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State of the Laboratory

Editor’'s note—ORNL Director
Alvin W. Trivelpiece delivered his
annual State of the Laboratory
address to employees and
guests on May 12, 1998, in
Eugene P. Wigner Auditorium,
Oak Ridge National Laboratory.
An edited version follows.

Vice President Al Gore's
January 21, 1998,
announcement about
the Clinton admin-
istration’s support for
the Spallation Neutron
Source (SNS) is
received
enthusiastically

by, from left, : /
Federico Pena, o o
then Secretary of j L3
Energy; ORNL Dir- F \ o‘;'
ector Al Trivelpiece; N
Tennessee Governor :
Don Sundquist; and

William F. Brinkman,

executive director of

the Physical Sciences

Research Division,

Bell Labs, Lucent

Technologies.

Photograph by Tom

Cerniglio.
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The Year's Highlights in Pictures
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ORNL Director Al Trivelpiece (second from left) shakes
hands with Vice President Al Gore, who visited the Lab-
oratory to announce the Clinton administration’s pro-

posal of $157 million for new constructio

SNS. Also present were Jim Hall (left), manager of DOE’s

ORNL's Herbf|
Mook explains ¥
the value of
neutron scat-
tering to Vice
President Al
Gore.

Using ah electron micro-
,SCope asyan example,
ORNLs Larry Allard

hows the Vice Presi-
dent how instruments at
the SNS could be re-
motely operated over
the lmternet.

The opportunity for us is that the SNS is in the
President’s budget, and the challenge is to have
favorable congressional action approving the
project.

n funds for the

Oak Ridge Operations; Bill Appleton, ORNL associate
director for the SNS; and Knox County Executive Tom-

my Schumpert. Photographs by Tom C

irst, | would like to recognize Jim

Hall, manager of the Departme
of Energy’s Oak Ridge Operation
Office, and to congratulate him o
receiving a Presidential Rank Award f
Meritorious Executives. In the past, | ha
been involved in the process of selecti
winners for these awards. This is quite
honor, and it is given to only a few feder
employees. The award includes a bonus
$10,000. Jim, when can we do lunch?
Second, | would like to recognize arn
congratulate Audrey Stevens, who was
cently elected to the National Academy
Sciences. This is a singular honor that r
ognizes outstanding accomplishments.

erniglio.

Last year’s State-of-the-Lab talk wasvisit here on January 21, 1998, that Presi-
ntgiven on June 12, so this is only an 1ldent Clinton’s FY 1999 budget would in-
smonth year. My talk will not be correspond-clude a request for $157 million to initiate
ningly shortened. A lot has happened in thesmnstruction of the Spallation Neutron
prlast 11 months. | could devote the whol&ource at Oak Ridge National Laboratory.
vdalk to describing the events of last year. However, it is also important to remem-
nglowever, | am not going to do that, buber that just because the President requests
arather | am going to talk about some of theomething doesn’'t mean that Congress is
athallenges that we face this next year, andybing to approve his request. The opportu-
fam going to talk about how we might takenity for us is that the SNS is in the
better advantage of the opportunities th&resident’s budget, and the challenge is to
care available to us. Even so, there are a fdvave favorable congressional action approv-
reevents from this past year that do seeing the project.
ofvorthy of some mention. Since the announcement that the fund-
ec- First and foremost was the announceng to begin construction of the SNS would
ment by Vice President Al Gore during hide in the President’s budget was a pivotal
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Vice President Al Gore hears from
ORNLs Michael Wright how science
can be conducted from a distance
using computers and high-speed
links between geographically sepa-
rated laboratories.

event in ORNL's history, | would like to re- such a facility. Should we abandon the AN&e still faced hypothermia. He jumped! It
view a few of the events leading up to ther not? That was the question. turns out that he was quickly rescued by the
moment of the Vice President’s announge- Our situation was somewhat like that otrew of a nearby boat, so he was one of the
ment. the worker on an oil platform in the Northfew survivors of this disaster. When asked
Once upon a time, in a galaxy far faiSea that was on fire and about to explodater why he jumped, he said that if he had
away, there was an Advanced Neutrohle was trapped out on the rig in a placstayed on the platform, he faced certain
Source project. Funding had been requested death, but if he jumped, he faced only prob-
for this project in both 1994 and 1995. Can- We had to start over able death. Well, if we had stayed with the
gress did not approve funding for the ANS. ANS, it was certain death, but if we jumped
The question was, should funding be re- and pUt together to the SNS, it was only probable death. We
guested a third time, or was our situation ateam to prepare jumped!
like the classic statement about drowning? a hew Conceptual There was no rescue boat to pick us out
Namely, if you go down for the third time, : of the cold water. We had to start over and
it's all over. In November 1994, we were deSIQn report for put together a team to prepare a new con-
given the opportunity to have the ANS puta Spallat|on Neutron Sourc .ceptual design report for a Spallation Neu-
into the budget one more time. It was pain- tron Source. It was necessary to develop a
fully clear that Congress was unlikely tahat was over 100 feet above water. If heew approach to building such a facility,
approve such a request. At this same timpimped and survived the fall, he was likelyoecause we didn’t have the in-house expe-
we were given less than one day to decide die from hypothermia in just a few min-rience in building accelerators of the sort
to stay with the ANS or to abandon it andites. No rescue boat was in sight and| eeded for a spallation source. We had to
switch to a Spallation Neutron Source. Thigsvasn’t wearing flotation gear. Worse, therelefend ourselves against some of the other
was a difficult choice. After all, Congresswas a flaming oil slick on the water belownational labs that believed that they should
might not approve initial funding for a Spal-him and a lot of debris floating in it. So everhave been selected to be the site for the SNS.
lation Neutron Source at a level that wouldf he survived the fall, and didn’t hit any Switching from the ANS to the SNS was
even permit doing a conceptual design fatebris, and didn’t get burned in the oil firenot easy, but what is important is how we
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responded to this new opportunity that cafmrend announce that the SNS would be| ithe SNS would be approved in the Congress.
wrapped in a large challenge. President Clinton’s FY 99 budget. WithoutTherefore, | was really pleased that Con-
| am pleased and proud of the way thauch solid hard work, we would not hayeressmen Jimmy Duncan, Harold Ford, Jr.,
everyone involved quickly overcame his pthe essential support of the Department &art Gordon, and Zach Wamp showed their
her intense personal disappointment oveéInergy. Without such solid hard work, wesupport for the SNS by coming to ORNL
the termination of the ANS and turned ftavould not have the $8 million pledged bywith the Vice President when he made his
the task of working on the SNS. A concep&overnor Sundquist as a cost-sharing coannouncement.
tual design report was prepared and deribution by the state of Tennessee for the Without Bill Appleton’s efforts, we
fended. Without a suitable conceptual . would not have the unique arrangement for
design, there couldn’t be any administra | believe that we are designing and building the SNS through a
tion support. It was also essential tha executing our work much | collaboration with four other national labo-
sound management plan be developed ratories. They are Argonne National Labo-
accepted. None of these tasks was ea: better now, but we have to atory, Lawrence Berkeley National
there wasn’t much time to get them done  Still more competitive as | Laboratory, Brookhaven National Labora-
and there certainly was not enough mone ; tory, and Los Alamos National Laboratory.
to do them. a national Iaboratory. Obviously, a lot of people have helped Bill
As | look back over time since we hadSNS. These funds will build a much-neededlong the way and they deserve a fair share
to make that quick switch from the ANS tofacility near the SNS site to house the Jairf credit for what they have accomplished.
the SNS, | cannot help but admire the outnstitute for Neutron Sciences. Without suctiven so, as | see it, Bill deserves our spe-
standing job Bill Appleton has done in leadsolid hard work, it would not be possible tacial thanks for the pivotal role that he has
ing this effort. He has worked hard andhope for the support of this project by thelayed in getting us from the ANS to the
made many personal sacrifices to brin@ongress. SNS. Please join me in thanking Bill.
about the technical and managerial results We still have a long way to go this year Over the years | have had the privilege
that provided the Clinton administratianbefore we might have congressional apsf assisting in making arrangements for sev-
with the confidence that a facility like theproval for the SNS. There is no guaranteeral visits for appointed or elected officials
SNS can be built on schedule within cost—that such approval will occur and that fund#o various places. Each such visit has its own
and that it will do what it is supposed to, will be appropriated to start the SNS. Forspecial opportunities and challenges. A visit
Without such solid hard work, it would tunately, members of the Tennessee deleday the President or the Vice President pre-
not have been possible for Vice Presidenion have been very supportive of the SNSents an enriched opportunity for something
Gore to have the opportunity to come hergroject. Without their help, it is unlikely thatto go terribly wrong and an enlarged chal-
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ruary 20, 1998, Al Trivélpiece signed a Mento

Protédée Agreement with Advanced Integrated Manage-

ment Services, Inc., whose president is

Reggie Hall

(seated left of Trivelpiece). This special event was the
culmination of an ongoing process of identifying and so-

~ lidifying a relationship between OR

'J,_ .owned business that we promo
technical growth and help t@ffoster a lo
relationship in support of DOE and ORNLEM
tograph by Jim Richmond.

lenge to get it done right. It is necessary ttive. | am sure that all of you know the lin
be able to work with elected officials, thefrom William Shakespeare’s Julius Caes
Secret Service, the advance teanio, not, “Ettu Brute,” but rather, “The faul
speechwriters, special guests, dignitariedear Brutus, is not in our stars, but in o
caterers, painters, guards, and many othesglves, that we are underlings.”

Of all of these kinds of events that | have To me this is the essence of being ca
been involved in, the visit by the Vice Presipetitive. That is, not to blame something
dent to ORNL was by far the best organizedomeone else for the fact that you didn’t
and executed. It couldn’t have gone bettewhat you believed was due you becausg
At the middle of it all was our own prota- .

col officer, Nancy Gray. Nancy did an out- ORNL will be the

standing job of getting it all done with skill  first national |aboratory to
and grace under fire. Please join me|i _: : . :
thanking Nancy. give s_C|ent|sts_ and_englneer
| know that many of you were inconve- the kind of financial tools
that will permit more

nienced by the events leading up to the Vic
President’s visit. If you stood still anywhere .

effective management
of R&D programs.

in or near Building 4500 North for mor
than a few minutes, you were painted
swept, replaced, mopped, or mowed. | war.
to again thank all of you who did such| ayour good looks, or the pivotal role that yo
great job of painting, sweeping, replacinginstitution played in the development
mopping, and mowing to get the Lab iratomic weapons in World War 1l. Perha
shape to receive our guests properly. you didn’t train hard enough to run fa
Why have | spent so much time talkingenough to win the foot race. Perhaps y
about the Spallation Neutron Sourc®therwise stellar proposal that didn't g
Project? True, it is a large project and it cefunded contains an unfortunate number
tainly is important to the Lab’s future. Butavoidable spelling errors. You didn’t get tk
this is not the reason. | want to use it as gab because. . . | will let you complete t
example of what it means to be competilist of reasons for failure from your own e

a minority-

issions.

Phe-

eperiences. | always favored “the dog ate my
ahomework.” | guess the more modern ver-
t,sion is “my hard disk crashed.”
ur- Because we have separated from
Lockheed Martin Energy Systems (LMES),
nwe no longer have the excuse that their busi-
oness rules prevent us from doing whatever.
gekfter all, the rules we must follow are now
> ofir business rules. If they don’t enhance our
ability to compete, we should change them.
That takes time and work, but it is not im-
possible. From time to time | hear that the
weapons labs have an unfair advantage.
SThat's true, but so what. | also hear that New
Mexico has an unfair advantage because of
its congressional delegation. Maybe, maybe
not. If the SNS team had allowed them-
selves to consider the odds against getting
as far as they have, they might well have
just given up. They didn’t. Their aggressive
uand competitive spirit should be more wide-
ofspread at ORNL.
ps Right now we have a wonderful new
sbopportunity with the Strategic Simulation
ounitiative (SSI). Earlier, the DOE weapons
etabs initiated an Accelerated Strategic Com-
gduting Initiative (ASCI) as part of their Sci-
nence-Based Stockpile Stewardship
h@rogram. DOE Under Secretary Ernie
X-Moniz has decided to use the ASCI program
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Trivelpiece con-

gratulates Marilyn

a¥old Kroto, Nobel'Laure- Lloyd during the

ate from the University of Sus- dedication of the

ssex in England;tdelivered an Marilyn Lloyd En-

enlightening and entertajning vironmental and

talk on bueckyballs in March Life Sciences

\k 1998 as partof ORNL's Distin- Complex. Photo-

B guished Lecture Series. Photo- graph by Manuel
. graph by Jim Richmond. Gillispie.

.

as a springboard to launch the SSI on a|de- To get started on this effort, Under Seclenge to get this done. Are the chances that
partment-wide basis. Workshops were helcetary Moniz invited all of the directors ofthis initiative will lead to new DOE pro-

to determine which technical areas woulthe Department’s labs to a one-day meetrams good? Maybe. We will not know if
benefit from a major thrust to establish coming in Washington a few weeks ago. Theve don't try. Ed Oliver, our associate di-
puting capability at the level of 30 to 100SSI was discussed, and a program thagctor for Computing, Robotics and Edu-
teraops (trillions of arithmetic calculationswould seek to make it happen was laid qutation, is on detail to the Office of Energy
per second). It was decided that the undeartha Krebs, director of DOE’s Office of Research for a few months to help make
standing of what influences climate change this happen.

was a worthy subject. It was agreed that|re- | am more optimistic When | hear how Sandia National Labo-
search into combustion using such comput- : ratories does as well as it does because of
ers could make a difference in emissigns this year than last its political support, | have to smile. They
from internal combustion engines. It was about the future of the Lab! write excellent proposals, they do a good
proposed that the ability to design materi- job of marketing them, and they have a good
als and to make progress in other scientifienergy Research, and | were asked to chaense of which areas might be in line for
and technical fields are worthwhile goalsa group that was assigned the responsibikcreased support by the government. Per-
All of this is directed toward proposing thaity of setting up an outreach program. Thikaps some of their success is related to the
an element be added to the Departmentsay involve having a conference in Washfact that they have more than 100 members
FY 2000 budget to accomplish these goalggton in the near future. It will be a chal-of their staff in Washington on detail work-
This would be a several- ing in virtually every
hundred-million-dollar agency of our govern-
program, if it materializes. ment. We are doing bet-
That means submitting the ter in this regard, but we
request to the Depart- need a lot more people
ment’s budget by this June

or July. All of this SSI ef-

fort is then directed ulti-

mately at the President’s| E¥E Al
signing the appropriation SIATIL
bills that would support = e
such work into law in Oc- F#
tober 1999. A lot has to
happen between now and
then.

Robert J. Stevens
(right), president of
the Lockheed Martin
Energy and Environ-
ment Sector, chats
with ORNL's Mark
Spann. Photograph
by Jim Richmond.




The Year's Highlights in Pictures

| believe that new opportunities for funding in areas where ORNL could be expected to
compete will increase. Our challenge is to find out where that funding is going to appear anc
then to write winning proposals.

like Ed Oliver working to make programsand technical staff need to participate i
like the SSI come into being. We then needle and the other labs are to prosper. see we are working to bring into being a
to write proposals that compete with places Members of the Laboratory staff re-transportation research center to be located
like Sandia. Now is the time to start writingceived directly or shared nine R&D 100on Pellissippi Parkway. Secretary Pefia pre-
proposals for the SSI, not a year from nowAwards in 1997 fronR&D magazine. This sented a check for $870,000 during the
| have noticed a tendency here to wait untié a record for ORNL, and the number joKnoxville Summit to help get this project
the money is in the budget and then assuragvards we won was more than any othemder way.

that we will get a fair share. This may hav®OE lab received. | took good advantage | would like to remind you that it was
worked in the past, but it sure doesn’t seewf the bragging rights the nine R&D 1Q0just a little over two years ago that ORNL
to work too well today. | don’t want to be-Awards gave us over some of our sister lab&ias separated from LMES and that we were
labor the point and maybe | already have, We also paused for a moment to than&llowed to have a separate corporate struc-
but | want to make it clear that nobody|i©ur former Third District Representative ture better suited to our needs and functions.
going to give us anything. We (you) haveMarilyn Lloyd, by designating the west endThis was a great opportunity, and you have
to write proposals that compete with thasef the Lab as the “Marilyn Lloyd Environ- done much to take advantage of it. How-
written by university faculty members. Inmental and Life Sciences Complex.” Thisver, much remains to be done. Al Narath
fact, they have to be better proposals bés a well-deserved recognition for someoneetired this year as the president of the

if Together with the University of Tennes-

cause there is a bias in funding
agencies in favor of universities.
Now that ought to get a rise ouf
of somebody.

Last summer, President
Clinton challenged his Cabinet|
to provide him with some infor-
mation on what could be dong
to reduce greenhouse gas emis
sions. Secretary Pefia in tur
asked the directors of the
Department’s laboratories to
conduct a study and write a re
port on this subject. Dick Truly,
director of the National Renew-
able Energy Laboratory, and |
were asked to lead this effort,

We in turn asked Stan Bull and
Dave Reichle to do the heavyProfessor John L. Finney, Quain Professor of PhyS|cs

lifting on this project. This ef- at University College in London, was hosted by Bill Ap-
fort involved coordinating the pleton, ORNL associate director for the Spallation Neu-
activities of nearly 200 scientiststron Source. Finney gave a talk at ORNL on scientific
and engineers from 11 nationalresearch that would be possible if the proposed Euro-
labs. Dave was heard to mumblegpean Spallation Source is built.  Photograph by Curtis
something about herding cats orBoles.

horseback a few times. The re-

Lockheed Martin Energy and
Environment Sector, and Bob
Stevens replaced him. These
corporate comings and goings
may not seem to have much di-
rect influence on our daily ac-
tivities, but they do have a major
effect on the more global aspects
of our activities. It was Al Narath
who sought and obtained De-
partment of Energy approval to
have ORNL separated from
LMES. Lockheed Martin Cor-
poration has played an essential,
but nearly invisible, role in the
efforts that have resulted in the
SNS being in the budget. Events
such as the visit to Oak Ridge
by Senator Pete Domenici and
Senator Bill Frist don't just hap-
pen. Their visit was one of the
keys to the SNS. That visit
would not have occurred with-
out Lockheed Martin help. I am
pleased that Bob Stevens is fol-
lowing the same supportive ap-

port, which is widely known as the 11-Labwho has given much to ORNL and who conproach for ORNL that Al Narath started.

Study, is correctly titled Technology Oppartinues to support our goals and objectiveNarath will continue to serve as chairman
tunities for the Reduction of Greenhouse A conference on “Partnering for Func-of Lockheed Martin Energy Research
Gas Emissions. This report will not necestional Genomics Research,” organized bZorporation’s Board of Directors.

sarily result in new opportunities farORNL, the University of Tennessee at |am also pleased that Lockheed Martin
projects or programs at ORNL. HoweverKnoxville, and the Gene Research Accessontinues to emphasize ethical behavior
if its recommendations are adopted,| i€orporation (GENRAC), was held at Pgl-among its most important corporate goals.
should result in some research and devdkrd Auditorium. About 15 companies ac-This year again, all of the nearly 200,000
opment (R&D) programs in areas whereepted the invitation to attend. It was a ggodockheed Martin employees will receive
ORNL should be able to compete. The chakvent that resulted in the establishment @fthics training either from or with their di-
lenge is to take the next steps that will cauggod contacts that may lead to some nemect supervisor. This is an important func-
programs to materialize. Dave and Stan didpportunities for research on functionation. | have seen several companies nearly
an outstanding job. This is the kind of acgenomics. | also believe that we are on thgo bankrupt for failure to adhere to the high-
tivity that more members of our scientificpath to a new facility for the mouse colonyest ethical standards of behavior. Please take

Numbers One and Two, 1998 9
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One of our main challenges remains recruiting and retaining excellent scientists and engineer:

Clockwise: in 1998 Audrey
Stevens was elected a member
of the National Academy of Sci-
ences for identifying and char-
acterizing eight proteins. In 1997
David E. Newman and David J.
Dean each received a Presiden-
tial Early Career Award for Sci-
entists and Engineers. Jonathan
Woodward received the Christo-
pher Columbus Fellowship
Foundation’s $100,000 award
for his new procedure that uses
enzymes to produce hydrogen
gas from simple sugars. Rodney
McKee received a NOVA Award
for Technical Excellence from
Lockheed Martin Corporation in
1997 for the development of a
transistor that will allow com-
puter memory chips to hold
more information and enable
users to read and write on them

faster. The development of short superconducting tapes using textured substrates received a NOVA Award for
Teamwork from Lockheed Martin Corporation in 1997. Team representatives who were honored were, from left,
Mariappan Paranthaman, Dave Christen, and Don Kroeger.

your ethics training seriously. | do. In add
tion, Lockheed Martin conducts an ethi
survey every few years to provide us so
information on how we do in this area wi
respect to other Lockheed Martin orga
zations. The ethics survey reveals some
eas where we need to better understand
the answers mean and to take appropr
action.

It was this separation from LMES th
gave us the chance to have a reenginee
program. It has not gone as fast in prod
ing results as many of you would like,
me either for that matter, but | would r

——

imind you we have only been at this fort @eople it takes to make a national labora-
céittle over two years. Other organizationgory. We need to do this in a way that rec-
meith resources and flexibility that greatlyognizes the need to be a diverse
thexceed ours take many years to completeganization. We need to do this during a
nitheir programs. The new SAP accountingeriod of great uncertainty as we adjust to
aystem is expected to be in operation|iworking with Bechtel Jacobs.
vi@attober 1998. With it, ORNL will be th Last year | mentioned that Richard
dfiest national laboratory to have put into theGenung had volunteered to set up a program
hands of its scientists and engineers the kirwdlled Leadership ORNL. It is modeled af-
atof financial tools that will permit more ef- ter community leadership programs. This
rifective and efficient management of reactivity is going well.
usearch and development programs. This There are many other subjects that |
prishould make you more competitive. It is anight have discussed today, but none of
e-good opportunity. Your challenge is to takehem would have changed my principal con-
advantage of it. clusions about the state of our Laboratory.
The wvarious human resourcedNamely, thatin spite of all of the uncertain-
reengineering projects are doing well. Therées that we face, | am more optimistic this
is a lot of work yet to do, and some of thesgear than last about the future of the Lab. |
activities take more time. Even so, the newelieve that new opportunities for funding
approach to salary administration is providin areas where ORNL could be expected to
ing many of you with better tools withcompete will increase. Our challenge is to
which to run your programs. find out where that funding is going to ap-
One of our main challenges remains fepear and then to write winning proposals.
cruiting and retaining excellent scientists-or those that we win, we need to perform
and engineers and all of the other talentatie work in an excellent and cost-effective
manner. | believe that we are executing our
work much better now, but we have to be
still more competitive as a national labora-
tory. | look forward to being able to tell you
next year about the progress that has been
made on constructing the SNS.

Yevgeni P. Velikhov, president of the

Kurchatov Institute in Russia, gave

a talk on the future of energy devel-

opment in February 1998 as an ORNL
Distinguished Lecture.
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The Year’s Highlights in Pictures

¢ AWARDS ¢

Trivelpiece Presents Laboratory DirectAwards

The ORN. Award of Excellence in Environment, Safetind Health recognizes distinguished and outstandin

performance in the area of environment, safand health (ES&H) by any ORNdivision or program during
the previous calendar yeaBy giving this award, we emphasize the importance thatlOftaces on this area of our
activities This yea's award goes to the Chemicablamalytical Sciences Division.
The citation reads: “For exemplary teaming to achieve sustained superior ES&H performancdfdotiae self-assess-

Accepting the award was Marvin Poutsma, division dinecto

The ORN. Award of Excellence in Operations and Support recognizes distinguished and outstanding performance
operations and support division or program during the previous calendar Bgagiving this award, we emphasize the
importance that ORNplaces on providing the kind of service that will make us more compefitieyea’s award goes to
the Technical Support Section of the Instrumentation and Controls Division.

The citation reads: “For outstanding and dependable maintenance of the Laboedémtyonic instruments, for recog-
nized customer service and satisfaction, for dedication to qualityfécidrecy, and for contributing as integral team mensber
to ORNL’s research teanisAccepting the award were Dan McDonald, division direcad Richard Hess, section head.

The ORNL. Award of Excellence in Research and Development recognizes distinguished and outstanding performa
a research and development division or program during the previous calerrdaBy@#aving this award, we emphasize the
importance that ORNplaces on excellence in research and development, which is at the core of our reason for.&kistenc
yea's award goes to the Metals and Ceramics Division.

The citation reads: “For recognized leadership in materials R&D at ORNL, in the United States, and in the internag
communiy, and for outstanding leadership within ORM the areas of reengineering, cofeetiveness, ESH&Q, and work
force diversiy.” Accepting the award was Linda Horton, deputy director of the division.

ment program, for costfective pollution prevention initiatives, and for leadership in Laboratory-wide ES&H activities.

by an

nce by
e

tional

On October 10 , 1997, ORNL dedicated the Mari lyn LI oyd Environmental and Li fe Sciences Compl ex.The compl ex is
named in honor of retired U.S. Representative Mari lyn LI oyd, who se rved Tennessee 's 3rd District , which includes
Oak Rid ge. Among the dignitaries pa rticipating in the dedication ceremo  ny are, from left , Trivelpiece ; U.S. Repre-
sentative Jim my Duncan o f Tennessee’s 2nd District ; ORNL's Liane Russell , senior corporate fellow in the Life
Sciences Division ; Martha Krebs , director of DOE ’s Office of Ene rgy Research; former Tennessee Representative
Marilyn LI oyd; U.S. Representative Za ch Wamp of Tennessee 's 3rd District ; Herman Postma , former ORNL director;
and Gordon Fee, former president of Lo ckheed Martin Energy Systems . Photograph by Curtis Boles.
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The Spallation’ Neutron Source:
The Nation’s Niext-Generation
Neutron-Scattering Facility

he Spallation Neutron Source (SNS) is an accelerat&NS is the top-priority project of the U.S. Department of Energy’s
based, next-generation neutron-scattering facility schedffice of Energy Research (DOE-ER), which already has commit-
uled to be built on the Oak Ridge Reservation. Becausgeidd $39 million for its design and preparation. It will produce neu-
will produce more neutrons per second for a given areafthemns by bombarding a mercury target with energetic
any other neutron source, the greater brightness of the SNS (&illOO-million-electron-volt) protons. The protons will excite the
enable researchers to “see” never-before-observed details of phgsiccury nuclei, knocking loose and boiling off neutrons through a
cal and biological materials, ranging from plastics to proteins.|Tingclear reaction process called spallation. The performance require-
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2000 | 2001 | 2002 | 2003 [ 2004 | 2005

Conceptual design
ments and instrumentation needs of S
are being determined in close collaboratig
with the scientific user community, and . :
SNS will serve 1000 to 2000 users each ye Bagin site praparation
when completed. The project’s total cost Building construction [
estimated at $1.3 billion, and its construg Acceterator fabrication [
tion is scheduled for completion in 2005. ) ;

The SNS project began in FY 1996 Install accelerator at the site _
when DOE-ER directed ORNL to initiate =Y I —a : systems (G
research and development (R&D) and co alerator Sys1ems commissioning _
ceptual design studies. To carry out the Flant o
studies in a timely and cost-effective ma |
ner, ORNL entered into a collaborative a
rangement with four other nationa
laboratories: Argonne, Brookhaven
Lawrence Berkeley, and Los Alamos. Thi
SNS Collaboration, which will continue
through the project’s construction and og
eration, uses DOE's best technical expe
tise and newest technologies, as well as kghedule for the Spallation Neutron Source Project.
vast experience with user programs involv-
ing scientists and engineers from universities, industry, govelines, and the instruments will be selected and built by the scien-
ment laboratories, and foreign institutions. tific community. Neutron scientists and technicians will be on hand

The SNS Collaboration completed its conceptual design reporassist the user community once the instruments are completed.
(CDR)in May 1997. In June 1997, a team of 65 external review&ight more beam lines will be available for special instrumenta-
organized by DOE-ER held a week-long, comprehensive analyg®s and collaborative access teams. The SNS is also designed to
of the CDR. The reviewers strongly endorsed the SNS Collabdra-upgraded economically to significantly higher power levels in
tion, its reference design, technical scope, cost, schedule, andtbelfuture.
laborative-management approach. Moreover, the SNSThe state of Tennessee, through the University of Tennessee,
Collaboration’s estimate of the total project cost was within 1% tes committed $8 million for the establishment of the Joint Insti-
the estimate made by an independent cost-estimation team| doe-for Neutron Sciences (JINS). This new institute will serve as
posed of representatives from industry. the gateway for the 1000 to 2000 guest scientists and engineers

On January 21, 1998, Vice President Al Gore came to ORNLeixpected to come to East Tennessee each year to use the SNS anc
announce that the Clinton Administration had made a constructiba nearby High Flux Isotope Reactor (HFIR), which is being up-
line item request of $157 million for the SNS in its FY 1999 budraded (see following article). Because the upgraded HFIR will
get, which must be approved by Congress. At the announcenpeovide the most intense steady-state neutron beams and SNS will
ceremony, Gore said, “I'm really delighted to be here at ORNproduce the most intense pulsed neutron beams for R&D anywhere,
the birthplace of neutron-scattering science, to make an annopacet because of the presence of JINS and other neutron-science
ment that will reclaim America’s position as the world leader incapabilities at ORNL, Oak Ridge will be the world’s leading cen-
technology that we Americans invented.” The SNS Collaboratiter for neutron scattering researehBill R. Appleton, ORNL as-
will provide funds it receives from DOE to instrument 10 beasociate director for the Spallation Neutron Source

Des -;|.1.

InSirurment

What Is Neutron Scattering and Why Is It Useful?

jse neutrons camy noonet electrical charge, they interact only with the atomic nudlel of a material and can
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" Neutron'scattering studies on met-
: } als, alloys, and soft matter such:as
Bl : polymers-and proteins are carried
: out at.ORNLs High Flux Isotope
Reactor (shown here).

Isotope Reactor

o E ]



Neutron Science and Technology Initiatives

) number of thermal neutrons entering an array of five new
RNL's High Flux Isotope Reag- supermirror neutron guides

tor (HFIR) provides the high-. A cold neutron source in the HB-4 beam tube which uses

: supercritical fluid hydrogen to slow down neutrons so they have
est thermal neutron flux in the very low energies and long wavelengths for experiments in-

western world. This unique fa- Volving large molecules such as polymers.
Ci|ity IS a national resource with The HFIR neutron scattering equipment and instrumentation is

.. - . . . also being upgraded to the state of the art to take advantage of the
missions in five |mportant areas: tranSpIUtomum)roved neutron source provided by the reactor modifications.

o : i e . These improvements include new supermirror neutron guides on
rad|0|sotope prOdUCtlon’ hlgh speC|f|c activ t}ﬁhe HB-2 thermal neutron beam, new cold neutron guides for the

radioisotope produotion’ neutron-scattering fidB-4 cold neutron beam, new monochromator crystal assemblies,

o ) ) and an array of new instruments, such as a 40-meter small-angle
search, neutron activation analysis, and irradiautron scattering instrument and neutron reflectometer.
tion testing of materials.

One of the most important tasks in this project is not a modifi-
cation but, rather, a thorough analysis to verify that the HFIR ves-

The reactor was originally designed and used primarily to peel will remain sound well into the next century. Preliminary
duce the transplutonium isotopes—elements beyond plutonicafculations show that the vessel can support safe and reliable re-
in the periodic table of elements, which do not occur naturally @etor operation through 2035. This predicted longevity makes these
earth. However, over time, the neutron scattering mission has gromadifications attractive to DOE and the neutron sciences commu-
in scientific and economic importance—providing, for exampleity. The project will allow HFIR to provide world-class neutron
experimental capabilities to more than 200 outside users per|ygziences research facilities for many years to come.

The DOE Office of Energy Research and the Advanced Mate-In addition to these projects is a proposal to return HFIR to the
rials Physics and Neutron Sciences Directorate at ORNL are sexlginal 100-megawatt design power level instead of the 85-mega-
ing to ensure that this versatile facility remains on the forefrontweétt level that has been used since 1989. This change will benefit
neutron science at the beginning of the next century. To do|thismissions, because the neutron production rate, which is propor-
ORNL is taking advantage of a routine outage for replacing HRIRnal to reactor power, will be increased by nearly 20%.
permanent beryllium reflector to modify several components. ThisThe HFIR is already the best reactor in the western world in
six-month reactor outage, which occurs about every 10 yearghermal neutron flux, and these planned upgrades should make it
currently scheduled to begin in late 1999. The package of epen better.—€olin West, HFIR Scientific Facilities Upgrade
grades will enhance our capabilities in all the mission areas, Butject manager
the biggest impact will be on
neutron scattering.

The HFIR design includes
four horizontal beam tubes,
desighated HB-1 through
HB-4, that supply streams of
neutrons to the HFIR beam
room where experimenters
perform neutron scattering
experiments using an array o
specialized instruments. The
HFIR beam tubes were de
signed and installed in the
early 1960s when neutron
scattering was in its infancy.
The proven beam tubes arg
being modified to incorporate
current technology. These
modifications include

» Larger-diameter beam
tubes that deliver more
neutron flux to the neutron
scattering targets

Proposed new instruments for the High Flux Isotope Reactor upgrade will increase the
« Special beryllium inserts intensity of neutrons from the reactor but slow them down considerably. Such cold
in the HB-2 beam tube de-neutrons are needed to better evaluate the structure of polymers and proteins. Digital
signed to maximize the image by Danny Williams.
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Functional

Genomics

_ mics at ORNL is a comprehensive effort that leverages strong
arge scale human genome sequen Ej rtise and facilities in mammalian genetics, bioinformatics and

now under way is expected to produce g@gmputational biology, and biochemistry, as well as the
Laboratory’s resources for structural biology and cutting-edge tech-

eral million base pairs every month for the@logy development. Functional genomics in humans is becom-
. .| ing tractable by using genome information from other model
next 5 to 10 years. This maj Brganisms that provide rich scenarios for experimental research.

effort will provide the biomedi 1
cal research community with a computerized /-v\f"k
catalog of the names, locations, and nucleotide \ ‘\ o~
sequences of the 80,000 to 100,000 genes on hu- |

man chromosomes. Based on the rate at
seguence data are being produced, some 75 new
human genes could be discovered every day. Sig-

P . . T The mouse, because of its genetic and physiological similari-
nificant advances are reqUIred in our abilit Egs to the human and its extensive comparative genetic linkage

determine the function of these genes to unldede. is one of the leading model organisms for determining hu-
man gene function. A wide variety of genetic and molecular ma-

all the information hidden in the output from $eipulations are possible in the mouse, making it a powerful research
. . . organism for studies of functional genomics. Mouse geneticists
quencing and gene searches. Biologists have hgghtarget” a specific gene to eliminate or alter its function in the

: : le animal or only in a specific cell population. They may add
StUdymg gene function for many years, but mal genes to a mutant mouse to correct an abnormality. They

of their research has been slow, costly, and @ engineer rearrangements in large regions of the genome and

then create mutations gene by gene in the region using the chemi-

rected at single genes. Access to the powerflinutagen ethynitrosourea (ENU) to make single-base changes
. in DNA. ORNL’s Bill Russell discovered that ENU is a

reagents from the genome program IS chan *mermutagen” and established the parameters for its effective

; ; ; ; e in mutagenesis experiments in the mouse. ENU has proven
all of this. In this new era of biomedical resea ulte useful for making multiple mutant forms of a single gene,

in addition to studying the function of individuathereby providing more exact human disease models that mimic
o ) ] the subtle genetic variations characteristic of human populations.

genes, it will be possible to perform experimentsse strategies for creating mutations in mice can easily be ex-

panded to a genome-wide scale, generating genetic reagents es-

Mouse Genetics
Research Facility

in functional genomics—gene fun03ust as you rarely see sential for the entire research community.
; YV _ ORNL'’s Laboratory for Comparative and Func-
tion on a genome wide scale. a computer without a tional Genomics, formerly called the Mouse Genet-
Gene function is determined by (1) analyzing th@0use, you rarely see ics Research Facility, represents one of the largest
effects of DNA mutations in genes on normal deveice on a computer facilities in the world for carrying out experimental
opment and health in the whole organism, (2) ankeyboard—a symbol  research in functional genomics using the mouse as
lyzing a variety of signals encoded in the DNAor computational bi- a model organism. This newly designated DOE user
sequence, and (3) studying the proteins produced®ypgy. Photograph by  facility currently houses some 90,000 mice repre-
a gene or system of related genes. Functionam Cerniglio. senting a variety of mutations.
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Mitch Doktycz checks the alignment of a robot’s dispens-

ing probes as he prepares to construct a set of flow-
through genosensors. The dispensing probes transfer
DNA sequences from microtiter plates to individual wells

of the genosensors. Each genosensor measures less
than half an inch on a side and contains almost 100 wells.

A potential use of flow-through genosensors is rapid de-
tection of genetic disease and other mutations. Photo-
graph by Tom Cerniglio.

Bioinformatics
Resource

Since 1989, ORNL has been developing a bioinformatics

source for the genome research community, starting with the
pattern analysis system called the Gene Recognition Ana
Internet Link (GRAIL™). GRAIL™ is a suite of tools designed
provide analysis of DNA sequences both interactively and thr
the use of automated computation. The capabilities of GRA

are available by several methods, including an electronic mail s

18

at ORNL that processes DNA sequence(s) contained in e-mail mes-
sages, and an interactive graphical X-based client-server system
called XGRAIL™, which supports a wide range of analysis tools
such as gene modeling. The ORNL genome informatics resource
is being used by thousands of researchers worldwide. ORNL
informaticists and computational biologists lead the Genome An-
notation Consortium, a collaborative effort involving several
bioinformatics groups that work toward providing the analysis tools,
information access, and processing environment appropriate to
manage effectively the enormous amounts of data produced by
large-scale genome sequencing.

Protein Analysis

Another critical component of the functional genomics research
program at ORNL is the ability to quickly characterize the struc-
ture and function of the proteins that genes encode. This analysis
involves a comprehensive effort to integrate protein engineering
and enzymology, mass spectrometry, neutron-based structural bi-
ology, and computational approaches to the prediction of protein
structure and function based on structure.




Life Sciences Initiative

High-Throughput
Analysis and Screening
Systems Development

The large number of genes to be analyzed and the extra
nary complexity of analyzing the function of a system of ge
and their interrelationships make it necessary to develop
throughput technologies that can lead to truly genome-wide d
mination of gene function. The ORNL program includes a nun
of technology-oriented efforts that include flow-throu
genosensor-type chip arrays, fast DNA analyses employing the
on-a-chip” concept, and other microinstrumentation developm
for genome analyses.

This comprehensive effort is now in the second year of a th
year start-up period supported by ORNL's internally funded L3
ratory Directed Research and Development Program. The te
researchers includes members of ORNL’s Life Sciences, Che
try and Analytical Sciences, Instrumentation and Controls,
Robotics and Process Systems divisions.

After focusing the fluorescence microscope,
Mitch Doktycz discusses the image on the
computer screen with Ken Beattie. A once free-

ly moving DNA sequence containing a fluores-
cent tag binds strongly to complementary
sequences immobilized on the flow-through
genosensor. Blue visible light from the micro-
scope excites the fluorescent tag, producing
the array of bright and dark spots.  Photograph
by Tom Cerniglio.

g,
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Selected First-Year
Achievements

Several key milestones have been met during the first year of
ORNL's Functional Genomics Program. Efforts have resulted in
aifte- establishment of new programs in ENU mutagenesis and the
nesting of potential mutants for changes in behavioral and biochemi-
nightparameters. To date, behavioral aberrations in four existing mu-
etant strains of mice have been documented for publication by
nligabney Johnson’s mammalian genetics laboratory, and 176 new
ghitters have been screened for induced mutations in a large seg-
“latent of mouse chromosome 4. ENU was used by Monica Justice
etdgenerate multiple alleles at two mouse loci involved in immune

function. New recessive alleles of each locus were obtained, and
wregrht new dominant mutations with relevant human disease phe-
hoetypes have proven to be heritable. These dominant mutations
anmolide ones that cause anemia, craniofacial abnormalities, neural
2rube defects, skin disorders, and cataracts.
andUnder Ed Michaud'’s direction, the transgenics laboratory has
developed more efficient molecular systems for creating made-to-
order mutations in specific genes or regions of the genome. Re-
searchers in ORNL's Instrumentation and Controls Division are
developing new technologies to automate screening techniques that
are currently bottlenecked by a reliance on manual testing proto-
cols. A database cataloging the entire Oak Ridge collection of
mutant strains was created to make available information about
the genes and genome regions in the mouse as research tools for
the research community. The database has a Java interface so us-
ers can view the deletion complex and the mouse function data
and make correlations and comparisons with human data.

An online resource about mouse mutant strains at ORNL was
made available. Genome sequences become meaningful and use-
ful if the information they contain is found, extracted, made ex-
plicit, and made accessible to the research community. The Genome
Channel is a unique information resource and Web browser that
gathers the distributed output of sequencing centers and provides
a fully assembled view of the human genome, its chromosomes,
clones, sequences, and experimentally known and computationally
predicted genes. The initial version of the Genome Channel was
well received at its debut at the 1997 DOE Genome Contractor’s
meeting in Sante Fe, New Mexico, by both the user community
and sponsors. It is being developed by the ORNL-led Genome An-
notation Consortium, whose mission is to bring biological mean-
ing to the DNA sequence output of the Human Genome Project.
This research tool captures sequence as it is generated worldwide,
analyzes the sequence for new genes, and makes the information
accessible to the genome community via the Genome Channel
Browser. This work also addresses the development of a system
that uses the World Wide Web’s intelligent agents to dynamically
locate and link to remote information about the function of known
genes.—Reinhold Mann, director of ORNL'’s Life Sciences Divi-

sion
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ORNL's Path to

Teraops Computing

n January 1995, ORNL had the fastest parallel supercomputer in the world—the Int
Paragon XP/S 150. It would run for less than a day at a time, but it was the only to
available for performing the most complex calculations of the day. By partnering with Intel
the staff of ORNL's Center for Computational Sciences (CCS) turned this and another Pa

gon into reliable supercomputers. These machines rapidly perform calculations to he

scientists better understand complex
phenomena, such as the movemg
of pollutants in groundwater and
particles in a gas, effects of growi
atmospheric concentrations of carl
dioxide on future climate, and the b
havior of materials ranging fro
melting to magnetism.
In the past four years, the reli-
ability of the Intel Paragons has
been strongly improved, stamp-
ing the CCS as a major Depart-
ment of Energy (DOE)
computational development cen-
ter. However, largely because the
speed of processor chips conti
ues to double every 18 months
(as predicted by Moore’s law),
the position of the Intel Paragg
XP/S 150 in the hierarchy of

powerful machines has slippétle SRC-6 is a machine of an innovative architecture being built by a com-
ny started by Seymour R. Cray. It will be installed at ORNL in 1998 for

to #24. Our Intel Paragon XP/ galuation. Model rendering by Ross Toedte.
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High-Performance Computing Initiative

150, which once led the world in computing speed, can perfofdvances have been made in modeling the oceans and the atmo-
150 billion calculations per second. But this multigigaops comphere to pin down sources and sinks for greenhouse gases, but
puter has been eclipsed by the superb Intel Teraflops machint@tnfluences of polar ice and land masses on future climate have
Sandia National Laboratories (SNL) in Albuquerque, which reliot yet been factored in. Accurate models of the effects of pollu-
ably provides a peak computing level near two teraops—trillition and greenhouse gases on future climate are needed to guide
operations (arithmetic calculations) per second. The Intel Terafleygise decisions by technical and political leaders.

computer is used for classified defense work. SNL also has an InteHow the chemical bases of long DNA strands containing genes
Paragon, which has been linked by a high-speed network datadireearranged, how genes produce proteins, how strings of amino
to the ORNL Intel Paragons to leverage the ability of the thraeids fold into proteins, and how enzymes interact with protein
computers to solve complex problems in energy, environmentakeptors and with nucleic acids (DNA and RNA) are not well
and materials research. understood. Because of the huge amount of data from experimen-
tal approaches to these questions, sophisticated computational
analysis is needed to make sense of this information. The more
data there are, the more teraops computing will be needed to solve
problems such as locating a particular gene and determining its
structure and function, finding the set of genes that cause a fatal
disease or unhealthful condition such as obesity, and designing a
new drug.

Predicting the properties of plastics directly from their atomic
structure has long been an elusive goal of polymer science, and it
will continue to be. But calculations at the teraops rate will enable
ORNL and University of Tennessee researchers to bridge from the
results of atomistic calculations to those of calculations using ap-
proximate models that simulate polymer properties. The U.S.

Recent technological advances, the decision by Intel to| hdiemical industry has identified advanced computational model-
production of new supercomputers, and the realization that ow as a key technology that will enable molecular design of new
Intel Paragons have a limited lifetime and limited appeal to doplastics and other lighter, stronger materials of the future.
putational scientists looking for the fastest machines has compelledVhat features will enable the SRC supercomputers to perform
a new perspective. ORNL has decided to pursue a different patiméwe calculations at once and produce solutions faster than our
achieving a teraops level of computing. This path will continue ltitel Paragons? For one thing, the central processing unit (CPU)
offer challenging opportunities for CCS as a computational devethips that do computations will be much faster simply because
opment center. they will be newer (remember Moore’s law?). The Intel Paragons

We have received DOE funding to purchase and install in 19%8/e Intel's older i860 chips, which aren’t nearly as fast as the
a new parallel supercomputer built by SRC Computers, Inc., entium Pro chips in SNL's Intel Teraops computer. The SRC-7
company Seymour R. Cray (the inventor of the Crawyachine will use the fastest CPU chips ever designed by Intel—
supercomputer) was heading at the time of his death. Our platihésnot-yet-released Intel Merced chips.
to evaluate comprehensively the performance of this machine A second key improvement will be in the handling of com-
called the SRC-6. We hope to incorporate it into ORNL's collabputer memory. The multigigaops Intel Paragons in CCS have dis-
ration with SNL on the networking of high-performance computibuted memory—that is, each CPU has its own share of the total
ers that are widely separated geographically. Anticipatisgstem memory. In this arrangement, any CPU that requires infor-
top-quality performance for this supercomputer because of itsimation stored in the memory of another must send a message re-
novative architecture, in 1999 we will write specifications for| igguesting this information, which is then supplied by a response
multiteraops successor, called the SRC-7, if funded. In 2000, wessage through a sophisticated “message passing” system. The
will install an SRC-7 system in stages. SRC supercomputers will have shared memory instead of distrib-

Such a powerful computing system will be needed at ORNLuted memory because all CPUs will be in direct contact with the
help our scientists and engineers solve difficult Grand Challereggire machine memory. It will be easier for computer scientists to
problems. Computer modeling on a teraops computer will leadbtogram a parallel machine with a shared memory than one with a
a more detailed understanding of the structure and mechanicahbessage-passing distributed memory system. A shared memory
havior of metals and alloys. As a result of this information, thesél also allow faster retrieval of information.
materials can be made stronger and more resistant to the effects &f third feature will be the field programmable gate arrays
aging, radiation, and stress-corrosion cracking. Modeling may alB®GAs). These FPGAs act as configurable special-purpose pro-
be used to study an alloy’s magnetic properties that affect its bessors. They can execute multiple CPU instructions in one clock
havior. cycle. The reconfiguring of these FPGASs is easy, taking only 10 to

Faster computer models are needed to tease out the detaiB)ahicroseconds. They can be reprogrammed as often as desired.
combustion in spark-ignited and diesel engines. The informationSRC machines will have a fourth feature that will increase the
could speed the development of lean-burn natural gas vehiclesspaéed of entering and retrieving information in a usable form (in-
will use less fuel, reduce U.S. dependence on foreign oil, and gret-output, or I/O). SRC Computers, Inc., has placed an emphasis
duce lower carbon dioxide emissions, slowing the buildup of green-the design of the 1/0. By contrast, the Paragon XP/S 150 at
house gases in the atmosphere. The effects on future climat®RNL has only one service processor for every eight computa-
increasing atmospheric concentrations of greenhouse gases rectitmeal processors. The improved processor ratio in the SRC ma-
complex simulations that teraops computing could make possilgines should speed up I/O operations.

New Strategy
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SRC

Evaluating Performance
of the SRC-6

SRC machines are built from units called segments. Each segment is hous
standard rack enclosure. Segments may be combined by linking the memory crossha
switches together to form larger shared-memory systems.

We will acquire two SRC-6 segments (see sketch on p. 20). We will evaluate their
components and systems to determine strategies and mechanisms for interconnecting mul-

This development effort by the CCS will be coordinated with other ORNL divisions
SRC.

CCS will initially evaluate the segment to determine if CPU performance, me
bandwidth, and I/0O performance are properly balanced. We will then connect twi
ments using SRC’s memory crossbar to form a larger, shared-memory machine.
evaluate the new configuration, looking for weaknesses in the architecture that
prevent the machine from being scaled up to SRC'’s stated objective. In addition to e
the hardware, we will also test the scalability and performance of the system softwa

puter codes from the Paragon environment to the SRC system to see how well it pe
on real codes.

communications channels to the SRC memory subsystem in a quest for highest|p
mance. If our evaluation of SRC-6 verifies the excellence of its performance, as expe
we will write specifications and acceptance plans for an SRC-7 in FY 1999.

It should be emphasized that a shared-memory architecture provides a progra
environment that hosts both shared-memory and message-passing applications. |
memory applications will port to the SRC system with a minimum of code cha
However, a major difference between shared- and distributed-memory architect
that implementing a message-passing programming model on a shared-memory|d
is straightforward and efficient if sufficient memory bandwidth and capacity are pres
However, implementing a shared-memory programming model on a distributed-me
system is not very efficient. Because the DOE energy research community has
codes developed for both types of parallel programming models, it is important tha
large system support both types of programming model. Thus, it is essential that a 5
memory architecture with hundreds of processors (e.g., the planned SRC-7) has a
subsystem with enough extra bandwidth to handle the message-passing traffic, as
the memory requirements of the processors. In our evaluation of the SRC-6,
determine the requirements for the SRC-7 in this area.

A multiteraops computer possessing a shared-memory architecture has long|4

high-performance computing goal. A properly designed SRC-7 should meet that gaa The SRC-7 will be designed

are focused now on the path to the SRC-7, which involves a detailed technical app based on the specifications that
of the intriguing architecture incorporated in the SRC-6. This work is sponsored by D( result from experiments on and
Office of Energy Research, Office of Computational and Technology, Information, evaluations of the SRC-6 at
Computational Sciences. The CCS-ORNL team that made the Intel Paragons humjis ORNL. The goal is to build a

pleased that the initial step on this path has been taken and looks forward to the teq multiteraops supercomputer

challenges of the comprehensive evaluation of the SRC-6. The journey should help|d that can help researchers bet-
reclaim its position near the top of the high-performance computing hierarchy by the ter solve Grand Challenge prob-
of the next millenium—Based on information provided by Ken Kliewer, director of lems. Model rendering by Ross
CCS, and Arthur S. (Buddy) Bland, also of the CCS Toedte.
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Biological Sciences

Agouti Gene Linked
to Mouse Skin Cancer

. —

The nor-
mal, or
wild-type,
mouse (top)
has agouti col-
ored hairs,
which are
black with a
central band
of yellow. The mouse at left
has completely black hair because
it lacks the agouti gene. The mouse at the bottom is
mostly black with some yellow hairs because it has a partially inactive ago-
uti gene. The yellow mouse has an overactive agouti gene that is turned on
all the time throughout the body. The overactive agouti gene also causes
mice to become obese and diabetic and to develop cancer. Electronic file of
photograph by Tom Cerniglio enhanced by Allison Baldwin.
M often have brown fur streaked withmal mouse hair is black at both ends, w
gray. The alternating light and darka band of yellow in between.
bands of fur that make mice look grizzled Butwhat happens if this coat color ge
result from the action of the agouti genés mutated or deleted? Michaud and ot

(named for the South American rodent)ORNL researchers found that the mut
This mouse gene, whose normal and magouti gene expresses itself all the ti

b

ice, squirrels, and other mammalslucing black pigment again. Thus, a n

this ubiquitous, unending expression appear
to be additions of DNA not usually found
within the gene, such as retroviruses and a
promoter usually linked to the nearby Raly
gene, which is mostly deleted as part of the
agouti gene mutation.

ORNL researchers and collaborators
have found that the melanocyte receptor to

Sfuhich a ligand binds to activate the cell's

black pigment production is blocked by sig-
nals from the agouti protein, resulting in
yellow pigment production. It has also been
discovered that four receptors in other
parts of the body have similar structure
and function, suggesting that the re-
ceptors’ normal activity in regulating
body processes may be susceptible to
disruption by the agouti protein.

In a long-term quest to identify the
mechanisms underlying obesity, diabetes,
and cancer in yellow mice, ORNL research-
ers set out first to prove that overproduc-
tion of the normal agouti protein by an
overactive gene causes these diseases. To
address this point, they made transgenic
mice by inserting into fertilized mouse eggs
the normal agouti gene linked to a special
beta-actin promoter, a DNA fragment that
causes the gene to be turned on all the time
everywhere in the body. The transgenic
mice were born with yellow hair and be-
came obese and diabetic, demonstrating
that overproduction of the normal agouti
protein causes these diseases.

In a recent set of experiments, Michaud
and his colleagues next asked if the mouse
agouti gene has a primary role in promot-
ing skin cancer or if the cancer is a second-
ary effect of obesity and diabetes (e.g., from

orexcessive levels of insulin produced to clear
itiylucose from the blood). To tease out this

information, they used different transgenic

nenice that had an active agouti gene only in
hehe skin. In this case, the normal agouti gene

nivas linked to a keratin promoter that causes
ggenes to be turned on only in skin. These

tant forms were identified and cloned by Ed¢ausing the melanocyte cells to prodyc&ansgenic mice have yellow hair but are not
Michaud and others at ORNL in 1992, is|ofellow pigment endlessly. Thus, mutant agoebese or diabetic. In experiments involv-
interest to researchers. The reasons] itgi mice are yellow. And if a mouse is borning large numbers of transgenic and con-

mutant form is linked to altered fur colar,without an agouti gene, its coat color
obesity, diabetes, and cancer in mice, andbe solid black.
has a human counterpart. Being yellow is the least of the muta
When the mouse agouti gene is functioragouti mouse’s problems. It also is obe
ing normally, it turns on briefly in the skin diabetic, and more susceptible to getti
where hair follicles are rooted. Thereskin, lung, liver, and mammary gland ¢
ORNL researchers found, the gene causeser. An explanation for these widespre
the secretion of the agouti protein, whichlisease effects may lie in the ORNL d
signals the pigment-producing melanocyteovery that the mutant agouti gene’s sin
cells to make yellow instead of black pig-defect is that it codes for the production
ment for awhile. Then when the agouti genrormal agouti protein not only all the tim

illtrol mice (black mice with no active agouti
gene), ORNL researchers found that only
t3% of the control mice developed skin can-
a&er but 20% of the transgenic mice got the
nglisease. Thus, ORNL demonstrated that
neverproduction of the agouti protein by the
adveractive agouti gene has a direct role in
s€ausing skin cancer.
gle
ofFunding for the research came from
eDOE’s Office of Biological and

turns off, the melanocyte cells return to probut also in every mouse cell. The causes

fdnvironmental Research.
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Observing Subtle
Changes in Mutant Mice

- y Dabnﬁ Johnson watches a mut'

- 1 “beHpvioral make no ﬁ’bft‘tb‘ cscape ™
=) I water in a tan )0fmal mouse swims rapldly'in
" an effort to get out of th€ water during the Porsolt swim

test. Photograph by Tom Cerniglio.

Bill and Lee Russell established aeighborhood are involved in regulating the water tank from which they cannot escape.

mammalian genetics program |aactivity of cells in the central nervous sysburing the 7-minute test, a normal mouse
ORNL to assess the genetic effects of ionitem, ORNL researchers led by Dabnewill try constantly to climb out, but mice
ing radiation and a wide variety of chemidohnson recently gave strains of mice missvith the mutation negr exhibit despair and
cals in mammals. Many mutations that causeg these genes two behavioral tests. Theake little effort to escape.
visible changes in the color or form of thérst examines the mouse’s ability to pro- Biochemical tests have shown that a par-
mouse were generated, as were genetiss and store new information—that is, tbcular region of the brain in these mutant
changes that cause embryos to fail to devel@member an unpleasant experience. Thisice has low levels of serotonin, a
or mice to die after birth. In some cases,|thest consists of a gentle foot shock accgnmeutrotransmitter that promotes communi-
DNA damage that caused these visible panied by a sound cue; the mouse is theation among brain cells called neurons.
lethal mutations also caused more subtletested without the shock to see if it|itow levels of serotonin have been associ-
genetic changes that would not traditionallgfraid of both the sound that accompanijedted with depression in people. Because the
have been recognized. To evaluate mutatit® shock and the chamber in which thantidepressant drug Prozac raises the level
for behavioral and biochemical changeshock took place. Normal mice fear batlof serotonin in humans, the ORNL biolo-
ORNL researchers are developing new tedire sound and the chamber, while mice witists will give Prozac to the defective mice
nologies and increasing the sophisticatiothe mutation neap fail to remember that to see if it improves their performance in
efficiency, and throughput for these tests.the sound and chamber are associated withe Porsolt swim test. The research could

Using recombinant DNA techniques |t@an unpleasant experience. ORNL researclead to a more-targeted, lower-dose treat-

identify and characterize genes from twers are focusing on this small region of thenent that raises the serotonin level only in
small regions of chromosome 7 near thmouse genome to identify this gene, and specific part of the brain, rather than in
pink-eyed dilutionf) gene, ORNL research-eventually its entire associated biochemihe whole body, to dispel behavioral despair.
ers have identified less obvious defects gal pathway, which affects learning and
mice caused by the absence of certain gemesmory. The funding for this research came from
in thep neighborhood. These defects include The second test is the Porsolt swim te€2OE’s Office of Biological and
memory loss and depression. for behavioral despair, the equivalent |irEnvironmental Research.

S hortly after World War Il, geneticists  Noticing that some of the genes in the mice of human depression. Mice are putinto
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Biological Sciences

Inhibition of restenosis (artery re-
clogging) using rhenium-188 was
demonstrated in a swine coronary
balloon overstretch injury model.
Left: Control artery 30 days after bal-
loon overstretch injury. Right: injured
artery 30 days following rhenium-188
irradiation. Images courtesy of Judah
Weinberger.

ORNL Isotope Offers

Hope for Heart Patients

Radiation from the rhenium-188 isotope produced by OR
generator may prevent the buildup of smooth muscle cell
(restenosis) in coronary arteries after balloon angioplasty.

tem can produce hundreds of doses of rhe-
nium-188 in solution over several months
ip @ hospital. Rhenium-188 also has nearly
perfect beta particle energy for optimal ves-
sel irradiation. Also, because rhenium
would be rapidly excreted from the bladder

in the unlikely event of balloon rupture, it
Harry and Matilda are among the un488, which lets go of the powder. A soluis safe for patients and should receive regu-
lucky 30%. Both had mild heart attacks betion of rhenium-188 is obtained by washilatory approval.

cause a coronary artery had been narrowédy the radioisotope down from the top.

ORNL is providing Columbia Univer-

by the accumulation of fatty deposits. Bath Using a tiny iridium-192 wire source sity with the radioisotope generator. ORNL

had a procedure called coronary angioplastiireaded through the coronary artery,
to restore full blood flow to the
heart muscle. In this procedure, §
catheter equipped with a tiny
uninflated balloon at the tip is in-
serted into a femoral artery in thg
leg and then threaded through th
clogged coronary artery. Then thd
balloon is inflated to clear the
blockage and widen the artery. Bu
six months later, as happens wit
at least 30% of the 450,000 Ameri
cans who have the angioplasty pro
cedure each year, Harry’'s an
Matilda’s treated arteries developec
a different type of blockage. They
were reclogged by the buildup ofA
smooth muscle cells in response t
balloon-induced vessel damage, a
condition known as restenosis.
Most people in the unlucky 30%
undergo additional angioplasty or
heart bypass surgery to unclog th

rnold Beets and Russ Knapp show a mockup of

% tungsten-188/rhenium-188 generator system for
Use in preventing a heart patient’s coronary arter-

ies from reclogging after balloon angioplasty. Pho-
tograph by Jim Richmond.

aresearchers also developed a simple, effi-

cient method for concentrating the
rhenium-188 solution obtained from
the generator because of the small
volume of the balloons and the high
radiation levels of rhenium-188 re-
quired for the short irradiation times.
The patented ORNL method pro-
vides a high enough concentra-
tion of rhenium-188 to deliver the
proper dose. Exclusive rights to this
method were licensed in July 1997
to Mallinckrodt Medical, Inc., an
international radiopharmaceutical
manufacturer headquartered in St.
Louis.

Use of rhenium-188 for human
patients in clinical trials at Colum-
bia University Medical Center in
New York City was approved by the
Food and Drug Administration. By
March 1998, several patients had

idiology researchers at Columbia Universjtheen treated with the rhenium-188

reclogged arteries. Nationally, these necebad demonstrated in pigs that high radiaangioplasty procedure. Similar clinical stud-
sary second operations add $1 billion to théon doses inhibit muscle cell proliferatignies are being carried out at the Royal Perth
$4 billion cost per year of the initial in newly unclogged arteries. Because of difHospital in Perth, Australia, and in the de-
angioplasty procedures. Fortunately, &culty in centering the wire, the radiationpartments of nuclear medicine at the uni-
promising cure for restenosis is radiation.dose was not being uniformly delivered twersities of Dresden and Ulm in Germany.
Although many radioisotopes and delivthe damaged arterial wall. This partnership involving private busi-
ery systems are being evaluated for this To deliver a more uniform dose, Judaimess and university and government re-
purpose, a tungsten-188/rhenium-188 gefweinberger, a Columbia University cardisearchers is expected to benefit many
erator system developed at ORNL for camslogist, conceived of using a radioisotop¢housands of people and improve their qual-
cer therapy has distinct advantages. Tholution to inflate the balloon at low presity of life. If Harry’s and Matilda’s need for
cylindrical system uses the radioisotopsure following high-pressure balloon infla-angioplasty had arisen a few years later, they
tungsten-188 from ORNL's High Flux Isg-tion with saline to unclog the artery.might have been among the luckier patients.
tope Reactor. At the top of the cylinderSearching for the radioisotope with the best
tungsten-188 binds tightly to aluminumproperties for this application, he calledThe project was funded by DOE’s Office
oxide powder saturated with acidic salineORNL's Russ Knapp, who proposed rheef Biological and Environmental
As it decays, the tungsten turns to rheniummium-188 because ORNL's generator sysResearch.
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computer modeling to better andersta " i T' T COSVETETS aenee carbon
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additional carbon. ORNL rescarchers have becn applying scientific knowledge to help

Guatemala address its biodiversity and environmental problems and Lo raise the standard of

living of rain forest resldents {]RHT.. hnsﬂiwmﬁmﬂﬁm}s toorient electrically charged spinach leaf
proteins, bringing us closer 1o biomolecular electronic ﬂml:ns based on spinach, not silicon. In
environmental technology, se are mapping the effectiveness of bacteria in hréaking down chlorinated
solvents contaminating soil at an Air Force hasc.
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Strengthening Environmental
Management in Guatemala

ORNL is helping Guatemala improve its environmental manageme
and decision-making to protect its biodiversity.

In the Peten region in northern Guateextended MBP for four additional yearsonly a basis for discussions at the highest
mala lies an enormous rain forest. It is ghrough March 2000, with a total estimatedevels of government but also has been
treasurehouse of biodiversity and the lardife-of-project budget of $50 million. widely recognized as setting a new standard
est carbon sink in the Western Hemisphere One aspect of the extension added a hdar improving information for environmen-
north of the Amazon River. Because [opolicy component intended to improve thdal decision making in Guatemala. In the
Guatemalans’ demands for jobs, homes, am@pacities of Guatemalan government ageand, the Guatemalan president disapproved
farm land, this region has been threatenegies (equivalents of the U.S. EPA and Nathe proposal, but discussions continue on
by deforestation, which can eliminate entional Parks Service) to manage thether alternatives, influenced by ORNL's
dangered species of medicinal value anenvironment for the long term. Since themanalysis.
increase global greenhouse gas concentr@RNL's Tom Wilbanks, Tim Ensminger, As a part of this assessment, ORNL rec-
tions. By the late 1980s, it was feared thaBob Perlack, and Sherry Wright have travemmended that the country develop a work-
the region would be completely deforesteéled frequently to Guatemala to meet twable environmental management plan for
within three decades if nothing was dong.challenges: assisting Guatemalan parinére Rio Dulce area. In 1997 the Laboratory

As a part of its development assistancagencies in conducting environmental imwas asked to help organize and lead an ef-
programs in Guatemala, the U.S. Agencpact and policy assessments related to| thart to develop such a plan, which would
for International Development (USAID) most pressing national controversies angive Guatamalans their first experience with
established a Mayan Biosphere Projedetting up a partnership between ORNL aral public participation process.

(MBP) in 1991. The goals were to help prea Guatemalan counterpart, Fundacion So- What makes ORNL's accomplishments

serve the rain forest and raise the standalat, to transfer expertise. different from those of, say, a consulting

of living for the region’s people, many of  The first of the controversies was profirm is that our assistance is grounded in
whose Mayan ancestors go back 1000 yearoked by a proposal from a U.S.-base&nowledge obtained through our research
USAID asked ORNL to organize and leadnultinational forest products firm. It soughtin environmental management, environ-
the multiyear project through an interagencyo transport logs from a Guatemalan tremental impact assessment, biodiversity pro-
agreement with DOE. The project involvedlantation to the Atlantic coast by barge jotection, global climate change, and energy
working with a diverse team of nongovernthe scenic Rio Dulce, through the heart of and environmental institution building. Be-

mental environmental organizations aneational park, and to construct a barge tesides applying this knowledge to foster sus-
local groups. minal at the park’s edge. This proposal wasinable development, we are bringing back

ORNL's Keith Kline was assigned to heatedly opposed by environmental grougfsom Guatemala unanswered research ques-
live in Guatemala City, where he has servednd advocates of ecotourism developmerttons that may be added to future research
as the USAID Mission’s environmental of-USAID asked ORNL to assist Guatemala'agendas.
ficer and leader of the project, with suppprequivalent of the EPA in assessing the en-
from other ORNL staff members. Sincevironmental impacts of the proposed activihe project was funded by USAID
MBP began operating in 1992, the projedty and suggesting alternatives to thehrough an interagency agreement with
has significantly slowed the rate of deforproposed action. ORNL's work became noDOE.
estation in the Peten region and helped i ;
400,0QO residents shift to a lifestyle I_ess d Eftﬁon;ﬁigﬂgligg;: e(soi(;(;r\}(_j
structive of the forest. For example, insteal

) éral ORNL researchers
of clearing forests to grow corn and beans

Who assessed the envi-
some people collect and sell forest products. .
Others have improved cultivation practicegonmental Impact O_f a
and introduced agroforestry. As a focus Opropos_ed log bargm_g
the effort, the project established a natio &peratm_)n on the Rio
park to provide effective environmentalPulce (river shown be-
management in the area. hind the men on the boat

In 1996, a formal evaluation of ajldock and in the photo-
USAID environmental programs worldwidedraph on opposite page)
ranked MBP number one in effectivenes$s a part of an environ-
In 1997 the agency’s Latin American andnental assessment of
Caribbean Bureau ranked it first in perforthe Rio Dulce National

mance in the hemisphere. In 1996, US
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ORNL’s Big Role In
a Major DOE Study

ORNL played a major role in DOE’s 11-lab report on

technology opportunities to cut greenhouse gas emissions.

In an address to the United Nations|imnd at times as many as 300 people ac
June 1997, on the occasion of the fifth arthe DOE system were involved. Because
niversary of the Rio Conference on the Enthe need to complete the report on a cg
vironment, President Clinton spoke on theressed schedule, the report was plann
need for a vigorous technology researchyritten, and revised largely through ele
development, and demonstration (RD&D}ronic mail submissions, conference te
program to address the challenge of globghone calls, and reviews of draft reports t
warming. He noted that the United Statewere posted on the World Wide Web.
has only 4% of the world’s population yetORNL some 30 scientists, managers, w
produces more than 20% of its greenhouses, editors, artists, and electronic publis
gases, largely because the nation relies pgfs were involved in putting together ti
marily on fossil fuels to heat, cool, and lighteport.
buildings, run its factories, and power its The report describes technology opp
vehicles. “In order to reduce greenhoustunities “that have significant potential {
gases and grow the economy,” he said, ‘Wweduce greenhouse gas emissions” betw
must invest more in the technologies of theow and 2030. In its second volume,
future. Government, universities, businesspecific technology pathways are profilg
and labor must work together. All thesélhese technologies fall in three categori
efforts must be sustained over years, indeeshergy efficiency, clean energy, and carh
decades.” sequestration (removing carbon from em

Following this address, Presidensions and increasing storage of carbg
Clinton directed his cabinet to respond t@OE is already developing many ener
the challenge of reducing greenhouse emisfficiency technologies, such as refrige
sions in the United States. In turn, Energtors and cars that will be two to three tim
Secretary of Energy Federico Pefia askedore efficient than today’s models. The 1
ORNL Director Alvin Trivelpiece and Rii port proposes a strategy to improve and
chard Truly, director of the National Renew<crease the use of clean-energy sources
able Energy Laboratory, to lead a DQEmit little or no carbon, such as natural g
national laboratory effort to identify cost-burners, nuclear power plants, renewal
effective technologies to reduce greenhousmnergy (e.g., solar and wind power, elé
gas emissions. Ateam of 11 laboratories wascity and fuels from agricultural biomass
mobilized to respond to this request. Thand fuel cells that use hydrogen to prody
result was a two-volume report entitlecelectricity. Carbon emissions could also
Technology Opportunities to Reduce U.Sreduced by switching transportation fue
Greenhouse Gas Emissions. from gasoline to biodiesel fuel and ethan

More than 150 persons from all 11 naby distributing electricity more efficiently

and wires; and by removing carbon from
fuels before combustion. The third category
of technology pathways includes those that
would efficiently remove carbon dioxide
from combustion emissions before they
reach the atmosphere or would increase the
rate at which oceans, forests, and soils natu-
rally absorb atmospheric carbon dioxide.
Technologies to store carbon deep in the
ground or in aquifers over a long time might
also be devised.
In the report, the DOE lab directors con-

roskide that (1) by 2030, a vigorous RD&D
girogram could deliver a wide array of cost-
neffective technologies that together could
eatduce the nation’s carbon emissions by 400
cto 800 million tonnes of carbon per year;
e{2) basic research is needed to advance sci-
hagnce and technology enough to reduce U.S.
Atgreenhouse gas emissions significantly yet
ritsustain economic growth, partly through
shside benefits such as improved air quality,
needuced U.S. dependence on imported oil,
and increased exports of U.S. technologies
orto help other nations reduce their green-
ohouse gas emissions; (3) adequate support
eéor an accelerated RD&D program could be
Adouble the current levels of funding for de-
dvelopment of energy-efficiency technolo-
egies; and (4) strategic public-private
oalliances provide the best approach for de-
isveloping and deploying most greenhouse
nyas-reduction technologies.
gy The report recommends that the United
aStates develop and pursue a detailed, com-
eprehensive technology strategy for reduc-
eing greenhouse gas emissions.
inmplementing such a strategy, the report
treaites, would be an “investment insurance
apolicy,” one that “DOE’s national labora-
blories stand ready to champion.”
2C-
),Other DOE national laboratories that
Iceontributed to the report were Argonne,
b&rookhaven, Idaho (INEEL), Lawrence
|Berkeley, Lawrence Livermore, Los
olAlamos, Pacific Northwest, Sandia, and

the Federal Energy Technology Center.

]

tional laboratories participated in the effortusing superconducting transformers, cab

David Reichle, Marilyn
Brown, John Sheffield,

and Mike Farrell were the
technical co-leaders for
the planning and drafting

of the DOE report, which
was released by Secre-
tary Pefia on Earth Day,
April 24, 1998 (see http:
/Iwww.ornl.gov/
climate_change).

o

i
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terrestrial ecosys-
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Sto rage On tween the atmo-

sphere and
terrestrial sys-

- tems at regional, A4 08 -06 -0.4
ald varlesS e o oo
bal scales be- %% Estimated net terrestrial exchange in 1982 (kg/m2)
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computer modeling to better| temporal varia-
understand the influences oftions of natural

. carbon cycle
terrestrial ecosystems and | 1 ves and the
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climatic variation on vast amount of
atmospheric CQcontent. carbon stored in
vegetation and
soil.
What is the
hat goes up sometimes comefate of the unac-
Wdown. By burning gasoline to counted-for car-
power cars and trucks, coal to probon? To help find A 08 06 04 02 0 +0.2 s04 +0.5 +0.8 +1
duce electrical power, and forests to cleasut, ORNL re-
land for agriculture, people have altered theearchers led by 5174 SOLInCE

earth's atmosphere. Fossil fuel combustiowilfred (Mac) Estimated net terrestrial exchange in 1984 (kg/mz2)

and forest clearing currently inject 8 billignPost are using The estimated net ecosystem production (plant biomass
tonnes of carbon per year into the atmazomputer model- growth) changed by 2 billion tonnes of carbon globally
sphere, which, combined with the carbping to better un- between 1982 and 1984 as a result of changing weather
dioxide (CQ) already naturally present,derstand how patterns produced by the 1982-83 EI Nifio.

could speed the onset of global warming.terrestrial ecosys-

The good news is that not all the carbotems influence CQroncentrations in the at- decreased by 1% from 1900 through 1988.
added each year stays in the atmospheraosphere. They have discovered that, in thdowever, when a moderate C@:rtiliza-
According to computer model estimatespast 100 years, environmental conditiongon response was added in the model, ter-
about one-third of this amount is later takehave changed slightly, enabling plant biorestrial carbon storage increased by 3%
up by the oceans. Another one-sixth (1.5 tmass to increase and terrestrial ecosysterhecause plants took up more carbon for pho-
2 billion tonnes) is removed from the atto soak up more COPlants may be growr tosynthesis than they released through res-
mosphere at least temporarily by the world’shg faster and larger because they are beiqration. In short, terrestrial ecosystems
terrestrial ecosystems—forests, vegetatioffertilized” by increased atmospheric con-have become more of a carbon sink than a
soils, farm crops, and pastures. But terresentrations of Cfand increased depositionsource over the past 100 years. Also, com-
trial ecosystems are a source of carbon @f air pollutants containing nitrogen, a planputer model results suggest that climate
the atmosphere as well as a sink for its canutrient. Even more significant, the ORNLchange combined with C@ertilization in-
bon. Although 15% of all atmospheric carcomputer model results show that carbonreased carbon storage in terrestrial ecosys-
bon, or about 120 billion tonnes, is annuallgxchanges between the atmosphere and tegms enough to account for 55 to 70% of
taken up by trees and vegetation for phateestrial ecosystems are sensitive to climatthe missing sink from 1900 through 1988.
synthesis to build plant tissue, about jamariations, such as the increase in average ORNL's models indicate very large year-
equal amount is returned to the atmosphegobal temperature of 6 (1°F) over the| to-year variations in net carbon exchange
as carbon dioxide from both plant respitapast 100 years and the El Nifio-Southern O®etween terrestrial systems and the atmo-
tion and the decomposition (by bacteria andillation, the large-scale climatic fluctuationsphere—on the order of 1 to 3 billion tonnes
fungi) of plant litter and soil organic mat-of the tropical Pacific Ocean marked by an either direction. Whether the larger frac-
ter. Another small source of carbon fronwarm surface current. In a growing seasotion of carbon goes up or down in atmo-
terrestrial ecosystems is forest fires. during an El Nifio, terrestrial ecosystemsphere—land exchanges depends on

Scientists are unable to determine whertake up 1 to 2 billion tonnes of additionallarge-scale climate fluctuations.

0.5 to 1 billion tonnes of carbon goes edcbarbon, but much of that extra biomass may

year after it enters the atmosphere. They|agecompose and release carbon in succeetlhe research was sponsored by DOE’s
trying to account for the “missing” sink re-ing years. Office of Biological and Environmental
quired to balance this century’s global car- When climate change alone is consi{dResearch, Environmental Sciences
bon budget. How much of this carbon gaesred, according to model results, carboivision, Carbon Dioxide Research
to the ocean and how much is absorbed Isyorage in the global terrestrial biospheré&rogram.
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Spinach Power:
Biomolecular Electronics

ORNL has discovered ways to orient electrically charged
spinach leaf proteins, bringing us closer to biomolecular

electronic devices.
Tdevices may be based on spinach, n@hey showed that platinum anchors PSI
silicon. Photosynthetic reaction cena gold surface and that it does not dam;
ters from spinach could be used for supeRSI or render it inactive.
high-resolution video imaging, ultrafast The next hurdle was to orient the PS
switching, and solar power generation. | so that the same ends point in the same
Green plant leaves contain two pigmentection. A scanning tunneling microsco
protein complexes that convert light energySTM) was used to determine the orien
into chemical energy (photosynthesis). Bottion of each PSI because the tunneling ¢
chlorophyll-containing proteins—calledrent is affected by the preferential directi
Photosystem | (PSI) and Photosystem bf the electron flow. PSI will act like a cu
(PSll)—use the energy of the sun to makeent rectifier under the STM if it is perper
plant tissue. When each of these photosydicular to the surface. If a PSI is parallel
thetic reaction centers receives a photon tfe surface, it will act like a semiconduct
light, charge separation can occur in 10 tmstead. If all PSls are perpendicular to t
30 picoseconds—100 times faster than surface, current will flow only if all are
silicon photodiode. If these photosynthetipointing in the same direction, but not if ha
reaction centers could be lined up perpemre pointing up and half down.
dicular to a metal surface, current wodld The initial success at turning a PSI m
flow, and biomolecular electronic devicescule at will came when the group dep
would be possible. ited a nanometer layer of platinum ato

he next generation of optoelectronielectrical conductor) on one end of P4

In 1997 the ORNL group found an even
better way to achieve preferred orientation
of PSlIs: chemical treatment of the atomi-
cally flat gold surface on a mica substrate.
They coated gold surfaces chemically with
three different chemicals and reported the
results in the October 27, 1997, issue of
Physical Review LettersNo preferential
orientation was observed with 2-
dimethylaminoethanethiol. “For mercap-
toacetic acid,” they reported, “83% of the
PSI reaction centers were parallel to the
surface, whereas for 2-mercaptoethanol,
5170% were oriented perpendicularly in the
taup’ position and only 2% were in the
aggown’ position.” Apparently, the sulfur
atom in each molecule binds strongly to
blgold, and the other end selectively binds to
dire oppositely charged part of a PSI, caus-
peng it to point either up, down, or parallel to
tathe surface. Thus, PSI reaction centers can
ube selectively oriented by chemical modi-
priication of a gold surface.

- These findings suggest the feasibility of
n-the concept of a “lean clean green machine”
tahat uses sunlight and operates without fos-
osil fuels. Such a machine could meet many
hBOE mission goals by generating electri-
> cal power, producing clean hydrogen fuel,
alfand fixing carbon dioxide on a ruthenium

film to produce methane fuel, reducing the
platmospheric content of greenhouse gases.
ndt could be a DOE dream machine.

s

In the past decade, ORNL researchemmn the reducing end of a PSI, which is pasifhe research was supported by DOE'’s
Eli Greenbaum, James Lee, and Ida Leévely charged. The deposited platinumOffice of Computational and Technology
came up with a number of significant ideasveakened the electrostatic attraction of thaResearch, Advanced Energy Projects
and findings. First, PSl and PSII can be is@nd for a negatively charged gold surfaceand Technology Research Division, and

lated from spinach leaves. Second, PSI

dwusing the other positively charged end tBOE’s Office of Basic Energy Sciences,

PSII can be rewired to produce fuels bye more strongly pulled to the gold surfaceDivision of Chemical Sciences.

metallocatalysis and photosyn-
thetic water splitting (2KD = O,

+ 4H" + 4¢€). In plants, the
photoenergized electrons are
used to form carbohydrates
(CH,O) to build plant tissue. But
these electrons (2ecan also be
made to recombine with the pro-
tons (2H) to yield hydrogen by
metallocatalysis, or the electrong K544
can be put to work as electric cury
rent. The group demonstrated tha
spinach PSI and PSII together cal
be made to produce both oxyge
and hydrogen, a clean fuel.

To generate electrical current
the researchers found they had t
provide PSI reaction centers wit
an electrical contact and a pre
ferred orientation. They learned
how to deposit platinum (a good

Electrically charged plati-
nized Photosystem | (PSI)
reaction centers from spin-
ach leaves are oriented in
the same direction, making
possible the development
of biomolecular electronic
devices. The gold (Au) base
is treated with a chemical
whose sulfur (S) atoms bind
strongly to gold. The nega-
tively charged ends of mol-
ecules in this chemical
selectively bind to the posi-
tively charged free ends of
the PSls. As aresult, all PSls
point in the same direction.
Drawing by Ida Lee.
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Intrinsic
Bioremediation
Across a Plume of
Chlorinated Solvents

ORNL researchers are helping define a method
for determining whether bacteria at a given site
will effectively degrade contaminants such as
trichloroethylene.

trichloroethylene (TCE), are theit was thought that bacteri:

most common contaminants in soithat feed on gasoline would b
and groundwater because they are used @esent in adequate numbe
solvents and degreasers in manufacturingy break down most TCE
maintenance, and service installationghere.
Elimination or treatment of such contami- The problem in likely
nants through methods such as pump-anbioremediation sites is to de
treat technology and soil removal can p&ermine whether in situ bio:
difficult and expensive. Fortunately, soil andogical destruction is
groundwater contaminated with TCE oft rproceeding at a rate that Wlllb\ member of the project team cuts a sediment
under certain conditions, chlorinated solfectively—and uniformly in ppotograph by Susan M. Pfiffner.
vents are completely degraded naturally tall directions. To date, little
harmless end products through microbjiavidence has been obtained regarding |tla¢ea, and it is consequently impossible to
action, a process known as intrinsichanges in microbial population and activelefine the exact location of the sample. In
bioremediation. ORNL researchers are paity, or heterogeneity, across subsurface aridonic drilling,” a rapidly vibrating drill is
ticipating in a study at Dover Air Force Basdlowing-sand aquifers. Recent analyses \binserted into the aquifer. This technique ob-
(AFB) to help define a method for deterthe ORNL investigators have demonstratedates the problems of ordinary methods and
mining whether in situ biological destruc-significant differences in rock strata, microallows the researcher to determine exactly
tion will occur at a given site. If the bial biomass, and microbial diversity in boththe location of the sample. The sampling
conditions for intrinsic bioremediation arethe horizontal and vertical directions. Typi-consists of multiple drillings across a hori-
present, expensive measures can|lwally, their geostatistical analysis has rezontal cross section of the aquifer. The drill-
avoided. vealed significant heterogeneity at scales dhg equipment, which is supplied by a

Bioremediation is possible if the kindsgreater than 1 meter. At these scales, the hestibcontractor, can be set up in only a few

of microorganisms that will destroy the conerogeneity of the microbial populations isninutes and takes 10- to 20-ft cores at
taminant are already present and if they empparently closely tied to the geochemicalepths of 50 to 60 ft. The results of these
ist in adequate numbers across thand physical environment. These changesudies will expand the understanding of the
contaminated area, or contaminant plurnean be pronounced across regions with diireterogeneity of microbial activity and
In the case of TCE, these organisms are|nigring physical and geochemical propertiezommunity structure in the subsurface and
likely to be present unless contaminants In order to study horizontal subsurfacedts impact on the bioremediation process.
other than TCE are present because the béeterogeneity across the TCE plume at the
teria prefer to feed on the other contamibover AFB test site, researchers used sonithe work is sponsored by the U.S.
nants. So bioremediation is a very likehdrilling technologies, proven at uncontamiDepartment of Energy, the U.S.
possibility if TCE is a contaminant in a land-nated sites, in a TCE-contaminated aquifeDepartment of Defense, the U.S.
fill or a swamp, and not likely if TCE is Sampling in sand aquifers with ordinaryEnvironmental Protection Agency, and
simply found in a clean sand environmendrilling methods is unsatisfactory becauséndustry, through the Remedial
In the case of Dover AFB, gasoline is alssand very rapidly seeps into the samplin@echnology Development Forum.

C horinated solvents, includingpresent as a contaminant, !
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Energy Production and
Ai-se Technologiey

I

¥l

efficiency. Among our achievements in 1997 were collaborations with industrial
nrg.mmmnnu to develop a high-temperature superconducting cable for underground
power transmission and a high-temperature superconducting transformer for industry. In
the area of transportation, we helped determine the effectiveness of novel catalysts in
ﬂ reducing nitrogen emissions from highly efficient diesel cars of the future, In fusion
energy research, we found success and gained recognition at the White House for using
the model of a sandpile to better understand and control fusion plasma turbulence and

lean, efficient, safe production and use of energy have long been goals of ORNI
research and development. At first our focus was fission energy. Then we started
' I . research efforts in fusion, fossil, and renewable energy as well as energy

energy losses.

ORNL s one of the world’s premier centers for R&D on energy production,
distribution, and use and on the effects of energy technologies and decisions on society.
As a primary performer of DOE-sponsored R&D in energy efficiency, ORNL applies
distinguishing capabilities in materials science, biotechnology, engineering, and
technology development and evaluation to transportation systems, biofuels, efficient
buildings and building materials, industrial processes, and utilities.

ORNL research on energytechnologies applies the Laboratory's strengths in physics
and engineering to the improvement of existing systems and the development of new
science and technology. Unique facilities for energy-related R&D are used both for
technology development and for fundamental investigations in the basic energy sciences
that underpin the technology work. ORNL's scientific, engineering, environmental,
economic, and social science expertise is integrated to supply the information needed in
making decisions that ensure a sustainable energy future.
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A Computer visualization

lishows turbulent energy:

{§ transport at small scales
and large, “avalanche®

|liscales. Electronic file of

\ Vickie Lynch’s visualiza=
tion enhanced by Allison
Baldwin.

|
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A Sandpile
Model

for Fusion
Plasmas

ORNL is using the model o
sandpile to better understan
and control fusion plasma

To minimize damage from large ava-

turbulence and energy loss %ainches in a sandpile, the best solution is to

perturb the sandpile a little, causing only
To get electricity from a fusion reactgrsmall avalanches. In fusion plasmas, the
you must heat charged particles (hydrogemay to minimize turbulence and its associ-
nuclei) in a plasma to a high enough temated eddies is to introduce a radial electric
perature and hold them close enough |tdield to apply a sheared flow to the plasma.
gether using magnetic fields for a lond=ach eddy spanning the shear flow is forced
enough time. If you do achieve the righto twist more in one direction so it can more
plasma temperature, density, and confineasily “eat” its neighbor, causing a decrease
ment time, the hot nuclei will overcomein the size and connection of the eddies that
their natural repulsion and fuse. Such fuean reduce the heat and particle loss. Ex-
sion reactions release enormous amountspdériments, in fact, show that when a shear
energy that can be converted to electricjtflow is applied, energy transport is mini-
But the energy required to sustain fusiomized and confinement of hot particles im-
reactions is often transported rapidly fronproves with tokamak size.
the center of the plasma to the edge where The principle of sandpile perturbations
it is lost. This undesirable loss of heat| it also being applied to other situations. For
caused by turbulence, the irregular fluctueexample, synchronizing traffic lights to in-
tions in plasma velocity and pressurerease traffic flow may actually increase the
brought on by the various mechanisms usethances of gridlock if a car blocks a lane
to heat the plasma. because of a flat tire or a collision. Sandpile
To better understand turbulent transporhodels suggest it might be better not to syn-
processes in fusion plasmas in the hopée ohronize lights but, rather, create little,
controlling them, ORNL researchers Berspaced-out traffic jams to decrease the prob-
Carreras and David Newman are using| ability of a larger jam later.
unusual model—a pile of sand. Imagine a For large electrical grids, a blown trans-
child dumping a bucketful of sand on togdormer circuit could cause the rerouting of
of a sandpile at the beach. When the pileower, possibly overloading an alternate
gets too high, it flattens out as avalanchesansmission line. To improve the reliabil-
occur, and the sand patrticles in the centéy of power distribution and prevent major
are carried to the edge. The sandpile, a patdlackouts, it might be necessary to perturb
digm for self-organized criticality in which the system a little, say, by occasionally ma-
complex systems tend to rearrange themipulating circuit breakers.
selves in a highly chaotic fashion, works es- For his work in applying the sandpile
pecially well as a model for fusion inmodel to fusion energy, David Newman re-
tokamaks, devices shaped like beach inneeived a Presidential Early Career Award for
tubes. Hot particles pile up in the plasm&cientists and Engineers at the White House.
center as the density and temperature peak,
but the turbulence acts like sandpile avaFhe work was sponsored by DOE’s Office
lanches, transporting hot particles from thef Energy Research, Office of Fusion
center to the edge. Energy Sciences.

This new way of understanding turbu-
lent transport processes in fusion plasmas
offers possible explanations for universal
transport behavior observed in many fusion
experiments. These explanations in turn sug-
gest techniques for controlling the perfor-
mance of these experiments, making fusion
as a future energy source more likely.

It was thought that hot particles move
from plasma center to edge in random steps,
like a staggering drunk. That suggested that
the larger the tokamak fusion machine, the
longer it would take for hot particles to carry
their energy to the plasma edge. Experimen-
tal results, however, refute the theory that
gnergy confinement time will be longer if

he tokamak is larger. The results instead
ndicate that, if left uncontrolled, the trans-
port of energy increases with size.
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ORNL Helps

Design

Superconducting

Transformer

ORNL is working with several organizations to design a hi
temperature superconducting transformer for industry.

As utilities replace aging and obsole
equipment, one improvement in the nex
to 10 years is likely to be the high-tempe
ture superconducting (HTS) transforme
This device, chilled by liquid nitrogen or
refrigerator, will offer several advantags
over traditional paper-oil-insulated tran
formers wound with copper wire.

Transformers are needed at substati
and on utility poles to step down high-tran
mission voltages and raise the current
levels needed for factories, offices, a
homes. A transformer consists of two se
rate coils of insulated wire with differer
numbers of turns wound on an iron co
The alternating-current (ac) magnetic fie
created in one coil induces a current in t
other coil in proportion to the number

teurns. Coil windings are the source of mag
t $han 80% of the transformer’s energy loss
afhus, DOE has long sought to develop m
erenergy-efficient transformers.
a Unlike copper, HTS wires have no r
esistance to electrical flow. Hence, HT
stransformers can greatly reduce heat los
in utility power systems and cut requir
omsents for power generation. (Today’s pow
stransformers account for 50% of transm
teion system losses.) Because oil is a fire h
nadrd and a potential contaminant where
pdiquid nitrogen is nonflammable and enyv
tronmentally benign, HTS transformers w
rebe safer and more environmentally acce
Ichble. In addition, HTS units do not requi
hsprinkler systems and oil-containment d
nfvices, weigh less, and require less spa
making them ideal for congested cities.

Today's transformers have reduced life-

team indicate that over its expected lifetime
of 30 years, an HTS transformer’s greater
energy efficiency can more than pay for in-
creased initial capital costs that arise from
the more expensive conductor materials and
the refrigeration needed to cool the coil to
superconducting temperatures. Both the
electric utility and manufacturing industries
are seen as potential markets.
ORNL and its partners have built a 1-
million-volt-ampere (1-MVA) prototype su-
g%[conducting transformer that transforms
amps at 13.8 kilovolts to 150 amps at 6.9
kilovolts. The prototype is being tested at
Waukesha Electric Systems in Wisconsin.
I'thtermagnetics General Corporation near
€Albany, New York, helped design the cryo-
Digenic equipment, manufactured the super-
conducting coils by winding coils of wire
{bismuth-strontium-calcium-copper oxide,
Sor BSCCO-2212, on silver tape) on fiber-
SgRiss forms, and shipped them to ORNL in
EJanuary 1997. Waukesha Electric Systems
&brovided the core, the bushings, and the
Syacuum tank. The utility partner, Rochester
8&%as and Electric Company in Rochester,
*aNew York, provided the utility perspective
'on many issues, such as the magnitude of
ilfault currents and alternative methods of
Ptooling (e.g., storing occasional truckloads
I'ef liquid nitrogen vs cooling with local re-
€frigeration). The team also completed an
\G€conomic analysis and preliminary commer-
cial designs aimed at a 30-MVA rating.
Because it is not beneficial to cool the

times if operated in an overload conditiofiron core to the operating temperature of the
because their insulation is degraded by heggdils, ORNL researchers designed a cryo-
from fault currents and high continuougyenic suspension and cooling system to ther-

loads. Therefore, they are typically opera
at less than 70% of their full capacity.

contrast, HTS transformers can take b
momentary fault currents and continuo
operation at their full rated capacity with
out damage. Using additional refrigeratiq
they can also accommodate continug
overloads without damage.

ORNL researchers are working with se
eral organizations under a cooperative
search agreement to help design an H
substation transformer that will be acce
able to industry. Studies conducted by t

Ben McConnell (left) and Bill Sch-
wenterly shake hands to celebrate
the ORNL team’s success in complet-
ing the cryogenic winding assembly

for the prototype 1-MVA supercon-
ducting transformer now being test-

ed by Waukesha Electric Systems.

efhally isolate the chilled coil windings from
Nthe room-temperature laminated iron core.
bthhey assembled the bulk of the transformer,
Ukhcluding the coils and their cooling piping,
1cryogenic suspension, 30-watt cryocooler,
Nstainless-steel shield, and liquid-nitrogen
uank.

The HTS transformer is likely to be more
Vacceptable to utilities than low-temperature
r'Superconducting transformers developed in
Tthe 1970s and 1980s using helium-cooled
Dhiobium-titanium coils. Liquid helium is 100
hgmes more expensive than liquid nitrogen,

and these early devices could not handle
fault currents properly. Today, utilities are
offering warm support for the latest efforts
toward developing the next generation of su-
perconducting transformers.

The project was funded at ORNL by the
DOE Superconductivity Program for
Electric Systems.
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ORNL Helps Develop
Superconducting Cable

ORNL test results have helped
Southwire Company develop a
high-temperature
superconducting cable for
underground power
transmission.

Schematic showing layers of the super-
conducting cable ranging from the cable
former (extreme left) to the vacuum-insulated pipe
(extreme right). In between are, from left, the inner con-
ductor, electrical insulation (purple), and outer conductor. Illustration

shift by Judy Neeley.

in the

“under-
ground power structure” in large cities matall. HTS cables also will be able to transeal current of the BSCCO tapes and the ef-
be around the corner. Electrical power demit alternating current (ac) much longer disfect of strain tolerance upon the critical cur-
livered underground in cities normally flowstances than underground copper cablesgnt.
through traditional copper cables in 20-cerwhich are limited to less than 20 miles he- The cable is made on a hollow tube
timeter ducts. But as these aging cables neeguse of the cable capacitance. called cable former through which liquid ni-
to be replaced, utilities may be attracted to A dozen ORNL researchers are helpingrogen flows (see figure above). Southwire
high-temperature superconducting (HTS$outhwire Company in Carrollton, Geor-plans to use a 38-millimeter former over
cables in the next decade. Here’s why. | gia, design a first-generation, high-temperawvhich HTS tapes will be wrapped to make

An HTS cable offers very little resis-ture superconducting cable that may bthe inner conductor, which carries the
tance to electrical flow, so it loses little enused for underground transmission in metable’s electricity. The wrapped tube is sur-
ergy in the form of heat during transmissiomopolitan areas and over long distances| Imunded by Southwire’s proprietary electri-
Thus, a superconducting cable carries thrés fusion energy facilities, ORNL has testedal dielectric tape, called Cryoflex. This
to five times as much electrical current asmine 1-meter-long HTS cables manufacelectrical insulation is wrapped in BSCCO
traditional copper cable the same size. Uliltured by Southwire to determine the amourtepes to form the shield conductor, which
ties can use existing rights-of-way and ductsf current they can carry and the extent| gfrevents external magnetic fields (say, from
for new HTS cables. Superconductingc losses (based on heat generated, as mparallel cables) from destroying the inner
cables are more environmentally friendlysured by thermocouples). In another ORNktonductor’s superconducting properties.
because they are cooled with safe and inetab, researchers are testing the ability of thEhe outermost part of the cable is the
pensive liquid nitrogen rather than by ojlcable’s electrical insulation to withstandvacuum-insulated pipe, providing thermal
impregnated paper insulation, whichightning strikes and switching surges at liginsulation to keep the inner temperature of
sometimes leaks oil. uid nitrogen temperatures and pressurete cable near 77 K.

The demand for underground HTShey measured the voltage levels at which After ORNL completes a variety of tests
cables that can carry double the current dibles are punched in the insulation so theyf 5-meter-long HTS cables in a single fa-
conventional copper cables is expected tmuld determine the maximum voltage leveility in 1998, Southwire will install a 30-
grow into a multimillion dollar industry bet- els that must be accommodated in the deaeter (100-foot) cable to provide power
tween 2005 and 2020 for several reasonsign to reduce the risk of short circuitsfrom its local utility to two manufacturing
New construction techniques will cut theResults of the ORNL tests have influenceglants at its Carrollton complex. The 12.5-
costs of installing underground transmissiothe final cable design. kilovolt, 1250-ampere HTS cable will be
cables as securing rights-of-way for over- The HTS cable consists of tapes maddemonstrated by the end of 1999. If offi-
head lines becomes more difficult. Underby packing bismuth-strontium-calcium-cials of electrical utilities like what they see,
ground cables are safer than overhead linespper oxide (BSCCO) powder in silverour infrastructure may soon be wired in a
and, because they are hidden, do not ¢ottbes and stretching and flattening the tubesfferent way to bring power to the people.
tribute to visual pollution. Because fewginto tapes. Southwire has teamed with
superconducting cable circuits are needddtermagnetics General Corporation in Newlhe project is funded by DOE’s Office of
to transfer power, they will take up lessrork to develop these BSCCO tapes. ORNIEnergy Efficiency and Renewable
space and will be easier and cheaper tq iresearchers have been measuring the crifthergy, Office of Utility Technologies.
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Prototype catalytic converter in-
stalled in engine test cell at Advanced

Propulsion Tech Center. Digital image
enhanced by Allison Baldwin.

he lean, clean car of the futu
proposed by the U.S. Partnership 1
a New Generation of Vehicle
(PNGV) may have an improved dies

engine. This compression-ignition, direc

injection (CIDI) engine today uses 35
40% less fuel per mile than gasolin

Studying NO, Catalysts
for Efficient Cars

ORNL is helping to characterize novel catalysts and their
effectiveness in reducing nitrogen oxide emissions from
highly efficient diesel cars of the future.

der cooperative research and developmeaatalyst effectively removes N@om the
agreements (CRADAS). Ron Graves has |legkhaust. One finding is that, for diesel fuel,
ORNL's development of CRADAs with precious-metal catalysts work well below
engine manufacturers that complement pthe desired temperature and metal-oxide
rework with the auto companies. catalysts work well above the desired tem-
or The search is on for a catalyst that seperature, suggesting that the best
slectively adsorbs NQfrom the exhaust aftertreatment may involve the combined
ebases passing through the catalytic comse of both catalyst types.

tverter and then chemically reduces the NO At the ORNL diesel engine test stand,
tdo N, in an oxidizing atmosphere. For theesearchers are studying the hydrocarbons
ediesel-propelled car or truck, the new catdrom the engine’s unburned diesel fuel that

burning, spark-ignition engines typical oflyst systems may incorporate either preciousay enhance the catalyst’s performance.
most cars. Because PNGV’s goal is|tetals or metal oxides. The hydrocarbons react with the nitrogen
design and produce a car by 2004 that has a Our role is to apply broad analytical anaxides, converting them to nitrogen, carbon
fuel efficiency of up to 80 miles per gallon,experimental capabilities to evaluating thelioxide, and water vapor. ORNL research-
the CIDI engine is a prime candidate foperformance of the new catalysts. Usingrs are evaluating techniques that may en-
this vehicle. A second DOE program seekalectron microscopes, our materials sciemble the introduction of the right
to clear the way for diesel engines to be uséi$ts are characterizing the microstructurelsydrocarbons to the exhaust system at the
in light trucks and sport utility vehicles toof these catalysts (e.g., the spatial distribuight time to optimize the performance of
improve their fuel economy by over 35%.tion of platinum atoms or the movementshe chosen catalyst.

The challenge of today’s diesel enginesf rhodium atoms) to better understand how For the PNGV work, ORNL research-
is their high emissions of nitrogen oxideshey perform. Our engineers, chemists, arels led by Ralph McGill and their partners

(NO,) and particulates. NOs undesirabl
environmentally because it contributes
the formation of smog and acid rain. Di
sels present a particular N@ilemma be-
cause their lean-burn operation

physicists at the Advanced Propulsion Tecfrom other DOE laboratories and industrial
t€enter (at the Oak Ridge Y-12 Plant) arérms received a PNGV Award for techni-
eidentifying and quantifying the constituentscal accomplishment and teaming for lean-

of diesel engine exhaust before and afterlturn NQ catalyst research. But the best
ipasses through the catalytic aftertreatmeptize will be the development in time of a

incompatible with today’s highly effective device. Gas chromatography, mass spegear-zero-emission, energy-efficient car.
exhaust aftertreatment catalytic convertetsometry, and Fourier transform infrared
that eliminate about 90% of the N@om | spectroscopy are used to determine if a teghe research has been funded by DOE’s
today’s cars. Hence, a Office of Energy Ef-
new type of exhaust cata- ficiency and Renew-
lyst system is needed. able Energy, DOE’s
DOE national labora- Defense Programs,
tories (including ORNL) and our CRADA
are helping to develop partners.
new NQ control systems
specially suited to the
diesel engine. They arefs
working with Chrysler,
Ford, and GM (through
the United States Coun-
cil for Automotive Re-
search, or USCAR), as
well as diesel engine
manufacturers, such ag
Cummins and Detroit
Diesel Corporation, un-

Norberto Domingo
and Karren More dis-
cuss the ability of the

materials in the after-
treatment device cat-
alyst (held by
Domingo) to remove
nitrogen oxides from

diesel engine ex-
haust. Photograph
by Tom Cerniglio.
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Science and Technology

n 1997, ORNL made some exciting advancesoelectronics and photonics; signal processing and

in the development of instruments. We helpathmulation; analytical chemistry and chemical phys-

develop the “critters on a chip” technology, ies; materials characterization; robotics and intelli-
living electronic sensor in which bacteria liglgent systems; and sensors for physical, chemical,

up in the presence of
specific chemicals,
such as pollutants in
soil. We have devised
a highly sensitive and
selective hand-held
DNA biochip system
that may someday di-
agnose patients’ dis
eases rapidly in the
doctor’s office. We are
developing a chip
writing system using
electron beams to
make faster silicon
wafers for computers.
Our newly developed
“blend-down” moni-
tor is helping to verify Layout for a logic chip.

biological, and radio-
logical phenomena.
Our activities in-
clude fundamental re-
search for elucidating
principles that enable
novel advances in the
measurement sci-
ences; applied re-
search that improves
the accuracy, sensitiv-
ity, cost-effectiveness,
and practicality of ad-
vanced techniques and
prototype instruments;
and design, fabrica-
tion, and installation
of one-of-a-kind de-
vices and systems. In-

that Russian weapons-grade uranium is being ctagration of these capabilities allows the definition,
verted to reactor-grade uranium fuel, extending| efesign, and implementation of new instruments and
ergy supplies while cutting back on weapomsethods for a variety of ORNL activities: energy
material. production and manufacturing processes, environ-

To address national needs for improved measureental characterization and remediation, biotechnol-
ment, monitoring, and control systems, ORNL hagy and human health, and national security and
broad R&D capabilities in the physical, chemicdiprensic science. At the same time, this area of em-
electronic, engineering, and computational sciengdegsis enhances ORNL's ability to obtain, process,
that can be combined to provide a powerful institand analyze the research data needed to support
tional capability. Our particular strengths include mMBOE’s science missions.
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‘Critters on a Chip”
Detect Pollutants

ORNL helped develop a living electronic sensor in which
bacteria light up in the presence of specific chemicals.

A silicon chip the siz The combination of the OASIC chip an
of a match tip is der bacteria engineered to be sensitive to a g
posited in a contamir cific biological or chemical agent coul
nated environment. have many applications. The technolo
Bioluminescent bacter could be used to detect specific chemic
ria intentionally placed in groundwater or soil, including liquid po
on the chip begin to lutants from fuel spills, toxic metals sug
“eat” the pollutant. As the living cells en-as mercury, and explosives such as TNT
joy their feast, they light up. Their photonsnay have leaked from land mines. Qil g
of blue-green visible light are absorbed byploration companies might want to use it
the silicon, creating electri-
cal charges that are fed intg
processing circuitry on the
chip. Signal-processing mi-
croelectronics measure thg
tiny electrical current and
sound an alarm. The “critters
on a chip,” which were ge-
netically engineered to emit
light as they eat and digestjes
environmental pollutants, EZrEsss

‘PN

| ‘NS
]

'II’!.

thalene and toluene. And the
chip electronics linked to §
these living sensors revea

pollutant, which is related to
the amount of electric cur-
rent produced.

The critters-on-a-chip
technology developed at

ORNL in 1996 could be Mike Simpson examines the blolumlnescent bioreporter chip
used to map soil contamina-(magnified on the monitor in the background). Genetically en-
tion (by sprinkling a suspect gineered bacteria on the chip emit blue-green light when the

area with the tiny chips). A pollutant is detected. The chip detects this light.
prototype device was madepy Tom Cerniglio.
at ORNL by coupling

As a result of thdBusiness Weelarticle,
Perkin-Elmer Corporation is developing the
chip with ORNL and UT through a $4.05
million cooperative research and develop-
ment agreement.

The concept sprouted in the summer of
1996 after Simpson heard a seminar on
bioremediation given at ORNL by Gary
Sayler, UT-CEB director and UT professor
of microbiology and ecology. Sayler men-
tioned successes in incorporating a gene into
the bacterial genome that makes the one-

dcelled organism emit visible light during
paetabolism of its favorite nutrient. One

dgene (which codes for luciferase) comes
gyrom fireflies, and the other gene comes
afsom the bacterial genu¥ibrio, whose

-members get protection on a deep-sea fish
hspecies in exchange for emitting light the
htish needs to attract prey or a mate.

x- After the talk, Simpson approached
t&ayler, saying, “You engineer bacteria to
emit low levels of light, and

| develop optical sensor
chips that detect low levels
of light. Perhaps we should
do a project together.”

The rest is history. It is
now possible to make liv-
ing sensors using inte-
grated-circuit chips that are
small and rugged and re-
quire little power. Such
wireless chips can be de-
ployed where other devices
can't (e.g., groundwater, in-
dustrial process vessels,
and the battlefield). The
key is to place the
bioreporter bacteria on a
transparent silicon nitride
film that protects the etched
silicon chip from damage
in the presence of hazard-
ous chemicals. To increase
the shelf life of the
bioreporter chip, the bacte-
ria could be freeze dried,
and a micromachine on the

Photograph

Pseudomonas fluoresceiiK44, a novel| detect hydrocarbons that indicate the preship could activate the living sensors when
naphthalene bioreporter microorganism deence of nearby oil and gas deposits. needed by “dumping” water and nutrients
veloped by the University of Tennessee Because of the technology’s excitingon the dormant bacteria. The chip can be
Center for Environmental Biotechnologyuses and because of the catchy nicknamenfigured to transmit a signal to a receiver
(UT-CEB), to an optical application-specific“critters on a chip” coined by chip devel-linked to a computer. The technical people
integrated circuit (OASIC) developed abper Mike Simpson of ORNL to better prp-on the project now call the hybrid, half-liv-
ORNL. A measured electrical signal wasnote the concept, the news media have haty, half-silicon devices “bioluminescent
obtained when the device was exposed tofield day with it. It has been featured otioreporter integrated circuits,” but most
moth balls, which are made of naphthalengelevision and National Public Radio, andolks prefer to call them “critters on a chip.”
A second prototype used the toluene-sensirticles on the technology have appeared in

tive Pseudomonas Putida TVAdso devel-| Christian Science Monitor, New ScientistDOE’s Laboratory Technology Research
oped at UT-CEB. National GeographicandBusiness Week Program helps fund this work.

40 Oak Ridge National Laboratory REVIEW



Instrumentation

Digital Electron Beam conpuncons [

Technique May Make o

' "N | s leld
1"-\l @ | & | @ - emier

Faster Silicon Chips 7w«

ORNL is developing a chip-writing system using electron Anade
beams to make faster silicon wafers for computers. ' A

According to Moore’s law, thé raphy, writing with a single electron beam “—* \ | f I.'I — Magnetic
circuit density on a semicon-is slow and expensive. To overcome these \ | I lengas
ductor chip doubles every twpdeficiencies, ORNL researchers propose a [, /1 | | | [T KA

years and the computing speednaskless system that writes simultaneously | n
resulting from jamming| with millions of electron beams in an eas-
more circuits on each chipily programmable field emitter array. The
doubles every 18 months.system should be able to write circuits on a
To help uphold this law| 300-cn% (8-inch) wafer in a minute, meet-
10 ORNL electrical engi4 ing the semiconductor industry’s goal of 40
neers and physicists are developing a chipe 80 wafers an hour.

writing system using electron beams. This ORNL’s proposed addressable field "ﬁ' rarget water
system is designed to cram more transist@emitter array (AFEA) is atwo-dimensioni/ %
circuits into the same amount of chip spacearray of miniature cathodes used for elgt- ;

By reducing the distances that electrangon beam sources. The proof-of-principle
must travel, this system would make chip&FEA chips developed at ORNL have 5-Schematic of ORNLSs proposed chip-
that make more calculations faster whjlenicron cathodes 300 microns apart, but theriting system.
using less power—just what the semicarnresearchers believe that, with the aid of an
ductor industry is seeking. Such chips armdustrial partner, 200-nm cathodes can/be Because ORNL researchers are facing
needed to speed up computers and otherade for chip writing (250-nm circuits arecompetition from other techniques being
electronic devices. present on Intel's fastest Pentium chipsfeveloped (which use extreme ultraviolet
Today's integrated circuits are etched o®RNL's goal is an array of 6.25 million light, laser light, X rays, or electron beams
chips by use of light—optical lithography.(2500x% 2500) 200-nm cathodes on a 1-cnusing masks), they are working vigorously
A mask containing a circuit pattern is i to tackle various technical issues to make
aged on a silicon chip, and a beam of light Using laser ablation, ORNL solid-statethe system work. They will determine if
exposes the photoresist in the chip part hphysicists have formed cathodes from amoamorphous diamond nanocathodes are re-
shielded by the mask. The size of circuitphous diamond deposited on the arraproducible and if they can be made stable
made by optical lithography is limited byWhen a computer-controlled bias gricand reliable enough to operate for months
the wavelength of light. Because the eleglaces a cathode under a voltage, it emigg a time. They will try to scale up the mag-
tron wavelength is so much shorter, an eleelectrons, which are accelerated to 100 [kiretic lens to focus into a “writing” beam
tron beam could carve a much narrowdovolts to avoid aberrations caused by straye individual beams of electrons in a much
winding path in the chip, creating a finermagnetic fields. When the voltage darger array than is currently being handled
more closely packed circuit. Today’s statedropped to zero, the cathode stops emittingy the best electron microscopes.
of-the-art circuits are about 200 nanometersectrons. ORNL’s proof-of-principle AFEA chips
(nm) wide, but ORNL researchers in six di- Each cathode is addressable by a corare assembled by IntraSpec of Oak Ridge.
visions, led by C. E. (Tommy) Thomas puter, enabling the programming into thén 1998 the researchers will test many 2-
think their technique could make a circUitAFEA of the desired circuit patterns to bamillimeter chips, each with an array of 25
only 100 nm across. They believe that byritten onto the target chip. The chip-writ-amorphous diamond cathodesX%). It
2004, they will meet the semiconductping program will be allocated to a networkmay be the start of the chip-writing system
industry’s goal of making production chipsof 100 parallel computers (taking up thef the future for the semiconductor indus-
whose circuits are 8 times denser and up space of an office desk), which will sendry, one that would show that Moore’s law
16 times faster than chips of the same sizarn-on and turn-off signals to the AFEAstill holds true.
currently being etched by optical lithogradogic and memory circuits connecting the
phy. cathodes. This digital “mask” can be reproThe development is being supported by
Although electron beam technology hagrammed to create different circuits on newhe U.S. Defense Advanced Research
long been a strong candidate for chip lithadayers within milliseconds. Projects Agency.
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Tuan Vo Dinh,
(left) Alan Winten-
berg, and Mance
Ericson check the
operation gl the
laser used jo test
the DNA blochip
they developed
isee Inside back
COVEr). olo-
graph Tom
Cernlg

.

make an appointment with your dochealth risks for technicians handlingcould determine if a patient has the AIDS
tor. A nurse greets you in the offigesamples, use materials that have a shasirus. DNA fragments isolated from a

waiting room, takes a drop of blood fromshelf life, or have high disposal costs. | patient’s blood are bound chemically on the
your finger, and injects the blood into an ORNL researchers have demonstrateniochip’s membrane. DNA probes tagged
instrument that fits in the palm of her handthe concept of a miniaturized DNA biochipwith a fluorescent dye that are complemen-
When you see the doctor ten minutes latesystem using a laser, an electric-optic intgary to pieces of the AIDS virus DNA are
you learn the results. You don’t have tubemrated-circuit chip, an amplifier, and otheintroduced, and, following an amplification
culosis (TB) or the AIDS virus or any signselectronics. Aided by Jean Pierre Alarieprocess, the tagged DNA attaches to any
of genetic predisposition to cancer. You jusilarayan Isola, and David Landis, Vo-DinhDNA present on the membrane to which it
have a bad case of the flu. showed that the concept works on a syns complementary. The unattached free

In two or three years, physicians mayhetic gene fragment of the AIDS virus.DNA is washed off. A laser light illuminates
be making rapid diagnoses of patients’ cor@ther probes they designed for testing atbe membrane, causing the attached tagged
ditions using a small instrument containing synthetic TB bacterium and cancer geneBNA to give off light, which is captured by
a DNA biochip like the one being devel- ORNL's thumbnail-size biochip will detectors below the membrane and turned
oped at ORNL by Tuan Vo-Dinh, Alancontain a membrane on which are bounithto electrical signals that provide the diag-
Wintenberg, and Nance Ericson. A DNAup to 100 different DNA fragments. Eachnosis to the doctor.
biochip mimics a living system’s sophisti-fragment consists of a characteristic order Following system packaging, clinical
cated recognition capability, making fitof chemical bases, or “letters,” that spelirials could begin to test the device for bio-
highly selective and sensitive; it is able t@ut part of a gene [adenine (A), thymine (T)medical applications. If everything goes
distinguish between, for example, a bacteyuanine (G), cytosine (C)]. Some of thesemoothly, in about two or three years, the
rium and a virus or between a chemical andound fragments may be “detected” by fre®NA biochip system could be in use to give
a biological organism. DNA probes that are introduced to the menpatients and doctors results in only a few

The DNA biochip developed at ORN| brane. Because base A always pairs withinutes. Such a device could help doctors
will provide results in minutes instead ofjebase T and base G always pairs with basiagnose important diseases earlier, cutting
few days, as is commonly the case whe@ in opposite strands of DNA (e.g., AACCThealth care costs.
blood samples are sent to the laboratory f@airs with TTGGA), the free DNA prob
analysis by gel electrophoresis. In additiorwill attach, or hybridize, itself to the boundORNL’s Laboratory Directed Research
a DNA biochip requires less blood forDNA fragment that has the right oppositeand Development Program and DOE’s
analysis. Unlike gel electrophoresis, théases in the same sequence. The two strar@&ice of Biological and Environmental
DNA biochip system uses no radioactiyere said to be complementary to each otheéResearch sponsored this work.

You’re coughing and feeling weak. Ydusubstances. Thus, it does not pose potential For example, here's how the biochip
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= - = UF, gas, producing waves of activation (de-
CO nfl rm I n CO nve rSIOnS layed gamma ray emissions by uranium at-
oms in the gas along the pipe) that are

detected downstream. The time delay be-

- tween the activation and the detection
Of Weapon I\/l aterl al S to downstream, and the distance between the
source and detectors, allows measurement

of the gas flow velocity. The amount of the

signal downstream at the detector is pro-

eaCtO r u e S portional to the concentration §fU in the

gas. (The more uranium, the more gamma

An ORNL-developed instrument is helping to verify that &S n the signal.) From these two quanti-
ties, the fissile mass flow is obtained.

Russian weapons-grade uranium is being converted to The blend-down fissile mass flowmeter

reactor-grade uranium fuel. is undergoing calibration and verification
demonstrations with 1.5 wt %U-enriched

Reducing the number of nuclear weapdown, a special measurement system thgas at the Paducah Gaseous Diffusion Plant.
ons in the world is one of Presidentould be deployed without cutting pipes wiait will be installed in Russia to monitor
Clinton’s chief foreign affairs goals. Oneneeded. blend-down of the U.S.-purchased uranium.
step toward achieving that goal is the U.S. To meet this requirement, an ORNLThe flowmeter has been demonstrated to
purchase of 500 metric tons of highly enteam led by John Mihalczo, Jim MullensRussians as part of their training so that they
riched uranium (HEU) from the Russiarand Jose March-Leuba developed, testedan safely install and operate it at the Rus-
Federation over the next 20 years at a ca#monstrated, and implemented the blendian blend-down facilities. Jim McEvers and
of $12 billion. The HEU extracted fromdown fissile mass flowmeter. A prototypeWilliam H. Sides are project managers for
nuclear weapons is being diluted, or blendedas demonstrated to DOE and the Departhe fabrication and installation of the flow-
down, in Russia to produce low-enricheehent of State and to representatives of threeter in Russia.
uranium (LEU) for use as fuel for nucleaRussian Ministry of Atomic Energy. Th This program has brought international
reactors that generate electricity. In this waylnited States has negotiated the installatiaecognition to ORNL. The Laboratory re-
the uranium in weapons cannot be recyglesd this equipment in Russian facilities in-ceived a substantial amount of funding for
to make other weapons, but it can be usedlved in the blend-down of HEU as a waythe development of this instrument for use
to extend each nation’s uranium supplies|feo provide confidence that the Russian Fedi the Russian blend-down facilities. While
energy production. An instrument develeration is abiding by terms of the agreementeducing nuclear weapons-grade uranium,
oped at ORNL will be one of two usedto The flowmeter contains a californium-the ORNL instrument is helping the United
verify that the Russians have propefrlg52 ¢52Cf) source that introduces neutron$tates extend its supplies of nuclear fuel for
blended down the 500 metric tons HEU puperiodically into the pipe carrying UBf a | power production, helping meet yet another
chased by the United States. particular enrichment. Th&%Cf source is| federal goal.

Blending the uranium is accomplished¢ontained in a polyethylene moderator
by first converting the removed uraniumaround the pipe in which the UF flow-
metal from weapons into uranium hexafluoing. Between the moderator and the pip
ride gas. The uranium metal from weapongeutron-absorbing material is alternately
contains about 90% uranium-235%(J). | inserted and removed, producing as
This uranium hexafluoride (LJgas is then modulated source of thermal neu
mixed with UF, enriched to 1.5%*U to | trons that induces fission in the
give a UF;, product with an assay of 4.50% Gamma
to 5%2°U. The resulting LEU \_N|II pe sent E fow datectons
to the Portsmouth Gaseous Diffusion Plart & /
in Ohio, which will then ship it to fuel fab-
ricators for production of reactor fuel ele-
ments. To verify that the HEU is blended

,a

—\.h-\.
Shutter b Schematic of blend-
motion " F‘gi\ down fissile mass flow-
— meter showing the

.

Fission process for converting

| Iragments highly enriched uranium
Meutron source from weapons-grade to

reactor-grade  fuel.
Drawing by Judy Neeley.

Numbers One and Two, 1998 43



State of the Laboratory

*

£ Jh

RNL is a world leader in materials

science and technology. Our strengths

in advanced materials R&D support the
development of ceramics and composites,
metals and alloys,
polymers, superconductors, and new technigues
for materials processing and characterization. This
work advances the materials frontier and provides
the underpinning for technologies that support

surfaces and thin films,

ground with predictions of “magic numbers” that
are linked to the growth of ultrathin metallic films
on semiconductors; the theory offers a different
approach to growing smooth metal films on
semiconductors for possible use in advanced
electronic devices. ORNL-developed nickel alum-
inides sold well, thanks to several additional
licenses of the technology. We made important
strides in working with our partners to modify

DOE’s energy resources mission.
MNotable characteristics include the
integration of basic and applied
research, unsurpassed
terization facilities, extensive syn-
thesis and processing capabilities,
and broad partnerships with industry.

In 1997 ORNL's modified infrared
camera imaged hot spots on auto
disk brake rotors that could lead to a

charac-

better brake design and cut the auto
industry’s warranty costs. In solid-
slate physus theuryi we broke new

ﬂ"-.rllv""lu. s b

A mixture of two phases
i= gshown in this micro-
graph of the microstruc-
ture of & cast molyb-
denum silicide alloy
heat treated for 150
hours at 1400°C. White
particles represent the
soft molybdenum-rich
phase and the gray
matrix is a hard molyb-
denum-silicide phase. A
unigque mixture of both
gsoft amd hard phases
provides a good resis-
tance to cracking and
fracture for this in-situ
composite material.

PR

molybdenum silicide to make it
tougher for use in high-temperature
turbines and other applications.
ORNL. Sandia National Lab-
oratories. and Idaho National
Engineering and Environmental Lab-
oratory have been developing and
testing hybrid technigues for welding
steels and directly fabricating tools
and dies in Lockheed Martin Corp-
oration’s System of Labs approach to
helping American industry become

more competitive.




TR —

Materials Science and Technology

ORNL Successes e

the depletion of

IN Intermetallics s

together with an
ORNL-developed nickel aluminides are increase of den-

. . . sity in the inter-
selling well, and ORNL is helping to Stiza“ region. The

make molybdenum silicide tougher for  bonding has pro-
use in high-temperature turbines. nounced cova-
lent components
ow that some manufacturing firmsloys can be used _(red), character-
N recognize that nickel aluminidein devices that 12€d by () the
(Ni_Al) alloys last much longer than operate at planar Mo-Si-Mo
commonly used materials under typical in1200°C, but al- triangular bond-
dustrial conditions, commercial sales |ofoys that can op- INg units on the
Ni Al alloys based on ORNL compositionserate ~ above (001) plane, and
continue to rise. They exceeded 100 tons IB0CPC  are by (b) the unusu-
1997, and licensees expect sales to reanbeded for ad- ally short Mo-Mo
almost 250 tons in 1998. The chief reasomanced turbine bond along the ¢
for the climbing sales is the addition of siXblades, heat ex- axis. These cova-
new licenses since 1995, bringing the totalhangers, ad- lent bonds give
number of active nickel aluminide licenswvanced coal rise to the alloy’s
ees to eight. (The total number of licensesonversion strength.
signed is 13, but 5 have been terminatedplants, and
Ni,Al alloys are being used in dies forhigh-temperature glass-molding devicesovalent, which gives rise to the strength
making truck brake parts and tools like pliMolybdenum silicides have excellentof this material. The calculated elastic con-
ers and wrenches. A major steel comparstrength and creep resistance above I300 stants agree with experimental measure-
is replacing its steel transfer rollers withbut they are brittle at ambient temperaturesents at Los Alamos National Laboratory.
Ni Al rollers, which are used to move steehind not resistant enough to fracture to be ORNL experimenters Liu, Joachim
plates through a furnace where they are sofised as structural engineering materialSchneibel, and Easo George studied
ened for shaping into structural component®esearch to improve the properties of silinultiphase alloys based on M&B,, which
The steel and automotive industries are beides was approved in April 1997 as ahows good creep resistance and oxidation
ginning to show interest in replacing theiproject of the DOE Center of Excellencaesistance at high temperatures. They found
radiant burner tubes with tubes made| dbr the Synthesis and Processing of Adhat the alloy’s oxygen resistance is sensi-
Ni,Al. These tubes of burning gas are useeanced Materials sponsored by DOE's Ditive to its silicon level. They studied the ef-
in industrial furnaces for heat-treating partgision of Materials Sciences. Centefects of oxygen and carbon impurities on
to harden their surfaces. Becausg\Niasts | projects involve collaborative researchhe silicide and determined the alloy’s mi-
much longer in a furnace’s carbon atmoamong a number of national labs. Therostructure, alloying effects, mechanical
sphere than conventionally used materialproject also has support from DOE’s Fossliehavior, interfacial properties, and crite-
it is expected to be used increasingly in inEnergy Materials Program and Advanceda for material processing. In this multiyear
dustrial heat-treating equipment. Industrial Materials Program. project, they hope to solve technical prob-
The success of ORNL's intermetallics ORNL has the technical lead for devellems such as making the alloy less brittle
research and development programs and tbping molybdenum silicide alloys withand tougher by incorporating additives in
commercialization of this technology undeAmes Laboratory, which discovered that thtéhe right proportions, controlling interfacial
DOE's Office of Energy Efficiency and addition of boron improves the alloys’ oxi-structures and properties, making the cast
Renewable Energy, Office of Industrialdation resistance. Rod Judkins is projestructure less porous, optimizing the alloy’s
Technology, Advanced Industrial Materiglscoordinator and C. T. Liu is technical coormicrostructure to get good mechanical prop-
Program, was confirmed in a recent evaluwinator for the ORNL part of the effort. | erties, and improving the alloy’s oxidation
ation by the National Materials Advisory At ORNL C. L. Fu is leading the theo-resistance at high and low temperatures.
Board of the National Research Councilcetical effort on first-principles calculationsAlready the experimental program’s
This report acknowledges the quality (ofor the electronic and structural propertiesultiphase alloying approach has resulted
both the research and the management af molybdenum silicides. Collaboratingin improved fracture strength of the molyb-
the intermetallics program. theorists at ORNL and Ames Laboratgrglenum silicide. Such successes in improv-
New research directions at ORNL in in-have already investigated phase stabiliting molybdenum silicide could help the
termetallics include development of ultrabonding strength, elastic properties, anohaterial join nickel aluminide alloys as
high-temperature intermetallic silicidesthermal expansion coefficients in the allgystrong candidates for a high-temperature
Today, intermetallic alloys such agNial- | The bonding in this alloy was found to benaterials hall of fame.

—= [100]
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System of Labs
Approach to Welding,
Direct Fabrication

ORNL, SNL, and INEEL are developing and testing hybri
techniques for welding steels and directly fabricating tools
and dies.

In 1996 Al Narath, who then managédheir transfer to the commercial sect
Lockheed Martin's Energy and Environ-(2) avoid duplication and competitio
ment Sector, had a bright idea: Why noamong the laboratories while expandi
apply the unique expertise and capabilitietheir capabilities, and (3) make more ef
of the sector’s three DOE national laboraeient use of limited funding.
tories to meeting critical national needs, As a result of this System of Labs in
such as improving industrial competitivetiative, ORNL, Sandia National Laborat
ness? Why not focus the talents of groupses (SNL), and Idaho National Engineerir
from the three different labs on difficult,and Environmental Laboratory (INEEL) a
important problems through a “system |ofvorking together on welding science a
laboratories” approach? He proposed th#éte direct fabrication of structural comp
such an approach would (1) speed the |deents using rapid manufacturing techn

Weld macrostructure of an aluminum

alloy and its associated hardness

profile. Electronic file enhanced by
Allison Baldwin.

collaborations came through the Laboratory
Directed Research and Development Pro-
gram of each lab.

The welding collaboration (ORNL, Oak
Ridge Y-12 Plant, SNL, and INEEL) has
esulted in a successful proposal to DOE'’s

ffice of Industrial Technology on devel-
oping a process to combine laser welding
and arc welding to weld steels for automo-
tive applications. This proposal will bring
$100,000 a year to each site for three years
(DOE is supporting 70% of the program,
ognd the steel industry is funding the remain-
ning 30%).
ng In the past year, the welding groups
fiworked on developing a combined process
for welding aluminum alloys, lightweight
i-materials needed to make automobiles and
D-aircraft operate more efficiently. They
nghowed that it is possible to combine the
reprocesses to exploit the advantages and
neliminate the weaknesses of each process.
0- Arc welding, in which a hot plasma pro-
olduced by electrodes supplies the heat to melt
2 and join two pieces of metal, has several

velopment of advanced technologies andgy. The initial funding for theseé
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advantages. It is commonly used, easy tween. The idea is to form the die by deto make any shape at a deposition rate of 2
control, and inexpensive. However, argositing material using computer controlpounds per hour. Although spray forming
welding cannot be used at high speeds pResearchers are comparing the performantzg/s material down much faster than LENS,
cause it does not melt the metal enough tf materials fabricated by conventionalt cannot form certain desired shapes, such
make a good joint. Laser welding can b&rming, spray forming (by INEEL), and la- as tubes.

used at high welding speeds with good pemer-engineered net shape (LENS) technol- ORNL researchers led by Everett Bloom
etration. However, it works well only whenogy (by SNL). The goal is to modify alloy are searching for materials that could be de-
the pieces to be welded fit together neatlgompositions to improve performance |oposited by a combined spray-forming—
and when the surface is very clean. Alsanaterials that could be used in the $10Q-ENS process to produce any shape at
laser welding does not penetrate aluminuillion tool-and-die industry. Direct fabrit greater speed. Studies show that dies made
alloys well because of poor coupling beeation is expected to dramatically reduce thef carbide-strengthened H-13 steel are suf-

tween the laser light and the material.

The three-lab welding group has dem-

onstrated that combining laser and arc
welding allows the laser to pen-
etrate aluminum alloys better
because of the presence of
the arc plasma. It was also
shown that the coupled
laser-arc welding
process is capable
of achieving the
desirable high
welding speeds.

In the de-
velopment of
laser-assisted
plasma arc
welding and
laser-assisted
gas-metal arc
welding, the
three labs are
playing dis-
tinct roles
based on their
strengths. SNL is
developing each
process by combining
the two welding tools.
INEEL is determining
how best to control and au- <
tomate each process. And
ORNL's welding group, led by
Stan David (including John Vitek,
Suresh Babu, and Ed Oblow), is conduct-
ing properties measurements on weldi
samples and developing computer mod
(e.g., a neural network) to relate tf
samples’ microstructures to their properti
(e.g., hardness and ability to withsta
loads). For example, the model can preq
the shape of the weld based on parame
such as welding speed and power.

In research on direct fabrication, the g¢
is to produce a die (e.g., a mold for stal

ir
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ing out a product such as a beverage can) In spray forming, metal from a molte
from a material in a single step instead|dhgot is sprayed and deposited layer by la

&

®

l'uull"+
-
\

ng
el& metal piece showing logos of
'@®RNL, INEEL, and SNL made by di-
€Pect fabrication—spray forming by
"ig'{\lEEL and LENS by SNL. Electronic
ters

time and cost for developing complex di
vadnd tools and to make a major impact

p-apid prototyping.

the usual multiple steps involving meltingat a rate of 1000 pounds per hour. In LE
casting, quenching, cutting, and machining light beam from a computer-controlled |
with various heat treatment steps in beser melts and deposits powder point by pc

ficiently strong and stable at low tempera-
tures, but dies made of this material lose
their strength when the temperature is in
the range of 450 to 58C. To ex-
tend the life of dies, ORNL re-
searchers led by Phil
Maziasz have modified
the carbide composition
of H-13 steel to make
it more stable in dies
used to make alu-
minum parts at
temperatures up
to 600-700C.
C.T. Liu's group
has also devel-
oped a new
nicke.l
aluminide alloy
for die—and
tool—applica-
tions at tempera-
tures up to
100C°C. Tests at
SNL and INEEL
are in progress to
show that the new
nickel aluminide alloy
can be deposited by
LENS- and spray-forming
without technical difficulty.
Liu, Dewey Easton, and Lee
Heatherly have also been experi-
menting with making an iron-based-
bulk-amorphous metallic glass, which is
very hard and tough but low in friction and
excellent in wear resistance. Such a shiny
metallic glass would contain iron, titanium,
and other elements. This material, which
would withstand temperatures in the 400 to
500°C range, could be fabricated from a su-
percooled liquid, using less energy than is
esequired by other forming methods.
on These projects are only about a year old,
but progress on both suggests that the Sys-
ntem of Labs approach produces results that
yero one lab could achieve by itself. This new
N&ind of national lab collaboration should
ahelp industry jump to the next level in eco-
Dimiomic competitiveness.
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make the camera setup portable by config-

uring it to operate with a laptop computer.
They also developed the interface circuitry
to enable synchronized time-lapse thermog-
raphy; thus, they can capture images of hot
spots on a spinning brake rotor every three
revolutions over a four-minute period.

A disk brake is a disk-shaped rotor that
spins until pads rub against its surface when
you depress the brake pedal, slowing or
stopping the car. Using the IR camera,
ORNL researchers were the first to image
hot spots, or localized expansions, that de-
velop in gray cast iron rotors when brakes
are applied at high speeds. As the brakes
heat up, areas of the rotor surface are raised,
like turning an ordinary potato chip into a
Pringle®. These raised areas drag more ag-
gressively against the brake pads when

pressed against the rotor, causing steering
wheel vibrations.

By capturing multiple images of a spin-
ning rotor, the infrared camera records tem-
perature changes in hot spots that are
observed to drift around the rotor. From this
information, auto industry researchers have
- learned that the amount of friction (coeffi-

cient of friction) between the pads and ro-
u O IS ra e tor, their ability to conduct heat (thermal
conductivity), and the amount they expand
(thermal expansion) in response to heat
H Ot S OtS See n cause distortions in the rotor at or above a
p “critical speed.” This critical speed for the
hot spots to develop is often below high-
way speed limits, so the auto industry would

By I nfrared Came ra ilrl:: é‘r’.t.f'cr;? svp@éz .to significantly increase

o ) ) To achieve this goal and reduce the prob-
ORNL's modified infrared camera has imaged hot spots Onability of brake judder, changes will have

auto disk brake rotors, which could lead to a better brake | t be made in the design of the rotor and
composition of the brake pads, which now

design and cut the auto industry’s warranty costs. are made of graphite, copper wires, brass
fibers, kaline (clay), and even nut shells.
You're driving fast when a deer crossesligital infrared (IR) camera, ORNL re-ORNL's infrared camera is being used to
the road ahead. You slam on the brakesearchers led by Ralph Dinwiddie have lodetermine whether design and composition
avoiding a collision. That's the good newscated and measured the temperature ofianges are minimizing the evolution of hot
The bad news is that the steering wheélrake disk “hot spots”™—valuable informa-spots. If the auto industry is successful in
shakes violently when you apply the brakesion that may steer automakers toward selecting the right design and materials, it
Annoyed by the wobble, you take the car tbetter brake design. The IR camera, olsould slow down an annoying drain on its
the dealer and learn that the problem is “didained in 1996 from Amber, a Raytheorprofits.
brake judder” and that the brake rotor magompany, has a temperature resolution of
have to be refaced or replaced (at a cost a915C and takes 142 images per seconfhis researchis sponsored by the DOE’s
high as $200). Fortunately, the dealer wilfcompared with a 0°Z resolution and 30 Office of Transportation Technologies
cover the cost because your car is undé@nages per second for a conventional |IRs partofthe High Temperature Materials
warranty, but that may not be true the nextamera). Through reverse fellowships antlaboratory Programs. Funding to
time you get brake judder. Because brakeser projects with Ford Motor Companypurchase the camera was provided by
repairs cost the automobile industry an@General Motors Corporation—Delphi Chasthe Advanced Turbine Systems Program
consumers billions of dollars, the U.S. insis Systems, and Bosch Braking Systemsf DOE'’s Office of Industrial Technology
dustry is trying to determine the causes @RNL researchers have taken the IR came determine how well ceramic coatings
brake judder and ways to prevent it. era to these companies’ Michigan and Ohion turbine blades hold up in a high-
Using a high-speed, high-sensitivitysites for brake studies. But first they had teemperature environment.

Infrared snapshot
showing hot spots
on a rotor spinning
at 60 mph with the
brakes applied.
Electronic file en-

hanced by Allison
Baldwin.
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Metallic Thin Films
and Magic Numbers

Theoretical studies at ORNL provide new understanding
of the metal-semiconductor interface and of a different
approach to growing smooth metal films on semiconduct

Schematic representation of the
“electronic growth” concept. In (a), as

a metal (blue) is added onto a semi-
conductor substrate (yellow) layer by
r yer, the motion of the conduction
lectrons in the metal film is confined

by the two vacuum-metal and metal-
emiconductor interfaces, forming

For decades it has been known that ¢esolid-state theorist at ORNL, in collabor
tain nuclei are more stable than others anihn with the Texas group. Their theoreti aP X .
that certain atoms are inert while others amgork on deposition of metals on semicgn€!€ctronic standing waves (red).
active. In the 1980s, physicists at the Unluctors has resulted in the formulation of 4 N€S€ waves resist being squeezed
versity of California at Berkeley discoverectonceptually new mechanism for smoot@ny further, helping to stabilize the
that, when atoms form clusters, certain clugim growth. The theory, which shows thefilm. In (b), some electrons leak into
ters are also more stable than others. Theasgportance of quantum effects in thin-filmthe semiconductor, weakening the
systems are particularly stable when theyrowth, can be explained by textbook-levestabilizing force. These two compet-
each contain a “magic number” of constituguantum mechanics (particles in a box)ng effects determine the critical
ent particles: protons and neutrons for thé&/hen a metal film is thin, the moving con-thickness for smooth film growth.
nuclei, electrons for the atoms, and atonduction electrons within the film are con-Drawing by Allison Baldwin.
for the clusters. Now, an ORNL team is findfined in the film thickness direction—o
ing evidence for magic numbers in a newne side by the vacuum and on the other lan unexpected phenomenon related to de-
territory—the growth of metal films onthe metal-semiconductor interface. Thipositing one antimony layer at a time on
semiconductor substrates. “squeezing” of the electronic motion leadsGaAs. If the film has one layer, it is insu-

Metals in contact with semiconductorgo quantized energy levels for the electrongting (electrically nonconducting), but if a
are essential components in electronic deicreasing the total energy of the systensecond layer is added, the film becomes me-
vices ranging from small computers to smalowever, because many more conductiotallic (electrically conducting). Conven-
cards. Because of the trend of device mirlectrons are in the metal than in the semiional wisdom says that adding another layer
iaturization, it is often desirable to form two-conductor, some electrons will spill fromof metal to a metallic film can only make
dimensional, atomically flat metalthe film into the substrate, decreasing ththe thicker film more metallic. But Cho and
overlayers. Unfortunately, because of straisystem’s energy. The competition betweeathers predict that with three layers of anti-
effects, most metal atoms deposited onthe two effects—quantum confinement anchony, the film becomes insulating again
semiconductor surface naturally form threecharge spilling—determines the observednd only when the film contains four or
dimensional clusters, leading to a roughritical thickness. more layers of antimony will it maintain its
film. Recently, a University of Texas group  Within this “electronic growth” mechar metallic property. This prediction is being
showed that an atomically flat silver filmnism, Zhang and collaborators predictethvestigated experimentally by an ORNL
could be grown by depositing silver atomshat a critical thickness of a few atomic laysurface physics group.
on a gallium arsenide (GaAs) surface at 146rs should also exist for the growth of two This theoretical work provides new un-
K and then annealing it to room temperasther noble metals (copper and gold) joderstanding of the metal-semiconductor in-
ture. The atomic flatness of the film wassaAs and that only the first atomic layer joferface and of a different approach to
verified using a scanning tunneling micrpany alkali metal can be grown smoothly. Rogrowing smooth films. It also suggests that
scope. The Texas study showed that smoathme other metals, smooth metal films ¢aibt may be possible to do quantum engineer-
film growth could be achieved, but onlybe formed only at certain magic numberiang of metallic overlayers down to the
above a critical thickness of seven layers aff atomic layers. Therefore, this theoryatomic scale, enabling the fabrication of per-
atoms (15 angstroms thick). The existengeromises to predict what amount of whicHect films needed for developing next-gen-
of such a critical thickness was unexpectedements should be deposited on which subration electronic devices.
given commonly recognized growth mechastrates at what temperatures to obtain jthe
nisms involving individual atomistic pro- smoothest metal films. The research was sponsored by ORNL'’s
cesses or strain effects. In studying the transport properties ofLaboratory Directed Research and

How the critical thickness is attainednetal films, Zhang and his postdoctoral rePevelopment Program and the U.S.
was explained in 1997 by Zhenyu Zhang, search associate Jun-Hyung Cho predigtédational Science Foundation.
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Physical Sciences an
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forindustral and medical applications, and environmental protection.
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First Experiment Performed at Unique
Radioactive lon Beam Facility

ORNL physicists and engineers refurbished and improved existing accelerators and designe
and built a beam preparation system to provide a new and unique research capability—
accelerated radioactive ion beams for research in nuclear structure and nuclear astrophysics

Experiments under way at ORNL'S newaccelerates the beam to energies up to sdivim (*4Tm) was identified. This isotope,
Holifield Radioactive lon Beam Facility eral hundred million electron volts. Thiswhich is very “proton-rich” (69 protons and
(HRIBF) will provide valuable data on thehigh-energy beam is then directed to a ta6 neutrons) for such a heavy nucleus, de-
formation of heavy elements in stars andet for physics experiments. cays by a rare decay process, the emission
the peculiar structure of nuclei that have For the March 1997 nuclear-structuref a proton from its ground state. The mea-
neutron and proton numbers far from thosexperiment, two radioactive ion beams wersured half-life of 3.5 microseconds for the
of stable nuclei that form most matter omproduced—arsenic-69°As) and gallium-| ground state ofSTm makes it the shortest-
earth. HRIBF, a unique tool for research|i®7 ¢’Ga). Each beam was directed at a calived proton emitter known.
nuclear astrophysics and nuclear structutson target, which was used as a source of ORNL staff accelerated three different

physics, began operation in March 199%irtual photons to excite the low-lyingradioactive ion beam&As, °As,®’Ga) and

shortly after construction and
commissioning of the facility |
were completed. The first ex-:
periment was run then at
HRIBF by scientists from Yale
University, Clark University, [
and Brookhaven National Labo-
ratory.

HRIBF, which has been un-
der construction since late 1992
is a part of the rapidly expand-
ing new field of radioactive ion g
beam (RIB) research. Major
projects are being developed i
Europe and Japan, but, for the
time being, HRIBF is unique in [
the range of radioactive specic e
and beam energies it offers forlll
research in nuclear structurg

physics and nuclear astrophysre (arget position gamma-ray detector array of the Re-
ics. COI| Mass Spectrometer, the flagship piece of new exper-

A conventional nuclea
hby L Fi
physics facility accelerates fimental equipment for HRIBF.  Photograph by Lynn Freeny.

developed low-energy, proton-
rich beams of fluorine-17 and
fluorine-18 (which have not yet
been accelerated in the tandem)
for use in 1998 for nuclear as-
trophysics experiments. They
also are developing nickel-56
and copper-58 beams for
nuclear structure experiments.
Neutron-rich RIBs will also be
produced by inducing fission in
uranium and other heavy ac-
tinide targets. One neutron-rich
RIB, tin-132 {2Sn), is of great
interest to nuclear structure ex-
perimenters because of its closed
neutron and proton shells of 50
protons and 82 neutrons. The
heaviest stable isotope of tin is
1245n, which has only 74 neu-
trons.

The development of HRIBF
was a major technical achieve-

beams of stable nuclei and directs them ontgates of the projectile nuclei. When the exnent, carried out at very low cost. The RIB
targets to generate nuclear reactions for fucited ®°As or ¢’Ga nuclei returned to theijrinjector (target, ion source, mass selection,
ther study. However, many of the most inlowest energy state, they gave off gammetc.) was designed and implemented from
teresting questions in nuclear science caays, which were detected by a Yale instruiscratch. Two existing accelerators, the
be answered only with beams of nuclei thahent. ORIC and the 25-MV tandem, have been
are unstable, or radioactive. At HRIBF, un- During 1997, ORNL physicists andadapted for radioactive ion beam produc-
stable nuclei are produced in hot, thick tamther staff conducted many stable beam etion and acceleration. Finally, two state-
gets by intense beams of protons, deuteroperiments to commission and refine severalf-the-art experimental stations were
(proton-neutron combinations), or heliummillion dollars’ worth of new research developed to support the very complex, dif-
ions delivered from the Oak Ridge Isochequipment for physics studies. This equigficult experiments that will be carried out
ronous Cyclotron (ORIC). These radiogcment comprises the nuclear structure erat HRIBF in the years to come.

tive atoms are diffused out of the targestation (Recoil Mass Spectrometer) and the

formed into an ion beam, purified by massuclear astrophysics end station (Daresbu#/RIBF is supported by DOE’s Office of
selection, and injected into ORNL's 25-mil-Recoil Separator). In one of these experiHigh Energy and Nuclear Physics,
lion-volt (MV) tandem accelerator, whichments, a new isotope of the element thuivision of Nuclear Physics.
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University in St. Louis have been
measuring the pattern of abundance
of trace elements and their isotope
captured in SiC grains found on the
Murchison meteorite (which fell on
Australia in 1969). The relative
amounts of the various isotopes 0
several different elements determine
from the analysis of the meteorite
grains were found to be different
from the patterns found in average
solar system material. The hypoth
esis: the grains reflect the chemical
and isotopic composition of a single
star, but average solar system mate===
rial is a mix from several different ===
sources and processes. I

The precision of the analysis of ___. .
the SiC grains has improved In theﬁgraln, probably from a red giant. It rode to

ORNL neutron capture data
aid understanding of the

origin and nature of stardust
in meteorites.

.the earth on a meteorite.
past few years because of the avail-

ability of more sensitive techniques
In the same period, a new computg
tardust—tiny particles from stars thaimodel of nucleosynthesis processd
rode to the earth on meteorites—isn red giant stars has been develop
thought to contain the fingerprints ofat the University of Turinin Italy. The
ared giant star. These fingerprints tell somestellar model is being refined by it
thing about how elements were synthesizatkvelopers to predict accurately iso
inside a very large, bright, low-mass statopic abundances in red giant stars b
near our solar system around the time of ittomparing its results with the mete
birth roughly 4.5 billion years ago. This recorite data. To make its predictions
giant cast off its outer layers during recurthe red giant model must have thg
rent flashes of violent helium burning bebest possible neutron capture dat:
fore shrinking to a white dwarf, a whitishwhich are being supplied by researc
star that is very small, dense, and low|iers at Karlsruhe, Germany, and
luminosity. Among the ashes churned ouDRNL's Oak Ridge Electron Linear
by the burning were microscopic grains |oAccelerator (ORELA).
silicon carbide (SiC) whose existence could The new red giant model predictd
lead to new insights about the inner life |jofthat the temperature at which the
such stars, the origin of chemical elemenisrocess produces elements in stars
and their isotopes, and the formation of gusiround 70 to 90 million degrees, 3
solar system. factor of five lower than the origi-
The SiC grains appear to contain tracesally calculated 350 million degrees Req giants form planetary nebulae (like the
of the elements formed in the star by hé)RE_LA is |dea_IIy suned to provide gne in the above image captured by the
“slow neutron capture process.” In this Soprecise determinations of the neutrog,
called “s” process, heavy elements are syapture rates at these lower temper
thesized (starting from iron “seed” nucleitures.
produced by a previous generation of stars) Using ORELA (whose useful
through a chain of nuclear reactions involvaeutron energies range from 0.02
ing the capture of neutrons by nuclei until @lectron volts to 40 million electron volts),a substantial discrepancy between the red
radioactive isotope is reached. At this poinKlaus Guber, Paul Koehler, and their colgiant model and the meteorite data. It is
beta decay (a process in which a neutron leagues for the first time experimentally dehoped that the discrepancy will lead to new
the nucleus decays into an electron andtarmined the neutron capture reaction ratégsights into the origin and nature of this
proton) transmutes the nucleus from gnfor isotopes of neodymium (Nd) at the nevstardust. ORNL researchers are doing ad-
element to another. The “s” process, toow temperature needed by the red giartitional experiments at ORELA to provide
gether with the “p” process and the “r’ pro-model. When their data were used, pregiggore data with which to constrain and im-
cess (which are thought to occur jragreement was obtained between the |rgdove the red giant model.
supernovae explosions), are responsible fgiant model predictions and the Nd isotope
the formation in stars of the elements beatios determined from measurements |ohhe research is supported by DOE’s
tween iron and uranium. SiC grains from the Murchison meteorite Office of Energy Research, Office of
Since the 1970s, scientists at the UniHowever, more recent measurements &asic Energy Sciences, Division of
versity of Chicago and later WashingtorORELA on barium isotopes have revealediuclear Physics.

ubble Space Telescope) in which silicon
arbide dust grains can be found.  Electron-
ic file enhanced by Allison Baldwin.
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ORNL is developing a second-generation mass spectrometer for the Army to detect chemice
and biological warfare agents.

Gulf War, the U.S.-led multinational CBMS to make it economically produceabldated, separated in an electric field, and de-

coalition that ousted Iragi military in the commercial sector. Spin-off civiliantected. Sophisticated identification
forces from Kuwait used various detectagrgises of the CBMS technology may includelgorithms are required to detect and iden-
to try to determine if coalition forces wererapid bacterial detection and identificatiortify biological agents present in a back-
being exposed to Iraqgi chemical warfarén the health care and food processing |irground that may include naturally occurring
agents. Many false alarms were sounded|baudstries, as well as environmental pollutiomicroorganisms, pollen, mold, and fungus.
cause the chemically complex backgrounthapping and civil defense. Chemical warfare agents (e.g., the nerve
of fumes from oil well fires, fuels, and lu-  The Army called for the next-series in-agent VX or blister agent HD) are much
bricants, as well as exhausts from weapomsgrument to be smaller, lighter, faster, lessiore easily detected and identified in
and engines, confounded the detectors. Axpensive, more sensitive, more rugged, amgtound surface and air samples by their
the health problems experienced by soptaore easily maintainable. It also should bknown, characteristic ions.
veterans illustrate, the instrumentation useable to detect and distinguish among a wider The CBMS team’s researchers have in-
to detect and identify chemical warfarevariety of airborne chemicals and microoriroduced several innovations to improve the
agents in the field has not been particularlganisms, as well as chemicals on the grounithstrument to meet the Army’s goals. In
reliable. Detection of biological warfarethan does current instrumentation. Theaddition to the instrumental innovations by
agents, such as toxins, viruses, and pathBlock Il CBMS will consist of five mod- ORNL analytical chemists, ORNL com-
genic bacteria, is even more difficult. ules; the total package will be about the sizeuter scientists are developing data acqui-

Because of its world-class expertise |ilnf a desktop computer and monitor. Theition, manipulation, and display systems.

mass spectrometry, ORNL was contractelleart of the Block Il CBMS is an ion trapOur electrical engineers are designing the
by the U.S. Army Chemical and Biologicalmass spectrometer similar to the ORNL |neircuitry to include state-of-the-art compo-
Defense Command to design and construstrument successfully deployed for fielchents that can perform advanced functions
prototypes and preproduction models of thenalytical measurements of hazardqusnd yet maintain physical ruggedness and
next series (the Block Il) of the chemicalchemical pollutants. radiation tolerance. Facilities are being es-
biological mass spectrometer (CBMS) for The CBMS will sample air and collect,tablished at ORNL for testing the CBMS
rapid field detection and identification ofclassify, and concentrate micron-sized patmnits with very small quantities of the tar-
chemical and biological warfare agentsticles of biological warfare agents such ageted agents before they are delivered to
This four-year, $32-million program in- anthrax spores or bacterial toxins. Théhe Army for acceptance tests.
cludes 50 researchers from five ORNL dibiomarkers in the biological agents are re- The final product will provide vastly
visions, three academic and commercidéased and introduced into the ion trap byienproved protection to our troops. It should
subcontractors, and four Department of Desombination of pyrolysis and in situ methy-not sound any false alarms, but it is hoped
fense facilities or laboratories. Orbital Sci{ation. In the spectrometer, the biomarkethere will be no need for real ones.

Seven years ago, during the Persiaances Corporation will help design themolecules are ionized, selectively accumu-
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Can Fuels
Be Made from
Inferior Coals?

ORNL is conducting chemical studies to
better understand why it is so difficult to
convert low-rank coals to clean liquids.

Schematic of a proposed re-
action pathway that forms a
thermally stable cross link in
coal after pyrolysis. Drawing
by Judy Neeley.

- COs

-

uring the oil embargo of the 1970spBritt, A. C. Buchanan, and Ed Hagaman

the temporary shortage of importedeading studies to better understand t

oil forced Americans to wait in long fundamental chemistry of these coals
lines to fill their cars with gasoline. One prp-explain why it is so difficult to conver
posal for bypassing unreliable oil sourgethem to clean liquids.
was to produce an alternative fuel from coal. When coal is pyrolyzed at 350—-4%0
The idea was to pulverize coal, mix it withthe quality and yield of the products formed
a solvent that donates hydrogen to it (bedepend on the extent of chemical bond
cause coal is hydrogen poor compared withreakage to make small molecules, the do-
oil), heat it in the presence of hydrogen| toation of hydrogen to coal to make pettroabundance in coal was determined by
break its chemical bonds in a process calldeum-like liquids, mass transport, and croddagaman using solid-state nuclear magnetic
pyrolysis, and refine the resulting liquid forlinking—the retrogressive process by whicliesonance spectroscopy. Their studies
use as transportation fuel for vehicles. Cpamaller molecules form larger moleculesshowed that thermal decomposition of aro-
liquefaction pilot plants were built in the Of these processes, cross linking is leagtatic carboxylic acids produced carbon di-
United States, but they eventually closednderstood. Therefore, ORNL chemist®xide but was not responsible for the
because climbing oil prices later fell, makhave focused their research on oxygen-cofermation of the thermally stable cross links,
ing coal liquids uncompetitive. taining heteroatom compounds (e.g., casuggesting that computer models for the

But basic research in support of coal ligboxylic acid, phenols, and ethers) which arpyrolysis and liquefaction of low-rank coals
uefaction is still alive at ORNL and a fewthought to be responsible for the formatipshould be changed.
other institutions. In fact, ORNL organicof thermally stable cross links in low-rank  So, what was the source of the thermally
chemists have broadened their research &bals (requiring temperatures greater thastable cross links? The ORNL researchers’
fort to study oil shales and renewable re800°C to break). recent studies suggest that, during pyroly-
sources such as lignin from waste wood. Inthe mid-1980s scientists from Lehighsis, two acids combine to form an anhydride
Their goal is to pin down the relationshipUniversity, Brown University, and Adr cross link, and a molecule of water is re-
between molecular structure and chemicailnced Fuel Research pyrolyzed samples l&fased from the coal. The anhydride under-
reactivity in organic energy resources. Codbw-rank coal and analyzed the evolvedjoes further reactions to form a thermally
is particularly challenging because it is pgases, such as carbon dioxide, carbon maostable cross link. The chemists further sug-
amorphous, insoluble hodgepodge of pexide, methane, and water vapor. For lonwgested that coal structure researchers should
ganic materials and inorganic minerals withank coals, cross-linking occurredliook for evidence of anhydrides, and that
no repeating units as are present in crystagmultaneously with carbon dioxide evoluthe chemistry of coal liquefaction could be
and in polymers. tion. Later research results suggested thaltered to stop anhydride formation, perhaps
U.S. reserves of high-carbon, highearbon dioxide was produced by pyrolysi®y running the process with water present.

energy coals—anthracite and bitumingusf aromatic carboxylic acids [carbon atom All these findings could become valu-
coals—are quickly becoming depleted, |sbnked to an oxygen atom and a hydroxyhble if the price of oil soars and coal liquids
U.S. electric utilities and other industrieggroup (OH), represented as ¢Q. become competitive. It could happen, given
are relying more on our cheap, abundant Applying the tools of organic chemistrythe political instability of the oil-producing
supplies of low-rank coal from surfaceto this problem, ORNL researchers followeaountries, and the first sign may be an un-
mines in the western United States. Thegseactions of their model coal compoundsisually long line at the gas pumps.
subbituminous and lignite coals are loweand a polymer analog they had synthesized
in carbon and hydrogen content but higheand related their observations of the pyroly-The research was sponsored by DOE’s
in oxygen than bituminous coals, makingis chemistry back to coal. They looked foOffice of Energy Research, Office of
low-rank coals harder to liquefy than thalifferent reaction pathways involving arp-Basic Energy Sciences, Division of
high-carbon coals. ORNL chemists Phimatic carboxylic acid, whose existence an@hemical Sciences.
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- ies possible. The other members of the team
U antu m Lea S I n are Alan Tennant, a postdoctoral researcher
who recently came to ORNL from Oxford
University’s Clarendon Laboratory, and
- theoretical physicist Ted Barnes.
U r derStand I n The single-crystal studies allowed the
researchers to determine the spectrum of
_ elementary quantum magnetic excitations
(magnons) in VOPO, giving definitive proof
U antu I I I ag netl Sl I I of the alternating spin chain model. Nagler
and associates also studied isolated vana-
dium spin dimers in a related material called

ORNL neutron-scattering studies show that magnetic VODPO. (The sample was provided by C.C.
interactions in some magnetic chain materials are very Torardi of DuPont). Here the ORNL stud-
different from what was previously believed. les found yet another surprise: The basic

V-V dimer building block had been
misidentified. The strong magnetic interac-

When we hold a horseshoe magnet, wehain. Alternating chains and ladders ddion was not between the closest pair of
think of magnetism in three dimensionshave some things in common: Both can|beeighboring vanadium atoms as had been
Some scientists, however, view magnetismisualized as structures composed of intethought, but rather it was between a more
in lower dimensions. In fact, understandacting “dimer” building blocks, which are widely separated V-V pair with a bridging
ing lower-dimensional magnetism may leaghairs of interacting spins. In addition, bothphosphate (P{group mediating the pair’s
to the design of improved superconductingave unusual “quantum spin gaps” such asagnetic interaction.

materials with higher transition tempera- A third surprise from these studies was
tures. In the high-temperature super- the discovery of a new kind of mag-
conductor yttrium-barium-copp ) netic excitation in the VOPO alter-

oxide (YBCO), scientists focus ¢
copper, the material’'s only atomtt 11
has significant magnetic properti
Copper atoms exist in YBCO in
one-atom-thick plane (two dime
sions) and in long chains (one dim:
sion). Similar structures that ha E
planes or chains containing magn ‘%
&
w

160 nating chains. Instead of seeing one
peak from the neutron scattering, re-
searchers saw two peaks. The un-
expected peak may arise from a
two-magnon bound state. Ted

14} Barnes, who appeared on CNN af-

ter predicting the existence of the

exotic meson which was detected
experimentally in 1997 by DOE’s

Brookhaven National Laboratory,

thinks that bound magnons will be

found in magnetic spin ladders as
well as alternating chains. Nagler
says that the spin characteristics of

40 free and bound magnons make them
mathematically similar to mesons.

Two or more parallel spin chains 1 In a quantum spin chain each

gether form structures known as s magnon is really composed of two

ladders, which actually have a s Q') different quantum excitations called
tial_dim_ension k_)etw_een one and tW‘RIeutron—scattering pattern from a VODPO. White “spinons.” Thus a two-magnon
which is especially interesting theanes are theoretical contours for spin dimer model. bound state has four spinons.

retlcally_. Researchers in qua_nturpigita/ image enhanced by Allison Baldwin, Similarly, mesons are_compose_d
magnetism are eagerly seeking 10 of two quarks, and particle physi-

discover spin ladders and chains in _ ) ) cists hypothesize the existence of a
materials that might lead to new families pfiré found in many of the most interestingnesonic molecule composed of four quarks
high-temperature superconductors. mate_ngls currently studied by solid-statqa proton and neutron are each formed from
Scientists had suggested that the beRbysicists. . _three quarks). Pending the outcome of this
example of a spin ladder found in natyre TO carry out neutron-scattering expefiyesearch ORNL may be able to claim dis-
was a phosphate salt containing magnetfBents at ORNL's High-Flux Isotope ReaC-covery of an exotic magnetic excitation,
vanadium ions, called VOPO [(V@),0.]. | tor, the group used single crystals of VORQyhich to some scientists, is far more inter-
This idea was widely accepted until neugrown by ORNL's Brian Sales. Andrew esting than an ordinary horseshoe magnet.
tron-scattering studies of this material by>arrett, a graduate student of Nagler’s from
ORNL's Stephen Nagler and colleague'e University of Florida, assembled an arshe research was sponsored by DOE’s
showed that VOPO is really a different typday of roughly 200 millimeter-sized VOPO office of Energy Research, Office of
of magnetic beast called an alternating spffystals to make the neutron-scattering studsasjc Energy Sciences.

L]

atoms are found in many materis
Physicists refer to the micn
scopic magnet of an individual atc
as the “spin.” Spins respond to ¢
another by a mechanism known ¢
guantum mechanical exchange in
action. Isolated chains of magne 5=
atoms are referred to as spin cha
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Computational Science,
Advan ng, and Robotics

ORNL is one of ORNL computer simulations are useful
the world’s leaders not only for research but also for improv-
in high-performance ing the design of industrial products.
computing, related ORNL simulations of combustion are
technologies, and se- : { guiding the design of automotive en-
lected areas of compu- gines that will burn fuel more effi-
tational science. As ciently and emit less pollution.
home to one of the Such a lean, clean car is a major
world’s foremost com- goal of the federal government’s
puting centers, its techno- energy policy.
logical resources include 1 In robotics development,
Intel Paragon distributed ORNL has developed a device
memory systems; high-per- that allows a worker to lift and po-
formance, high-capacity sition a multi-ton payload by ex-
storage systems; and high- erting and feeling just a few
bandwidth Internet connec- pounds of force. ORNL's
tions. ORNL capabilities are intelligent transportation
integrated into a computational systems data bus will pro-
science program that supports vide “plug and play” ca-
national research needs in mate- pability for electronic
rials science, global climate devices added to automo-
simulation, chemical science and biles. The in-vehicle
engineering, plasma physics, information sys-
nuclear physics and transport cal tem will manage
culations, geographic information “electronic traffic”
systems, the management of enviro within a car to
mental information (including avoid driver distrac-
groundwater contaminant transport), tion.
and informatics. These activities
complement ORNL's long-standing
leadership in the development and appl
cation of tools and algorithms for distrib-
uted parallel processing. Through collabo-
rative efforts with other institutions, work
in this area leads to the creation of innova- T P0G

Image by Joe Carpinelli (University

tive. means of _SOIV'ng_ e large problems of Tennessee physics student) enhanced by
with geographically distributed resources. Dianne Wooten.

ORNL's computer
. visualization ca-
pabilities en-
hanced this
image of a
charge density wave
forming on a crystal surface.
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that any neutron will interact with or be ab-
sorbed by a particular atomic nucleus.
ORELA is a unique tool for cross-section
measurements. It produces neutrons in
nanosecond-wide bursts, each of which con-
tains neutrons with energies ranging from
10%to 1@ electron volts. Precise measure-
ments can be made because of ORELAS
long flight path—up to 200 meters; the
longer the neutron flight path, the greater
the spread between the peaks and valleys

Accelerator, Code
Yield Needed Data
for Nuclear Safety e e

The Oak Ridge Electron Llne_ar Accelerator and the ORNLy . - "\e gleaned. ORELA s the best U.S.
computer code SAMMY provide the nuclear data necessarspurce of high-resolution data in every neu-

for reliable nuclear criticality safety studies. tron energy range, including the one of im-
portance to the criticality safety program.
Across the DOE complex, tons ofElectron Linear Accelerator (ORELA) and  Because a vast amount of data is pro-

nuclear materials have been warehoused ftie ORNL computer code SAMMY to gen-duced during an experiment, it is impossible
decades. Sometimes they are moved eitherate the needed data. to use the data directly to analyze and de-
within or between facilities. When massgs DOE installations store nuclear materisign a nuclear system. To make the mea-
of nuclear materials are collected this wayals in configurations such that the neutronsured data available in a form suitable for
there is a potential for criticality, a condi-produced cover the energy spectrum frompplications in nuclear technology, a pro-
tion that could accelerate into a radiationslow to fast. In the past, nuclear data megedure called nuclear data evaluation is
releasing nuclear chain reaction. surement and evaluation placed little e
Nuclear materials in close proximity re-phasis on the intermediate energy range, ORNL's computer code SAMMY, de-
act under certain conditions to produce newhich can be extremely important in nucleaveloped by Nancy Larson, is the best tool

trons through fission. A for evaluating neutron cross-sec-
neutron-absorbing substance is a5 e e tion resonance data in the interme-
ranged among stored nuclear m¢ E | [ I8 ) i e 1A diate energy range. SAMMY
terials to control reactivity. § provides uncertainties and corre-
However, if the materials are no = g A ' ] lations among data points (param-
stored in proper configurations, @ £ \lfﬂ it . 1 eters) as a by-product of the
they may produce more neutron E [ | "l | | 4 evaluation process. These features
than can be absorbed. If neutro w I'ﬂ = I i, play an important role in establish-
production and absorption becom # 1 l i [ 3] ANTIET 1 ing uncertainty limits in analyses
equal, a critical mass is reachec & .hf. h' ..' uf | " g ¥In i of nuclear criticality safety.

If production exceeds absorption g (B i 4 ol | Evaluations using SAMMY
an uncontrolled chain reaction cai & 10 | d 'i.l y 1 are included in the national Evalu-
ensue. To avoid a critical mass, th #  *F 1 ated Nuclear Data File and made
people handling nuclear material:ic e Yyyyy(oop o available to the scientific commu-
need precise information abou 50 &0 T B &0 100 nity. The data are further processed
how much neutron multiplication Energy (eV) into forms suitable for input to

will occur if specific masses are . N .
p|aced at particu|ar distances fromThe Impact of ORELA’s Capablllty to produce hlgh-

each other in a certain patternresolution neutron cross-section data can be seen
Nuclear engineers who addressn these fission cross-section measurements for ura-
these issues must analyze all pogiium-233 (2*3U), shown as circles. The heavy line
sible scenarios that might lead tashows the current  2%U representation in the Evaluat-
criticality safety concerns, anded Nuclear Data File. Above 60 electron volts (eV),
nuclear data play a crucial role inthe detail in the cross-section data is clearly miss-
their analyses. ing in existing files.
Because of deficiencies in the

modeling codes such as KENO,
MCNP, and VIM, which perform
the actual criticality safety calcu-
lations for a given configuration
of nuclear materials. The results
allow nuclear engineers to infer
how much absorber is needed in a
given storage situation, how close
the nuclear materials can be to
each other, and how they can be

data available for criticality safety studiesgriticality safety calculations. Consequentlyarranged most economically to prevent criti-
the Defense Nuclear Facilities Safety Boaréxisting data in the intermediate energyality.

(DNFSB) asked ORNL for help. Therange are likely to be inadequate to provide Using the unique capabilities of ORELA
DNFSB seeks to maintain U.S. capabilityesults within the desired criticality safetyand SAMMY, nuclear analysts can ensure
for ensuring that nuclear materials beingnargin. This lack of adequate data resultgat cold war legacy materials are managed
stored and transported are kept economia overly conservative and expensive shieldso that they remain a subcritical matter.
cally in subcritical arrangements. ORNL re4ing, transportation, and storage systems.

searchers, led by Bob Roussin and Luiz ORELA s an intense neutron source folThe project is funded by DOE'’s
Leal, are using the Laboratory’s Oak Ridgeneasuring the probability (cross sectianEnvironmental Management Program.
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' <2 T1000 while Phil Spe
. watches a simulator that
S Ste m for D rl érS : incorporates the'car into'a
y V virtual road trip. The setup,
helps ORNL researchers de-
* ' sign a system to prioritize I'I.
' electronic messages to re- |}

duce driver distraction. Photd
graph by Tom Cerniglio.

eral electronic signals bombard yousays ORNL developer Phil Spelt. Built acprototype IDB. In addition, several private
car’'s computer network simulta-cording to a Society of Automotive Engj-companies have asked ORNL to help imple-

neously: the navigation system reminds yomeers standard, the IDB will plug into anyment a prototype IDB within a vehicle.
to get off at the next exit, the collision avoidvehicle’s main data bus through a “gatewaghrysler and General Motors will donate a
ance system warns you about the car in yoaontroller” that controls the data flow be-new vehicle for the project, and the proto-
right-hand blind spot, your pager gets &aveen the two buses. Add-on devices wiltype will be tested in the IVIS laboratory.
message that the meeting room has betiren plug into the IDB. Having a single stanORNL is developing software to test the
changed, and your cellular phone receivetard interface will allow device makers tointerfaces between the prototype IDB and
a call from home. design products that can plug into the datdevices plugged into it. Companies manu-

Now, which one of those signals wouldbus in any vehicle. In addition, many esfacturing electronic devices for autos will
you like to receive first? If you get the exitsential vehicle systems use the main bus tese the test results to improve the products.
notice before the collision-avoidance warnsend data that must be shielded from inter- ORNL also is developing the underly-
ing, or if you have to sort out all those mesference from add-on devices; the IDB, byng logic for the software that will control
sages at once, your automatic securitegulating data flow between the main buthe IVIS. To provide data for programming
system might soon be dialing 911 for youand add-ons, will provide that protection. the 1VIS, Spelt's team will place subjects

Every modern automobile relies on an The IVIS will function as an informaz inside a vehicle to “drive” in a simulated
onboard computer network. Considering thion manager to filter and prioritize infor- driving environment with projected scenes
increasing numbers of devices that feed intmation from the multiple devices that usexnd sounds. Their responses to the driving
the network, accommodating the electronithe IDB. As experience with car phones hasnvironment, including signals from elec-
traffic and managing it to avoid signalshown, drivers distracted by electronic gadtronic devices, will be monitored and the
gridlock are major concerns of automobilgets are more likely to have accidents. Adata will be used in establishing the
safety experts. To address these concertise number and variety of these productgrioritization scheme.
ORNL is helping to develop the intelligentgrow, so will the distraction, unless they can The prototype in-vehicle IDB (which
transportation system (ITS) data bus (IDBhe prevented from competing for theprobably will include a rudimentary IVIS)
a data-routing system, and the in-vehicle|irdriver’s attention. The IVIS will monitor is expected to be tested at automobile and
formation system (IVIS), an onboard infarincoming signals to electronic devices, sdrade shows around the country during 1998
mation manager. priorities, and queue them for the driver'sand 1999. The IDB and the IVIS may be

Automakers do not use a single standasttention: this message about an accidentévailable commercially by 2005 to help
for automobile data buses, channels alongore important than the radio; this page cadrivers avert information gridlock.
which data travel electronically. Becausevait until you've seen the warning from the
any electronic device added to a vehicleil pump. Development of the IVIS was supported
must be compatible with the data bus, the ORNL's IVIS project researchers haveby the Federal Highway Administration,
lack of a standard bus makes it necessarylieen asked by the ITS Data Bus Commithiformation and Behavioral Systems
build different versions of a product for varitee, which oversees IDB development,|td®ivision. Funding for the IDB came from
ous makes of cars. The IDB will providehelp design testing protocols for electroni¢he Society of Automotive Engineers.

Q s you drive up I-75 to a meeting, sev-plug and play” capability for such devices,devices and conduct bench-level tests of the
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Computer Models
Aim for Lean, Clean
Engine Combustion

ORNL's model of spark energies is guiding the design of ¢

engines that will use less fuel and emit less pollution.

Many lean, clean cars of the future will Engine manufacturers such as Cumm
have spark-ignited engines like the gasdngine and General Motors are working
line engines of today, but they may run pimprove the designs of advanced engin

other fuels, such as natural gas. The nreand ORNL is collaborating with then

sons: Natural gas burns cleaner than gagbrough cooperative research and devel
line and the United States has an abundamient agreements by applying its expert
supply of natural gas. Lean-burn engineis computer simulation, spark stabilizatio

offer higher efficiency than conventionaland engine diagnostics techniques. Usin
engines. Lean-burn natural gas enginesiite of computational analysis tools, ORN

would run more efficiently, reduce U.S.researchers led by Osman Yasar, J
dependence on foreign oil, and emit less catrmfield, and Isidors Sauers have dev
bon dioxide, slowing the buildup of
greenhouse gases in the atmosphe
In such an engine, as each pisto
glides toward the top of a cylinder,
it compresses the mixture of air ang
natural gas. Then a spark plug ignite
the fuel-air mixture. An electrical
current crossing the gap between t
plug’s electrodes at a voltage of 1(
to 20 kilovolts ignites the gas in the
gap. The combustion of the fuel-ai
mixture drives the piston, creating
useful work at the flywheel.
The trick is to design natural gag
engines and spark plugs to walk a
fine line. If the deposited spark en-Temperature profile of combustion (the red par
ergy causes too hot a blast (2600 K)is the hottest) seen in a cross section of a spark

the engine will make the most effi-ignited internal combustion engine cylinder

cient use of the fuel, but it will pro- whose piston is near the top.
duce more nitrogen oxides— hanced by Allison Baldwin.
pollutants that contribute to the for-

mation of acid rain and smog. Also, if theoped a new spark ignition model and in
heat is too intense, it will rapidly erode theyrated it into the KIVA-3 engine combu
spark plugs, widening the gap between thén model. The model is being applied
electrodes and requiring a larger voltage teewly designed Cummins Engine natur
produce the needed ignition energy (songas (NG) and General Motors spark-ignit

Digital image

timescale physics and many-million-mesh-
points spatial refinement of mathematical
accuracy.

Conventional models assume a constant,
uniform deposition of spark energy, but the
ORNL model shows that energy deposition
is nonuniform and that temperatures
throughout the spark gap area vary with lo-
cation and time after ignition. The model
correlates spark input parameters (e.g., dis-
charge current, breakdown voltage values,

rk duration) with engine output (i.e., ef-

J%%incy of energy use and emission lev-

els). The ORNL simulation results are

expected to have an impact on the design
nsf combustion engines by defining lean fuel
tdimits and optimum spark energies that will
esesult in lower fuel consumption, more ef-
nficient burning of the fuel, and reduced
O@Mmissions.
se ORNLs scalable combustion model is
nalso being improved with the addition of a
greew radiation transport submodel that will
\Lbe used to analyze coal combustion for util-
effy boilers. ORNL and McDermott Tech-
elnologies, Inc. (formerly known as Babcock
& Wilcox) have an active collabora-
tion to improve boiler designs
through simulations on ORNL'S mas-
sively parallel computers. In this type
of combustion, 80% of the heat from
the coal is transferred by radiation.
Because the radiation changes much
faster than the background flow mo-
tion (nanoseconds vs microseconds),
it is fortunate that the ORNL model
can simulate these changing dynam-
ics by showing in detail the different
length scales and time scales in-
volved in physical phenomena.

ORNL's developments in spark
ignition and radiation transport simu-
lations not only open opportunities
for the design of improved engines
and boilers but also open avenues for
basic research in plasma physics,
computational science, and math-
eematics. The ORNL models may help en-
-gine designers think lean while providing
aneat for physicists, mathematicians, and

leomputational scientists.
d

t

en-

spark plugs last only about 200 hours betirect-injection engines that are being deThe research is sponsored by DOE'’s
cause of erosion). If the spark plug voltageeloped. This new spark ignition model pro-Office of Computational and Technology
is too low, misfires result and the amountsides the most detailed computation yet|/oResearch, Division of Mathematical,
of deposited energy are so low that muctine spark ignition process. When combineénformation, and Computational
of the fuel remains unburned. The challengsith ORNL's massively parallel version of Sciences; by DOE’s Office of Energy
is to design engine spark plugs to deposite KIVA-3 engine combustion model, thisEfficiency and Renewable Energy; and
energy in an amount high enough to achiewveew capability puts ORNL in a unique po-by matching funds from Cummins
uniform combustion yet low enough to resition in industry’s eyes because of the abilEngine, General Motors, and McDermott
duce emissions and spark-plug erosion, ity to perform simulations of nanosecongd-Technologies.
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ORNL Device Gives
Big Lift to Operators
with Heavy Loads

with 10 Ib of human force. The methodol-

ogy lends itself to amplification ratios rang-
ing from 1 to virtually infinity.

ORNL has developed a “human amplification” device that

allows a worker to lift and position a multi-ton payload by

exerting and feeling just a few pounds of force.

The ATTD relies on several ORNL-de-
veloped technologies, including new con-
trols for hydraulic systems, human
amplification, the omnidirectional
holonomic platform, and high-precision
control of large payloads. The existing sys-
tem is hydraulic, but pneumatic or electri-
cal systems also could be developed.

Although funding for the ATTD research
has come from the armed forces, ORNL is
discussing agreements with private compa-

When Sigourney Weaver straps on a fdaolder, jaws, large parts, stretchers. Thaes that want their own systems. The tech-
bot suit that turns her into a gigantic kick-apparatus sits on an omnidirectional plaiology is expected to have applications in
boxer in the movieAlien Il, it's all | form that also can follow the operator’sields such as manufacturing, construction,
make-believe. But an ORNL-developednovements, allowing easy transportatior] ehining, emergency response, and other ar-
system based on the same concept workstime payload eas in which precise handling of large pay-
the real world. Francois Pin, ORNL's principal re-loads is important. In an automobile plant,

The concept is the engineers’ dream afearcher on the ATTD, notes that human arfer example, one person using an ATTD-
human amplification. A machine gives youplification systems are usually envisionedlke machine could position engines in chas-
the power to lift and handle multi-ton ob-(e.g., as irAlien Il) as wrapping around thesis. In a disaster such as the Oklahoma City
jects using only your hand’s force. Becaysbuman operator. In an accident, howevyenombing, clearing rubble using human am-
you can feel the forces operating on the payhe human strapped inside could be crushaglification would be less dangerous to res-
load, you can precisely and safely contfoThe ORNL machine is operated by a petuers and survivors than clearing it with
and manipulate the load. son standing beside it, delivering the berbulldozers.

In a demonstration of the Advancedefits of amplification while avoiding th Although its usefulness for boxing aliens
Telerobotics Technology Demonstratpipotential safety problems. has yet to be tested, enough is known about
(ATTD), an implementation of ORNL' The striking difference between thehis new technology to lift the spirits of op-
human amplification technology, a singleATTD and other materials-handling techerators who move heavy payloads.
person deftly picked up a 2500-lb weappmologies is not the load it can lift, but rather
and hooked it onto small holding bracketshe stability and control it provides: submil-Development ofthe ATTD was supported
under the wing of a plane. The task usualliimeter-level precision with payloads of sevby the U. S. Air Force, U. S. Navy, and
requires several people; a crane and riggirgyal tons. Cranes, for example, can handle S. Marine Corps.
equipment; and quite a bit of time to rig thehuge payloads but cannot hold them stab'-
weapons, position them without swingingso accidents from hoisting with cranes
them into the personnel or the plane, andommon.
maneuver them into the brackets. Military The ATTD is a first demonstration sy
sponsors expect that replacing current muem of controls technologies that balanc
nitions-handling methods with ATTD-like the real forces on the payload and the Vi
systems will enable them to reduce staff aniial forces on the human operator. The
costs and increase efficiency by 200 [terator needs to feel what is happenin
500%. the payload to sense inertia and know whd

The ATTD grasps a load with a contrplthe load has made contact; otherwise, |t
arm rather than pushing, pulling, or susload could be dropped or crushed. H
pending it. The operator lifts and contrqglsever, the force the operator feels is great
the load with a small joystick-type handledeamplified. The ATTD was tested at a 50
on the machine. The ATTD senses the mo- - ,
tion and forces exerted by the operatgr’§'@ncois Pin uses ORNLs ATTD to
hand and duplicates the motion while am?00K @ 500-Ib unarmed bomb into the
plifying the forces. Essentially, the machind'0lding apparatus under an F-15
follows every move of the operator’s handWing pylon. This prototype machine
but provides power that multiplies (by |acan liftand control a 5000-Ib payload
preselected amplification ratio) thewith 10 Ib of human force, but the
operator’s strength. Many types of end-eftechnology could be used to lift
fector tools can be mounted on the end &0,000 Ib with the same human force.
the control arm—a gripper, a power toolPhotograph by Tom Cerniglio.
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Radioactive Tank
Cleaning System S&
Working at ORNL

:|
The robotic system being used to clean out o
ORNL's gunite and associated tanks may heiy
remediate DOE’s other tank wastes. Historical photograph of gunite tanks at ORNL (1943).

of radioactive waste from an underserved as the design and development lead, The RTCS also includes tools to sample
ground tank. Some of it is hard sludgegoordinating efforts of all the participants.and characterize wastes and monitor radia-
and some is contaminated scale stuck to the The RTCS integrates several remoteltion levels. Once the waste is dislodged and
walls. You can't go inside the tank, and theperated tools. The waste dislodging andcemoved, the tank walls and floor are char-
only access is a few 2-ft-diameter openingsonveyance system uses an end-effectacterized to evaluate the depth to which
in the top. with rotating water-cutting jets to dislodgecontaminated materials have been ab-
That's the situation the Department pivaste from the tank’s interior. A jet pumpsorbed. A scarifying end-effector is used to
Energy faces in trying to clean up cold waremoves the waste slurry from the tankemove the layer of contaminated concrete.
legacy wastes across its weapons complekrough hoses. A modified light-duty util- Remote cameras monitor tank cleanup, and
Hundreds of waste tanks containing mility arm (MLDUA) with 7 degrees of free- the RTCS is controlled from a control trailer
lions of gallons of waste, some of it located near the tanks. The MLDUA
highly radioactive, must be emptied can be controlled either manually or
and scoured to eliminate the pote by preprogrammed sequences, and
tial for leakage of contaminants into operators can switch back and forth
groundwater systems. The gunite seamlessly between the two modes.
and associated tanks (GAAT) projec ORNL's gunite tanks contain
demonstrated the first successf about 88,000 gallons of sludge.
cleanup of two underground tanks a Tanks at other DOE sites have larger
ORNL in 1997-98 using the radio- capacities and hold more sludge
active tank cleaning system (RTCS waste. The process at ORNL, part
developed and integrated at ORNL| of the Oak Ridge tank remediation
" bout 98% of the contamination effort, serves as a pilot operation for
from tanks W-3 and W-4 in the tan the rest of the DOE complex; solu-
farm at ORNL was removed with the tions can be worked out here on a
RTCS, says project manager Dirk smaller scale and tailored to fit spe-
Van Hoesen. The successful demo cific needs at other sites. All sludge
stration of the RTCS will reduce the removed from the gunite tanks will
original tank remediation schedule be consolidated in one tank and then

I magine removing thousands of gallohsiniversities, and private companies. ORNImanipulate other tools.

by 13 years and reduce the estimatedhe Houdini (left) and MLDUA (center) are among transferred by pipeline to the Melton
cost by $120 million. the components of the RTCS that work together Valley Storage Tanks (MVST).

The GAAT project focuses on to effectively clean a tank’s interior. Image pro- Waste processing at the MVST
remediating eight tanks at ORNL, vided by the Gunite Tanks Remediation Project. is scheduled to begin in 2002. It
each 25 or 50 ft in diameter, built in takes 3 to 6 months to clean a tank

the 1940s to store liquid radioactive wastedom, a 16-ft horizontal reach, and a 200-land move the equipment to another tank.
from the Graphite Reactor and radiochempayload capacity can descend 50 ft vertFinishing the GAAT project will take an-
cal processing plant. The tanks were comally into a tank. The MLDUA can position other three and a half years, Van Hoesen
structed with gunite (a concrete-likethe retrieval end-effector to clean the tankays. Just as the Graphite Reactor was a pi-
material) sprayed over a reinforcing grid. walls and floor. A remotely operated vehigldot for the nation’s weapons program, the
The RTCS can characterize waste, digalled Houdini has a 4 4-ft chassis that gunite tanks cleanup is a pilot for remedy-
lodge it, pump it out, and then decontamifolds up to fit through a 2-ft-diameter tanking its legacy of environmental contami-
nate the tank walls and floor once the wasentrance. Houdini has a bulldozer blade tpation.
is removed, all without the need for a perbreak up debris and push sludge toward|the
son to enter the tank. It is the result of coletrieval end-effector, on-board camerasThe projectis funded by DOE’s Office of
laboration among several DOE laboratoriesnd an articulated arm to pick up debris angnvironmental Management.
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A s-)'/gt-em developed by (from left)
ORNLs Russ Knapp, Saed Mirzadeh
and Emory Collins improves upon
conventional methods to produce
technetium-99m, the principal radio-
isotope used in diagnostic nuclear
medicine. The new method is envi-
ronmentally cleaner, safer, and less
expensive than conventional meth-
ods of producing the parent radioiso-
tope, molybdenum-99, by fission of
enriched uranium-235. Photograph
by Tom Cerniglio .

Winning Big in the R&D

100 Awards Competition

In 1997 ORNL and Energy
Systems had their best year
yet in the R&D 100 Awards
competition. Oak Ridge
researchers won nine awards,
pushing the Department of
Energy’s Oak Ridge total to
103 since the awards began
in 1963. The awards are )
presented annually bR&D
Magazinein recognition of
the year’s most significant
technological innovations.
Winning inventions and
inventers were

« the High-Performance Storage System
(HPSS) used for moving, storing, and
retrieving large data files of high-per
formance computers and networked
workstation clusters, developed by
ORNL's Randall Burris and researcht

ers at Lawrence Livermore, Los Alamos,
and Sandia national laboratories and at
IBM Global Government Industry;

modular technetium 981 concentrator
for producing the diagnostic radioiso-
tope without generating highly radioac-
tive waste, developed bEmory
Collins, Saed Mirzadeh,and Russ
Knapp;

production of succinic acid for making
chemicals (e.g., food additives, paints,
and plastics) by using a novel microor-
ganism to ferment corn in a
bioprocessing system, developed by
Brian Davison, Nhuan Nghiem, and
Bruce Suttle in a joint venture with
Argonne National Laboratory, Pacific
Northwest National Laboratory, Na-
tional Renewable Energy Laboratory,
and Applied CarboChemicals;

cationic epoxy resins that are curable by
electron beams (an alternative process
for producing lightweight, fiber-rein-

forced plastics that uses less energy,
works faster, emits less pollution, and

L4
ORNL's
Viswanat
and Rob

Srinath |
n (right) -.5;
Purgert :

__J?fThomp nA%rpi—
" num Cas
pany of
developed metal
compressfbr'r formz,

g €om-
veland

ing,.enabling the
fabrication wi-ppre-
free cast alumigum
alloyfcomponents
that hayve properties
comparable to those
of forged'parts at up
to one-third the cost.
Photograph=by-Tom
Cerniglio.



ORNLs Amy Dindal and Mike Sigman
developed methylated sol-gel sor-
bent, a product for detecting airborne
pollutants such as carcinogens and
industrial effluents. Because of its
chemical and thermal stability, the
new product is expected to do the job
more efficiently and at lower cost
than air sampling traps on the mar-
ket. Photograph by Tom Cerniglio.

may be less costly than conventionally
used thermal curing), developed by

Chris Janke, George Dorsey(Y-12
Plant), Stephen Havens (ORISE), an
Vincent Lopata (Atomic Energy of
Canada);

methylated sol-gel sorbent for detecti
airborne carcinogens and other indust
pollutants, developed bichael

Sigman, Amy Dindal, and George
Wachob of Supelco Incorporated;

metal compression forming used
make possible pore-free cast alumint
alloy components that have properti
comparable to those of forged parts
up to one-third the cost, developed

ORNLs Randall Burris teamed with
researchers at Lawrence Livermore,
Los Alamos, and Sandia national lab-
oratories and at IBM Global Govern-
ment Industry to develop the
High-Performance Storage System
(HPSS). HPSS is designed to manage
enormous amounts of data produced
and used in modern high-perfor-
mance computing, data collection
and analysis, imaging, and enterprise
environments. Photograph by Tom
Cerniglio.
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ORNL's Robert Lauf (left) and Don Bible developed the Vari-Wave, a flexible
microwave heating system for laboratory research, analytical testing, and
process development for industries producing or using advanced materi-
als. Applications of Vari-Wave include processing advanced polymers and
composites, as well as curing adhesives and encapsulants in electronic

packaging assemblies.

Srinath Viswanathan and Robert

Purgert (Thompson Aluminum Castin

Company of Cleveland);
e Vari-Wave, a microwave heating instr
ment that dramatically reduces curi
time (from two hours to three minute
of adhesives and polymers used in
d
ponents, developed WBob Lauf, Don
Bible (both of ORNL) Zak Fathi, Mike
Hampton, and Ralph Stevens, all
Lambda Technologies of Morrisville
N.C.;

Enclosed Space Detection System tl
detects vibrations from the heartbeat

production of circuit boards and com-

j =
1

ng
5)
he

of

hat
of

Photograph by Curtis Boles.

a person hiding in a vehicle, developed
by Leo Labaj, Michael Bath, Vivian
Baylor, Michael Carroll, Mike Fuller,
Tim Hickerson, Tom McCoig, andRi-
chard Pack, all of the Y-12 Plant, and
by ORNL's Bill Dress and Stephen
Kercel,

carbon-free metal-ceramic composite
crucible for melting high-purity metals,
such as uranium and copper, using in-
duction heating, developed arvin
Morrow (Y-12 Plant) James Kiggans,

Jr. (ORNL), Cressie Holcombgretired
from Y-12 Plant), and Don Rexford of
Blausch Precision Ceramics of Albany,
New York.




_
As described inithis issu€on p. 42, the o b -
DNA biochip developed partly by ORNLS., 1\‘*"‘
Tuan Vo-Binh (shown here).is the hearh%
a hand-héld device that may someday b
used in daetors’ offices to rapidly diagnose
patiialnts’ diseases. In the next issue of the
ORNL Review , Vo-Dinh writes about this in-
vention and other biosensors. His article is
one af a number of articles in this special is-
at will emphasize ORNL's successes in
ing the field of measurement science
and te nFIogy. Photograph by Tom Cerniglio

\
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