
















































































(e.g., hypertension, diabetes, peptic
ulcers, cleft lip and palate, spina
bifida, and congenital heart
disease) do not fit monogenic
inheritance patterns; this group of
disorders is thought to represent
“multifactorial” or “polygenic”
diseases in which genes at
independent loci may interact with
other genes and with environmental
factors in a cumulative manner.
The precise number of genes that
may be responsible for such
polygenic traits is, however,
unknown, and these disorders
rarely manifest themselves in an
all-or-none fashion as do monogenic
traits. Not surprisingly, the
monogenic disorders are the easiest
genetic diseases to understand in
detail and the ones most likely to
yield to successful treatment.

Monogenic disorders show three
different types of inheritance
patterns (see three figures): (1)
autosomal dominant; (2) autosomal
recessive; and (3) X-linked. The
term dominant implies that a
mutation can be expressed even
when an individual has only a
single “dose” of that
mutation—that is, it occurs on only
one chromosome of a matched pair.
(In higher organisms, all
chromosomes come in pairs except
the X and Y, or “sex” chromosomes.
Each member of a pair of nonsex
chromosomes, or autosomes, carries
genes for the same functions, but
may differ in having slightly
variant forms, or alleles, for any
particular gene.) In general, the
biochemical nature of most
dominant monogenic disorders is
not well understood.

For clinical expression of
recessive autosomal defects, it is
necessary for an individual to have
the defective allele on both
members of a chromosome pair.
This produces a typical inheritance
pattern in which the parents of the
affected individual are normal
because each one has only one copy
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of the defective gene, but siblings,
both male and female, have a 1 in 4
chance of also being affected by the
disease. In contrast, X-linked
monogenic disorders are rarely
encountered in female patients. In
humans, males have an X anda Y
chromosome, while females have a
pair of X’s. Thus, an important
defect in one X-linked gene in a
male is usually displayed as a full-
blown disorder regardless of
whether the mutation involves a
recessive or dominant trait in
females. The disorder appears
because no set of genes exists on
the Y chromosome to balance the
effects of one defective copy on the
X chromosome. Only X-linked
dominant traits, however, are
expressed in females affected by a
single dose. Females who express
an X-linked recessive disorder are
rare because the probability of a
woman inheriting a defective X
chromosome from both her father
and her mother is low, particularly
because many X-linked disorders
result in a much reduced chance of
successful reproduction in an
affected man.

Sickle-cell anemia, familial
hypercholesterolemia, Huntington’s
disease, cystic fibrosis, hemophilia,
and many others are prominent
examples of single-gene defects.
Most of the other monogenic
disorders are extremely rare. Only
1 in 10,000 male children, or 200
new cases each year, are affected
by Lesch-Nyhan syndrome in the
United States. Only 40 to 50 cases
of adenosine deaminase deficiency
have been reported worldwide, and
only nine patients in six families
are known to suffer from purine
nucleoside phosphorylase
deficiency. Taken singly, this
extreme rarity makes these
conditions “orphan” diseases. But
collectively, monogenic disorders
may affect 1% to 2% of newborns
and may account directly for more
than 5% of all pediatric hospital
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gene therapy be available for
humans?

For now, the answer to the first
question can only be “in the near
future.” Investigators in the human
gene therapy field believe that it
could occur over the next couple of
years. What will the first trials in
human gene therapy attempt to
accomplish? Early clinical
experiments will probably have the
following characteristics:

e They will be performed on the
somatic cells of patients. Somatic
cells make up all body tissues
except the reproductive, or germ,
cells. Because only modifications of
germ cells are heritable, an
alteration in the genetic material of
somatic cells would not be passed
on to the next generation. Although
it may someday be feasible to
modify the human germ line, both
technical and ethical problems of
large proportions make this avenue
of medical research much more
unlikely than gene therapy on
somatic cells. Despite the extensive
public debate over the wisdom of
tampering with the human genome,
civil, religious, scientific, and
medical groups have so far agreed
that gene therapy on somatic cells
for specific diseases is appropriate
and is largely perceived as merely
an extension of current therapeutic
practice.

o They will focus on cell types that
can be readily removed from the
body, manipulated in vitro, cultured,
and replaced into the body. Only
bone marrow and skin cells are
currently suitable for such use. The
first attempts at gene therapy will
almost certainly focus on correction
of defects in cells that originate in
the bone marrow because these lend
themselves best to removal,
manipulation, and replacement. In
fact, bone marrow transplantation
is already the major therapy of
choice for the correction of
biochemical defects with genetic
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causes. About 90% of patients who
receive bone marrow transplants
for this purpose achieve a
successful cure. Why bother then
with the high-tech unknowns of
gene therapy? The reason is that
suitable bone marrow donors are
found for only about 30% of ill
individuals who might be cured by
transplants. Thus, because the vast
majority of these individuals
cannot be treated in this way, they
must wait for the development of
gene-therapy techniques.

* They will be performed to allay
symptoms caused by a defect in a
single gene whose normal
counterpart has been cloned.
Obviously, a defect cannot be
corrected by the insertion of a
normal gene if the identity and
location of the gene on the human
chromosome is unknown.

* They will focus on genes that are
responsible for the production of
proteins whose expression in the
body meed not be carefully controlled
and that have a simple “always on”
type of regulation. In some cases,
the amount of a protein produced in
the body is very important. For
example, a defect in the gene for
growth hormone results in
dwarfism in humans. A comparable
defective growth hormone gene in a
mouse strain known as Little
produces dwarf mice. The first
genetic “cure” reported in a
mammal consisted of inserting a
rat growth hormone gene into the
cells of these mice in such a way
that the gene was
expressed—translated into
protein—at a high level. The gene
was not, however, appropriately
controlled. Too much growth
hormone was produced, and
gigantism resulted (i.e., the treated
mice grew to one-and-a-half times
normal size). Obviously, it would
not be appropriate to risk such an
outcome in a human patient. Such
an undesirable result can be

avoided only if the normal feedback
controls regulating the expression
of the inserted DNA are well
understood.

Similarly, clinical investigators
initially thought that hemoglobin
disorders such as sickle-cell anemia
and thalassemia would be the first
to be treated through gene therapy.
These diseases are probably the
most common monogenic disorders
throughout the world. They are also
the best studied and defined of all
human genetic disorders. The
defects in hemoglobin molecules
have been pinpointed, and the
affected cells arise in readily
accessible bone marrow. But the
control of expression of the genes
for the various forms of hemoglobin
is very complex. Embryonic, fetal,
and adult hemoglobins are
produced in the body in very
carefully timed and controlled
ways. In addition, the alpha and
beta chains that make up a single
adult hemoglobin molecule are
always maintained in a 1-to-1 ratio
in the body, despite the fact that
the alpha and beta gene loci are
found on different chromosomes.
The extreme complexity of the
globin gene system will therefore
require much more study before
gene therapy for the related
hemoglobin disorders can be safely
attempted in humans.

* Gene therapy will be considered
only if no alternative treatment
available to individual patients is
preferable. Any new medical
technology has associated
uncertainties and risks, and human
gene therapy is no exception. It is
unfortunate but true, however, that,
for many victims of genetic
disorders, no medical alternatives
exist for the treatment of
debilitating, and even life-
threatening, conditions. For these
patients, even a low probability of
success using a new therapy
outweighs the uncertainties and
risks of the treatment.
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In the human gene therapy process, an abnormality in a pair of chromosomes is corrected
by the addition of a cloned segment encoding the normal gene. Insertion of the cloned

segment will produce the missing gene product.

extremely aggressive behavior
towards others and are
characteristically mentally
retarded. Just how the biochemical
defect translates into the bizarre
neurological features of Lesch-
Nyhan is unknown.

The goal of gene therapy is to
transfer copies of a normal gene
into cultured human cells that can
then be reimplanted. These cells
should then proliferate, forming a
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population of normal cells (e.g.,
lymphocytes) in the patient’s body.
The usual first step in gene
therapy is to identify both the
abnormal gene and its normal
counterpart. Then the normal gene
must be cloned—that is, made in
multiple copies. Cloning involves
recombining the gene of interest
with the DNA of a lower organism,
usually a bacterium, using special
enzymes that cut and then reseal
the strands of DNA in their new
location. Then as the bacteria
reproduce, more and more copies of

the inserted gene are made. These
copies must then be retrieved from
the bacteria, cut away from the
unwanted bacterial DNA, and
purified. They must then be
prepared for the method by which
the gene will be inserted into
human cells.

The DNA containing the normal
human gene can be inserted into
human cells in several ways: using
viruses as vectors, or vehicles, to
carry the DNA into the cell;
physically injecting it; using
chemicals to induce the cells to take
up the DNA; or fusing cells with
membranes containing the DNA.
Currently, the most promising
method appears to be the use of
viral vectors. In this case, the
human genetic information for
insertion must be combined with
the genetic material of the virus,
which is then allowed to infect bone

marrow cells. A special group of
viruses, called retroviruses, seem, at
this time, to offer the most
advantages as a gene delivery
system. Retroviruses are somewhat
unusual in that their genetic
material is RNA, not DNA. When
the virus infects a target cell, it
makes a reverse transcription of its
RNA into DNA which then
integrates into the DNA of the host
cell. A retrovirus that has not been
tampered with in the laboratory is
then able to reproduce itself using
the host’s own apparatus for
replication.

The advantages of using a
retroviral vector are that (1) a
fairly large percentage of cells in a
bone-marrow culture can be
infected, (2) large numbers of cells
can be infected simultaneously, and
(3) the human DNA for insertion is
more likely to integrate into the
DNA of the bone marrow cells as a
single copy. Physical and chemical
methods often result in multiple
copies of the normal gene being
inserted, which is not desirable.
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There are, however, a few
problems that must still be
overcome before human gene
therapy is attempted. To produce
any benefit, the inserted normal
human gene obviously must be
expressed after transfer to the
patient’s bone marrow cells.
Investigators have experienced
difficulty both in achieving gene
expression in cell cultures and after
replacement of the bone marrow
back into the bodies of
experimental animals. As of the
spring of 1986, however, several
investigators had shown that they
can “cure” ADA-deficient
lymphocytes in culture by transfer
of the normal ADA gene. The ADA
gene had also been successfully
transferred and expressed when
reimplanted into monkeys, although
the level of expression achieved was
probably too low to produce any
clinical improvement were such an
implant to occur in a human
patient.

Besides the problem of gene
expression, practitioners of human
gene therapy must also combat the
problem of potential health
hazards. For example, in animals it
is known that insertion of viral
regulatory sequences near an
oncogene, a gene that stimulates
cell growth, can activate the
oncogene, causing cancer. It is not
yet known whether this unwanted
effect might occur in implanted
human bone marrow cells, but
investigators are attempting to
steer clear of this potential problem
by designing vectors that would
lose their regulatory sequences
during integration. Another safety
problem being addressed pertains
to the vectors for gene therapy;
vectors are being designed that
cannot be transmitted further once
they have entered a target cell,
thus ensuring that nontarget cells
are not also at risk for infection. At
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Therapy. The Working Group is
composed of 15 members whose
areas of expertise include
laboratory science, clinical
medicine, ethics, law, and public
policy. It also has an expert
consultant on retroviruses.

Over the last several years, the
Working Group has endeavored to
create a procedure for detailed
review and evaluation of human
gene therapy protocols. The results
of the Working Group’s efforts
appear in a document called “Points
to Consider in the Design and
Submission of Human Somatic Cell
Gene Therapy Protocols,” which
has been published in the Federal
Register. The outline for the
procedure presented in the “Points
to Consider” requires a review of
each protocol that is consistent
with the procedures set out in the
NIH Guidelines for Research
Involving Recombinant DNA
Molecules for other recombinant
DNA experiments that require RAC
review. As part of the new process,
both the Working Group itself and
the full RAC must approve a
proposed experiment. Protocols
must follow the U.S. Department of
Health and Human Services’
Regulations for Research Imvolving
Human Subjects.

In ad . invest _ ors must
provide information sufficient to
satisfy the Working Group and
RAC that a number of issues have
received adequate attention. First,
investigators must demonstrate
that the technical aspects of the
research protocol are valid and
appropriate and that the risks and
benefits of the therapy have been
carefully considered. Second, the
selection of subjects is expected to
be conducted with fairness and
equity to ensure that all suitable
patients have equal access to
therapy. Third, investigators must
document their efforts to achieve
informed consent of patients and
their relatives. The issue of
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According to the American
Statistical Association booklet
What is a Survey?, a sample survey
is a “method of gathering
information from a number of
individuals (units), a ‘sample,” in
order to learn something about the
larger (finite) population from
which the sample has been
drawn . . . Surveys come in many
different forms and have a wide
variety of purposes, but they do
have certain characteristics in
common. Unlike a census, we
gather information from only a
small sample of people (or farms,
businesses, or other units,
depending on the purpose of the
study). In a bona fide survey, the
sample is not selected haphazardly
or only from persons who volunteer
to participate. It is scientifically
chosen so that each individual in
the population has a known chance
(probability) of selection. In this
way, the results can be reliably
projected to the larger (population)
. . . The survey’s intent is not to
describe the particular individuals
who by chance are part of the
sample, but to obtain a statistical
profile of the population.”

Documentation of early
applications of formal survey
sampling techniques is sketchy. As
F. F. Stephan noted in 1948 in a
journal article on the history of
sampling, “ . . . all scientific
observation, whether statistical or
not, is based on sampling . . . The
earliest examples of sampling
procedures are to be found in
certain very ordinary human
activities. The common practice of
taking a small part or portion for
testing to determine the
characteristics of the whole
precedes recorded history and is
one of the roots from which
sampling methodology stems . ..”

When factors such as time and
costs dictated that a complete
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census was not possible, sampling
was the alternative. In many cases,
the early uses of sampling were
examples of nonprobability
sampling, the selection of a sample
without use of a known probability
scheme. Examples of nonprobability
samples given by W. G. Cochran in
his world-renowned book Sampling
Techniques include: (1) samples
that are restricted to sections of
the population that are readily
accessible, (2) samples that are
selected haphazardly, (3) samples
that are chosen because they are
believed to “represent” the larger
population, and (4) samples that
consist of volunteers. Experience
has shown that nonprobability
sampling can lead to bias in the
selection of units and, hence, in the
estimates. On the other hand,
probability sampling makes use of
the laws of probability in the
selection of the sample and in the
construction of efficient estimators.
Unlike nonprobability sampling,
probability sampling provides an
objective means for judging the
accuracy of an estimate.

In 1913 A. L. Bowley used
systematic selection of every 20th
household of working-class people
in Reading, England, and computed
measures of goodness (standard
deviations) of the estimates. Bowley
is often considered the first to use
probability and statistical theory to
guide the design and interpretation
of results from sample surveys.

Historically, the application of
sampling techniques has had its
ups and downs largely because of
misconceptions about sampling. At
the heart of these misconceptions is
the persistent belief that contacting
all units rather than only a sample
provides the only reliable
information about a given finite
population. Although in some cases
a census would be better than a
sample, numerous examples show
that the reverse would hold.

Although modern, large-capacity,
high-speed computers can handle
huge amounts of census data more
efficiently, the quality of the
computer output is no greater than
the quality of the input. Many data
collectors realize that, because large
data sets can contain a large
number of errors, it is often
preferable to use resources to
develop a well-designed, small-scale
sample survey for collecting high-
quality data rather than to increase
the size of the sample by taking a
census.

One skeptic about sampling who
became a believer is a federal
official who contracted work to
several ORNL researchers. In 1980,
the Energy Information
Administration (EIA) of the
Department of Energy (DOE) asked
ORNL (through the Data
Validation Project headed by
Andrew S. Loebl, Energy Division)
to determine the average number of
electricity-generating units per
operating power plant (nuclear,
coal-fired, oil-fired, hydroelectric,
etc.) in the United States.

A Federal Power Commission
Data Collection System at the time
received monthly reports from 3558
plants, but no one at EIA or ORNL
knew how to ob' ° the number of
generating units except by
contacting all 3558 managers. But
time and resources were not
available to take a census. Thus, a
carefully designed probability
sample of 79 plants was selected,
and information was obtained over
the telephone. Using the results of
the survey, ORNL researchers
estimated that the average number
of units per plant for the power
plant population was roughly 3.51
and that the estimated standard
deviation of the estimator was 1.2.
Under some assumptions, this
means that we might say that there
is a 95% confidence that the true
average number of units per plant
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Canonsburg Industrial Park Site stratification. ORNL researchers proposed to the
Nuclear Regulatory Commission that use of a sample survey could be helpful in
determining the number of hot spots in a facility during cleanup or decommissioning. In
the above schematic of Canonsburg Industrial Park, a site, such as the former Vitro Rare
Metals Plant, would be partitioned into square blocks. The number of blocks on the site,
denoted by N, is known. The ith block on the site is called a hot spot if the maximum
number of uR/h for the ith block exceeds some fixed number, say B.

is between 1.16 and 5.86 [i.e.,
351 + 1.96 (1.2)].

By using sampling rather than ned
taking a census, the ORNL iety
researchers completed the entire
project in less than a month. 8.

Though the project monitor in EIA
thought our estimate was low and
expressed some strong reservations

about using sampling, he accepted 1bject
our estimate and used it as the

basis for decision making. Several il
months later, we learned from this ;ion,
same project monitor that someone

had given him a report that

enabled him to determine the phy,
number of units for each power at,
plant in the United States. Using ry,
this information, he calculated the d
average number of units to be ation,
approximately 3.35 units per plant,

very close to the ORNL estimate of ale
3.51. As a result of this experience,

he said he became a believer in by
sampling techniques—gratifying ocal
news for the members of that v;
survey team. many
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of the data bases that support
decisions made by government and
business and that guide and
buttress scientific research.

Though the application of
sampling techniques historically
has been focused on human
populations, applications to other
types of populations are numerous.
Here is a sample of the uses of
sampling and survey techniques at
ORNL.

e Surveys for validating data
collected by EIA censuses and
sample surveys. Populations of
interest to DOE include oil and gas
fields having proven reserves in the
United States; U.S. coal fields;
electric power plants; producers,
sellers (including refiners),
resellers, and retailers of various
types of fuels; transporters and
storers of crude oil and petroleum
products; buildings; manufacturers
of boilers; and corporations. ORNL
has used various sampling and
survey techniques to determine how
reliable these data are.

¢ A plan for estimating the
probability of not detecting hot spots
when sampling a site that has been
declared free of radioactive
materials. When a licensee informs
the appropriate federal
agency—Nuclear Regulatory
Commission (NRC), Environmental
Protection Agency (EPA), or
DOE—that it has declared its site
clear of radioactive materials, the
agency usually requests a
radiological survey to verify that
the site is indeed clean or safe. An
example of such a site is the former
Vitro Rare Metals Plant in
Canonsburg, Pennsylvania, where
ORNL researchers conducted a
radiological survey. Their goal was
to identify all hot spots and to
eliminate them from the site. This
identification could be done by
carefully checking each block of the
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with residue from a cartridge case fired
from Oswald's rifle by an FBI agent
following its confiscation.

“The lead used to make bullets
containg antimony to harden the lead
and silver as an impurity,” explains
Dyer. “Lead-based materials from
different manufacturers of bullets were
thought to contain different ratios of
silver to antimony. We found no
indications from our NAA studies that
the lead in the three fired bullets came
from different sources. So we concluded
that the three bullets came from the
same rifle.” This conclusion, which has
since been corroborated by others, has
stood the test of time.

Several years ago, Vince Guinn, an
NAA specialist at the University of
California at Irvine (who can be seen in
a 1967 movie on forensic activation
analysis made for the Atomic Energy
Commission), evaluated the ORNL work
in connection with the Kennedy
assassination and reported on it at a
Laboratory seminar. “All our results, the
paraffin casts, and lead fragments were
kept by the FBI for national security
reasons, so Guinn had to go to the FBI
to evaluate our work,” said Dyer. “He
found some small inaccuracies in our
work but agreed that our results were

ansandialh: Anerant 7

or
80IVINg cnmes occurrea In Lanaaa in
1959 when an attempt was made to
match the trace-element content of hairs
found at the site of a murder with that
of hairs from the suspect. D¢~ "3 of this
bit of nuclear sleuthing are described in
an article in the Royal Canadian
Mounted Police Gazette. In the 1960s
NAA evidence was obtained for
numerous murder cases. By 1969 NAA
evidence had been accepted in court 28
times. The folly, says Dyer, is that
some defendants have been convicted,
perhaps wrongfully, because of the
misuse of the NAA evidence that was
admitted.

After the Kennedy assassination,
Dyer became increasingly aware of the
limitations of NAA for forensic uses. He
saw how easily NAA results could be
misinterpreted. “Some attorneys and
jurors thought the peaks and valleys of
gamma-ray spectra taken with sodium
iodide detectors represented a pattern
similar to fingerprints. They were
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attracted to spectra because they could
be easily compared visually.

“Actually, gamma spectra represent
statistically uncertain numbers that are
proportional to the amounts of a few
trace elements. Also, much of the
pattern results more from the properties
of the electronics and detector than
from the actual trace-element
concentrations.”

In 1965 Dyer and his ORNL
colleagues were among the first to point
out the difficulties in using trace-element
ratios for matching something found at
the scene of the crime with something
associated with the suspect. “Ratios
are subject to large statistical errors
and are not unique. For example, a
paint sample having 2 ppm of copper
and 4 ppm of cobalt looks the same as
another sample that has 300 ppm of
copper and 600 ppm of cobalt when the
ratios of copper and cobalt are
compared. In other words, the trace-
element concentrations themselves, not
the ratios, should be compared.”

Dyer and his associates also
recognized that statistical methods were
needed to (1) quantify the degree of
similarity of a test sample and a control
or source and (2) differentiate the
source from other sources. For
example, if it can be demonstrated after
evaluating a large body of data that
only 10% of the population has hair
containing trace-element concentrations
that cannot be distinguished from those
in the hair of the suspect, then it can be
shown with a high degree of probability
that the hair at the scene of the crime
that matches the hair of the suspect
indeed came from the suspect. In the
late 1960s statistical methods for
dealing with NAA results were
developed in England.

in June 1966 Dyer had an
opportunity to use his expertise to
evaluate NAA evidence being
considered for use in a murder-rape
trial. He served as a defense expert in
Houston in the case in which Henry
Amerson, a former airplane mechanic,
had been accused of raping and
murdering Marjorie Wills, a flight
insurance clerk, at Houston International
Airport on January 16, 1965. The State
of Texas attempted to introduce NAA
evidence to show that hairs found in
Amerson’s car came from the head of
the victim, that hair matching that of

arson was found on her clothes, .
. a thread on her hand matched
)ads on one of his garments.
Dyer, who was in the courtroom
n the jury was absent, sat next 1
defense attorney, Richard Hayne
e the state’s expert was examin
cross-examined, to allow the jud
iecide if the NAA evidence could
litted in the trial. The expert was
ochemist at Texas A&M Universi
) argued that the ratios of trace
nents that he found in two hair
iples showed that the hairs founc
car came from the victim.
Following Dyer’s counsel, Hayne:
ited out the problems with ratios
lack of a large body of data. The
)le decided not to admit the
lence. Says Dyer, “This was the
Texas case to consider trace-
nent evidence. The next year, in
ther Texas murder-rape case, N/
ience was admitted and the jury
id the defendant guilty. He was
tenced to die in the electric chair
/spaper accounts that | read
ated that the NAA evidence was
‘umental in his conviction.”

Says Dyer: “The problem now in
ching physical evidence samples
by their trace-element content li¢
in the method used to measure t
e elements, whether it be NAA,
'8 spectrometry, or whatever. Nco
s it lie in the statistical method of
iparing the data because method
iparison are well known. The cru
dlem is the absence of a large de
9 of trace-element concentrations
particular material that becomes
ect of crime investigation.

“The population of trace element:
1 materials must be known to
‘pret the data and judge whether
ples match. Because aimost any
erial can become the subject for
iparison, almost everything would
1 to be analyzed; thus, the numb
ieasurements that would be
assary is simply too large to be
1omically feasible. It seems likely
that the populations of trace
1ents in some materials might
1ge with time, making previous
surements obsolete.”

April 1969 ORNL'’s Enzo Ricci,
amont Bate (deceased), and Dye
ed as defense experts at a murc
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. Hal Haselton, Chris Foster, and

| Stan Milora have received
Distinguished Associate Awards
from the Department of Energy for
their “outstanding contributions” to
the nation’s magnetic fusion energy
program. Haselton was recognized
for “development, design,
fabrication, installation, and
operation of plasma heating and
fueling equipment,” and Foster and
Milora were cited for “design,
development, fabrication,
installation, and experimental
Jemonstration of hydrogen pellet
njectors.”

Lee Berry has been named a
member of the 1986 Executive
Committee of the American
Physical Society.

The group responsible for the
design and construction of the
Advanced Toroidal Facility (ATF)
in ORNL’s Fusion Energy Division
has received an Energy Resources
Technology Award from the
American Society of Mechanical
Engineers. The ATF group was
recognized for “contributing one of
the most outstanding examples of
advancing mechanical engineering.”

George E. Courville has been
appointed chairman of DOE’s
Thermal Mass Review Panel.

Marilyn Brown has been
appointed to the editorial board of
the Annals of the Association of
American Geographers.

Jerry Elwood, William Fulkerson,
Carl Gehrs, Elias Greenbaum,
Elizabeth Peelle, and Tom
Wilbanks have been named Fellows
of the American Association for the
Advancement of Science.

N. B. Gove is chair-elect of the
Special Interest Group on
Numerical Data Bases for the
American Society of Information
Sciences.

Eric Hirst has been named
associate editor of Emergy and
appointed to the editorial boards of
The Energy Journal, Energy Policy,
Emergy Systems and Policy,
Evaluation and Program Planning,
and Journal of Environmental
Systems.

D. W. Jones has been appointed to
the editorial advisory board of

Indian Journal of Landscape
Systems.

Bob Langley is president-elect of
the American Vacuum Society.

Steve Rayner has been appointed
corresponding editor for the
Research Papers Sertes.

John Sorensen has been named
University Fellow of Colorado State
University.

Tom Wilbanks has been asked to
chair the Task Force on Geographic
Advice on National Issues and the
Honors Committee of the American
Association of American
Geographers. He has also been
appointed advisory editor of the
Syracuse Geographical Series.

In ORNL’s Fuel Recycle Division,
William S. Groenier has been
named head of the Chemical
Process Development Section and
Sam A. Meacham has been named
head of the Remote Sys____ s
Development Section.
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In 1958 Sen. John F. Kennedy and his wife Jacqueline Bouvier Kennedy risited OENL and touwred the Oak Ridge Kesearch Esactor.
Here, Kennedy chats with then ORNL Director Alvin Weinberg while Sen. Albert Gore, Sr, talks to Mrs. Eennedy. Looking on ot left
is Sam Hurt, who today is the Operations Division experiment coordinator. In late 1962 the FBI asked ORNL scientists to help in the
investigation of the cssassination of President Kennedy. See article on page 45.



