decisions, OAPP 

wil l  aUow them to breeze through tha t  
work. For uti l ities that are going t o  build or 

tha t  are trying to compete with indepen­

dent producers, SOAPP wil l  give them bet­

ter and more-accurate estimates of the co t 

for va rious options." 

Powers notes that SOAPP "i not going 

to replace an A-E. I t 's not that detailed a 

design tool .  But it wi l l be grea t for concep­

tual designs. lt should become a model f r 

future oftware platform , because th i i 

the way they houJd be done. It's the wave 

of the future." He ay that he hopes to u e 

SOAPP design drawings in CAD fom1 to 

overlay onto drawing or photograph of 

candidate plant si tes, enabling quick view 

of how various plant  options might appear 

at a particular loca tion. 

" l also expect to ee SOAPP used in our 

I a t-cost planning analysi . It will give u 

the abi l ity to come up with b tter, more-­

detailed estimate of the co t of options in a 

short time, on an itera ti e ba i ," adds 

Power . And the flexib i l ity to modify the 

capaci ty of a plant or to examine variou 

cost-performance ratios in the planning 

stag could give PEPCO the ability to de­
fer capital costs for new construction fu r­

ther into the future. "In the past, thi kind 

of analy is was done by hand and wa ver 

time-con urning, so there wa no conv -

nient way to do extensive reanaly is or re­

design," concl ude Power . 

According to Gray Murray, manager of 

generating-plant performance at Southern 

Company Services, the va lue of the quick 

re ponse available w ith SOAPP i part icu­

larly important in today's busine cl ima te. 

"With all lhe changes occurring in the mar­

ketplace today, including a more competi­

t i ve env ironment, there i a defini te ne d 

for a tool tha t  Jets you look a t  variou op­

tions for n w generating capacity and for 

repowering existing capacity and lets you 

quickly screen a large nLLrnber of options 

down to a relative few. " Murray say that 
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screening options for competitive project 

bid , a task that pr viou ly took evera l 

months, should now take nly a few day , 

leaving more time to fine-tune the cost esti­

mates for an optima l de ign.  

"We think that OAPP shows a lot o f  

promise for a sisting us  with our genera­

tion planning proce s," says David Brown, 

a project engin ring manager at Central 

and Sou th West Services in Dallas, 'Ii as. 

"SOAPP will give u a quick and fairly ac­

curate way of looking a t  gas-fired simple­

cycle and cornbined-cyd configuration a 

reference points in our  what-if p lanning 

scenarios. "  Brown says that Central and 

South West u_ed a prerelea e ver fon of 

SOAPP to defin a reference p lant  based on 

a two-uni t  combin ct-cycle plant  the com­

pany had already ana lyz d manually in 

plamung studies, adding only basic equip­

ment and site information to the SOAPP 

reference design. "TI1e result with SOAPP 

s emed to track pretty we l l  with what we 

had calculated a rli r, which gave us some 

added confidence that ur number were 

rea onably good one for planning pur­

pose ." 

A global ma rketing opportunity 

The ful l  compu tational power of SOAPP 

WorkStation is best u ed in optim izing 

actual preliminary power plant de igns. 

EPRJ manager acknowledge that despite 

SOAPP's anticipated va lue to U .S. util i tie 

for conceptua l  analysis and engineering 
training, a major marketing niche for the 

product-and an opportunity to add value 

to SOAPP for EPRI members-lies where 

many of the wor ld '  current power plant 

design project are b ing planned and 

launched by governments and interna­

tional consortia: in China, India, lndone ia , 

Malaysia, Singa pore, Sri Lanka, Thai land, 

and ther Asian-Pacific countries. China , 

for example, is planning to add an average 

of 21 ,000 MW of new genera ting capacity 

each year until b yond th year 2000; m t 

of it will be conventiona l  coal-fired genera­

tion. Malaysia has laid p lans to double its 

installed generating capacity by the turn of 

the century, a have Indonesia and Tha i­

land; much of the new capacity planned in 

tho ·e ountrie wil l  be ba ed on natu ral 

gas. 

" Thi is where rn,my U.S. pow r plaJ 1 t  

builder and equipment manufactu rers are 

going to  be  doing much of thei r busin 

over the ne t 1 0  years," ay EPRI ' An­

thony Armor. "That' why w wan t  t ,  use 

SOAPP WorkSta tion to build aU ia nce w i th 

engineering and financial consortia that are 

putting the e new fossil plants i n  p l a  e." 

Discussion with utility indu try fficial 

in the region last yea r focused on how col­

laboration migh t lead to specific c fund ing 

of OAPP enhancements, including ex.pa n-

ion of the equipment databa e to include 

A ian uppLier . 

" How S APP ev Ive for th Pacific Rim 

wi l l  d p nd on how EPRI ca11 raft inn va­

tive relation hip with the u ti l i t ies, consu l t­

ing engineer , and equipment manufactu r­

er who are act ive i.n the region," expla in 

Armor. "Tho p layer indud era l of 

the independen t ub idia.ries of our m m­

ber , kn wn a affiliate power pr ucer . " 

He add , "Ou r  d i scu. ion· with Eu r o­

pean, Japane e, and U.S. compani . have  

empha ized one  importan t a pect .  Con-

truction a l l ia nce in Asia place consider­

able emphasis c n th financia l deta i l  of the 

package bei ng ffered . Plant performa nce 

and l ifetime co ts are stil l important-but 

not the dominant-parameter - i n  bid for 

n w power plan . " 

In the meantime, the oon-to-be- wel ling 

ranks f dom tic u-er may com up w i th 

a few ugg tion of their own ab u t  how 

to make S .A.PP even better. 
SOAPP i d igned for M icrosoft Wi J1-

dows 3. 1 ,  for u e n Intel 4 6- or Penti um­

compatible c mputer equ ipped with at 

lea t megab te of RAM and a double-

peed CD-RO I d rive. OAPP Work tation 

and the OAPP combustion turb i n  t ch­

n logy m d ule a re a ai ]abl t EPR I  mem­

ber from the · PR J  Di tr ibu tion Cen ter, 

(510) 934-42'1 2. S APP i al o ava i lable a 
part of the Generation Group' - Btmdled 

Worksta tion, which offer EPRl member 

the opportunity to purchas or Lea high.­

performance per onal compute.t·s precon­

figured with sel cted software. • 

Backgrourrd 1nlormal lo11 for this article was provided by 
An1hony Armor .and Stanley Pace of 1he Generation 
Group s Foss1 1 Power Plants Bus iness Urnt 
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U
tility Workers and EMF Health 
Risks (page 6) was written by Tay­

lor Moore, Journal senior feature writer, 
with information and guidance from 
two members of the Environment & 
Health Business Unit of EPRI's Strategic 
Development Group. 
· Stan Sussman, target manager for 

EMF studies, joined EPRI in 1987 as a proj­
ect manager for EMF exposure assess­
ment studies. A physicist, he previously 
worked for five years in instrumentation 
development and earlier managed re­
search in systems modeling. Sussman 
received an MS from Stevens Institute 
of Technology and a PhD in applied 
physics from Stanford University. 

Leeka Kheifets, an epidemiologist, 
came to EPRI in 1988 after two years in 
occupational health surveillance and 
management at Syntex Corporation and 
three years as a biostatistician at Envi­
ronmental Health Associates. Kheifets 
received a BS in mathematics from the 
University of Yerevan (Armenia); she 
also has an MA in statistics and a PhD in 
epidemiology, both from the University 
of California at Berkeley. • 

C ustom er Value Deployment: Turn­
ing Information Into Action (page 

18) was written by Peggy Waldman, sci­
ence writer, with assistance from Thom 
Henneberger, manager for product de­
velopment and marketing with the Cus­
tomer Systems Group's Marketing Tools 

& DSM Business Unit. Henneberger 
joined EPRI in 1988 after nine years with 
the Florida Public Service Commission 
in a variety of positions-most recently 
as chief of system planning and conser­
vation. He has a BS in physics from Fair­
field University and an MS in the same 
subject from the University of Cincin­
nati. • 

Desktop Design for Advanced 
Power Plants (page 24) was writ­

ten by Taylor Moore with information 
and guidance from two members of the 
Genera tion Group's Fossil Power Plants 
Business Unit. 

Anthony Armor, director for fossil 
power plants, joined EPRI in 1979 after 
11 years at General Electric, first in the 
Large Steam Turbine-Generator Division 
and later as program manager for super­
conducting generators. Armor received 
a BS in mathematics and an MS in min­
ing engineering from the University of 
Nottingham (England). 

Stanley Pace, international manager 
for fossil power plants, joined EPRI in 
1984 after six years with United Centri­
fugal Pumps of San Jose, California. He 
earlier worked for Combustion Engi­
neering for five years; before that, he 
was an instructor in the U.S. avy 
Nuclear Power Program for four years. 
Pace received BS and MS degrees in me­
chanical engineering from Lehigh Uni­
versity. • 
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Advanced Appliances 

EPRI Launches Laundry 

Products Initiative 

With the aim of accelerating the deploy­

ment of laundry appliances that can re­

duce energy use and save water, EPRJ has 

launched its Law1dry Products Initiative. 

The stars of this R&D and commercializa­

tion effort are the microwave clothes dryer 

and the horizontal-axis clothes washer. 
The microwave dryer, being developed 

for EPRI by Thermo Energy Corporation 

and ASTeX/Gerling Laboratories, is ex­

pected to dry clothing as much as 65% 
faster than conventional dryers. This in­

creased speed allows U1e dryer to keep 

pace with a washer, so users don't experi­

ence a wet-clothes backup as washed cloth­

ing sits waiting for the dryer cycle to end. 

The technology works by evaporating 

water molecules without- in contrast to 

conventional dryers- excessively heating 

the fabric itself. With microwave technol­

ogy, drying occurs at 105°F, compared with 

170°F for conventional residential dryers 

and even higher temperatures for commer­

cial dryers. The lower temperature means 

less wear and tear on fabrics. 1n fact, re­

searchers expect that the technology will be 

able to  safely dry some heat-sensitive fab­

rics U1at currently require dry cleaning. 

Field testing of the microwave clothes 

dryer, whkh will take place in the homes of 

electric utility customers, will get under 

way thi.s year at nine test sites across the 

United States. EPRI is also planning to de­

velop and demonstrate a commercial dryer 

capable of handJjng 100 pounds of clothes. 

According to John Kesselring of EPRJ, man­

ager of the Laundry Products Initiative, the 

microwave dryer is expected to be com­

mercialized within three years. The poten­

tial U.S. market for the microwave clothes 

dryer is significant, with over 4.5 million 

new dryers sold annually in the residential 

market alone. 
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The potential U.S. market for U1e hori­

zontal-axis washer is also considered sig­

nificant, since at least 7 million new wash­

ing machines are sold in U1e residential 

market each year. 1n a horizontal-axis 

washer, the wash tub revolves around a 

horizontal, rather ilian a vertical, axis. Cur ­

rently, the U.S. residential washing ma­

chine market is dominated by vertical-axis, 

top-loading machines, which account for 

over 98% of residential sales. The vertical­

axis machine is  only slightly less dominant 

in the U.S. commercial market. In Europe, 

however, the horizontal-axis washer (in 

both top-loadfog and front-loading mod­

els) is the washer of choice. 

Market analysts believe that the advan­

tages of the horizontal-axis washer under 

development by Maytag and EPRJ give it 

a strong chance for success in both the 

residential sector and the commercial sec­

tor. In general, horizontal-axis washers re­
duce water use by at least one-U1ird. And 

since water heating accow1ts for up to 90% 

of the energy used in conventional resi­

dential washi"ng machines, energy use will 

also decline. 1n fact, energy savings are ex­

pected to top 50%. With a higher washer 

spin speed, energy savings could reach 

more ilian 60%. 

In spite of such advantages, EPRJ re­

searchers say, a market transformation will 

be needed to ensure acceptance of ilie new 

technology. This is why EPRI initiated the 

high-efficiency laundry metering and mar ­

keting analysis, or  THELMA, project. This 

effort, also part of the laundry initiative, 

wrn produce research resuJts to guide utiJi­

ties in encouraging market acceptance of 

the horizontal-axis washer. 

Currently through THELMA, researchers 

are conducting a comprehensive market 

assessment to determine how best to target 

U.S. consumers and how to develop their 

interest in ilie horizontaJ-axis washer. The 

assessment involves surveys and inter­

views with field test participants and focus 

groups with nonparticipants. (Field tests of 

the new washer- planned for up to 100 

sites across the country- got under way 

this year and are expected to be completed 

in 1996.) 

THELMA participants currently include 

Seattle City Light, Seattle Water Depart­

ment, Born1eville Power Administration, 

Tacoma Public Utilities, Idaho Power, Puget 

Sound Power & Light, Snohomish County 

Public Utility District No. 1, Los Angeles 

Department of Water & Power, Ontario 

Hydro, Tampa Water Department, and the 

U.S. Bureau of Reclamation. There is  still 

time for new utilities to join THELMA or 

other laundry initiative efforts. Participants 

may specify how their fw1ds are to be spent. 

They may also request marketing studies 

targeted to their service territories, semi­

nars to introduce the new products to their 

marketing staffs and trade allies, and 0U1er 

consulting services to help develop their 

markets. 

• For more i11formntio11, co11tnct John Kessel­

ring, (415) 855-2902. 



Energy Storage 

Batteries , SMES Considered 

for Alaska's Railbelt System 

Spanning a 600-mile stretch of mountain­
ous terrain encompassing Fairbanks and 
Anchorage-a region that includes more 
than half of Alaska's population-is an iso­
l ated electric grid not connected to the 
mainland United States or to Canada. The 
gr id i known as the interconnected Ra i l­
belt y tem-"Rai lbelt" for the region it­
self, the location of Alaska's major ra ilway 
line, and "interconnected" becau e the grid 
system is something of a novelty in a tate 
where ma ny communit ies get their elec­
tricity from stand-alone power stations. 

Li fe along the interconnected Ra i lb It 
y tern is not idea l, at least in terms of 

electricity. Beca use of the islandlike nature 
of the electric grid, generator outages 
(which occur every few weeks, on av­
erage) can thru t entire blocks of the 
y tern-including busine es, horn 

and chools--into darkne . The prob­
lem occrns most frequently during the 
frigid w inter month , when electric ity 
demand c l imbs to a 680-MW peak. 

A recent study sponsored by the U .S. 
Department of Energy, in cooperation 
w ith three of the l a rge t Railbelt uti l i ties 
-Golden Va l ley Electric Association, 
Chugach Electric A sociation, and An­
chorage Municipal Light & Power­
indicated tha t ba ttery technology could 
help addre the probl m of the Rail ­
belt system. 

Invited to rev iew the study re u l t  , 
EPRI recommended a more detailed 
feasibility a essment, including the devel­
opment of accurate co t data and a more 
sophistica ted benefit anaJysis. As a result, 
Golden Valley, Chugach, and the at ional 
Ru ral Electric Cooperative Associa tion 
teamed up with EPRJ to embark on uch an 
a essment. (DOE is funding a sma l l por­
tion of the first pha e of this project.) The 

a essment, which got under way la t um­
mer, include a co t-benefit analys· of bat­
tery and superconducting magnetic energy 
storage (SM ES) technologie . 1n para l lel, 
Anchorage Municipal Light & Power is 
pursuing a separa te study-sponsored by 
the U.S. Department of Defense-of the 
potentiaJ for SMES in the Anchorage a rea. 
EPRI is funding a small port ion of this 
study and i overseeing both tudie to en­
srne that there i no duplication of effort. 
Re ult of the tud ie will be available to 
all partic ipants. 

A Steven Eckroad, EPR1 '  manager for 
the battery and SM ES a sment, explain , 
either batterie or SM ES � chnology could 
fulfi l l  the role of sta tic VAR compensators 
(SVC ), which are already employed on the 
Railbelt's transrnis ion sy tern to compen-
ate for sudden change in voltage. How-

ever, batteries or SMES could offer add i­
tional benefits, such as pinning reserve. 
Battery- or SMES-based spinning reser e 
would enable the Railbelt util i t ies to main­
tain a 60-Hz frequency when problems L ike 
generator outage occur. 

Cu rrently, when a generator outage oc­
curs on th Railbel t sy tern, frequency de-

cays rapidly, and relays a u tomatically 
pring open to shed load and prevent fur­

ther decay tha t could hut down the entire 
sy tern. Load shedding is neces ary be­
cau e the Railbelt sy tem is i olated and 
cannot receive power from a nearby grid. 
Outages result ing from load shedding can 
last anywhere from a few minutes to half 
an hour. 

According to Eckroad, battery and SMES 
technologie can respond to uch predica­
ments within 10-20 millisecond , compared 
with 3-60 econd for a backup generator 
tha t  i already on-l ine and 1 5-30 minutes 
for a genera tor tha t  mu t be started up. 
Thi kind of rapid re pon e could effec­
ti ely preven t d isruption of electric ervice. 

The ongoing co t-benefit a essment for 
battery and S ES technologie is e pected 
to be completed th i sum mer. Researcher 

are relying on EPRl-developed transmis-
ion stabi l ity models and the lnstitute's 

D ASTORE code in conducting the 
as es ment. The re u lts will be do ely 
reviewed by participant in a related 
project f unded by the state of Alaska 
and AJa kan u ti l i tie . Known as the 
northern intert ie project, this effort 
origi na l ly ca l led for the in tallation of 
SVCs a long the Rai lbel t  sy tern. The 
project sponsors a re now considering 
the use of ba tter ies and are awaiting 
results from the col laborati ve, EPRJ-led 
tudy. 

Once the co I-benefit analy i is com­
pleted, the tudy team wi l l  requ t pro­
posals from manufactu rers of the tech­
nology elected. Ultimately, the team 
wi l l  establish a demonstration plant and 

monitor its performance . 
Although the bat tery and SM S assess­

ment focuses on Alaska 's Railbelt y tern, 
key re ults wil l  be applicable to rural elec­
tric cooperative and other u t iliti in the 
rest of the country. 
• For more i11fonnation, con tact Steven Eck­

road, ( 4 1 5) 855- 1 066. 
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Efficient, Ozone-Friendly Supermarket 
Refrigeration a Recognized Success story 

E 
PRI'  effic i  nt  upermarket rehigerat ion 
t t tore pr ject ha been recogniz d b 
Renew America a an en ironmen ta l 

succ s story. EPRJ has worked with Sa feway 
Stores since 1 985 to demonstra te hjgh­
efficiency electric refrigerat ion technologie at 
a uperma rket in Men lo Pa rk, Ca l i forrua . 
Recent re ult  show that environmentally 
preferred hyd rofluoroca rbon (H FC) refr iger­
ant , developed a a l terna tives to compound 
u pected of damaging the ea rth's p rotecti e 

ozone layer, can a lso be more energy-efficient 
than ei ther chlorofluoroca rbon (CFC ) or 
hyd rochlorofluoroca rbon · (HCFC ) . 

In the project a t  the Menlo Pa rk Sa feway, which i nv  lved 
25 doors of m ult ideck frozen food ca e and 29 door- of ice 
cream ca e , EPRI re earcher replaced CFC refrigerant with 
H F  s .  To impro e energy efficiency, they substitu ted ext rnal 
L iquid- uction heat exchanger for subcooling compre or . 
Re u l t  showed that w ith the hea t exchanger and w ith fine­
tw1ing of the di play ca e e pan ion valve , the u e of H FC 
refrigerant requ i red I energy and produced a hjgher 
energ -efficiency rat io than cud operation on HCF or CFC 
w ith ubcooling compre or . 

"EPRI ' refrig ration technology work has h lped bui ld  a 
pa rtner rup between the supermarket ind ustry, equipment  
manu factu rer , and  u ti l i ti to  increa e u permarket equ i p·  
ment effic iency and en i ronmenta l  friendl ine ," ay Mort 
Blatt, manager for re i den tial and sma l l  com merc ia l  system 
in the Customer ystems Group. Adds Mukesh Khatta r, who 
managed the re ea rch: "Thls project offered electric ut i l i ties 
and the superma rket indu try a way to test alternative refr ig­
erants and energy-effic ient designs under rea l operati ng 
cond i tion ." 

Refrigeration y tem are the bigge t user of energy in 
upermarket , accou nting for hal f  0£ thei r  total en rgy con­

sumption. Supermarkets, in turn, account for abou t 4% of U .S. 
commercial- ector electr icity consumption. 

The wmner of Renew America' annual award were 
elected by the at ional Awa rd Council for Environmental 

Su tainability, a coali t ion of 60 environmenta l ,  community, 
government, and busines organiza t ion . The selections were 
made from over 1 600 applicant for project in olving energy 
effi iency, water conservation, ol id and hazardous wa te 
management, and endangered- pecies protection . Award 
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were pre ·ented to the winner in 24 ca tegorie at  a ceremony 
in Washington, O.C. 1 in January. 
• For more i1iformatio111 COl! lact M11kcsl, Kha/tar, (4 15) 855-2699. 

Static Condenser for Power Transmission 
Ready for TVA Demonstration 

A 
pri l dedica tion i cheduled at the Tenn ee 

Va l ley Authorit ' u l l ivan ub ta t ion nea r John on 
City, 1i nne e , for a fac i l i ty to demon tra te the mo t 

recent teclu1ology elem nt for ol id -sta te electronic power 
tran mi ion within EPRI '  FA TS (flexibl ac transmis iun 
ystem ) program .  The ad vanced con t rol  ystem being 

i nsta l led at the ub t a tion fea t ure the fir t com mercial pro­
totype of a tatic conden er to prov ide tran mi ion volt ­
age support , i thout  the need fo r la rge external capac i tor 
banks or reactor . 

De eloped w i th EPRI  and TVA funding by We t inghou e 
Electric Corporation, the ta tic conden er t m, or 
STATCO , i the lat t in a rie of ad vanc d power ontrol 
devic de eloped under EPRI '  long-rang FA TS program. 
The progra m aims to 1.1 bstant ia l ly increa e the effective 
capacity, efficiency, and r l iabi l ity of h igh- ol tage power 
tra nsm i sion through the applicat ion of a variety of control 
y terns based on power el ctron ic . 

l id-sta te electronic device l ike ST TC01 can increa e 
the operational rel iabi J i t  of o ur tran m i  ion y tern whi le 
decrea ing capital and maintenance co t ," ay Bill M u  eler, 
TV vice pre ident for tran mjs ion and power upply. " Fur­
ther, they al low u to mak optimum uti l iza tion of the tran -



mission system capabilities under open-access requirements." 

The development of STATCON became possible with the 

availability of gate- turnoff (GTO) thyristors, high-power 

electronic switches that enable the condenser to regulate 

voltage without costly external elements and also to rapidly 

damp even major power system disturbances. The technology 

provides "faster and more-precise control of power flow," 

according to Aris Melissaratos, Westinghouse vice president 

for science, technology, and quality. "In addition, we estimate 

that STATCON will need about 60% less real estate and instal­

lation labor than conventional control equipment." 

The commercial prototype installed at the Sullivan substa­

tion is rated 200 MVAR, with a continuously variable output of 

-100 MVAR to +100 MVAR. 

Adjustable-Speed Drives Cut Power Costs 
for Water Pumping 

J 
ersey Central Power & Light Company held a technical 

roundtable to spread awareness among some of its large 

customers about the benefits of using adjustable-speed 

drives in centrifugal pumping applications. ASDs conserve 

electricity for pumping when flow rates vary and motors 

operate at less than full load for a large percentage of the time. 

JCP&L issued a challenge to its customers to help develop 

innovative ASD projects that would both save energy and 

reduce operating costs. EPRI's recently launched Community 

Environmental Center assisted the utility by supplying 

information on ASDs and sharing its experience with similar 

applications. The center works to promote the use of electro­

technologies in water and wastewater treatment and to 

encourage the development of collaborative programs be­

tween electric utilities and their municipal water and waste­

water system customers. 

JCP&L and New Jersey American Water Company, one of its 

large customers, formed a partnership that would benefit both 

utilities. New Jersey American provides water service to more 

than 312,000 customers in all parts of the state. In 1991, the 

two utilities worked together and shared expenses on a pilot 

project to install ASDs on four of the water utility's pumping 

units with a combined 650 hp. Rebates from JCP&L covered 

50% of the installed cost of the ASDs. The ASDs were projected 

to save $350,000 in energy costs, with cost recovery periods 

for the equipment ranging from 2 to 18 months. 

In the future, STATCON may be used to connect a stored­

energy source-such as a battery bank or a superconducting 

coil- to a transmission line and provide real power to protect 

critical loads during outages. Additional benefits are antici­

pated as metal oxide semiconductor-controlled thyristors 

eventually replace GTO thyristors. 

"As the construction of new transmission lines becomes 

more difficult, utilities are looking for better ways to control 

and optimize their existing power systems," says EPRI's Karl 

Stahlkopf, vice president for power delivery. "Our FACTS 

program provides utilities with the enabling technology to 

meet their goals, and STATCON is a key component of this 

technology." 

• For more information, contact Abdel-Aty Edris, (415) 855-2311. 

The ASD retrofit program at New Jersey American Water 

proved so successful in improving system operations (for 

example, in reducing water-main breaks from water hammer) 

and in lowering operating costs that the company has ex­

panded the progrflIJl to 18 installations. Other municipal 

water systems with variable pumping requirements can 

benefit from the experience of JCP&L and New Jersey Ameri­

can Water in evaluating their own operations. 

• For more information, contact Keith Carns at the EPRI Commu­

nity Environmental Center, (314) 935-8598. 



RESEARCH UPDATES 
Exploratory Research 

Exploring Electrochemical Synthesis 
by Robert Weaver and Fritz Ka/hammer, Strategic R&D Business Unit 

S 
dent ists funded by EPRI are current ly 
ex plor ing the synthesis of commer­

cial ly important compounds v ia novel e l ec­
trochemical pathways . E lectrosynthes is  

methods , which employ electric i ty to gen­
erate products from reactants dissolved i n 

conductive (e lectrolyt ic ) media, may offer 
promising-more eff ic ient and environmen­

taJ ly beni gn-alternatives to the conven­
t ional synthes is methods used by the chemi­

cal  manufactu r ing industry. 

Chemica l  react ions involve the conver­
s ion of one or more compou nds I n to other 

compounds . Chemical processes are me­

diated at the atomic level by electron t rans­
fer, but in i nd ustria l  pract ice they are nor­

mal ly dr iven by thermal energy supp l ied 
by foss i l  fuels . I n electrochemical synthe­

sis ,  the key react ions are driven directly by 
electric current-the f low of e lectrons. Be­

cause the appl ied voltage and thus the 
d r iv i ng  energy can be exactly regulated , 
e lectron transfer-and with i t the path and 

the rate of chemical react ions-can be 
contro l led much more read i l y  than when 

conventional methods are used . 

A typica l  electrochemical reactor appa­
ratus , or cel l , consists of a voltage and cur­

rent source con nected to a pai r  of elec­
trodes immersed in an electrolyte bath con­

taining d issolved reactants (F igure 1 ) . The 

app l icat ion of a voltage causes current 

f low from the electrodes to the so l u t ion , 

which d r ives electrochemical react ions at 
the e lectrode surfaces. Associated sec­

ondary reactions are possib le at either the 
electrode-electro lyte interface or in the 

bu l k  electro lytic sol ution . The current is 

carr ied through the bulk of the e lectrolyt ic 
medium by ionized species, such as var i ­

ous salts added to the l iqu id medium. 
Electrochemistry presents the possibi l ity 

of manipulat ing the course ,  rate, and end 

results of a wide var iety of chemical reac-
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tions. In e lectrosynthes is , this enhanced 

control can be employed to improve yie ld ,  

decrease s ide reactions and envi ronmen­

tal wastes , and perm i t  the creat ion of new 

products. For example , this type of control 
can increase the product ion of molecules 

having the desi red chiral i ty, a structu ra l 
property of organ ic molecules that is cr i t i ­

cal to the biochemical activity of many 

b iochemical and pharmaceut ica l  com­
pounds. The wor ld market for chira l  drugs 

current ly exceeds $35 bi l l ion a year, with 

annual growth expected to exceed 5%. 

Current chemical industry 

appl ications 

Electrochemistry has been used for the 

product ion of a l imited number of chemi­

cals for almost as long as e lectr ic i ty has 
been commercial ly avai lable .  E lectr ic i ty­

based approaches have served as the 
pr imary means of generat ing chloralka l l  
chemica l s  (chlorine and sod ium hydrox­
ide )  s ince before 1 900 , tor instance . An­
other example is aluminum,  which I n  the 

n ineteenth century had a street value 
roughly equal to that of gold because con-

ABSTRACT Electrochemical techniques, which permit enhanced control 

and selectivity in carrying out chemical reactions, hold promise for significantly 

expanding electricity use in the chemical manufacturing Industry. Control of 

reaction pathways by electrochemical synthesis may facilitate the preparation 

of existing and new compounds, reduce undesirable by-products, and improve 

selectivity in the production of orientation-specific drugs and chemicals. How­

ever, the science base for electrosynthesis is not yet well developed, and the 

chemical industry is unfamiliar with the advanced electrochemical engineering 

concepts and techniques through which economically competitive industrial 

electrosynthesis processes could be developed. In 1992, EPRI and the Nation­

al Science Founda tion launched a collaborative exploratory research initia tive 

to increase understanding of electrochemical synthesis. This effort has already 

identified potential new applications by the biochemical and pharmaceutical 

industries, as well as several possible solutions to problems that have limited 

the usefulness of electrosynthesis processes. The results to date suggest that 

some of the obstacles to widespread application of these processes could soon 

be overcome. 



ventional processing methods were ineffi­
cient and cost ly. An effective e lectrolytic 
technique-the Hal l  process-made com­

merc ial production of a luminum possi ble 
and resulted 1n i ts widespread appl ication 

in aeronautics and many other f ields. At 

present , the electrochemical production 
of chloralkal is and aluminum consumes 

about 2% of the total U .S. electrici ty output. 
However, large-scale efforts to produce 

organic (carbon-based)  compounds by 

electrochemical methods have proved less 
successful .  Organic compounds are both 
more complex and less soluble in conduc­
t ive solvents than are common inorgan ic 

materia ls . Also, many organics can deteri­
orate under the oxid iz ing cond itions at the 

anode of a typical e lectrochemical ce l l , re­
sulting in electrode fou l ing and significant 
loss of reaction efficiency. 

At present , organic e lectrosynthesis is 

menta l understand ing  of elec­
trochemical synthesis and fos­
tering the development of new 

process concepts and meth­

ods. The f ive projects current ly 
sponsored by EPRI are high­

l ighted below. 
Supercritical electrolytes 

Scient ists at the University of 
Detro i t  Mercy are invest igat­

ing the use of supercr i t ical flu­

ids as a new approach to i n­
creasing e lectroorgan ic reac­

tion rates (RP8060-4) . 
The typical ly low solubi l ity of 

organic reactants in aqueous 

e lectrolyte solut ions results in 
low reaction rates .  a serlous 

hindrance to the development 

of pract fcal e lectrochemical 

methods. The use of supercrit-

Figure 1 E lectrosynthesis , which uses an e lectrochemica l ce ll 
to mediate chemica l reactions , offers enhanced process con­
tro l  ihrough the controlled transfer of e lectrons (e -) . A typical 
cell cons ists of a vo l tage and current source connected to a 
oair of sol id electrodes immersP.ri in il r:onr11 1di111oi hRlh non­
taming dissolved reactants. The app l ication of electr ic current 
drives reactions at the electrodes and . in some cases. sec­
ondary reactions of the e lectrode react ion products in the e lec­
trolyte bath. 

Cathode 

Current source 

+ i-----, 

Semipermeable 
membrane 

Anode 

emp loyed on an industria l scale only in an ica l  solvents cou ld  help over­

intermediate stage of nylon product ion . I t  come this problem. These sol­
is noteworthy, however. that the production vents are normally gaseous 

of just this one chemical (adiponitrile) uses 
several hund red megawatts of elec ric 

generating capacity. Smaller quantities of 
several expensive organics are also pro­

duced by electrolyt ic processes, and new 

reactions cont inue to be discovered in 
worldwide research ,  suggest ing consider­

ab le  prom ise for organic electrosynthes is .  
Once the chemical industry has gained a 

better fundamental and practical u nder­
standing of organic electrochemical reac­

tions . new, h igh-value app l ications of elec­
t r ic ity are l ikely to be created. Th is expec­
tation is motivating EPRl 's R&D investment 
i n  this f ie ld . 

EPRI research 

EPR I  is cooperating wi th the National Sci­

ence Foundat ion (NSF) to advance the 
understanding and practical appl icat ion 
of electrochemica l processes and there­

by expand the use of e lectr icity in chemi­

cal prod uct ion. A Joint workshop ,  held in 

1 990, identi f ied key research needs and 

promising processes. On the basis of the 
workshop concl usions, EPRI and the NSF 

launched a col laborative electrochemical 
synthesis research prog ram. Resulting NSF 
grants and EPRI contracts are now support­
ing 1 1  projects aimed at bui ld ing a funda-

compounds that. when sub­
jected to h igh pressure. exist 

In an unusual f luid s ate that is 
neither l iquid nor vapor. Be-

cause of that property, many 
reactants are highly so luble in such flu ids ,  

with concentration Increases of 1 00 times 

or more poss i b le for re lat ively insoluble 
compounds. In e lectroc hemical applica­
tions .  this effect wil l al low much higher 

rates of reactant transport to electrodes, 
and that. in turn , can substantial ly boost 

the rate ot convers ion to p roducts at the 

electrode surfaces. 

The use of supercri t ical solvents a lso of­

fers another advantage : small changes in 
pressure produce large changes in solvent 

density, causing the solubi l ity of d issolved 

components to change dramatical ly. This 
phenomenon has prompted the ap pl ica­

tion of these f lu ids in separation processes. 
the best known bei ng the use of super­

crit ical carbon d iox ide to remove caffeine 

from coffee beans. I n  electrosynthes is ,  this 

property could al low easy, !ow-cost Isola­
t ion of reaction products. a very important 

factor in the economics of chemical pro­

cessing . 

Despite the expected benef i ts . to date 
the use of supercr itica l  f lu ids in chemical 

Possib le 
reactions 

Possible 
secondary 
react ion 

E lectro lyte with dissolved reactants 

and electrochemical processing has been 
l im ited because of the h ig h temperatures 

and pressures typically requi red . Water. for 

example , becomes su percri t ical on ly at 

374°C and 220 atm . In EPRl-supported 

work , the researchers at Detro i t  Mercy 
have developed an innovative cel l for or­

gan ic electrosynthesis under high- temper ­
ature, high-pressure cond it ions. I n  labora­

tory exper iments , supercr i tical solvents 
have been employed to produce s imple or­
gan ic products-such as dimethyl carbon­

ate, (CHp)pO . Current efforts focus on 
the long-term goal of generati ng common 

carbon-based compounds from carbon 

dioxide, a safe. readi ly avai lable substance 

that becomes superc r i t ical below about 
30°C and above 75 aim. 

Electrocycl ization Researchers at the 
Un iversity of Cal i forn ia at Santa Barbara 
are exploring the use of electrocyclization 

reactions for the se lect ive electrochemical 

production of biochemical compounds 

having speci f ic ch i ral i ty (RP8060-5) . 
Chira l ity refers to a compound 's struc-
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lure-the spatial arrangement of 
its bonds. Two compounds that 

have exactly the same number 

and kinds of atoms and bonds 

might be thought to be identical , 
and 1n elemental analysis they 

would be. But rt the bonds are 

Figure 2 Many complex molecules are ch iral ; that is, they exist in two 
forms that have the same chemical components and bonds but have 
different "handedness" and often d ifferent biophysical properties. Lac­
tic acid is one such ch i ral compound. The chemical ly identical forms 
shown here differ in  physical orientation : they are mirror images and 
cannot be superimposed on each other. As a resul t ,  they may react 
differently in some biological processes. 

velop an act ive, stable form of 

th is compound and with chemi­
cal eng i neers to scale up the 

overal l electrocatalysis proce­

dure for possible industria l  use. 
In addit ion. electrochemical con­
d ftions for the regeneration of 

other important enzymes are un­

der study. 
arranged so that it is physical ly 

impossible to superimpose one 
molecule on the other. as is true 

for those in F igu re 2, the two 

compounds are structu ral ly di f ­
ferent. (These ditterent conf igu­

rations are referred to as the R 
and S forms of compounds . )  

Because structural d itterences 

may lead to differ ing chemical 

react ivity, chira l i ty is im portant 
in many bio logical appl icat ions. 

OH 

Research strongly suggests that there can 

be s igni f icant differences i n  human physi­

ological responses to mixtures contain ing 

equal amou nts of R and S forms and mix­
tures having more of one structure than the 
other. 

Electrocycl ization processes generate 
ch iral organic compounds by forming cy­
c l ic molecules f rom stra ig ht-chain precur­

sors . In EPRl-funded work, scientists have 

identi f ied an electrochemical mechanism 

for th is class of reactions and have appl ied 
this understanding to fac i l itate the e lectro­

synthesis of several common compounds 

with desired chiral i ty. 
Also , investigations of cel l  cond i t ions, 

electro lyte parameters , and electrode char­
acter i st ics have revealed several promis­

ing process s imp l i f ications . At present ,  

e lectrocycl fzat ion and related react ions 

are being stud ied for use in the synthesis 
of much more complex chiral products , 

such as the potent ant imalarial agent 
arteannuin B. 

An important s ide benefit of th is re­
search is the tra in ing of several young 

electrochemists in advanced electrosyn­

thesis techniques. a key step in the even­

tual adoption of such techniques by the 
chemical industry. 

Enzyme electrocata lysis Scientists at 
Wesleyan University are applying e lectro­

catalysis in attem pts to enhance synthesis 
effic iency (RP8060-3) . I n  particu lar, th is proj­
ect targets the electrochemical regenera· 
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tion of the coenzymes used in the protein­
catalyzed (enzymatic )  production of amino 

acids. 

The synthesis of amino acids such as 

phenyla lanine (a key component in Nutra­
sweet sweetener) is a rapidly growing in­
dustry. The high cost of the enzyme cata­

lysts and coenzymes that med iate these 
complex organic syntheses necessitates 

catalyst recycl ing . Because e lectrochem­
istry has substant ia l  promise for economi­

cal  enzyme regeneration, many possible 

electrochemical recycl ing schemes have 

been devised in recent years ( F igure 3) . 

The dep loyment of practical processes 

has , however, been h i ndered by short cat­

a lyst l i fet ime. 
At Wesleyan , a new procedure has been 

devised for enhanc i ng the electrochemical 

effect iveness-and thus regeneration-of 

an enzyme employed in the production of 
lact ic acid , which is commercial ly impor­
tant to the food industry. By immobi l izing a 

catalyst precu rsor and a coenzyme in a 
polymer fi lm on a carbon electrode ,  sc ien­
t ists have been able to produce and re· 

generate the enzyme catalyst d i rectly and 
efficiently by e lectrochemical means. I n  
laboratory experiments, th is easi ly appl ied 
process has extended catalyst l ifet ime al· 
most tenfold. 

The researchers have also , for the f i rst 
time, crystal l ized the enzyme catalyst itse l f , 

wh ich is highly unstable i n  solution . They 
are now work ing with biochemists to de· 

Antifoul ing electrode coat­
i ngs North Caro l ina State U ni­

versity scientists are invest igat­

ing polymer coat ings as anti­

foul ing agents for the electrodes 
used in organ ic e lectrosynthe · 

s is (RP8060-6) . 

A number of organic synthe­
s is react ions (espec ia l ly oxida· 

lions) are d r iven by redox reac­
tions ,  which involve chemical interact ion 

with the oxidized form of a metal ion in so­

l ution . The reduced form of the metal ion 

created In such a reaction is then regener­

ated at one of the electrodes. At present , 

however. this approach ls not widely ap­

plied because large organic molecules 
subjected to oxidiz ing condit ions often foul 

the electrodes used for reactant regenera­
tion, reducing cell etticiency to uneconom­
ical levels . 

I n EPR l-su pported research ,  scientists 
have estab l ished that specific ion-selective 

coat i ngs can reduce and ,  in some cases . 
e l iminate organic fouling of e lectrodes. 

These coatings prevent large, uncharged 
organic molec u les from contacting an 

electrode and depositing on it; remarkably, 

they do not b lock electrode access and i n­
teractions for smal ler, charged reactants . 

On the basis of this f inding , a number of 
polymer membranes have been stud ied i n  

conjunct ion with common cerium-based 

redox reagents 1n sul fur ic acid and methyl ­
sulfonic acid solvents ;  p lat inum , g lassy 

carbon, and other electrode substrates 
were used . Effective membranes and coat­

ing methods have been identif ied for spe­

cific regeneration processes, and two 
patent applications have been f i led. On­

going work is targeting gener ic antifoul ing 

applicat ions. 
Supercond uctor fabricat ion I n  a sec­

ond e lectrode-or iented project, research­
ers at Colorado State Univers ity and su-



perconduct lv ity experts wlth Du Pont's 
Central Research & Development Depart­

ment are col laborat ing to invest igate the 

prod uct ion of h igh-temperature supercon­
ductor (HTSC ) mater ials by electrochemical 
modification of specia l ly prepared elec­
trodes (RP8060-7) . 

Superconductivity In the perovskite-type 

oxides. a common class of HTSC materials , 
is extremely sensi t ive to composition, par­

t icularly smal l var iations in oxygen content .  

The amount of oxygen in HTSC compounds 

is typical ly contro l led through h ig h-temper­
ature , h igh-pressure oxygen treatments , 
wh ich are cost ly and d ifficul t to contro l pre­

cisely, E lectrochemica l  react ion method s 
offer the abi l i ty to regu late oxygen content 
at ordinary temperatures and pressures. 

thus providing an attractive a l ternat ive for 
superconductor fabr icat ion . 

EPRl-funded researchers are studying 

La2Cuo.,.� · a wel l -characterized HTSC ma­
terial, to determine opt imal parameters for 

e lectrochemical ly adjust ing i ts oxygen 

content .  HTSC pel lets fashioned into bu l k 

electrodes and exposed to var ious elec­

trolytic processes have been tested tor 
oxygen-change eff icacy and supercon­
duct1v 1ty character istics . For these elec­

trodes, however, complete oxygen adjust­
ment throughoul the bulk of the mater ial 
was found to require weeks of electro­

chemical t reatment .  Cu rrent research fo­

cuses on the  preparat ion of hig h-qual ity 
La2Cu0u thin-f i lm electrodes for which 
the oxygen content might be changed in 
m inutes. 

Figure 3 For many reactions , an elect rochemical cell can be used to continuously regenerate a 
reagent or catalyst, as shown here. Such regeneration is particularly desirab le when costly reagents 
are involved, but in many cases e lectrode fou l ing prevents i ts practical application. In exploratory stud­
ies , EPR I researchers have identified possible elect rochemical regenerat ion mechanisms as wel l as 
novel e lectrode r.o::itingi; th::it r.::in rerl 1 1 r.e nr !'lrevi:mt fnu l ina 

Feed or reactant (S) Regenerated reagent (0) 

! .-----------, _ ..... ..__ ___ __, 
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As a resul t  of these efforts ,  future exper­

iments are planned involving more-com­
plex HTSC mater ials . Researchers eventu­
a l ly hope to devise electrochemical proce­

dures for producing micropatterned HTSC 
devices for specific electrical appl ications . 

Other electrochemistry 

research 

A number of other electrosynthesis proj­
ects have been funded by the NSF under 
the joint research initiat ive. They include an 

explorat ion of the factor s control l ing chira l ­
i ty in electrosynthesis , a fundamental study 
of e lectron transfer react ions involv ing or­

ganic compounds . and work to develop a 

novel sacrific ia l  electrode process for pro-
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R 
Product 
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ducing f luor i nated compounds and other 

organic products . 
I mportant new understanding and con­

trol of the factors governing electrochemi­
cal synthesi s are now being achieved 

through EPRI-NSF col laborat ion, with sev­

eral process improvements and practical 
appl ications showing promise . To further 

advance the scientific knowledge and ult i­

mate commercia l prospects of electrosyn­

thesis , EPRI and the NSF expect to sponsor 

an electrochemistry conference. to period­
ical ly fund promising new projects , and to 

increasing ly draw the chemical lndustry 
into col laboration in an area that holds the 

potent ia l for important bene f its for chem­

istry as wel l as electr ic i ty. 
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Land and Water Quality 

Using Chemical Translators for Water Quality Permitting 
by Robert Brocksen. Environment & Health Business Unit 

T 
he e lectr ic u t i l ity ind ustry, l ike many 

other industries and many mun ic ipal-

1ties , must adhere to discharge l imits for 

toxic pol lutants such as meta ls .  These l im­
i ts are specif ied i n  National Pol lutant Dis­

charge El imination System ( NPDES) per­
mits . Trad i t ional l y, numerical NPDES l imi ts 

have been set by using criteria developed 
under a specif ic set of conditions that were 
then app l ied national ly. Over t ime, regu la­

tors have come to accept the idea that this 

approach is too rigid and that site-spedfic , 
water-qua l i ty-based permit limits provide a 
more accurate assessment of toxlcological 

effects in receiving waters . Conseq uently, 

as NPDES permits for toxic pol lutants come 
due for renewal , many ut i l i t ies f ind them­
selves concerned with water-qual ity-based 
permitting for the first time . 

Regulatory background 

The U .S. Environmental Protection Agency 

and the states have long stipu lated that 
NPDES perm it l i m i ts for metals be ex­
pressed as total recoverable concentra­
t ions .  (The total recoverable concentrat ion 

is the total amount measurable-Le. , a lmost 
all of a g iven metal in a water sample. ) The 
EPA has re l ied on the following as justif ica­

tion for this posit ion: 
o I nterpretation of the regulations ad ­

d ressing permit l imits for metals-40 CFR 
1 22.45(c)-as requi r ing t heir expression in 

total recoverable concentrations 

o The assert ion that total recoverable met­

al serves as a conservative parameter for 
ambient waters and is the on ly metal form 

that can be used to rel iably compute the 
resul t ing tota l metal concentrations in both 

the water column and the sed iments (58 

Fed Reg 321 32) 

o The need to be conservat ive in protect­
ing receiving wa ers 

However, in related regulatory act ivity-
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the development of ambient water qual ity 

criteria-the EPA and several states (V i r ­

ginia, Texas, and Mary land)  have con­

cluded that the cr i ter ia should be ex­

pressed as bioaval lable or d issolved con­

centrat ions, rather than total recoverable 

concentrations . Sect ion 304(a)( 1 )  of the 
Clean Water Act requires the EPA to pub­

l ish and periodical ly update ambient water 
q ual i ty cr iteria for the protection of aquatic 
l i fe on the basis of the latest sc ientific 

knowledge. Federal cr iter ia are publ ished 
as guidance to the state regulatory author­

it ies. which then set enforceable ambient 

water qual ity cr i ter ia for ind iv idual water 

bod ies . 

With respect to water qual ity standards, 

the EPA's 1 992 National Toxics Rule states 

that "the water qual ity cri teria are not 

threshold values . One should not expect 
that once these values are exceeded , the 
result is a measurable impact on aquatic 

l ife. The aquatic l ife cr iteria embody con-

servative assumptions so that smal l excur­

sions above cr i ter ia w i l l  not result In ad­

verse impact. The data indicate that if 
ambient water qual ity cri ter ia are met, or­
ganisms in the receiv ing water are pro­

tected from adverse impacts" (57 Fed Reg 
60876).  Sim i lar ly, two EPA documents­

Technical Support Document for Water 

Quality-Based Toxics Control ( EPA report 
505/2-90-00 1 )  and Office of Water Policy 

and Technical Guidance on Interpretation 
and Implementation of Aquatic Life Metals 

Criteria (October 1 993)-expl icit ly encour­
age greater f lexibi l ity in the implementation 

of aquatic l i fe criteria for metals. 

Metals tox icity criteria and 

chemical translators 

Metals exist in natural waters in a var iety of 
d issolved and part iculate forms. The bio­

avai labi l ity and toxic i ty of a metal are h ighly 

dependent on the physical and chemical 

forms of the meta l .  I t is widely accepted 

ABSTRACT In 1994 EPA/ published the Chemical Translator Gu idance 

Manua l ,  which provides utility environmental managers with a methodology for 

translating a water quality criterion for such toxic pollutants as metals-

expressed as either a dissolved concentration or a bioavailable concentration-

into a National Pollutant Discharge Elimination System permit limit, expressed 

as a total recoverable concentration. This methodology is particularly useful 

because it allows unique, site-specific receiving-water characteristics to be 

taken into account in calculating permit limits. The Environmental Protection 

Agency is considering using EPRl's Chemical Translator Guidance Manual as 

the basis for its own guidance document, to be issued in 1995. 



that dissolved metals are generally more 

toxic to aquatic life than are particulate­

bound metals. However. recent research 

has demonstrated that even the dissolved­

metal concentration in ambient waters may 

overstate bioavailability and toxicity. In lab­

oratory studies, many inorganically and or ­

ganically bound complexes that are mea­

sured in a metal's dissolved fraction (i.e., 

the metal that passes through a filter of a 

certain size) have relatively low bioavail­

ability. For example, dissolved copper in­

cludes such relatively nonbioavailable and 

nontoxic forms as humic and fulvic acid 

colloids, many inorganic copper com­

plexes (i.e., carbonates). and most organic 

copper complexes. 

Ambient water quality criteria for most 

metals were developed from acute (1-hour 

average concentration) and chronic (4-day 

average concentration) toxicity data col­

lected in laboratory studies. These studies 

typically used highly soluble metal salts 

dissolved in laboratory dilution water to 

estimate the toxicity of a given metal. Since 

laboratory dilution water has low sus­

pended solids and low organic carbon 

concentration, its metal-binding capacity is 

lower than that of most ambient waters. As 

a result. criteria derived from laboratory 

studies do not accurately reflect the fate 

and behavior of metals in natural receiving 

waters and are likely to overestimate the 

toxicity of metals in ambient waters. 

The policy and guidance memorandum 

issued by the EPA Office of Water in 1993 

summarized the problems associated with 

accurately determining water quality crite­

ria for metals and concluded the following: 

o Dissolved concentrations are better indi­

cators of the bioavailable fraction of metal 

than are total recoverable concentrations. 

o State water quality standards should be 

based on dissolved metal. 

o A translator can be used to calculate to­

tal recoverable permit limits from dissolved 

water quality criteria. 

The general equation for using a chemi­

cal translator to calculate an NPDES permit 

limit (ie., a total recoverable amount) from 

a dissolved-concentration water quality cri­

terion is as follows: the permit limit equals 

the water quality criterion times the transla­

tor times a dilution factor. At present, the 

EPA suggests three methods for making 

this conversion: 

o Use EPA -determined partition coeffi­

cients and historical data on concentra­

tions of total suspended solids in the re­

ceiving water. 

o Use a conseNative conversion factor of 

1 .0, which makes the dissolved concentra­

tion equal to the total recoverable concen­

tration. 

o Collect receiving-water samples and de­

termine site-specific partition coefficients 

for each metal. 

The last two approaches are recom­

mended. Because of concerns about the 

quality of the national database used to de­

rive partition coefficients, the EPA views the 

first approach as an interim measure until 

sufficient data are available to implement 

either of the other approaches. 

EPRI chemical translator 

manual 

For electric utilities, the important conse­

quences of the EPA's consideration of 

water-quality-based standards are that the 

agency now recommends that state water 

quality standards be implemented as dis­

solved-metal concentrations and says that 

using a chemical translator is a scientifi­

cally valid approach to determining total 

recoverable permit limits. The trend to use 

dissolved concentrations for ambient wa­

ter quality standards- which was initiated 

by the EPA and the states of V
i
rginia, Tex­

as, and Maryland-is likely to continue as 

more states review their permitting stan­

dards. 

To help utilities negotiate for the inclusion 

of translators in state regulations and per­

mitting guidance and to help them devel­

op and apply translators in NPDES permit­

ting, EPRI developed the Chemical Trans­

lator Guidance Manual (TR-104047). The 

manual discusses alternative approaches 

for developing translators, which are de­

scribed below. It also offers detailed infor­

mation on designing site-specific studies 

for translators- i ncluding parameter selec­

tion, sampling design (sampling locations, 

number of samples, scheduling, and other 

conditions), sample collection, laboratory 

analysis, and data analysis. Field protocols 

for utility environmental managers to follow 

in designing studies for specific permit ap­

plications are provided. 

It is important for users of the manual to 

remember that the material is generic. 

Specific refinements for individual applica­

tions may thus be necessary. 

Developing translators: 

four alternatives 

The first alternative for developing a chem­

ical translator-the use of partitioning 

equations- can be applied to streams, 

rivers, lakes, and estuaries. It is not appli­

cable to oceans, since no partitioning equa­

tions or coefficients have been developed 

for this type of receiving water. 

For rivers, streams, and lakes (freshwa­

ter receiving waters), the equation for cal­

culating a chemical translator, Cr/Cd, is 

Cr/Cd = 1 + (k
po 

· {SS}a+1) 

where Cr is the total concentration of the 

toxicant in the water column (µg/l); Cd is 

the dissolved concentration of the toxicant 

in the water column (µg/L); k
po 

and a are 

constants; and {SS} is the concentration 

of particulates in the water column. com­

monly measured as total suspended sol­

ids, or TSS (mg/L). 

A chemical translator can be calculated 

tor any freshwater effluent or receiving wa­

ter by using this equation together with 

EPA-derived partition coefficient constants, 

TSS calculations provided in the guidance 

manual, and a site-specific suspended 

solids concentration. The guidance man­

ual also contains constants applicable to 

estuaries that can be used in the chemical 

translator equation. 

Texas and Maryland have adopted 

forms of this methodology in their regula­

tions. As mentioned above, the EPA has ex­

pressed concern about the quality of parti­

tion coefficient values derived from the na­

tional database. Its recommendation is that 

the national coefficients be used as an in­

terim measure until site-specific partition 

coefficients can be derived. 

The advantages of this alternative are 

that it is very simple to apply and is very in­

expensive, especially if TSS data are avail­

able. Its disadvantages are that the EPA co ­

efficients are applicable only to fresh water 

and that the use of coefficients for waters 
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other than the ones for which they were de­

veloped may be questioned by regulators. 

The second alternative, the next most 

straightforward approach to developing a 

chemical translator, is to analytically deter­

mine the total recoverable and dissolved 

concentrations of the metal in question and 

then to calculate the translator directly from 

these data. This approach is relatively sim­

ple to implement and provides valid chem­

ical translators for site-specific applica­

tions. 

The approach is based on the calcula­

tion of the ratio of total metal to dissolved 

metal in site water, using a series of sam­

ples. Vi rginia has developed guidance for 

this approach that incorporates specific re­

quirements for sampling and statistical 

analysis of the data. The EPRI guidance 

manual contains a somewhat less complex 

version of this alternative. 

The alternative's advantages are that it is 

a relatively simple concept, is relatively in­

expensive to implement, and is applicable 

to all types of receiving waters. Its major 

disadvantage is that when concentrations 

are below or near normal detection levels. 

translators cannot be calculated reliably 

without relying on more-expensive ultralow 

or unconventional analytical techniques. 

The third alternative involves the use of 

site-specific partitioning equations. Site­

specific regression equations can be de­

veloped to predict total metal concentra­

tions from TSS and dissolved-metal con­

centrations (or to predict dissolved-metal 

concentrations from TSS and total metal 

concentrations). In this alternative, site­

specific samples are collected and ana­

lyzed for TSS, total recoverable metal, and 

dissolved metal. Samples should be col­

lected from the effluent, the receiving water 

before mixing with the effluent. the receiv­

ing water at the edge of the mixing zone, 
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and/or the far-field receiving water. If con­

centrations are low. then so-called clean 

sampling techniques and ultralow metal 

analysis techniques may be required. 

Data analysis for this technique consists 

of a multiple regression of total metal con­

centration on dissolved-metal concentra­

tion and TSS. The multiple regression can 

be used in two ways to calculate permit 

limits. First. the dissolved water quality 

standard and a selected TSS value can be 

used to directly calculate a total concen­

tration value. Second, the regression equa­

tion can be incorporated in the permit and 

used to calculate a sample-specific com­

pliance limit every time an effluent monitor­

ing sample is collected. For example, TSS 

and total metal would be measured in the 

effluent sample. The total metal effluent 

limit would be calculated from the dis­

solved-metal criterion and the measured 

TSS concentration. The total metal concen­

tration measured in the sample would then 

be compared with the calculated limit to 

see if the limit had been exceeded. 

The greatest advantage of this alterna­

tive is its site-spec1fic1ty, which the EPA 

views favorably. Also. because it relates 

the translator to TSS levels in the effluent 

and the receiving waters, this approach 

may increase the degree of flexibility in 

permit monitoring or in the defense of en­

forcement actions. For instance, high total 

metal concentrations in the effluent may be 

related to high TSS in the effluent without 

any increase in dissolved or bioavailable 

metal. The major disadvantages of this al­

ternative are that it is more complex and 

expensive than the two previous ones. 

It is arguable that the first three alterna­

tives, which are all based on the determi­

nation of a ratio between total and dis­

solved metals, are overly conservative be­

cause not all the dissolved species of a 

metal may be bioavailable. Research has 

shown that the most bioavailable forms of 

metals are the free metal ions and the hy­

droxides. For this reason, the EPA specifi­

cally allows the use of the equilibrium 

model MINTEQA2 in water-quality-based 

permitting. A description of this model is in­

cluded in the EPRI guidance manual. The 

model predicts speciation for many metals, 

given site-specific water quality conditions. 

Application of MINTEOA2 is limited only by 

the availability of input data and the geo­

chemical knowledge of the modeler. 

The primary advantage of this alternative 

is that it allows for a sensitivity analysis of 

different water quality conditions. However, 
at the present time there are no regulatory 

protocols or precedents for the use of this 

procedure. Also, data on the toxicity of in­

dividual metal species are limited. This al­

ternative Is therefore difficult for regulators 

to accept. 

To sum up 

The careful application of a chemical trans­

lator by utilities can increase allowable dis­

charge limits and thereby reduce operat­

ing costs by factoring site-specific water 

quality conditions into permit limits. If a 

translator is accepted by the permitting 

agency, utilities can use the translator 

(along with a dilution factor) to calculate 

more-realistic but still-conservative permit 

limits from water quality criteria. 

The EPA is considering using EPRl's 

Chemical Translator Guidance Manual in 

preparing its own guidance document, 

which is planned for release this spring. 

Meanwhile, EPRI is addressing the subject 

of biological translators, which are devel­

oped through bioassays of the effluent 

and/or the receiving waters. and plans to 

produce a biological translator guidance 

manual this year. 
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Contracts 

Projecl 

Customer Systems 

ROCS B t l l lng System Enhancements 
(RP2568,35) 

M1c rofi l trat1or1 Verification Pro1ect 
(AP2662· 7 t )  

Ouantihcalion ol Enwonmenlal Benehts o! 
Demand-Side Management and 
Elec1ro1echnologles (RP3 2 1 - 12) 

Indoor Air Ou.illty/CooT Storage/Ventllauon 
Air Precond1trOJ11ng System ( RP3526-7) 

Tests or Cnlonrie-Free. Low-Globa l-
Warming-Po ent,al Relngerants 
(RP3526-9) 

Energy Eft,c 1ency Improvements to the 
Bio-O�idi2er at the Criambersburg 
Hospital Demonst ration S11e (RP3742· 1 ) 

Application ot Ultraviolet Germicidal 
lrradiauon IQr Air Disinfection (RP3T42-3) 

Ozonation or Coollng Water (RP3761-2 ) 

Commercial End-Use Load Data 
Development (RP3a1g..20) 

EPRI Par trnitsl'ltp tor Indus nal 
Compet1hveness Planl Sur 11eys for 
Pr1nling and Pr i nted Circuit Beards 
(RP3829-t5) 

Vertirnill Pilot Ptant Study .  Taconl1e 
Grind ing (AP3866- ) 

Metals, Glass . and Minerals Produol lon 
(RP3866-2) 

Hlgh-Effrc1ency Laundry Pro1ec1 
(RP3872-2) 

Prnch Energy Opt im1la ion Study 
(RP3879-6) 

P,noh Energy Op1im1zat1on Study 
(RP3B79-7 ) 

Mic rowave Processmg of Thrn-Sheet 
Materials (RP3899- 1 )  

Customer Hea1 1ng System Choloe 
Modeling (AP3904-2) 

Residential Scoping Study Customer 
Loyalty and Its RelaUonsh,p 10 Service . 
Oual i ry and Value (RP400 1 - 19) 

Generation 

Development and Delivery o COE 10 
(RP 1 400-3 ) 

Research and Del/elopment ol Proton· 
Conouc\lng Fuel Cell (AP1676-20) 

Gas111ca11or, ot Was,e Tires (RP2190-10/ 

Handbool< on Rew,nd ing Med,um-Vol lage 
Motor (RP2308-34) 

Rap,d-M,• Burner 011 Development 
Program (AP2869-23) 

CG-DAMS Enhencemen1s (RP29 t 7-5 1 )  

Funding/ Con/rac tor/EPRI 
Dura/ton Projec/ Manager 

$1 00,000 Sou1hern E1ecl rte 
13 montl'ls l nlernalional I 

L. Carmichael 

$62,000 Energy and 
1 1  mon lhs Environmental Solull1ms/ 

K Carns 

$1 20, 100 Regional Economic 
B months Research IP. 5/oshansi 

$196.300 Calrnac Manufacturing 
12  months Corp. /M /<ha/tar 

$70,200 Foste r-Miller/ M. l</la/lar 
12 months 

$292.600 Bio-Ok ldation/M Jones 
7 months 

$75,000 Lighting Researcn 
9 monms lnshtute/M Jones 

$645, 700 Minnesota Power I 
24 months M Jones 

S90,000 RLW Anatyttcs/ 
4 monlhs R Gd/man 

S240,000 Chem Systems/ W  Smllh 
1 3 months 

$420,000 Univer s it y of M inneso1a I 
24 months E. falfl)ar/ 

$150.000 Carneg ie Mellon 
12  months Un1vers1 ty IE. Ee harr 

S l .624 ,300 Maytag Co /J, Kesselring 
36 months 

S83,SOO Simons Eng1neerong I 
9 months A Amarnath 

$74 ,800 Simons Engineering I 
9 months A Amarnalh 

$1 ,222 ,900 IBM Corp . / E  Eckllarl 
47 months 

$1 19,600 Freeman, Sull ivan & Co . /  
10  months P Meagher 

$ 1 82,500 PNA &. Assoc,ates/ 
3 months T Henneberger 

$782.600 Black & Veatch I 
2 1  months D. O'Connor 

$150,000 Russian Federal Nuciea1 
24 months Cente' IR Goldstein 

$80,000 Centerior Energy Corp I 
2 months E Hughes 

$95,600 Jarsco Eng,neer1ng 
9 months Corp, /J  Siem 

$69,500 Radian Corp I 
1 month A Facchlano 

$60,000 Anatech Research 
8 mcmths Corp . J O. Morr/5 

Funding/ Conrractor/1:PRI 
Pro1ec1 Duration Project Manager 

Cata lyt ic Ceramic Fllte, tor Removal or $75,000 Ce,amem Corp. I 
S02, NO , and Fly Ash (RP3004-42) 6 mon1hs R. Chang 

S,emens V84 .2/V94,2 Combustion Tu rbine $733.000 PowerGen I G. Touchton 
Ltle Management System (RP3064-4) 37 months 

Assessment of Impacts or NO. Reduction $75,000 Radian Corp. / 0. Golden 
Teohnol0gies on Ash Use (AP3 1 76- 1 7 )  3 monlhs 

Simulator Acceptance Testing and $155,400 Enlor Corp.JR Fray 
Training Program Development Guidelines 13 months 
(RP3384-23) 

Economic Oe1>e10pment Through Biomass $76,000 Kansas Electric Uti l ities 
Systems Integration (RP3407-28) 10  months flesearch Program/ 

J. Turnbull 

Air Heater Seal lealiage lmprcwement $27 1 ,000 TU Electr ic I J Bickley 
Demonstration (RP3455-3) 7 months 

On-Lrne Feeopump E,cper System $378 ,000 Bogan IR Co/sher 
(RP347!H) 17 months 

Demonst ration ol Automation Concepts at $ 1 1 8 .900 Leeds & Nonhrup Co I 
Lewis c,ee� and elS011 Stations of G ul! 9 months D Bros�e 
Stales Ulill ,es (Rf>369!h3) 

Wind Turbine Performance Ver,l1ca1100 $4 ,380,000 Green Mountain Pa,,er 
(RP3691- 1 )  7 7  months Co IE Oav,s 

Erosion Characteristics of Dam $630,000 U S  Bureau ol the 
Foundations (AP3752· 1 )  4 0  months 1n enor ID. Moms 

Bench-Scale Testing for a Landfi ll Gas $69,500 University or Southern 
Cleanup System (RP3755-3) 12 monlhs Cali forn,a ID Herman 

Preparation and Combustion Faci l i ty tor $83,000 Energy and 
Coal-Water-Slurry Fuel ; Feas1b1l11y Study 5 month& Environmental Research 
(RP3B52·4 ) Corp. /  W Weber 

Ma 1n1enanoe Benchmarking 1 Generating $75,000 HSB Rel,abill ly 
Plants ot San Diego Gas & Eleotric 5 months Teohnologles/ 0. Broske 
(RP3854-4)  

Advanced Condl tlon -Mon11aring System $29 1 .000 MCM Enlerpnse /J. Slelfl 
for Hydroelectr ic Generators (RP3B57·5) 33 monlhs 

Advanced Condltion -Monllonng System $28 1 .000 I ris Power Engineering / 
lor Hycroelectnc Generators (AP3857-6) 33 monlhs J Stein 

Distr ibuted X .500 Directory Services $174,000 Southern Company 
(RP3867-2) 1 3  moo1hs SerVices / G Prlaslerer 

Steam Treatment for Zebra Mussels $205 , 200 Stone & Webster 
(AP3894-4) 7 mon hs Engineering Co1p / 

J. Tsou 

Chlorine Drox1de Treatmenl ol Zebra $63. 100 Dairy land Power 
Mussels at Alma Generating St on !"100ths Cooperal lve /J Tsou 
(flP3894-5) 

Modif ied 9Cr- 1 Mo ( P9 1 )  Stoel $1 , 283,900 PowerGen PLC I 
Characlenzat,on of Service- 56 mon1hs W. Bakker 
Aged Mate rials and Wetdments 
(RP391 1 · 1 )  

On-Line Performance Monitor (RP3922- 1 )  $166,500 Bridger Sc,en1ir,c I J, Tsou 
12  rnonlhs 

Improved Performance Instrumenta tion SI  5,000 Paclftc Gas and Electr,c 
(RP3925- 1 l  9 months Co. / J. Weiss 

Evaluation of REACH NO Reduction $676,000 Orange & ROG land I 
Technology for OIi Fi ring (RP3956- 1 )  13  moot s A Facchtano 

Integrated Hydro D1agnos , cs System $310,900 Bnllsh Columbia HVdro & 
(RP3971- 1 )  9 months Power Authonly / J Btrk 

Solut lons ror Low Dissolved Oxygen at $ 1 29 .400 Aquatic Systems 
Hydro Silas (RP3972· 1 )  19  months Englnee1ing/D Morns 

Ceramics for Gas Turbines (RP3979- 1 )  $ 1 , 1 85,400 General E l ectnc Co . / 
36 months W. Bakker 
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Pro1ec1 

Nuclear Power 

W CFR 54 lmplementailon Gu idelines 
(RP3075- 1 4) 

Analysis and Confirma1ion of Robust 
Performance for !he Flow-Diversion Barrier 
System With in the Yucc.; Mounlain Site 
(AP3294- 1 7 ) 

Bal l lmore Gas and Electric's Life 
Ex ens,on Act1vol1es at Calvert Cl iffs 
Nuclear Platlt (RP3343· 19) 

BWR Feedwater Iron Reduc�on 
(RP3388- 1 ) 

Demons1ra11on ol an Advanced Resin-
Clean ing System (RP3388· 1 2) 

lmplemeniahon of a Laltice Physics 
Method Using Arbitrary Geome1ry 
Model ing Techniques (RP34 1 8-4) 

Iodine Chemistry  In Conta1nmen 
(RP3425-3) 

Reactlv,ty I nsertion Acc1oents. Scoping 
Study (RP3574-8) 

Rad iation Monitoring System Maintenance 
Guide (RP38 4-1 2) 

Feedwa1er 1ns1rumentation and Control 
Main tenance Guide (RP381 4- 13) 

CE Reac1or Pro1ec11on Sys1em and Plant 
Pro1ec11on System Obsolescence and 
Ma lnta,nabi l i ty (RP3943· t )  

Ha1ch- 1 ln-Reac1or Tes�ng (RPC 101 -30) 

Infl uence of Irradiation and S1ress/Stra1n 
on lhe In-Reactor Behavior ot H igh-Purity 
Stain less Steels and Nickel-Base Al loys 
(RPC 1 03· 1 ) 

Oua l ll lcat,on and Demonstrahon of 5-AP 
for Secondary-System pH Conttol 
(RPS4 1 6- 1 1 )  

Oamonstra1 1on of AC Po en1,a1 Drop 
Techniques for De1ec1 1ng Small Cracks ,n 
Steam Generator Tubing at High 
Temperature (APS51 1 -6 ) 

Power Del ivery 

Using Real-Time-Pricing oa,a ior Service 
Design and Analysis (RP2801 -9) 

Power E leotromc Budding Bl oaks tor 
Attordable High Performance ol Electric 
Power (RP3 1  5-5) 

Demonstra 11on of a Power Plant-Con rol 
Center Communicat,on L,nk at 
Consol1da1ed Edi son (RP3555-9) 

Ouan1 1 f 1ed Suosequent L1gh1nmg Strol<es 
S1ue1y (RP3669-3) 

Demonstration of EPRI Operator Tra1n1ng 
S1n1ulator as a D1s1r1but1on Syste, 
S1mula1or (RP3731 -4) 

Technolog ies for lnspec ng Transm1ss1on 
lines (RP3873-2) 

Demonstration of Advanced T&D 
Conslt\Jcllon Teehnology (RP3942- 1 )  

IS -POW DYNAMICS, Version 4 (RP3950-1 ) 

Per formance-Based Monitoring and 
Control fOf Increased Ope1attonat 
Ell,ciency o Power Syslems RP3954- 1 )  

Devetopment of UCA Appl1cat1ons 10, 
Europe (RP3961 - 1 )  

UCA Advanced Broadband 
Commun1eatlons (RP3969- 1 )  
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Fundmg/ 
Duration 

$ 1 2 1 , 000  
9 months 

$99,900 
1 4  months 

S59, 100 
4 months 

$ 1 28,000 
2 mon1hs 

$680 ,800 
7 mont11s 

$ 1 22 ,700 
26 months 

$294,900 
24 months 

$1 19 ,000 
4 months 

$7 1 ,800 
9 months 

$79 , 100 
9 months 

$435.300 
15 montt,s 

$250,000 
28 monlhs 

$ 1 ,808,600 
60 months 

S 1 79,500 
1 1  months 

$50,000 
16 months 

590,000 
24 months 

$4 ,000.000 
52 months 

$273,300 
7 mon1hs 

$376,600 
48 mon1hs 

$228.100 
10 mon hs 

SB7,000 
5 months 

$330,300 
4 months 

$80,000 
2 months 

5500.000 
36 months 

$338 ,000 
1 1  months 

$339,800 
12 monthS 

Contrac/or/EPRI 
Pm/eel Manag9r 

MDC-Ogden Envi ron-
mental and Energy 
Serv ices Co, / J. Carey 

lntera Sc iences / 
J, Kessler 

Bechtel Grou p / J  Carey 

GPU Nuclear Corp. / 
P Ml/le/f 

Eniergy Operahons/ 
P M/lie/I 

TransWare Enlerpr1ses / 
J Chao 

Ontario Hydro / M  Mer,/o 

S. Levy I L  Agee 

louls,ana Laissez-Faire / 
C. Price 

Edan Engineerrng Corp , I 
R Wolfgang 

ABB Combustion 
Engineering IC. WIikinson 

Georgie Power Co I 
K. Ramp 

Siemens I J Na/son 

CENTEC-21 /P Millet/ 

Massachuseus lnsmute 
01 Techll<llogy I A. Mcllree 

Ru1gers Un1versny / 
R. Siddiqi 

Harr is Corp . I B. Damsky 

ESCA Corp ID Becker 

S1a1e Un1vecs11y of New 
Yor1< Research 
Founda11on /R. Bernstein 

Na11onal Systems & 
Research Co. / G  Cauley 

Radian Cotp . / P  Lyons 

Unaerground Researcl)/ 
R. Samm 

Decision Focus I 
R. Sc/lainker 

Massachusells Institute 
of Technology IR Adapa 

Kema/ W 8/a,r 

Houston L1ghling & 
Power Co, IJ Melcher 

Funding/ Contractor/EPR/ 
Proiect Duration Pro;ect Manager 

UCA/DAIS Derr'.onslfation (RP3977- ) $2 ,085,200 Pacific Gas and Electric 
15 monlhs Co. /  W. Blair 

ln tegraled Standardized Dalabase or $95 100 Abacus Programming 
Resource Planning (RP7443- 1 ) 3 months Corp , I L. Rubin 

Transmiss1on-Comprenens,ve Marg inal $235,000 Laurlts R. Christensen 
Costing Project (RP7802·7) 1 6  months Associa es IR. Siddiqi 

Strategic Deve lopment 

Lano I I  D isposal or Creosole- and PCP- $ 1 21 ,700 Univers i ty of P,usburgn/  
Treated Wood Poles (RP2879--36) 2 months I. Murarka 

Feasib i lity of Conducting an S98.500 Radian Corp . / K, Eb/ 
Epldemlologlc lnvestlgallon of C11lldren 12  montl'ls 
Living I n VHCC (Very High Current 
Configuration) Dwell ir,gs (RP2964-28) 

Lymphat ic Leukemia 1n Mice Exposed to $ 1 ,439,700 BACRA IC. Rafferty 
60-Hz Magne11c Fields (RP2965-31 )  34 monlhs 

Melatonin Levels ,n Continuous Magne11c $300,000 Midwest Research 
Fields (RP3349- 10) 1 2 months lns1itu1e / R. Kever 

Power System Conuol Valuation $74,600 General Electric Co / 
Methodology (RP3436-9) 7 monlhs V Longo 

Uti l ity Greennouse Gas Decision Tools $100,300 Decision Focus / T  WIison 
(RP344 1 ·20) 5 months 

Regional-Scale Watershed Model ing $50,000 U S  Interior Oepartmenl / 
Under Conditions of Change (RP3802·2)  60 months D McIntosh 

Substation Magnet ic Field Management $365, 100 Ohio S1a1e Un 1vers,1y  / 
(RP3959- 1 ) 24 months R. Lorden 

Magnetic Field Management Researc al $849,900 Genera l  Electr ic Co I 
the High-Voltage Transmission Research 24 months R. Lorden 
Center (RP3g59-2) 

EMF Re id  Exposure Reduction Supply $88,900 Carnegie Mellon 
Curves (RP3959-6) 4 nonths Unrve1s1ty IR Lordan 

Genetic Optimization of Neural Network $283,800 Honeywell / A Wttdl;arger 
Arch11ectu res for Power Industry 36 mon hs 
Problems . Phase 2 (RP801 6-6) 

IEA Greennouse Gas R&D Program $150,000 Brit ish CoaJ Corp I 
(RP8020-6) 37 months R Rhudy 

Thermoph1lic Conversion 01 Synthesis Gas S25t .GOO Bioengineering 
to Hydrogen and Fuel Oxygenates 24 months Resources I S. unker 
(RP802 1 -8) 

Fuzzy Adaptive Control o( Fossi l  Fue l $ 00,000 Georgia Tech Researc 
Power Plants (RP8030-16)  34  months Corp / M. Parak1s 

Stability and Control o( lntel l 1 genl $ 100.000 P11nceton Ur1 1vers 1ry / 
Vehicle/H ighway Sys1ems (RPB030- t 8 )  1 6  months J, Weiss 

Ouaillative Design and Ve11 flca11on of S58.000 Un 1vers11y ol Texas, 
Heterogeneous Controllers (RP8030·21 ) 19 months Austin /$. Bhaft 

Feedback Control Approach to Gain $ 1 12,500 University al Texas, 
Scheduling (RP8030·23) 31 months Austin I J. Weiss 

Op11cal pH Sensors for High-Temperature $78.400 Research Tnterna11ona l /  
Envoronments (RPS031- ) 7 months B. Syretl 

Pho olnn 1b1 t 1on of Localized Corrosion $200,000 Pennsylvania State 
(RP804 -7) 22 months Un1vers 1 ty 1 8. Syrett 

Diamond Synthes is at Atrl'OSohenc $120,000 Stanford University I 
Pressure (RP8042-5) 20 months J Stnn9er 

Mechanical Delormat,on Effects on $85 000 Southwes1 Research 
Magnel lc Propen1es IRPB046-6) 1 1  months lnst,tu e/R TIiiey 

Novel So lid-Ox ide Ion Eteclrolyle $ 22,200 Un111e,s1ty ot Texas , 
(RP8062·8) 24 months Ausl In I W. Bakker 

Single-Componenl Oxide Fuel Cell s 1 4g,400 U nlverslt y  of 
Operating al 600-BOO·C (RPB062-9) 6 months Pennsylvania/ 

R. Goldsrern 

Proton-Conducung Fuel Cell (RP8062- 1 0) $50,000 Russian Feoer al Nuclear 
24 months Center/ R Goldstein 

Test Burn of Mixtures of Conlam,naled Soil $275 , 00 Remedial ion 
and Coal ano oi Coal Tar and Coal ,n a 1 0 months Technologies I /. Murarke 
Cyclone 801 ler (RP90 1 5- 1 6) 

SCION (Soulhern Conson1um $ 101 ,300 Environmental Science & 
I ntermediate Oxtdanl Network) Suppor 27 months Eng1neer1 ng /A .  Hansen 
(RP903 1 -6) 

SARMAP Modeling  System Aerosol and $285.000 Pac111c Gas and E lec:troc: 
V1slb 11ity Augmeni.111on (RP9052-3) 4 monlhs Co.IA. Hansen 



New 
Technical 
Reports 
Requests for copies of reports shou ld be  d irected 
lo the EPR I Dist ribution Center, 207 Coggins Drive. 
P.O. Box 23205, Pleasant H i l l , Ca li forn ia 94523; 
(5 10 )  934-42 1 2 .  EPRI members that fund the busi­
ness un it i ssuing a report can receive the report 
free ot charge (or, in  the case ot bulk orders , for a 
nominal price). Domestic organ izat ions not e l ig ible 
for EPRI membersh ip pay the li sted price . Others 
shou ld contact the Dist ribution Center for fur ther 
information .  

CUSTOMER SYSTEMS 

Design ing Profitable Rate Options Using Area­
and Time-Specific Costs : Centra l Power and 
L ight Company {TC3629 Project Resul ts) 
TR- 1 04375 Final Report (RP3629- 1 ) :  $200 
Contractor : Energy and Envi ronmental Economics 
Business Uni t :  Market ing Tools & DSM 
EPRI Project Manager: G .  Heffner 

Informat ion Agenda for Compet i tive Uli l l ties 
TR-1 04448 Final Report (RP3085- 1 2) : $200 
Contractor. Venture Assoc iates (a unit of Arthur  
Andersen LLP) 
Bus iness Unit : Market ing Tools & DSM 
EPRI Project Manager: P. Sioshansi 

Survey of Innovat ive Rates: 1 994 Update 
TR· 1 04491 Final Report (RP2343· 1 1  ) :  $200 
Contractor: CSA Energy Consultants . Inc. 
Business Unit: Marketing Tools & DSM 
EPRI Project Manager: P. Sioshansi 

GENERATION 

Tuning Guidel ines for Ut i l ity Fossi l  P lant 
Process Control, Vol . 2 
TR- 1 02052-V2 Fina l Report (RP2 7 1 0-1 7): $1 0 ,000 
Contractors : HE I  Engineers; Northern States 
Power Co. 
Bus iness Unit: Foss i l  Power Plants 
EPRI Project Manager: J .  We iss 

Guidel ines for Specif ication and Procurement 
of Large-Screen Projection Displays In Control 
Rooms 
TR- 1027 1 0  Final Report (RP31 52-25); $1 0,000 
Contractors : Entor Corp . ; MITRE Corp . 
Bus iness Un it: Foss i l  Power Plants 
EPRI Project Manager : R . Fray 

Guidel ines for the Design and Instal lat ion 
of By-Product Conta inment Faci l ities 
TR - 1 03322 Final Report (RP1 457-7); $ 10 ,000 
Contractor: Baker Env i ronmental , Inc. 
Business Unit: Env i ronmental Control 
EPRI Project Manager : M. McLearn 

Development of Turbomachlnery Tra ins for 
the CASHING, NGCASH, and IGCASH Cycle 
Applications 
TR- 1 03348 Final Report (RP2620-1 0) ; $200 
Contractors: Westinghouse E lectric Corp. : Energy 
Storage and Power Consu ltants. Inc . 
Bus iness Un i t :  Advanced Fossil Power Systems 
EPRI Project Manager: A. Cohn 

Simulator Procurement Guidelines for Fossi l  
Power Plants 
TR- 1 03790 F inal Report (RP31 52· 1 ); $ 10,000 
Contractor: Genera l Physics Corp. 
Business Un it :  Fossi l Power Plants 
EPRI Project Manager: R .  Fray 

Tire-Derived-Fuel Cofiring Test In a Pulverized· 
Coal Ut i l i ty Boller 
TR- 10385 1 Final Report ( RP21 90-8) ; $200 
Business Un it: Renewables , Storage & Hydro 
EPRI Project Manager: C. McGowin 

Organic and Inorgan ic Hazardous Waste 
Stabi l ization Using Coal Combustion By­
Product Materia ls 
TR- 1 03958 Fina l  Report (RP31 76-3) ;  $200 
Contractor : Western Research Institute 
Bus iness Unit: Envi ronmental Control 
EPRI Project Manager : 0 .  Golden 

Distributed Resources Assessment in the 
Service Territory of Anza Electric Cooperative 
TR- 104 1 53 Final Report (RP1 677 -27); l i cense 
requ i red 
Cont ractor: Rumla, Inc . 
Business Un it: Advanced Fossil Power Systems 
EPRI Project Manager: D .  Rast le r  

Evaluat ion of Nonmagnetic Generator 
Retaining Rings 
TR-1 04209 Final Report (RP27 1 9· 1 ,  RP3232·1 ) : 
$ 1 0 ,000 
Bus iness Units: Foss i l  Power Plants; Nuc lear 
Power 
EPRI Project Managers : J .  Stein, J . Lance 

Planning Your First Wind Power Project : A 
Primer for Uti lit ies 
TR- 1 04398 Final Report (RP3404- 1 2) ; $200 
Contractor: ALA Consu l ting 
Business Un i t :  Renewables. Storage & Hydro 
EPRI Project Manager: E .  Davis 

Proceedings: 1 1th International Symposium on 
Use and Management of Coal  Combustion By­
Products, Vols. 1 and 2 
TR-104657-V1 . TR- 1 04657-V2 Proceedings 
(RP3 176): $595 for set 
Contractor: Amer ican Coal Ash Assoc iation 
Business Un it: Environmenta l Control 
EPRI Project Manager : 0 . Golden 

NUCLEAR POWER 

Guidelines for E lectromagnetic Interference 
Testing In  Power Plants 
TR- 1 02323 Final Report (RP2409-20, -23 , -26, -5 1 ;  
RP4242· 1 ) ; $1 000 
Contracto rs: Pub l ic Service E lectric and Gas Co . : 
CHAR Services, Inc . ;  EPRI Nondestructive 
Evaluation Center 
Bus iness Unit: Nuclear Power 
EPRI Project Managers: R. James, C . Lin 

Piping and F itting Dynamic Rel iabi l ity Program, 
Vols. 1 -5 
TR-1 02792-V 1-V5 Final Report (RP1 543-1 5); 
$ 1000 
Cont ractor: General E lectric Co. 
Bus iness Unit: Nuc lear Power 
EPRI Project Manager: S. Gosse l in  

Advanced Amine Appl ication Guidelines, 
Revision 1 
TR- 1 02952-R 1 Final Report (RP2977-5); $ 1000 
Contractor : GEBCO Eng ineering , Inc .  
Business Un i t :  Nuc lear Power 
EPRI Project Manager: P. M i llett 

Neutron Radiation Embri ttlement and Micro­
structura l  Characterizat ion of Ferritic Steels 
(Jo int EPRI-CRIEPI RPV Embrittlement Studies) 
TR- 1 03 1 73 F inal Report (RP2975-5) ; l i cense 
requi red 
Contractor: Westinghouse Science & Technology 
Center 
Business Un it: Nuc lear Power 
EPRI Project Managers: R .  Carter, T. Griesbach 

Procedures Software Tool  (PST) Requirements 
Analys is and Functional Description (Joint 
EPRI-CRIEPI Human Factors Studies) 
TR-1 03247 Final Report (RP31 1 1 -3 ) ; license 
requ i red 
Contractor : Batte lle Human Affairs Research 
Centers 
Bus iness Unit: Nuclear Power 
EPRI Project Managers : J. Yasutake, L. Hanes 

Maintenance Productivity Aids for Reactor 
Coolant and Recircu lation Pump Seal 
Maintenance (Joint EPRI-CRIEPI  Human 
Factors Studies) 
TR-1 03356 Final Report (RP31 1 1 ·4) ; l icense 
requi red 
Contractor: Westinghouse Science & Technology 
Center 
Bus iness Unit: Nuclear Power 
EPRI Project Managers: J . Yasutake . L. Hanes 

Advanced Technology Train ing System (ATIS) 
for Motor-Operated Valve Maintenance 
TR- 1 03368 Final Report (RP31 1 1 - 78) : license 
required 
Contractor: Galaxy Scientific Corp . 
Business Unit : Nuclear Power 
EPRI Project Manager: J .  Yasutake 

Programmable Logic Contro l ler  Requirements 
and Evaluation Guidelines for BWRs 
TR- 103734 F inal Report (RP3406-5) ;  $20,000 
Contractor: S . Levy I nc . 
Business Un i t: Nuc lear Power 
EPRI Project Manager : J .  Naser 

PWR Conta inment Structures License Renewal 
Industry Report, Revis ion 1 
TR-1 03835 Final Report (RP2643-33); $200 
Contractor: Bechtel Power Corp . 
Business Unit: Nuclear Power 
EPR I  Project Manager :  J. Carey 

BWR Reactor Pressure Vessel License Renewal 
Industry Report, Revis ion 1 
TR-1 03836 Fina l  Report (RP2643-33); $200 
Contractor :  General E lectr ic Co. 
Bus iness Un it: Nuclear Power 
EPR I Project Manager: J. Carey 
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PWR Reactor Pressure Vessel License 
Renewal Industry Report, Revision 1 

TR-103837 Final Report (RP2643-33}; $200 
Contractors. Failure Anatysis Associates; ABB 
Combustion Engineering; Applied Science and 
Technology 
Business Unit: Nuclear Power 
EPRI Project Manager; J. Carey 

PWR Reactor Pressure Vessel Internals 
License Renewal Industry Report, 
Revision 1 

TR-103838 Final Repon (RP2643-32); $200 
Contractors; Westinghouse Bectric Co.: Duke 
Power Co. 
Business Unit. Nuclear Power 
EPRI Pro1ecl Manager. J. Carey 

BWR Reactor Pressure Vessel Internals 
license Renewal Industry Report, 
Revision 1 

TR-103839 Final Report (RP2643-33): $200 
Contractor: General Electric Co. 
Business Unlt: Nuclear Power 
EPRI Project Manager: J. Carey 

BWR Conta.lnments license Renewal 
Industry Report, Revision 1 

TR-103840 Final Report (RP2643-30): $200 

Contractor. MDC-Ogden Environmental and 
Energy Services Co., Inc. 
Business Unit· Nuclear Power 
EPRI Project Manager: J. Carey 

low-Voltage Environmentally-Qualified 
Cable License Renewal Industry Report, 
Revision 1 

TR-103841 Final Repon (RP2643-33); $200 
Contractors· Sandia Natrona! Laboratories, 
Star, Inc. 
Business Unit· Nuclear Power 
EPRI ProJecl Manager· J. Carey 

Class 1 Structures License Renewal 
Industry Report, Revision 1 

TR-103842 Final Report (RP2643-27); $200 
Contractor: Bechtel Power Corp. 
Business Unit: Nuclear Power 
EPRI Project Manager· J. Carey 

BWR Primary Coolant Pressure Boundary 
License Renewal Industry Report, 
Revision 1 

TR-103843 Final Report (RP2643-33): $200 
Contractor: General Electric Co. 
Business Unit: Nuclear Power 
EPRI Project Manager: J. Carey 

PWR Reactor Coolant System license 
Renewal Industry Report, Revision 1 

TR-103844 Anal Report (RP2643--32): $200 
Contractors: B&W Nuclear Technologies: Duke 
Power Co. 
Business Unit: Nuclear Power 
EPRI Project Manager: J. Carey 

Job Cards for Pump and Valve Maintenance, 
Vol. 1 :  Development and Evaluation (Joint 
EPRI-CRIEPI Human Factors Studies) 

TR-103951-Vl Final Report (RP31 11-5): license 
required 
Contractor: Anacapa Sciences. Inc 
Business Unit· Nuclear Power 
EPRI Project Manager: L Hanes 
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Job Cards for Pump and Valve Maintenance, 
Vol. 2: Feasibility of lndustrywlde Imple­
mentation (Joint EPRI-CRIEPI Human Factors 
Studies) 

TR-103951-V2 Final Report (RP3111-5): license 
required 
Contractor: Anacapa Sciences, Inc. 
Business Unit. Nuclear Power 
EPRI Project Manager. L. Hanes 

Wrong Unit, Train, and Component 
Events at U.S. Nuclear Power Plants (Joint 
EPRI-CRIEPI Human Factors Studies) 

TR-103954 Final Report (RP3111·8); license 
required 
Contractor: RCG/Hagler Bailly, Inc. 
Business Unit: Nuclear Power 
EPRI Project Managers: J. Ketchel, L- Hanes 

Nuclear Power Plant Applications of Bar 
Codes and Other Automatic Identification 
Technologies (Joint EPRI-CRIEPI Human 
Factors Studies) 

TR-103955 Anal Report (RP3111-36): license 
required 
Contractors: ENCORE Technical Resources, Inc.: 
INS, Inc.: Basic Technology Corp, 
Business Unit: Nuclear Power 
EPRI Project Managers• J, Ketchel. L Hanes 

Mlcrostructural Characterization 
of Alloy 718 

TR-103970 Final Report (RP3154-7): $20,000 
Contractor: Westinghouse Science and 
Technology 
Business Unit: Nuclear Power 
EPRI Pro1ect Manager: J. Nelson 

Plant Communications and Computing 
Architecture Plan Methodology, 
Vols. 1 and 2 

TR-104129-Vl, TR-104129-V2 Final Report 
(RP3373-9): $100,000 for set 
Contractors: Queue Systems. Inc. 
Business Unit: Nuclear Power 
EPRI Project Manager; D. Wilkinson 

A Survey of the Effect of Primary 
Coola.nt pH on Westinghouse PWR Plant 
Radiation Fields 

TR-104180 Flnal Report (RP2493· 5): $200 
Contractor: Nuclear Electric PLC 
Business Unit: Nuclear Power 
EPRI Project Manager· H. Ocken 

Prototype Compact Computer Aid for 
Maintenance (Joint EPRI-CRIEPI Human 
Factors Studies) 

TR-104323 Final Report (RP311 1 -5); license 
required 
Contractor: Anacapa Sciences, Inc. 
Business Unit. Nuclear Power 
EPRI Project Manager L. Hanes 

EPRI-CRIEPI Joint Human Factors 
Program Summary Report 

TR-104324 Final Report (RP311 1-10); license 
required 
Contractor. Parsons and Associates 
Business Unit: Nuclear Power 
EPRI Project Manager: L. Hanes 

Residual Stress Analysis of Alloy 600 
U-Bends, Reverse U-Bends, and 
C-Rings 

TR-104340 Rnal Report (RPS4Q6..3). $200 
Contractor: Matenals Research Labo<atory. 
Pennsylvania State University 
Business Unit. Nuclear Power 
EPRI Project Manager: A. Mcllree 

Hydrogen Water Chemistry Effects on BWR 
Radiation Buildup, Vol. 1 : Laboratory Results 
and Plant Data 

TR-104605-Vl Final Report (RP3313·1), $200 
Contractor: GE Nuclear Energy 
Business Unit: Nuclear Power 
EPRI Project Manager H. Ocken 

Evaluation of Recent Experience Using Zlnc 
Addition to Reduce BWR Primary System 
Radiation Buildup 

TR-104606 Interim Report (RP2758-1 ,  RP3419 -1), 
$5000 
Contractor. GE Nuclear Energy 
Business Unit: Nuclear Power 
EPRI Project Manager. H. Ocken 

Borated Stainless Steel Joining 
Technology 

TR-104627 Final Report (RP3290-4) $200 
Contractor· Analytical Resources Inc.I 
Engineering Resources, Inc. 
Business Unit· Nuclear Power 
EPRI Prefect Manager: R Lambert 

Fuel Surveillance Through Condenser 
Changeout at the Hatch 1 and Hatch 2 
Reactors 

TR-104702 Final Report (RP2946-4) lfcense 
required 
Contractor· GE Nuclear Energy 
Business Unit: Nuclear Power 
EPRI Project Manager: B. Cheng 

Evaluation of Fuel Rod Leakage Mechanisms: 
Summary Report (Joint EPRI-ESEERCO· 
Westinghouse Studies) 

TR-104721 Final Report (RP2229-1): $20.000 
Contractor. Westinghouse Electric Corp. 
Business Unit. Nuclear Power 
EPRI Project Manager. B. Cheng 

Advanced Technology Training System (ATIS) 
for Motor-Operated Valve Training and ATIS 
Authoring System (Joint EPRI-CRIEPI Human 
Factors Studies) 

TR-104746 Final Report (RP311 1-78); license 
required 
Contractor: Galaxy Scientific Corp. 
Business Unit: Nuclear Power 
EPRI ProJect Manager· L Hanes 

Skin Injuries From Discrete Radioactive 
Particles: A Summary of EPRI-Sponsored 
Experiments 

TR-104781 Final Report (RP3099-9); $200 
Contractors: Texas A&M University: ENCORE 
Tect'ln1cal Resources, Inc. 
Business Unit: Nuclear Power 
EPRI Project Manager: C. Hornibrook 



POWER DELIVE RY 

Monte Carlo Approach for Estimat ing 
Contingency Statistics, Vols. 1 and 2 
TR-1 03639-V 1 ,  TR-1 03639-V2 Final Report 
(RP31 59- 1 ) ;  $5000 for set 
Contractors: Texas A&M Un ivers ity; Pub l ic  Service 
Electric and Gas Co. 
Business Unit: Power System Operations 
EPRI Project Managers : M. Lauby, R . Adapa 

Electrical Performance of a Portable Protective 
Gap (PPG) In a Compact 550-kV Tower 
TR-1 03860 Final Report (RP2472-6); $5000 
Contractor: General E lectric Co. 
Business Unit: Transmission 
EPRI Project Managers: J . Hall , P. Lyons 

Air Gap Sparkover and Gap Factors: 
Analys is of Publ ished Data 
TR-1 04437 Final Report (RP3787) ; $5000 
Cont ractor: General Electric Co. 
Business Unit: Transmission 
EPRI Project Managers: J .  Hall , P. Lyons 

Considerations for Measur ing Wind 
Loads on Overhead Transmission Line 
Conductors in Field Conditions 
TR-1 04478 Final Report (RP3478) ; $5000 
Contractor :  Sverdrup Technology-TLMRC 
Business Unit: Transmission 
EPRI Project Manager: P. Lyons 

Evaluation of the Results of Severa l 
Ful l-Scale Conductor Wind Loading 
Experiments 
TR-1 04479 Final Report (RP3478); $5000 
Contractor : Sverdrup Technology-TLMRC 
Business Unit: Transmission 
EPRI Project Manager :  P. Lyons 

DC Multl -lnfeed Study 
TR-1 04586 Rnal Report (RP2675-4 , -5 ) ; $5000 
Contractors: Centro de Pesquisas de Energia 
Eletrica (CEPEL) ;  Univers ity of Wisconsin 
Business Unit: Power System Operations 
EPRI Project Managers :  S. Ni lsson , A. Edris 

Case History Evaluation of the 
Behavior of Dri l led Shafts Under Axia l 
and Latera l Loading 
TR- 104601 Final Report (RP1 493-4); $5000 
Contractor: Cornell Un iversity 
Business Un it: Transmission 
EPRI  Project Manager: A. H i rany 

STRATEGIC DEVELOPMENT 

Revegetation of Flue Gas Desulfurlzation 
Sludge Pond Disposal Sites 
TR- 1 033 1 2  Interim Report (RP2485-29) ; $200 
Contractor: University of Arizona 
Business Unit :  Envi ronment & Health 
EPRI Project Manager: J .  Goodrich-Mahoney 

Remediation Strategies for Source 
Materia ls and Contaminated Media at 
Manufactured Gas Plant (MGP) Sites 
TR-1 0381 1 Final Report (RP2879-6) : $200 
Contractor: Remediation Technolog ies , Inc. 
Business Un i t :  Envi ronment & Health 
EPRI Project Manager: I. Murarka 

Nonlinear Control-Oriented Boi ler Modeling:  
A Benchmark for Contro l ler  Design 
TR-1 0394 1 Final Report (RP80 10-1 9 ) ; $200 
Contractor: Mechanica l and Industrial 
Eng ineering Department, University of I l l inois 
Bus iness Unit: Strategic R&D 
EPRI Project Manager: S. Bhatt 

Stabi l izing Predictive Contro l  Algor ithm for 
Regulat ion and Tracking 
TR-1 03942 Final Report (RP801 0- 1 9); $200 
Contractor : Mechanica l and Industrial 
Eng ineer ing Department, University of I l l ino is 
Bus iness Un it: Strategic R&D 
EPRI Project Managers: S. Bhatt, M. Wi ldberger 

Laser Surface Melting and Al loying of Type 
304L Sta in less Steel: Improvement of 
Corrosion and Wear Properties 
TR-1 04322 Final Report (RP2426-39): $200 
Contractor: New Mexico Institute of M ining and 
Technology 
Business Unit: Strateg ic R&D 
EPRI Project Manager :  B .  Syrett 

The EMDEX Project : Residential Study, 
Vols . 1� 
TR- 1 04325-V1-V3 Final Report (RP2966-1 ) ;  
$200 each volume 
Contractor: T. Dan Bracken , Inc. 
Business Un it: Envi ronment & Health 
EPRI Project Manager: R .  Takemoto-Hambleton 

Economic Impacts of Carbon Taxes: 
Overview 
TR- 104430-V1 Final Report (RP3441 - 1 ) ; $200 
Contractors : Charles R iver Associates ; 
OR I/McGraw-H i ll 
Business Unit :  Environment & Health 
EPRI Project Manager: L. Wi ll i ams 

Economic Impacts of Carbon Taxes: 
Detailed Results 
TR- 1 04430-V2 Rnal Report (RP3441 - 1 ) ; $200 
Contractors: Charles River Associates ; 
ORI/McGraw-H i ll 
Business Unit :  Environment & Health 
EPRI Project Manager: L. Wi ll i ams 

Photo Inh ib it ion of Localized Corrosion 
TR- 1 04565 F inal Report (RP8002-36); $200 
Contractor: Pennsy lvan ia State University 
Business Un i t :  Strategic R&D 
EPRI Project Manager: B .  Syrett 

Proceedlngs: Welding and Repair 
Technology for Fossil Power Plants-
1 994 EPRI International Conference 
TR-1 04588 Proceedings (RP8046-4, RP2481 -1  ) ;  
$1000 
Contractor: EPRI Repa i r  & Rep lacement 
Applications Center 
Business Unit: Strategic R&D 
EPRI Project Manager: R .  Viswanathan 

Electric Uti l ity Trace Substances Synthesis 
Report, Vols. 1-4 
TR-1 0461 4-V1-V4 (RP3081 , RP3508, RP3237, 
RP3 1 77 , RP3453): $ 1000 for set 
Bus iness Unit: Environment & Health 
EPRI Project Managers: L. Levin , W. Chow, 
R. Chang 

EPRI Events 

MAY 

3-o 
Continuous Emissions Monitoring 
Users Group Meeting 
Atlanta, Georgia 
Contact: Linda Nelson. (41 5) 855-2 1 27 

8-1 0 
13th International Conference on Auldlzed­
Bed Combustion 
Orlando, Florida 
Contact: E llen Petri l l , (41 5) 855-8939 

8-11 
4th lnternatlonal Conference on Power 
Quallty: Appllcatlons and Perspectlvea­
PQA '95 
New York , New York 
Contact: Lori Adams, (41 5) 855-8763 

8-12 
Transmission Une Foundations 
Binghamton, New York 
Contact: Den ise O'Toole, (41 5) 855-2259 

10-1 2  
Seminar o n  Resource Planning I n  a 
Competitive Environment 
Minneapolis ,  Minnesota 
Contact: Lynn Stone, (21 4) 556-6529 

1 5-1 9  
Joint Symposium o n  Stationary Combustion 
NO, Control 
Kansas City, Missouri 
Contact: Susan Bisetti , (41 5) 855-7919  

25 
Risk Analysis of Surface Water Quality and 
Thermal Issues 
Irving, Texas 
Contact: Bob Goldstein, (41 5) 855-2593 

JUNE 

1-2 
Analysls of Reglonal Ozone and Vlslblllty 
Issues In a Risk Framework 
Dal las,  Texas 
Contact: Lynn Stone, (21 4) 556-6529 

6-7 
Decision Analysis for Environmental Risk 
Management 
Dal las, Texas 
Contact: Bob Goldstein, (41 5) 855-2593 

7-9 
3d Joint GRI/EPRI Seminar on Manufactured 
Gas Plant Issues 
Chicago, I l l inois 
Contact: lshwar Murarka, (415 )  855-2150 

12-14 
2d International Conference on Arsenic 
Exposure and Health Effects 
San Diego, California 
Contact: Jan ice Yager, ( 415 )  855-2724 
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13-15 
5th EPRI Valve Symposium 

Albuquerque. New Mexico 
Contact: Susan Otto, (704) 547-6072 

18-21 
Technology Delivery Workshop 

San Francisco, California 
Contact: Susan Bisetti , (4 1 5) 855-791 9  

19--21 
CHECWORKS Users Group Meeting and 
International Symposium on Flow­
Accelerated Corrosion 

Toronto. Canada 
Contact: Susan Bisetti , (4 1 5) 855-79 1 9  

1 9--21 
ISA POWIDIEPRI Controls and 
Instrumentation Conference 

La Jol la, Cal ifornia 
Contact : Lori Adams, (4 1 5) 855-8763 

22-23 
EPRI Partnership for Industrial 
Competitiveness 

San Francisco, California 
Contact: Bi l l  Smi th, (4 1 5) 855-24 1 5  

26-27 
Integrated Resource Planning: From 
Regulatory to Business-Driven 
Strategies 

Dallas, Texas 
Contact : Pam Turner, (4 1 5) 855-201 0 

26-27 
Pricing in the 1 990s: Meeting Challenges 
and Creating Opportunities in a Competitive 
Environment 

Dal las, Texas 
Contact: Lynn Stone.  (214) 556-6529 

28-30 
7th National Demand-Side Management 
Conference 

Dal las, Texas 
Contact :  Pam Turner, (4 1 5) 855-8900 

JULY 

10-1 2  
Low-Level-Waste Conference 

Orlando, Florida 
Contact: Linda Nelson, ( 4 15) 855-21 27 

1 2-1 4 
EPRI/ASME Radwaste Workshop 

Orlando, Florida 
Contact: Linda Nelson. (4 1 5) 855-2 1 27 

13-14 
Providing Qual ity Power to Steel 
Producers 

Chicago. I ll inois 
Contact: Susan Bisetti , (4 1 5) 855-791 9  

18-22 
5th International Conference on 
Batteries for Utility Energy Storage 

San Juan , Puerto Rico 
Contact: Katllleen Lyons, (415) 855-2656 
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19--20 
5th Annual NOE Issues Meeting 

Char lotte, North Carol ina 
Contact: Susan Otto, (704) 547-6072 

AUGUST 

10-1 1 
Pricing In the 1 990s: Meeting Chal lenges 
and Creating Opportunities in a Competitive 
Environment 

Boston, Massachusetts 
Contact: Lynn Stone ,  (214 )  556-6529 

1 5--1 8  
EPRI/DOE International Conference on 
Managing Hazardous and Particulate Air 
Pollutants 

Toronto, Canada 
Contact: Lori Adams, (4 1 5) 855-8763 

22-23 
Tools for Ecological Risk Assessment 

I rving, Texas 
Contact: Susan Dyroff, (51 6) 751 -4350 

23-24 
Nuclear Plant Performance Improvement 
Seminar 

Albuquerque, New Mexico 
Contact: Susan Otto , (704) 547-6072 

28-29 
Polymer Technology Workshop 

Palo Al to , Cal ifornia 
Contact : Bruce Bernste in, (202) 293-75 1 1  

29-31 
Distributed Resources 

Kansas City, Missouri 
Contact : Connie Smyser, (41 5) 855-2396 

29-31 
PCB Seminar 

Boston. Massachusetts 
Contact: Linda Nelson, (4 1 5) 855-2 127 

SEPTEMBER 

1 1-13 
Rel iabil ity-Centered Maintenance 

Newport Beach ,  California 
Contact: Denise O'Toole.  (41 5) 855-2259 

25--26 
Feedwater Heater Technology Seminar 

Ka'lsas City, Missouri 
Contact : Linda Nelson ,  (41 5) 855-21 27 

27-29 
Feedwater Heater Technology 
Symposium 

Kansas City, Missouri 
Contact: Linda Nelson, (41 5) 855-21 27 

27-29 
Forecasting in a More Competitive 
Environment 

New Orleans, Louisiana 
Contact: Lor i  Adams, ( 4 15) 855-8763 

28 
Risk Analysis of Surface Water Quality and 
Thermal Issues 

Palo Alto, Cal ifornia 
Contact: Bob Goldstein , (415) 855-2593 

28-29 
12th Annual Operational Reactor Safety 
Engineering and Review Groups Workshop 

Baltimore,  Maryland 
Contact: Susan Bisetti , (4 1 5) 855-791 9  

OCTOBER 

5--6 
Decision Analysis for Environmental Risk 
Management 
Palo Al to, Cal ifornia 
Contact: Mimi Warfel, (4 1 5) 926-9227 

1 0-12 
Achieving Success in Restructuring 
Electricity Markets 
Atlanta, Georgia 
Contact: Susan Bisetti , (41 5) 855-791 9  

1 8-20 
1 995 Fuel Supply Seminar 
New Orleans. Louisiana 
Contact: Susan Bisetti , (4 1 5) 855-791 9  

25--27 
Gasification Power Plants Conference 
San Francisco, Californ ia 
Contact: Linda Nelson, ( 4 1 5) 855-21 27 

NOVEMBER 

1-3 
Seminar on Resource Planning in a 
Competitive Environment 
Dal las, Texas 
Contact: Lynn Stone, (21 4) 556-6529 

6-8 
Radiation Field Control Conference and 
Decontamination Seminar 
Tampa, Florida 
Contact: Lori Adams, (4 1 5) 855-8763 

6-9 
6th Conference on Decision Analysis for 
Uti l ity Planning and Management 

San Diego, Cal ifornia 
Contact: Charl ie Clark, ( 4 1 5) 855-2994 

7-9 
Distributed Control Systems Retrofit 
Workshop 
Knoxvi l le , Tennessee 
Contact: Susan Bisetti , ( 4 15) 855-79 1 9  

28-30 
1995 EPRI International Clean Water 
Conference 
La Jolla, California 
Contact: Lori Adams. (4 1 5) 855-8763 

28-30 
Utility Motor and Generator Predictive 
Maintenance and Refurbishment 
Orlando, Florida 
Contact: Susan Bisetti , (4 15 )  855-791 9  
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