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PRODUCTS

PowER - COR software series

Corrosion problenis are prevalent in a variety of electric generating
systems, Dingnosing and resolving these problems can be challeng-
ing, given the torrent of information currently available. The
POWER=COR series of software progranis is designed to help
denystify corrosion problems. The series offers utilities a single
source of infornation—a source that enables the swift resolution of
corrosion problens 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 informntion, contact Barry Syrett, (415) 855-2956. To

order, call the Electric Power Software Center, (808) 763-3772.
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EPRI-sponsored deliverables now available to utilities and their customers

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 metheds 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
advisor that helps users identify the type and cause of corro-
sion or deterioration experienced. The advisor can alse
suggest preventive treatments for the type of corrosion
identified.




CONDENSER+COR

This hypertist module can be used tis analyze the failure of
either freshwater or sattwater condinser components. Packed
with a variety of corrogiin data for cemmon component
materials in fossil and nucleear plants, COMDEMSER*COR al=o
can serve as a materials selection guidie or be used to prescribe
corrosion control options.

SW.COR

This module helps utility engineers select the appropriate
construction materials for piping and heat exchangers in
power plant service water syatems. SW+COR can help users
identify and understand the mechanisms of failure in exiating
compinents of nuctear and fossil plants. The program also
pritvides advice on hiw to prizvent or minimize failures.

EDEAC-PC

EPRI developed EDEAC-PC to help utilities distermine fatigue
crack growth rates for warious structural materials in nuclear
power plants. The program contains data from over 1900
fatigue crack growth tests on ferritic steels, stainless steels,
and nickel-bast alloys in air, high-purity water, boiling water
reactor, and pressurized water reactor environments.

SCC/IGA-600

SCLC/WiA-600 serves as a guide for assessing and tracking
stress corresion cracking and intergranular attack in Alloy 600
steam generator tubing in pressurized water reactor sec-
ondary-side water. An important feature of this program iz its
ability to record and track the number of tubs failures in the
users own steam generators.
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DISCOVERY

Basic science and innovalive engineering at the cufting edge

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
bascd 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 seismologist: the
amplitudes 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 electrical 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 amplitudes—
have 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 oecur
naturally, such as those generated by cars and buses. That is
precisely what he intends to do in a current EPRI-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.
Geological 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 simifar monitoring stations
established on faults in central and southern California.
Admittedly, Lindh says, “this projectfalls 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.”
m For more information, contact H. T. Tang, (415) 855-2012.

ian quake of 1988, and the Loma Prieta quake.
Fraser-Smith, who collected 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
recording 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

PRI-sponsored researchers have developed a technology
E to help prevent birds from flying into structures that

can injure or kill them. The device, which emits a pattern

of radiofrequency signals that are imperceptible to human

4 EPRIJOURNAL  March/Agril 1995

beings, has been tested successfully in the laboratory. Now the
researchers are preparing to test it in the field.

The technology was conceived for use at wind farms. But
according to EPRI’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 EPRI’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, maybe
used to enhance the technique.

The nextstep is to test the device under controlled condi-

tions on other bird species in the field. Commercialization

would follow. In the meantime, EPRI has applied fora 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.

m For more information, contact Earl Davis, (415) §55-2256.

New Magnets Promise More-Efficient Motors

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. If 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% to as much as 96%.

Most of today’s permanent-magnet motors have frae
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--<an be made from alloys
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, EPRI’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. [n particular, the Daedalus
researchers looked for new materials with a higher 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 further research, includ-
ing the investigation of manganes e-based materials and an
economic analysis of their use in large motors,” says John
Stringer, EPRI’s director of applied research. “It wouid 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.”
m For more information, contact Jolm Stringer, (415) 855-2472.
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by Taylor Moore

EM F 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 bypotheses about poten-
tial cancer risks bave recently been completed. Their results,
although inconsistent, have substantially enlarged the epidemi-
ologic foundation for researchers probing the potential bealth risks

of magnetic field exposure.
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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-
tain. Since the earliest suggestion of an ap-
parent link with certain forms of cancer
was reported 15 years ago, scientis®% sup-
ported by government and industry re
search programs in more than halfa dozen
countries have conducted increasingly re
fined and better-designed health studies
that have probed for increased risk of dis-
ease from exposure to power system fre-
quencitss of altermating-current magnetic
fields. Key populations studied have been
children in typical residential environments
—who spend most of their time at home
and who are believed to be perhaps the
group most vulnerable to possible risks—
and adult workers in the so-called electri-
cal occupations, 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 exposure to magnetic fields;
different studies have reported associations
with different types of eancer, however,
and the 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 im
puted exposure, particularly for childhood
leukemia, has not been nearly so apparent
when the epidemiologic data are analyzed
by using actual exposure measuwrements.

Although important insights into thee x:
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 definitive an-
swers about possible health risks remain
elusive. Beyond epidemiologic studies, lab-
oratory research involving animals and
cells is being conducted in several coun-
tries to investigate possible binlogical mech-
anisms by which powerfrequency mag-
netic fields may interact with biological
systenis. 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-
pottant 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 fumded primarily by EPRI
{(with cofunding from the Empire State Elec-
tric Energy Research Corporation). With
these results and recent results from other
key studies, a substantially 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 information’s meaning.

Early studies raised possibility

Since 198], 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 fivecom-
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
EPR}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; and 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 werein-

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
evena close look at job history; many were
based solely on information from death
certificates. The resul% 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 and 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 1983 found relative risks of
1.18 for all types of leukemia combined
and 146 for acute myeloid leukemia, the
type most common in adults. (Relative risk
is the ratio ef 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 all electrical occu
pations combined and larger risks (above
5.0) for some subgroups. The occupational
groups showing excess risk, however, dif
fered from study tostudy And since brain
cancer is rare, the number of subjects in a
specific occupation in any one study was
small.

Indeed, part of the difficulty of epidemi-
ologic studies of EMFis that both leukemia
and brain cancer are relatively rare dis
eases. Leukemia in its several 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 arerarer, occurring at
a rate of about 8 per 100,000 people a year.



CONTRASTING TYPES OF EPIDEMIOLOGIC STUDIES

Mypothesis-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 heen
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 eccurrence of disease or to disease mortality.

External Comparison

General population

Cohort studies identify and select groups [cohorts) of individuals for study typically on the basis of some exposure of

t.ow

Internal Comparison

o000 0OQ®
High

Cohort

Exposure in the cohort

interest—for example, expasure to magnetic fields. Investigators determine the disease incidence or mortality

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

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

Cases

Exposure
assessment

Controls

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

Exposed

glilnﬂooool

- I

Nonexposed

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 hoth cohort and case-control studies.

For brain cancer, both the rate of incidence
and the rate of mortality have been increas-
ing slightly since 1973; howsver, that is
thought to be at least partly the result of
improved detection and diagnosis using
noninvasive imaging techniques, such as
CAT acans and magnetic resonance imag-
ing.

Environmental, occupational, and ge-

netic factors have all been az=ociated with
one or more type= of leukemia. Exposure
risk factors include the organic =olvent
berzenir and ionizing radiation, such as X-
rays. (Power-frequency magnetic fields, in
contrast to ionizing radiatien, are much
lower in frequency and are not believed to
have D*A-damaging potential.) Although

there are no clearly recognized risk factors

for brain cancer, occupational exposures to
ionizing radiation, organic solvents, and
pesticides have been linked to the dizease.
But the causes of leukemia and brain can-
cer are not well understeod, and, taken to-
gether, the currently known or suspected
risk factors are likely to account for only a
small proportien ef casss, EPRI researchers
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
difierences among ihe receni siudies include 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.
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Utility

Cohort size

Follow-up period

Type of study

Qutcome

Type

Main focus

Exposure Assessment

Sampling

Instrument

Number of measurements

Median exposure

{milligauss X yr)

Adjustment for
other exposures

MarchfApril 1995

Sahl et al.
1993

Southern California Edison

36,221

1960-1988

Nested case-control

Mortality

Leukemia
Brain cancer

Lymphoma

Convenience

EMDEX

776

35

No

Thériault et al.
1994

Electricité de France
Ontario Hydro
Hydro-Québec

170,000 (EdF)
31,543 {CH)
21,749 (HQ)

1970-1989

Nested case-control

Incidence

Leukemia
Brain cancer
Malignant melanoma

Convenience

Positron

2066

22 (EdF)

49 (OH)

63 (HQ)

Yes

Savitz et al.
1995

Carolina Power & Light
Pacific Gas and Electric
PECO Energy

Tennessee Valley Authority

Virginia Powar

138,905

1950-1988

Cohort

Mortality

Leukemia
Brain cancer

Random

AMEX-3D

2842

52

Yes



More-recent studies

In 1992, researchers from Johns Hopkins
University published the results of an EPRI-
sponsored case-control study of leukemia
among telephone linemen, for whom an
important source of EMF exposure is the
electric power distribution system, since
telephone and power lines are often close
together. This was the first occupational
study of EMF to look at exposures and risks
in a large population, and it used measure-
ments of on-thejob expo=ures 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 measurements of EMF exposure
using an EPRI-developed recording expo-
sure meter—the EMDEX.

Overall, the study did not find clear evi-
dence of an excess risk of leukemia mortal-
ity among telephone company linemen.
Those who were exposed to high levels of
magnetic fields of rapidly varying intensity,
however, had excess risks—in the range of
1.5 to 6 times higher than the least-exposed
workers. Risks ameng these workers in-
creased with increasing expesure. Because
the actual number of subjects for whom de-
tailed work histories were available was
small, however, the estimate of risk was
imprecise and not statistically significant
and the researchers concluded that the ob-
served differences may have been due to
chance. (See sidebar, p. 16.) Moreover, many
of the analyzez made in the ztudy were
considered exploratory and were not based
on a hypothesis specified beforehand.

Meanwhile, in separate studies pub-
lished in 1993, researchers at Sweden’s Ma-
tional Institute of Occupational Health and
in Denmark used national cancer registry
and census data in population-based stud-
ies of workers. (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 ina
region of central Sweden. Questionnaires
and measurements of magnetic fields where
subjects worked formed the basis for expo-
sure assessment. Werkers were queried
about potential confounders, such as expo-
sure to chemical or other agents, that could

G. Tompkinson/ Science Source

Other EMF Health
Effects Research

I n addition to the recently ciimpleted

epidemiologic studies of health risks
from occupational EMF exposture, other
important studies in progre=4 are #x-
pected to add further to scientific under-
standing. These include national studies
of childhood leukemia risks that are un-
der way in Canada, France, Mew
Zealand, the United Kingdom, and the
United States. EPRI is colunding the
Canadian study. All of thes# current
childhood lenkemia ' studies involve
large numbers of recent incident cases
and are examining multiple risk factors.
Rerults are anticipated beginning in
1996.

Meanwhile, animal studies testing
models for various cancers—inchuding
leukemia and brain cancer—are under
way with sponsorship from EPRI and
other organizations. The ™ational Toxi-
cology Program of the Mational Insti-
tutes of Health is conducting a major

~ ntudy of possibie carcinogenic effects of
4 magnetic field exposure, for which re-
sults are anticipated in late 1997; related
tudies are being conducted in Canada,
Europe, and elsewhere.

The results of laboratory studies on
potential biological mechanisms of EMF
interaction will be fundamental to an
understanding of whether and how
magnetic fields can be involved in can-
cer development. While a number of
possible routesof interaction have been
proposed and studied experimentally,
none har the theoretical and experimen-
v tal support required for bread accep-
o tance within the scientific community.
Many scientizts believe that if and when
a plausible biological mechanism for
EME interaction is established, the labo-
ratory setting may be best zuited to in-
vestigating the relative responses of bio-
logical systems as the parameters of
—magnetic fields are varied. o




CAUSES OF DEATH FROM CANCER IN THE U.S. MALE POPULATION Leuke-
mia 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
utilities found fewer deaths from all 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.

Cancer Deaths: General Male Population
(1994 Estimates)

Brain ———— B

Stomach Prostate
Leukemia
Kidney Lung

Lymphoma

I Colon and rectum

Bladder

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 leukemnia (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
utility 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 Thériault
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 results. But all were designed to yield
a more credible assessment of magnetic
field exposures and to test hypotheses spec-
ified beforehand.



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. In 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
milligauss, 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. Far 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-
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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 risk 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

In this graph, the risks of leukemia and brain cancer {with

Highest

sign or reference group.

The resuits of analyses for specific 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, but the cerresponding estimates in
the case-control analysis were substantially
lower. Because of the small numbers of
cases and only slightly 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 all analyses that used exposure
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scores {including those of latency and ex-
posure windows), odds ratios were close
to 1.0.

Improvements in the SCE study over pre-
vious studies that should have helped to
minimize bias and enhance the validity of
the results included therough enumeration
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 LMC 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 factors,
such as expesure 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-
surement survey. The three groups con-
ducting this study examined cancer risk in
relation to EMF exposure among men em-
ployed by Hydro-Québec, Ontario Hydro,
and Electricité 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 well as active
workers.

The Canada-France study used a nested
case-control design, combining features of
cohortand 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—ail cancers combined, leuke-
mia, brain cancer, and malignant mela-
noma.

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

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

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

The researchers found one type of leuke-

mia—acute nonlymphoid leukemia (ANLL)
—to be associated with cumulative mag-
netic field exposure. In a comparison with
thebaseline group, ANLL risk was found to
be 2.4 times higheramong the half of work-
ers with greater exposures. When only
acute myeloid leukemia—a subset of ANLL
—was considered, the risk among the half
of workers with the higher exposures in-
creased to about 3.1, although no exposure
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 cumu-
lative exposures. Researchers said that they
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 nat
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
finitive evidence of an association between
exposure to magnetic fields and leukemia
and brain cancer has not been abtained,”
the Canadian and French researchers con-
cluded in their peer-reviewed publication
of results. “One of the main hypotheses
tested was the assaciation between mag-
netic fields and acute nonlymphoid leuke-
mia (acute myeloid leukemia) that has been
reported in several other studies. Consider
ing that among all the cancers analyzed in
our study this is the one for which a statis
tically significant assaciation 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? passible risks
of accupational EMF expasure. The cohort
included all men who had been full-time
permanent emplayees of one of the utilities
for at least six manths between 1950 and

1986. The utilities that participated in the
study were Carolina Power & Light Com-
pany, Pacific Gas and Electric Company,
PEC® Energy Company, the Tennessee Val-
ley Authority, and Virginia Power

The UNC researchers assembied a work
history for each man, listing length of time
in each job held with a utility. These histo-
ries became part of the basis for estimating
each worker’s cumulative magnetic field
exposure. The other key element was 2842
fullshift measurements of exposure to mag-
netic fields for a random sample of work
ers in 28 utility occupational categories.
The workers wore a lightweight EPRide
veloped device called the AMEX.3D that
measures the time-weighted average ma;-
netic field. Information from the AMEX-3D
measurements was linked with job histo-
ries to estimate cumulative occupational
exposurc for the study subjects. In general,
worker exposures were comparable to
those reported in the Canada-France study.

To evaluate possible confounders, UNC
industrial hygienists assessed worker e
posure to a number of other agents (in-
cluding solvents and PCBs), suryveyed facil-
ities and work practices, and consulted
with longtime employees at the participat
ing utilities about confounder exposure po-
tentials in each of the 28 job categories. The
statistical analyses of risk included adjust-
ment for potential confounding by these
and other factors, including age and social
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 various 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
researchers 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
exposed subgroups of the cohort with the
rates of the least-exposed subgroup (de-
fined as the lowest 30%).

The overall rate of death in the fivecom-
pany warker cohort was23% below the ex-
pected rate far 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 cempared 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-

val of 0.64-0.88), while that for brain can-
cer was 0.95 (95% CI of 0.81-1.12).

When the risk of brain cancer was exam-
ined by comparing worker greups catego-
rized by percentiles of the exposure distri-

bution, the relative risk for the three mid-
dle categories (compared with the least-
expesed group) was about 1.5, and fer the
highest-exposure category, 2.3 (95% CI of
1.15-4.56). Similar analyses for all leuke-

mias showed no association of risk with in-
creased exposure,

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 patterns of risk, although there was
an elevated leukemia risk for electricians.

The Significance of

Statistical Significance

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 epidemielogic 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
abserved differences in risk could have
been the product of chance. So risk ra-
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tios with a 95% Cl that includes 1.0 are
said to be not statistically significant,
while those with a CI whese lower limit
is abeve 1.8 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 corunon that expo-
sure is. So a risk of 2.0 might be statisti-
cally significant in a large study but not
in a smailer ene. 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 less 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 itseif, doesn't
mean that the asseciation isn't real, but
it does make the asseciation more diffi-
cult fo study. 0

Bruce Rowell/Masterfile Corp.



The UNC researchers concluded that “in
contrazt to other studies, these data do not
support an association between occupa-
tional magnetic field exposure and leuke-
mia but do suggest a link to brain cancer.”

In a2 summary prepared for releaze con-
current with the publication of the study
results, Savitz and Loomis elaborated on
their interpretation. “The large sizi of the
study, random scliection of a large number
of workers for magnetic field measure-
ments, and examination of chemical expo-
sures are clear strengths relative to most
previous [studies]. Although the most re-
cent studies had found evidence that mag-
netic fields were related to leukemia, we
did net. Some suggestions of an associa-
tion were found, but overall we did not
tind nearly thit degree of support seen in
a number oof other studies, including the
Canada-France study of electric utility
workers. The positive aszociation betwegrn
magnetic fields and brain cancer that we
saw was stronger than had been seen in
previeus studies of ¢lectric utility workers,
again compared to both the Southern Cali-
fornia Edison study and the Canada-France
study.”

The LUMC researchers continued, "It is
disappointing that our results do nat pro-
vide a clearer picture when combined with
the previous studies of electrical workers
and particularly wlectric utility workers.”
They =aid that various decisions made in
conducting the study and in analyzing the
data could have led to different results but
that this was not likely. For example, the
UMC study used a random sample of work-
ers to measure EMF exposure, while other
studies did not randomly select workers
for exposure measurements. In addition,
the UMC study of mortality rigk relied on
death certificates, while researchers in the
Canada-France study examinid the ingi-
dence of cancer.

"Classification of EMF exposure remains
the biggest challenge in epidemioligic
studies,” concluded the UMC researchers.
“If some more subtle aspect of magnetic
fields is truly related to leukemia or brain
cancer, then we may have captured it more
(or less) accurately than was done in other
studies, and what appear to be comparabte
EMF exposures really are not. To advance

our understanding, rather than more stud-
ies of the type just completed, we need to
follow up on opportunities ta measure ex:
posure more accurately or develop and test
more refined hypotheses about the bivlogi-
cally relevant aspect of expusure paten-
tially related te cancer.”

Summarizing his perspective on the
UNC study results, Savitz =ays, “If the
quistion s, does it seem more likely after
our study that [magnetic field exposures]
cause cancer than it did before our study?
my answer would be that it seems slightly
more likely, and I mean slightly. Our study
adds some evidence that is clearly posi-
tive for brain cancer, and yet for leuke-
mia, where the [earlier] resulls have been
strongest, | think it adds important nega-
tive evidence. | don’t think that should be
ignored—we shouldn't leok only at the
brain cancer finding.”

Sayitz adds: “It would be much easier to
give a one-sentence answer if that is what
the results provided, but it’s really inherent
in the nature of research that you develop
the methods and conduct the study with
care and wbjectivity and the results come as
thew will. In this instanie, at least at this
time, there are some rather mysterious dis-
crepancies among the major studies of the
recent past.”

EPRI perspective

Stan Sussman, target manager for EMF
studies in EPRI's Strategic Development
Group, comments: “UMC’s large and com-
prehensive study of U.S. utility workers
provides substantial new data on occupa-
tional expasures in the utility industry and
adds impoertant new information to the
consideration of an association betwien oc-
cupational EMF exposure and cancer. But
considered in the context of the other util-
ity worker studies and the overall body of
EMF research results, the most recent study
of utility workers, despite many impnave-
ments, unfortunately has not clarified the
relationship between EMF exposure and
cancer. The inconsistencies in resulls anumg
studies underscare our limited understand-
ing of the risks of exposure to EMF among
utility workers and suggest the need for
further analyses and additional studies.”
According ta Leeka Kheifets, the EPRI

project manager for this UMC study, “The
three recent studiis of utility workers have
involved larger numbeers than before, bet-
ter assessments of exposure, and more-
rigorous study designs. Taken as a group,
the indications of riek in the recent studies
remain relatively weak, even as the studies
have been made mure rigorous.” She goes
on, “Unfortunately, the detailed results of
these recent studies are not comsistent with
each other, and that is priabably frustrating
to utility workers and scientists alike. But
the studies amassed an enormous ameunt
of very high quality data that need to be
fully explored.”

EPRI plans to compare the methodalo-
gies and results of the three studies to in-
vestigate the reasons for differences in the
results and also plans to pursue other com-
parative analyses, The studies” focus in
utility workers and their use of state-of-
the-art expusure assessment are thought to
offer a unique opportunity to better un-
derstand both exposunt environments and
potential risks in the industry. Explains
Kheifets: “We are planning to bring all the
researchers together and have them esam-
ine their data in more detail so that, we
hope, a cleaner picture will emerge and we
will know where to g from there.” ]
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Customer Mlue eployment:
Turning Information Into Action

by Peggy Waldman

THE STORY IN BRIEF Gearing up for increasing competition, electric utilities are spending
millions of dollars on research to understand their customers. Yet knowing customer needs
isn't enough. Companies must translate market intelligence 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.

18 EPRIJOURNAL  March/April 1995



n August 1992, when PSI Energy want-

ed to encourage small businesses to

install energy-efficient lighting, Jorry

Brandom and his colleagues at the In-
diana-based utility decided to try some-
thing different. According to Brandom,
P5l’'s manager for market planning at the
time, the utility’s pragram design practices
were already fairly strong. Still, hiz felt that
those practices coul« be improved.

“We wanted to be certain we didn’t
waste time and spin our wheels by add-
ing programs that didn’t quite meet cus-
tomer needs,” Brandom says. Besides, he
had learned something about a technique
called quality function deployment, or
QUD. First employed in the manufacturing
sector but ultimately just as widely used in
service industries, QFD—Brandam heard—
was supposed to significantly slash the
time and costs invelved in bringing a new
product to market. He called EPRI to find
out misre.

A4 it turned out, Thom Henneberger,
EPRY's manager for product development
and marketing, was already working to
adapt QFD to the utility industry. Together
with Henneberger and other EPRI experts,
Brandom and his colleagues at PSI used
EPRI's modified version of QFD, called cus-
tomer value deployment (CVB), to estab-
{ish a new lighting program.

Today Brandom reports that, despite its
complexity, the program had one of the
smoothest startups of any P&l marketing
effort to date and has been among the most
cost-effective PH programs of its kind. All
of this, plus a recerd-high customer satis-
faction rate—well above 90%. “We met or
exceeded all goals, including a target of re-
ducing demand by 9.7 MW by 1995,” Bran-
dom zays. Indeed this demand reduction
goal, which was set for June 30, 1995, was
reached by late January this year. Brandom
estimates that using CVD saved PSI over
$1 million in two years through reduced in-
centive costs, lower implementation costs,
and the elimination of the need for pro-
gram preteating.

What started as an isolated experiment
at PSI has grown into a way of doing busi-
ne=s. “CVD is now our standard practice,”
Brandom says. “We've used thie process to
design virtually every program since we

first tried it—from residential water-heat-
ing programs to customized industrial
energy audit programs. We've gven used
it to redesign existing programs.” In fact,
about the time that PSI Energy merged with
Cincinnati Gas & Electric Company last fall
(the twir entities remain separate vperating
companiis under a new holding company,
Ci*ergy), Brandom and hiz colleagues as-
sisted EPRI in a CVD training session for PSI
and UG&E employees.

What is CVD?

PSi is in the vanguard of US. electric utili-
ties turning to CVD as a way to speed up
product cycles, reduce costs, and improve
customer service. Maturally, since the pro-
cess was inspired by the QFI) concept, it
bears strong similarities to its predecessor.
QFD grew out of the quality movement—a
movement, based on customer focus and
continuous improvement, that revolution-
ized corparate America in the 1980s.

First implemented at Mitsubishi’s ship-
yards in Kobe, Japan, more than 20 years
ago, QF® made its way into the United
States via Ford and Xeros in the mid-1980x.
By 1991, according to one estimate, more
than 100 companies—including service and
manufacturing firms—were using some
form of QFD. That the busing=s werld so
readily latched onta QFD is no surprise.
Companies that rely on the process have
experienced reductions of 40% in design
time and 60% in design cost. U.S. automo-
bile manufacturers report that the process
reduced auto design time from seven to
three and a half years.

The basis of QFD, and hence CVD, i=
simply active listening ti custimer needs
—something that just abisut every com-
pany recognizes is important today. Cus-
tomer needs are addressed not only in the
beginning but throughout the process, The
way in which CVD is implementeqd is a
bit less instinctive. Cross-functional teams
—for instance, teams involving people
from prisduct design, sales, marketing, and
program ivaluation areas—must work to-
gether from the start. Traditionally special-
ists in each of these areas have worked in
isnilation, having little or no contact with
each other.

Henneberger calla this conventional

method the bucket brigade. "All of these
people handle a project separately, passing
it ont through the ling without communi-
cating,” he says. “Thi preblem is that the
needs and interssts of the different group=
never get heard together.” For instance, a
salesperson who kitows abaut thet market
barriers a proposed new product will face
never gets a chance tih voice these con-
cerns until after the product is designed
and intraduced to the market. The conse-
quence is that the product may not succeed
in the marketplace. Ultimately the product
gets redesigned, a step that could have
been avoided. It is not unusual, under tra-
ditional practices, for product redesign to
occur several times. Fach time the product
comes back to the drawing board, develop-
ment cose go up and those involved with
the process get frustrated.

Henneberger notes that companies have
had great success with C3'®, mainly be-
cause it is a straightforward, applicable
process. “Most people already know' that
being custamer focuszed is important, but
these people don't often get the tools to
make it happen. CVD iz different because
it provides the tools to make information
on customer needs actionable. So when the
outside gxperts walk away, this process has
already attained a life of its own within the
organization. It's really about turning in-
formation into action, theory intu prac-
tice—LVD gives you the tools to make
quality real.”

Matrices: the secret tools

The tools that allow £VD to work so well
are a series of five matrices that look like,
and hence are commonly called, houses.
The matrices create an agenda for action
and provide a framework for gathering
data, setting priorities on the basiz of cus-
tomer desirez, defining measurable perfir-
mance targets, and discumenting decision
making. CVD matrices help utilities make
difficult choices between competing stake-
holder needs, and they ginerate opportu-
nities to cross-cherk thinking,

The items in the horizontal rows of the
first matrix, or house, are a list of customer
needs, ranked in erder of their significance.
The items in the wertical columns of this
house indicate the disign targets necessary
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YEAM-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-
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-costlighting 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 triangular 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 bill amount—
that is, highercost equipment is likely to
result in lower electricity bills, since the
equipment is likely to be higher quality
and more energy-efficient than less expen-
sive equipment. By the same token, lower-
cost equipment 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 matrix approach discourages seat-of-
the-pants decisions, impelling team mem-
bers to make explicitjudgments and trade-
offs. “When you put something down on
paper, vou 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 fouses
The first CVD house, the House of Value, is
perhaps the most significant 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
technology, 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 productand
program development in CVD. Experts
stress the importance of describing 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.

In 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 the fixtures
to be installed by competent workers who
were easy to reach and guaranteed instal-
lation at a convenient time. And they did
notwanttospendmuch 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 EPRI's CLASSIFY 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
first house. The third house is the House
of Delivery. This is where marketing and
implementation strategies are created to
deliver the product, program, or service
developed in the House of Design. Fourth
is the House of Management, in which in-
ternal control procedures are established to
ensure effective implementation. Finally,
the House of Evaluation sets up an inte-
grated Iracking system that provides feed-

back on whether the program, product, or
service is meeting customer needs and de-
sign targets; whether the marketplace is re-
sponding as anticipated; and whether the
marketing strategy is working,.

By all accounts, the first stage of the CVD
process is the most time-consuming. But,
as is the case with QFD, such close attention
up front pays off in the long run. Says
Brandom of PS1, “For every hour we in-
vested in planning, we saved twe 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

exampie of the first house/matrix involved in the establishment of a

space-conditioning program. The rows on the left list customer needs in
the order of their priority. The columns above list the design targets

identified to meet those needs. The square grid framed by the two lists

indicates the relationships between customer needs and design targets.

The triangular grid above the design targets illustrates 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 less time fixing and
changing programs after implementation
because of better planning up front. Even
though our people in sales still think de-
velopment takes too long, both sales and
our custemers are very satisfied with what
we're doing.”

User perspective

Kansas City Power & Light Company, an-
other early utility industry entrant into the
CVD movement, used the methodology to
develop a program promating retrofit,
add-on heat pumps to homeowners. Like
I’Sl, KCPL worked closely with EPRI to learn
CVD methods. Launched last April, the
heat pump program is off to a strong start,
says Kevin Murphy, KCPL’s manager of
marketing programs. “We're getting many
more customers to take the leap and install
a heat pump,” Murphy says.

KCPL's design team considered customer
needs for comfort, reliability, and economy;
trade-ally needs for a product that is casy
to sell and install and will help build busi-
ness; sales staff needs for a program that
safisfies cuatemers and contractors;, and
corporate needs for 2 program that more
than pays for itzelf threugh additional off-
peak power sales and positions the com-
pany as a customer-focused energy expert.
“Before CVD, we looked at everything more
from a KCPL point of view,” Murphy says.
“Mow we recognize the need to consider
all those with a vested interest in a project’s
outcome—especially the customer.”

Murphy notes that while CVB took some
time to learn, not using CVB takes even
longer. “We were designing another pro-
gram at the same time a% our add-on heat
pump effort, and we thought we didn't
have time to use CVD for it,” he says. “But
our add-on heat pump program was out
for months before we finalized the other
program.” CVD’s biggest advantage, Blur-
phy says, is that the planning process al-
lows all stakeholders to voice their needs
and concerns up front, thereby avoiding
the type of backtracking that typically de-
lays new programs, “We've found that
CVD promotes teamwork and allows us to
get a better product out maore quickly and
atlower cost.”
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HOUSE OF VALUE
The first step in the CVD process is

to determine what utility customers
really want. The utility's cross-
functional team then identifies the
design requirements necessary to

meet customer needs.

Since KCPL's first experience with CVD,
the utility has adopted a new emphasi= on
program evaluation. “Previously, program
evaluatien was more of an afterthought.
And by then, much of the data could no
jonger be obtained,” Murphy says. “For
our add-on heat pump program, we have
an extensive computer tracking system
that monitors sales, customer satisfaction,
and program costs.” KLPL is promoting
LVD to its two state regulatory commis-
sions as one methodological component of
its integrated resource planning. “We're
letting regulators know we have a process
for designing and evaluating programs
that we intend to use widely in the future,”
Murphy says.

Bonneville Power Administration has
also found CVD useful—specifically in de-
veloping demand-side management pro-
grams. As a federal power marketing
agency =erving the Pacific Morthwest and
the West Coast, BPA intends to broaden its
application of CVD to include power and
transmission products. “The basic VD
framework is valid 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-
lished in the House of Value.
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HOUSE OF DELIVERY

In the third house, utility team
members develop marketing and
implementation strategies to
deliver the program, product, or

service to customers.

HOUSE OF EVALUATION

In the fifth house, the cross-
functional utility team evaluates
the program, product, or service to
make sure that it is meeting

customer needs.

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.



John Elizalde, BPA’s manager
for product development. To
train its staff in the CVD pro-
cess, BPA relied on assistance
from EPRI, as did PSI and KCPL.
But others—for example, South-
em Company Services—have
relied on in-house staff.

ADVANTAGES OF CVD

« Reduces product development cost

« Compresses product develogmant time

« Builgs customer satisfaction and loyalty

« Translates customer needs into specific, measurabie targets
+ Builds cress-organizafional teams for decision making

« Simplifies dacision making

* Documents decisions for future reference

to guide Quality Function De-
ployment: A Customer-Driven
Process to Deliver Value (TR-
104663). Those desiring a more
speedy introduction may opt
for EPRI's two-and-a-half-day,
utility-hosted training sessions
for up to 30 people.

Southern Company Services’
application of CVD goes be-
yond program development.
For instance, the company re-
cently began using the methodology to
redesign its customer satisfaction measure-
ment program. According to Charles Plun-
kett, manager of customer research, the
customer satisfaction gauged in this pro-
gram serves as the basis fer empleyee in-
centive awards. “We're using CVD to re-
engineer and refine our satisfaction mea-
surement process,” he says. Previously
Southern Company Services relied largely
on focus groups to define customer needs.
Mow the company uses one-on-one, in-
depth interviews and customer surveys.
Plunkett praises voice-of-the-customer prac-
tices as providing “one of the clearest link-
ages ['ve seen between customer needs and
the design and use of that information.”
The CVD matrices, he notes, provide “a
clear blueprint for where we need te con-
centrate our efforts to improve customer
service.”

A STRONG FOLLOWING

A growing trend

Although fewer than a dozen electric utili-
ties currently employ CVD, Henneberger
expects this number to increase dramati-
cally in the next few years. As the driving
force behind utility operations shifts from
regulatory compliance to marketplace de-
mands, utility services need to keep pace,
he says. “The costs of being wrong ina com-
petitive industry are significant, so there’s a

growing market for strategies that enhance

customer service, deliver better value, im-

prove system usze, and take advantage of

creative pricing and delivery techniques.”

What utilities have found attractive about
the CVD process iz that it does not require
extensive training or the establishment of
elaborate databases, Henneberger says. The
technique is simple enough for utilities to
employ on their own, with the help of pub-
lications like EPRI's recently released how-

For its first experience with

CVD, PSI engaged an outside

consultant to serve as its team

facilitator. Mow the process is

managed by PS] personnel. Brandom rec-

ommends that anyone starting out with

CVD “de more than just look at a manual.”

He suggests either attending a workshop

such as those sponsored by EPRI, hiring a

consultant, or serving on someone else’s
CVD design team.

While program development is the most
common application of CVD, Henneberger
believes that many utilities, like Southern
Company Services, will find just as much
value in applying CVD to other areas. “CVD
is especially well suited to facilitating
strategic market assessments and company
reengineering,” he says. “Everyone in the
utility industry could benefit from using
CVD in one form or another.” a

Background information for this article was provided by
Thom Henneberger of lhe Cuslomer Systems Group's Mar-
keting Tools & DSM Business Unit.

Quality function deployment, the process on which EPRI's CYD concept is based, was

developed at Mitsubishi's Kobe shipyards in 1972 and adopted by Toyota in the Iate 1970s. In the 1980s, Ford and
Xerox pioneered QFD applications in the United States. Today, more than 100 leading U.S. companies—including
service firms—use some form of QFD or CVD. Several of these are listed below.

Manufacturers
Campbell Soup
Colgate

Digital Equipment
Ford

Gillette
Hewlett-Packard
1BM

Kodak

Procter & Gamble
Texas Instruments
Xerox

Service Firms

Fidelity Trust

Fordham University

Hancock Industries

John Muir Medical Center
Ritz-Carlton

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



D POWER PLANTS

FSKTOP DESION

tate-of-the-art power plants in

this country and abroad are

making use of advanced alloys

and coatings, design inneva-
tions, digital controls, and leading-edge
environmental systems. In a four-year col-
laboration with the Chicago-based archi-
tect-engineer Sargent & Lundy, EPRI has
produced state-of-the-art software for con-
ceptual 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 utility en-
gineer.

EPRI's State-of-the-Art Power Plant
(SOAPP™) WorkStation and the individual
technology modules associated with 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 INVISION 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
information on a full array of conunercially
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 aleng with site, fuel,
and economic parameters. SOAFP Werk-
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 operating and
maintenance (O&Mj) 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 eutput designs can be
used to produce bid specifications, to sup-
pert decisions or technology selection, and
to aid 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 focus for the first
commercial release of the workstatien 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
preject. 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. Additional SOAPP product
releases this year will extend the work-
station’s comparative analysis capabilities
to the evaluation of selected fossil plant
repowering options—an area of intense
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THE 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 perforinance data from equipment vendors with state-of-the-art
design and engineering knowledge, this award-winning multimedia software, called 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 on the repowering of existing fos-
sil plants is forthcoming. Future modules are expected to extend coverage to other advanced plant options.
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interest among utilities that have aging,
underutilized fossil steam generating ca-
pacity.

Meanwhile, SOAPP WorkStation may
play a role in the Institute’s increasing
number of international initiatives, includ-
ing those in the world’s fastest-growing
power