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COVER: The Virtual Human Project
of building a complex computer
model of a functioning human
relies heavily on the intersection
of many different disciplines. See
the article beginning on p. 8
concerning ORNLS role in
conceiving and nurturing the
project. Cover drawing by
Allison Baldwin (using
thorax model by Eduardo
Difilippo, Mark Yambert,
and Ross Toedte).
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Editorial: Science at the Interface
T he first article in this issue of th@ak Ridge National Editor and writer—Carolyn Krause

LaboratoryReviewis titled “Science at the Interface: A Round- Assistant editor—Deborah Barnes
table Discussion.” The idea for this roundtable discussion cam @i SR editor—Carolyn Moser

out of a meeting of th@RNL Revievieditorial Board. We were look- Editorial Board—Lee Riedinger (chair),
ing for interesting ideas for future articles for BReviewWe conclud- Fred Bertrand, Eli Greenbaum,
ed that gathering a group of senior scientists in a lively discussio Russ Knapp, Reinhold Mann,
could accomplish this goal and also uncover some interesting oppo Stan Milora, Thomas Zacharia
tunities in science and future directions for ORNL. Designer—Jane Parrott

We chose “science at the interface” as a theme for the discussid lllustrators—Rosemary Adams, Allison
because Oak Ridge National Laboratory has long recognized the i Baldwin, John Jordan, Gail Sweeden
portance of working across traditional boundaries. The vision in thq Photographer—Curtis Boles
currentORNL Strategic Plamcknowledges the advantages of the ex-
panding opportunities in “science at the boundaries.” Major ORNL
initiatives such as nanoscale science, engineering, and technology and complex biological syst
well as Laboratory Directed Research and Development projects in these areas, have purposetfull
gaged all scientific competencies. We believe that ORNL should continue this commitment to eng
that it remains a center for scientific excellence in the new century.

Another article in this issue concerns a project that would not be possible without multidiscipling
research and collaboration among various institutions. Its focus is the ORNL-conceived Virtual Hu
Project, whose goal is to develop a highly sophisticated computer model of the structure and funCURER T Koyl Rete o (et
of the human body and all its organs. New information is expected to arise from the intersectio Building 4500-South, M.S. 6149,
various disciplines, which occurs, for example, when computer scientists interact with biomedical e Oak Ridge, TN 37831-2008
neers, chemists chat with biologists, and physicists talk to physiologists. Telephone: (865) 574-7183;

This issue also provides an update on the U.S. government's largest civil construction project SE=INe (865) 574-8518;
Spallation Neutron Source (SNS), which will be built at ORNL by 2006. Its design and constructio Electronic mail: krausech@ornl.gov
be the product of multidisciplinary research and a partnership of six Department of Energy laboratoBe =IN{I =YVt V= oetelo| s
In addition to providing neutrons for studies of the structure and atomic interactions of physical
biological materials, the SNS also will be a source of neutrinos, which ORNL proposes to use
neutrino detection research of astrophysical interest.

Other examples of ORNL's multidisciplinary research and collaborations involving laborator,
academic, and industrial partners are also reported in this issue. Here’s a sampling of the topics:|N4
gas turbine power plants that have higher efficiency and lower emissions partly as a result of
materials research. More efficient energy technologies, such as a gas-fired heat pump air conditiorERreRre Service, U.S. Department
heat pump water heater, and a method of using sunlight to both produce electricity and directly |lI of Commerce, 5285 Port Royal Road,
nate building interiors. The opening of DOE’s Center for Structural and Molecular Biology (one of Springfield, VA 22161
user facilities at ORNL), which combines the talents of ORNL experts in neutron science, mass s

The Oak Ridge National Laboratory
Reviewis published three times a year
and distributed to employees and others
associated with or interested in ORNL.

www.ornl.gov/ORNLReview/

TheReviewis printed in the United
States of America and is also available
from the National Technical

- ; . o Oak Ridge National Laboratory is
version of a Superman suit to amplify human abilities, such as strength, speed, and endurance. T managed by UT-Battelle, LLC, for the

of ORNL's radioactive ion-beam accelerator to get results that help astrophysicists accurately Department of Energy under contract
the amounts of isotopes produced when stars explode. DE-AC05-000R22725

are committed to collaborating across disciplines. This environment must include special experi ISSN 0048-1262
research facilities, advanced computational and information systems resources, educational p
that attract and develop the next generation of scientists, and partnerships that center the Lal
within the global science enterprise. We have all this at ORNL and more, and you will see mor

: : : Oak Ridge National Laboratory is a
dence of “science at the interface” from the Laboratory in the future.

multiprogram, multipurpose laboratory
that conducts research in energy
3 * Q production and end-use technologies;
M . biological and environmental science
and technology; advanced materials
synthesis, processing, and

characterization; and the physical
sciences, including neutron-based

Bill R. Appleton
Founder of th©RNL RevieviEditorial Board

science and technology.
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Marilyn Brown, deputy director

ScDience at the interface. -

iscoveries of new phe- of the Energy Efficiency and Re-
nomena and development of new newable Energy Program in the
technologies at the intersections Energy Division, impact of ad-
of various disciplines, such as bio- vanced technologies on U.S. en-

logy, physics, chemistry, enginee m & systems and greenhouse gas
ing, and the measurement an e n e r a ce emissions; Michelle Buchanan,
computational sciences. It's the Il associate director of the Life Sci-

ORNL vision. To Bill Appleton, ences Division (LSD), analytical
ORNL's former deputy director for chemistry and structural biology;
science and technology, it's a na- Sheldon Datz, Physics Division,
tional craze. “Think of advances i o u n a e atomic and collisional physics;
medicine that involved contribu Eli Greenbaum, Chemical Tech-
tions from physics,” he said, while nology Division, chemistry and

moderating a roundtable discus- o o nanotechnology; Linda Horton,
sion on “Science at the Interface” deputy director of the Metals and
on December 17, 1999, at ORNL. Ceramics Division, who oversees
The discussion participants ORNL metal and ceramic sci-
talked about the past accomplish- ences research funded by DOE’s

ments and future of multidisci- Exciting research opportunities exist at Office of Basic Energy Sciences;

plinary research and collabora- Mike Kuliasha, director of the

tions involving ORNL, especially national laboratories because they offer major Computational Physics and En-

when the Spallation Neutron gineering Division; Doug

Source (SNS) begins operating research faC“itieS1 CompUting tOOIS’ and a Lowndes, Solid State Division
here in the next decade. They ad- mu|tidiscip|inary mode of Operation_ To sur- (SsD), thin-film growth, nano-

dressed issues such as extracting structured materials, and nano-

meaningful information from Vive, national labs should address intereSting technology; Reinhold Mann,
large amounts of data, the and important problems to attract and retain LSD director, collaborations

changing nature of collabora- involving the life sciences and

tions and experimentation (e.g., Nighly qualified researchers and enter int0 computational sciences; Herb
science at a distance); attracting, H H H H Mook, SSD, neutron scattering;
training, and retaining highly pI’OdUCtIVG partnerShlpS with outside groups. Tony Palumbo, Environmental
qualified researchers; applying Sciences Division, biemedia-

ORNL strengths to shifting “Perhaps the greatest discovery of all this tion and genetic engineering;

trends in science and technology; Frank Plasil, Physics Division,

and accommodating changes in research is that we can no |0nger Separate basic nuclear and high-energy physics
the research agenda that may from app“ed science. The discip”nes are researchdim Roberto, ORNL

come with having the SNS. associate director for Physical

The participants in the round- connected _in Ways_ they have never been and Computational Sciences;
table discussion and theirinterests  pefore.”—Vice President Al Gore (1/1999) John Sheffield, director of the

were as follows: Al Trivelpiece, Joint Institute for Energy and

then ORNL director; Jacob Bar- Environment at the University of

hen, head of the Center for Engineering Science Advanced @ Tennessee at Knoxville, all aspects of
A

Research (CESAR), computational aspects of nanostruc- energy and the environment; Mike
tures; Don Batchelor, Fusion Energy Division, Simpson, Instrumentation and

theory and computational simulation;
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Controls Division, nanoelectronics; Ed Uberbiology, and engineering, Greenbaum saidroject on the Virtual Human (see the article on
bacher, head of LSD’s Computational Bip-*ORNL's environment encourages the converp. 8) might be able to shed light on the actions
sciences Section, computational biology andence of ideas and concepts of separate disaild interactions of not only the heart, lungs, and

bioinformatics; Tuan Vo-Dinh, LSD, medical plines. In our work, chemistry and physics

r&idneys but also the brain. The following are ed-

applications of physics; and Thomas Zacharidgrought to bear on the understanding of biolagited excerpts from the roundtable discussion:

director of the Computer Science and Mathezal systems.”
matics Division, the impact of computer tech-
nology on science.

Barhen of ORNL's Computer Science andnetal electrodes and photodiodes made of

APPLETON: Haven't improvements in

Greenbaum and Simpson are involved| ilnstrumentation and computation and other
building an electronic logic device that uses tinpdvances aided the study of what different

rgenes do, making functional genomics a suc-

Mathematics Division defined science at the jnteins from spinach leaves. The nature of the |[deessful example of science at the interface?

terface as “a coherent integration and fusion ofice is a metaphor of the meeting of disciplines—

concepts, methods, and devices with the goal stience at the interface—required to mak
achieving revo-| possible. “These new biosystems have soft ¢
lutionary ad-| densed matter and hard condensed matt
vances that| Greenbaum said. “Only because we know
would not be at-| functions of individual biomolecules can we i
tainable within | teract with each of them after they are incory
the constraints rated into designed nanostructures.”
of a single disci- Trivelpiece made an observation that tr
pline.” Plasil | gered a discussion about the effects on vari
observed that sciences of advances in measurement capad
scientific re- | ties and data acquisition and analysis. “I've be
search needs fascinated by improvements in measurement
technical solu-| ences,” he said. “Data collection is automated
tions and that| you can now do in 10 minutes what used to t
most technical| 10 weeks. If the Superconducting Supercollic
solutions need had been constructed, the first shot would h
scientific research. For example, teasing out|irproduced more data than all the high-energy pf
formation about whether free quarks were preseius researchers accumulated in their precec
during the earliest stage of the Big Bang requirdsstory. The data
sophisticated electronics to sort through a largglut will be so
volume of data coming from the Relativisticbad that you
Heavy lon Collider (RHIC) at Brookhaven Na-won'’t take data
tional Laboratory (BNL). On the other hand,| aand archive it in
fusion energy device that works cannot be buithe same way
without the valuable information provided byyou did in the
materials research. past. Is there
Simpson, an electrical engineer, gave |afuture out there
example of how two different disciplines can helgor doing exper-
each other. Gary Saylor, a microbiologist at thements so that
University of Tennessee, came to him and askegou don’t have
“How can we instrument what's going on in liy-to collect data?”
ing cells?” “We then came up with the idea that  Trivelpiece
we should think of cells as fundamentally nevsuggested that
electronic components that could be engineeredmputer mod-
to do signal processing and other electronic funels of the future may be able to make instant se
tions.” As a result, the two collaborated on theut of mounds of data. He noted that there is
development of the “critters on a chip” technoloidence that adrenaline—the fight or flight ha

Jacob Barhen

Alvin Trivelpiece

gy in which living bacteria on an electronic chipmone—can produce different effects in the brai

signal the presence of nearby chemicals. “The same chemical in microscopic quantiti
ORNL offers an intellectual interface amongcan trigger the rage to kill or a catatonic st

the traditional disciplines of physics, chemistrydepending on the circumstances,” he said. He
served that, as

Roundtable discussion participants, from left, included Eli Greenbaum, Jacob Baﬁgﬂr{]seasiunze_-
Ed Uberbacher, Michelle Buchanan, Herb Mook, Thomas Zacharia, Tony Palumrl())(\)ﬂe and the
Jim Roberto (standing), Bill Appleton, Sheldon Datz (standing), Linda Horton, l\ﬂlk mputer

e
. . . . . c0
Kuliasha (standing), Frank Plasil, Doug Lowndes, Mike Simpson, Don Batch els be-

e more

Reinhold Mann, and John Sheffield. Not pictured are Marilyn Brown and then O
Director Al Trivelpiece, who joined the group latBhotographs in this article Were.ajistic. the
taken by Curtis Boles and enhanced by Gail Sweeden. ORNL _'| ed

Number One, 2000

BUCHANAN: Bringing together physics,
materials science, computational science, and
ochemistry with biology enhances what the biol-
eqglly community does. Advances in measurement
thecience will some day allow us to measure chem-
n-ical concentrations in the living cell in real time.
50-  MANN: You can'’t do functional genomics
without informatics capabilities and resources.
gBiology drives other sciences and these sciences
oadso drive biology.
bili- UBERBACHER: About 10 years ago
2eReinhold Mann and | developed computer tech-
saiology to find genes in DNA sequences. We found
dbe first few genes
akbat way. By
lezarly December
aube entire human
yshromosome 22
lingth its 5000
genes had bee
sequenced. Wi
are in the midst
of analyzing the
entire  human
chromosome 22
for genes, and we
will be analyzing
human chromo-
some 19 for the DOE complex2000(see the arti-
cle on p. 23). We've improved our rate of analysis
by orders of magnitude by using computers in bi-
ology. We are now using a gene chip, a revolution-
ary biological measurement technology that allows
people to look at an entire biological system at one
time by making thousands of measurements across
nde genes being expressed in a microbial or hu-
efpan genome.

@

Ed Uberbacher

PLASIL: With
engineers in the
Instrumentation
and Controls
Division, we
physicists have
developed ap-
plication-spe-
cific integrated
circuits for the
gquark-gluon
experiments we
will be doing at
RHIC. This col-

Frank Plasil



laboration is necessary because the amount ed, and behavioral studies, national labs have a UBERBACHER: In the biology and ge-
data we will get will be so huge that we will haveunique ability to move revolutionary ideas intonomics domain, the importance of collaborations

trouble storing it. With high-energy collisions,the marketplace.

is exploding. In functional genomics, if we're do-

we get thousands of particles, but most of them TRIVELPIECE: Academic institutions ing things with genes that have medical signifi-
aren'’t very interesting. So we have to dig aroundave more difficulty with interdisciplinary activ- cance and we want to respond to National Insti-
for the three or four that are. This data selectidties than national labs. This means that at h&ite of Health calls for proposals, we may need
must be done very fast online with specific intional labs you have a better ability to interacto team with medical schools or pharmaceutical

strumentation that really can be developed ohlyith other scientists and engineers in other fiel

at a national lab.

MOOK: In the early days of neutron scat
tering at Oak Ridge, scientists counted neutrp
at a rate of 1 pixel per second. With the SNS
hope to get 5 million pixels per second. The que
tion is, how does the user come in and get wh
he wants out of these 5 million pixels? The a
swer is he can’t without the help of high-spege
computing. The user may only want to measu
the distance between atom A and atom B—a bp
length. The way we do that now is to take a lot @
data, look at the peaks, and then do modelin
What we really have to do at major facilities na |
is give the user a computer model into which| to John Sheffield
quickly fit the data.

ZACHARIA:

computing into

you will be able
to build into your

tion tool so that

Thomas Zacharia

(see the article on gas turbine power plants
We should do| ORNL's materials research on p. 16). Univer,
more to integrate ties don't tend to have that kind of extent of workvery important. Recently, we see more of the dual
LOWNDES: At a university, a professor role of technology and science. For example,
other disciplines.| may be torn in several directions and forced tscientists need a tool such as the atomic force
Computer tools| work in a narrow area. Many national labs
are being develq the caretakers of quite remarkable national
oped at ORNL to| international user facilities so we have full-ti
analyze large sets staff working there. Despite our costs, | thir
of data. Someday we're learning how to do a better job of usi
postdoctoral researchers and graduate studenté&atin scope over the next 10 years in biology. In
these facilities. The national labs are power
model a simula-| places for doing big-facility research.
APPLETON: How important will collab-

SHEFFIELD:
ORNL'’s work
in materials is
outstanding,
partly because i
is coupled with
other programs
such as energ
and fusion. We
couldn't have an
effective energy
research pro-
gram without a
materials re-
search progra

the computer gen: orations be to national labs in the future?
erates the results or information you are seeking.The KULIASHA: Multidisciplinary collabora-

computer science challenges of the future are li
to be networking and data storage.

APPLETON: Are we using the unique as-
pects of a national lab for our research or could
this work just as easily be done at a universit
or some industry?

GREENBAUM: Even today university re
search is driven by traditional departments
disciplines. Promotions within the department|o
chemistry are based on what is done in chemi
try. National labs are driven by national mission
and problems. We get beyond the disciplin
aspect of our individual training by focusing
the problem. We can move more quickly becaug
we are not bound by traditional departments.

DATZ: A multitude of tools for analyzin
and altering surfaces of materials emerged at
ORNL and other national laboratories because

Doug Lowndes

elions at national labs result in a synergy, or te
learning, because of the data produced and
interaction of the participants.

LOWNDES:
My own feeling
is that we have
to collaborate
with universities
and use postdoc
and graduate
students as effi-

ciently aswe can ing proteins and

to be highly pro-
ductive. We are
learning how to
bring costs down
whileincreasing
our research pro

of a marriage of vastly diverse disciplines thatluctivity. When | came to the Solid State Divisi

could not happen at universities.
BROWN: By meshing their strengths i

in the 1970s, we had 120 staff members and Zhotgun clon-
postdocs. We now have an equal numbestaff
basic research, applied and engineering scientembers and postdocs.

and biotech companies. It's more than getting
postdocs; we have to partner with the scientific
leadership on the outside that can access different
funding agencies and bring different perspectives.

ZACHARIA: In an age where information
is so readily available and knowledge and advanc-
es are coming at a much faster rate, if we don't
have a strategy of partnering with other universi-
ties and national labs as part of our planning pro-
cess, | think we will be left behind.

APPLETON: If this is such a good place
to do science at the interface, what projects
should we be looking at? What should ORNL
be doing in the future that will make a differ-
ence to society?

VO-DINH: At the national labs, | see a fu-
rsibn of biological and physical sciences and in-
iformatics. It used to be that basic science was

renicroscope to analyze the components of a sin-
rgle living cell. Today we are taking a systems
eapproach to scientific problems. That's why we
nkneed multidisciplinary research.

ng  MANN: Systems thinking will be increas-

fuflact, systems thinking will be needed to under-
stand the whole genome.

TRIVELPIECE: In strategic planning, re-
searchers defend their turf, talk to people in oth-
er disciplines, and then try to find an empty cir-
acie and figure out how to combine strengths to
thiig the hole. As we plan, we should focus on

our outrageous, unfair advantage and go to our
strengths.

PALUMBO: One of our strengths is that

we can use mass spectrometry to get high
throughput in DNA sequencing and expression.
The problem is
s that we can't do
that yet for the
task of identify-

discovering
their functions
and interactions.
We might need a
brute forcestrat-
egy to get high
orthroughput.

Tony Palumbo

ing is not an ele-
gant strategy for

Ock Ridge National Laboratory REVIEW



getting sequence data, but that's the one that
characterized a lot of microbial genomes.
BUCHANAN:
Fifteen years
ago, mass spec
trometry was not
generally applied
to biology. But
after the develop-
ment of desorp-
tion processes
including re-
finements made
through interac-
tions with the
Solid State Divi-
sion, we have

Michelle Buchanan

techniques that allow us to use mass spectrom

to characterize DNA and proteins. Beyond usi

mass spectrometry to identify biomolecules, né

trons from ORNL's High Flux Isotope Reactor w
soon be used to study protein-protein interacti
and protein signaling processes (see the articl

p. 7). The SNS and computational tools will b

come important for structural biology studies.

HORTON: Right now the Metals and Ce
ramics Division focuses on structural materia

The strength we have is in our partnerships

in applying those partnerships to merging bas

applied, and industrial science. We need
strengthen what we have been doing in the

sciences and instrumentation areas to deve

functional materials, such as biomaterials, s
sors, and other smart systems.

APPLETON: What are the most impor-
tant scientific and technology trends of the
future?

BATCHELOR: Physics Worldecently list-
ed the ten great unsolved problems in phys
They are quan-
tum gravity, un-
derstanding the
nucleus, fusion
energy, climate
change, turbu-
lence, glassy
materials, high-
temperature su-
perconductivity,
solar magnetism,
complexity, and
consciousness

/
/J //
We have a lot of

7 =
expertise with re-

Don Batchelor

spect to many of these problems. It seems like
should come together to try to solve these pr
lems using our strengths in computer modeling
simulation.

PLASIL: | don't think it's a very good list.

SHEFFIELD: One of the strategic techno
ogies forecast for 2020 by Battelle Memorial |
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hetitute is one area we actually work in, which|isnstead around the scientific problem and the mul-
the issue of clean water. Water is getting moriple researchers addressing it.
and more polluted. We are working on ways|to ~ APPLETON: | don't think any researchers
purify water cheaply, stop pollution at its sourgeare going to make a major discovery by talking
- measure pollutant levels in water, and map watéw each other over the Internet. They are going to
flows and pollution sources. have to be in the same place.

ROBERTO: The use of neutron scattering MANN: What do we have to do to get them
to study soft materials such as polymer blendsere? The field of genomics is moving so rapid-
and proteins will be an exciting area in ORNL'dy. We must create the right environment and have
future. the right facilities and provide the resources. That

GREENBAUM: We're learning what hap+ varies from opportunity to opportunity.
pens when soft condensed matter meets hard con- DATZ: There are many tasks that require
densed matter, as in logic devices combining spithe use of many different techniques at large fa-
ach proteins with metal electrodes. cilities (as in international collaborations involv-

KULIASHA: | heard an interesting quote.ing ORNL researchers at CERN near Geneva,
The social cry of the 18th century was “No taxaSwitzerland). So you have to be able to pack a
tion without representation.” The social cry ofsuitcase and go to a facility and do the experi-

ethe 21st century will be “No experimentationment and then go home.
ngithout simulation.” LOWNDES: There is no substitute for big-
eu-  MOOK: | was surprised when | heard Vigefacility experimental research. National labora-
Il President Gore say at the SNS groundbreakingries should be sure that facilities are being ex-
oreeremony (see the article on p. 12) that the gregttoited to the fullest extent. We need to have
e et things we will do at the SNS are the thingmterdisciplinary teams of people here putting to-
ewe haven't thought of yet because we have a together a new facility like the SNS. We should
to do it. | once asked John Bardeen when he wtsnk carefully about the organization of research
- here for a superconductivity conference why theeams on site.
Igransistor was invented, how was that made pos- KULIASHA: Eighty percent of the people
argible. That was certainly a major accomplishmentorking at the SNS will be outside users. If
sifor any society. He said it was the people thatou've got an exciting team, access to the excit-
toame together at that time at Bell Labs that madieg facility, and plenty of exciting work, people
iftnat possible. They had the freedom to interact imill join the team where the action is.
2lapspecial way. We have to find ways to bring the ~ APPLETON: What is your personal per-
elpest people together and enable them to interagective on the future of the Lab? personally
effectively. think that the

APPLETON: National labs offer a unique national labs are
meeting place. They have major research fagilin the best posi-
ties, computing tools, and a multidisciplinarytion they have
mode of operation, so that’s the place where egver been in.

ceiting research is going to happen. But you havEhere is going to
to get the people you need and you have to pitdle more and more
the problem. basic researc

KULIASHA: | disagree that we have todone in this coun-
bring them here. People feel a closer affinity|tery. More of it will
their coworkers at other institutions than they dbe done at the na-
to people in the tional labs be-
office next door. cause basic re- ¥
The reason peo search is getting Bill Appleton
ple had to be more and more
close together complicated. You have to go to a major facility to study
was because the complex problems.
experiments BARHEN: We live in an exciting time and
were done at a enormous possibilities lie ahead. National labo-
few facilities. ratories should be national instead of DOE labs.
Now we have It would be nice if we could become a resource

vgeience at a dis across all science agencies. What will it take for
obance. People us to be a NASA center as well as a DOE center?
arafe communi- Collaboration across centers and institutions will
cating by e-mail be driven by how exciting projects are. We are
and video con- working in areas of interest to NASA such as
-ference calls. | would argue that we shouldh’quantum dot computing and mobile robots for
nthink about organizing around the institution buspace exploration.

Mike Kuliasha




BROWN: Our position in the scientifii will do things very differently than if you're got and research training program at the University
world is important because we are the custodiang to run it as the best neutron center in the worisf Tennessee in connection with the national
of unique scientific equipment and facilities.for everyone to come to. That's the strategic daranotechnology initiative. We are seeking sup-
We're an aging| cision that must be made. port for the active recruiting of good graduate
staff of scien- HORTON: | see ORNL and the other na-students for our nanotechnology projects at
tists. Our best tional labs in a time of real change. ORNL hisORNL.
staff scientists torically has not been an institution focused ona MANN: We need to take steps like that of
are not that single facility. We have the Holifield Radioac-the old Biology Division, which was linked to
young. You can| tive lon Beam Facility, the High Temperaturethe UT/ORNL Graduate School of Biomedical
count our 35-| Materials Laboratory, the ShaRE program, an8ciences, which
year-old scien- the Surface Modification and Characterizationurned out 150
tists on one Laboratory, and concentrations of expertise|itop graduates
hand. We haveto chemistry and computing science. We have bearho are very
. take advantage a lot of different things to a lot of different pe
B b of what | see as ple here. We are now becoming an institution thairound the coun-
a L a trend toward will largely focus, at least on the surface, on neury. A lab pro-
Marilyn Brown distributed sci-| tron science. Thatis a tremendous change for|thjgam connected
ence. We have institution and surviving that is something we willto a graduate
got to reach out and make our equipment accesBave to enthusiastically embrace. Or we won%chool has the
ble to our young collaborators all across the worlthake it. We can’t have a neutron scattering facipotential of pro-
so we can stay fresh. Vice President Gore saiy for the entire world and have just a few of ouwiding a pipeline ﬁ
the impacts and products of the SNS will be thingesearchers using it. We have to embrace the Ldr giving us -
we have not yet identified. There had better| beratory’s biology, physics, and materials sciencstaff and putting Reinhold Mann
some advances and there had better be some|geothmunities in neutron science projects. If yows on the map.
positive press because there is an underlyingok at Argonne, you see what's happening/to  SIMPSON: I've worked a lot with Univer-
public pessimism about the value of science.them. The Advanced Photon Source is becomirgity of Tennessee students in the past five years.
don’t think we should focus on bringing peopleArgonne National Laboratory. Their basic sciencés costs rise,
here as much as we should focus on getting| optograms are swinging toward incorporating AP§ou have to sell
our ideas, accomplishments, and data using tiretheir research in response to sponsors. It wilour time to
Internet. We need to get our name out to people a dramatic and challenging time for the Lalbanore and more
like graduate students so they know where theratory. projects. Once
is a precious resource. Our lab should be one|that LOWNDES: We must find a way to retain upon a time
can be accessed on the Web virtually. some of the best and brightest scientists. $400,000 of in-
PLASIL: We are thinking that once our ex- DATZ: A good source of researchers for usernal funding
periment is running at Brookhaven, we can cpris the Wigner Fellows program. Our retention rateould support
trol it from here. | don’t know if this is the way for these Wigner Fellow postdocs is over 70%work in several
that things will go; this is perhaps the way we would his is an altru- divisions. Now r
like to see them go. istic way of treat- it covers only R ‘
We should do fundamental physics using neung young men equipment and’ .
trinos that will be produced at the SNS (see thend women and one full-time Mike Simpson
article on p. 15) as well as muons that could aldocreasing the employee. You
be produced there. quality of our run out of time to work ith students ojunior
LOWNDES: In the first stage of the exper-staff. But we staff members, so they go someplace else.
iment, you will have to go to the facility. You should be con- PALUMBO: For some non-DOE sponsors
need creative people there to help you desigierned that there we will need not only the SNS but also a good
peripheral equipment and processing equipmeris. a paucity of mass spectrometer facility to develop commer-
You need auxiliary equipment for biologicalyoung scientists cial technologies. What brings people in is not
molecules and thin films of interest. As far as theoming from the just a big facility but pockets of facilities.
Internet is concerned, if | can sit home in myJ.S. and Europe. APPLETON: | thank all of you for partic-
sweatsuit with my Nordic exercise machine neaknrollment in Sheldon Datz ipating in this roundtable discussion. | come
by and run my experiment from my computer avard sciences and away from this discussion even more convinced
home, that’s great. engineering is going down in this country. Wethat multidisciplinary R&D is not only produc-
MOOK: When | do an experiment, | mayshould try to address recruiting good people gative and rewarding, but also is a mode of research
or may not get good results, but | almost alwayly on so we are able to steer them into good unikat thrives in the ORNL environment. It is not
learn something from the person next door orersity programs. just our past success that convinces me of this.
down the hall. | might learn about a neat experi- LOWNDES: Through the National Sciy It's the promising opportunities | see for the fu-
ment someone is doing using DNA. | don't seence Foundation we have opportunities to firture such as the nanoscale science, engineering,
that kind of information exchange happening oveiroduce interdisciplinary graduate training jnand technology initiative. Additionally, | think
the Internet. national labs to get over institutional barriers|aghis kind of open forum helps all of us hone our
APPLETON: If you're going to run the universities. A proposal will be made to the NSFhinking. | hope ORNL can have more of such
SNS as a distributed experimental facility, ypuo build an interdisciplinary graduate educatipgatherings in the future.
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Center for Structural and
Molecular Biology Open

A new DOE user facility at ORNL offers a multidisciplinary
o se rs approach to studying the interactions of biological molecules.

n a multicellular organism, such as| dogical materials,” Buchanan says. “The upgradieg using sophisticated computer models, will

human, cells must communicate with onef the HFIR offers a unique opportunity to pro-assist with interpreting data on biomolecules ob-
another to coordinate their activities across théde the biological community with a SANS fa-tained by researchers using SANS. This group
entire organism. Cells send messages to each otiiity that rivals the best capabilities in the worldwill work closely with researchers at LANL to
er through signaling compounds that attach them-  “X-rays give excellent high-resolution anal-provide users with user-friendly software for the
selves in lock-and-key fashion to protein recepysis of the structure of proteins in crystals,” shanterpretation of data.
tors present both on cell surfaces and inside cgelisays. “But some very important proteins cannot  Buchanan sees a bright future ahead for the
These signaling compounds include proteinge crystallized. Also, scientists use nuclear magiew CSMB. “We are just beginning to get the word
hormones, peptides, amino acids, and even (disetic resonance (NMR) and SANS to study these
solved gases. proteins in their natural form, in solution. Results

An example of a signaling compound is thérom the Bio-SANS will not only complement

hormone estrogen, which swims around in circudata obtained from X-ray crystallography an
lating blood and interacts with its receptors locatNMR but also will provide unique infor-
ed on the surfaces of cells within the endocrinmation on the interactions of biomole- 4

Outlet

Inlet

system. Some small signaling compounds can pasdes in complexes mvolved in the Abzos‘fg
through the cell membrane to interact with a [rezell-signaling processes.” / 25.0
ceptor inside the cell, while others remain tighty = CASD’s Organic and 24.5
bound to the surface of one cell and interact witBiological Mass Spec- 24.0

receptors bound to the surface of a neighborirtgometry Group has add- 4% 23.5

cell. Characterizing the details of these and othed several new mass4 23.0
types of interactions of biomolecular complexes ispectrometers to sup- 225
the chief goal of a new DOE user facility at ORNLplement its current 22.0
the Center for Structural and Molecular Biologycapabilities, includ- 215
(CSMB). Michelle Buchanan, associate directoing a high-perfor- Temperature 21.0
of ORNLs Life Sciences Division (LSD), alsp mance Fourier trans- 3 (K) 20.5 |
serves as director of the CSMB. The CSMB finform ion cyclotron & 20.0
cludes scientists from LSD and from ORNL'sresonance (FTICR) 19.5
Chemical and Analytical Sciences (CASD) andhstrument. 19.0
Solid State divisions, as well as from Los Alamos ~ “The new FTICR 18.5
National Laboratory (LANL). is equipped with an Below

“The new center is based on our traditionatlectrospray ionization
strengths in neutron science, mass spectrometsgurce, which will allow Artist's conception of the cold neutron source—hydrogen moderator
and computational sciences,” Buchanan says. “Ous to study large proteins vessel, which is being built in 2000 and will be installed in 2001 in
mass spectrometry and computational sciencaesad protein complexes,” ORNL’s High Flux Isotope Reactor. Neutrons from the reactor are
capabilities are now open to outside researchersiys Buchanan. “The in- slowed down by frequent collisions with the moderator’s hydrogen

DOE'’s Office of Biological and Environmer- strument was delivered atoms. Because the collisions heat up the hydrogen, it must be cooled
tal Research supports the CSBM and is providingith a 7-Tesla supercon- down by a helium refrigerator to remain an effective neutron modera-
nearly $6 million to build a biological small-angleducting magnet. It will be tor. The moderator vessel cutaway (above) shows the temperature of
neutron scattering (Bio-SANS) instrument, whichupgraded this summer representative hydrogen flow streams.
should be functioning by June 2002. Bio-SANSwith a 9.4-Tesla magnet,
will be added to the guide hall of the new coldvhich will increase the performance of the inout about the CSMB and have already had re-
neutron source now being constructed at ORNLSstrument with respect to both mass resolution arsarchers from the University of Tennessee come
High Flux Isotope Reactor (HFIR). dynamic range. We are very excited about hate use the mass spectrometry resource.”

“The biological SANS instrument will be ing this instrument for biological studies.” Communication between scientific facilities
designed to have both high flux and low back- LSD’s Computational Protein Structuneand users may be just as important as it is between
ground, which is critical to the analysis of bio-Group, which predicts protein folding and threadeells in multicellular organisms.
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The Virtual Human

A view of the thorax
of the human body
based on Visible Hu-
man imagedrawing
by Allison Baldwin
(using thorax model
by Eduardo Difilippo,
Mark Lambert, and
Ross Toedte).

Project: An Idea
Whose Time
Has Come?

A computer model of a functioning human could
be the product of one of the largest multidisci-
plinary projects ever undertaken.

hile diggng holes in his vineyard one weekendOctober 1996,
Clay Easterly conceivélde seed of a grand vision that is spreading like a
slowly growing grapevine. Easterly, a health physicist in ORNL's Life Sciences
Division (LSD), saw the need for the mother of all computer models—a huge
simulation of the structure and function of the human body that would integrate
smaller models of individual organs, body processes, cells, and even neurons in
the brain. The flesh and blood of these models would be floods of data, ranging
from digitized anatomical images from the National Library of Medicine’s Vis-
’ ible Human Project, to known electrical and mechanical properties of human
tissue, to information on gene structure and function emerging from the federal
government’s Human Genome Project.
“l saw it as a marriage of the new biology and high-performance comput-
ing,” Easterly says. “It's also a way to bring many disciplines together to organize
the flood of new biomedical information, to solve complex medical problems, to identify the
medical research and data collection and interpretation tools that are needed, and to drive the
development of new technologies.”
Easterly had returned from a meeting at Quantico, Virginia, with officials of the U.S. Marine
Corps who are involved in its Joint Non-lethal Weapons Directorate. The Marines are interested
in developing non-lethal weapons that are less harmful than the rubber bullets used now for such
purposes as keeping people from blocking food-bearing convoys on humane missions to
relieve starvation. One question raised by a Marine official at that meeting was whether
researchers could computationally simulate the response of the body to rubber bullets and
other kinetic weapons that may be developed. Modeling human response was seen as
being preferable to actually testing it to determine if the weapons are non-lethal. “After
our meeting with the Marines, my Oak Ridge colleagues Glenn Allgood, Mike Maston,
Blake Van Hoy, and | had a crab and shrimp dinner,” Easterly says. “We talked around
the idea of modeling, but it did not dawn on me then what | would eventually consider.
| think that the others may have thought about something with the magnitude of the
Virtual Human Project then, but it just didn't sink into me until the next day.”
When he returned to work Monday at ORNL, Easterly broached his computer
model idea to Barry Berven, associate director of LSD. Berven suggested that East-
erly set up a meeting with researchers who might want to pursue the vision. Among
the attendees were Allgood of the Instrumentation and Controls (1&C) Divi-
sion, Maston of the National Security Project Office. Richard Ward of the Compu-
tational Physics and Engineering Division (CPED), and Nancy Munro of LSD.
Ward and Munro revealed that they had both been thinking along
the same lines. In the spring of 1996, they—together with Keith Ecker-
s man of LSD and John Munro of the I&C Division—had proposed
\‘ developing a model dubbed Physiological Human, using anatomic
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Curtis Boles

(3D) computer model. Available
on the World Wide Web sincg
1994, the collection consists @
computerized axial tomograph
(CAT) and magnetic resonang
imaging (MRI) scans and pho
tographs of thousands of wafe
thin slices of two bodies dona
ed to science. Theisible Man
was an executed Waco, Texd
_ convict who had killed a 75
- year-old man who surprise
~ him while he was stealingam
.| crowave oven. The Visible Wom!
an was a 59-year-old Marylan
resident who died in 1993 of
heart blockage that had no effe
on the body’s appearance.

As Easterly and the othe
meeting participants talked, th
term “Virtual Human” emerged
They envisioned a project tha

Clay Easterly (sitting at the computer) discusses the wn”mwentft;)q&ond computer: visualizg
Human project of developing computer models to simulate tffigns of body structure. Their conce,

body’s functions with Nancy Munro and Richard Ward. was to combine mpdels and d'“?‘a
build a comprehensive computation

data from the Visible Human Project and physiologsapability for simulating the function as well &
ical models from ORNL's Dosimetry Research Groughe structure ahe human body. This capailwill
and other sources. allow trauma simulations and other application

In an earlier project Ward, Brian Worley of the In 1997 and 1998 Easterly, Ward, and Nar
Computer Sciences and Mathematics DivisioMunro advocated the Virtual Human idea amo
(CSMD), and Eckermann had used Visible Humatheir ORNL colleagues. Johnnie Cannon, direg
data to build a phantom (computational anatomief ORNLs Office of Planning and Special Projec
model) for radiation treatment planning. The modefrovided program development support and v
which used Monte Carlo calculations, was dgyetl | one of the first to appreciate the value of this
to help doctors decide how to deliver the maximursion. Easterly and Maston obtained some fun
dose of radiation to a tumor while minimizing t
exposure of normal tissue.

sources

patd

> Ward and Ross Toedte of CSMD linked the model
> to a Virtual Reality Model Language (VRML)
fgraphics file of the human thorax (the body region
y between the neck and the diaphragm containing
ethe heart and lungs). The user can click on and
- rotate the thorax on the screen, viewing it in three
r-dimensions.

Growing Support

n

In 1999 the Virtual Human Project took a ma-

d jor leap forward. Easterly gained support for the
- idea from upper levels of ORNL management. As
- a result, Ward and his colleagues received internal
dfunding for Virtual Human Project studies from
athe Laboratory Directed Research and Develop-
ciment (LDRD) Program. Most important, ORNL

Director Al Trivelpiece embraced the idea. He told
r Easterly that the best way to get congressional sup-
eport for such a massive research program, which

could be on the scale of the Human Genome Project,
atwas to get a favorable recommendation from the
- National Academy of Sciences. But first the Acad-
ptemy would have to agree to conduct a study.
to  OnOctober 28, 1999, at the instigation of Triv-
aklpiece, a Virtual Human Workshop was held at the
as\ational Academy of Sciences in Washington. The

meeting was chaired by Charles DeLisi of Boston
sUniversity, who helped start the Human Genome
ciProject (and is on the LSD advisory committee).
ndittending the meeting were scientific leaders rep-
toesenting the Department of Energy, Department of
tsPDefense, National Institutes of Health, National
vacademy of Sciences, National Science Founda-
vition (NSF), National Aeronautics and Space Admin-
ingtration, National Space Biomedical Research In-

efrom the Marines for preparatory steps leading tstitute, the White House’s Office of Science and
non-lethal weapons research involving computéfechnology Policy, several universities, four DOE

The Visible Human Project is a 15-gigabytemodeling. In 1998 Ward obtained some internalational laboratories, and the private sector.

collection of digital images that shows the hum
anatomy in colorful detail in a three-dimension

These plastinated human organs — the brain, heart, a
lungs — were loaned by the University of Tennesse:
College of Veterinary Medicine and used to attrac
attention to the Virtual Human exhibit in the ORNL
display area at the Supercomputing 99 conference
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afunding for coding models of the cardiovascular
abystem and developing an easy-to-use interfadee idea,” Easterly says. “The meeting resulted in a

“These representatives gave solid support to
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The Virtual Human Java interface, which includes a 3D model of the human anatomy (not shown here), also displays aleriafitsate of the heart
and systemic vascular system (V.C. Rideout, 1991) and plots showing changes in left ventricle and capillary entranceyeesmaeshis interface
allows the user to run the model on a remote server using a Web browser on the user’s desktop machine.

recommendation that the National Academy of Scimodels,” Easterly says. “We also will be involvedlisorders, such as emphysema and asthma, based
ences perform a study to define and scope the Virtir- developing specific models, such as a modén changes in breath sounds,” Ward says. “We will
al Human Project and make a report to Congressst the respiratory system. And we will develop!se patient data obtained by Glenn Allgood at the
On November 8 and 9, 1999, the First Virtuaimplantable sensors, analytical instruments, nyalter Reed Army Institute of Research using the
Human Roadmapping Workshop was held| igther methods for improving data acquisition ant#"g sound monitor he helped develop at ORNL.
Rockville, Maryland. It was organized by ORNLinterpretation.” In a collaboration with scientists at North Caro-
and co-sponsored by the Joint Non-lethal Weap- For example, ORNL researchers envision t gpa_ State Univefsity and the _l\/ledicaI_CoIIege Qf
ons Directorate. the Virtual Human resource will give physicia LOhio, we are using computatlpnal fluid dynamic
The consensus of the two workshops is thal-ess to state-of-the-art, nonlinear analysis ¢ FQgthods to model .the generation of lung sounds.”
the Virtual Human concept is "an idea whose timgjjities for rapid remote analysis of patient eldc. _ HEe’s @ practical example of how the ability
has come,” Easterly says. “This project is see #bencephalogram (EEG), electrocardiogr o monitor lung sounds to detect disorders will prove
necessary to help manage the information ex I?EKG) breath sound. and c;ther types of dat seful: The US Army is interested in predicting
sion transforming biology and medicine by givi emor;stration of thisvcapability is being plannég hether a soldier’s lung has collapsed asa result of
it organization and infrastructure. It is beginni Lee Hively of ORNL's Enai it Technol- puncture wound. If the chest wound is large, a
qu ee nively o S Engineering 1eChnol- medic might not have access to the thorax area, so

at the right time because of the explosive emer? =~~~ " ) . .

gence of information technology and supercani29y PVision (ETD) using his patented algorithmspe pest way to get a diagnosis may be to place a

puting capabilities and the ability to obtain mare°" pr’edlctlng_selzure_s_ from EEG data showing thgansor on the throat to gather data on breathing pat-

data from the body using implantable sensors. BRfain's electrical activity. _ | terns. The data could be wirelessly relayed to the
Ward and his colleagues are involved in bothedic’s wearable computer, which would then feed

the project is in need of a very thorough and sys- ! ' !
tematic planning process.” model development and model integration projeCtthe data into a model of the respiratory system for

So far, the leadership of the project is coming he goal of an LDRD project is to develop a Virdiagnosis of the lung injury, if any. ORNL research-
from Oak Ridge. “We are beginning to think of thdual Human Integrated Respiratory Systerers and collaborators are building such a model,
Virtual Human Project as a resource,” Easterly say¥lodel—a computer simulation of the lung andwhich could save lives by telling a medic quickly
“pecause it will require enormous databases, sy@ssociated structures involved in generating anehat sort of trauma care should be administered.
tem integration, measurement systems, Web accesgnsmitting lung
computer hardware, computer infrastructuresounds. Project
model development, analysis of individual bipparticipants in-
chemical measurements, and simultaneous anatyude Allgood
ses of hundreds to thousands of measured variablg¢s.C); Toedte

We expect thousands of collaborators to make thisSMD); Hively .
massive multidisciplinary project work. It's an op-(ETD); Nancy
portunity for biomedical researchers to put theifiunro (LSD);

results in the context of the human body.” and Kara Kruse

“We will need researchers representing many=pep), who is a
different disciplines—anatomy, physiology, bio-piomedical engi-
medical engineering, electrical engineering, CANMieer The ORNL
puter science, physics, biophysics, systems engj
neering, information technology, and medi a%rating with Van-
technologies,” Ward says. “We are teaming iﬂ?}l erbilt University
experts in universities, medical colleges, and iqb incorporate a
dustry to build the Virtual Human.” lung fluid trans-

port model. NetSolve allows the client at the desktop computer to tap into supercomputing
What ORNL Can Do “We plan to levels of power by finding appropriate computational resources, including
“ORNL is a leader in developing the Virtualbuild a model Supercomputers networked into a computational grid, and making them easily

Human resource by integrating the computehat predicts lung accessible to the individual user.

Java

roup is collab-
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The lung disorder prediction model will be “This infrastructure will include a collaborative to impacts from, say, rubber bullets. ORNL research-
linked to the Human Respiratory System Modetnvironment for model integration,” Walker says, ['lers doing this research can draw on some of the Lab-
of the International Commission for Radiologicalwill permit collaborators from around the country tooratory’s work in developing detailed models of cars
Protection for predicting how much inhaled mateeonstruct integrated models for simulating the struénd using them to predict the damage these cars will
rial, such as beryllium or radon-daughter productsre and function of the human body. These modeggistain in collisions at different velocities. In this
is deposited in various parts of the lung. Visiblevill then be executed on distributed computing recase, the finite element mesh software used for cars
Human data obtained from the National Librarsources using sophisticated scheduling mechanics tigapinpoint the effects of pressure on material defor-
of Medicine and data from human lung casts amake the whole process transparent to the user]” mation will be applied to meshing the human
being used for this project. If funded, the team would develop a generiénodel. This type of model can also be used to pre-

Ward is also leading an effort on model infeadvanced, distributed PSE, which is an integrateict the tissue damage that will result from various
gration, to help develop the computational infracomputing environment for composing, compillyPes of car wrecks and plane crashes.
structure for the Virtual Human Project. A majoring, and running applications in a specific prob- A Virtual Human model of the lung could
problem impeding the progress of this effort is thdem area. Created from the generic PSE, a protg¢ Useful for virtual surgery—that IS, to simulate
computer models of various organs will be too bigype Virtual Human will facilitate developing, (e effect of lung surgery on a patient's respiration
and complex to be stored and executed on a desitegrating, and solving complex 3D models of ubefor(i any surgery 1s actually performed,” Ward
top personal computer. The idea, therefore, is toan physiology and anatomy. says. A moc_:IeI of the circulatory system could help
use computer technologies to allow the desktop “We envision developing a smart environm ngoctors dﬁc'dle where _toﬂreplace part of ar; ar‘t(ery to
computer user to connect with large computer serwith intelligent agents on a remote server t a/rf rout(zje } ebeOd. So,'t ows around a blockage.
ers—including high-performance computers—thatould be given a problem to solve,” Ward says. model of a patients h'p. C.OU|d help a su_rg_eo,n

oo ! . etermine the effect of a hip implant on the joint's
can run large models and feed the results in visudlhe agents would find the appropriate set of m qg? ovement.”
form“back to the user. ”e!s and execute them on a computat!onal gri Looking ahead five to ten years, even decades
We ani de_ve_loplng a\/_lrtual Human Portal, hlgh-performgnce computers. We _WlII _alsc_) Cfrom now, Easterly sees a “human model on a chip.”
Ward says. “This is a Web site that can be customelop a user |nterfe_lce to_presgnt wsuahzatl_o Yr at least mounds of personal genetic and other
ized to allow access by a de_sktop co_mpL_Jter userttee results of the S|mulgt|on _elther t_o the_ clle_ UShedical data squeezed into a plastic 3 x 5-in. card.
problem-solving and modeling applications on @esktop or to a room-sized immersive visualizaphen plugged into a handheld computer, your card
remote ser\_/er." tion environment called a CAVE." might provide you and your doctor the results

For this purpose CPED’s Dennis Strickler of your X-rays and CAT and MRI scans, your
modified an interface developed by Johnny Tollive¥What It Means to You responses to past treatments, your genetic
and Strickler for the Graphite Reactor Severe Acci- makeupand a list of foods and drugs you should
dent Code (GRSAC). The original code was writ-  The beauty of a computer model of a human igoid. “The more you know about your body,”
ten by Syd Ball and Delphy Nypaver, both of thehat it can be customized for a specific person at/amasterly says, “the more you can take charge of
I&C Division, to simulate the operation of graph-point in time. At least, that's the long-term visionyour well-being.”
ite-moderated, gas-cooled reactors. By adapting|tiibared by Easterly and his colleagues. Customiza-  The idea of the Virtual Human Project is slow-
distributed, object-oriented Java interface to physiion is important because of evidence that men, wony creeping through the scientific community. If
ological modeling, Strickler implemented a comen, and children respond differently to various drugghe vision continues to spread, it may someday bear
plex model consisting of many differential equationslirug dosages, and other treatments, as well as effikiit of value to virtually every human.
in a form that can be remotely controlled by theonmental insults.

user. For example, it shows the effects that a slight “From our earlier work in \%’g‘v‘%‘v&%}g} %"&;ﬁf}&%‘
change in the frequency of the heartbeat can haveodeling children’s organs,” %Xé‘&%%% ”"Zf%rg‘@
on cardiovascular functions, such as blood pressuiard says, “we see the needee {%"?‘v’%ﬁﬁkl — '4/,4”1‘{@%?;%?{)
One computer science development that wito build human models for dif- £ Vﬁ#’l)"é?ﬁ)ﬁ!&%ﬁﬂﬂj i A NN

- ; , B S AR mﬁﬂﬂﬂb‘%‘%\mﬁw

be useful is NetSolve, a client-server system thégrent ages, sizes, and sexes. QA%%‘§4¢}§M§§M!WQ>‘ SN A,%g;g;;g» 4
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enables desktop computer users to solve complesing equations and om&mmwﬁkgv
scientific problems by tapping into supercomputsome parameters, we can make
ing levels of power. NetSolve was developed urthe heart smaller or larger. We
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i ‘gh N i
der the leadership of Jack Dongarra, an ORNIcan make a human model or Lo z &@é@éﬁ?@%};@i’g
University of Tennessee Distinguished Scientisphantom grow with age.” Use » A@gggﬁ4p 4‘@5}5\&%@5}1‘6“ '
“NetSolve,” says Ward, “couples desktop computesf a customized model—a NS \ %Kg‘;}iéﬂt‘
software to models and problem-solving programsomputerized clone of you that 7'&&‘»‘. B> v%@'ﬁﬁ#j&‘&
on a high-performance computer such as the IBMcludes your genetic make- YA}‘Q‘,,«,‘ o

SP at ORNL.” Dongarra and his collaborators argp—will make it possible to LN
adapting NetSolve for use in the Virtual Humarpredict how you might respond Initial Final
Portal. David Walker of CSMD is dev_eloping_aoio diff_erent doses of radiation, The initial and final, or deformed, shapes of a finite-element mesh
stract concepts for the problem-solving envirgnehemicals, and drugs, or what, 4e| of the human body based on Visible Human data are shown
ment (PSE) of the Virtual Human Portal. damage you might suffer if you here The deformation resulted from a wood block moving at con-
Walker, Dongarra, and Ward—along with re-were in an automobile accidentstant velocity into the chest just above the heart. The elapsed time
searchers from the University of Utah, Indiana Upier airplane crash. for the simulation is 0.0001 second. The spine, heart, lungs (not
versity, and the University of Washington—are mak-  In fact, one of the early shown in this view), and surrounding tissue are each assigned ap-
ing an information technology research proposd| @pplications of the Virtual Hu- propriate measures of density and elasticity. Simulations such as
the NSF for funds to develop the computational|irman model will be the predic- these can model the impacts on the body of seat belts, air bags, o
frastructure for the Virtual Human Project. tion of responses of the bodyobjects in an automobile during an accident.
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The nation’s largest scientific project, the

Spallation Neutron Source, will be built at ORNL & @
by a partnership of six DOE national labs. The
world’s most powerful pulsed neutron source '!? Y 4

is expected to begin operation in June 2006.

B Conceptual design of
! the SNSRendering by
John Jordan.
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s
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n top of a ridge between ORNL andtron source in the world. Researchers will use SNt to experimental samples that will be measured

the Oak Ridge Y-12 Plant, the largesheutron beams for neutron-scattering experimenty scientific instruments. The design and construc-
civilian construction project in the United States iso help them better understand the structure atidn of the SNS will be the product of a partner-
under way. Trees are being cleared from the goproperties of physical and biological materialsship among six of DOE’s national laboratories with
struction site on Chestnut Ridge, and a one-mjileanging from polymers to proteins. help from the principal architect-engineer and con-
long access road connecting the ridge with Bear “The SNS will be an extraordinary tool far struction manager Knight Jacobs and other indus-
Creek Road is being built for hauling building maexploring matter and for enabling world-class scitry support. In addition to ORNL, the DOE teams
terials and equipment to the site. ence,” says David Moncton, executive director|ofome from Argonne (ANL), Brookhaven (BNL),

By 2002 a central laboratory and office comihe SNS. “Information obtained from this accelerdefferson (Thomas Jefferson National Accelerator

plex will be built on the site to house some 30@tor-based facility could lead to advanced mater=acility), Lawrence Berkeley (LBNL), and Los
design, construction, and project management stafis and products such as faster electronic devicédamos (LANL) national laboratories.
for the $1.4 billion Spallation Neutron Sourceubricants for more efficient cars, longer-lasting ~ Completion of the project will depend on the
(SNS). The SNS is the nation’s largest sciencartificial joints, and more effective drugs.” continued support of the President and Congress.
project and the most recent big-science facility — The facility will include an ion source, a lin- To get it built on schedule, the SNS Project is
project sponsored by the Department of Energyisar accelerator to speed up the ions, an accynuounting on receiving the $281 million proposed
Office of Science. By June 2006 the SNS will be Bator ring to compress protons separated fromthie the President’s budget for FY 2001. DOE plans
magnet for scientists from many nations becausens, a liquid mercury target for the protons, antb ask for $291.4 million for FY 2002, $224.5
it will be the most advanced, powerful pulsed neuseam lines to carry neutrons produced in the tamillion for FY 2003, $143 million for FY 2004,
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$112.9 million for FY 2005, and $75 million for to global climate change. The new tower will “Based on what
FY 2006 to complete the facility. Constructionlocated far enough away from the SNS so thate have learned
of the SNS will provide jobs for up to 600 con-the facility’s emissions will not interfere with from test operationg
struction workers over the next six years, anNOAA measurements. at the TTF, we ard
when operational, the SNS will employ 300 to  The SNS Project successfully met severaimproving the de-
400 scientists and other personnel. management challenges presented by DOE [asign before send-
Congress. Moncton, director of the Advanced PhdéAg it to vendors
ton Source at ANL, was named executive diregtovho may want to
for the SNS. In late January 2000, Tennessee Gduid on building
The high point for the project in 1999 wasernor Sundquist signed a bill passed unanimoyisiiye target,” says
what Moncton called the “sweet moment” for theby the General Assembly that exempts the SNBhom Mason, David Moncton, executive di-
SNS: the December 15, 1999, groundbreakin@roject from $28 million in state sales and useirector of therector of the SNS, calls the
ceremony at the SNS site. Attending and speataxes, lowering the overall cost of the project. | Experimental groundbreaking ceremony a
ing at this event were Vice President Al Gore, Facilities Divi- “sweet moment” for the SNS.
Secretary of Energy Bill Richardson, Governoymproving the Neutron End sion of the SNS.
Don Sundquist and U.S. Senator Bill Frist of Ten- “We will do hydraulic testing with water to simu-
nessee, and members of the Tennessee congres- Many ORNL researchers involved with thelate mercury flow. We will measure the ability of
sional delegation. Also present was Clifford ShullSNS Project are concerned with the “neutron endnercury to remove heat from the stainless-steel
who won the Nobel Prize in physics in 1994 foof the machine. Some of those researchers| &zentainer.
his pioneering research at ORNL in neutron s¢avorking on the design of the mercury target from  “Experiments on the effects of accelerator
tering. Other honored guests included Marthwhich neutrons will be produced. Others are gdd¢éams on mercury targets are being done at
Krebs, retiring director of DOE’s Office of Sci- veloping scientific instruments that will be used|td@rookhaven and Los Alamos. We have studied
ence, who provided direction and helped musteneasure the energies and angles of neutrons s&tesses that have developed in mercury targets
congressional support for the project, and Billered from targets of interest. bombarded by proton beams. Based on the infor-
Appleton, then deputy director of science and  One of the most significant technical achieyemation we've obtained, we've concluded that mer-
technology at ORNL, who steered the projeamnents in 1999 was the completion and operatigiury is the right choice for the target.”
through its first few years. of the Target Test Facility (TTF) at ORNL. The ~ Because of the enormous power the 1-billion-
“The true beauty of the SNS,” said Gore, 1iSTTF is a full-scale mercury loop in ORNL's Rg-électron-volt proton beam will deposit in the tar-
that no one can really know what this tool will bebotics and Process Systems Division. It has be@et, it was decided to use a liquid mercury target
capable of discovering. It will bring discoveriesoperating with mercury since October 1999. Rdnstead of a solid material such as tantalum or tung-
that nobody can predict. . . We're putting Americaearch at the TTF and other, smaller mercury lopgten. The SNS will be the first scientific facility to
on the path of reclaiming our leadership in the newnder the leadership of Tony Gabriel is aimed atse mercury as a target for a proton beam.
tron scattering technology that we invented heranswering several questions: Which candidate ma- “We have been improving the target design
in the United States of America.”

(]

1999 Highlights

SPALLATION NEUTRON SOURCE
- ~

’
| All.S,Depanmentofﬁmqyl‘lu‘ilﬂhnmloryije(t

Curtis Boles

instruments.
Geotechnical investigation and qualificati
of the Chestnut Ridge were completed satisfact:

L P /ice President Al Gore and outgoing Office of Science Director Martha Krebs posed after the
rily; this determination was made by a team tha

roundbreaking with directors of five of the six national laboratories participating in the SNS part-
fg&arship: From left: Charles Shank of LBNL; Krebs; John Browne of LANL; Gore; Yoon Chang,
ANL'’s interim director; Denis McWhan, who represented BNL’s John

the area’s historical record of waste disposal a L .
b Marburger; and Al Trielpiece, then ORNL director.

other activities. The final environmental imp
statement was approved and a Record of Deci
was issued by the Secretary of Energy, forma
establishing Oak Ridge as the SNS site.

the National Oceanic and Atmospheric Admin
istration (NOAA). The current NOAA tower i
the Walker Branch Watershed, which is close
the SNS site, monitors dry deposition of airbonn
pollutants. These measurements could be|3
fected byairborne dust stirred up by SNS co
struction. During operation, the SNS facility will
emit carbon dioxide, water vapor, and heat, whig
NOAA likely will monitor for its studies related
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shutter geometry, allowing us to install 24 inst
of only 18 instruments, an increase of 33%."
According to Mason, fine-tuning moderat
characteristics will significantly enhance many
plications because it will allow a higher-intensi
neutron beam to be produced in a temperature r.
of 100 K. This improvement is achieved by cha
ing the composition of a moderator below the tar
by making it a composite of supercritical light h
drogen and light water. The SNS will also have ti
cryogenic moderators above the target. Modera
slow down the neutrons leaving the mercury tar
to an appropriate energy range before they ente;
beam lines that deliver neutrons to the instrume
“We also changed the composition of the
flector, which bounces neutrons straying from
target back into the moderators,” Mason says.
stead of lead only, the reflector will be made o
composite of lead and beryllium. As a result
this change, we will get sharper neutron puls
enabling higher-resolution measurements.”

Accumulator

lon Source (Lawrence Berkeley)

e

Systems
(Argonne and
Oak Ridge)

Each of the participating DOE national laboratories in the six-lab S
partnership is responsible for an important component of the accel
tor-based neutron sourc®endering by John Jordan.

Taking the Users’ Pulse

Mason represents the interests of the sci
tific community in ensuring that the overall proje
meets the requirements of the academic, indu
al, and government research communities. He
organized workshops to ensure good commun
tion among the users and the six DOE national
oratories participating in the design and constr
tion of the technical portions of the SNS facilit
The SNS Project has also appointed a user ad
istrator, Joyce Shepherd, who will build up a grg
to work with users to ensure that the SNS Pro
is responsive to their needs.

“Many neutron sources were originally d
signed for some other purpose such as radio
tope production, so the idea of doing neutron s
tering research at these sources was
afterthought,” Mason observes. “The SNS partn
ship offers the opportunity to design a neutr
source specifically optimized to meet the need
the scientific users.”

How are ORNL researchers involved in tl
design of neutron science instruments to be b
at the SNS? “Some ORNL researchers are wi

14

(Brookhaven)

ahg at Argonne with Kent Crawford to design newpower the accelerator will reduce its footprint from
instruments,” Mason says. “Potential users of thiéve to three football fields in length. In this design,

rSNS can influence the design of new instrumentle beam is injected into the ring through a foil that
poy joining instrument advisory teams, or IATs strips the two electrons off each negatively charged
esearch groups that can get their own fundirtgydrogen ion, making each one a proton. The pro-
rfigem sponsors to develop neutron instruments caons circulate in the ring about 1000 times before
gorm instrument development teams, or IDTspeing extracted as a pulse of less than 1 microsec-
g&roups at ORNL and BNL, as well as those|iond for delivery to the liquid mercury target.

y-Denmark and Germany, have expressed interest in

wéorming IDTs. An IDT will get dedicated bea Nurturing the Six-Lab Partnership
taisne for its scientific program in return for its con-

gétibution toward the construction and operation/of ~ The large-scale, six-lab partnership needed
r e instrument.” to design and build the SNS is unique in DOE his-
nts. Several groups at ORNL have expressegry. What must be done to ensure that the six na-
einterest in writing proposals to get funding for inional lab partners work together successfully on
hstruments and for experiments to be performed gfe design and construction of the SNS?
Irthe new facility. In the Physics Division, there |is “The keys to making this partnership work,”
f &terest in pursuing fundamental physics studiesays Carl Strawbridge, administrative director of
oWith cold neutrons and in making measurementge SNS, “are the commitment of the six lab direc-
esf interest to the astrophysics and nuclear stiugyrs in the partnership; various tools such as the
ture communities. DOE's new Center for StruCinterlaboratory Memorandum of Agreement; and
tural and Molecular Biol-| 5 strong, experienced SNS management team
ogy at ORNL plans to seek \yorking with the DOE project team.”
funding for a neutron-scat What must be done to ensure congressional
tering instrument to study nding and support for the SNS partnership over
the strueure of biological | he next seven years? “We are fortunate that no
molecules. And agroupin one i the scientific community and the political
the Metals and Ceramics gy ¢tom questions the scientific need for the SNS;”
.(M&C_) Division is work-_ Mason says. “The materials science applications
ing with thg .S.NS Exlp.erl- of the SNS are seen as important by everyone. We
me dntal F"’Tg'“t'es D'V's't?n recently enjoyed endorsements from the National
Z)n prg;;srle ihfss?:?ergtif? sAcademy of Sciences’ Solid State Sciences Com-
case for and define the e _mittee e_m_d the American Phys_ical Society Council.
sential characteristics of “Itis important that potentlgl users qf the SNS
utron diffractometer t a]l over the nation ;peak or write to their congres-
dy residual stress in e _sional represer_1tat|ve§ about the need for supp_ort
Sfﬁéering materials. fo_r the SNS. It is _cru0|al that we get the appropri-
ation of $281 million for the next fiscal year so we
can begin procuring accelerator components and
initiate significant construction activities onsite. \We

en- The SNS design calls for an accelerator sy§l0pe we can continue to enjoy strong support for
Ctem consisting of an ion source being developed #tis national project.”
StBNL, a full-power linear accelerator being de- ~ Now that construction of the SNS has begun
hasloped by LANL and the Jefferson Lab, and &n top of the ridge, SNS supporters have even
cproton accumulator ring being developed at BNIhigher hopes for the project.
athat will deliver a 2-megawatt (M
uGeam to the mercury target (bei
ydeveloped at ORNL). The facilit
mitas been designed with the flexibi
ujty to provide additional scientific
eoutput in the future.
A prototype negative hydroger
e-(H-) source has already been test
isat 45 milliamperes (mA). It will be
caleveloped further to achieve the 7
anmA needed to support 2-MW opet
eation. The ion beam will be deliv{ 3/ ¥
oered to a linear accelerator that wj i
5 ofse radiofrequency radiation an™
magnetic fields to accelerate, focu®
heind steer the ion beam toward the
uitccumulator ring. The decision td\rtist’s conception of the central laboratory and office complex
orkse superconducting technology tof the SNS to be built on the Chestnut Ridge site in two years.

Ring

Target
(Oak Ridge)

The lon End of the Machine

Ock Ridge National Laboratory REVIEW



Neutrino Detector

Laboratory To Be
Proposed for ORN

in astrophysics.
0 neutrinos streaming from the sun have ~ “When the protons

mass or not? It's one of the puzzles |ointeract with the mer-
physics. Confirming that neutrinos have mass coutdiry atoms in the target,”
help astrophysicists account for part of the missirgfremenko says, “not
matter in the universe, possibly providing insightenly neutrons, but alsg
into the fate of our rapidly expanding cosmos. | unstable subatomic pa
A neutrino is an electrically neutral subatonjigicles called pions are
particle that penetrates steel, concrete, our bodie¢grmed. After 26 nano-
and the earth itself. Neutrinos are produced by stagsconds, each pion de
including the sun, by the decay of radioactive i5G:ays into a neutrino and ’

topes, and by nuclear reactors. a negatively charged par-
In June 1998 an international team of scieiicle called a muon. Each
tists at the Super-Kamiokande detector in Japan—yon is unstable, and after 2.2

specially constructed underground lake of highlysicroseconds, it decays into one 2 conception of
purified water surround_ed by a huge array o_f lightjectron and two neutrinos. So, for every pos- QK ; ORLaND. which
detectors _(background |mage_)—_reported evide HRely charged pion produced from the mercury ek Be et ’th e SNS.
thaF neutrinos have mass. IF_l; |mp0|_’tant _thqt Ct‘érget, we get three neutrinos.”
entists at other neutrino facilities verify this find- = 1e agvantage of the SNS as a source of nee detected by an array of thousands of photomul-
ing and accurately measure neutrino propertiesyin s s that it does not produce a steady streatipliers, each about 20 cm (8 in.) in diameter.” De-

_ A proposal for a detector facility that couldy¢ e trinos as do the sun and reactors. Tispite its small size, the proposed ORLaND detec-
e SC|ent_|sts e T 5 definitive ans eutrinos (like the neutrons) will be produced |irior will still be the world’s most effective neutrino
g S e ] whether L LS TP it Ises whose on and off times are known. Thanfkacility because of the large neutrino flux produced
ggé‘jﬁﬁﬁ;ﬁ fzglﬁyb)é;ﬂfﬁgg%;E%%pg?_)g?;t "to computers, the arrival times of the neutrinoby the SNS during routine operation.
tory for Neutrino 6etectors (ORLaND? i eat the ORLaND de_tect_or can be predicted accu- When a neutrino strike_s a protqn in the_ hy-
built near the Spallation Neutron Sourcé (SNS) ( rgtely. Therefore, §C|en_t|sts vy|II know exactly wh rdrog(_en- and carbon-contalnmg mineral oil, a
previous article). The ORLaND proposal is bei &6 expect alneutrlr)o signal in the detector. If t eyosmvely charged electron (posnron) and a neu-
prepared by a group of nearly 100 scientists fr ee weak signals in between thg pulses, they witbn are produced. The neutrc.)nlthen interacts with
T S e AT W s, tra_rl]t_trlbute them _to background radiation such as osF_lother proton, thereby err_nmng a gamma ray

c rays hurtling through the atmosphere. Thusyith a total energy of 2.2 million electron volts.

ed States and abroad. Frank Avigonne, profe 2 : - 2
of physics at the University of SO?Jth Carglina ithey will be able to separate real events from spirthe gamma-ray photons, in turn, collide with
: electrons, imparting to them a recoil energy. It is

the spokesman of the ORLaND collaboration. rious ones. - ' : -
b : The main detector of the ORLaND facility these scattered electrons that finally produce light

The SNS will be the source of the world's . e - X ; . Tl s
most intense, pulsed beams of neutrons for use | be a cylindrical tank placed in a 33-.m.- (1104n the qll-addltlve I.|qU|d scmtlllator., resulting in
neutron scattering research. The SNS facility ifit-) deep bunker near the SNS target building. Thtbie indirect detection of the neutrino.

include a liquid-mercury target for bombardm nfetector itself will be about 15 m (50 ft) deep and ~ “Our main goal,” Plasil says, “is to look for
by beams of protons from the SNS accelera of® M in diameter. On top of it will be 4.5 m (15 ft)neutrino oscillations, in which one type of neu-
and beam lines to carry neutrons produced in +#19f large steel and concrete blocks to reduce titeno changes to another type. If we detect neu-

target to experiment stations. It is the target st ggensity of cosmic rays coming through. The fatrino oscillations, then we will know that neL!tri-
-nos have mass. If they have mass, the universe

of the SNS that interests physicists like Yuri EfreCility Will provide space for outside groups of re-nc _
menko, a University of Tennessee research préearchers to assemble their own special detectordl be heavier than we thought, and our current

fessor of physics based in ORNL's Physics Divias part of an international research effort on neunderstanding of subatomic particles embodied
sion. He, along with Frank Plasil, an OR Ltrino measurements. in the so-called Standard Model will have to be
corporate fellow in the division; Glenn Young, |a “ORNL’s 2000-ton liquid scintillation detec- revised. We also plan to conduct experiments to
Physics Division section head; and Ken Carter frof@r Will be 25 times smaller than the Japanese |ddetermine the probability with which neutrinos
the Oak Ridge Institute for Science and Educdector,” Efremenko says. “It will contain mineralinteract with different types of nuclei. This re-
tion, are helping draft the neutrino proposal an@il mixed with an additive that emits light whensearch will be of great interest to the astro-
leading the ORNL effort to construct the facility. struck by charged particles. The emitted light wilbhysics community.”

Artist’'s
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Turbine Renewal: Shaping

an Emerging Gas- ¢
Fired Power Source i

The gas turbine is evolving into the workhorse of electricity production in the 21st century,
and ORNL materials research is helping to boost its efficiency and reduce its emissions.

n 1995 three buildings of Malden Mills, the maker of Polartec climate control fabricsbine, the type of engine that in different forms

burned down in a major industrial fire. But instead of shutting down operations and disrfliss-airline passengers across oceans and drives
ing the employees of this major manufacturer in Lawrence, Massachusetts, Aaron FeuersteinMyesanks across battlefields. The gas turbine is
dent and owner of Malden Mills, decided to rebuild the mill buildings and re-employ the workerslving into the workhorse of electricity pro-
For this decision in the age of corporate “rightsizing” and relocation of plants to countries wihection in the 21st century.
labor is cheaper, he received international acclaim and awards for his humanitarian treatment dthe old Malden Mills power plant was to
employees. President Clinton cited him for corporate responsibility. be replaced with a cogeneration plant that com-

In his decision to build a highly efficient cogeneration power plant to replace the inefficientisines a natural gas-fired turbine with a steam re-

in which the fire started, Feuerstein faced a problem. Under Environmental Protection Agency E®8)y boiler for the production of electricity and
rules, a new power plant heat. This combined heat and power (CHP) plant
must meet stringent limits uses fuel 25 to 40% more efficiently than do to-
on the exhaust gas concenday’s coal-fired plants and emits about 40% less
trations of pollutants such carbon dioxide, a greenhouse gas.
as nitrogen oxides (N® A Centaur 50 gas turbine engine built by
and carbon monoxide Solar Turbines, Inc. was to be used in the power

much NQ, violating EPA regulations. So, DOE
provided funding for technical support to help
upgrade the Solar Turbines engine so that it
would meet emissions specifications. DOE asked

to make Malden Mills
demonstration site for
power plant featuring a g

This type of gas turbine is used at Malden
Mills to generate power. It meets environ-
mental regulations partly because
of improvements in the combustor
liner resulting from ORNL
materials research.

The Malden Mills power plant in Lawrence, Massachusetts, has a Solar
Turbines gas turbine engine (Centaur 50S SoLoNOx Engine) that has
been improved partly because of materials research results from ORNL.
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material scientists in ORNL's Metals and Ceram€ombining the output of the gas and steam tucooling; therefore, they can be designed without
ics (M&C) Division to help determine which bines generates more electricity for the sammoling holes, reducing the tendency to create hot
ceramic composite and protective coating wouldmount of fuel. A CCGT may also have a recuspots. If less air is used and fewer hot spots are
work best in liners of the combustion chambeperator, or heat exchanger, which uses some pfesent, less NOs produced, making it possi-
(combustor) for use in the rebuilt plant's gashe energy in the gas turbine’'s exhaust gaseshite for the gas turbine to meet the air quality stan-
turbine. preheat the air entering the combustor. In this wagtard. In addition, reducing the need for air cool-
After an intensive 24-month effort involv- the energy efficiency of the CCGT is improveding also saves energy, making the gas turbine
ing Solar Turbines, ORNL, Pratt and Whitney, Conventional land-based gas turbines usedore efficient.
DOE's Argonne National Laboratory, B. F. Gop-for power generation are 33 to 40% efficientwhen  Selecting the best ceramic liner material for
drich, and Honeywell Advanced Composites, ased in “simple cycle” mode—that is, without|athe Solar Turbines’ gas turbine for Malden Mills
turbine outfitted with ceramic composite com-+ecuperator or steam generator. How can a CCG&quired two years of testing. Among the pri-
bustor liners was put into operation in Augusboth be made at least 60% efficient and meet|timeary candidate materials in this study were nu-
1999. In a November dedication ceremony| ajoals of lower emissions and lower energy castaerous variations of silicon carbide (SiC)-based
Malden Mills, Secretary of Energy Bill Richard- set in DOE’s Advanced Turbine Systems (ATSfomposites. To produce these composites, con-
son declared that this power generation unit h&ogram? U.S. turbine manufacturers working itinuous SiC-fibrous preforms were densified by
the “lowest emissions of any industrialized heahe program concluded that turbine inlet tempeoene of two processes, chemical vapor infiltration
and electric combined facility in the Unitedatures must be over 1427 (2600F) and that| or Si-melt infiltration, both of which create a rel-
States—and possibly the world.” the amount of air typically bled from the com-atively dense SiC matrix. The resulting continu-
According to DOE, natural gas turbines argressor to cool turbine components must be|reus fiber-reinforced ceramic composites (CFCCs)
expected to make up more than 80% of théuced. These two criteria, coupled with the largare strong and have an acceptable fracture tough-
power-generating capacity to be added in th&ize of the turbine engines involved, severelyess and a noncatastrophic failure mode.
United States over the next 10 to 15 years. Ofjtiehallenged the gas turbine industry. All SiC-based composite materials have a
more than 200 new power plant projects an-  “For gas turbines to hold up under thes@roblem: They degrade at elevated temperatures
nounced recently in the United States, 96% plasustained temperature and pressure extremés,a combustion environment. Although SiC-
to use natural gas and most will employ gas tuchanges had to be made in the materials usedbased materials are relatively resistant to oxida-
bines. The global turbine market is also pronmjighem and in the ways they are manufacturedtion, significant concentrations of water present
ing, with estimates of worldwide power generasays Mike Karnitz, manager of the gas turbine high-pressure combustion gases can acceler-
tion acquisitions approaching $100 billion oveproject in the M&C Division. “ORNL materials ate corrosion in these materials at temperatures
the next 10 years. research played a key role in identifying improvetypically encountered in a gas turbine combustor
ments in turbine components to meet DOE goalg*>~1200C). These problems are exacerbated by

How a Land-Based Gas Turbine Works
How ORNL Helped
A turbine is a rotary engine that uses a con-
tinuous stream of fluid to turn a shaft that drives  Gas turbines use fuel
machinery, such as the rotor of an electric gememore efficiently because they
ator. In a steam turbine, high-pressure steamadan be operated at higher ten
forced through turbine wheels to rotate a shafteratures than can other pows=
driving a generator. Fossil fuel power plants gndr sources currently availabl
nuclear power plants, which heat water to makBut high-temperature opera
steam, use steam turbines to drive large electriton can result in the formation:
ity generators. of NO, from nitrogen in the [
A gas turbine generally consists of a comfuel and in the air. Largej
pressor, combustor, and turbine. Part of the fuamounts of preheated air ar
bine drives the compressor, which sucks in largeulled into the combustor, anc
quantities of air, compresses it, and feeds {tradditional lower-temperature
high-pressure air into the combustor. There thair is pumped through holes i
air is mixed with a fuel, such as natural gas, kethe metallic interior walls of
osene, or gas derived from coal. The mixture e combustor to cool them a
burned, providing high-pressure gases to difiveombustion occurs inside. Thd
the turbine. pumped-in air mixing with the
In a CHP plant, the hot exhaust gases fromombustion gases creates hg
the gas turbine are used to generate steam|irsots that trigger the formatio
heat recovery boiler and the steam is used in teé NO, through high-tempera-
industrial process. As a result, less fuel is needlire reactions between nitro
ed. The CHP plant not only spins an electric gemen and oxygen in the air. Td
erator but also supplies heat, making it a cogereduce NQ formation, one
eration facility. route is to replace the metal
In another type of power facility, the com-combustor liners with ceramicJim Keiser and Mike Howell (on ladder) prepare to install samples
bined cycle gas turbine (CCGT) plant, the extiners. Because they can within the Keiser Rig. This ORNL test furnace is used to expose samples
haust heat from the gas turbine is used to pretand more heat, cerami®f CFCC combustor liner materials and coatings to high-pressure
duce steam for a power-producing steam turbinéners should require lesswater vapor similar to the combustion gases in gas turbines.
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Significant materi-
als recession (loss o
liner thickness) was
accompanied by
subsurface micro-
structural damage
on the working sur-
faces of a CFCC
combustor liner.
This outer liner ran
in a Solar Turbines
Centaur 50S enginefi
for >5000 hours at
the Texaco, Bakers
field, California test
site without a pro-
tective environmen-
tal barrier coating.

the presence of boron-containing and other cpiaboratory and actual engine exposures was
stituents introduced during the composite fabritributed to high water-vapor pressures. Using
cation process. Keiser Rig, the ORNL researchers screened
To understand and fully evaluate this watedifferent CFCC materials, provided insight in
vapor effect on different SiC-based composites,the degradation mechanisms for the differe
team of M&C researchers was assembled to exaif@CC compositions, and reliably estimated
ine this phenomenon and ultimately help selectegradation rates for each composition.
the most stable CFCC material to use for com-  “The corrosion reactions in the hot combu

bustor liners. Karren More, Peter Tortorelli, Matttion gas rapidly convert the silicon carbide—base,

Ferber, and Jim Keiser brought to the team extematerials to silicon dioxide, silicate glasses, 3
sive experience from previous work on micrpvolatile products,” More says. “As a result, the
structural characterization, high-temperaturés a loss of sound liner thickness, making the
corrosion, and mechanical reliability of ceram-ers prone to premature failure. To protect the wi
ics and CFCCs. Particular use was made of |thieom this surface recession, it was necessar
“Keiser Rig,” a unique high-temperature, high-identify an oxide coating that could serve as
pressure exposure facility developed by Jim Keiseffective environmental barrier to oxidation. Pr

er and Irv Federer in the early 1990s to examirtective coatings for the CFCC liners have bee

corrosion of candidate heat exchanger materigland continue to be evaluated at ORNL."

The Keiser Rig enabled the ORNL teamto ~ The ORNL research, coupled with exte
simulate the high water-vapor pressures encgusive field testing by Solar Turbines and materi
tered in land-based gas turbines such as Solamprovements and coating development by
Turbines’ engine. Microstructural characterizadifferent materials manufacturers, laid the fod
tion by More of composites exposed in the Kejsdation for the selection of the best CFCC co
er Rig and the same materials exposed in actyadsition and coating system for the combus
engine tests for comparable times revealed sinliners used in the low-emission Centaur 50
lar modes of material degradation. The root cauggne installed at Malden Mills. This collabor;
of the CFCC microstructural degradation in batftion allowed the demonstration project at Mald

Karren More and Larry

Walker use the Hitachi
HF2000 transmission
electron microscope to
study fiber-matrix inter-
faces in continuous fiber-
reinforced ceramic com-
posites (CFCCs). These
composites are similar to
the CFCC combustor lin-
ers used in gas turbines
for power production.

More and Walker also
use the JEOL 733 elec-
tron microprobe to ana-

lyze CFCCs after expo-
sure to high-pressure
water vapor in the ORNL
test furnace and after
actual engine tests.

aittills to proceed and meet the EPA limits for NO
thend CO. The liners have run without problems

thér more than 4000 hours.
to

3hnfhe Appeal of Gas Turbines
e

Rod Judkins, manager of ORNL's Fossil
SEnergy Program, says that coal-fired power plants
’n&ovide 56% of the nation’s electricity even
i ough a new coal power plant has not been built
irn%-)y a U.S. electric utility since the 1970s without
aIFl government subsidy. In the future, he said, U.S.
ilities are interested in building power plants
Y {Rat use natural-gas-combined cycles.
an - el
o- There are many reasons why utilities like
as turbines for future power production,” Jud-
Ins says. “Besides being more efficient and pro-
nducing less carbon dioxide than coal-fired pow-
al?r plants, gas turbines cost $500 per kilowatt less,
thgwering the cost of electricity by 10%. Also, gas
pturbine plants can be built faster, and they come
rin & wide range of sizes, offering flexibility.”
tor CCGTs are steadily becoming even more
~rappealing. One reason is that partnerships involv-
,-ing DOE, national laboratories, electric utilities,
eRatural gas companies, gas turbine manufactur-
ers, and universities are rapidly boosting the ef-
ficiency and reliability of natural-gas-combined
cycles while lowering their emissions.

The first U.S. application of a utility-sized
advanced CCGT engine to result from the efforts
of DOE’s ATS Program was announced in De-
cember 1999. Sithe Energies of New York City,
one of the world’s largest independent power pro-
ducers, announced it was building a power plant
near Scribna, New York, that would incorporate
two 400-megawatt (MW) versions of the DOE-
supported natural gas-fired Frame 7H CCGT built
by General Electric (GE) Power Systems. The
first of these units, about the size of a large loco-
motive, passed a critical verification test in Feb-
ruary 2000 and was to be shipped from GE'’s
Greenville, South Carolina, manufacturing facil-
ity to New York a few weeks later.

Itis predicted that these new CCGTs, which
are currently in the testing stage, will discharge

D,

Ock Ridge National Laboratory REVIEW



The microstructural degradation
observed on the working surface
of a CFCC inner liner after 1000 h
in an engine test at the Texaco test
site(left) was similar to the dam-
age observed for a CFCC sample
co-processed with the liner ex-
posed for 1000 h in the ORNL
Keiser Rig at a high water-vapor
pressure (right). Comparison of
results from laboratorgnd engine
exposures for several different
CFCCs demonstrated that the
Keiser Rig provided a valid simu-
lation of the CFCC microstruc-
tural damage at a rate comparable
to that observed in actual combus-
tor environments.

half the NQ typical of existing utility-scale tur{ gram, such as the new GE turbines, are exceegikgrnitz, Siemens-Westinghouse and Pratt Whit-
bines. They will also emit 20% less carbon diox55% net efficiency (using the definition of effi-ney have improved thermal barrier ceramic
ide than was produced by turbines available onbiency applied to coal-fired steam plants) or 6Q%oatings for use on turbine airfoils to enable
eight years ago. efficiency in terms used for gas turbines. Becausecreases in turbine rotor inlet temperatures

These GE turbine engines and similar utilfuel represents the largest single cost of runnimgeded to achieve ATS efficiency goals. This
ity-scale power systems being developed by power plant, a 10% increase in efficiency caaffort has been strongly supported by a team
Siemens-Westinghouse are now emerging froréduce operating costs by as much as $200 milf researchers in ORNL's M&C Division that
DOE's ATS Program. An industrial-sized ad4ion over the life of a typical gas-fired 400-MW includes Matt Ferber, Allen Haynes, Michael
vanced gas turbine developed under the AT&mbined cycle plant. Lance, Karren More, Bruce Pint, Glen
Program—the Solar Turbines Mercury 50—has  ORNL's contribution to the DOE-GE project Romanowski, and lan Wright. Thermal barrier
already been announced. This engine has @fs to manage the program in which two cofreoatings (TBCs) have two layers. A ceramic top
efficiency improvement of some 15% compareganies—Howmet Corporation in Whitehall,coat provides insulation to help keep the single-
with the state of the art before the ATS Prograrichigan, and PCC Airfoils in Cleveland, Ohio--crystal alloy blades from getting so hot that they
was initiated. _ . . developed an improved manufacturing processelt. The second layer is a metallic bond coat
_ Improvements in turbine designs, coglfor fapricating single-crystal nickel-based superthat serves to “glue” the ceramic top coat to the
ing systems, materials, and manufacturing tecByjoy turbine blades, or “airfoils.” These airfoils metal blade and also provide resistance to oxida-
nologies achieved through the ATS Prograrake the turbine spin when they are pushed lin and corrosion. At the high temperatures of
by the gas turbine manufacturers and the matefjigh-temperature gas. Single-crystal componenige gas leaving the turbine combustor, the alloys
als and component suppliers have made possibls preferred over conventionally used materialgsed for the airfoils can degrade rapidly through
higher turbine operating temperatures. Agecause they are stronger at high temperaturggidation unless they have a protective bond coat
aresult, ad\_/an_tlf?d gals tyrblneteghnology 'Slf 44us, turbine blades made of this material are  oRNL's TBC Program has two main goals,
g, A T B e e TS o oWt T 1 o

The workhorse of electric utilities today is Single-crystal blades werge first devegb naximizing the ab”'t.y of.the"metalllc b‘?‘“d coats
the highly centralized coal-fired power plant ste N - - o resist thermal oxidation,” he says. “The sec-

gnly power p For use in aircraft. Turbine blades used in curr , -
turbine, which typically has a fuel efficiency of i ai - ) Ynd involves learning how the complete TBC

g civil aircraft today typically weigh up to 2.3 k : o
less than 40%, although over 45% efficiency i%s s ) “put blades for ad d land-based system degrades during service.
s.), but blades for advanced land-based |gas One of the keys to maximizing TBC life-

- ; ime is to minimize the rate of growth of the ox-
tals, can weigh 18.2 kg (40 Ibs.). Howmet a e scale formed on the bond coat while maxi-

FC? r,?r;rfolls irne :jevielor;mrgtthhe mz\;lln “mizing its adherence to the bond coat when
acturing technologies for these ve yexposed to the turbine environment. ORNL ef-
large single-crystal airfoils. Five years a

. . L S 8904145 in this area involve using model alloy sys-
single-crystal turbine airfoils of this siz PR )
tems to quantify improvements made possible
could not be produced. Under the aus : e .
hrough various alloy modifications. A specially

pices of the ATS Program, efforts aim LT .
at improving the yield of these castin Sdeveloped coating rig is used in the laboratory to

are continuing. ORNL's Mike Karnitz ha gxplore ways to incor.porate these im.prove.ments
provided management support and te Hnto actue}l bopd coatings. C.:qllaboratllon with the
nical oversight to this project. gas turbine mdystry_partlc_lpgnt_s in the ATS

program results in rapid assimilation of such de-
velopments and the examination of production-
related issues relative to modified TBCs.

An understanding of the actual modes of
degradation of TBCs is essential to the develop-
Bond coats In other ATS materials ment of models that can be used to predict ser-
The new GE gas turbine produces power at 60% efficieraryd manufacturing programs managed|byice lifetimes. The ORNL effort in this area

claimed for_advanced _s_t_eam plants in Euro furbines, which must also be grown as single ¢
CCGTs designed for utilities under the ATS Pro

. Meeting Other Materials
Challenges of Industrial Turbines
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The efficiency of Solar Turbines’Mer-
cury 50 engine, an industrial-sized
advanced gas turbine developed
under the ATS Program, has beeng
improved from 31 to 40%, .
thanks partly to ORNL'’s
research on recuperator
materials. 4

covered that ultrafine, stable metal carbi
dispersions could be produced in such ste
significantly improving their creep-ruptur
resistance at 700 to 8UD. Tests of those
modified steels, such as boile
tubing for fossil-fuel
power plants,
showed that
they are
indeed
highly
creep-
resistant.
Applying
this knowledge to the

=
P |

o)
!

Y N\

tor material required by Sola
Turbines, an M&Cteam led by Bob
Swindeman (including Maziasz and Brug
Pint), developed a technology-specific, mo
ified foil-making process for strengthenin
fine-grained stainless steel 347. It does so
controlling and tailoring the steel’s microstru
ture, ensuring its corrosion resistance. Sm
involves the development and application opieces of foil were cold-rolled and then heat
techniques to identify and characterize the prd0 partially dissolve niobium carbide (NbG
cesses involved in TBC degradation. Crucial jnParticles already present in the material frg
sight into mechanisms at work is being gaine8reévious processing. During creep testing

through the application of the M&C's Division’s S€rvice at 650 to 70C, stable precipitates of
bC form in the stainless steel microstructure.

The strengthened steel recuperator channels

comprehensive suite of advanced surf N

analysis techniques. .
should not close up or corrode under the hi

Recuperator foil. Small, industrial-sized temperatures of the gas turbine environment.

turbines intended for simple-cycle use can meet
ATS goals by using a recuperator. The materi \
used to make a recuperator to recover heat from
turbine exhaust gases must be able to operate re- . P
liably at 593C (1100F) for a long time. Thus| integral team member. Using the M&C Division
the material selected for the Solar Turbines M
cury 50 engine recuperator—type 347 stainl

problem of the recuperar

This work was done under a cooperative
search and development agreement (CRADA)
etween ORNL and Solar Turbines, with the
material supplier, Allegheny Ludlum, as an

unique infrared furnace containing high-
Tﬁtensity tungsten halogen lamps, the ORNL re-
Searchers simulated the conditions on Allegheny

derate 75 kilowatts of electricity or less; by com-
elsarison, larger industrial gas turbines generate
e 3 to 30 MW and CCGTs produce power up to
400 MW. Currently, microturbines are about
rthe size of large refrigerator-freezers, and the
number of manufacturers is growing. One mar-
ket for these microturbines may be commercial
businesses that want to use them to power their
building appliances and provide excess electric-
ity they can sell back to their electric utility
company. Because the efficiency of current mi-
croturbines is just under 30%, DOE’s goal is
to make advanced engines that are 35 to 45%
efficient.

ORNL researchers are testing a wide range
of materials necessary to improve microturbine
efficiency. They are studying ceramics such as
silicon nitride, which will be needed for the high-

ceest temperatures anticipated in future gas turbines.
dThey are evaluating foils of advanced, heat-
gresistant metals, which will be needed for near-
ligrm use in turbine recuperators.

As a world leader in materials research and
alls DOE'’s largest energy research laboratory,
PORNL is making a major contribution toward
)ensuring that tomorrow’s dominant source
8f electricity will be low in emissions and high
Qh efficiency.

gh

'S

steel—had to be modified to improve its creep ,qjum's continuous-annealing line. Using
s_trength, which is its ability tq resist deformaprn L results, Allegheny Ludlum is modifying
tion during long exposure to high temperaturespe process for producing large amounts of coils
Here's the problem: The recuperator is madg, pe ysed to make test recuperators. Solar Tur-
of a stainless-steel foil folded into a unique cOfyines takes the foil produced by the modified
rugated pattern to maximize the surface area fgfocess and fabricates folded foil for commerPhotograph
efficient heat transfer. Hot incoming air and excial recuperator air cells at its TurboFab plant iand stematic

they must remain separated. If the steel foil getessing will be used to manufacture recuperators
too hot, the channels can deform and collapsfar Solar Turbines’ new Mercury 50 gas-turbine EX1aust
blocking the flow of the gas. If the foil cracks orengine. The new recuperator technology, whic
corrodes through, leakage of the gas can al#an essential part of ATS gas turbines, helps i
cause it to fail. The goal of the ATS Program wasrease the energy efficiency of the Mercury 5
to modify the material so that it will have suffi-engine from 31 to 40%.

—> Heat to users

Recuperator

To plant

cient creep strength to last for more than 30,000 ",’v‘;‘s‘igf',f';at utility or
hours or longer, if possible. Turbine Materials Research at recovery Sombusior grid

About 15 years ago ORNL's Phil MaziaszORNL: The Outlook
was trying to develop austenitic stainless-steel
alloys that would be resistant to radiation da
age for possible use in fusion reactors. He

Compressor

®
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Microturbines are a new class of gas tui

o . L P Turbine
iine of growing commercial interest. They gen Air inlet
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Heat Pumps: More Energy

Bang for

the Buck?

Compressor,
evaporator, fan,
and condensate

Removable
shroud

Louvered

ORNL is playing an important role in developing

management
system inside

panel

ng and water heating.

Anode rod

heat pumps for air conditioni
atural gas is enjoying a resurgence in p

N ularity these days for several good reaso
It's a clean-burning fuel. When burned, it gives
40% less carbon dioxide than coal used to prov
electrical power. And it's abundant and affordab

To make natural gas even more affordal
ORNL has been funding the development of a hi
ly efficient gas-fired heat pump for providing a
conditioning and heating. Working with comme
cial partners, Bob DeVault, Patricia Garland, Ab
Zaltash, Phil Fairchild, and others in ORNL's E
ergy Division have guided the development of t
generator-absorber heat exchanger (GAX) tech

ogy, a heat pump that is designed to use 30to 5

less energy than other systems.

In mid-1999, the first pre-production GA
absorption air conditioners were installed in mo
homes in the new Village Green subdivision
Southern California. The test began following
ribbon cutting on May 13, 1999, at Village Gree
that was attended by ORNL's DeVault, Ron Fisky
(DOE program sponsor), and Dan Reicher (D
Assistant Secretary for Energy Efficiency a
Renewable Energy). The 183-unit Village Gre
subdivision is being constructed in phases ove
projected two-year period. By the end of 199
more than 50 homes, all with GAX absorption
conditioners, were under construction. For comp

T

Village Green home with GAX heat pump duri

ofison, several comparable homes usi

50-gallon
tank

neonventional heating and cooling units 220 VAC

X . . input
offvill also be monitored to obtain bases :ﬂfeg;ated
idiee data. Although itis too early to have Wrapped coil controls

leseasonal test results from Village Green, condenser

lehe new GAX absorption air condition-
glers have received the standard indepe
irdent product certifications required of all
r+esidential air-conditioning systems. The ===
dGAX air conditioners were independent/ prototype of the heat
ndy certified as being 29% more efficient?Ump water heater. Image
hthan the single-effect absorption air cornhanced by Rosemary Adams.
nalitioners that have been produced for decades. | Enviromaster International, a small company locat-
0% Robur Corporation of Evansville, Indiana, theed in upstate New York, for the development and
manufacturer of the old single-effect Servel air corfield testing of a heat pump water heater designed
ditioners, has introduced both 3-ton and 5-ton refor the large electric water heater replacement mar-
detlential and light-commercial GAX absorption airket. The researchers will also aid in promoting the
irronditioners into the marketplace. Robur plans tiechnology through DOE'’s Energy Star Program.
&onvert its absorption air conditioner production  An electric heat pump water heater (HPWH)
nentirely to the new GAX technology during 2000uses about half as much electricity as convention-
m In a separate, parallel industry cost-shareal water-heating units. Nevertheless, HPWHSs have
DEffort, ORNL and its commercial partner, thenot sold well because the technology is unfamil-
ndUnitary Gas Heating and Cooling Products Conar, the cost of each unit is high, and early models
esortium (a gas industry limited liability companywere unreliable and difficult to install. The new
eraeated by a consortium of gas utilities and pipeslectric HPWH is designed to be more attractive
dine companies), continue to develop prototyp& consumers.
aiGAX absorption air conditioners and heat pumps.  Unlike earlier HPWH models, the new drop-
agupport for the ORNL-DOE program comes frgnin model can easily be installed by a plumber to
Southern California Gas Company (the largeseplace the existing water heater. The installed cost
gas utility in the United States), Southwest Gasf the new HPWH will be about $400 more than
Corporation (the fastest-growing gas utility becaughat of a conventional 50-gallon water heater, but
Las Vegas and Phoenix are in its service territoryflor many families, the energy savings in two years
Mississippi Valley Gas Company, Texas Gas Trans¥ill cover this additional cost.
mission, and others. Round-the-clock durability testing of the
ORNL researchers in the Buildings TechnolHPWH design was scheduled to begin at ORNL
ogy Center are also supporting the developmeint the spring of 2000. These accelerated tests will
and field testing of a novel type of electric heatontinue for nine months, subjecting the HPWH
pump for heating water that produces hot wateo the equivalent of 10 years of real-world use. In
twice as efficiently as conventional units. “Wateiaddition, a field study of the HPWH will begin
heating accounts for about 17% of the energyis summer at 18 test sites located across the coun-
consumed in a typical household, so it's a goouly. These tests are being conducted in partnership
candidate for energy savings,” says ORNL's Johwith a number of large and small utilities. Com-
Tomlinson. “But conventional electric water heatmercial launch for the new design is anticipated in
ers are reaching their efficiency limits. We need tearly 2001.
apply heat pump technology instead of resistance  Once these new heating and cooling devices
heaters to water heating.” are commercialized, itis hoped that many consum-
ng Tomlinson, Randy Linkous, and others in thers will get pumped up about the energy savings
Energy Division are providing technical support|tdhese technologies will bring.

Foam
insulation

ribbon-cutting ceremony in 1999.
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Combined Solar Light and
Power for llluminating
Buildings

The sun’s rays can light aroom
directly through optical fibers
and indirectly by powering the
room’s light bulbs, thanks to a
bright idea from ORNL.

Sunlight collector and
tracking system

H ow many ways can you light a room, be
sides screwing in an electric light bulb?
You could pipe in sunlight through optical fibers con-
necting the roof and the room. That would wark
wonderfully well during the day, especially a cloud-
less one. Or you could use a more efficient apprgach
invented at ORNL: Maximize the use of the sun-
light's energy by piping in the visible portion of the
spectrum while turning the nonvisible, infrared part
into solar electricity to power the light bulb. That

way you could provide hybrid lighting to the room. . . - — .
Part of the light would come from the sun Artist’'s conception of the combined solar lighting and power system showing the cutaway of
and part would come from the electric light bulb. the inside of a building illuminated by sunlight and lighting fixtures powered by solar energy.

To keep the room at a constant lighting level, smart ~ Drawing by John Jordan.

Sensory C(.Md be usgd tq d'm. e gt w i %parates the incoming sunlight. The concentraaunity Rograms. This DOE office and DOE’s Of-
It|h?1 t'gg%?;'gg tsﬁlr?é(g%ht tlg i?élﬁrth/:;(jletcgl zlter(u:it Ih or, which resembles a satellite dish, is supportdite of Power Technologies are expected to jointly
9 In 1999 Jeff Mu%s and %lis I lies | y a penetrating pipe that contains a bundle of vesypport further research. It is hoped that the sys-
, s - IS 0 © arge optical fibers. The sunlight striking the cgntem can be commercialized in two or three years.
ORNL's Engineering Technology Division devis : ’
this full-spectrum solar energy system, using a wi c__entrator is reflec_tgd to an attached s_econdg op- ORNI_.s full-spectrum solgr system may also
ning combination of existing technologies. They n cal eleme_nt positioned above the dls_h_. This ¢ldse used w!th .other technologies to better maTage
call the concept “combined solar light and pow pment conS|_sts of a spectral filter and a silicon-bas@arbon emissions from power plants. Because car-
“While we were doing our hybrid lighting stud- photovoltaic cell. . l.)on—eatlng”l algae gromh ratgs require much less
ies, we realized that visible light contained only half '_I'he spect_ra_ll filter reﬂe_cts the visible I_|ght|n olight per un!t area than is gvallable nqturally ona
of the energy of sunlight and that we were simpl§€ PiPe _cpntal_nlng_ the optlca_l fl_bers, which chansunny da}y, it may be possible to drastically reduce
throwing the rest away,” Muhs says. “We were deel the visible light into the building's interior. Thethe required acreage needgd to s.equeSFer cqrbon
fully using what's available in sunlight. We decideciPectral filter also transmits the infrared light intdrom power plants. A team including Ohio Uni-
we could collect the nonvisible light and use it|tdhe photovoltaic cell, which absorbs this invisibleversity and ORNL have proposed a 10-acre cham-
generate electricity or heat water while using théght and turns 20% of its energy into electricity. ber capable of replacing a 250-acre lake. The sys-
visible light to light the building’s interior.” “Itis four times more efficient to light a room tem contains closely spaced vertical sheets of
ORNL is negotiating with two industria] using visible light from the sun and electricity fro| Igae illuminated by self-illuminating large-core
groups to license the system so that it can befihe photovoltaic cell than it is to use traditio abptical fibers that glow like fluorescent lamps but
ther developed and marketed as a commercial pragplar electricity only for lighting,” Muhs says. “It use ORNL' collector technology. The infrared por-
uct. ORNL and 10 companies have formed this more sensible to use visible light from the sution of the spectrum is captured by photovoltaic
Hybrid Lighting Partnership. Each of the compadirectly for illumination of building interiors than cells to produce several megawatts of electricity to
nies manufactures one of the different componertis convert sunlight into electricity and turn aroundperate pumps and conveyor belts needed to grow
of the combined solar light and power system.| and reconvert only 30 to 40% of it to light.” and harvest the algae.
The heart of the system is a parabolic dish  The development was funded by DOE's @f- ~ ORNL's combined solar lighting and power
concentrator (primary mirror), which collects andice of Building Technologies, State and Com<oncept appears to have a bright future.

Light
distribution
system

Hybrid luminaire
with controls
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n April 2000, in Walnut Creek, I — genes, turning some on and others off,

California, researchers from three a s I “ a thus affecting the types and levels of
DOE national laboratories completed the proteins produced. The Genome Chan-
draft sequencing of human chromosomes nel provides information on regulatory
5, 16, and 19 for the Human Genome proteins as well as up-to-date lists
Project. These were not the first chro- ? of many important gene types,
mosomes to be sequenced,; the fir WW based on the most recent ORNL
was chromosome 22, whose order of g analysis.

DNA bases was published in De- Uberbacher was one of the
cember 1999 by a group of in- developers of the Gene Recog-

|
stitutions funded by the Nation- nition and Analysis Internet
al Institutes of Health (NIH). Link (GRAIL) computer pro-

However, these were the first hu- gram. Among other things,
man chromosomes to be GRAIL is known for
sequenced by DOE’s having helped re-
Joint Genome Institute “ searchers locate the
(JGI), which integrates gene responsible for
the genome centers at Adrenoleukodystro-
the Lawrence Berkeley, phy (related to the disease featured

Lawrence Livermore, and Los Ala- ORNL su ppo rts DOE’s human chromosome in the movieLorenzo’s Oj). The
mos national laboratories with in- updated version of GRAIL, called

formatics and functional genomics S€quUencing efforts by computationally analyzing GraiL xp, is available to users
capabilities at ORNL. i ~9f the Genome Channel.

B o i by DNA sequences to Iocate_ known genes, pr'edlc‘t wan e N
computationally analyzing DNA unknown genes, and estimate gene funCtlonSsupercomputer, our programs
sequences to locate known genes, search the databases for expressed
predict unknown genes, and esti- sequence tags,” Uberbacher says.
mate the functions of many of theth"e T 5 TR mr] ‘These are fragments of gene sequences
genes. Itis known that chromosOmeS b, ¢ eockmarks £ o To: nevp: //grail. 1od.ornl. qovicnannel] /@ Whats Related | that resemble or match DNA sequences
16, and 19, which make up roughly 11% <& 5 a 4 = & = & 7 we are interested in analyzing. Using these
of the human genome, contain gengs *** G RS eeRien WoSeRD i BRAMY e sequences as evidence, we can identify
that are linked to kidney disease, val and locate genes along the human ge-
ous cancers, hypertension, and diabet nome. By knowing the gene sequence, we

Forward Stof

In addition, through its Web site Genome Channel can then predict the amino-acid sequence
called the Genome Channel, ORNL prq Homo sapiens of the gene’s protein product. By matching
vides new information every month o 3 -t the sequence to known protein sequences
the latest DNA sequences obtained el : 10 in a database, we can often predict the bio-

Cod s
perimentally (including partial andissies OO :
whole sequences of human chrom gESEe. :
somes) and their computationally ider L L=
tlfled genes. PROSPECT R - '

The Genome Channel is a We e B
browser tool that provides a comprehe [ ‘
sive sequence-based view of parts of t{s
human and mouse and several comp| g 6
microbial genomes. This information rejsd
source is being used by many peopiad
worldwide, ranging from biomedical re
searchers at NIH and the Massachuse
Institute of Technology to scientists wh

_ 9_ chemical function of the protein.
o “We link gene sequences computa-
§ tionally to genetic maps of chromosomes
: showing markers, or known locations along
P a chromosome, that are tied to known bio-
logical functions. By doing this data min-
ing, we can predict a function for a partic-
ular gene sequence of interest.”
. = : According to Uberbacher, ORNL
- g Ej E %u g! = researchers will estimate two-thirds of
: I e - ! the functions of the genes that make up
i the sequenced chromosomes. “We will
be able to predict that a gene’s protein

1 oz

I RO -~

.17 8 19 20

MNotice

INTAan =

are developing drugs at some of thgs[ = | | product catalyzes a particular biochem-
world’s largest pharmaceutical compa- ical reaction,” he explains. “But to find
nies. The Genome Channel, which ha& view of the Genome Channel home page on the World Wide VWe.what the gene actually does in the
about 100,000 hits per month, was list- organism, we will rely on ORNL biolo-
ed among five “hot pick” Web sites in the DecefMsays Ed Uberbacher, head of the Computatigrdists studying the effects of mutations of a simi-
ber 17, 1999, issue 8tiencanagazine. Biosciences Section in ORNL’s Life Sciences Dilar gene in the equivalent chromosome in mice.

A researcher interested in developing a drugision. “In Parkinson’s disease, cells die when thelyor example, the biologists might find that the
to control Parkinson’s disease or cancer can gsfiouldn't, and in cancer, cells grow and spread igene affects embryonic development.”
relevant information from the Genome Channel bytead of dying when they should” To get updates on the latest findings concern-
typing in a class of genes, such as “caspase,” inthe  Regulatory proteins are of interest to researcig human chromosomes 5, 16, and 19, stay tuned
search space. “Caspase genes control cell deaiys because they control the activity of a host & the Genome Channel (compbio.ornl.gov).
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Microbial Functional 2

in bacteria, re-

Genomics and Waste e

to keep toxic

- - - - metals out of the
It€ bloremedailation eowen
esearchers in ORNL's Environmentalfrom theShewanella oneidendigcterium on the by normal and mutar8hewanelldacteria and to
Sciences Division (ESD) are seeking|tayene chip. In the meantime, while sequencing tharacterize enzymes that regulate gene expres-

understand the genetic structure, functions, regheing completed, the ORNL researchers are alsmn by turning some genes on and others off
latory networks, and mechanisms of bacteria thatorking with smaller subsets of the genes. through mutagenesis.
might help keep toxic metals out of the environ-  The goal of ORNLS first DOE-funded project ESD researchers have also used DNA mi-
ment. To do this, they are integrating genomic, bi@n microbial functional genomics and ecology| isroarray technology to analyze the community
chemical, and physiological approaches to explote identify the genes in the bacteria that are |retructure and activity of bacteria of environmental
whole genome sequence information. One of|treponsible for metal reduction, especially reductjoimportance. “We are the first group,” says Zhou,
genomic technologies being used by ESD researaf-uranium to convert soluble ions into insolubléto demonstrate that DNA microarray technology
ers is DNA array, or DNA microchip, technology.ones. This work is being done in collaboration witlivorks well for analyzing complicated environmen-
Basically, genes are laid down in rows and ¢okhe California Institute of Technology and Michi-tal samples.”
umns on a glass slide in the order in which theyan State University.
once existed in, say, a microorganism. In a pilot study, ESD researchers optimizedg=s

“We are using this exciting new technologythe hybridization conditions with a partial gene chig
to study gene function and gene regulation in bacentaining about 200 genes. “We are among |thies
teria capable of reducing metals,” says Jizhorfgst groups to show that microarray technolo
Zhou, an ESD researcher. “Such bacteria may lsan be used to analyze gene expression in bagtelf
useful for bioremediation of the Department of Enfor environmental applications,” Zhou says. “
ergy’s waste sites.” DNA microarray technologyare using it to help us define gene functions anjg
is also being developed and used by Ken Beattigene regulatory mechanisms in microorganisms
Mitch Doktycz, and other researchers in ORNL's ~ To determine which bacterial genes are im§#
Life Sciences Division engaged in functional geportant in the respiration of metals, ESD researc
nomics research and development.

anywhere, including in water and soil, and at sjtesnd dyed them green. Some genes turned on in ty
of infection. Just as humans breathe in oxygepresence of oxygen and other genes turned on whiga

could help keep water-borne uranium from leavthat suggests those missing genes are importanti
ing DOE sites. uranium reduction.” =

About 99% of this bacterium’s sequence is  More research will be needed to determ e e red dots on the gene chip represent bacterial
known, thanks to work by the Institute for Gethe precise function of each metal-reducing gene . X
nomic Research (TIGR) in Rockville, Maryland,by examining the role its protein product plays inJenes expressing them;el\{es in the presence of
funded by DOE’s Office of Biological and Envi- the organism. To carry out this research, ESD re2Xygen. The green dots indicate bacterial genes
ronmental Research. Using ESD’s new genomgearchers are collaborating with a group at Argo n&Xpressing themselves when exposed to metal. The
microarray equipment, the ORNL researchers wilNational Laboratory. There various tools are Yellow dots denote genes expressed by bacteria
lay down some 6 million bases and 6000 gendsg used to find differences in proteins produded“"der Poth sets of conditions.
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Human Improvement

Using robotics and intelligent machine technologies, ORNL
researchers will devise a “suit” to make humans
faster, stronger, tougher, and smarter.

on a joystick-type handle, one pefr- “Use of such an exoskeleton could also im-
son can move and control a mecharprove the safety and productivity of workers in the
ical arm to lift and put in place a construction, mining, and manufacturing indus-
5000-pound payload while sensingtries,” Pin says. “Exoskeletons could also be worn
all the forces that act on the pay-to make rescue operations safer and faster, for ex-
load, such as inertia, friction, or ims ample, when extracting people from rubble left
pacts. For example, with this machinefrom earthquakes or terrorist bombs.”
you could easily hoist very heav, As a precursor to the exoskeleton slated to
objects—such as an automobile gnbe developed, Pin, Jansen, Joel Chesser, Dave
ORI ERCI B (oI Re R R[S L BIENL gjine you wanted to put in a ca—andConnor, John Rowe, and Lonnie Love, all of
TEESOINESVEGIE SR Sl OISRl sssemble them precisely. The maRPSD, in collaboration with Terry Tiegs of
WS RTETEREloR eIl BREY) chine senses the motion and force©®RNL's Metals and Ceramics (M&C) Division
exerted by your hand and then duand Marc Simpson of the Instrumentation and
When Sylvia joined her military unit, sh plicates the motion while amplifying the forces.|ItControls Division, developed a prototype of a
didn't realize that she was going foalso allows you to “feel” what happens to the payloatbrso with a long arm. The prototype was the out-
become faster, stronger, and smarter in a hurry.[The  In 2002, largely because of the ATTD's suceome of a 1999 project sponsored by internal
military was training her to wear an early versipr$€ss, ORNL researchers will work on a follow-orfunding from the Laboratory Directed Research
of a Superman suit. Sylvia stepped into a “soldidoject for new Air Force and Navy programsand Development Program at ORNL.
amplification exoskeleton,” which “lifted” her These will be focused on developing human-  “This human amplification machine testbed
weight and the weight in her backpack. As a resumPplifying machines to increase the abilities |oihcludes changeable parts that can be made of dif-
she could run much faster and for much longer| diverse recruits in a time when fewer people arferent materials and have different control and sen-
With the exoskeleton’s attached long arm, shePlunteering to serve in the U.S. military. sor systems,” Pin says. “We have shown that we
could lift heavy objects that she would not nor- _ Because of improvements in robotics and inean amplify the strength and reach of a human us-
mally have been able to hoist. Her smart exoskéglligent machine technologies, the U.S. Defendag components made of lighter materials than have
eton sensors would warn her if she was being eRdvanced Research Projects Agency (DARPA) hagaditionally been used.”
posed to hazardous gases or if enemy forces wé&@ablished an $80 million program to supportthe ~ The RPSD researchers are now trying to
nearby. Additionally, the information provide| development of soldier amplification papablllt .achleve a_lfacto_r of 10 drop in payload-to-weight
almost instantly by her wearable “talking” com-ORNL has received some DARPA funding to studyat|o._The|r goalis to create an exoskeleton of stron-
puter boosted her memory, helped her solve m ﬁp_e feasibility of building within tr_le next three toger, lighter materials, such as special alloys devel-
idive years an exoskeleton that is safe and usesped by the M&C Division or carbon nanotubes
eHi,endly. The goal is to amplify the strength, enproduced by the Solid State Division. In this multi-
t0o. She could see better in the dark and througirance, and speed of soldiers. disciplinary project, they will rely on researchers
fog and smoke, thanks to night-vision and multi- i from other ORNL divisions for smaller and faster
spectral goggles. John Jansen operates the actuation system @pmputing and electronic technology, smarter sen-

Fran(;OiS Pin, Corporate fellowin ORNLs R ORNL's human‘strength ampllflcatlon machine sors, and smaller power sources and motors.

botics and Process Systems Division (RPSD), l;which resembles the torso of a human with an Researchers from RPSD have also
' demonstrated “human de-amplification”

Extra-long armPhoto enhanced by Gail Sweeden. {8 *
lieves the first prototype Superman suit, descri eJq 9 Y ' ! )
in the above scenario, will be devised for the using manipulators that assemble
microgears into micromachines.

“We use a less-than-one ampilifi-
cation ratio in the control system
to manipulate such tiny objects
safely,” Pin says. “In this case,
gravity is not the dominant force,
but surface tension and electro-
static attraction are very impor-
tant. This work could lead to as-
sembly of nanosize components to
create micromachines.”
For Pin, thinking small is part of
thinking big in the world of robotics.

Tom Cerniglio

ematical problems, and guided her in making
decisions. Her perceptive abilities were enhan

less bulky than the robot suit that Sigourney
Weaver strapped on to make her a gigantic kick-
boxer in the movidlien Il. And the multidiscipli-
nary talents at ORNL will help make possible the . ®
engineer’s old dream of human amplification. =
In the late 1990s, Pin, John Jansen, and pth-_«= 3
ers from RPSD developed the Advanced Telero-e \ -
botics Technology Demonstrator (ATTD). Thjs* .
device multiplies human strength using a pre-
selected amplification ratio in the electrical con-
trol system. As a result, with 10 pounds of force

|
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ORNL's Infrared Processing
Center: Industrial Interest

Using infrared heating technologies, ORNL is helping

Heats Up industry reduce repetitive stress injuries among workers

and improve the quality of medical implants.

woman takes a polymer boot, heats the

edge of it with a new electric infrared
heater about the size of a toaster, and slips it easily
on part of a car steering wheel assembly. She still
remembers those days when she had to shove the
boot on the component to protect it. Some of her
colleagues at General Motors’ Delphi Automotive
Steering Systems in Athens, Alabama, had suffered
repetitive stress injuries from this work. But now
she and her co-workers like their jobs better be-
cause they are benefiting from a new infrared heat-
er developed at ORNL. The new heater expands
the leading part of the polymer boot so it can be
more easily mounted onto a metal housing in the
automotive rack-and-pinion steering assembly. As
a result, the number of repetitive stress injuries
among workers at the plant has dropped sharply.

According to Aly A. Badawy, director of re-
search and development at Delphi Automotive Steer-
ing Systems in Saginaw, Michigan, “The infrared
boot heater virtually eliminates the force required to
install the boot. This reduction in force results in the
elimination of the ergonomic problems associated
with placing the boot on the steering assembly.” The
Delphi managers also like using the ORNL heater in
the fabrication process, because when the boot cools,
a better seal is made than if the boot had been forced
on without heating it.

Since ORNL's polymer boot heater was first
tested in November 1998 at the Delphi plant, some
two million boots have been mounted using the
original prototype infrared boot heater; today
twelve newer units are in use there. Interest in the
new heater continues to grow. Now, the Ford Vis-
teon automotive parts plantin Indianapolis is con-
sidering installing some infrared heaters.

Top: This ORNL-developed infrared boot heater
being used at Delphi Automotive Steering Sys-
tems has eliminated repetitive stress injuries
linked to placing the boot on a car steering as-
sembly. Bottom: This ORNL-developed infrared
insert heater preheats dies at the KomTek plant
before medical hip implants are forged.
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elgased microsensors. Bd
-cause he needed to g

Fabricating hip and knee implants to h
people walk without pain is an action-filled pro

hip because the casting will have neither grai
flow nor directional strength, allowing the pos-signing furnaces usmg
sible formation of metallurgical defects,” ex-tungsten halogen lamps Views of the powerful
plains Craig Blue, a metallurgical engineer lirfor different materials Plasma arc lamp at
the Metals and Ceramics (M&C) Division and aprojects. (F?rls!:\:elgssin I?;thfrd
co-inventor of the polymer boot heater. “Hot ~ When Blue came to 9 :

forging surpasses casting in producing parts th&RNL in March 1995 as a postdoctoral researche
are predictably strong and, therefore, safe arw worked with group leader Vinod K. Sikka and
reliable for human use.” many others in the Materials Processing Group t

facturer will initially get bad implants and the diego support infrared heating research projects. Nothe dies, it reacts with the H-13 steel, degrading it
will fail prematurely, cutting into the profit mar- Sikka's Materials Processing Group and other erand gradually making the die unusable.”
gin. Some medical implant companies have triegineers are further developing the technology for ~ Using the plasma source, Blue and his col-
using conventional electric or gas heating to warmmaterials research. leagues have come up with a chromium carbide
their dies, but it takes four hours and degradation Blue spearheaded the development of ORNLgoating that protects H-13 steel from attack by lig-
of the dies can result, so most just use cold diesfirst-generation Infrared Processing Center. Addiuid aluminum. “We are finding that by using our
But Blue and his associates have developedians to the center are continuously being madgowerful plasma lamp to precisely and rapidly heat
possible solution for KomTek: an infrared heatefhe heart of the center now is a plasma infrared precursor material on the H-13 steel, we can make
containing tungsten halogen lamps that preheasgstem capable of delivering 3500 watts (W) pecoatings that fuse with the substrate without chang-
the dies in 10 minutes, not 4 hours. The ORNEquare centimeter. It was installed by Whitson, Johimg the base material properties,” Blue says. “Be-
heater, which is 30 cm (12 in.) wide and 45 ¢niNorris, and Bill Fellows of the P&E Division. cause the intense radiant heating sets up large tem-
(18 in.) long, has worked well for more than six In addition to the polymer boot heater andperature gradients so fast, the iron in the H-13 steel
months at KomTek, indicating that it is industrialthe die heater, Blue and his M&C colleagues Sikwill have almost no time to dissolve. Thus, heat treat-
ly robust. It is almost twice as energy efficient|aka, Ohriner, Viswanathan, P. Gregory Englemaning of the coated component will not be necessary.
the standard electric heaters used in hot forgingand David C. Harper are developing coatings tiVe are testing these coated dies at Tennessee Tools
“Our goal is to show that infrared heating im-extend the life of industrial dies for casting autoto see if the coating allows the dies to last longer.”
proves product quality and extends the life of digsthobile parts. The coating research and other work  Besides making medical implants and auto-
Blue says. “Early results show this is the case!" have required the development and installation ahotive parts, the U.S. forging industry, a $6 bil-
“We are extremely pleased with results of théhe world’s most powerful lamp. This 300,000-W lion enterprise, provides truck, aerospace, and ag-
ORNL system,” says Michael C. Maguire, vicestabilized plasma source of radiant heating, builticultural equipment parts; valves; fittings, and
president for product and process developmentlay Vortek Industries of Canada to meet ORNLindustrial tools, all of which are essential to the
KomTek. specifications, is now attracting even more indust.S. economy. Degradation of dies and other tools
trial interest in the Infrared Processing Center. Faused by the custom forging sector of the industry
example, Caterpillar and B. F. Goodrich represeris a major economic problem. As the Infrared
When Blue was a doctoral student at the Uniatives have already visited it. Processing Center at ORNL finds ways to extend the
versity of Cincinnati, he was involved in a NASA “We are using the plasma arc lamp to defife of dies, the custom forging and die casting indus-
project in which he had to find a way to join silicon~elop coatings for casting dies,” Blue says. “Coattries are likely to warm to the DOE user facility.
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Made in Steflar Explosions?

By using new experimental results from the Holifield Radioactive lon Beam Facility
in an astrophysics computer model, ORNL researchers have more accurately
predicted the amounts of 87 different isotopes produced by exploding stars.

magine a large explosion on the surface of a star. Trillions and trillicasge that may be critical for the synthesis and expulsion of particular iso-
of swirling hydrogen and fluorine nuclei race past each other, propeltegdes. Postdoctoral research associate Dan Bardayan, the principal investig
by the exploding star's soaring temperatures. In maybe one in a million|clos®n this experiment, was then able to calculate the probabilityRhahs
encounters, an unstable, radioactive fluorine“Ej fucleus will collide with| will fuse with protons to producéNe ions at various stellar temperatures.
and scatter off a hydrogen nucleus, like a cue ball glancing off a smaller hilliard “We determined that the properties of the neon-18 quantum state dc
ball. In one in a trillion close encounters}@&mnucleus will capture a hydrogensignificantly enhance the rate at which fluorine-17 nuclei fuse with hydrogen
nucleus (proton), and the fused particles will form a neof#d8)(nucleus. | under some conditions occurring in stellar explosions,” Smith says. “We re-
Such energy-releasing nuclear reactions involving radioactive isotopeseintly put this reaction rate into an astrophysical model that runs on a supel

stars are thought to be crucial to the production
dissemination of elements that sustain liféherearth.
In our terrestrial environment, unstable spontane-
ously decays within a couple of minutes to oxygen
(*O). However, at the high temperatures and dens
in stellar explosions, there is a small probability th
nucleus of F can capture an additional proton bef
it decays, forming®Ne. A series of such fusion rea
tions in stellar explosions can synthesize heavier
topes, such as the iron that circulates in our blood

The probability that this fusion reaction wi
occur varies greatly with the relative velocities
theF nucleus and the proton. Theorists have
dicted that certain relative velocities will correspo
to an excited quantum state'fle, where the fu-
sion rate will be dramatically enhanced. They h
also predicted the energy and lifetime of tfiiée

compulter. It calculates the amounts of 87 different
isotopes produced in the stellar explosion. When we
examine the prediction using our new rate, our pre-
liminary results indicate that a number of isotopes
are produced in significantly different quantities than
previously thought. The new prediction and older pre-
dictions differ in some cases by a factor of 1000.”
The model of the synthesis of isotopes in nova
explosions was written by postdoctoral research as-
sociate W. Raphael Hix, Smith, ORNL theoretical
astrophysicist Anthony Mezzacappa, and two outside
collaborators. It predicts that roughly 800 times more
oxygen-18, 40 times more carbon-13, 30 times more
carbon-14, 70 times more nitrogen-15, and 3 times
more nitrogen-14 were produced than previously pre-
dicted. Many isotopes were produced in far smaller
amounts than previously predicted, including many

guantum state, but the results of nine experimerit§e expanding gas ring was ejected into spaggnich are radioactive isotopes that later decay to sta-
using stable nuclear beams did not support this pfd. @ giant stellar explosion on the surface of e jsotopes. The team will continue their investiga-
diction. However, in 1999, the first published dat}/hite dwarf star (bright spot in the center) o 1 varying the temperatures and densities de-
from ORNL's Holifield Radioactive lon Beam Fa-t e galactlc_ nova system QU Vl_JIpecuIae. Thgcribing the explosion in their model.
cility (HRIBF) showed that the NucIearAstrophys-gas in the ring is glowing in the light of hydro- It took the HRIBF staff a number of years to
ics Research Group, led by Michael S. Smith, fe 210ms excited by ultraviolet radiation. This, ..o e very difficult feat of generating a high
SISQNSSEShC . gl_Jp,_e y ﬁ ?_e ) p ' image of Nova QU Vul was obtained by an in¢ l? iFt? eyf hculggg orgenera Tghabg )
's Physics Division, was the first to confirmy &' camera on the Hubble Space Telescop@uaiity*F beam for the experiment. The beam
the existence of and determine the properties of ”Ef-shotograph courtesy of the University of Wyo_current was 8000 particles per second and the beam

®Ne quantum state. ming and the Space Telescope Science Institut8ergy was 10 to 12 million electron volts. Since
Bombarding a hydrogen-containing poly- that experiment, they have increased the beam cur-
propylene target with a high-qualitfF beam from HRIBF, the team mea-rent by a factor of 100. ORNL physicist Jeff Blackmon led an experiment in
sured the number &fF ions scattered off the target at different angles| fdanuary and February 2000 in which the more intense beam was used 't
different beam energies. The number of protons scattered at each| lstady another important reaction in astrophysics.
energy was counted in a second detector. When they shifted from one beam‘Our measurements are having important astrophysical implications,”
energy to another, the researchers noticed a significant change in the |p@rath says. “It is exciting that we can make measurements in the laborator
scattering rate. This beam energy can be correlated with a star tempertitatdelp us better understand the details of what happens when stars explod
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Elec'tronic License If the American public can

learn to accept electronic

driver’s licenses and smart
COUId REduce ignition systems in cars,

drunk driving would be

discouraged and highway

Dru“ken DriVi“g safety would be improved.

e has two drunken-driving offenses butmproved Highway Safety, held in Irvine, Califor-implemented in American cars of the future, it

the judge allowed D. P. to keep his li-nia. Attending were 43 stakeholders representirgpuld improve highway safety in other ways be-
cense under several conditions. First, he had to paghicle manufacturers, the insurance industry, treédes preventing drunk driving. It could keep a
$250 for the installation in his car of a smart ighihighway safety community, law enforcement, statperson with a suspended license from driving. It
tion system. Then D. P. was given an electronidepartments of motor vehicles, the legal and liasould ensure that drivers of commercial vehicles
driver’s license that resembles a credit card but gohility profession, federal agencies, nationatlo not exceed their legal limit on driving time each
tains a computer chip. On this chip is stored drivéaboratories, and universities. They discussed teothay. It could reduce the number of car thefts, espe-
information about D. P., including the provisionnological solutions, socioeconomic issues, andally if combined with a fingerprint identification
that the car not start until he passes a test. institutional barriers. sensor. And it could improve the accuracy of acci-

Instead of a key, he inserts the card intoacard  The workshop focused on KitteLock becausdent reporting by recording on the card chip the

reader in the KitteLock computerized ignition sysit is the only operational system that integratedriving speed when the accident occurred. Some-
tem invented by Fred Goldberg of Sweden| amart card technology, an ignition interlock devicejay the key to increased highway safety could be
materials researcher whose 18-year-old stepdaugimd an alcohol breathalyzer. The attendees haa &hip-carrying plastic card.
ter Kitte was killed by an unlicensed driver on a&hance to try out a Volvo S-70 sedan

Curtis Boles
T —

ly convicted of driving under the influence (DU])it less distracting.
might continue to drive but only on the condition “American society historically
that they have an electronic license, as in the aboresists excessive government interve
scenario. “These drivers are a danger to themselu&n and Big Brother programs tha
and to others,” she says, recalling a friend who lo#itreaten to invade privacy,” Hu say
his wife and two children in a car crash caused B¥pne of the biggest challenges to i
a drunk driver during their trip to the airport toplementing electronic driver’s license
pick him up. Mothers Against Drunken Driving will be to secure widespread public aq
and the American Automobile Association agreeceptance and community support.” H
In 1997 in the United States, more than 16,20@inks that the U.S. public will be more
people were killed and one million were injured|ifikely to accept this technology if it is
vehicle crashes involving intoxicated drivers—alfirst demonstrated on high-risk drivers.
most 39% of all traffic fatalities. It is estimated“Targeting a demonstration project at..
that one-third of suspended drivers lose their ldrivers who might have fewer privacy
censes for drunk-driving offenses and that up toights, such as convicted DUI offend-
80% of DUI offenders continue to drive after theirers, might reduce public concern about
licenses are revoked. A California study suggestsvasion of privacy,” she says. “Elec-
that drivers whose licenses have been suspendeahic driver’s licenses require that
or revoked are four times more likely to be involvedirivers with previous DUI convictions pa+ Hy inserts her elec
in crashes than drivers with valid licenses. must continually demonstrate their abilgonic driver's license in the
In late 1998, under the leadership of Hu, CTAty to safely operate a vehicle in ordekittelock smart ignition sys-
and the National Highway Traffic Safety Admin-to be ‘granted’ driving privileges.” tem inside the Volvo S-70 se-
istration (NHTSA) of the U.S. Department of If the electronic license and smargjan. This car was driven at
Transportation cosponsored the Workshop on Feignition system becomes more accepORNL during a six-month
sibility of Electronic Driver's Licenses for able to the public and more widelyfield test in 1999.
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Cutaway of Solar Turbines’
Mercury 50 engine, an
industrial-sized advanced
gas turbine developed for
power generator applica-
tions that operates with an
efficiency of 40%. lIts effi-
ciency has been improved
partly as a result of ORNL'’s
materials research. See
article on page 16(Cour-

tesy of Solar Turbines, Irjc.




	Contents
	Editorial
	Science at the Interface
	Center for Structural and Molecular Biology
	SNS: A Challenging Year
	Neutrino Detector Laboratory
	Turbine Renewal
	Heat Pumps
	Combined Solar Light and Power
	What's in a Chromosome?
	Microbial Functional Genomics
	Human Improvement
	Infrared Processing Center
	Stellar Explosions
	Electronic License



