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um pleased to note that we have in the audience two

ormer directors of Oak Ridge National Laboratory—
[erman Postma and Alvin Weinberg; the president of
Lockheed Martin Energy Systems, Gordon Fee; and
nager of the Oak Ridge Operations Office, Jim Hall.

ious years, I have talked about some of the comings and goings of a few

various positions around the Laboratory. I have also talked about prizes

1s that have been received by various members of the scientific and

staff, and I have tried to explain some of the interesting research and
development (R&D) work that has been done around the Laboratory during the
past year.

This year, I will instead outline important events that have shaped our
institution during the past year and I will discuss what I believe they mean in
terms of the health and well-being of Oak Ridge National Laboratory.

I am also going to outline some of the actions that I believe we must take to
survive and prosper as an institution. There are many forces at work over which

Editor’s note—ORNL Director we have little or no control. Such forces may have profound effects on our future.
Alvin W. Trivelpiece delivered his I have one piece of good news. The President has signed the 96 budget into
annual State of the Laboratory law. I hope that this action spurs the Congress to pass a "97 budget before
address to employees and visitors  October 1.
on April 26, 1996, in Eugene P. I gave last year’s State of the Laboratory address on March 3. Nothing in that
Wigner Auditorium, Oak Ridge talk predicts anything that actually happened to us since then. So in giving this
National Laboratory. State of the Lab talk, I want to make it clear that my ability to predict the future is
bad.

I don’t need to tell most of you that a lot has happened at ORNL this past year.
Even so, I suspect that many of you haven’t thought about what it all means to us
as an institution. Some of these events have already changed us a great deal. Some
of the forces that led to these events will continue to be imposed on us. How we
respond to these forces will determine how well Oak Ridge National Laboratory
continues to survive and prosper as a leading research and development (R&D)
institution.

I am going to divide my remarks into three parts. First, the way we were;
second, the way we are; and third, the way we need to be.
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However, in the late 1980s, concerns
over management issues grew. As a
result, award fee performance
measures were changed to give greater
emphasis to management concerns
instead of scientific performance. Also,
certain functions were centralized and
managed by individuals no longer
accountable to Laboratory
management. At one point, it was
estimated that more than 90% of the
Lab’s award fee performance was
based on its adherence to management
directives rather than on the excellence
of its scientific and engineering work.
After some negotiations, this balance
was changed so that it was based only
60% on management performance. In
any event, I did not believe that such a
focus on management performance
was a proper way to run a national
laboratory, any national laboratory.
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As a result of this situation, morale
suffered, scientific productivity
dropped, costs soared, and our
program sponsors were becoming
dissatisfied with us to the point of
threatening to shut down funding for
several key programs. All of these
happy events occurred within the first
couple of years after I was named
Laboratory Director. There were
probably a few things that my
predecessor, Herman Postma, meant to
tell me about the Lab before I came
here, but they probably just slipped his
mind.

What was obvious in early 1992 was
that this process had caused our
overhead costs to get out of control;
thus, the only way we were going to
stay in business was to bring them
under control. The first difficult step in
this process was to establish Project
45, which sought to bring our
projected overhead rate of 54% down
to 45%. It was a critical and painful
first step. The process continues and
has a way to go.

Later in that same year on
November 12, the Lab’s executive
committee was at an offsite meeting in
Townsend, Tennessee. We took time
out from our discussion to listen to
President-elect Clinton’s first press
conference after his election. He
introduced some of his early
appointments and then made the
following remarks at the Old State
House in Little Rock, Arkansas.

“I have read at least in my history
books that some cabinet appointments
are considered major and others are
considered minor. I don’t know how
you would consider the Departments of
Commerce and Energy in that regard,
but from the kind of economic policy
I have laid out, and the things that
I think we have to do to change this
country economically, those are very
major appointments. And how they
pursue the missions of those
departments will affect the success or
failure of this administration’s

economic efforts, as well as what is
done by the other major economic
players.”

Fantastic! What could go wrong
after the president-elect said that the
Department of Energy was critical to
his administration’s success?

Well, neither we nor President
Clinton had yet to observe the
character of the 103rd Congress that
was to be sworn in in January 1993,
Their logic seemed simple enough. The
Cold War is over. We don’t need to
make any more nuclear weapons. The
DOE labs make nuclear weapons, so
they should be shut down. Which
ones? Why not use the base closing
commission approach? Several bills
were introduced that proposed this
course of action. Others called for the
examination of the roles and missions
of the national laboratories. None of
these bills was introduced with the
notion that the roles and missions
should be expanded. Other proposed
legislation focused on the concern over
the way that our Laboratory Directed
Research and Development activities
were carried out. There was also
concern over whether our work for
other federal agencies shouldn’t be
done by the private sector. There was
concern that the expected technology
transfer from the labs wasn’t occurring
fast enough and that, if it was, it was
benefiting other countries.

To her credit, Secretary of Energy
Hazel O’Leary recognized these and
other forces that were threatening the
Department and its laboratories. In
response to these threats, she asked
Bob Galvin, chairman of the board of
directors at Motorola, to lead a Task
Force on Alternative Futures for the
DOE Laboratories. The Task Force
began its work in February 1994 and
presented its findings and
recommendations in February 1995.
The Galvin Task Force report gave a
good analysis of the situation regarding
the operation of the labs and of the
Department. It was done in a fair and







1995 Highlights in Pictures

Tennessee Representative Zach Wamp and Martha Krebs, director of DOE’s Office of Energy Research,
played prominent roles during the Oak Ridge Summit. Photograph by Lynn Freeny.

and Mr. Augustine agreed that a $20
billion company was better than two
$10 billion companies. The
complementary nature of the activities
of the two organizations made this a
very strategic merger. This merger did
leave a few areas where neither
company had strengths that would be
desirable for a full service defense and
aerospace contractor. This need will be
met by the recently approved
integration with Loral Corporation. We
will now be part of a $35 billion
corporation when you take into
account the $5 billion in equivalent
sales represented by the various DOE
facilities such as ORNL.

Most of these changes occurred after
the last State of the Laboratory
Address on March 3, 1995. March 15
was the day that Lockheed Martin
Corporation was born. The way by
which a $20 billion corporation is
managed is substantially different from
the way a $5 billion corporation is
managed. Lockheed Martin established
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four sectors, each with its own
president to manage most clements of
the company. The elements of the
company that were not part of one of
the four sectors included Sandia
National Laboratories, Idaho National
Engineering Laboratory, Lockheed
Martin Energy Systems, and others
that had not been assigned to a sector.
It was decided that there should be a
fifth sector and that A] Narath would
be its president. On August 15, 1995,
Al Narath announced that Oak Ridge
National Laboratory would be
separated from Lockheed Martin
Energy Systems and that a new
subsidiary company would be
established to manage ORNL on a
fixed-fee basis. On Friday, October 13,
1995, at 3:15 p.m., the Lockheed
Martin Energy Research Corporation
was chartered in the state of Delaware.
On December 6, a new contract with
the Department of Energy was signed.
We started operation of the Lab under
the new company on January 1, 1996.

Between August 15 and December 31,
a lot of hard work was done by a lot of
people to make the new arrangement
possible.

Prior to the proposal to establish a
new company to manage ORNL, the
Office of Energy Research in the
Department of Energy was planning to
have the Laboratory put out for bid,
with only not-for-profit organizations
such as universities being allowed to
compete, I am glad that an alternative
was found that allowed the contract
with Lockheed Martin to be extended
so that the Laboratory was not
competed. I believe that our present
arrangement is much better than being
put out for bid. But make no mistake,
we are on probation with the
Department. Unless we perform up to
the expectations of the Otfice of
Energy Research and the other
elements of the Department that have a
say in our future, we might yet end up
being put out for bid. I remain
concerned that if we are to be
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Howard Baker (center), former U.S. Senator from Tennessee, visits
the Holifield Radioactive lon Beam Facility at ORNL. His hosts are
Jerry Garrett, right, and Michael Smith. Photograph by Curtis Boles.

Neal Lane (right), director of the National Science Foundation,
delivered a lecture in 1995 at ORNL. Here he autographs a poster
announcing his visit in the presence of Nancy Gray, ORNL protocol
officer, and Ed Oliver, an ORNL associate director. Photograph by
Curtis Boles.

competed, then we might just be shut
down instead.

But even though we are not out of
danger yet, we must also keep in mind
that this transition to Lockheed Martin
Energy Research had the firm and
unwavering support of Dr, Martha
Krebs, director of the Office of Energy
Research at the Department of Energy.
Without her support none of this would
have happened. Many of you had the
chance to hear her, when she visited us
on January 11, 1996. She told us how

pleased she was that the transition had
occurred, and she congratulated us on
what we had accomplished. You also
heard Al Narath, president of the
Lockheed Martin Energy and
Environment Sector, express his
commitment to help us succeed. Jim
Hall, manager of the Oak Ridge
Operations Office, and I signed an
agreement that pledged us to work
together in ways that improve the
management and operations of both
institutions.

Given this support and good will, I
am optimistic about the future of Oak
Ridge National Laboratory. We still
have a lot of hard work yet to do to
complete certain elements of the
transition and find our own ways to do
things in some areas of management.
We have to get better in several areas in
order to be able to compete in the
current environment. That leads me into
some comments on what we need to do
to succeed.

The Way We
Need To Be

January 3, 1996, was the first time
I had the opportunity to tell you about
events surrounding the formation of
and transition to the new company. At
that meeting, I told you about my
expectations based on what I knew at
the time. Since then, we have heard
from Martha Krebs, Al Narath, and Jim
Hall about their expectations. We have
started a process of reengineering to
determine how we can reduce costs and
remain competitive in our principal
lines of business. We have debated
among ourselves about what we should
do. We have sought advice from a lot of
our friends about what we might do to
improve ourselves. This is not an easy
process. What follows is a list of what I
believe to be the ten most important
things we need to do. I have no illusion
that this list will be accepted without
challenge or question. It is the nature of
this institution to challenge everything.

1. We need to build on the historic
strengths and accomplishments of
Oak Ridge National Laboratory to
ensure that it will continue to be an
outstanding research and
development institution.

2. We need to commit ourselves to
delivering scientific and
technological value to the
Department of Energy and to the
nation and, in so doing, be second to
none,

3. We need to be an institution that is so
well regarded for its dedication to
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1995 Highlights in Pictures

It is within our ability to improve our chances for a better future with skill, a little
cunning, and a lot of hard work.
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Linda Horton explains a materials research advance at ORNL to Joseph Stauch, counsel general of
South Africa, who visited the Laboratory in May 1995. Photograph by Curtis Boles.

excellence, for its unquestioned
commitment to ethics, and for its
record of integrity in all of its
transactions that others regard us as
the standard by which to be judged.

4, We need to be the most efficient and
cost-effective Department of Energy
national laboratory.

5. We need to recruit and retain a
diverse and talented work force,
because it is the people that make a
great institution, not the bricks and
mortar.

6. We need to strengthen partnerships
with universities, industry, other
Department of Energy laboratories,
other federal agencies, and state and
regional organizations in such a way
as to leverage resources and create
new opportunities.
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7. We need to have a values program
that is taken seriously.

8. We need to aggressively seek
funding for the kinds of scientific
and engineering facilities that will
make us unique in certain areas of
research and development critical to
the Lab’s future.

9. We need to communicate to
taxpayers that what we do is of
value to them and the nation and
that we appreciate their support.

10. We need to deliver on our
commitments to Lockheed Martin
and to conduct our business in such
a way that they are proud to have us
as a member of the corporation.

This list of 10 is not unique. I hope
that it leads to debate and discussion
on what needs to be done. I expect it to

be improved, modified, and acted on in
many areas by this time next year.

I believe that, although the state of
the Lab may be a bit uncertain and we
are in for some difficult times, it is
nevertheless within our ability to
improve our chances for a better future
with skill, a little cunning, and a lot of
hard work.

1 would like to close by paraphrasing
a remark that Sir Isaac Newton made in
a letter to Robert Hooke in 1675. In this
letter he is speaking to both Hooke and
René Descartes and is explaining to
them why he had been able to do the
remarkable things that he did when
others like them had not. Newton wrote,
“If I have seen further it is by standing
on the shoulders of giants.”

If Oak Ridge National Laboratory
has seen further, it is because it stands
firmly on the shoulders of the talented
people who make up this outstanding
institution. eml
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You have a unique identity,
home address, and body structure.
So does every human gene. The
current emphasis of the Human
Genome Program, co-sponsored
by the Department of Energy, has
been to determine the identity,
location, and sequence of the

the human
genome. Now
that more is
known about
where genes are
and what they
look like, ORNL
is positioning
itself for the next
logical step of the
program—finding
out what genes
do. When
information on
the entire human
genome becomes
accessible,
experiments on
gene function can
be approached on
a whole genome
basis, not just one
gene at a time—
hence the term
“functional
genomics.”

In a sense, the
Human Genome
Program is
developing a
“telephone book”
that lists the
name, address,
and phone number of each of the
human genes. For the science of
functional genomics, biologists will
use the “phone number” for each listed
gene to “call up” groups of genes to
ask questions about what they do—
through gene function experiments.
ORNL has the experts and model
organisms to use this limited
information to link the location and
structure of genes to the actual
function they control (e.g., breathing).

Functional genomics has become a
goal of ORNL’s efforts because our
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Lisa Stubbs and colleagues gain valuable information from ORNL’s
mouse collection. Photograph by Tom Cerniglio.

researchers both have proven
proficiencies in analyzing the functions
of genes and have developed
technologies that can be used to
facilitate these experiments, In the
past, we first learned about mouse
genes by exposing mice to radiation
and observing body changes (e.g.,
altered fur color) that could be related
to altered genes. Similar mutations
were produced in mice at ORNL, using
chemical agents. Today, we produce
mouse mutants through both chemical
mutagenesis and a form of genetic

engineering called targeted
mutagenesis. In this technique,
we “make” new mice by
inserting an engineered gene
into a mouse in the embryonic
stage, ultimately causing a
disruption of the corresponding
gene in the host animal. If the
disruption causes an
abnormality, impaired function,
or a disease in the
mouse, then it is
possible to
determine which
gene is partly
responsible for
the defective trait
or function (e.g.,
a poorly working
kidney). At
ORNL “mouse
models” for
polycystic kidney
disease, Type 11
diabetes, sickle
cell anemia, cleft
palate, genetic-
based obesity,
immunological
defects,
neurological
disorders, and
many other
conditions have
been developed.
The information
they provide
about altered
gene function
could lead to a
cure for at least
one human
genetic disease.

A new ORNL initiative in functional
genomics, which will be supported by
internal funding for the next four
years, will enhance the Laboratory’s
capabilities in support of the DOE
mission. With a focus on mouse
mutagenesis, the functional genomics
initiative will build on our expertise in
mouse mutagenesis and our extensive
mouse mutant resource being
maintained in the Biology Division—
our unique colony of more than
120,000 mice. In a broader sense, it
will combine ORNL’s expertise in
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ORNL is positioning itself for the next logical step of the
program—finding out what genes do.

mammalian genetics with our
competencies in structural biology,
computational sciences, robotics,
automation, and instrumentation
development. Integration of the
expertise of molecular biologists with
computer scientists and
mathematicians is particularly
important because analysis of the
sequences of whole genomes has been
hastened by creation of new algorithms
and other mathematical feats. Our
biologists’ collaborations with
computer scientists, analytical
chemists, and engineers is providing
highly productive experimental
capabilities and technological
breakthroughs for genetics research.

ORNL also has strong capabilities in
analyzing structure and function of
proteins, or gene products. Mutations
of genes in living organisms give rise
to mutated proteins that must be
isolated and characterized to
understand their consequences in the
body. Mutated proteins encoded by
relevant genes can also be generated in
the laboratory by both chemical and
genetic means. Protein engineering
through recombinant DNA technology
enables rational redesign of protein
structure. This powerful approach will
enhance our ability to understand
protein function and tailor the
properties of proteins in animals and
plants for use in medicine, industry,
agriculture, and biotechnology.

Our research in functional genomics
will help us continue our tradition of
successes in the biological sciences,
thereby serving the needs of DOE and
our society, and it will facilitate
expanded outreach and partnerships
under industry and academia. These
multidisciplinary achievements, which
bridge basic and applied research, have
been honored by two Enrico Fermi
Awards from DOE and more than a
dozen memberships in the National
Academy of Sciences.

Thanks to our mice and other
research tools, we have discovered that
health effects of radiation exposure are
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related to the intensity of the doses and
that radiation is especially harmful to
embryos in the early stages of
development, prompting rules limiting
the use of X rays on pregnant women.
We found that the presence of a Y
chromosome specifies male gender
and that only one of two X
chromosomes in a cell is active. We
performed the world’s first
experimental bone-marrow transplants
in mice. We performed the world’s
first successful freezing, thawing, and
implantation of mouse embryos, which
were brought to term in surrogate
mother mice, establishing the basis for
modern animal breeding and human
fertility treatment.

Apart from mouse genetics, we have
enjoyed other stunning successes: the
first analytical separation of the
building blocks
of DNA and
RNA,
codiscovery of
the nucleosome
(the basic
structural
component of
chromosomes)
and low-level
resolution of its
structure by
X-ray crystal-
lography,
codiscovery of
messenger RNA
(which conveys
genetic
information to
the protein-
synthesizing
apparatus in all
cells), discovery
of biochemical
pathways for
repairing
damaged DNA
(thereby
preventing
mutations and
cancers), rational
design of enzyme

Life Sciences Initiative

inhibitors (a cornerstone of drug
discovery), and development of the
zonal centrifuge (for production-scale
preparation of vaccines).

As an extension of these studies, we
are attempting to unravel the role of
RNA in the regulation of cell growth
and differentiation. We are exploring
the use of antibodies to deliver
chemotherapeutic agents to certain
organs or cell types. We are also using
sophisticated techniques of genetic
engineering to systematically redesign
proteins found in nature in the hope of
improving biomass yields (for food and
energy) and developing effective drugs
for treating cancer.

Fortunately, DOE’s Office of Health
and Environmental Research is an
advocate and sponsor of our research.
This support should help us not only
play an important role in the second
stage of the Human Genome Program
but also contribute to the multifaceted
missions of DOE in the life sciences.
oml

Brad Yoder examines mouse embryos that turn
blue, indicating the expression of the disrupted
gene that causes polycystic kidney disease.
Photograph by Tom Cerniglio.
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Neutron
Sources

ecause isolated neutrons do not occur in nature, they must be extracted from atomic nuclei for use in scientific

research. One source of neutrons is the nuclear fission process in a nuclear reactor. A second method of obtaining

neutrons is spallation—bombarding nuclei of heavy atoms with energetic particles (usually protons) from a high-

energy accelerator. When protons collide with target nuclei, 20 to 30 neutrons are knocked out, or “spalled,” from
each nucleus—thus the term “spallation.”

Neutron sources have become invaluable tools for fundamental science, perfection of new industrial products, medical
and biomedical applications, commercial power development, and defense purposes.

ORNL has a long history in using neutron sources for research. Because of the early neutron scattering research
performed at ORNL’s Graphite Reactor, a former ORNL researcher (CIiff Shull) received a 1994 Nobel Prize in physics.
Today neutron scattering research is conducted at ORNL’s High Flux Isotope Reactor (HFIR), which has the world’s highest
thermal neutron flux; about 290 users annually do neutron research at the HFIR, which is 30 years old,

Although the United States pioneered in developing neutron sources in the 1960s, the nation has now fallen behind
Europe and Japan, where a new generation of research reactors and spallation neutron sources was built in the 1970s and
1980s. The justification and need for a new neutron source in the United States has been documented by numerous
scientific and government assessments since the early 1970s. The development of new instruments and measurement
methods has generally increased the demand for access to neutrons.

In a 1993 study by the Department of Energy’s Basic Energy Sciences Advisory Committee (BESAC) Panel on Neutron
Sources for America’s Future, the scientific community overwhelmingly recommended constructing a new research reactor
at ORNL, the Advanced Neutron Source (ANS), for which ORNL had recently completed a thorough conceptual design.

Construction requests for the ANS
were included in the President’s budget
for fiscal year (FY) 1994 and FY 1995,
but Congress did not appropriate funds
for construction of the ANS because of
concern over its high cost—almost $3
billion. In the FY 1996 budget process,
DOE recommended termination of the
ANS, and Congress appropriated funds
to begin design of a new, lower-cost
spallation neutron source. In early
1996, the BESAC panel assessed the
need for neutron sources and
recommended

« design of a new accelerator-based
spallation neutron source—namely,
the National Spallation Neutron
Source (NSNS) Project, and

- upgrades to the nation’s high-
performance research reactors,
particularly the HFIR at ORNL and
Brookhaven National Laboratory’s
High Flux Beam Reactor (HFBR), to  Cliff Shull (right), co-winner of the 1994 Nobel Prize in physics for

serve researchers needing neutrons pioneering research using neutron scattering in the 1940s and 1950s
not available from a spallation at ORNL’s Graphite Reactor, performs research with Ernest Wollan at
source. the reactor.
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The appropriations bill passed by
Congress for FY 1996 provided ORNL
with $8 million to begin design of a
new spallation source. The National
Spallation Neutron Source
collaborative project was born as
ORNLs response to DOE’s charge to
initiate conceptual design of a new
spallation source. The project is
organized to take full advantage of
previous studies and assessments and
of technical expertise and experience at
industrial firms, universities, and other
DOE laboratories.

The proposed neutron source
consists of a high-energy particle
accelerator that produces short bursts
of protons at extremely high energies
and power levels. These proton pulses
bombard a heavy metal target and,
through the spallation process, excite
atomic nuclei, resulting in the emission
of neutrons. The liberated neutrons are
moderated (slowed down) to
useful energies and then
guided as beams into
experimental areas for use
in neutron science
experiments.

The proposed facility
will occupy an area about 0.8
by 1.6 kilometers (0.5 mile by 1 mile)
on the ORNL Reservation. It will
consist of a proton accelerator and
storage ring, target stations for
production of neutrons,
and experimental halls
and instrumentation for
use of neutrons for

research and product protor
development. The
conceptual design will take

two years to complete. The total cost
of the facility will be about $1 billion,
and it should be in operation by the
year 2005.

The NSNS will produce the highest-
flux-pulsed-neutron beams in the
world. It is estimated that the facility
will attract 1000 to 2000 scientists and
engineers each year from universities,
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industries, government laboratories,
and foreign countries. With an
expected operating budget of about
$80 million per year, it is projected to
provide more than 1200 permanent
jobs and $40 million in new sales tax
revenues.

The NSNS project was organized as
a collaborative design project
involving ORNL, Argonne

Brookhaven National
Laboratory (BNL), Los
Alamos National
Laboratory (LANL), and
Lawrence

Berkeley

National

Laboratory

(LBNL).

Other
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laboratories, U.S. industrial firms, and
universities will be involved as the
project matures. This collaborative
approach was taken to access the best
technical expertise available. In
addition, memoranda of understanding
have been signed with the European
Spallation Source—a design effort
similar to NSNS—and several

<
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National Laboratory (ANL), @

European
laboratories, to
access
research
results

and
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technology
developments
that could
further leverage the
NSNS design effort.
BNL, LANL, and LBNL
are responsible for the
accelerator system design, which
will be coordinated by an
accelerator design group at ORNL.
ORNL is responsible for target design,
experimental systems, project
management, and conventional
construction. ANL and ORNL are
responsible for experimental systems
design.

The reference design recently chosen
for the new spallation source is
consistent with recommendations of the
1996 BESAC panel that assessed needs
for a new short-pulse spallation source
for DOE. The approach is to design a
5-megawatt (MW) spallation source that
can be built in stages. The first stage,
which must be built for about $1 billion,
will be a 1-MW source that can be
upgraded to higher powers in the future,
as funds allow. The 1-MW source will
consist of a linac accelerator that injects
negatively charged hydrogen (H") ions
into an accumulator ring, where
~1-microsecond pulses of 1-billion-
electron-volt protons are produced and
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Proton accelerator
and storage ring

directed to a liquid mercury target
from which neutrons are generated.
The target-moderator and experimental
systems provide for cold and thermal
neutrons servicing 18 beam lines.
Several staged upgrades are possible
leading to higher powers of 4 to 5 MW.

Because of the large user
community expected at NSNS, ORNL,
the University of Tennessee (UT), and
the state of Tennessee have initiated
plans for a Joint Institute for Neutron
Science (JINS). This joint venture
between ORNL and UT would provide
meeting facilities, offices, laboratories,
a communication center, and housing
for scientists and engineers from
universities, industries, and the
international community. It would also
be a focus for expanding neutron
science R&D with UT, regional
universities, and industrial
collaborators. Funds have been
included in the state of Tennessee’s FY
1996 budget to begin design of JINS.

This new spallation neutron source
would be the most powerful facility in
the world for neutron scattering and
would restore a much needed
capability to the U.S. neutron science
community.— Bill Appleton, ORNL
Associate Director for Advanced
Materials, Physical, and Neutron
Sciences.

14

Moderat

The HFIR is a multipurpose research
reactor, with missions in four
nationally important areas: isotope
production, neutron scattering, neutron
activation analysis, and irradiation
testing of materials.

It was originally designed for
production of the transplutonium
isotopes—elements that do not occur
naturally on earth and that are beyond
plutonium in the periodic table of
elements. One of these is californium-
252, which has been used to treat more
than 450 patients with advanced
cervical cancers, improving the 5-year
survival rate from 12% with older
treatments to 54%. The HFIR remains
the sole source of these isotopes in the
western world and the best source of
many other radioisotopes, including
important medical isotopes. The
HFIR’s annual sales of californium-
252 total about $2 million, and its
radioisotopes are sold to about 800
customers a year.

Over time, neutron scattering has
grown astonishingly in scientific and
economic importance—providing, for
example, most of our knowledge about
the molecular and magnetic structure

and behavior of new, high-temperature
superconductors. Although the
proposed package of upgrades would
enhance our capabilities in all four
areas mentioned above, the biggest
impact would be on neutron scattering.

One part of the upgrades, a return to
the original 100-MW design power
level (instead of the 85 MW that has
been used since 1989), will benefit all
the applications discussed, because the
neutron production rate, which is
proportional to reactor power, will be
increased by nearly 20%. Likewise,
modernizing instrumentation and
electrical equipment, as well as
replacing certain other components of
the reactor system, will reduce
maintenance downtime and will
increase operating time, hence more
neutrons, available for all users.

For neutron scattering, there are two
really major enhancements. The first is
the installation of a small cold neutron
source—small because there’s no room
for a large one—in one of the four
existing beam tubes. The source will be
an aluminum chamber holding about a
half liter of liquid hydrogen, at a
temperature of 20 K (about -420°F): at
this temperature, the hydrogen
molecules move fairly slowly and
neutrons that enter the chamber are
slowed down by collisions with those
molecules. When a beam of these very
slow neutrons is directed onto a sample,
even very small, weak, or subtle
features of atomic structure and motion
can influence the speed or direction of
the neutrons (as a very slowly moving
golf ball is more susceptible to small
irregularities or tussocks on the putting
green than is a fast moving one). Thus,
the more complex materials, and the
weaker, more subtle forces in them, are
best explored using these cold neutrons.

The best cold neutron beams in the
world are those at the Institut Laue-
Langevin (ILL) in France. However,
because of the higher power at HFIR
(100 MW vs 59 MW) and the use of
new design concepts developed for the
ANS, our cold beams will be brighter.
Although space limitations dictate that
we will have far fewer beams and
instruments, the ones we do have will
be the best in the world.
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2 nanograms per cubic meter, the plants
emit mercury. These different levels of
mercury occur near pollution sources
and at background sites respectively.

We also measured gradients in
mercury concentrations over Tennessee
forests. Meteorological tower data from
Walker Branch Watershed in Oak
Ridge showed significant emissions of
mercury from oak, hickory, and maple
trees below. Our studies of trees at a
Christmas tree farm in Wartburg
showed that mercury deposits from air
to trees when they are wet. We also
observed that trees there are a strong
source of mercury to the air when they
are dry, supporting data from our
laboratory studies.

ORNL researchers theorize that
elemental mercury in soil gas is pulled
into the plant when the plant’s mercury
level is low. The plant tries to achieve
equilibrium with respect to mercury
levels in the air. When the plant’s
mercury level rises and the air mercury
level decrcases, at some point the plant
releases some of its mercury to the air.
Some mercury-containing plants are
waiting to exhale.

This research was sponsored by the
Electric Power Research Institute, the
research arm of the U.S. electric utility
industry.

In {993, while Texaco engineers
explored for oil and gas deposits near
the Chesapeake Bay, ORNL
microbiologists working in a trailer by
the oil company’s derrick discovered
novel bacteria. Studying samples
extracted by Texaco from a depth of
2800 metcrs (91,000 feet), the
microbiologists observed that metallic
compounds had been chemically
altered by microbes at a temperature of
70°C (158°F), cven though the
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subsurface samples had been
geologically isolated for some 100 to
140 million years.

In 1994 ORNL researchers
determined that these microbes from
the Taylorsville Triassic Rift Basin near
Fredericksburg, Virginia, have an
interesting capability: they produce
magnetic material. The researchers
isolated micron-size bacteria and found
that these microorganisms produced
nanometer-scale magnetic iron
precipitates. The researchers also found
evidence that the microbes can
remediate groundwater containing
chlorocarbon compounds
(trichloroethylene and
tetrachloroethylene) and heavy metals.

The researchers found similar
bacteria at the Naval Oil Shale Reserve
at the Piceance Basin in Colorado. Both
the Taylorsville and Piceance basins,
although separated geographically and
formed at different times, contain deep
subsurface formations heated by
compression to high temperatures. The
thermophilic (heat-loving) bacteria feed
on compounds containing carbon,
hydrogen, and oxygen, such as acetate
and lactate (an ingredient of sour milk).
The Piceance Basin bacteria, which
also metabolize hydrogen and pyruvate,
were found in groundwater and drilling
mud; the Taylorsville bacteria were
present in subsurface shale and
sandstones.

The anaerobic bacteria convert food
to energy and waste through an electron
transfer process typical of respiration,
rather than fermentation. Just as
humans get rid of electrons by forming
and exhaling carbon dioxide, these
bacteria dump electrons on nearby
electron-accepting metals, such as iron.
In the process, they reduce iron
hydroxide [Fe(OH,)] to magnetic iron
(Fe,0,). These magnetite particles can
catalyze the degradation of
chlorocarbon compounds. The bacteria
can also reduce other electron-accepting
heavy metals such as chromium, cobalt,
and uranium, making the bacteria
potentially useful for bioremediation of
soil and groundwater contaminated with
mixed waste, if the environment is
sufficiently heated.

Potential biotechnological
applications of these bacteria include the
production of magnetic fluids for brakes
and lubricants for high-speed turbines.
The bacteria also are of interest to
researchers studying the evolution of the
atmosphere, the banded iron formations
responsible for the earth’s magnetic
field, and respiration in organisms. With
these bacteria, we can look back to steps
of natural evolution or ahead to progress
in the biotechnology revolution.

The research was supported by DOE,
Office of Health and Environmental
Research.
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Environmental Sciences and Technology

Energy Production and
Energy End-use Technologies

ission, fusion, or fossil energy? Biomass energy?

Life is full of choices, but when it comes to
energy; ORNL recommends development and use
of all these energy alternatives. For example, we’re
supporting national efforts to improve nuclear
safety and extend the life of nuclear power plants.
We’re participating in worldwide efforts to
improve the design of the International

Thermonuclear Fusion Reactor.
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State of the Laboratory

We’re also investigating and
promoting ways to save energy in the
home, office, and factory. Recently,
we’ve created a new high-temperature
superconducting wire, a converter that
could cut costs of high-voltage direct-
current power transmission, a
procedure to help users measure
R-value in walls, and a computer
model that predicts energy losses from
wall-floor connections, or thermal
shorts,

Encompassing both production and
end-use technologies, ORNL’s
energy research and
development (R&D)
program is one of the
premier enterprises of
its kind in the world.
Its strong applied
focus is
underpinned by
fundamental
investigations in
the basic energy
sciences and by
the integration
of many diverse
technical skills.

Energy-
production R&D
is one of ORNL’s
oldest programs,
dating back to the
mid-1940s. Today,
fission reactor R&D
emphasizes nuclear safety
work for the Nuclear
Regulatory Commission and
development of advanced gas-cooled
reactors in cooperation with industry.
Fusion energy R&D is a major
component of DOE’s Magnetic Fusion
Program and involves collaboration
with other research institutions, both
nationally and internationally. Biomass
energy R&D includes both conversion
to end-use fuels and energy crops, with
ORNL serving as technical manager
for the national program on energy
crop development. Fossil energy R&D
includes materials research, coal
combustion, and bioprocessing.

End-use technologies cover a wide
range of applications for buildings,
industries, and transportation. An
important component of the buildings
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ORNL’s popular SCALE software can tell how much
spent fuel can be safely loaded into transport casks.

R&D program, which includes both
thermal envelopes and equipment, is the
Buildings Technology Center, a user
facility for testing elements of buildings
and equipment. Our contributions
include advanced air conditioning and

This geometric model of a
transport cask loaded with
assemblies of spent nuclear
reactor fuel is a visualization of
the SCALE code system.

refrigeration systems and testing of
insulation and roof systems. Industrial
energy efficiency R&D focuses on
advanced materials for heat exchangers
and other industrial uses, advanced
bioprocessing concepts, industrial gas
turbines, and alternative chemical
feedstocks. Transportation R&D
involves materials, propulsion

technologies, alternative fuels,
transportation data, and policy
analysis.

The High Temperature Materials
Laboratory, another user facility,
houses several laboratories to support
DOE’s Office of Transportation
Technologies and other DOE materials
research programs. A significant
part of ORNL work on energy
R&D is moving
technologies from the
laboratory to the
commercial sector. As
a result, industry is
involved in almost

every energy
technology
program. In
addition to such
major federal
clients as DOE,
the Department
of
Transportation,
the
Environmental
Protection
Agency, and the
Nuclear Regulatory
Commission,
customers include
members of the nuclear
power, automotive,
biochemical, electric utility,
refrigeration, and building industries.

Software System
Helps Ensure
Nuclear Safety

Engineers and scientists involved in
the fabrication, storage, and transport
of nuclear fuel used in reactors must
address nuclear safety concerns. Is
there sufficient shielding surrounding
the spent fuel to protect people from
radiation? Will spent fuel storage or
transport casks stay within a
temperature limit and avoid rupture
under internal heating from nuclear
tuel or external heating from fires in
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Special people from
around the world are
needed to harness the
energy source of the
sun—nuclear fusion.
International
cooperation is the key
to developing nuclear
fusion reactors as a
safe, abundant supply
of energy. To design
and build a fusion
reactor that can
produce electric power
from fusion energy,
nations are pooling
their resources.
Collaborative research
in the international
fusion community has
led to the launching of
the International
Thermonuclear
Experimental Reactor
(ITER) Project,
perhaps the largest
international scientific
venture ever
undertaken.

For the past decade, ORNL's fusion
researchers have been intensely
involved in multinational research
efforts. In 1995, one of our
contributions was recognized by
ITER’s Confinement and Transport
Expert Group: Some of our researchers
were invited to the group’s meeting to
report on the status of worldwide
research on helium transport and
exhaust in fusion reactors.

In nuclear fusion, two nuclei of
heavy hydrogen (deuterium, which
abounds in the ocean, and tritium) will
fuse if held closely together and heated
to a high enough temperature to
overcome their natural repulsion. The
products of this fusion reaction are
neutrons, considerable energy, and
helium “ash.” If helium is not removed
from the burning plasma, this impurity
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will gradually build up, quenching
self-sustaining fusion reactions.

Our helium transport and exhaust
group has been designing and
performing experiments, collecting and
analyzing data, and developing and
validating research models. A goal of
this work will be to develop a helium
transport database that will guide
design work on the ITER. It will
provide information on results of
experiments at small fusion devices,
which can be extrapolated to the future
ITER, a much larger reactor designed
to show the technological feasibility of
producing electricity from fusion
energy.

It has been shown that magnetic
fields can guide helium ions away
from the plasma boundary into a
diverter chamber from which the ions

are exhausted. Based on data obtained
from present-day experiments,
researchers seek to optimize divertor
configurations that more effectively
remove helium. By solving the
problem of helium exhaust, we will
move closer to harnessing a special
energy source that is virtually
inexhaustible.

The research is sponsored by DOE,

Office of Energy Research, Office of
Fusion Energy Science.
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materials include photovoltaic cells for
converting solar energy to electricity,
flat panel displays to replace bulky
computer monitors, higher-density data
storage for compact disc players and
computers, and perhaps optical
computers.

Another laser MBE system is being
used to build and study thin films of
artificially layered high-temperature
superconducting materials. The goal of
these experiments is to provide basic
data that will allow researchers to
relate systematic variations in film
structure and composition to changes
in their superconducting properties.

While the new laser MBE growth
systems were being developed, ORNL
researchers used conventional laser
ablation growth chambers to simulate
and investigate several capabilities of
laser MBE. For example, in 1994 they
grew “superlattice™ structures
consisting of alternating strontium-
copper-oxide and barium-copper-oxide
layers to form two new families of
superconductors that do not exist as
bulk materials. These new, artificial
thin-film superconductors, built of
sheets of copper oxide, were shown to
be high-temperature superconductors
(with superconductivity observed at
temperatures as high as 70 Kelvin).
The work was reported in Science
magazine. In 1995, the growth of
highly doped (electrically conducting)
zinc telluride semiconductor films was
achieved by another group of ORNL
researchers and reported in Applied
Physics Letters.

The improved capabilities of the
new laser MBE systems should make
possible even better semiconducting
and superconducting materials and
greater understanding of their
properties. Consequently, ORNL's new
research building and laser MBE
facilities are expected to help our
solid-state physicists build on their
previous successes, bit by bit.

The building and new instruments were
made possible with funding from DOE,
Office of Energy Research, Basic
Energy Sciences.
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Precious metals on a ceramic are
helping cars clean up their act. A
sprinkling of silvery-white platinum or
rhodium atoms on gamma alumina
“supports” in catalytic converters can
increase the rate of important
reactions: oxidizing the major
pollutants of auto exhaust—nitrogen
oxides, carbon monoxide, and
hydrocarbons—to harmless nitrogen,
carbon dioxide, and water.

No one understands precisely how
platinum and rhodium work as
catalysts in cars, but use of ORNL-
developed Z-contrast microscopy (see
images on p. 60) is providing the first
atomic-scale glimpse of these
important materials. Now, we can see
where and how metal atoms sit on the
ceramic surface and relate this
information to peaking or fading of
catalytic action, which chemists
measure by passing test gases over
catalytic converter materials.

Using a 300-kilovolt scanning
transmission electron microscope, we
can easily distinguish the heavier
catalytic metal atoms from our
substrate’s lighter atoms of aluminum
and oxygen (atoms of higher mass
appear much brighter in the image).
We observed the structure of small
clusters of metal atoms that sit on top
of each other like a cheerleader
pyramid and reconstructed their three-
dimensional form. For platinum, we
imaged a mixture of single metal
atoms and scattered triplets. For
rhodium, we observed numerous
1-atom-thick “rafts,” each about 6 to
10 atoms wide (like a cluster of islands
in a bay).

Rhodium is now being used more
than platinum as an automotive
catalyst because it can promote the
oxidation of three major pollutants.
Unfortunately, it is less stable, and the
mechanism responsible for its
degradation is not well understood. We
have observed an atomic-scale
mechanism that can explain the
catalyst’s degradation: clusters of

rhodium atoms diffuse into vacancies
that are naturally present in the gamma
alumina lattice.

If funding is available through
collaboration with the automobile
industry, we hope to conduct more
research to identify the active sites of
the catalyst metal atoms and the
chemical reactions they promote.
Because rhodium is so expensive, it
would be desirable to maximize its
efficiency and minimize its
degradation, to make catalytic
converters effective for the long haul.
Alternatively, a less expensive metal
could perhaps be made to work as
well. Our studies could help the auto
industry and government nai! down
this information as they act together to
design a clean, efficient, and affordable
car.

The research was supported by ORNL’s
Laboratory Directed Research and
Development Fund.

ORNL’s welding and joining
researchers have been making
connections—between the welding
process and weld microstructure and
properties and with scientific and
industrial experts. As a result, our
group is setting trends in welding
research and development. We are
internationally known as the leader in
understanding and predicting
relationships between weld
microstructure and properties.

A stainless-steel weld has a
microstructure that gives rise to
properties such as strength and
toughness. When a weld is exposed to
high temperatures over a long time, its
microstructure changes, often making
it brittle. Brittle welds have forced
costly shutdowns of petrochemical and
power plants.

We have provided basic information
on the aspects of microstructure that
control fracture toughness in austenitic
stainless-steel welds at low
temperatures. Our research goals are to
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“mirrors” the beryllium-7 reaction with
protons. In the ORELA experiment, no
evidence of fusion was seen in
collisions other than head-on ones,
supporting the standard theoretical
model. ORELA continues to offer
shining examples of its benefits to the
astrophysics community.

The research has been supported by
DOE, Office of Energy Research,
Office of High Energy and Nuclear
Physics.

Re-creating the first ten
microseconds of the Big Bang requires
a big boost in accelerator beam energy.
ORNL physicists working with an
international team have been searching
for the primordial soup of the early
universe using ultrarelativistic beam
energies 10,000 times those obtained at
ORNL's Holifield Heavy Ion Research
Facility. Since 1986 their hunting
ground has been the Super Proton
Synchroton of the European
Laboratory for Particle Physics
(CERN). In 1999 they will begin a
serics of experiments at the Relativistic
Heavy lon Collider (RHIC) at DOE’s
Brookhaven National Laboratory.

Some 15 billion years ago, an
infinitely compact, superdense particle
hotter than 1500 billion kelvins began
to expand and cool rapidly in what is
called the Big Bang. After a few
microseconds of cooling, vast amounts
of energy were partially converted to
particles of matter—free quarks and
gluons, leptons (such as electrons), and
photons. By the tenth microsecond,
this quark-gluon plasma condensed
into the known particles that form the
nuclei of atoms. Quarks are the basic
constituents of protons and neutrons in
atomic nuclet, and gluons are the
force-carrying particles that bind
quarks together.
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Quarks have never been observed in
a free, unconfined state. They prefer to
exist only in quark-antiquark pairs
(mesons) or quark triplets (protons and
neutrons). The goal of the CERN
experiments has been to show that free
quarks can be produced and detected
by “boiling™ them out of protons like a
yolk bursting from the shell of a
microwaved egg. To heat protons
enough so that the quarks would slam
together and break out of the proton
“skins,” nuclei of oxygen, sulfur, and
lead were stripped of all electrons,
accelerated, and collided in different
experiments with target nuclei of
carbon, copper, silver, and gold at
ultrarelativistic energies of 32 trillion
electron volts (99% the speed of light).

The experiments dramatically
demonstrated the conversion of energy
into matter; for example, a collision
between nuclei of oxygen and gold
involving initially only 87 charged
particles (protons) sprayed out over
400 charged particles. But the
experimenters were mostly interested
in measuring emitted photons because
they would signal the presence of free
quarks. Because each quark has an
electric charge, it will radiate a photon
any time it changes direction after it
breaks free. This experiment, however,
has a complication: Any quark-
antiquark pair formed in these
collisions may recombine later into a
neutral pi meson, which subsequently
decays and emits two photons. Thus,
lead-glass calorimeters containing over
10,000 pieces of glass were built by
Russian researchers to detect the many
photons. German scientists built
instruments to calibrate the photon
energies, and Oak Ridge researchers,
who built calorimeters for the early
CERN experiments, developed the
electronics to distinguish between
photon signals from quarks and those
from pi mesons.

The international team increased
energy density—internal energy of
nuclei at rest—20 times, generating
many more decay products; saw no

evidence to rule out the existence of
the quark-gluon plasma, and found no
proof that deconfinement—the
existence of lone quarks—did not
occur. They also could set limits on
how hot the resulting system must
have been, finding temperatures about
100,000 times hotter than those at the
core of the sun.

As the experiments are continued at
RHIC to achieve even higher energy
densities, our understanding of the
conditions right after the universe was
born should receive another big boost.

The research was supported by DOE,
Office of Energy Research, Division of
High Energy and Nuclear Physics,
Office of Nuclear Physics.

Like two race cars careening around
a circular racetrack in opposing
directions, two beams of gold ions will
smash into each other at a velocity
greater than 99% the speed of light. At
least that’s one plan for the RHIC, now
under construction at DOE’s
Brookhaven National Laboratory.

There may be a problem with this
plan. ORNL atomic physicists in an
international collaboration have
observed an interesting effect when an
ultrarelativistic beam of lead ions
accelerated at 33.2 trillion electron
volts strikes a thin gold target. During
experiments at the Super Proton
Synchrotron at the European
Laboratory for Particle Physics
(CERN) near Geneva, Switzerland,
researchers from ORNL, Denmark,
Germany, and Sweden noted a change
in the lead ion beam that stemmed
from a dramatic conversion of energy
to matter. All the lead ions had been
fully stripped of electrons before they
were accelerated toward the target, but
at the time of impact, up to 0.1% of the
lead ions each picked up an electron.
Where did these electrons come from?

When a lead projectile collides with
a target nucleus, the electric field of
the two nuclei is so strong that a virtual
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various minor amounts of DH'Q,
DH'®0, and Hz“‘O molecules, as well as
the common H, ¢O.

Using sensitive mass spectrometers,
geoscientists can determine the stable
isotope signatures of the various water

types—an extremely powerful

approach in elucidating the
temperature, material fluxes,
fluid sources, and time scales
of ancient and active
\ fluid-rock
interaction

Fuel

elements &

primary source of high-energy gamma
rays and neutrons, from the vessel.
Although these features present an
effective barrier to most of the
neutrons, they do little to deter gamma
rays. Consequently, more than 1000
times as many gamma rays as neutrons
strike the vessel wall.

Commercial nuclear power reactors
have no beryllium and a much
narrower water path, resulting in only a
small ratio of gamma-to-neutron flux
at the vessel and little or no
embrittlement from gamma rays. The
effects of gamma rays on the HFIR
vessel are now being addressed in
predictions of the vessel’s lifetime.
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This research was supported by DOE,
Office of Energy Research, Division of
Materials Sciences, and the Nuclear
Regulatory Commission.

The waters in the oceans, rivers,
lakes, groundwater, and fluids deep
within the earth are different; each
water has its own distinctive stable
isotopic signature. The H,O water
molecules in a sample carry a special
distribution of common light isotopes
and rare heavy isotopes of hydrogen
(deuterium, or D) and common
oxygen-16 and rare oxygen-18
isotopes. Thus, the sample can include

Cmtimg) /

Beryllium
reflector

\ earth’s crust.
Information of
this sort can guide
geothermal energy firms
seeking to drill new wells
to the most productive
zones of steam or hot
water.
The exchange of
isotopes between water and
other coexisting oxygen- or
hydrogen-bearing phases (such
as minerals, gases, or water
vapor) is controlled by
temperature and by the type
and amount of dissolved
solids in water. Fluids on and
within the earth’s crust contain

\ a variety of salts, the most

common being the familiar
sodium chloride. However, ions in
solution modify orientations of at least
the nearest-neighbor water molecules
relative to water as a whole to form an
inner hydration shell. This
rearrangement of water molecules in
the vicinity of ions and the disruption
of the hydrogen bonding network in the
liquid lead to quite profound and
quantifiable stable isotope
redistributions. Until now, however, the
influence of dissolved salts on stable
isotopes in water has been largely
ignored by the earth science
community.

Our geochemists determined the
effects of different concentrations of
dissolved salts—sodium, potassium,
calcium, magnesium chlorides, and
sodium and magnesium sulfates—on
the redistribution of oxygen and
hydrogen isotopes between liquid water
and water vapor as a function of
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Computational Sciences Division and
the Computer Hardware, Advanced
Mathematics, and Model Physics
(CHAMMP) Program for global
change. Extensive information about
the CCS, the Paragons, and
overlapping partitions can be found on
the World Wide Web at http.//
www.ccs.ornl.gov.

You're a scientist and you want to
simulate the synthesis of a new
material on parallel computers rather
than do time-consuming trial-and-error
experiments in the lab. So you enter
parameters such as how to mix the
ingredients, when and how much to
heat them and at what pressures, and
when and how much to cool the molten
material to strengthen it. Then you go
home and rest while your simulation
runs overnight. When you return the
next moming, you’re disappointed in
the calculated results. You spend the
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next few days consulting with your
collaborators and trying to figure out
what went wrong.

Things might have tumed out
differently if the same simulation had
been augmented with the new ORNL-
developed CUMULYVS software
system, named after cumulus clouds
because collaborative environments
and distributed computing are often
depicted as a cloud. This system could
revolutionize the way science is done
by computers. CUMULVS was built to
enhance collaboration and efficient
simulation by allowing multiple
scientists (possibly in remote
locations) to view and influence the
same simulation as it progresses. Each
scientist can view the same or different
aspects of the simulated process while
it runs (interactive visualization) and
can remotely change parameters to
“steer” the process toward a desired
result. For example, you might “see”
that delaying the cooling of the molten
material is weakening it, so you decide
to interactively change the simulation
to cool the material more quickly and
see if it gets stronger.

CUMULVS also gives programmers
the ability to protect their simulations
from computer crashes—a critical
capability when the simulation is
executing in parallel across many
computers. If requested, CUMULVS
will save essential data (checkpoin -
and automatically restart a failed
component on a new computer (task
migration).

Two large parallel applications have
already incorporated the power of
CUMULVS. An acoustic wave
propagation simulation, which is of
interest to oil exploration firms doing
seismic analysis, models the
transmission of sound waves traveling
through and reflected by underground
rocks of different densities. The second
application aims at improving
magnetic recording properties of
nickel-copper alloys by performing an
atomistic simulation of candidate
mixtures using only first principles of
quantum physics.

At the Supercomputing 95
conference, where it was demonstrated
in these two applications, CUMULVS

won the award for best interface and
fault tolerance in the High
Performance Computing Challenge.
The CUMULYVS program is also likely
to win over many scientists.

The development of CUMULVS was
supported by DOE's Mathematical,
Information, and Computational
Sciences Division and by DOE’s Olffice
of Energy Research, Basic Energy
Sciences.

Genetic information that determines
who we are, what we look like, and
how we function is encoded in the
sequence of four different chemical
bases forming steps of the twisted
ladder of deoxyribonucleic acid
(DNA). The traditional procedure for
DNA sequencing for the Human
Genome Project—gel
electrophoresis—is highly efficient,
but its error rate can be high. Errors in
sequence introduce bases that are not
really there or skip bases that are.

These errors make it difficult to
identify proteins, which are made of
various combinations of amino acids.
Each of the 20 amino acids is coded
for by a particular group of three bases.
So, a sugar-digesting enzyme that
contains 300 amino acids is a product
of 900 bases. The base sequence, or
nucleic acid alphabet, spells out the
protein’s amino-acid sequence, or
protein sequence.

If a base is erroneously missing in
the sequence, the groups of three bases
coding for each amino acid will fall out
of sequence—a frame shift. Multiple
frame shifts could prevent identification
of a protein by its sequence. Repeating
the sequencing 10 times allows accurate
identification, but it’s expensive.
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To cut costs, ORNL has developed a
frame-shift-tolerant protein sequence
comparison algorithm that accurately
detects proteins from a one-time DNA
sequence. This step-by-step
computerized procedure compares the
experimental sequence with sequences
in a database, considers all possibilities
for errors, and finds the best match. In
this way, proteins can be identified
from corrupted sequences and errors
can be determined.

The algorithm is part of the recently
released Version 1.3 of the Gene
Recognition and Analysis Internet Link
(GRAIL) system, which is used by
more than 1000 biomedical
laboratories and biotechnology firms.
The ORNL-developed GRAIL, which
uses statistical analysis to separate
meaningful words from genetic
gibberish, finds genes in sequences
through pattern recognition and
through database comparisons for
which the new algorithm is used.
Recently, GRAIL pinpointed a gene
responsible for a genetic disorder that
can lead to paralysis, muteness, and
death in boys—a theme of the movie
Lorenzo s Oil.

Funding for this research has come
from DOE’s Office of Health and
Environmental Research.

For some industrial firms, a new or
improved product or process is not
possible without solving complex
problems. Sometimes these solutions
can be obtained only by writing
computer codes that run on parallel
computers built from many nodes. To
enter the esoteric world of codes,
nodes, and other aspects of high-
performance computing, industrial
firms often require the help of
appropriate computer experts.

Providing support and assistance to
U.S. industry to smooth its path into
high-performance computing is a
prime expectation of ORNL’s CCS. To
help meet this goal, the CCS launched
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the Computational Center for
Industrial Innovation (CCII). This
DOE national user facility established
in August 1994 hosts ORNL-industry
collaborations in projects featuring
high-performance computing. Thanks
to our computational capabilities, CCII
users are solving challenging,
industrially relevant problems—
problems that have previously eluded
solution because of insufficient
computational power or inadequate
software availability.

A number of user agreements have
been signed with a variety of
businesses, software vendors, and
other federal agencies. Consider these

two examples of collaborations that
illustrate CCII's impact.

Advanced military aircraft are being
designed to take off and land quickly
without the need for long runways. To
explore aerodynamic properties of
generic “advanced short takeoff and
vertical landing” fighter aircraft,
Lockheed Martin Skunk Works’
scientists are using CCII facilities.
Large, complex, three-dimensional
models of this type of aircraft are
simulated using sophisticated
computational fluid dynamics codes.
Shortened takeoff distances and
vertical landings for these advanced
fighters are made possible by using
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small jet outlets under the aircraft’s
fuselage and wings to provide a large
vertical thrust. Investigating a range of
aircraft options using conventional
experimental techniques is difficult and
expensive. By using the high-
performance computational facilities of
CCS, Skunk Works’ scientists can
rapidly and accurately simulate many
aircraft systems and flight strategies
while reducing the number of costly
physical experiments that must be
performed.

Reynolds Metals’ scientists are using
CCII facilities to mode] industrial
magnetohydrodynamic processes in
which a magnetic field interacts with a
conducting fluid. These processes are
widely used in the aluminum industry
for stirring, confinement, and control of
liquid metal before and during casting
operations. In addition, after the
aluminum solidifies, inductive heating
devices are frequently used both in the
rolling of the aluminum ingots into
strips and in the final heat treatment of
the strips. Accurate modeling of these
processes is important both for control
of the existing manufacturing processes
and design of future enabling
technologies. This modeling, however,
is computationally intensive because of
the strong coupling among the various
physical phenomena—heat transfer,
electromagnetism, and fluid flow.
Differences in magnitude between the
size of the processes (typically meters)
and the scale of change of the
parameters that must be modeled (often
millimeters) further complicate the
calculations. Preliminary modeling of
these complex industrial processes has
been achieved by using the powerful
Intel Paragon computers in the CCS.

Other projects under way at CCII
involve automobile safety, materials
processing and design, engineering
design, nuclear reactor modeling, and
manufacturing strategies. Additional
companies are joining the center and
many others, upon learning of CCII
capabilities and accomplishments, are
considering membership. By calling
upon the capabilities and systems
provided by the CCS to help open
doors to industry, CCII is meeting an
important U.S. need.
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Imagine a special think tank in which
hundreds of mathematical geniuses
rapidly perform calculations all day
long. Each mathematician has a
brilliant personal assistant and a unique
collection of notebooks, textbooks, and
reference books in a cubicle. All the
books make up the shared, or
distributed, memory of the think tank.
All personal assistants know the
locations of all books in the think tank
and the information in them. So, when
Dr. Smith asks his personal assistant
for special data, the assistant fetches
the information by “borrowing” books
from Dr. Jones and Dr. Miller and
copying the appropriate pages for Dr.
Smith.

At ORNL's CCS, the hundreds of
parallel processors that make up the
Intel Paragon XP/S 150 are like the
think tank’s mathematicians, except
they work all night, too, and together
can perform 150 billion calculations
per second. Also, each processor has
access to a clone of one brilliant
assistant, whose job is to retrieve
needed data from the shared memory;
this shared assistant is the ORNL-
developed Distributed Object Library
(DOLIB). Such a collection of
programs and routines available on
each processor has enabled the
Paragon to break a record.

A growing number of university and
national laboratory researchers are
interested in computer modeling of
molecular dynamics. Their goal: to
discover the physical behavior and
properties of a system of molecules in
motion in response to various forces.
Until very recently, the largest
molecular dynamics simulation ever
undertaken involved six hundred
million atoms. Using DOLIB, a team
of researchers from ORNL and the
state of New York shattered that record
by simulating a system of 1 billion

atoms of argon, calculating the forces
involved as the gas atoms naturally
approach and repel each other in a box.

DOLIB has also helped researchers
using the Paragon predict the flow and
fate of contaminant particles in
groundwater, as well as changes in
water balance in future climates under
global warming scenarios. For these
two problems, processors needed access
to the shared memory, which contains
all available information on horizontal
flow (advection) of particles in
groundwater or moisture in air.

The DOLIB team also surmounted
another obstacle: the unacceptably long
times required to receive data from the
mass storage disk and get calculated
results from the computer during a
computation. To solve this input/output
(I/O) problem, the team developed the
Distributed Object Network I/O Library
(DONIO), which makes use of DOLIB.
DOLIB finds the processors that have
the needed data in memory, and
DONIO makes copies at high speed of
the portion of the mass storage disk
holding the data (as much as 100
gigabytes).

In an acoustic-wave propagation
application of interest to the oil
industry, DONIO reduced I/O time from
more than 9000 seconds to 273 seconds
(a reduction of 97%) and in a molecular
dynamics application, from 1200
seconds to 50 seconds (a reduction of
96%). Now, the time it takes to move
the data in and the results out is almost
as short as the brief time required to do
the actual calculations. When it comes
to minding the storage, ORNL soon
may be breaking other records.

The building blocks of a lightning-
fast parallel supercomputer are small
computers linked together that
simultaneously solve pieces of a
complex problem. So most computing
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at ORNL using neutron scattering?
ORNL hopes to show soon that an
experiment can be performed at one of
its user facilities—from a distance.

Researchers working throughout the
United States might do better science if
they collaborated with their colleagues
rather than competed against them.
More effective collaborations could
eliminate duplication of effort while
improving the quality of research
results and technology developments.

The high cost of travel and
organizational roadblocks often
prevent many potentially valuable
collaborations. However, these barriers
can be eliminated through use of
computing and communication
technologies that permit remote
operation of research equipment,
bringing user facilities to users “over
the network.” Such virtual laboratories,
or “collaboratories™ that transcend
physical distance and organizational
structure, are one goal of the DOE
2000 program.

Emerging from the DOE Offices of
Defense Programs and Energy
Research, the program’s goal is to
provide tools and systems, software
and hardware, to make possible highly
effective collaborative research
projects involving geographically
dispersed scientists and facilities. What
are the benefits? Reduced travel costs.
Improved quality and efficiency of
research. A new opportunity to exploit
DOE strengths in high-performance
computing and communication. A way
to maximize collective use of DOE
national user facilities and other
resources by appropriate researchers at
each site and from far away.

ORNL and other DOE national
laboratories are implementing the DOE
2000 program by establishing a
remotely accessible environment
through video links, cameras,
interactive laboratory notebooks, and
software to control instruments, adjust
samples, and view and manipulate data
from home pages of the Internet’s
World Wide Web. Two ORNL user
facility instruments have been put on
line for remote operation. They are the
HF 2000 cold field-emission
transmission electron microscope at
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the High Temperature Materials
Laboratory and a small-angle neutron
scattering spectrometer at the High
Flux Isotope Reactor (HFIR). By late
1996 we hope to have widely scattered
non-ORNL users examining the
structure of specimens and doing
neutron scattering experiments over
the network. We hope they find
collaborative research from a distance
as pleasant, effective, and collegial as
that on site.

As computers become faster at a
remarkable rate, there is a
corresponding surge in the amount and
availability of electronic information.
For the CCS, the quantity of digital
information that must be retained,
properly characterized and catalogued,
and readily accessed—all with
absolute accuracy—is already
enormous. And the rate of growth is
phenomenal.

To deal properly with the onslaught
of information, the CCS in
collaboration with the DOE
Atmospheric Radiation Measurement
Project has assembled a storage
environment with a capacity of about
100 terabytes (tera means trillion, or a
million million). The software that
coordinates and structures the data
within this hierarchical disk-and-tape
storage system is currently NSL-
Unitree. However, this serial software
will be far too slow in the near future.

Recognizing the impending
demands on storage software some
years ago, a consortium from ORNL,
Lawrence Livermore National
Laboratory, Los Alamos National
Laboratory, Sandia National
Laboratories, and IBM Government
Systems designed and initiated the
development of the High-Performance
Storage System (HPSS). Its purpose is
to address the storage access and

management needs of very large, high-
performance computing and data
management environments. It is
designed to move large data files
between storage devices and parallel or
clustered computers faster, more
efficiently, and more reliably than
today’s commercial storage system
software products. To accomplish this
goal, HPSS uses a network-centered
architecture and paralle] transfers with
target data rates reaching many
gigabytes per second.

The ORNL-CCS team working on
HPSS was responsible for developing
strategies and systems for the entire
storage environment. Initial tests of
HPSS within the CCS system will
begin soon. The capabilities of HPSS
for parallel transfers will be of
particular value in the CCS because of
the 14 tape drives in our storage
environment.

A number of major computational
centers are implementing HPSS; all of
the development laboratories have
plans to do so. Sandia National
Laboratories is using HPSS for storage
with its Intel Paragon. We anticipate
that HPSS will become the de facto
storage system software standard for
high-performance computers.

The work is supported by DOE,
Defense Programs Office, Accelerated
Strategic Computing Initiative.

Using parallel computers in ORNL's
CCS, scientists better understand a
physical effect that already has
magnetic appeal: it allows more data to
be packed on computer disks. These
insights into the giant
magnetoresistance (GMR) effect have
earned three ORNL researchers the
prestigious DOE-Basic Energy
Sciences Division of Materials
Sciences Award for Outstanding
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RNL is the home of 16 sophisticated experimental science facilities that

are available to users nationwide and, in most cases, throughout the

world. Twelve are officially designated by the DOE as “user facilities.”

wo new user facilities established in 1995 (and described in this section)
are the Metrology Research and Development Laboratories and the Metals-Processing
Laboratory User Center (MpLUS).

These research facilities serve scientists and engineers from universities, industries, and
other government laboratories, as well as ORNL staff. They simultaneously contribute to
DOE missions and other national science and technology goals by minimizing
unnecessary duplication of effort, promoting beneficial scientific interactions, and making
the most effective use of costly and, in many cases, unique equipment.

The development and operation of these facilities require the broad interdisciplinary
human and technical resources available at ORNL. These facilities are supported by
specific elements of the research infrastructure ranging from atomic physics to genetics.
They rely on operational expertise in diverse arenas such as research reactors, particle
accelerators, bioprocessors, and extensive environmental research reserves. At various
stages of a facility’s lifetime, we provide expertise in design, engineering, project
management, computing-data acquisition, and instrumentation, as well as resources to
support user services and an administrative infrastructure.

Our facilities support DOE missions in basic energy sciences, nuclear physics,
advanced materials development, biotechnology, genetics, environmental science and
technology, and energy efficiency. The facilities offer a strong educational benefit; many
graduate students use them in their thesis research, and interactions are increasing with
school teachers and K-12 students. The facilities also provide direct support to help our
many industrial users become more competitive.

Besides the two new ones, ORNL user facilities and centers include the Atomic Physics
EN Tandem Accelerator, Bioprocessing Research Facility, Buildings Technology Center,
High Temperature Materials Laboratory, Holifield Radioactive Ion Beam Facility,
National Environmental Research Park, Neutron Scattering Research Facilities, Oak
Ridge Electron Linear Accelerator, Shared Research Equipment, Surface Modification and
Characterization Research Center, High Flux Isotope Reactor, Center for Computational
Sciences, and Mammalian Genetics Facility (including the Mouse House).
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The orbiting Hubble Space
Telescope and Compton Gamma Ray
Observatory satellites constantly beam
down information from the stars. Soon
researchers at the Holifield
Radioactive lon Beam Facility
(HRIBF) will shed even more light on
the life and death of stars
by conducting down-to-
earth experiments. HRIBF,
which should be ready for
its first experiments in
October 1996, is the only
U.S. facility dedicated to
producing and accelerating
intense beams of
radioactive nuclei that
occur naturally only in
outer space.

Recently, the Compton
Gamma Ray Observatory
detected radioactive
aluminum-26 in the
cosmos. How? It measured
the energies of gamma rays
characteristic of the decay
of aluminum-26. HRIBF
researchers, using an ORNL
cyclotron and the world’s
largest electrostatic
accelerator, will be able to
make measurements to
understand how such
elements are produced. For
example, already physicists
have determined the rate at
which aluminum-26 is
produced and the energy
released in its formation by
bombarding a stable magnesium-26
target with protons to make the
radioactive isotope aluminum-26.
Such information is of interest
because heavier elements such as
aluminum are formed in nova and
supernova. However, in these
spectacular stellar explosions many of
the reactions involve nuclei that do not
occur naturally on the earth, which has
become increasingly stable over the
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past 5 billion years. Therefore,
accelerated beams of radioactive nuclei
are needed to provide data to
understand many nuclear processes
during stellar explosions. Such
measurements using radioactive ions
will be the forte of the HRIBF.

Element synthesis and energy
generation during stellar explosions
depend crucially on rates of

thermonuclear fusion reactions in
which radioactive nuclei are formed as
isotopes capture protons; one such
important reaction is the capture of
protons by fluorine-17 nuclei to
produce neon-18. However, because
the relevant nuclei are radioactive,
direct measurements of these reaction
rates have not been possible at existing
accelerators. For example, it is not
known whether nova explosions
produce only low-mass nuclei (up to

fluorine) or also nuclei up to iron ang
beyond. Direct measurements of the
rates of such crucial fusion reactions
will help to resolve these
discrepancies. The HRIBF will provide
this important information.

About one-third of the HRIBF’s
work will be devoted to nuclear
astrophysics using beams of, for
example, radioactive fluorine, chlorine,
and sulfur. One question
that may be tackled is this:
How are light elements up
to iron synthesized through
rapid hydrogen burning
processes in binary star
systems? In this process, a
white dwarf, made of
mostly heavy elements,
pulls hydrogen away from
an expanding red giant,
resulting in a
thermonuclear explosion
that shoots jets of proton-
rich heavy elements into
outer space. Such
processes are thought to be
the largest thermonuclear
explosions in the universe.

Two-thirds of the
research at HRIBF will be
concerned with nuclear
structure. Nuclear structure
studies will include
searches for short-lived
deformed nuclei shaped
like footballs, pears, cigars,
and perhaps even bananas!
These nuclei will be
formed when a radioactive
beam strikes a target.
Heavy radioactive nuclei having nearly
equal numbers of protons and neutrons
(such as tin-100, a “holy grail”
isotope) will be extra stable, enabling
physicists to better understand the
effects on nuclear structure of
variations in neutron and proton
numbers, as well as the limits of
stability. Other nuclei will be quite
unstable, enabling physicists to
observe a new form of radioactivity—
emissions of protons.
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model molecules, using powerful
parallel computers. We have long been
able to scatter neutrons from a target in
our HFIR to probe a material’s
structure. Combining these
capabilities, we can get for the first
time a coherent picture of molecules or
molecular-level processes responsible
for properties such as unusual strength
or the ability to fight disease.

What’s in it for industry? We can
help design a synthetic motor oil that
will still work when lubricating
superhot surfaces in highly efficient
engines. We can develop improved
computer codes to model enzymes
produced by defective genes and
design drugs to block these enzymes’
harmful effects. Other benefits of
molecular simulations may be designs
for agents to cleanse polluted water
and for environmentally friendly
industrial solvents.

Unlocking the subtle mysteries of
molecular processes is the key to
creating and improving products and
processes. Results of neutron scattering
experiments have long been relied
upon to verify indirectly theories about
molecular-level processes. Computers,
although useful for modeling atoms
and small molecules, lacked the power
to simulate large molecules (e.g.,
polymers) and or complex processes
involving many molecules on a scale
useful to industry.

Using the Intel Paragon XP/S 150
supercomputer and the special codes
we’ve developed, we can model
complex molecular systems of
importance to industry. We start with
first principles, entering data about
atoms and basic molecular interactions.
By predicting a new material’s
properties, perhaps even before the
material has been created, we can help
industry develop and test new products
more quickly and efficiently.

We are studying various properties
of natural and synthetic materials at a
level of detail previously
unimaginable. We plan to develop
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improved codes to aid in drug design
and evaluate etching and coating
processes for producing microchips.

Thanks to supercomputers,
computation has been elevated to equal
status with theory and experiment.
Thus, ORNL and the UTK have
created the Joint Institute for
Molecular-Based Engineering and
Science (JIMBES). Combining
molecular-level computation with
results of neutron and X-ray scattering
at ORNL, JIMBES offers a new
approach to product development for
the world.

The research was supported by ORNL’s
Laboratory Directed R&D Program.

A proposal is made to construct a
county landfill near your home. You
call a county commissioner and ask if
drainage from the proposed landfill
would pose a health hazard to your
family. You may have identified a
complex environmental problem.

ORNL is playing a major role in
helping to solve complex
environmental problems at local, state,
and regional levels as part of the newly
established National Center for
Environmental Decision Making
Research. This center can help decision
makers identify an acceptable landfill
site by imparting information on
successfully used tools and lessons
learned in similar situations elsewhere.

To direct the center, the National
Science Foundation selected the Joint
Institute for Energy and Environment
(JIEE), a collaborative research
institute involving staff from ORNL,
TVA, and UTK, which administers the
center. Milton Russell, director of
JIEE, professor of economics at UTK,
and a collaborating scientist at ORNL,

is the center’s director. ORNL’s Robb
Turner is deputy director.

The center assembles specialists
who provide decision makers
nationwide with the information,
techniques, and processes they need to
effectively and fairly solve
environmental problems. These
specialists analyze processes that
influence environmental decisions and
present the results in a form useful to
decision makers. They glean lessons
from case studies involving
environmental decision making that
may apply to other environmental
issues. They develop a “toolkit” to
guide environmental decision makers
facing different situations. They are
creating a national source of databases
and other information that will be
available on the World Wide Web. The
center interacts with citizens, leaders in
industry, and government decision
makers through an outreach program
that includes workshops, publications,
electronic media, residency programs,
conferences, and seminars.

The rationale for the center is that
state and local officials and citizens are
increasingly being asked to render
decisions on difficult environmental
issues requiring analysis and
information not always readily
available. The center’s work should
result in simpler, faster, and less costly
techniques to help local officials make
wiser and fairer decisions.
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Following the 1994 Special
Retirement Incentive Program when
429 ORNL employees elected to retire,
the Laboratory work force has
continued to decline. Although about
30% of those employees were replaced
in 1995, changing budgets in specific
programmatic areas have further
reduced staff levels. This decline
should not be construed, however, as a
diminished commitment-—at corporate,
customer, or Laboratory level—to the
development and management of
human resources. If anything, it has
prompted ORNL to reaffirm its goal to
recruit and retain the staff needed to
achieve programmatic goals.
Consequently, activities in staff
recruiting, retention, and diversity have
been refocused or intensified.

ORNL's recruiting activity during
1995, though limited, focused on
filling openings created by retirements.
Of these openings, 131 were filled—88
through internal transfers and 43 by
outside hires. Both transfers and hires
were conducted in keeping with the
Laboratory’s equal employment
opportunity (EEO) and affirmative
action (AA) goals. Complementing
these endeavors were efforts to
increase the cultural diversity of
ORNL'’s work force. Participation in
the National Consortium for Graduate
Degrees for Minorities in Engineering
and Sciences, Inc., for example,
resulted in the hiring of three staff
members. During the summer of 1995,
a partnership with the Southeastern
Consortium for Minorities in
Engineering produced positions for
seven interns.

In an effort to retain staff essential to
ORNL missions, the Employee
Development Task Team was chartered
to take a critical look at employee
development opportunities at ORNL
and to suggest enhancements. The
team reviewed and considered issues
identified from two employee surveys
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and an assessment by the human
resources consulting firm Watson
Wyatt. Issues identified include
developmental assignments,
mentoring, and job rotation. In
addition, the task team designed a
survey for identifying best practices
and is currently conducting the survey
with five companies. Adapting those
best practices to the Laboratory
culture, analyzing and applying lessons
learned from the internal surveys and
assessments, and meeting EEO/AA and
diversity challenges—all will receive
special emphasis in ORNL’s strategic
planning for human resources.

Interested in establishing a
reenergized and progressive
relationship with your customer? If so,
take note of the Business Management
Oversight Pilot (BMOP) recently
implemented at the Laboratory for
ORNL and its then contract manager
Lockheed Martin Energy Systems
(LMES). Described in Deputy
Secretary of Energy Charles Curtis’s
memorandum of March 30, 1995,
BMOP makes possible a type of
partnership between DOE and the
contractor that encourages and rewards
performance and continuous
improvement. It does so by facilitating
a paradigm shift from compliance-
based to performance-based oversight.

The initial step in implementing
BMOP here was to schedule a two-
week DOE-ORO review, which will be
part of a cyclical process. This year’s
review was set for February 12-23,
1995. The next step was to develop a
set of performance objectives and
measures mutually agreed to by LMES
and ORNL managers and their DOE
counterparts. From this cooperative
effort emerged 23 objectives and 66
measures against which LMES-ORNL
later assessed its own performance.

Using both the self-assessment and
evidence of operational awareness
gleaned from routine communications
and interactions, DOE-ORO
determined the scope of the on-site
review. Protocol for the review called
for an entrance conference, regular
meetings with LMES-ORNL
management during the review, and an
exit conference. The review findings
formed the basis for a report to the
Deputy Secretary of Energy.
Eventually the findings will result in
corrective actions and improved
performance objectives and measures.
Then the cycle will begin anew.

The expected benefits of this new
partnership with DOE are many. The
annual process of determining and
agreeing on performance objectives
and measures should not only improve
communications among LMES,
ORNL, and DOE managers but also
facilitate the self-assessment process.
Replacing several on-site reviews and
assessments with one annual review
should reduce the level of staff support
required and result in significant cost
savings. Moreover, further cost
reductions and avoidances should be
realized as operations incorporate best
management practices. Most
important, by establishing and
maintaining their own management
systems for monitoring and achieving
expectations, LMES and ORNL can
ensurc that performance and process
improvements are continuous. This
process should also ensure that the
paradigm shift does not reverse itself.
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Four staff members of the Defense
Nuclear Facilities Safety Board
(DNFSB) visited the Laboratory
March 13-15, 1995, to receive a
general overview of ORNL'’s nuclear
facilities and inventories.
Arrangements for the visit were
coordinated through the Office of
Operational Readiness and Facility
Safety. Presentations made by
managers of various ORNL facilities
focused on the operational and
programmatic history and the current
nuclear material inventory for
14 operational and 12 shutdown
facilities. Following the presentations,
the DNFSB staff members participated
in brief tours of 19 facilities.

Prior to their visit, the DNFSB staff
had requested that presentations
address plans for the disposition of
nuclear fuels and radioactive materials,
configuration and form for stored
nuclear materials, and DOE
programmatic ownership of nuclear
materials inventory. They had also
expressed interest in radiation and
contamination levels within facilities
and in plans for the decontamination
and decommissioning of shutdown
facilities.

At the end of their visit, the D... uB
staff expressed satisfaction that ORNL
had paid close attention to their desired
agenda and had provided the kinds of
information requested. Their comments
were complimentary of the
professionalism, confidence,
knowledge, and capability of the
Laboratory staff. The best indicators of
success, however, may be that all
DNFSB-initiated issues were resolved
during the visit and that follow-up was
not anticipated.

The ORNL Award of Excellence in
Operations and Support in 1995 went
to the Office of Radiation Protection
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(ORP). The award recognized the
office’s demonstrated excellence in
providing effective, efficient radiation
protection support to the Laboratory
and improvements in the overall
radiation protection program.

One outstanding achievement for
which ORP was cited was the complete
revision of the ORNL Health Physics
Manual, to comply with federal
standards, and DOE’s RadCon
Manual. The award also honored ORP
for performing a detailed Malcolm
Baldrige assessment and customer
surveys to provide more customer
focus, implementing positive changes,
and developing performance measures
to monitor effectiveness of those
changes. Moreover, ORP was
commended for the downward trend in
overall radiation dose received by the
Laboratory population.

During 1995 ORNL's environmental
compliance personnel focused on two
major undertakings, making significant
progress in both. One effort involved
federal and state regulations governing
underground storage tanks (USTs) and
the other involved negotiations to
renew DOE-ORO’s National Pollutant
Discharge Elimination System
(NPDES) permit.

To respond to UST regulations, we
facilitated the closing of nine
petroleum tanks at ORNL and received
approval letters for final closure of an
additional six. This achievement
represents a significant step toward
closing or upgrading all petroleum
tanks by the end of 1998, the deadline
set by state and federal regulations. By
then all existing USTs must comply
with operating standards for new tanks.
In addition, investigations of soil and
groundwater must be conducted during
all tank closures and when a petroleum
release is suspected or confirmed.

The program, involving staff from
several ORNL divisions, was created
to ensure that the deadline is met and
to facilitate the inevitable soil and
groundwater investigations. The
Laboratory chose the team approach to
avoid burdening individual research
divisions with undue liability for
“legacy” tanks and to enable
application of lessons learned to
successive tank closures, replacements,
and site investigations. With 42 of
ORNL’s 55 tanks now closed and 3
relatively new ones already meeting
regulatory standards, the team is
confident that the remaining tanks can
be closed and full compliance achieved
by the deadline.

Our compliance people also
facilitated negotiations to renew DOE-
ORO’s NPDES permit. Discussions are
still under way with staff from the
DOE Site Office and the Tennessee
Department of Environment and
Conservation. Having qualified for all
prerequisites, ORNL has been
operating under the conditions of the
previous permit, which expired in
1991. We are negotiating a permit that
is more relevant to 1996 ORNL
operations, enables implementation
within restricted budgets, and ensures
the best possible chance for full
compliance. Where stricter
requirements may be imposed, the
team is proposing feasible alternatives.
Where alternatives are not available,
achievable schedules for compliance
with new requirements are being
suggested.

To increase the efficiency and
effectiveness of DOE's oversight of
our environmental, safety, and health
(ES&H) activities, the Department
decided to explore alternatives to its
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important component of the

JRNL technology transfer

ffort is the Energy Research
Laboratory Technology Research (ER-
LTR) Program, which is managed by
the Office of Science and Technology
Partnerships (Partnerships Office).
This program seeks to capitalize on
ORNL’s multidisciplinary strength by
supporting research that enhances its
mission, as well as providing the
technological underpinnings needed
for the future growth of American
industry. Within this framework,
research is being performed in support
of the development of three critical
national technologies: advanced or
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ik Ridge National Laboratory has one of the most

uccessful technology transfer programs in the DOE

'stem. The Oak Ridge program, managed by Lockheed

artin Corporation’s Office of Technology Transfer in Oak

dge, leads the DOE complex in the number of

cooperative research and development agreements

(CRADAS) and licensing agreements and in total licensing

revenues and extent of industrial outreach. Since 1990,
ORNL has entered into 163 CRADASs (52 in 1995) with a
total value of $132 million. ORNL has also executed 128
licenses since 1985 (36 in 1995), resulting in over $100

million in sales and generating more than $3 million in

royalties for use in technology transfer activities. Sales of

licensed products in 1995 increased by 35% over the

previous year. Patent applications have more than tripled in

the past 5 years and are approaching 100 per year.

tailored materials, intelligent
manufacturing, and sustainable
development (energy, environment,
and biotechnology). This effort is
accomplished through technology
research and maturation projects and
cost-shared collaborations such as
CRADAs, personnel exchanges, and
technical assistance projects.
Currently, the ORNL portfolio
includes 35 multiyear projects, 21
single-year CRADAs, five technology
maturation projects, two personnel
exchanges, and 52 technical assistance
projects. Nearly half of the CRADAs
and over 80% of the technical
assistance projects involve small U.S.

businesses. The Laboratory

Te * Hlogy Re 'h Program offers
an effective and appropriate
mechanism for federal investment in
cost-shared R&D. Clearly, this type of
joint investment capitalizes on two
great strengths: the world-class
research capability of ORNL and the
unparalleled entrepreneurial spirit of
American industry.

The following tables provide
information on ORNL involvement
with private firms through CRADAs,
ORNL technologies licensed to
industrial firms, and ORNL staff
patents for 1995.
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ORNL Director Alvin Trivelpiece
was named chairman of the Science
and Technology Advisory Council for
the state of Tennessee. He was also
named Outstanding Engineer by
Region 3 of the Institute for Electrical
and Electronic Engineers.

Gerald D. Mahan, ORNL-
University of Tennessee Distinguished
Scientist, was elected to the National
Academy of Sciences.

Gerard Ludtka received the
Department of Energy’s E. O.
Lawrence Memorial Award.

Howard T. Kerr was elected to the
Tennesee State Legislature as the 20th
District representative.

Herbert A. Mook and Robert N.
Compton were named senior
corporate fellows of Lockheed Martin
Energy Systems, and Malcolm Stocks
was named a corporate fellow.
Compton also received the 1995
William F. Meggers Award of the
Optical Society of America.

For their outstanding computational
research on giant magnetoresistance,
Bill Butler, Xiaoguang Zhang, and
Don Nicholson of ORNL and Thomas
Schulthess of DOE’s Lawrence
Livermore National Laboratory
received the DOE-Basic Er _y
Sciences Division of Materials
Sciences Award for Outstanding
Scientific Accomplishment in
Metallurgy and Ceramics for 1995.

Cyrus Baktash, Chung-Hsuan
(Winston) Chen, John W. Cobb,
Cullie Sparks, and Robert B.
Warmack were elected fellows of the
American Physical Society.

Tommy Wright was elected a
fellow of the American Statistical
Association.

Robert M. Westfall was elected a
fellow of the American Nuclear
Society.

Numbers One and Two, 1996

Richard L. Anderson was elected a
fellow of the Instrument Society of
America.

C. T. Liu was elected a fellow of the
Metallurgical Society.

Richard J. Norby, Larry
Barnthouse, and Marvin Poutsma
were elected fellows of the American
Association for the Advancement of
Science.

Fang C. Chen was elected a fellow
of the American Society of Mechanical
Engineers.

Ronald L. Beatty, Mark A.
Janney, and David P. Stinton were
elected fellows of the American
Ceramic Society.

Ron L. Klueh, Philip J. Maziasz,
and Claudette G. McKamey were
elected fellows of ASM International.

Charles R. Brinkman, John
Merkle and Roger E. Stoller were
elected fellows of the American
Society for Testing and Materials.

James F. King was elected a fellow
of the American Welding Society.

Robert L. Siegrist was elected a
NATO fellow of the NATO Committee
on Challenges to Modern Society.

Carolyn Krause was elected
associate fellow of the international
Society for Technical Communication.

Keith F. Eckerman received a
Distinguished Scientific Award from
the Health Physics Society.

David E. Reichle was named a
member of the Research Coordination
Council of the Gas Research Institute.

Phil Jardine was elected chairman
of the Soils and Environmental Quality
Division of the Soil Science Society of
America.

Charles K. Bayne received the
1995 Statistics in Chemistry Award
from the American Statistical
Association.

Jerome E. Dobson has been elected
president of the University Consortium
for Geographic Information Science.

Thomas J. Wilbanks received the
James P. Anderson Medal of Honor in
applied geography from the
Association of American Geographers.

Patrick J. Mulholland has been
named chair of the Executive
Committee of the North American
Benthological Society.

A DOE Headquarters Pollution
Prevention Award for Technology
Transfer for 1995 was presented to
Rick Lowden for leading the
development of lead-free,
environmentally safe bullets.

Fang C. Chen and Vince Mei have
earned the Advanced Technology
Award from the Inventors Clubs of
America’s International Hall of Fame
for their invention of a liquid
overfeeding air conditioner.

Phillip F. Britt and A. C.
Buchanan received the Richard A.
Glenn Award from the American
Chemical Society.

Steve E. Lindberg was recognized
by Science Watch and Current
Contents for authoring one of the Top
Ten Hot Papers in Ecology and
Environmental Sciences published
internationally since 1981.

Ted Besmann was elected vice
president for Corporate and External
Affairs for the American Ceramic
Society.

0. O. Omatete received the
Scientific Achievement Award of the
National Organization for the
Professional Advancement of Black
Chemists and Chemical Engineers.

Thomas Zacharia received the
William Spraragen Award of the
American Welding Society.

ORNL’s High Flux Isotope Reactor
(HFIR) has received an award from the
Nuclear Utilities Service (NUS) for
having the most highly rated procedure
program among all nuclear reactors at
U.S. government facilities.
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