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This is a ,sober to begin what is students are tile worst of tile industrialized

way anlong
usually a somewhat lighthearted and countries in mafll and science achieverneru.As an
optimistic event. But 1990 was a example of this problem, 47% of U, S. high

rather sobering year for the Laboratory arm for school graduatesdo not know whefller 87% of I0
much of the. world. I know of no one, inc!uding is greater than, less tharl, or equal to 10,
the best of psychics, who successfully predicted The United States is among the worst ot' the
the astonishing events of 1990, especially those in industrialized countries in terms Of int'ant

the Soviet Union, Eastern Europe, and the Persian mortality and prenatal care, yet we spend
Gulf. These events may seem remote from us, but enomaous sums to reduce health risks that in some

they have had a profound influence on the cases are more perception than reality. I believe
activities at the Laboratory. we need to greatly improve out" understanding of

For instance, in early 1990 Congress spent risk assessment and then allocate our resources
considerable time debating how to spend the accordingly to eliminate or protect people against
money no longer needed for defense because the the hazards that pose the highest risks. We aren't
Soviet threat in Europe had been reduced. While going to achieve such a goal unless we give a
debating how best to spend the "peace dividend," higher priority to education, particularly in math
Congress examined a long list of high-priority and science. We are not going to solve our

problems, such as the need to bail out the savings technologically intensive problems by
and loans industry, reduce the deficit, help the systematically knowing less about them. 1believe
homeless, support AIDS and cancer research, and institutions such as ORNl, can play a vital role in
pay the increasing costs of health care through the developing the knowledge required to solve some
Medicaid and Medicare programs. Unfortunate,y, of these complex problems. Unfortunately, not
basic and applied research of the sort we do al the

Laboratory did not seem to be near the top of their
list of high-priority items.

Even so, I believe that support for research and
technology development should be near the top of
their list. Our world has become technically
complex and is becoming more so ali the time. lr.
the coverage of the Persian Gull" War, television
showed the results of precision bombing using

laser-guided "smart" bombs and of superior
defense systems, such as the radar-guided Patriot

air-defense missile used to intercept Scud missiles
frorn Iraq. Only sophisticated technology
development makes these smart weapons possible,
saving the lives of civilians in time of war.

We need to sort out the effects on our future of

smart munitions and many other technologies,
such as nuclear power, nuclear waste disposal,
conservation, fossil fuel combustion, asbestos,

solar power, and fusion power. We need to
determine the irnplications of their environmcntal
effects, such as global warming and loss of

Enjoying a humorous moment following the State of the Laboratory address
biodiversity. Untbrturmtely, just at the time thai are, from left, Herman Postma, ORNL Director Emeritus;Gordon Fee,
Arnericans realize the needto better understand Energy Systems senior vice president; Alvin Trivetpiece, ORNL director;
some of thesecomplex technic'alissues,we find ORNL Deputy Director Murray Rosenthal (facing Trivelpiece); and Alex
that international tests show thai U. S. high school Zucker, ORNl_associate director for Nuclear Technologies.
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ORNL's Steam Plant, which was built in 1947 to produce steam for heating many
of the Laboratory's buildings, has been selected as a model for the operating
facilities in Energy Systems, The before-and-after photos show some of the
aesthetic and safety improvements resulting from remodeling and the installation of
machine guarding and soundproofing,

cvcryr_nc agrees with me. Otherwise, ;tclequalc lime prep_u'ing lhr ii, undergoing ii, and

l'unding would be av;lilable to address many of responding to ii. In [til these et't'orts, I believe thai

Ihc,,c problems, we did an outst;ulding jc, h.

DOE Tiger Team audits are not easy. For more

Tiger '-l"ealn A tidi| than six rnonths berore die Tiger Team arrived,
everyone at the Laboratory was involved in some

Although rntuly might agree lhai lhcsc ;u'e ;lspccl tri' preparing l'or thenl. During the six
impc_ri;ult l)rohlems, ii must he understood IhaI the weeks thai lhc Tiger Team was on site, we made [_

competition lor resources is bcconling keener. At rll;l.jor el'l'ort to escort team members to where

tile s[irrlc time, the ;wail[fl_le resources are they needed to he, fetch lhr thcnl wlltlt they

shrinking. Thus, lhc l.abtlratclry illUSl clnlll_Clc in ii needed, and help them prepare lheir reports in ;i

llll.l#l'lcr ;.tnd lllill'e compelilivc ;.irenti, This change timely illanner, At'Icr lhc Tiger Te[inl Icl'l, wc

rc'cluirt.'s i.is Icl tl_l Ill;Ally things ditTcrenily ill[in we ill;it.lt? [i crash ciT(irl Ici rlrepaic 1.111_lclion plan _ind

hart.' in tilt? Il;I.sl, (Jnc cliillensi_ln (ii our ;ibilily li) gel ii apl)l'OVed anti sublnilied ici I)()E, None cii

ciullpcle was lltlr l'CSl_Ollsc'Ici lhc Dcpartnlcnl cii' lhis was easy t'llr [in yiine,

I_]llc'itT_,b' l'iTc'r "l'cain ;il.iclil iii I')RNI, ill 199(), This AI lhc mltlselltil lnccling of lhc 'Hgcr Tc;itri,

in<,pccii_m w;is tilt: clulining ;lclivily til' lhc I said, "Viii.i, lilt.' cinployecs iii' Oak 14ictgc'

IAibllralllr>, llisl )'t.';ir t%'c';.itlSt.'we sl)cnl sll riluch N[ilion;.il 13.ibllr;itllry, hl.tvo _i.juslil'iablc' i'i_uhl iii bc
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The improvement of the interior of the
Process Waste Treatment Plant
(Building 3544) is obvious in these
before-and-after photos, This facility
was frequently used for training DOE
Tiger Teams,

'!' f :i:' " :,

The Process Waste
Treatment Plant was greatly
improved in 1990. Leaks of

,_ nitric acid caused corrosion in
the floors, walls, and ceiling,
As the before-and-after
photographs show, swimming
pool liners serving as
containment dikes were
replaced by concrete dikes,
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up, cleaning up, and painting
everything that we could
before the Tiger Temn
arrived. One of the areas that

received some special
attention was the Steam

Plant, which was built in

1947 to provide steanl for
heating our buildings, lt had
deteriorated over the years,

but it is now in good shape, "Out"

v as shown in before-and-after objective
photographs (on p. 5). was to make

Representatives of
Sequoyah Fuel Services of our hobtse

Gore, Oklahoma, were sate frominterested in the

implementation of"conduct tigers. "
of operations" at their facility
and were referred to ORNL,

and particularly the Steam
Plant, by one of our recent
Tiger Team visitors_ He
considered us an outstanding
example of effective
implementation of conduct of

Ali ORNL employees, including members of the Central Management operations_operation of a
Division, were involved in preparations for the DOE Tiger Team tn facility to ensure its full
1990. Shown here helping with houseke¢#ing activities, such as
cleaning and repair, are Alex Zucker, ORNL associa',e director for compliance with the latest
Nuclear Technologies, and Richard Montgomery of the Engineering regulations.

' T_chnology Division, which celebrated its 40th anniversary without a Another facility that we
lost-time work accident, improved to meet new

standards was the Process
Waste Treatment Plant

proud of what you have accornplished. You have (Building 3544), which has been in operation
my appreciation, my admiration, and my respect." since 1976. The chemicals it uses to remove

In an article that appeared in the January 15, 1991, radioactive strontium from ORNL's process
issue of the Knoxville News-Senti,el, Martin wastewater stream also "eat" metals and concrete

Marietta Energy Systems President Clyde Hopkins and leak out. Over about 15 years, t_,e concrete
said, "I am so proud of Oak Ridge National had eroded, making it look like the home for the
Laboratory and the way the employees worked creature from the Black Lagoon. The two sets of
together to prepare for the Tiger Team and the way before-and-after photographs on p. 6 show the
they handled themselves while the Tiger Team was extent to which this facility was t'ixed up. Even
here. Considering what happened at the other the Tiger Team noticed the improvement. To help
national labs, we just have to be overjoyed." Thank prepare for the audit, I spent a week earlier this

you, Clyde, you said ii better than I could have. year going through a training course offered for
Because our objective was to make our house future Tiger Team members, The tigers used this

safe from tigers, we spent considerable time fixing building as one of their "classrooms" because ii
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ORNL machinist
Mickey Hall
installs a guard on
a machine !n an
ORNL fabrication
shop to make the
area ssfer for
workers.

offered many examples for them to sharpen their Team members found them, and perhap._;even
chtws oil. For me it was an eye opener, more important, before they t'ound them. A

Employees at ali levels rolled up their sleeves "sw,'it" team of dedicated ernployees worked day
and werit lo work. The photograph on p. 7, for and night to keep us ahead of the garne. Some of
example, shows Alex Zucker, ORNL associate the Tiger Team rnernbers found that, when they
director for Nuclear Sciences, ancl Richard went back the next day to gel a becter look tit
Montgomery attending to housekeeping chores in some del'iciency they had spotted, it wasn't there
the Engineering Technology Division. This anyrnore. Much to their distress ii had been fixed

division passed a phenomenal milestone h.lstyear: up--aw, too bad! This rapid response worked

it celebrated 40 years without a lost-lime work because our Tiger Team escorts would promptly
accident, communicate team concerns to Plant and

One of lhc problems thai quickly emerged after Equiprnern Division mariagers, who asked the

the Figer Team arrived was lhc need lo l'ix craft workers in the "swat" team to gel the job
problems as quickly as possible at'icr lhc Tiger clone righi away.

Oak Ridge National Laboratory REVIEW



lt is not possible to give credit to everyone who regulations enforced by the Occupational Safety
contributed in major ways to our efforts related to and Health Adminstration (OSHA). To comply
the Tiger Team audit. I am only going to mention with regulations, we installed over 1500 guards
a few. The support provided by the Information on 574 different pieces of equipment (see the
Services, Graphics, Publications, and Engineering photograph on p. 8).
divisions was Our relations with

outstanding, The • the Tiger Team were

escorts who kept generally good despite This relaxed

their cool fbr longer the many tiger--net asleep
than the law requires opportunities for , and ready to
deserve hero medals, friction and conflict. I spring Into action

Until his gentle believe one reason we at ORNL Ifneeded
reminder from had no serious to stimulate

Mother Nature to conflicts is that the compliance with

slow down a bit, Laboratory staff did government

Tom Row played the their best to be regulations--wasdrawn by Bob
key role in getting us professional in Eldridge of the
organized for the working for and with Publications

Tiger Team. I am the Tiger Team Division of Energy
pleased to note that members. Another Systems. John
Tom Row is now reason is the highly Patterson, head of
back at work full professional way that the DOE Tlger
time. Bill Fulkerson, John Patterson, the Team at ORNL,

Jerry Swanks, Frank Komegay, and Tony Wright Tiger Team leader, did his job. In many respects, presented this
had key roles in organizing our efforts before, it was no easier on him than it was on the rest of "CAT-A-LYST"

graphic as a
during, and after the Tiger Team audit. Others us.A symbol of our good working relations is the souvenir to the
who played key roles include Bill Morgan, Dave drawing above that Patterson presentedto usat Laboratory.
Reichle, Jack Richard, John Sheffield, and Bill the end of' the closeout briefing. In this so-called
Simon. The effort to get the action plan completed CAT-A-LYST, the tiger is relaxed, but not asleep.
and delivered to DOE after the Tiger Team left lt could spring into action ii" we fail to continue
was led by Mike Kuliasha. meeting our ES&H responsibilities. But we hope

I would also like to reserve special recognition to keep it tranquilized for a long time.
for one additional hero of the Tiger Team effort_ The term Total Quality Management, or TQM,
Murray Rosenthal. He chaired the Environmental, has recently come into our lexicon. In many ways,
Safety, and Health (ES&H) Coordinating the Laboratory's response to the Tiger Team
Committee, which has been pivotal in our Tiger challenge was an excellent example of TQM at
Team eftbrts. His attention to detail kept ali areas work. No detail or problem that could be
of the Laboratory talking with each other and identified went unattended for long. This is TQM
focused our efforts on what we needed to do, at its best. We need to continue what we have

Besides deficiencies, the Tiger Team also started and do as good a job in ES&H as we do in

identified some noteworthy practices at ORNL. research.
The one example I will mention was the One of the ironies of the Tiger Team visit was
grassroots effbrt by the shops to assemble teams the criticism that we engage in what is sometimes
to design, develop, fabricate, and install called collegiate or consensus management. I
appropriate machine guards on the equipment don't believe that we would have done as well as
used in ten .fabrication shops. This program began we did without this approach. Our top managers
in the ORNL Fabrication Department in 1989 to met and agreed on a course of action by getting
assess compliance with machine safeguarding the best among us to work on particular problems.
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awards upon its individual
scientists andengineers,

Our excellence hasbeen

recognized ill many ways, For
example, a number of researchers

"ht ] 990,[i'_,e were elected fellows of

ORNL prol'essional societies in many
different disciplines and a number

te_'/IllO[O_i_?s of our secretaries were designated

v_,ere se/ec'ted certified professional secretaries.
In 1990 five ORNL

a,S' heiltg technologies' were selected as
being anaong the 100 most

(llllOllg t/le :i':i:; innowttive technologies in the/00 most , "
_::'__ world (see "R&D Updates" in the

ORNL Review, Vol. 23, No. 3,

fe(']lllO/C) f(ies 1990, for details), They received
R&D 100 awards ft'ore Research

iii l/lC & Development magazine, giving
14'Ol'[d." ORNL a total of 62 such awards,

Assisted by John Allred, Prem
Srivasttwa of the Health and

Safety Research Division
(HASRD) developed an agent for
binding radioactive iodine more
securely to monoclonal antibodies
that go to specific sites in the

In October 1990, Admiral Kenneth Carr, chairman of the Nuclear body, Becauseit prevents the
Regulatory Commission, was briefed at ORNL on its nuclear radioactive agent from being
safety research. Here, John Merkle of the Engineering Technology
Division shows Chairman Carr one of the Heavy-Section Steel stripped off in the maelstrom of
Technology Program's vessels. Experiments with these vessels the bloodstream, this techntJlogy
demonstrated that they could withstand pressures 3 times the hasthe potential for improving
design pressure, the "magic bullet" approach to

diagnosing and treating cancer.
Abu Ahmed, Rhonda Bogard,

There was no chair and whip to get people to do and Mark Buckner, ali of I-1ASRD, .:teveloped a
what we needed to be clone. We did it because superior radiation dosimetry system that permits
we came to a consensus that it had to be done. badge reuse, speeds processing, and detects low
Our success was deterrnined at least in part by closes, The system is now used for monitoring the
our management style, radiation exposures of ali Energy Systems

employees.
Claudette McKax,aey, Vinod Sikka, and Chain

Excellence at ORNL T, l_.iu,ali of the Metals and Ceramncs (M&C)

Our excellence as a stafl"was recognized once Division, developed a strong, ductile iron
again in 1990. One way that a research and aluminide alloy that performs well in highly
deve Ioprnent (R &D) organ izat ion know sth at it corrosive environments,
is perl'orming well is through the recognition The "Z-contrast in]aging" of Steve Pel,,:aycook
that others provide by bestowing honors and ¢)1"tile Solid State Division has rew)lutionized

10 Oak Ridge National Laboratory REVIEW
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electron microscopy by simultaneously producing before acconlplished by anyone m the lfistory of thei

high-resolution direct images of a material's competition. ,
atomic structure and composition.

Phil Maziasz and Robert Swindeman, both of Energy Technology
the M&C Division, developed an inexpensive,
crack-resistant stainless steel suitable for To describe the reseal,ch achievements of the

demanding, high-temperature environments. Laboratory and the challenges it faces, I will use
In 1990 Martin Marietta Energy Systems categories that my predecessor Herrnan Postrna says

elected a corpo!'ate fellow and a senior corporate will shape the agendr: of the 1990s. These are the so-
fellow. Paul F. Becher of the M&C Division was called "four E's"_energy, the environment, the
elected corporate fellow "for basic studies in tile economy, and education.
fracture of and toughening mechanisms in Energy will continue to be a problem in the 1990s.
ceramics and ceramic composites, in the The role of energy il_our nation's economy became
establishment of the relationships between apparent once again during the Persmn Gulf crisis
microstructure and composition and mechanical when the price _t"oil increased and decreased "Ttle £q'dnd
behavior, and in the development of advanced dramatically in respgnse to the threat of an oil ' '"pJ t_c in a
ceramic materials." shortage. Cost-effective energy options are needed to Dl(ljOf

Rufus H. Ritchie of HASRD was elected senior stabilize these energy prices. In addition, energy
corporate fellow "for fundamental studies in production systems must be designed to mininaize itltel'll(lliOtl(ll

radiation physics, rlidiation dosimetry, and surface impacts on health and the environment so that they _'Otll])eliliotl
physics and for pioneering theoretical v,ork on will be socially acceptable and to comply with the
collective modes, surface electromagnetic waves most recent regulations, Some selected highlights of in

in solids, and the elucidation of the interaction of ORNL's energy research achievements in 1990 I_leta//Ogl'd])hy

charged particles with matter." follow. /10S beetl
John Sheffield, director of the Fusion Energy

Division, received the Outstanding Achievement Alaing nuclear power plants. One important clt4'drNed to
Award of the American Nuclear Society's Fusion energy option is the conventional water-cooled till'de ORNL

Energy Division for his exemplary individual nuclear power plant. Within the next 10 years, more Staff'achievement, requiring professional excellence than 100 nuclear power plant operators will submit .
and leadership of high caliber in the area of fusion applications to the U.S. Nuclear Regulatory ltletllbel's."
science and engineering. Commission (NRC) for operating plant extensions.

Deputy Director Murray Rosenthal joined a Yankee Atomic Electric Company was the first
c, very select group of ORNL and Energy Systems utility to request the relicensing of a nuclear power

staff members when he was elected a member of plant_its Yankee Rowe Plant. A key issue in
the National Academy of Engineering. Chuck relicensing aging powm plants is the integrity of the
Scott of the Chemical Technology Division is the pressure vessel and its ability to withstand a
only other ORNL employee who is a member of pressurized thermal shock (see photograph on
the Academy. p. 10). Because ORNL has managed the pressure

The grand prize in a major international vessel integrity program for the NRC for the past 25
competition in metallography has been awarded years, the Laboratory has been asked to perfomi an
to three ORNL staff members. Honored with the independent evaluation of the Yankee Rowe Plant.
International Metallographic Society's Pierre Pre:_sure vessels do fail, but ORNL tests in the

Jacquet Gold Medal and the Lucas Award of Heavy-Section Steel Program have shown that
ASM International were Stan David and John pressure vessels can be subjected to pressures
Vitek of the M&C Division and Allison Baldwin 3 times the design pressure and still not fail. Another
of Energy Systems' Graphics Division at ORNL. NRC project at ORNL is the drafting of a generic
This is the third time in the past four years this environmental impact statement for relicensing
team has won this prestigious award--a feat never power plants after their original licenses expire.
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In its efforts to advance the technology of reprocessing breeder fuels, ORNL placed a new contimJous
rotary dissolver in the Integrated Process Demonstration Facility of the Robotics and Process Systems
Division as part,of a joint collaborative program between DOE and the Power Reactor and Nuclear Fuel
Development Corporation (PNC) of Japan. The remotely maintainable continuous rotary dissolver is a full-
scale prototype of the equipment that will be used by the PNC Recycle Equipment Test Facility in Japan.

Breeder technology. Another energy option is rotary dissolver, which is remotely maintainable,
the breeder reactor. ORNL is participating in is a full-scale prototype oi"the equipment that will
international research to advance breeder be used in the PNC Recycle Equipment Test
technology. We are working with Japan on the Facility in Japan for the reprocessing of breeder
development of remote technologies tbr reactor fuels.

extracting usable nuclear fuel from rnaterial
produced in breeder reactors for future fueling of Fusion energy. A long-range energy option is
breeders. A new continuous rotary dissolver was fusion energy. ORNL's flagship fusion research
recently placed in the Integrated Process machine is the Advanced Toroidal Facility (ATF),
Demonstration Facility of ORNL's Robotics and shown in the photograph on p. 14. This stellarator
Process Systems Division (formerly the Fuel has markedly extended the long-pulse capabilities
Recycle Division) as part of a joint collaborative ot"fusion research unachines. The discharge
program between DOE and the Power Reactor cluration has been extended to 20 seconds, an

and Nuclear Fuel Development Corporation of improvement of almost an orcler of magnitude
Japan (see photograph above). The continuous over the past year. These improvements permit

!2 Oak Ridge National Laborator), REV!EW



better studies of fundamental plasma physics. In Watershed Field Research Facility, shown in the
a contribution frorn another part of the Fusion top photograph on p. 17.
E, lergy Division, small frozen hydrogen pellets
made by an ORNL injector were fired into the Waste site survey. Accurate characterization
Joint European Torus, the world's largest of waste sites is the first step in environmental
tokaniak, producing excellent results, restoration. An existing remotely operable vehicle

(developed by the Department of Defense) has

Biomass fuels. Renewable energy sources been modified and further developed by ORNL.
have a place in our nation's energy supply. They Using the Ultrasonic Ranging and Data System
are valued because they delay the depletion of (USRADS) developed by ORNL, this vehicle
fossil fuels and they are cleaner to use. Biomass, conducted a remote semiautonomous survey of a
such as trees and perennial and annual grasses, is buried waste site (see photographs on p. 17).
burned by improved combustion technologies to USRADS is also being used to survey parts of
produce steam for generating electricity, or it is ORNL's X-I0 site to measure and map
processed into liquid fuel such as ethanol. Much contamination and identify suspect burial sites.
of ORNL's biomass-related research, which is

led by Jack Ranney of the Environmental The EconomySciences Division (shown in photograph on p.

16), involves studying tree physiology to ORNL can contribute significantly to national
determine the mo,'t efficient and feasible species and regional economic grow'h in several ways.
to use as fuels. The fast-growing hybrid poplar Technology transfer is one method; since 1985
tree has been identified as one of the most Energy Systems has signed 54 licensing
promising biom_ is crops, ag,'eements involving mostly.ORNL technologies.

ORNL can help increase energy efficiency

Environmental Research through improved materials, conservation
strategies, and transportation research. DOE and

Environmental and biological research is its laboratories are catalysts fbr the R&D
important to the national interest. The causes and community, offering extended research
impacts of global warming must be better opportunities through their user facilities,
understood to guide the development of Superconductivity Pilot Centers, work-for-others
improved technologies. Process systems must be programs, and the new cooperative research and
designed to limit environmental impact, development agreements (CRADAs) created by
Quantitative risk assessment of energy Congress.

technologies will allow intelligent, socially ORNL was the first laboratory authorized by
,.- .eFtable choices to be made. Remediation DOE to enter into CRADAs under the National

techniques must be evaluated and improvements Competitiveness Technology Transfer Act of

made in wa,;te handling and processing to remedy 1989. The first CRADA was signed by Energy
past actions and avoid future problems. Systems with the Alternative Fluorocarbons

Environmental Acceptability Study (AFAES),.an
Isotope studies. Where does contaminated industrial consortium of major chlorofluorocarbon

groundwater flow? How do forests respond to (CFC) producers (see photograph on p. 19). CFCs
climate change or to the atmospheric deposition are suspected of causing the ozone hole; the
of nitrogen compounds discharged from Montreal P_otocol will eventually phase out their
automobiles and industry? Researchers in production. Alternatives to CFCs are being
ORNL's Environmental Sciences Division have identified. They are less destructive to the ozone
been studying these questions using stable layer that protects us from harmful solar radiation,

isotopes of oxygen, carbon, and nitrogen and a but tests must be done to determine if they are as
new mass spectrometer at the Walker Br=,nch energy efficient as the CFCs used for refrigeration
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equipment, insulation, and commercial solvents
and if they have sorne other ancillary
environmental impact that has not been
anticipated.

CRADAs provide a new flexible mechanism
for helping government laboratories undertake

joint research and technology development with
industry. Cooperative researci,, agreements

developed and used by DOE's Superconductivity
Pilot Centers served as the model for CRAI3As.

The ORNL pilot center is currently conducting
research with outside companies and universities
under 20 cooperative agreements. Progress in

ORNL's transportation research can help the fundamental
econorny by finding the most efficient ways to plasma physics

transport people and cargo from one point to studies has beenmade at the
another. ORNL's Energy Division developed Advanced Toroidal
comPuter software that was usedand tested as Facility stellarator
part of the largest airlift operation in history because of ORNL
(see photograph on p. 18). ORNL's Airlift re_._earchers'
Deployment Analysis System (ADANS) sofrware success in
was chosen to supplement pencils and yellow markedly
pads ir_scheduling the transport of troops and extending its long-
equipment for the missions of the Military Airlift pulse capabilities
Command (MAC) associated with Operation and discharge
Desert Shield and later Desert Storm. This duration by almost

10 times (to 2C s).
support included innovative mission scheduling
algorithms and training of MAC mission
schedulers in use of the software. ADANS is an

integrated system for ali MAC airlift planning
and scheduling challenges. As of July 15, 1991,
ADANS had been used to schedule more than

20,000 airlift missions, delivering more than
800,000 passengers and more than 650,000 tons
of cargo to the Persian Gulf region. A: the end of
the hostilities, ADANS was used to schedule the

return of troops and their equipment. ADANS
received an honorable mention in the Franz

Eldelman Competition for Management Science
Achievement from The Institute of Management
Sciences.

ORNL and SEMATECH are working together
so the United States can be more competitive
with Japan in making submicron computer chips
for semiconductor devices. Building on expertise
developed over the past two decades in the
magnetic fusion prograrn at ORNL, researchers
Lee Berry of the Fusion Energy Division and
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annoyof ORNL's Sieve Gorhatkin of the Solid State Division have

ronmentalSciencesDivision made progress in developing a new etch
rveysa forestof hybridpoplar
rees, a promisingbiomass _IP technology for tile next generation of subnlicron

cropthat couldsupply computer chips,
renewable energythrough To reduce cons'umptionof electricity by

improved combustion electric motors, ORNL is working on developing
technologiesto a superconducting motor. Members of the

'_.L._ produce electricity Applied Technology, Fusion Energy,
or througil l|]strt.mentation andControls, Engineering

__--"_k conversioninto _ Technology, and Energy divisions have designed

liquid fuel and fabricated an axial air gap superconductingsuch as magnet motor thai ran the first time it was tested._t ethanol.
___:/. ', By integrating the technologies of

superconductivity, magnetics, power electronics,
. and composite materials, ORNL researchers

produced an industrial-size, variable-speed,
alternating-current motor and test facility that will
provide a valuable resource for future studies.

Education

ORNL's efforts to improve science education

are important to the nation's future. Many studies
over the last several years have projected a
shortage of American scientists and engineers.

_:_]lr _ The Department of Energy is strongly influencing.....,, the development of this work force to meet its
projected needs for scientific and technological

_ii_ _ expertise. For many years, DOE's national

laboratories have collaborated closely with
college and university faculties on research and
education of students, in the past five years, DOE

---_, has asked the laboratories to increase their

_._ ,,, , ...... emphasis on science and mathematics education,
particularly at the precollege level, and to
incorporate education in their mission.

'Ft) respond to this increased role, ORNL's
Office of Science Education Programs and
External Relations was established in February
1990. During this past year, the Environmental

,,,_In_ : Sciences Division hosted 58 students in the DOE

High School Honors Workshop for the third

..,-_ consecutive year. Over 100 participants in
national teacher training programs were hosted by
ORNL. DOE's Science and Engineering
Research Semester Program sponsored 57
participants at ORNL this past year; this program,

, in its third year, offers so|nester-length research

'-,_:,_"_.... Oak Ridge National Laboratory REVIEW
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These two C-5A

cargo planes ..
carried equipment dl .
from the United
States to the
Middle East that
was later used in
the Persian Gulf
War, ORNL's
Airlift Deployment
Analysis System
(ADANS) software .,,.........,,, "
helped plan and _{*,:i.
schedule the airlift
of U. S. equipment
and troops to ,,
Saudi Arabia. "............. ' ........... _-.... ............

" : '?:'°t"' ,. . '. ,i ' .'

. _
, ......., , ,, .. ,..
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,, ,. Chris Bernaboof
the Alternative

' .' Fluorocarbons',,

Environmental
Acceptability
Study (AREAS)
industrial
consortium signs
the first
cooperative
research and
development
agreement
(CRADA) involving
ORNL. ORNL and
AREAS will jointly
study the

'_ __i _I_..... _ r' ' ' : ....... :..... environmental
impacts of
alternatives to
ozone-destroying
chlorofluorocarbons,

opportunities to college juniors and seniors, as
well as faculty, ft'ore across the country.

We have been making an effort to attract
students into science from backgrounds that
traditionally have not considered science. The
Summer Education Experience for the
Disadvantaged (SEED) Program is one such
activity. ORNL, along with other Energy Systems

facilities, is expanding its el'forts with minority
educational institutions. Seve_'al new internship

programs are being developed to increase student
_ and faculty interr,ship support.

ORNL programs are not just focused on
attracting the best and the brightest into science
careers. Our activities include enhancing the
science and technology literacy of today's
students. Over 16,000 precollege students visited

ORNL in 1990, many as part of the Ecological
and Physical Sciences Study Center.

As part of Secretary of Energy Admiral
Watkins' initiative to expand our support for
precollege activities, ORNL adopted Vine Middle

.... School in Knoxville and Roane County High
School. In the fall of 1990, the first term of the

..... Saturday Academy f(_rComputing and
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Fall 1990 was the first term of the Saturday Academy for Computing and
Mathematics for selected high school students from East Tennessee. Many
ORNL research staff men_bersvolunteer their time to acquaint students
and their teachers with topics such as computer modeling at engineering
workstations.

Matilcmatics (SACAM) was conlplctod. This
progriinl col]tinucd this past winter for 4"7,";tudclll,',;

W]lO atrc!Ideal the S-week sesSiOll. For this tern1,

new participating high schools are Anderson

County, Cainpbcll County, Clinton, Lcnoir City,
R()anc County, alld Wc,,,;l I ligh Scho()l in

Knoxville. Schools pariicil)aiinLa in tile first
SCS,',;iOI1Ihlll will COlltillUC to SOlid .";IUdOlllS I()

SACAM arc Bcardon, I-;ai'ragul, Oak Ridge,
Oliver ,_prings, and Wcbb. Thin cducalionlII

pr¢tjecI is largely a lat_or tri' ]ovc for lllilny ()RNL
Principal Patricia Littlejohn and Knox County Adopt-A-School researchslaff members wht) vtflunlccr their linlc
Coordinator Scott Bacon witness Chet Richmond's signature. ,i(_acquainl siudcnls _lnd li]cir leachers wiih topics

2() Oak Ridge National Laboratory REVIEW



economic developnlent, DOE must rio
its part to ensure a strong national
R&D effort, Basic research progranls
supported by DOE are an important
first link in the chain of events t'rom

scientit'ic discovery through
technological innovation to economic
growth, As a guest of the

Environmental

I)ata storage. Tuan Vo-Dinh and Sciences Division
during the summer

David Stokes,both of HASRD, have of 1990, Jessica
built a prototype device (shown on Gaspar of Puerto
p, 22) to test Vo-Dinh's exciting Ricoparticipated
concept ot' surface-enhanced Rarnan in the Summer
optical data storage (SERODS). Education
SERODS is a new technology for Experience for the
high-density optical disk data storage Disadvantaged
basedon the surface-enhancedRanmn (SEED) Program

effect, lt is basedon the principle thai designed to attractstudents into
the enhanced light-emitting properties science from
of certain molecules embedded in an backgrounds that
optical r_edium can bealtered at the traditionally have
rnolecult,,' level to store information, not considered
The SERODS device has wide- careers in science.

ranging applications because ot"its
tremendous storage capabilities, The
SERODS technology makes possible
the retention of each inforrnation bit

by al:out 1000 to I0,000 molecules,
providing a terabyte (1()_:bytes) per
12-in, disk, This approach offers
about 100 times its vnuch storage

density as current compact disk
technology,

such its computer rnoclelmg on engineering Electric polarization of the neutron. Our
workstations. (See education photographs here,) current understanding of the structure of the

neutron is based on the quark model, Although the

Basic Research neutron has no net charge, ii is made up of three
quarks, each o1"which carries a fraction of a

The future economic development of the United negative or positive charge. By directing a beam of
States rests squarely un advances in many neutrons into the powerful electric field of a target

frontiers of science and technology. Our gross enriched in lead-208, tw() Austrian physicists
national product, our national security, and our working with ORNL researchers Jack Harvey and
economic competitiveness owe their existence to Nal Hill detbrmed some neutrons, separating their
our nation's knowledge in the basic sciences, For charges and inducing electric polarization, The
the United States to have secure energy supplies result was a rneasurement of the tiny distance
and Iu remain among the world's leaders in between the separated charges, providing new
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Tuan Vo-Dlnh and David Stokes work on a prototype of a surface-enhanced Raman optical data storage
(SERODS) system. SERODS is a new technology invented by Vo-DInh for high-density optical disk storage
of data,

knowledge about the "strong force" holding the Computational studies of high.temperature
neutron together, This effect can best be deduced superconductors. Malcohn Stocks of the M&C

from the neutron energy dependence of the Division and Al Geist of the Engineering Physics
scattering oi"neutrons from the heavy lead and Mathematics Division have teamed with other

nucleus, At least l0 earlier searches by various researchers to use the new Intel iPSC/860 parallel
methods failed to verify an induced electric processor at ORNL to calculate the electronic

polarizability because the uncertainties on the structure ot'a high-temperature superconducting
measured values have been as large as the values, rnaterial, Since the 1986 discovery of a new class
The success of the experiment was made possible ot"superconducting ceramic oxides, scientists
by the low background noise of the Oak Ridge around the world have been involved in intensive
Electron Linear Accelerator's intense pulsed research eft'orls to understand and fabricate

neutron source, the use of highly enriched practical high-temperature superconductors. These
samples of lead-208 supplied by ORNL's efforts to model the structural, vibrational, and

Chemical Technology Division, and the special electronic properties of matter can be greatly
electronics and detector system developed by assisted by parallel supercomputers and
Austrian physicists J6rg Schmiedmayer and Peter sophisticated algorithms written specifically for
Riehs. (For details, see the sidebar on pp. 24-25.) their use. Stocks and Geist efficiently made these
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complex computations using the Intel been made on the proposed new research reactor by
supercomputer and a ,letwork of IBM RS/6000 the ANS Project Team at ORNL, Argonne Nt_tional
workstations linked together. As a result, they Laboratory, Idaho National Engineering
were cc-wtnners of the 1990 Gordon Bell Prize Laboratory, Brookhaven National Laboratory,
for price/performance. Babcock & Wilcox, and other organizations.

A design concept offering many safety and

Budget Outlook performance advantages for the ANS reactor
cooling system and fuel elements has been devised,

As of February 1991, we had no firm word ota This work forms the basis of the conceptual design
the status of the fi._cal year 1992 budget requested for the ANS, now well under way. Gilbert-
by DOE nor did we know the yiew of Congress Commonwealth has been selected as the architect-
legarding national priorities. I do not anticipate engineering firm to participate in the conceptual "1 see I,tS

great changes t'vom last year, For the last decade, design work. DOE has requested $24,6 million for t'OClL_'itl,_, onthe House of Representatives has not succeeded in the ANS in fiscal year 1992, putting it otaschedule '
getting its views on authorization bills heard by for going on-line by the end of the century, several areas

the Senate. 1 believe that in 1991 the House that lake
Science, Space, and Technology Committee will Cenler t'or Excellence in Research Reactors.

have a prominent role in writing authorizing With the restart of the High Flux Isotope Reactor advantage of
legislation for the national laboratories. None of and the Tower Shielding Reactor, ORNL has made. the diversity
DOE's notiweapons national laboratories, a commitment to pursue excellence in ali aspects of that makes
including ORNL, are doing exceptionally weil; ali reactor operations and associated science, lt is most
must confront the problerns of escalating overhead appropriate to tie this commitment with the need to ORNL, ttle
costs, aging facilities, ES&H concerns, and a lack promote future use of research reactors. Tiffs broadest
of significant gv._wth in the t'unding of their proposed center would provide a mechanism for based and
research. The weapons labs hove had years of matching users with research reactors, not only at
growth and recently participt,,ted in proiects ORNL, but throughout the country, most multi-/
related to the revitalization ot' the defense

complex, But they are l"eeling a pinch 'n their Energy Technologies t'or l)eveloping Nations. disciplinary
defense-related activities, and file layolT rate at the The energy choices made by developing nations, Of' the DOE
weapons facilities is expected _;obe higher than including those in Eastern Europe, will have national
that at the nonweapons labs. . growing environmental and economic ramifications ,,

ORNL is positioning it,_eff for future growth, for the United States. Since 1982, ORNL has been laboratories.
I have asked Truman Anderst'_nto lead an effort to involved in energy technology and policy
assess R&D possibilities for, u_i, I e×pect this study a,,.;essrnents in 21 developing countries. ORNL's
will lead to a strategic awareness of our future role will be focused on technology R&D_that is,
opportunities. For the near term, ! see us focusing ways to meet energy needs to increase economic
on several areas that take adv_.!ntage of the growth in developing countries while reducing
diversity that makes ORNL the broadest based harmful impacts on the global environment and
and mo_t multidisciplinary of the DOE national world oil market and improving the U,S. trade
laboratories, balance,

Directions for the Future Education. In 1990 ORNL employees made
plans lhr some exciting educational events in 1991.

Some of our long-term projects rnade important ORNL, along with Pellissippi State Teclmical
advances in 1990. Community College, Oak Ridge Associated

Universities, and other p_lrtners, sponsored a
Advanced Neutron Source (ANS). During the regional science bowl in the spring of 1991 that led

past year, considerable technical progress has to a DOE-sponsored national competition during
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FORCE
HOLDING OGETHER

EASU,REDAT
RNL

,i

AustrianphysicistPeterRtehsof
the Instituteof NuclearPhysicsof
theTechnicalUniversity,Vienna,
preparesforan experimentalrun
on theOakRidgeElectronLinear
Acceleratorto showthatthe
positivelyandnegativelycharged
quarksmakingupthe neutron
can beseparated.In this
landmarkexperimentat ORNL,
scientistsdemonstratedthe
inducedelectricpolarizabilityof
theneutron,providinginformation
onthe structureof theneutron

. andtheforceholdingit together.

T
he force holding together the provides new knowledge about the electric polarizability, or specific

neutron has been measured as a "strong" force holding together the charge separation in an electric field,
result of a very precise, low-energy "quarks," believed to be the basic of the neutron, providing information
physics experiment performed at constituents of the neutron. More that could improve understanding of
ORNL. than 10 previous attempts by other the structure of both the neutron and

A team of two Austrian physicists research groups elsewhere failed to proton,"
and two ORNL researchers, using .determine the size of this effect. Neutrons and protons are the main
low-energy neutrons at the Oak The landmark experiment was constituents of the nucleus and have
Ridge Electron Linear Accelerator performed at ORNL by J0rg about the same mass. Not ali
(ORELA), have obtained information Schmiedmayer, an Austrian physicist neutrons are confined to a nucleus;
on basic constituents of matter. Such now at Harvard University under the some exist free as a result of nuclear
data can usually be gained only by auspices of the Austrian Academy of reactions, as from fissioning nuclei in
using costlier high-energy physics Sciences; Peter Riehs, an Austrian a nuclear reactor.

accelerators, physicist with the Institute of Nuclear As a result of high-energy physics
The results of the research, Physics of the Technical University in experiments, the neutron is known to

published in the February 25, 1991, Vienna; and ORNL researchers John have a detailed structure consisting of
issue of Physical Review Letters, Harvey, director of ORELA with the three quarks, which are bound
show that the positive and negative Engineering Physics and together by gluons. One quark carries
charges in the neutron, which has no Mathematics Division, and Nat W. two-thirds of a positive charge, and
net charge, can be separated by a Hill, recently retired from the the other two quarks each carry one-
distance of about 10-_8crn.--one Instrumentation and Controls third of a negative charge, ali adding
millionth of a billionth of a human Division. up to make the neutron charge zero.
hair--by the electric field just outside "Our experiment," said The researchers used lead-208
a lead nucleus. This measurement Schmiedmayer, "measured the (2°_Pb)atoms to apply an extremely
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large electric field (up to 1021V/m at object of study as well as the researchers to determine the change in
the surface of the lead nucleus) to projectile, and the strong electric field the effective size of the neutron and
neutrons in a beam at ORELA. In this of the lead nucleus provides a glimpse the 2°sPbnucleus for each neutron
way, they deformed neutrons of the internal structure of the neutron, energy measured.
momentarily by forcing their opposite This strong electric field gives rise The electric polarizability of the
charges to be separated by a small to an additional interaction between neutron was determined from its
distance, giving each neutron what the nucleus and the neutron that characteristic influence on ',he
physicists call an "induced electric results from the forced separation of measured neutron scattering. At higher
dipole moment." charges in the rleutron. This neutron energies, the researchers

"Thesuccess of the experiment," interaction has a tiny but very found tnat approximately 80.2%
said Harvey, "was due to the low characteristic influence on the instead of about 80.0% of the neutrons
background noise of ORELA's scattering of the neutrons as their were scattered by the lead nuclei--a
intense pulsed neutron source, the energy increases. Specifically, the measurable effect of the neutron's
use of highly enriched lead-208 fraction of neutrons that are scattered separated charges in the field of the Pb
samples produced by ORNL's by the 2°sPbnuclei increases and the nuclei.
Isotopes Group, the use of a new fraction that passes undeflected The electric polarizability of the
detector, and the special electronics through the 2°sPbsample decreases, neutron was determined to be !1._'0+
developed by the Austrian group. The In the ORNL experiment, short 0.15 + 0.20) × 10-3fm3.The first error
detector and electronics enable the bursts of neutrons are produced by gives the statistical uncertainty, and the
use of the full power of the neutron bombarding a tantalum target with second is an estimate of the maximal
source and I_elpto reduce errors from short pulses of 140-MEVelectrons systematic error.
background corrections and detector from ORELA. The neutrons are "We obtained a very small quantity
instabilities." slowed down by a water moderator to for the electric polarizability," said

Usually neutrons and other various energies in the keV energy Schmiedmayer. "lt is about a billion
constituents of the nucleus are range before they "fly" to the 2°sPb billion times smaller for the neutron
studied using high-energy physics sample, than for the typical atom, which
accelerators to bombard the object of About 80% of the neutrons are demonstrates nicely how small and
study--the sample--with a high- scattered from the sample, and most how rigid the neutron is compared with
energy beam of charged particles, of the remainder pass through the the atom."
called the projectile beam. The sample and are detected in a One of the most challenging
sample's internal structure and scintillation counter. The energy of problems of nuclear and particle
interactions are studied by carefully each detected neutron is determined physics is the calculation of the
detecting and identifying the by measuring the time it takes to travel properties of neutrons and protons.
scattered and created particles in the the 80-m flight path from the water The ORNL experiment gives the first
reaction, moderator through the sample and numerical value of the neutron's

In the ORNL experiment, however, into the detector. Knowing the number electric polarizability, a fundamental
low-energy beams of neutrons of neutrons reaching the detector with property of one of the building blocks of
produced by ORELA serve as the no sample in the beam allows the ali matter.--Carolyn Krause
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National Science and Technology Week. A Global Environmental Sciences. "FileCenter

"Careers' in Science and Technology tbr Women" for Global Environmental Studies completed its
conference was 'planned and staged. ORNL, in first year of operation in fiscal year 1990. ORNL
partnership with the state of Tennessee, the is committed to supporting the development of a

University of Tennessee, and the Oak Ridge global scientific initiative for DOE and is helping
School System, expressed an interest in the to identify the unique scientific contribution that
developrnent of a 21st century classroom. A major DOE can offer the Intergovernmental Panel on
goal of the project would be the development of Climate Change and the Committee on Earth

reasonably priced equipment to serve as hands-on Sciences. ORNL is also developing
1990 was the year electronic teaching aids and student workstations, interinstitutional mechanisms for coordinating
in which the DOE work with other federal agencies.
"tigers" (members Facilities Restoration. The capital plant

of the DOE Tiger facilities at ORNL have served for many years in Grand Challenges in Computational Science.
Team) came to support of productive research at ORNL. Because High-speed, large-scale computation has becorneORNL. But every
year, in February of"insufficient capital improvement funding for the primary enabling technology for advanced
when the State of modernization and adaptation to changing research in many areas. The, exploitation of

the Laboratory program needs over ORNL's nearly 50-year massive parallelism in computer architecture and
address is history, many of the buildings and utilities have algorithms is expected to bring the next major
delivered, deteriorated. Continued renovation and increment in capacity needed to
migrating cedar replacement of major facilities are needed to attack the grand challenges of
waxwings stop at attract the highest quality staff to the t computational science.
ORNL on their Laboratory and to prod_tce the \ ORNL and other

way north. Here finest results in science ' regionalthey gather in
large numbers in and technology, institutions will
trees outside
Building 4500-N, _,
ORNL's \
administration \

building.
' .

', p ,/

\
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provide the expertise to solve potential grand for expanding R&D needs in such areas as
challenges that include calculating physical macromolecule rnapping and bioprocessing

properties of high-temperature superconducto:s, research, lt will provide superior research
global climate modeling, and the design and facilities to study mammalian genome and animal
analysis of particle detectors for the models for exploring human cfiseases.

Superconducting Super Collider (SSC). We need
better facilities to attract smarter people to work Materials Science and Engineering Complex.

on this major DOE initiative. This complex will include a new Solid State
Sciences Building, a Center for Advanced

High-Temperature Superconductivity. Microstructure Analysis, a Center for Study of
Recent discoveries of new superconducting Advanced Materials, a Composite Materials
materials that have high critical temperatures have Laboratory, and an Office of Guest and User
generated interest in the scientific comrnunity. Interactions. The plan of the complex addresses
The primary goals of ORNL in this exciting field identified national, regional, and local needs for

are to carry out a coordinated R&D effort to materials R&D, and it will support our rapidly
understand the new high-temperature expanding user programs and technology transfer
superconducting oxides, to develop fabrication activities.
technologies for conductors that exhibit high

(,as-Cooledcritical currents in the presence of high magnetic Modular, High-Temperature, _ _
fields, to identify viable commercial applications, Reactor Technology. This DOE-supported
and to work closely with U. S. industry to design offers safety and investment protection

accelerate the commercial application of these features not available in any Otherfission reactor
discoveries. ORNL is making progress in these concept, but more research is needed to make this
areas through its High-Temperature option economically attractive.
Superconductivity Pilot Center.

Oak Ridge Detector Center for High-Energy
Holifield Heavy Ion Research Facility. An Physics Research. This center will serve as a

exciting new idea in nuclear structure physics is to focal point for all Laboratory divisions involved
develop the capability for accelerating radioactive in SSC-related work. lt will also provide an
beams of short-lived radioactive isotopes to interface with outside collaborators in SSC

produce and study nuclei in their final decay detector R&D. The Center's goals include
states. Because ORNL's Holifield Heavy Ion establishing the Southeast as a major force in
Research Facility has both a tandem accelerator high-energy physics and enhancing cooperation
and the Oak Ridge Isochronous Cyclotron, for joint detector R&D among ORNL, '
Holifield is better able to produce radioactive universities, and industry. We are involved in

beams for research than are Argonne National three collaborations and are in good shape as a
Laboratory or Lawrence Berkeley Laboratory. participant in the design, development,
This development, combined with the proposed construction, and testing 9f SSC detectors.
construction of the Recoil Mass Spectrometer, the Ultimately, this involvement will help us
He_.vy-lon Storage Ring for Atomic Physics, and participate in the intellectual activities associated
the Gammasphere, would give Holifield with the research for which these detectors will be
exceptional capabilities in heavy-ion physics, used.

Life Sciences Complex. The development of Waste R&D Initiatives. The magnitude of the
the Life Sciences Complex has long been a vision work required for environmental restoration and

of the Biology, Environmental Sciences, and waste management at DOE facilities poses large-
Health and Safety Research divisions. This scale problems never betbre experienced within
complex will provide new, high-tech laboratories the DOE complex. Vast resources will be devoted
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to this issue. In many cases, our understanding of
the complex systems associated with the

remediation of disposal sites and the
environmental behavior of wastes is either

nonexistent or poorly developed, Beca_.:.,ea large
investment is required to remediate the
environment at DOE facilities, a vigorous R&D
program is needed to minimize cleanup costs, to
quantitatively understand risks posed by the

contaminated site's, and to help establish priorities
f,-'r remediation..ORNL intends to research,

develop, and demonstrate advanced technologies
that will significantly reduce the costs of
'6nvironmental restoration and waste management
while meeting current and future requirements in
a socially acceptable manner,

:ii:"i_i__i This year I decid,':d ,'o give two Director's
'_'/'_ .. Awards instead of one to a division of the year.

......... ........_:...._,.,_,._. One award recognizes the division that represents
the operations activities during the Tiger Team
audit. The other award recognizes scientific and
technical excellence in one of the divisions. For

outstanding accomplishments in support of the
Laboratory's efforts to perform well on the Tiger
Team audit, I present the Director's Award to the
Plant and Equipment Division, directed by
George Oliphant (shown at top left). For scientific
accomplishments, educational support, external
awards, publications, extramural interactions,
cooperation, and key contributions to
conservation and remedial action and

environmental restoration programs, I present the
Director's Award to the Environmental Sciences

Division, directed by Bob Van Hook (shown at
lower left).

"In conclusion, we .,,iii do
whatever it takes to be the best at

whatever we do. These words

characterize what we need to do to

be a world-class research
institution." _m
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"He w,asa visionary and

sometimes a voice of dissent,

and his irreverent humor

usually aroused his fellow
exec'ufi_,es to laughtep, if not
action, Most ORNL employees
remember him as an

inspirational leader who

intera_'ted well with ali kinds

' oft)eol)le. Now, he is
pondering a new careep: "



s_

On January 31, 1991, Herman Postma Clyde Hopkins, president of Martin
retired from Martin Marietta Energy Systems, Marietta Energy Systems, said, "I've never

Inc., as senior vice president. As director of seen anybody in my work experience who
ORNL from 1974 through 1988, he led the had more integrity, Second is Herman's ,
Laboratory as it became increasingly unique talent to understand in-depth technical
involved in nonnuclear energy research and activities. And the thing we're going to miss

in industrial subcontracting, work for state dramatically is, he's the best visionary in our
and federal government agencies other than company--the person who has the ability to
DOE, collaboration in research with industry look forward and see what's coming and

and universities through user facilities, and make plans."
technology transfer. The Department of Energy honored

During his State of the Laboratory address, Postma this year by awarding him its
ORNL Director Alvin W. Trivelpiece saluted Distinguished Associate Award, He was cited

Postma _,"orhis contributions to ORNL over for his "outstanding leadership of and many
the yea"s. "Herman has been an outstanding contributions to the scientific research and

director :.t the Laboratory for 14 yearsl He is development programs of DOE and its

now director emeritus, and we are pleased predecessor agen_.ies. ''
that he has this title." Other leaders in Oak Postma, the only child o! Dutch parents,
Ridge saluted him through an article in the was raised on a t'a_m in Wilmington, North

March 3, 1991, issue of the Knoxville News- Carolina. He graduated first from both his
Sentinel. Joe La Grone, manager of DOE's high school class and his class at Duke

Oak Ridge Field Office, said, "Throughout University. He obtained a Ph.D. degree in
his career, he has contributed to many high-energy physics from Harvard
important accomplishments in science and University. He war.,a summer intern at ORNL

technolog)',. Among his attributes, the one I during his junior year and, after earning his

admire the most is that he has always pushed doctoral degree, he joined the staff of
the system with the proper iiTeverence to get ORNL's Thermonuclear Division to conduct

something done." research in fusion energy. But when a
Jack Reese, former chanc_:!!or of the vacuum in division leadership developed, his

University of Tennessee at Knoxville, said attention was soon diverted from the fast

that Postma "was really a very substantial neutrons of fusion plasmas to the fast track of
help to the university, enthusiastic about the management. In his early 30s he was
Distinguished Scientists program, and very appointed director of the division now called
much aware of the interactions between the the Fusion Energy Division. At the age o1"40,
university and the lab." he was elevated to ORNL director.



Single Crystals for Welding Research
By Stan A. David and Lynn A. Boatner

I n June 1991 the Union of

' This mlcrograph
Concerned Scientists shows dendrites
urged the shutdown of the (treelike

Yankee Rowe nuclear power plant in' crystallttes) In a
Rowe, Massachusetts,becauseof its weld made on a
belief that a crucial weld in the plant single-crystal
had become so brittle from 31 yearsof PWA-1480
radiation exposure that it was in danger turbine blade
of cracking, If the weld were to crack at alloy, ORNL
the nation's oldest commercial nuclear researchers have

found that making
reactor, the cooling water could drain and studying
out, causing the fuel to melt and release welds In single
radioactive material into the reactor crystals of
building, This was, in fact, one of the stainless steel
group's arguments ai_,ainstrelicensing ,can provide new
an aging nuclear power plant, insights Into how

In the 1980s,a number of boilers in a weld's
coal-fired power plantsand other rnlcrostructure is
industrial systeras were slmt down formed,
frequently because of the failure of "_
dissimilar metal welds (welds joining
two different types oi"steel) in boiler
tubes. The forced outages were often
long and expensive because of the

needed repairs and lost power
production. According to the
proceedings for the 1982 Dissimilar

Metal Conference sponsored by the American Belgium collapsed because of weld failure.

Welding Society and the Electric Power Research During Worh:l War 1I, some of the Liberty stlips
Institute, it was estimated that ii' improved welds built earlier in the United States Ilad failed

could make coal-fired power plants available l'or structurally, The blame was l:_lacedin part (m
service t'or 1% rnore of the time, U,S electric poor welding perl'orrnance and materials,

utilities would save $1,2 billion, Most welds last for many years, but a few fail
In 1977 an interstate bridge near Pittsburgh, afler a relatively slmrt tinle, Knowing the reasons

Pennsylvania, was closed because ot' a large crack why welds t'ail is important because cracks in

in one of its main girders. An investigation welds can threaten the safely of people in
indicated thitt the fracture ran through an buildings, airphmes, ships, automobiles, and
"electroslag" weld. The discovery triggered an power plants, Bad welds can lead to costly,
investigation of electroslag-welded bridges extended shutdowns ot' industrial facilities sLlch
tllrougllout Pennsylvania, and later tile Federal as petroleum refineries, Thus, research on this At left ORNL

Highway Administration banned the continued very important l'al_ricati(m technology is critical welder Dennis
Swaney performs

useof this type of weld in bridge construction on to tlm nlultibillion-dollar welding industry, manual arc
federally funded projects until questions were Research al ORNl_,and elsewhere strives Io welding, which is
answered about the quality ot' these welds. This determine the structural features that make some used extensively in
was not the first time that bridge welds presented welds strong and others weak. The goals are 'o the construction

a danger. In tile 1940s tile Hasselt bridge in l'ind cost-etTcctivc ways to characterize tile industry.
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Homer Harmon
"pulls" a single
crystal of stainless
steel from a melt
for use In ORNL
welding
experiments,

structure and strength of a new weld, correctly crystals rather than polycrystailine alloys to study
predict whether it will last a long time, and different weld microstructures, scientists at
determirle the welding conditions most likely to ORNL have developed a way to predict more
produce high-quality welds, accurately the microstructures of various welds,

Welding may seem a simple process carried out The results could guide welders in providing the
by a person with a face mask intent on a welding right conditions (correct welding speed, heat
instrument as the sparks fly. The welder brings input, and weld thickness) for producing safer,

together lwo different metal pieces to be .joined, higher-quality, and longer-lasting welds.
adds some filler metal ii'needed, and uses a

suitable heat source to melt and fuse the metals Muitidisciplinary Approachtogether.
Actually, there is more to welding than meets The ORNL results were made possible

the eye. The cracks that make welds fail result because of the L,aboratory's multidisctplinary
from the complexities of microstructures formed approach to scientific problems, Welding
duri_ag welding. Thus, weld microstructure is science, which seeks to understand the basic
linked to weld properties such as mechanical structure and mechanical properties of welds and
strength. As the hot weld malerial cools from a to develop improved welding technol(_gies, is a
liquid into a solid, the crystalline grains grow at complex field requiring experts from both the
different speeds and in different directions, basic and applied sciences. Modern welding
forming a new microstructure. By using single science brings together diverse research
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disciplines such ils arc and plasma physics; deiorli_lned by tile shllpe ot' the weld pool (which,
nll.iterJiilsscience',hgiil I'low', t'll.lidnlcchllnius', iii iLIrn, is ilt'feuled by welding speed lilltl other
llll.lllleifililicill illodeling lind conlpLiler science; t'llclol's),
i'obolic.,;:econonlics', and nlechiuiJcill, cllell.iiuill,
and eleciriciil engiileerJng, Tilkis, it is nel J 'ilSillllWelds in

surprising thal ORNL's mullidisclpliniu' 7 Polycr_/,slailiilt: Meial,,,;
approach iii welding science hils hell)cd ii plily ii
Ioildii.ig role irl lidvancing lhc basic understandli.ig There are a nurriber (li' ditTcreni lypcs til' weld,',;,
of welding, such iis gas tLlngstel.iiii'c, shielded IlacliiI iii'c,

Iii the spring of 1985, Alex Zucker, ORNL subnlerged ill'C, ill](ielectrosliig welds, Most .joints
associate director for Pliysiciil Sciences, tisked rrliide today iirc t'usiol.i welds iii whicl.i two :_r
Stiul David, ii nliiterials scientist lind a _pcciillisl more pieces tit' milterial arc joined together by
ill weldirlg science iii ttie Metals and Cel'ill.i.iJcs ' nleltirig ii COll.illlOl.iregion between them, thereby
(M&C) Division, iuld Lynn Boatner, ii physicist iii t'(lrMJngnlolten weld pools thilt later cool to I'orm
the Solid State Division with expertise in growing ii solid bond, For descrlpllvc purposes (see l'igure
single crystals, to co-chair a Sl_ecialORNL below), fusion welds are ot'tcn divided into three
committee to review the Lilboriitory's resciirch in niajor regions: iilc base n-liiterilil; the "heat
COlllpt_silt;materials. While working on this iifl'ectcd zone," the part oi' the weld thil', did riot

committee assigi.irnent, we began to discuss melt but became hot cnougli t'or its t:hariicteristics
some of the outstanding problems iii welding to chlingc; and the fusion zone, the part of the
science lind how ii.icy iuight be resolved by weld thiit actually melted in the joilaing process.
applying techlliques used iri solid-state physics. In The t'usion zone is the criiiciil regi,m in a fusion
time, these discussions led us It)con.ibinc otlr weld beciiuse its naicrostructuriil characteristics

resources, lind wc decided lo attack some til' the deterinirle the l.ilechaniciil prol)el'ties o1'the weld.
oulstluatlJilg l'uildai.ilcntlil ilrt_blcms iii the science One such property can be a "hot cracking"
of welding, tenderlcy--il.io polci.iiilil for ihe weld lo crilck as

Most welds ill'CIlliltl¢ rising n.ietl.lls the l'usioil zone cef'is. The wold tiSuillly falls
thai contain inlptirities lind nlany
small crysliils (graillS)hilvJng
w.irying ol'ici.ilatioils, shiipes, and

sizes,As ii rcsull, trildiliOllal HEAT
experimciltitl sitidics of such SOURCE
polycrystalline welds yield results

thai i.lrcdilTicult to interpret. To ED. FUSION

overcome these experimental

dilTictillics, ill 1986 we developed F_)i_ A fusion weldthe concept ot' using single crystills A structure has three
tit' metal alloys t'or studies of the prlnolpal zones,' shown here,microstruciurcs thai form iis ii

melton weld pool solidifies. A weld

pool is the liquid t'orrlacd when the
irletills being joinc_J together are
melted. When the molten metal
rcs_lidifics, it takes on ii
irlicroslructurc ditTcrclit I'rc_mils

originiil solid structure. (.)ur single-
crystal ai)proacla hiis sh(iWl.ihow
this newly l'tlrllled microstructure is
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(3) vllrilllhms til' tile

........ "'',t;<),, ,_:\ scflttltl'icllllon
1)llrlllllCtel'S(e,g,,

'" ";' kt .'__ir:;,",, _( :- '. ' griidients)ii, the
. , , t " , k ' ,. ,, , , ,><,<,,,,,,,<,<4>
:'"t ' i ' '" '__{7". \ l I . '," , ' ,., the eplilixllil growth

,..I,.I J- - __! , ,, .... ttr treelike
..,, " . /•, , ,... . _, , ...._, ... .... crystlllline cells

'(., t .'> .ii ft,I.' / "1 __',_,_,>i , ': ;i " ,, I I." t t , ciille(t dendriles

"_? ... si. rilndolnly oriented- . / t.i/ ,. ,,,,:..', ,. ' ....," . ,, , . t ,,
i _,) , v , iI ..,.., <+,, ,t ' ,/-." , .,

, ", ."_( .. / .,, .. ' ,,,zt ,"r'f'_ It . :_•_t, / '.=,.;., ' ll'llins II1lhc.
, ........ - ._,.f' ") _'_\" "I_ .--t..£ t..)_,,......' /'3 norllllllly." ......./ ..... .' , ,,. ,' , ....4 mm

/' ,.... A, __"." \ "->","":,' polycrystlllline base
This transverse-section photomicrograph at low magnification shows a met]ii,
polycrystalllne Fe-15NI-15Cr weld (dark area) made at a welding speed of The cornlfle×ity
4,2 mm/s, til' lie licil.llll l'Lision-

1,()llesiructtlre iii ii

weld l]lllde USJllgiill
dtu'ing lhe lasl slliges ot"stilidil'icatitin when iron-nickel-chromium (Fe-15Ni-15Cr)
therirllil stresseslire superinlllOsed, polycrystalline alloy--stainless steel tsclearly

Previous work on weld i11icrostrtlcturehas illustrated iii the nlicrogl'liph shoWll ilbiive, In this
shown ii]til within lhc nl()ltetl Zt]lie of ii weld in a case, the multitude of grains iii tile polycrysililline
norlnlil pcflycrystlllline nlellll, the initilil nllilerilil and their rliridoln orienllillons tn the blise
solidil'icliiiorl occurs "epliaxilllly," iii other words, metlil Ill]re obscured tile details (ii'dendrite growth
the solid surface "seeds" ]]lid imposes ii l.'lrel'erred as well lis tile role phiyed by tile three-dhuensional
growth tirientliiion ilillong some o1' the rlindoillly weld-pool shape ill determining tile nlicrostructure
oriented metal grains thtii lie Ilion!. lhc solid- o1"tile weld, Thus, it is rehitively difficult to
liquid boundary defining the weld pool, Those understand the development ot' t'usion-zone
grains thai have their "easy growth" directions microstructures ii] welds using metalh_grliphtc
llliglictl lilting the helit-l'low direction will grow studies lit' stainless steel lind other c(Implex,
prel'erentially with respect to grains hliving olher polycrystlillinc Sl_ecimens,
orientllti/_ns, (For metals lind alloys with cubic

structures, the directions cir "easy growth" tire Single Crystals an(I Weldinglit(ing theedges til" ii cube_the I !0()1directions,
or cube ii×es,) ()Llr invesiiglllh)ns using single cryslllls Io

This early work demonstrated til]li lhc chlu'licierizc luicrostructurlil evolution ii] welds
dcvth_pment t_t'the fusion-zone microstructure in were expanded iii our litter collllboratitin,_ with

a weld is ctlnlrolled by tile grliill structure of the John Vitek, ii scientist in the M&C Division lit
base n]eial lind by welding conditions, However, ORNL, lind Michel Rilppllz, ii guest scientist t'rom
tlndersllinding li]iii predicting wehl-Inetal tile Ec610Polytechnique Fcderlile de l_,iluslu]nein
nlicrosll'UCli.ireshave iradiiionlllly beenCXtl'enlely SWilzerhlnd, The t'(.itlrof us quickly discuvered Ihiil
dil't'iculi l'tir ii vliriely cii' i'eaSOllS,The,,.'_.'incluitc by US]liesingle Cl'yStliis(ii' tin alloy simihu' til ii 3()()
(I) tile (lyllillllJC li]Ill.Ire iii' tile wehlirig process, series stainless steel, we could giiill flew insight
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John Vitek (left) and Michel Rappaz apply newly developed analytical techniques to the _3redlcttonof the
mlcrostructural properties of single-crystal welds,

into the t'undamental role played by crystal We replaced the polycrystalline alloy
structure in the microstructural development oi' specimens normally used in welding studies with
l'usi¢;n welds, single crystals of an Fe- 15Ni- 15Ct alloy, Because

One of the questions we sought to answer was the single crystals were relatively small, we used
whether the weld-pool shape alTected the electron beams rather than arc,,_for the welding
experimentally obselved microstrtlcture, It"so, heat source, We made electron-beam welds along
then the welding technique used could produce the principal crystallographic directions ot"each

microstructures having desirable properties, single crystal to simplify the interpretatiori of the
Because weld-pool shape can be determined by resulting microstructure, The newly formed
ractors such as welding speed (the rate at which single-crystal weld microstructures were then
the heat source moves during welding), wt might characterized using optical microscopy and other
be able lo determine the welding conditions that cunventional metallographic methods, We found
produce extremely strong welds, thai using alloy single crystals to study weld-
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\ / "seed" crystal is used to "pull" tl much larger
single crystal t'ronl lhc melt, The princtl)_d crystal-
lographic directions of the stainless steelcrysta!s
were deterrninetl using X-ray teclmlques, Single-
crystal specimerJs were cut I'rom the l_trgesingle

crystal using tm electrlc-spurk cutter to minimize

dttrrmge It)the crystal, Stngle-l)aSs electron-beam

welds were made along F_rirlcipalcrystallogrtq_hic
, directions lying in the ditTerent principtd crystal

(ai i:_lar_es,Eventually, we extended our studies to
several other corm'oiled conditions that relate to

more realistic mad practical welding

configurations. For example, we exurnined
overlapping, multtpttss, autogenous welds_the
ones made without adding filler rneltd_tmd the

"butt" welding of two single crystals io which
different crystallographic orienlatiol_s were joined
together. The wu'iotts t_×perimental cont'igurations
used in these studies are illustrated schematically
in the l'igttre at left.

The figure on p. 39 shows ,'Lphotomicrograph
of the weld microstructure observed tbr a given
welding condition in the case of sirlgle-pass
electron beam welds. The microstructure shown

here is sirnpler and more symmetrical than that

shown on p. 36, indicating how the technique of
usirlg oriented single crystals and ot'making welds
along well-defined principal axes has enabled us
to measure the direction and degree of growth of
dendrites in the weld zone.

Co)
Analyzing Single-Crystal

The welding configurations used in ORNL's single- Weld Microstructures
crystal welding study include (ai an autogenous
single-pass single-crystal weld, (bi an autogenous Based on the unambiguous microstructural
rnultlpass single-crystal weld, and tc) an information available l'rom single-crystal electron-
autogenous btcrystal weld joining two half disks at beam welds, we have developed a new, three-
different orientations, dimensional analytical method in which the

directions and speed of dendrite growth I'ora
given microstructure can be determined as a

metal microstructures is a unique and powerl'ul function of the slmpe of the weld pool. This new
approach that helps us delineate the etTects of the analytical approach is based on modern

speed and direction of crystal growth on weld solidification theories, and the results specify the
microstructure with tmprecedented clarity and preferred direction and Sl)ccd of dendrite growth
detail, as a function of the orientation relative to the

Single crystals of lhc Fe- 15Ni- 15Cr alloy used solid-liquid interface in lhc weld pool, This
in our welding research were grown using the ttnalysis is the l'irst oi' its kinadto itlclude the three-

Czochralski technique tn which an oriented dirrlerlsional nature of the growth behavior, and
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the calculations have now been extended to the which welding speeds should produce safe, long-

case of any given welding direction or crystal lasting welds. We have obtained different
orientation, microstructures using different welding speeds.

Experimer|tal single-pass, multipass, and The relationship between the microstructure and
bicrystal welds have been made for wLrious the weld-pool shape has been used to deterrnine
crystallographic orier|tations ar|d at several the rate at which steady-state conditions in the
welding speeds, and the evaluation of the weld weld can be achieved as a function of welding
microstructures agrees with the predictions of the speed, lieat input, weld thickness, lind other
theoretical calculations. In the case of overlappir|g parameters. This method is unique in that it

multipass welds, transverse micrographs of the predicts attainment of a steady state in a three.- "Kno,'ledge
type shown on p. 40 reveal a remarkable dimensional weld pool without perturbing the about weld-
reproducibility in the microstructure from pass to weld pool during solidification.
pass. This multipass microstructure, in fact, By making some reasonable assumptions, we pool shapes
effectively represents a superimposition of the can use the two-dimensional information that result ill
structural pattern found in a single-pass weld. The available from transverse micrographs of the

microstructures of butt welds of two single welds to reconstruct a three-dimensional weld- mechanically
cry,,'mls with different relative orientations can pool shape, such as that illustrated on p. 40. A strong
also be explained by means of the new analytical reconstructior| of this type provides information micro-
approach. These bicrystal microstructures also ota the three-dimensional shape of the weld pool
remarkably resemble the patterns associated with that would otherwise be unavailable and that structures
each individual crystallographic orientation and would certainly be lost in the welding of a Colgld
simply represent a composite of two single-pass, polycrystalline material. Nevertheless, because of
single-crystal microstructures, uniform heat conduction in cubic metals, the indicate

results obtained from this type of analysis of which

Microstructure and weld-pool shapes as a function of the welding weldingconditions are also applicable to welds in
Weld-Pool Shape polycrystalline materials, speeds

The shape of the solidification should

front in the weld pool is produce sa/'einstrumental in determining the "'- ...... ": '_"' . '
growth direction and speed of the long-lasting
solidifying dendrites that welds."
ultimately make up the weld
microstructures shown in the

accompanying micrographs.
Because the use of single crystals

provides a fixed crystallographic
reference system, the observed

dendritic growth patterns can be ['_b] = 4.2 mm/s
directly related to the weld-pool

shape that exists during the _ [0 0 1] , ,"
welding operation. : '"'

Because welding speed is one _ 11 1 0"1 .-.. ,.:,. " :
':: '"" .... 0.4 mr

of the factors that determir|es the :,ii/!',.;/"i:7"_
weld-pool shape, knowledge

about weld-pool shapes that result The photomicrograph shows the transverse macroscopic view of
in mechanically strong the microstructure of a single-crystal weld made at a welding
microstructures could indicate speed of 4.2 mm/s along a <100> direction on a (001) surface.
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(a) The geometrical analysis of the
dendrite growth as a function of the

These two shape of the weld pool allows a
micrographs growth speed to be assigned to the
provide (a) a observed dendritic structure in the

transverse section weld. Accordingly, our approach
view and (b) a
higher magni- call be used to evaluate
fication view of an quantitatively the current
overlapping solidification theories that relate the
multipass weld on sizes of dendrites to their growth
a stainless steel speeds. Evaluations of this type
single crystal, have previously beenpossible only

by using optically transparent,
nonrnetallic systems for which the
growth velocity could be directly

(b) observed and measured. Our single-
crystal approach now makes
possible the evaluation of
solidification theories about

technologically important metallic
systems such as stainless steel.

The single-crystal welding
research project continues to thrive.
We have been recognized tbr our

work through the 1989 Jacquet-
Lucas Award of ASM International

and the International

Metallographic
Society, a feature
article in Microscope

Technology andThis three- vb _|z _...._ News, and a number
dimensional weld- "" "_":":"'""":'_- ...'.'.'.:.:'.'.'...:.'. of technical articles

pool shape has _:'/ ':'::_:"_:i";.iii_!!ii:?'_.,...:ii . published in keybeen recon- .:.:.:.( international

structedresearchersbYORNLfrom "::''"""""":"' i_i..........•............._,,/" journals. We plan to
the single-crystal tackle the more
weld micro- challenging problem
structural features of finding ways ,,o
(shown as dots avert hot cracks in
and lines), welds and to develop

a rnore

comprehensive

[0103 theory that explains
this technologically
important
phenomenon.
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Biographical
Sketches

Stan David is group leader ._.
of the Materials Joining
Group in ORNL's Metals
and Ceramics Division. He
holds an adjunct
professorship at Ohio State
University, the Colorado ......
School of Mines, and the •
University of Pittsburgh,
from which he received his

Ph.D. degree in
metallurgical engineering, In . /
1980, three years after /
joining the ORNL staff, he / / r
received the McKay-Helm j_ /
award from the American ! i..
Welding Society for a ,_ _ ) .......i
significant contribution in |

the field of welding. He is _ I "author of several award- ..-_
winning International . ..
Metallographic Society '
exhibits. He was awarded
the 1981 Lincoln Gold
Medal by the American
Welding Society for best
technical contribution of the year. In 1984 he was elected a fellow of ASM International. He received
a Martin Marietta Energy Systems Technical Achievement Award in 1987 and 1989 and a
Publication Award in 1988: He is also the winner of the 1987, 1988, and 1990 IMS and ASM
International Jacquet-Lucas Awards. In 1990 he was the recipient of the American Welding
Society's Charles H. Jennings Memorial Award for the most valuable contribution to welding
metallurgy.

Lynn A. Boatner is head of the Ceramics and Interfaces Section of ORNL's Solid State Division, In
1966 he received his Ph.D. degree in solid-state physics from Vanderbilt University. Hejoined the
ORNL staff in 1977 after a two-year appointment at the Ec61ePolytechnique Federale de Lausanne
in Switzerland. He is a fellow of the American Physical Society and the American Association for
the Advancement of Science. His awards include recognition as one of Science Digest's 100Top
Innovators in 1985, I.R 100Awards in 1982 (with M. M. Abraham) and in 1985 (with B. C. Sales), a
U.SoDepartment of Energy Research Competition Award for "Significant Implications for Energy
Technology in Solid State Physics" in 1984, The Francis F. Lucas Award of ASM International in
1988, The Pierre Jacquet Gold Medal Award of the International Metallographic Society in 198,3,
and a First in Class Award in the 1990 International Metallographic Contest. Boatner was named a
Distinguished Alumnus in Physics by Texas Tech University in 1989.
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Science Alliance: A Vital

ORNL-UT Partnership
By C.R. Richmond, Lee Riedinger, and Tom Garritano

Partnerships between Department of Energy evening courses to those pursuing adwmced
national laboratories and universities have long degrees in various science and engineering
been keys to adwmcing scientific research and disciplines.
education ill tile United States. Perhaps the most The t'irst formal joint programs between the two
enduring and closely knit of these relationships is institutions were two UT graduate schools located
the one between Oak Ridge National Laboratory at ORNL, both of wllich are in their third decade
and the University of Tennessee at Knoxville, of operation. The UT-Oak Ridge Graduate School
Since its birth in the 1940s, ORNL has had a very of Biomedical Sciences, housed in the ORNL
special relationship with UT, and today the two Biology Division, offers full-time graduate (M.S.
institutions have closer ties than virtually any and Ph.D.) and postdoctoral study for about 20

other university and national laboratory, persons each year; during its 25 years of
As adjuncl faculty, ORNI. staff members have operation, 20 students have graduated with M.S.

long taught science and engineering courses al degrees and 127 students have graduated with
LIT, while UT faculty have served as consultants Ph.D. degrees. The UT Graduate Program in
and research participants at ORNL, Many ORNL Ecology armually instrucls 15 graduate and
staff members take advantage of tile UT Resident postdoctoral participants hosted by ORNL's
Graduate Program ill Oak Ridge, which offers Environmental Sciences Division, which has

131"

When President
Bush visited UT in
February 1990,
the UT-ORNL
connection was
emphasized.
Distinguished
Scientist David
Joy and
Chancellor John
Quinn watch as
President Bush
greets former
Science Alliance
Director Lee
Riedinger.
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directed the thesis research of about 100 graduate

students over the past 20 years. _ '
During his 1990 speech at the university's

Knoxville campu s, President George Bush hailed
the school as a major research university and a
pillar of the science-rich Oak Ridge corridor. The "
presidential visit was marked by the
announcernent of a new $3 million educational

program for middle through high school teachers
and students, who will be taught by scientists and
mathematicians from UT and ORNL. The first

cycle involving 73 teachers from Tennessee,
Kentucky, North Carolina, and Florida, was held
in July 1991,

To fund the program, $1 million from the state
of Tennessee will be matched by another
$1 million each from DOE and Martin Marietta

Corporation, The resulting program, whose
centerpiece is a new Academy for Teachers of m

ScienceandMathematics, isyetanotherexample S C 1 O n C Oof the partnership between UT and its "sister
campus".--ORNI .....

Science Alliance
The Science Alliance is the focus of research and

Seven yearsago, ORNL and UT began a new educational collaborations between UT and ORNL,
era of cooperation by creating the Science Each of the four Science Alliance divisions is
Alliance, a Center of Excellence at UT sponsored represented inthe center's logo. Clockwise from
by the TennesseeHigher Education Commission, the upper right, they are Physical Sciences (shown
As the oldest and largest of thesecenters, the by an atomic nucleus), mathematics and computer

science (an equation), life sciences (a DNA helix),
Science Alliance is the primary vehicle through and chemical sciences (the chemical formula for
which Tennessee promotes research and . water, H20).educational collaboration between UT and ORNL.

By letting the two institutions pool their
intellectual and financial resources, the alliance faculty with their outs_:anding colleagues from
creates a more fertile scientific environment than ORNL. Its annual budget from the state of
either could achieve on its own. Tennessee is about $4 million, an investment that

Part of the UT College of Liberal Arts, the is doubled by matching money from DOE, other

Science Alliance is composed of four divisions federal agencies, and private industry. The
(Biological Sciences, Chemical Sciences, Physical Science Alliance was directed during most of its
Sciences, and Mathematics and Computer first seven years by Lee Riedinger, Riedinger,
Science) that team 100 of the university's top who is also a professor of physics, is now
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associatevice chancellor tbr researchat UT, The SUl_plernerttsthe university's graduate student
new acting director is '-FernCallcott, a professoro1' stipends,making tllem comr_etitive with those
physics al UT, olTered by other top schools,

The UT-ORNL partnership's cornerstone is the As a result of a July 17, 1991, agreernenl
Distinguished Scientist Program, through which between UT and Martin Marietta Energy Systems,
esteemed researchers are appointed to joint Inc,, the new Collaborating Scientist Program,

positions. Ten current Distinguished Scientists based on the successful Distinguished Scientist
have brought excellent research groups and model, will enable UT and ORNl_, to hire
external ftmding that significantly enrich the local additional outst,'mding researchers at ali faculty
science community, More than 15()other faculty, leveb;, UT and ORNL staff nacrnbers are eligible
students, and staff from UT's science departments t'or appointrnent, Collaborating Scientists have
regularly interact with colleagues at ORNL. already been ifired in computer science, physics,

UT and ORNL also frequently purchase and library science, and economics; and rnore.joint
share major pieces of equipment whose cost hirings are planned. Because ot" these and other
might otherwise be prohibitive, The Science initiatives, the tmiversity and its "sister" campus
Alliance often pledges substantial funding that at ORNL gro'_¢closer each day.
attracts matching money from DOE, the National
Science Foundatit_n (NSF), or other sources, In

]1 i --_ • •

Tennessee s investment is Distinguished Scientist Programthis way, the state oi' _'

effectively doubled or even tripled. Since its inception in 1984, the Distinguished
Since 1984, the Science Alliance has Scientist Program has attracted internationally

administered the Joint Institute for Heavy Ion pronfinent scientists to joint posts at UT and
Research, a nuclear physics collaboration ORNL. The 10 current appointees enrich the

involving UT, ORNL, and Vanderbilt University. Knoxville-Oak Ridge scientit'ic cornmunity in
The JIHIR annually hosts several conferences and many ways: by conducting excellent research, by
the visits of over 50 scientists from throughout the leading and instructirlg students, by ,attracting
world. Three new Oak Ridge institutes patterned external funds, and by drawing other outstanding
after the JIHIR will capitalize on emerging scientists to East Tennessee.

research strengths at UT and ORNL. Each Distinguished Scientist holds dual
The Joint Institute for Applications of appointments as a full professor with tenure at UT

Computational Science will help to make widely and as a senior scientist at ORNl.. Often their

awfilable and usable the power ot"multiprocessor presence serves to cement longstanding linkages
parallel computers, an exciting new technology between the two institutions, such as those in

that ofl'ers performance comparable to that of physics and chemistry. But they can also act as
conventional supercomputers _at a fraction oi' the catalysts that enct_urage entirely new

cost. The Joint Institute tbr Energy and colhtborations to emerge, as has happened irt
Environment will focus on the environmental computer science and electron microscopy,
impacts of ali aspects of energy technologies. The Cantlidates are located and interviewed by a
Joint Institute for High Energy Physics will play a committee o1'senior scientisls at UT and ORNL.
major role in developing particle detectors tbr the The committee members work with the staff and

Superconducting Super Collider. managemertt of both institutions to identify fields
Each year 80 to I()0 of the nation's most of mutual strength and interest, selecting

promising undergraduate science students come to researchers who ultimately benefit both the
East Tennessee through the Science Alliance university anti the national laboratory,
Sunamer Fellows Program. They work closely Via the Science Alliance, UT provides 5()% of
with researchers at UT and ORNl. l'or I() weeks, the program's budget; the other half comes from
after which a number of then] return to UT for ORNl_, using DOE funds. Disciplines considered
graduate study. The Science Alliance also for Distinguished Scientist appuintnlents include
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physics, chemistry, life sciences,
geology, mathenmtics, computer
science, and engineering, Current
LIT and ORNL staff members are

tlol eligible tbr appointment,

()RNI,-UT Joint
Hong Xie, a

Institutes JIHIR-based

A principal goal of the Science graduate studenl
Alliance is to create researct! In nuclear
institutes involving personnel structure physics,ts shown wltll the
I'rom UT, ORNL, and other Spin Spectre-
organizations, including priwtte meter at the
industry, These joint efforts Holifield
strengthen existing ties between accelerator,
the two institutions while also ORNL's facilities,
creating new opportunities for used by 50 or
collaboration and economic more visiting
development in East Tennessee, scientists a year

Established in 1984, the Joint as well as by
scientists from

Institute for Heavy Ion Research UT, ORNL, and
has helped lead UT and ORNL to Vanderbllt
international pronlinence in University, have
nuclear structure physics, Its given Tennessee
success has inspired plans for at a worldwide
least two additional Oak Ridge reputation for
institutes that offer new science excellence in

and technology opportunities nuclear physics
based on cooperation between research,
state government (U'I'), federal

governrnent (ORNL), and private
industry,

physics, often emphasizing studies of how nuclei

Joint Institllte t'or behave in exotic modes_l'or example, under
rapid rotation or with an unstable number of

Heavy Ion Research neutrons or protons,

Housed in two buildings adjacent to ORNL's The institute is presided over by physicists-
Holifield Heavy Ion Research Facility, the Joint administrators: a three-member policy council
Institute for Heavy Ion Research is popular with of Can'oll 13ingharn of UT, Russell Robinson of
nuclear physicists from arotmd the world, Each ORNL, and Joseph Hamilton of Vanderbult, To
year scientists fi'om UT, ORNL, or Vanderbilt match the fine experimental facilities available,
University (the three members of this joint they have led the JIHIR in a direction that
institute) are joined by 50 or more visiting emphasizes nuclear structure theory; this
scientists who corne to make theoretical emphasis is demonstrated by the visitors invited

calculations or t(_pert'orm experiments at the " and the workshops sponsored, The institute
accelerator, The JIHIR also conducts conl'erences currently has renowned theorists l'rorn Poland

and workshops on topics relevant to heavy-icl1 Cmttinuedonp, 52
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ll_r_[,_,TnT_[,]l-L_l (September 1989)came to EastThe Science Alliance has recruited one-

third of the 30 world-class scientists lt plans Tennessee from Argonne National Laboratory, A computer

to attract to enrich the educational and scientist, he Isbased In the UTComputer Science

research environment in East Tennessee, Department and ORNL's Engineering Physics and

The 10scientists now holding dual Mathematics Division, He Isan authority on parallel

appointments at the University of processing, a new technique In which thousands of

Tennessee 'and Oak Ridge National processors work simultaneously rather than In sequential

Laboratory are profiled on the following sleps (as specified by conventional computer programs) to

pages,, The date after each name carry out complex calculations, These relatively

indicates when he joined the Distinguished Inexpensive machines (costing $1 million to $3 million)

Scientist Program, are now surpassing the peak computational

performance of costly "traditional" supercomputers

(costing $10 million to $30 million), Dongarra's

expertise Iscrucial to a planned Joint Institute for

Applications of Computational Science, which will help

scientists from UT,ORNL, and private Industry use parallel

computers In such fields as superconductivity, global

climate, and the human genome, He Isalso the author of

Llnpack, a set of performance measurements for serial

computers; he Isnow developing Lapack for parallel and

vector computers, He received a Ph,D, degree In applied

mathematics from the University of New Mexico,

•--r t J



1I

_"JI=I.](._[=_-L_E.I..]il:.]|! (June 1987)Is an expert In

chemical separations, A native of France, he received a : : i i ._ . i i : = i (January 1988) Isan expert on

Ph,D, degree In chemistry from the University of Parisand polymers and a former professor of chemistry at

spent much of his career at the University of Paris,where Rensselaer Poiytechnlc Institute, where he both founded

he directed the Laboratory for Physical-Analytical and directed the Advanced Thermal Analysis Laboratory,

Chemistry, Hisgas and liquid chromatographic He holds appointments In the UTChemistry Department

techniques have many uses, Including analyses of high- and ORNL's Chemistry Division, A native of Germany, he

temperature ceramic surfaces and studies of the effects studies the solid state of polymers, He has written two

of carcinogenic chemicals on DNA, Hisdoctoral thesis on books, entitled Macromolecular Physics and Thermal

ammonium nitrate decomposition was the basis for Analysis° Among his

French laws on handling nitrogen fertilizers, He came to honors h the 1971 Mettler

East Tennessee from Georgetown University, He holds Award for pioneering

appointments In the UTChemistry Department and work In thermal analysis

ORNL's Analytical Chemistry Division, In 1991 he received and the 1987 Humboldt

the American Chemical Society's national Award for Prize from Germany's

Separations Science and Technology, Alexander von Humboldt

Foundation, He received

a Ph,D, degree fromNorthwestern University,

, .... .,.- . _



(July 1986)came to East Tennessee _,_J

from the University of South Carolina, where he was a

professor of geology, He holds appointments In the UT

Geological Sciences Depaltment and ORNL's

Environmental Sciences Division, He Isa recognized

authority on tt_e structural geology and tectonics of

mountain chains and on the structure and evolution of

Earth's crust, Although most of his research has focused _D',_TJ_F_o_'A (April 1987) Isone of the world's top

on the Appalachian Mountains, he also has made specialists In electron and X-ray microanalysis, He has

comparative studies of mountain chains In western North pioneered many analytical electron microscope

America, Europe, and North Africa, He recently published techniques, In 1983-84 he was president of the

a textbook, Structural Geology: Principles, Processes, and Mlcrobeam Analysis Society, Thanks largely to his

Problems, In 1990 he published a color tectonic map of expertise, the Hitachi Corporation of Japan has loaned at

the Appalachians that chronicles the development of the no cost to UTand ORNLan ultrahigh-performance

mountains between 600 million and 250 million years ago, scanning electron microscope and a powerful field

From 1981 through 1988, he was editor of the Geological emission microscope, Among the corporations that

Society of America Bulletin; the Geological Society of regularly send visiting researchers to his laboratory are

America honored him In 1988as the first recipient of Its 3M, Exxon, and Alcan, A native of England, Joy received

Distinguished Service Award, Currently, he is a member of his Ph,D, degree from Oxford University, He came to East

the National Academy of Sciences Board on Radioactive Tennessee from AT&TBell Laboratories in New Jersey, He

Waste Management, He received a Ph,D, degree from holds appointments In the UTZoology Department and

the University of Tennessee, _ ORNL's Metals and Ceramics Division,
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became the first UT-ORNL

Distinguished Scientist In August 1984, Previously, he was

the director of the Materials Research Laboratory at

Indiana University, He holds appointments In the UT

il_ro_:[=]i,]_1_ [_[,_=]ii (July 1988) Iswidely regarded as one PhysicsDepartment and ORNL's Solid State Division, His

of the leading atomic-collision theorists In the United accomplishments In the field of solid-state physics are

States, making him an Important addition to the atomic widespread, Including the development of theories to

physics programs at UTand ORNL, He came to East account for the optical and electrical behavior of

Tennessee after holding a,chalr at the University of semiconductors, Hiswidely used graduate-level text,

Nebraska and serving a year as a DFG Guest Professor at Many-Particle Physics, recently entered Its second edition

Frelburg University In West Germany, (DFG Isthe German since Its Initial publication In 1981, He received the

equivalent of the Natlona! Science Foundation,) He holds University of Chile's 1989 Centennial Medal In honor of his

dual appointments In the UTPhysics Department and 20-year collaboration

ORNL's Physics Division, He has been an editor of the with Francisco Claro of

German physics journal Zeltschflft for Physlk,and he has that school, He Isalso

served on the board of directors for the Harvard Atomic chairman of the

Theory Institute, He received a Ph,D, degree from scientific committee for

Rensselaer Polytechnic Institute, the International Center

of Condensed Matter

Physics al the University

of Brasllla, He received a

Ph,D, degree from the

University of California at

Berkeley,



q

(September !989) Isan expert on

the mechanics of man-made composite materials. He

came to EastTennessee from Texas A&M University,

where he was a professor of civil engineering, He holds ii__._iIIjm_lJ (January 1986) came to EastTennessee

appointments In the UTEngineering Science and from fhe Florida Power and Light Company, where he

Mechanics Department and ORNL's Engineer.lng was vice president for one of the country's most

Technology Division. He Isknown for his ability to combine successful operators of nuclear power reactors. He holds

materials science,applied mechanics, and appointments in the UTNuclear Engineering Department

mathematical modeling to address complex and ORNL's Instrumentation and Controls Division. Much

Interdisciplinary IssuesIn materials science. Because of his time Isnow spent developing neural network

composites,such as graphite epoxy are durable and computers that might eventually help human operators

lightweight, they have many uses In spacecraft, manage power plants. Using artificial Intelligence, these

submarine, and automobile construction as well as fine networks simulate the biological processes of the human

fishing rods, Hisrecent research seeks methods to predict brain so c_mputers can "learn" to respond correctly to

the behavior and durability of composites and their specific situations. The outcome of this research may be

resistance to stresses resulting from mechanical loads, sophisticated computer programs that' would rapidly

temperature, and moisture. He received a Ph,D, degree evaluate complex power plant events, helping operators

from Rensselaer Polytechnic Institute. make decisions to better control nuclear reactors. He

received a Ph.D, degree from Iowa State University.
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| Di,'_,_|_vJ'_|[--I(January 1986) Is Internationally sensors to define aspects of blofllm ecology Important to

recognized for his research on the biological monitoring assessing and remedying microbial corrosion, Fie came to

of chemical contaminants In the environment, the East Tennessee from Florida State University, where he was

environment's response to pollution, and the ecological co-director for biomedical and toxicological research, He
h,

consequences of Introducing genetically manipulated holds appointments In the UTMicrobiology Department

organisms Into the environment, White directs the Institute and ORNL's Environmental Sciences DMslon, He received

for Applied Microbiology, which Is Internationally a Ph,D, degree from Rockefeller University and an M,D,

recognized for rese'arch Into mlcroblally Influenced degree from Tufts University,

corrosion and blofllm monitoring, Hiswork has

applications In the remediation of marine and medical /fz"_"_ T _

biofouling and of pollutants In subsurface sediments, With __// _)

UTmicrobiologist Gary Sayler, he Is leading a four-year _..,,/
study for the Electric Power Research Institute using

genetically engineered "blolumlnescent" bacteria as



SCIENCE ALLIANCE; A VITAL ORNL.UT PARTNERSHIP

Joint Institute

tbr Applications
o|'

Computathnal
Science

The origins of
computational science at
UT and ORNL cnn be

traced to Alston S,
'_ _ Householder, who chaired

,,' UT's Mathematics

,:,, Departnlent ill the 1950s
; and 1960s, Householder

_r'_Z_ attracted a nurnber of

l_ ,:&_ excellent matllenaatical
and computational
scientists to UT and to
ORNL's Mathematics

Panel, which he l'ormed in

1948. Cooperation and

lt may lock like a side-by-side refrigerator-freezer, but the new Intel IPSC/ collaboration in
860 supercomputer at ORNL is one of the most powerful computers computational science
available, lt will be used by UT students and faculty through JIACS, between UT and ORNL

have continued through
the years and are

and Sweden visiting tbr two-year periods, currently exemplified by the Advanced
leading to lively exchanges of ideas and Computing Laboratory (ACL), which has been
information between experimentalists and operated jointly by the two institutions ['orseveral
theorists and between resident physicists and years,

guest researchers, With help from UT through the ACL, ORNL

The Holifield's 25-million-volt electrostatic has recently obtained a series ot' inrreasingly
accelerator can gmmrate a wide wtriety of powerful parallel computers, including the
particle beams used for producing nuclear 128-processor lntel iPSC/860 and a 64-processor
reactions. Coupled with an excellent array of iPSC/2. Parallel computers use hundreds or even

detection devices (e.g., the Spin Spectrometer), thousands of individu,'d processors that work
the Holifield facility forms one ot' the finest simultaneously to perform tile normally
laboratories for nuclear structure experiments, sequential tasks of a program, achieving speeds
The institute's low-cost dormitory is oi'ten used comparable to or even exceeding those of the
by scientists who might not otherwise be able to fastest superconlputers.

afford a visit to the Holifield facility. Because of The Joinl Institute for Applications of
its many visitors l'rom the United Kingdom, Conlputational Science (JIACS) will be

France, Germany, Greece, China, and established to address important high-
elsewhere, the JIHIR has helped to give 19ert'ornaanceCOml)uting issues, The institute will
Tennessee a worldwide reputation for excellence bring together computing and scientil'ic experts at
in nuclear physics research, the university t'or research, development, and
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educational pdrposes. UT-ORNL activities in this Joint Institute for F,nergy
area will center on developing the science and
technology base needed to make parallel and the Environment
computers widely useful, with particular emphasis The concept of a Joint Institute for Energy and
on application to Grand Challenge problems the Environment (JIEE) emerged from
currently being addressed by academic discussions at meetings of the Consortium of
researchers. The mission of the JIACS will be Research Institutions (CRl)_an organization of

senior planners from ORNL, UT, TVA, and DOE.
• to encourage the advancement of A purpose of CRI is to use the collective

computa.tionally intensive science by developing resources and strengths of the member institutions
and promoting the use of computational tools on in planning and implementing research and
high-pertbrmance, massively parallel computers; development programs.

Envisioned as an umbrella organization, JIEE
• to nourish interdisciplinary research by will bring together existing ORNL, UT, and TVA

providing an environment in which researchers programs that address problerns in energy and the
from a variety of disciplines can collaborate on environment. JIEE will probably focus on the
Grand Challenge problems; interface between environment and energy

technologies. Programs that might work together
• to educate and train students and young through JIEE are ORNL's Center for Global

investigators, as well as established researchers, Environmental Studies and UT's Energy,
in the effective use of advanced parallel Environment and Resources Center. The

computational systems; organization of JIEE is being planned by a
steering committee.

• to attract students into scientific careers and to

encourage educators to use high-perfonrmnce

computers for teaching scientific and

mathematical principles; _ Through the many

• to strengthen American competitiveness in _ educational

parallel architectures and parallel algorithms; programs offered
'_. by UT and ORNL,

students have
• to foster interaction among universities, :'_ access to Science

government laboratories, and industry in Al!iance

computational science; and equipment such
as this peptide

• to work as a partner with the cornputer industry synthesizer in the
in achieving major advances in colnputing Molecular Biology
technology. Resources

Facility. ORNL

Working relationships with the Tennessee staff scientists
Valley Authority (TVA), the computer industry, often directstudent research
and other universities in Tennessee will help the and teach courses

JIACS accomplish its mission. An important at UT, and many
aspect of the institute's work will be the education students use
of students in computational science. Activities of equipment and
the JIACS will respond directly to the call for a facilities at Oak
National High-Performance Computing Program Ridge.
at the federal level. ,_
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Joint Institute for study with Science Alliance personnel at the
university and national laboratory. The program

High Energy Physics lasts for lOweeks, during which each fellow

This institute, still in its early planning stages, completes a substantial research project devised
would create opportunities for physicists at ORNL by a UT or ORNL adviser. These superior young
and UT to study high-energy physics issues students sometimes return to UT for graduate
related to the next generation of colliders, school. Each sumlner fellow receives a stipend
including the Superconducting Super Collider and a small travel allowance; most reside in an on-
(SSC) and the Relativistic Heavy Ion Collider campus apartment building at UT, which
(RHIC). Through the JIHEP and ORNL's Oak encourages social and scientific interaction

: Ridge Detector Center, scientists would assist in between the undergraduate visitors. This is for
designing one or two of the massive, complex most their first exposure to a high-level research
detectors planred for the SSC. environment, and the experience is a strong

inducement tbr them to pursue graduate study in

Educational Programs the sciences.

In classrooms and laboratories alike, students The Biotechnology Master's Degree Program
enjoy access to the best UT and ORNL have to is an outgrowth of cooperation between the
offer. Students in many departments are as likely Science Alliance, ORNL, the UT College of
to study under an ORNL scientist with a doctoral Engineering, the UT Institute of Agriculture, and
degree as under a UT professor; in 1989, Science various biotechnology companies. Students gain
Alliance-supported doctoral candidate Robin skills needed for a wide range of careers based on
Reddick, directed by Bruce Warmack and Tom the use of living cells and their components to
Ferrell, physicists in ORNL's Health and Safety produce practical materials that benefit society.

Research Division and also UT instructors, helped In an interdisciplinary atmosphere, students
to develop a photon scanning tunneling learn experimental approaches to biochemistry,
microscope later honored by Research and microbiology, and industrial-scale bioprocesses.
Development magazine as one of the year's top Students have access to special equipment at
100 innovations. Through the new Joint Institutes, ORNL, including large bioreactors that few
opportunities for students to benefit from ORNL universities could afford. Faculty from the UT
expertise contin_te to grow. The Science Alliance departments of sociology and philosophy also
also operates several special programs that teach a required seminar on biotechnology ethics.
enhance education at UT.

Graduate Studen! Supplements account for Equipment and Facilities
over $500,000 of the annual Science Alliance Science Alliance funds are often used to

budget, providing assistance to about 100 purchase equipment for UT anti ORNL research
deserving students. These stipends are crucial programs, in most cases with matching money
because they allow UT science departments to from external sources such as the NSF, DOE, and

compete with the nation's other top universities others. Sharing equipment expenses maximizes
for outstan,ling graduate students; the quality of the state of Tennessee's return on its investment in

students attracted affects significantly both the the Science Alliance, effectively doubling or even
• success of UT research programs and the. caliber tripling the state's outlay, The examples cited

of scientists the university is able to hire. below are jt, st a few of the many cost-sharing
initiatives in this area.

The Summer Research Fellows Program

each year brings 80 to 100 exceptional The Spin Spectrometer, or Crystal Ball detector,
undergraduates to East Tennessee for intensive at ORNL's Holifield accelerator is vital to UT-
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ORNL nuclear physics research, lt contains 72 many analytical techniques ill the field of
sodium iodide gamma-ray detectors mounted on a electron microscopy, Largely because of his
spherical structure that surrounds the chamber in presence, the Hitachi Corporation ot"Japan has
which gamma-ray-producing, heavy-ion collisions loaned at no cost to UT and ORNL a pair of
occur. To increase the instrurnent's sensitivity, UT, ultrahigh-resolution microscopes whose
ORNL, and Vanderbilt have bought 21 high- combined value exceeds $2 million, With
resolution Cornpton-suppressed germanium existing instrumentation, they have made the
detectors at a cost of $1.28 million, of which UT EMF one of the top facilities of its type at a U.S.
contributed $320,000 and Vanderbilt $65,000. university. Materials scientists and biologists
These detectors can be mounted in the Spin from ORNL, UT, and private industry make
Spectrometer or alone in the Compact Ball. frequent use of the EMF.

In 1987, the Science Alliance and ORNL equally

sharedthe $80,000 expense of new high-speed The Molecular Biology Resources (MBR)
electronics for the Spin Spectrometer, permitting Facility at UT was built and equipped with the

more sensitive studies of gamma rays emitted from support of $1 million from the Science Alliance.
nuclear reactions. The Spin Spectrometer and the A number of UT and ORNL scientists rely on the

newer Compact Ball both can use the 21 high- MBR to determine protein sequences for
resolution germm,ium gamma detectors purchased generating synthetic DNA and for confirming
for the Holifield facility. This facility is crucial to synthetic peptide sequences. Amino acids are
the experiments of an active Holifield users' group peptides that form the basic building blocks of
of some 300 researchers from more than 100 proteins (polypeptides). These biologically
universities and laboratories in the United States important sequences are useful tools for
and abroad. Funds from the Science Alliance, the biochemists and molecular geneticists. This work
state of Tennessee, and Vanderbilt University have is of particular relevance to the national Human
suppu:ted the imminent construction of a $2.3 Genome Project.
million Recoil Mass Spectrometer for the Holifield

facility; this instrument will foster new Future ORNL-UT Initiatives
understanding of nuclear structure by revealing

unstable atom nuclei never before identified. The ORNL-UT partnership will continue to
grow into the next century. Once the Advanced

The Stable Isotope Facility of UT's Geological Neutron Source is successfully installed at ORNL
Sciences Department lets researchers determine the in the late 1990s, this research reactor will open
history of rock samples through studies of fluids up many areas of study currently unavailable to
present at different time periods. Isotopes of most researchers at the two institutions. In hiring
nitrogen, carbon, and oxygen can be extracted from future faculty in physics, chemistry, and biology,
rock samples to offer clues about the movement the university plans to capitalize on the
and composition of fluids present millions of years availability of this unique facility. The SSC era of
ago. Startup and operating funds for the Stable high-energy physics also promises a number of
Isotope Facility came fi'om the Science Alliance; opportunities for new collaborations, as does _he
the UT departments of geological sciences, advent of a federal computing initiative that will
chemistry, ecology, and botany; and ORNL's bring ORNL and UT scientists together to work
Environmental Sciences Division. A special course on a wide range of new technologies for research
gives students hand_;-on experience with the and education. Finally, we can expect future
extraction equipment and mass spectrometer, recruitment of Distinguished Scientists and

Collaborating Scientists for many UT
The Electron Microscope Facility (FMI,') at departments and ORNL divisions. The expanding

UT has benefited greatly from the presence of partnership will continue to enhance scientific
Distinguished Scientist David Joy, who pioneered research and education.
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Biographical Sketches

Chet Richmond, an Associate Laboratory l.,ee Riedinger directed the Science Alliance
Director Emeritus, has directed ORNL's during 1985-1987 and 1988-1991. He is now

University and Educational programs since 1984. Associate Vice Chancellor for Research at UT.
In 1990 he was named Director of Science An experimental nuclear physicist, Riedinger until
Education and External Relations, making him recently directed the Joint Institute for Heavy Ion
liaison with several educational organizations, Research that is adjacent to ORNL's Holifield

including UT, as well as for developing science accelerator facility. His received a B.A, degree in
education programs with Tennessee's community physics from Thomas More College in Kentucky
school systems and for expanding working and his doctorate in physics from Vanderbilt
agreements with R&D institutions here and University. After postdoctoral appointments at the

abroad, Niels Bohr Institute in Copenhagen and the
Richmond received his B.A. degree in biology University of Notre Dame, Riedinger joined the

from the New Jersey State College at Montclair UT Physics Department in 1971. In 1990 he
and his M.S. and Ph.D. degrees in biology and accepted a three-year appointment to the DOE-
physiology from the University of New Mexico in NSF Nuclear Science Advisory Comrnittee and
Albuquerque. A member of the U.S. National was named a fellow of the American Physics
Council on Radiation Protection and Society.
Measurements since 1975, he has served on their
board of directors since March 1988. He was

resently appointed to the Advisory Council for
Technical Education Association.
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Tom (;arritano is a technical writer for the

Science Alliance, and among his responsibilities
is a bimonthly newsletter called Sciem'e Alliance

News. Since April 1991 he has hosted a weekly
radio show featuring interviews with scientists at
UT and ORNL. Garritano has worked in the

publications office of ORNL's Engineering
Technology Division and at the engineering firm
JBF Associates, He also teaches non credit

classes in desktop publishing and the use of'other
common personal computer software.
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ORNL, scientists and engineers partlctptlle in joint research nmnber tri' ORNL researchershave pcrl'ormed work for EEI_,C,

and teach highly specialized tours _,,;as ad,lunct I_rol'essors and EERC employees have done work for C)RNI_, Milton

with theCenter for Materials Processhlg, Sttldellts, l'tlculty, Rtlsseil, I'ormer assistantadtnillJstrator Iii the Ellvlr(_illnelltal

and hldustrlal participants there have accessto the specialized Protection Agency, is acollaborating scientist al bolh EERC

researchl'actltttes at ORNL,, including the High Teml_erattn'e and ORNL's Energy Division,

Materials Laboratory, a DOE user facility, This year ORNl_,joined EERC in t_ubllshlngI,'orumfm '

WMREI was formed In 1985 to fl_cus on resolving natiormi, Applied Research und Pul_lic Policy, a quarterly journal thal

state, and societal issues and conflicts posed by the focuses on issues relathlg to energy, the envh'orunent, science

rnanagenaent of solid, chemical, low-level radioactive, and and technology, and economic development, The publication

high-level radioactive waste, Headed by Gary Sayler, lt is part has been guided by editor Daniel Sclufffer since ii was launched

ot' UT's Energy, Environment and Resources Center (EERC), by the "l'ennessee Valley Authority in 1986, David Feldman ot'

which was created in 1972 as a multklisctl_ltnary research ORNL's Energy Division has ,joined Fortml's staff as senior

center for exploring and resolving critical issues concerning editor, In addition, Chat Richmond, director of ORNL's Science

energy, the environment, natural resources, mid technology, Education Programs and External Relations, serves on the

The Envtronment_d Science and Biotechnology Division of journal's advisory board, ORNL representatives on its editorial

WMREI has a collaborative relationship with three ORNL bom'd m'e Bill Fulkerson, Eric l-lh'st, David Reichle, Tom

divisions, lt is the base for David White, ORNL-UT Wilbanks, and board co-chah'rnan Bob Van Hook,

Distinguished Scientist in applied microbiology, WMREI was Besides WMREI, EERC also operates

instrumermd in establishing a mixed waste management
• the Water Resources Research (',chief, a l'ederally

program with LJT's Civil Engineering Departnaent; students in
designated state water research institute (whose acting dh'ector

this program carry out research projects at ORNL,
is Bruce Tschontz) designed to assist the state's academic

Researchers in the WMREI division are currently active in
institutions in carrying out water research prograrns, including

DOE's Integrated Trichioroethylene Bioremediation
gt'otmdwater monitoring and soil erosion control, and

Demonstration Program; in this work, tl:.';yarc collaborating

with ORNL researchers in the Chemical Tecl mology and • the new Center t'or !!',nvirorhmenl,_liIHolechnology, which

Environmental Sciences divisions and at UT's Pellissippi conducts research (under Sayler's direction) to increase the

Laboratories, effectiveness ot' erwironmental bioteclmology in detoxifying

Sayler and White, who are involved in this eflbrt, are also or destroying pollutants and hazardous wastes and which

princil_al investigators in the Deep Subsurface Microbiology teaches courses in the field (UT is now offering graduate

Program of DOE's Office of Health and Environmental degrees in environmental biotechnology),

Research, They are collaborating directly with Steve Herbes
EERC sponsors a Waste Management Internship Program,

and Anthony Palumbo of ORNL's Environmental Sciences
which gives undergraduate and graduate students work

' Division and ORAU postdoctoral appointee Robert Burlage in
experience in fields directly related to waste management, The

the tlevelopmertt of bioluminescent sensor technology for
program is supported by Energy Systems' Hazardous Waste

detecting light l'rom genetically engineered bacteria as they
Remedial Action Program,

metabolize toxic substances in soil,

EERC researchers carry out analyses Ibr ORNI., and its LIT has several institutes that are not supported by the

DOE contractor, Martin Marietta Energy Systems, Inc, A Science Alliance but lbster interactions between ORNL and UT
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I,.'rsunnel, An exmuple Is the lustitute rra' Res_mmu,'u t'ev,,skilled ,,w_rkersin the I'ielclImw.,reuetw.,dtheir trnlning oIl

I(miz;lltml sl)eelrusunl)y (IRIS), ,,vhiL'hgl'e,,vt'rum lhc the,i()h,()RNI, u()llulu)rnted with tJ'i' in selling up n

piOlleei'illb work til' Slim Htlrsl trod his cullengues whih.' he wits tlliJversity-indtlstry t'ooportllive l'esc'tlrchCOllierForIrninlng

tm ()RNI, elnphLvee,The misstun ul' IRIS is Iu expluit lhc gl'tKltlllle sltldelllS ii1 the m'eu,Rlehnrd Andersun ul' ()RNI,'s

()RNI, tlevelopmellt oFsingle-tilom detection using resolltince lllslrtlnlelilttlloll [tml (,(mtrols (I&C') l)ivisltm spenrhetidedthe

iunizulion speulrosc(_pyForsolving I_usicttndnpplied scientific l,uhurntory's el'l'orl in estnl_lishingthe tmtion's l'irst grlldtli.lle

I'U'ohlerns,These i_rol_lernsnmge I'r(_indetecting tlltrnlow progrm11111fills .,.;pucitllty,

rUth(ranistri'eonttmlintmls in nmleritds lo sequencinglhc I_urtuin Dnn Mul)unnld o1'the I&(' Division m_d('htu'h.'s Muoru ul'

genome, , irl', thecenter's co-tecllnicul directors, tu,;sisll]u(.I Ivluly, tile

Ar_olher LIT institute is lhc In.,,;litule ftu' ,,X,l_plied center (lireclur, in eslul_li,qhJnglls re,,.+etlrcllclire<.'lion, A

Mt_:r_hi(_lot.ly,hun<.ledby I)istinguisl_ed Scientist DnvM rlumher ur nmntlt'twturersm_dusersul' me_,u,;uremenlnnd

White: this instittrte Ims conducted rusem'eh on using u(mtrol teehntflogius pr<.wMe l'unds nru.lequiprner_t Forresenruh

t+nicrt_Orbunismstt_destrr, y l'_ulyuhltu'irmted bipl_enyls (F'CI],s) nnd trtlining, In July 19Xb the center wits Iulmed ii Nntlorml

in s('_il,II ulso slm.lies rniurolfiulogictilly inl'lucncud corrositm Suiuncu l+'ourldntion(NSI +')University/industry Uot)pertttive

ill collul+cu'ttlirmwith tl'l"s C'entcr Ftu' Mntun'ials l:'rucussinB, Rcsem'ch C'unlur, l+ruvMing ii the recugnili<+mt_eu¢l,,:<.lIu

A lhird inslilute is lhc lumlilule Ibr l",nvirlmmenltll develop tl nntiollnl hnsc of Stll>p()rll'or its l+rogrluns, In tt<.Idition

Moclt,liri_, which ]+itshr.,ellorgtlnized It) tn_<.lurtakescientil'ie to NSI +'trod II'tc'+l'urlneSSeUVtdley AutlIt:u'ity, I_ cornl"mnies

rcsutu'ch on thu(u'eticnl +tmlttppliud unvirunmuntttl ln't_l+Icrn.s hnve .joinud tile center us l'ull (+rttssocittle nmrnhers, They tire

requiring rnudeling tUldannlysis, Its g_n.tlix to extend the Alcott, Allisun l)ivision of (Ienernl Mott>rs, AiIl(}co,

h{>tlndtu'iesoI' environmental studies thr(mgh at Allhcuser-l_usch, l:Iniley C'(mtrc>ls,l)ow Chelrliutll (+()l_|l)_.uly,

multMisuilflinnry letl111 nPl+ru+.lulltlsillg tile expertise ul' l)uku lJower, l:,_,l, dtl Pont de Nelll(ltlrs, t:,tlStllltlll Kru.htk,
I

resettrchers ut tiT, C)RNI_, tlnd uther l()cnl ttgencies, The l]rners++mElectric, l!xxun C()rl_Orutit)rl,Mnrtin M+.trietltt,

institute's staff' represent n I'tlllg¢ oI' disuiplines, incluclirlg l+erkin-l+;Imer,R(>hn+nnd l lnns, l_itisllllttnC'llemicttl C'orr_imny,

envirtmrn,,.,ntal studies, e_'oh)gy, mntllelnutics, statistics, 'l'extts ll)strunlents, the 3M ('()rnpnny, lind tlnit)n (,iu'hide,

11urneric+.tlnn+ilysis, and ctmq+uler science, The ()RNI+ Seven otller ct_mpnl+ies hnve .juined +Isconlrihulirtg nle1111_ers

ct_t_t'dirutt(u' l_+_rthis institute is l)onttl¢l DeAngelis, to ttid the center in develol_ing sevurnl new sensor l+m,ieuts,

tit nnd ()RNI+ hnve develuped severnl centers Fur resenrch 'l'he center's resenrch pru.jeL'tstu'e l_rup(+sedhy re,'.;eurclmrs

;.tlltledtlC+.ititmttlpurp(_ses in which irldustrinl l'irms pnrticiptlte, ni tl'l', ORNl,, trod the me_nhur ctmilmniL,s, 'l'he center hns 15

including the previc, usly mer_tiuned C'enter for Mttteriatls l't_n¢le<.lresent'eh pro,jevls in pn,:e:+s crmtrr_l, sensur

l-'rt_vessing, 'l'lle first stu.'h center, which wt.tsl'orme¢l in 19_4, <.level(qm_ur,t, ttnd pntterll recognition,

is the _1{.Ptl.,,,tll't,lllelll and ('<mlrol l']nlaineeri_i_ ('enter 'l'hu ('mnlmsile Mtllel'Jills SCJt!IIt'l', RIIil lh'uet, ssinla

Rect_gni/,ing lhul nt_Ameriutln universily Ims tl progrntn l'(_r l,tilmrut<n'y is tt.it_int resunrch nm.lengineering Vellttll'e

letlclling nlunsurunmrlt nnd c()ntr()l engineering an(l lhnl the between t i'I' mid ()RNI, li|ni involves Americnn it_dustry, 'l'his
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'l'he IUl'/llel', 'hil ORNl.
uttd U'I' is   talhtg  ' lhtafi/e  'mllril ll/imt

I'ttl/?l'Ol'/ll,t_' 01t1' ['_'0t10ttl/_' H'C//-./;PilIt_,

I'UU'tnershll_vcus formed Iu nccelernte tile cornrnerclttlizntion ot' I:'EAC is one o1'12 test ro`tdapl)licntion centers estnblished

udvnnced inttterlnls techtlologles to I`tlttkeLI.leUt.litedStf.ties by li.le Electric Power Resenrcl.l Institute to litcllltate li`tc

more competitive in world tntde, The Inborutory provides development o1'electnmic equllmlent to improve ft`tc

graduate courses 111m_tterlnls science nnd l)r(_cesstng and the et't'lctency and qunlity tri' power use for IIi,..'benel'it o1'utilities

mechm.ltcs of cornl)Oslte structtlres, which include cermnlcs, und their custorners, The Laser Techrlology Center ccmducts

rnetuls, I.II1(.Ipolymers, Researcl'l projects Iii lhc UT Jltbol'l|lory resenrch, trMns Inser tecl`tnJchu`ts,rind provides ht:.;ersnnd

or DOE t'ncilttles ll.l()ttk Ridge (such rts the HTML _.|11(.1tl`te tecl.lnlcnl supl:)ort services to smnll comlxmles perl'orrrling

K-25 pr)lyn`ter composites nlttl`tul'acltlril`tgI'ucllities) rnnge I'rom work under Snlttll Business innowttion Reseurch col`ttrttcts,

design nnd synthesis ot' speclul nlloys tu`tdpolymeric mntrices TCRD, whtcl.l works directly with DOE I'_tcililiesin O_tk
r

to exph.)ring II.letl.le0ry tri' fracture meclmnics, Prlrlcipnl ORNL Ridge, spons()red the Tl.lermornecl`tarlical Model Sol'tw_tre

divisions involved with the Con.ll:Xsites Lnborntory are the DeveloFmlent Consortium, which ilnproved and

Applied Tec!m,flogy, Erlgil`teering q'ectmology, _.tl`tdMetals commercittlized softwnre devel(_ped by tile Massachusetts ,

und Centmics diviskms, The focal IXtint for this laboratory at Institute oI' Techrloh)gy and ORNL for analysis til' the

UT is the previously mentioned Center for Materials tl.lermomechanicnl degradntton o1'refractory rnuterinls in cord

Processing, combusthm envinmments, TCRD teamed up with Energy

Besides the Center fur Mnterhds Processing, Mttrtin Systems and Bnttelle in pmposlng an adwmced method for

jr _'1Marietta is one of several industrinl participnrlts in L I s t`tew inspecting polymer composite structures in response to a

Sui)t, rlm' l?,rtlaineering l)esil.t,n Program headed by Clernerlt request for proposals by li'tcDelxtrtmenl o1'Commerce

Wilson, l:_stabltslmd to reintegrate er_gineering and Advanced Teclmology Program,

manul'ncturing to make U, S, industry more competitive, this Energy Systems managers will be learning better

program olTers courses in design tnethodt)l(_gy and electro- rnnrmgement techniques t'or l)mdtlcing higher-quality products

rneclnuaicnl systems integration, Other purticip,'iting compnntes by attending seminars at UT's new Institutes for Productivity

nrc lhc Alcoa F:oundation, IBM, Northern Telecom, Saturn, Tlarough Quality, These tnstittttes are part of the Mnnngement

and Westinghouse, Developrnent Center ot' tlm university's College of Business

Severul of the center_ and institutes are located tm the UT Admhfistrntion, They include a Senior Executive Institute, an

campus in Knoxville, und others are in the Tennessee Administrative & Services Institute, n l)esign ot"Experiments

Technology Corridor, The technology corridor is nlso the Institute, and a Cost Managenlent Institute,

h(mle tri'the Power Equil'nnent Application Center (PEAC) Tlm healtll o1'the nation's economy depends on an educutcd

und the Laser Technology Center, which are operated by the work force with technical krlow-how and (m new products that

"l'ermessee Center for Research and Develol_ment (TCRD), often result t'r()m scientific research and technology

TCI_.I) is jointly t'unded by tlm Tennessee Valley Authority, development, The 49-year I-mrtnership of ORNl_,and UT ts

Martin Marietta Energy Systems, UT, und lhc state ot' muking a valuable contribution to improving otlr eCOll()tlli(.'

Tennessee, well-being,
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.............................................................:....AWards & Appointments

l,oucas (;. Christophorou has been Elias (;reenlmmn has been named Boatner, Janet Rankln, R, E,
t'lcvated tr, the rank of senior corporate Watkins Visiting Pl'orcss(.)l'tit Wichita l]oekenhauer, and I). L, (_,ilmore, has

t'cllow, and Ralph M. Moon, Jr., and State University. received a second-piace award in the
Thomas E. Shannon have been named Ben Myers received the 1990 Best Optical Microscopy category of the
corl_t_n'atcfellows ot" Martin Marietta Paper Award from the Nuclc,ar Division C'ertunogralfl@ Competition of the
Energy Systems, lhc, of the American Ceramic Society for American Ceramic Society.

Michael S. Bronzini has been named "ElTect of Water Vapor on the Release Paul Rohwer has been named head o1'

director of the recently formed Center of Fission Gases ft'ore UCO in HTGR lhc new Assessment Technology Section
for Transportation Analysis in ORNL's Coated Fuel Particles." in ORNL's Health and Safety Research
Energy Division. Several researchers at ORNL's High Division.

(_eorges A. (luiochon, ORNl.,- Temperature Materials Laborat,_ry Curtis Travis has been named director
University of Tennessee Distinguished received awards at the American of ORNL's new Center rot Risk

Scientist, ha,';received the American Ceramic Society's 15rh Annual Management, l.,arry ilarnthouse has
Chemical Society Award in Separations Conference on Composites and been named tts deputy director,
Science and Technology, Advanced Ceramics, Ted Nolan, Larry Johnnle Cannon has been al)pointed

Richard F. Sincovec has been named Allard, Matt Ferber, and l)orothy an associate division director rot ORNL's

head of the Mathematical Sciences Coffey won a first-piace award for their Energy Division. 'l'he other asst_ciate
Section o1'ORNL's Engineering Physics poster describing the phcnon-lenon of division director is Mike Kuliaslaa.

and Mathematics Division (EPMD), long-term damage acctlmttlation that can ORNL Biology Division Director
replacing Rober! C. Ward, who i,_now result in mecharlical I'ailttre at high Fred C. Hartman has been invited to

the EPMI) director, temperatures in high-l_errormance speak at a Nobel Syml3Osltml sponst_red
(_erry J, lhlnlck has been appointed ceramics, Karren More and Cam by the Nobel Foundation, He will speak

coordinator Ibr structural biology, Hubbard were co-witaners of a second- on "CO, 1TJ×alienin Photosynthesis" at
replacing John Cook, piace poster award, and Hubbard was a the "CO z Fi×ation and CO, Reduction in

Tony A, Gabriel has been elected a co-winner of a third-piace poster award. Biological and Motlel Systems" meeting
fellow of the American Physical l.,ynn A. lhmtner has been n'mled an in l.)eccmbcr {991 at the Royal Swedish
Sociew, associate editor o1"the new ,lot¢rll(ll q/' Academy of Science irt Stocklaolrn,

Bennett C, Larson has been Optit'al Materials, Sweden.

appt_intcd head of the Thin Films and ORNL's Solid State Division entry, ,I, D, (l)oug) Miller has '.,cen named
Microstrtlctures Section ()f the Solid "Cavitation-lndttced lg'acture or coordinat()r or ()RNI_'s Explosives
State l)ivision. Magnesium Oxide," by l.,ynn A, Safety i:'r(_gram,
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Thomas E. Shannon .Iohnnie Cannon Fred C. Hartman

Todd Anderson received a second- Charles C. Baker has been Monica G. Turner received the

place award in the Graduate Student named technology manager for the 1lth annual Scientific Achievement
Paper Competition sponsored by the U.S. Home Team ot' the Award of ORNL's Environmental
University of Tennessee Chapter of International Thermonuclear Sciences Division.
Sigma Xi. Experimental Reactor (ITER), and Bill Laing has been named head of

Terry L. Lashley has been named Nermin A. Uckan has been the newly fornaed Operations Section
proiect administrator of precollege appointed program manager in in ORNL's Analytical Chemistry
programs for ORNL's Office of connection with ORNL's work for Division.
Science Education Programs and the ITER. Lee R. Shugart has been awarded
External Relations. John Hickey has been named funding by the North Atlantic Treaty

Webb Van Winkle has been associate director of ORNL's Organization (NATO) Scientific

appointed to the Scientific Advisory Finance and Materials Division. Affairs Division to conduct a NATO
Committee for the Coastal Fisheries Grant Stradley has been named workshop on advanced research in the
Ecosystems Program, which is part of technical assistant to Murray assessment of environmental health
the Coastal Ocean Program of the Rosenthal, deputy director at ORNL. issues.
National Oceanic and Atmospheric Rort Pope has been appointed to a
Administration. newly created position as manager of Two ORNL entries received awards

Susan Bly has been named ORNL the Office of Civilian Radioactive in the 1991 International Publications
Procedures Coordinator, replacing Waste Programs in the Office of Competition ot' the Society for
Steve DeGangi, who has been Waste Research and Development Technical Communication (STC).

appointed coordinator for ORNL's Programs at ORNL. Wanda G. Jackson, Walter S.
Total Quality Management/ Benjamin A. Carreras has been Koncinski, Jr., and Sandi C. Lyttle
Performance Improvement Process. named head of the Transport Task received a distinguished technical

James D. White has been appointed Force of the U. S. Magnetic Fusion communication award in the category
technical director of ORNL's Liquid- Program. ot"periodic activity reports for
Metal Reactor and Light-Water Lee A. Berry is chairing an ORNL '89; and Wilfred M. Post,
Reactor Programs. international review of the Burning Tsung-Hung Peng, and William R.

Jerry L. Hammontree has been Plasma Experiment for DOE. Emanuel won an award of excellence
appointed associate director of Robert A. Young has been in scholarly/professional articles for
ORNL's Plant and Equipment certified as a diplomate by the "Global Carbon Cycle." In STC's
Division. American Board of Toxicology, Inc. International Art Competition,
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AWARDS AND APPOINTMENTS

',: . ¸11,7¸!¸ t",

Charles C. Baker Nermin A. Uckan Lee R. Shugarl

Dami L. Rich, John E. Holbrook, and Cathy S. Fore; in newsletters, award Robinson; in whole periodicals, award
Nelson T. Edwards received an award of achievement, David Fields, of excellence, Ernest Silver, Lisa
of achievement in mechanical Marilyn E. Langston, and the Xiques, and Jean Smith; award of
illustration, tone art, black and white, Information Technology Group; in merit, Robert M. Cushman, Marvel
t'or Root Respiration Measuring house organs, distinguished award, Burtis, and Lydia S. Corrill.

Device; and Vickie Conner, Carolyn Betty Mansfield, Judy M. Wyrick, In scholarly/professional articles,
Krause, Lynn Till, and Bill Norris and Anne E. Adamson; distinguished distinguished award, Wilfred M. Post,

received an award of achievement in award, Judy M. Wyrick, Gloria M. Tsung-Hung Peng, and William R.
design graphics, covers, tbr the ORNL Caton, and Ceramic Technology for Emanuel; distinguished award, Frank
Review, Vol. 23, Number One, 1990. Advanced Heat Engines Program Staff; Scheitlin, Brian H. Davison, and

and Carolyn Krause, Cindy James E. Thompson; award of
The ORNL Review received the Robinson, Luci Bell, and Vickie excellence, Jerome Dobson, Richard

Francis E. McKinney Best-of-Show Cortner; award oi"merit, Robert L. Rush, and Robert W. Peplies; award

Award in the Technical Publications Wendt, Patricia M. Love, and Gall L. of merit R. B. Neal et al., Cynthia L.
and Art Competition sponsored by Anderson; in promotional materials, Mills, and Publications Division Staff;
STC's East Tennessee Chapter. The distinguished award, Donald W. award of merit, Donna R. Reichle,
winners were Carolyn Krause, Cindy Jared, Walter S. Koncinski, ,lr., and Jonathan Woodward, and Norman E.
Robinson, and Vickie Conner. The Vickie L. Conner; award of Lee; award of merit, Frank M.

Best of Show in Art Award went to excellence, Gay Marie Logsdon and Scheitlin, Brendlyn 1). Faison, and
Sandra Schwartz and .lane Parrott Vickie L. Conner; award of merit, Charlene A. Woodward; award of
for their first-prize entry in "Design Carbon Dioxide Information Analysis merit, Frances C. (;odia, Brian H.
Graphics, Posters" entitled Top Cat Center, Frederick M. O'Hara, Jr., Davison, and Vicki T. Hinkel; in
Gallon Giver Blood Drive Poster. In and Marvel D. Burtis; in periodic trade/news articles, award of

this competition, 34 Energy Systems activity reports, award of excellence, excellence, Luci Bell, Carolyn
entries received awards. Wanda G. Jackson, Walter S. Krause, and Vickie Conner; award of

Koncinski, ,lr., and Sandi C. Lyttle; excellence, ,Ion W. Jefferson; award
In brochures, an award of award oi' merit, ,Judy M. Wyrick, of excellence, H. C. Thornton, .lr.,

achievement was given to the Carbon Betty K. Manstield, and Vicki L. Carolyn, Krause, and Vickie Conner;''

Dioxide Information Analysis Center Conner; award of merit, R.B. award of merit, Carolyn Krause, Mike
and Fred O'Hara; in software user Shelton, R. H. Selden, and L.A. Aaron, and Vickie Conner; award of

guides, a distinguished award, ,lane M. Daniel; award of merit, Allen Croft', merit, Carolyn Krause, Lydia (?orrill,
IK'lP,l_lrl_s'it- }_/I |_1 .... _rl I_/lan¢_ ....... 1 I_ ...... li l]l..l.,kl ..... J t_.'--a-. V lt21_llg _..I]llllgl'; _lWill'd t)i".......... _t ................ _.,}, _lll_.l lJUlllad I_. IIIL;ILilII,7, tIIILI _k-.lllti_' _. ttllt[ _' ...... illld Hll

=
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For their work on the ORNl. Review,

Carolyn Krause (let't), Vickie
Conner, Luci Bell, and Cindy
Robinson received the Francis E.

McKinney Best-of-Show Award in
the Technical Publication

Competition of the East Tennessee
Chapter of the Society t'or Technical
Cmnmunication.

achievement, Jon W. Jefferson; in illustration, tone art, black and white, and Bill Norris; award of merit, Jane C.
books, award of excellence, Robert L. award of excellence, Dami L. Rich and Parrott and Charles Baker; award of

Joiley, Vivian A. Jacobs, and Central Brian P. Spalding; in interpretive merit, Vickie Conner, Carolyn Krause,
Publications Office editorial stal'f; in illustration, tone art, color, award of and ,John Hayter; award of

technical reports, distinguished award, excellence, Bobbie M. Lee and Harold achievement, Vickie Conner and
Lawrence Dresner, Margaret Boone Thornton, Jr.; in design graphics, Beverly Wilkes; in design graphics,
Nestor, and Brenda J. Smith; publications, award of merit, Vickie posters, an award of distinction, Sandra

distinguished award, Sam A. Carnes; Conner_ A. ,lane Mergan, and Schwartz and Jane Parrott; two
award of excellence, ,John T. Hogan, William W. Carpenter; in design awards of excellence, and an award of
Margaret Boone Nestor, and Darcus graphics, brochures, award of achievement, Sandra R. Schwartz; in
Johnson; award of excellence, excellence, Vickie Conner and design graphics, presentations, award of

Kathryn Harris King, Mildred B. Edward Aebischer; award of distinction, Betty K. Mansfield, Eddie
Sears, and John Keller; and an award achievement, Vickie Conner, Katie Barker, Judy M. Wyrick, Anne E.
of achievement, ,lane M. Kraemer, Vandergriff, and Jim ltannah; in Adamson, and Laura N. Yust; award

Gail E. Powell, and Billy M. Gunter. design graphics, single sheets/mailers, of excellence, J. J. Ferrada, !. W.
award of distinction, Sandra R. Osborne-Lee, and Danny K. Cochran;

In the STC Art Competition, Schwartz; award of ex,'ellence, award of merit, Terry L. Sams, Robin

22 Energy System,; entries received Sandra R. Schwartz; ii_design rl'aylor, and Danny K. Cochran; and
awards. In tlm category of mechanical graphics, covers, an award of award of achievenaent, Eddie Barker,
illustration, tone art, black and white, distinction, Vickie Conner, Carolyn ,I. B. Hayter, F. J. Peretz, and ANS

an award of excellence was given to Krause, Don Batchelor, and Johnny Project; and in design graphics, exhibits/
Dami L. Rich, .Iohn E. Holbrook, and Tolliver; award ot' excellence, Vickie •displays, award ot"excellence, Sandra

Nelson T. Edwards; in interpretive Conner, Carolyn Krause, l_ynn 'Fill, Schwartz and Gail Anderson. t_l
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............................................l{] _ "-........Pick--A-Nu-mber...................i.........................i......................

Origins of Models for
Weather Prediction
By Alan Solomon

athematical models
represent concepts and

processes in the language ot"
mathematics, They may express geomelric
units of measurement such as length and
area, or complex processes such as
the operation ot'a big-city

transportation network, These
mathematical expressions
may range from a number

for length to a partial "_ '_
differential equation •

IF-

" _relating rates of i,
change in iime and
space of entities
such as heat and

fluid velocily,
Mathematical

modeling is used

today for a
number of

applications ......... :_:::::-"-"_........:::..........
' ............. - _ 3.3......._3::-7:1.5..:--:-:i]L: ;5;: : :

. .... ...... .the mosl ,i., ,:'"
familiar of ........

which is probably

forecasting the weather. u

While guarding a barn on an isolated
f'arm in Belgium during World War I, g'g
Lewis Fry Richardson, a British soldier in "__----__

his early thirties began p(mdering the problem -"--" _"-.-2"- ¢-
()f predicting the weather. AI Ihe time, " - _

Richardson belonged to the classical school of ,-.-" "-"
British mathematicians and physicists, who
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"Massi_'e compllting po_4'erli_tked lo satel/ite ohser_,alions
and other i1!/'ortTmtionsources has inzpro_'edthe

accuracy of _'eatller prediction today."

had a keen interest in rigorously using the In his classic book Weather Prediction by

tools of mathematics to model complex Numerical Process, published in 1922, he
physical and natural phenomena, described a hypothetical building housing
Richardson's interests varied from human tens of thousands of people, each of whom

psychology to random motion and diffusion would perform a single calculation based on
phenomena, pairs of numbers that each received via a

Weather is determined by the movement pneumatic tube from two other persons and
of heat and air masses (heat and mass providing the result in the same fashion to

transfer) in the atmosphere and their relation someone else. In this way predictions of
to Earth's rotation, solar radiation, and other weather 10 minutes into the future could be

factors. Richardson developed a set of made.

equations representing these mechanisms, Richardson actually performed some
which, in principle, should enable the calculations using his method and obtained
prediction o1"weather if we know such incorrect results. The building he proposed

factors as wind speed and direction, was never built. However, the very failure of
• humidity, time of day, and exposure to his method motivated others to develop
sunlight at any given moment. However, to stability of computing methods and to
actually forecast the weather, an enormous believe that computer-based numerical

amount of computing must be done in a very weather prediction was feasible. Subsequent
short time. For example, a prediction of the prediction models have had a major and
weather 10 minutes from now must be lasting impact on meteorology and other
carried out in less than that time to be oi" fields.

interest. Massive computing power linked to
In Richardson's time, only pencil and satellite observations and other information

paper and mechanical calculating machines sources has improved the accuracy of
were available to add, subtract, multiply, weather prediction today. So the next time
and divide pairs of numbers. With these you see your TV meteorologist forecasting
tools, he developed the world's first weather rain, snow, or sunshine ('or tomorrow, think
prediction model. This crude model was of a soldier guarding a barn in Belgium in

designed to make predictions through World War I and dreaming of the day when
discrete time steps of, say, 10 minutes, using accurate weather prediction would be

only the ('our arithmetic operations, possible.
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............................................................................User-Fa-c iiities ......................................................................

A Chance to Scatter Neutrons

-: have used the l'acilities,
and their work has

appearedin over 600
research publications.

When lhc HFIR was
shut down because ot'

safety concerns in
Bob Nicklow. who November 1986, the
directs the
Neutron Scattering user l'aci j!ly program,
Research Facility, which hosted about
and Marianne 15()usersper year, was
Holma, a graduate also suspended.The
student in physics program began
at the University of rebuilding when tile
Illinois, adjust a HFIR was reslarted

spectrometer at May 16, 1990, Says
the HFIR.The Wignall, "1 can't sayHFIR's two user
facilities give thai we're going al t'ull
students a chance speed,becausetile
to work with reactor was shut down
equipment that for over three years.
few universities That's a whule class of

can offer, graduale sludenls who
never came here and

who have probably
gone into anotller t'ield
of science."

In Jletfli'on

scattering, neulrorls are

shot through a material
lo study ils structure
and internal dynamics.
Neulrons thai slrike the
atoms in the material

are deflected, or

_ _S scatlered, producinga

tudents earning degrees in pattern thal is a slruclur;d t'ingerprinl _t"the
solid-st;tle physics study material.
neutron static, ring in "Neutrtm scattering as a research col provides

textbooks, but they aren't always able Io have a a me;ms of examining a wide variety of solid-state
firsl-hand experience with il, '_says Bob Nicklow phenomena, from magnetism, superconductivity,
of ORNL's Solid State Division. "This user and crystal structures lo polymers, colloids, and

program is a way for tllem Io come and do lhose hiolugic;tl materials," says Nicklow. "It's an

experiments." exlremely versalile technique, but it's awtilahle on
Nicklow and George Wignall manage lhc user very few universily campuses."

facility program in neutron scattering al tile ltigh Nicklow direcls lhc user program al tile
Hux Isotope Reactor (Iii:lR). Since the progranl Neutroil Scattering Research l:acility (NSI,',F),
began in 1980, more than 3()()graduate students where intense neutrorJ beams produced hy tile
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HFIR are used with a variety of wide-angle equipment would be safer and provide greater
scattering spectrometers for basic research, flexibility in optimizing resolution and intensity,
Wide-angle scattering is used primarily to study Remote sample-handling and -orientirlg devices i
the locations and motions of individual atorns in are now used so that the operator is further

solids and liquids. Currently, the research removed from the neutron-scattering bernn,
focuses on better understanding magnetic which is a source of some radiation, la'orthe

materials, superconductors, metal alloys, and SANS facility, the software was completely
phase transitions, rewritten, and new hardware was installed to

The neutron-scattering equipment at NSRF provide virtually instantaneous on-line data
awfilable tbr users includes several three-axis analysis.

spectrometers for rneasuritag magnetic energy The HFIR's user t'acilities offer neutron
levels and vibration frequencies of atoms, a scattering at an unbeatable price to the user_it's
polarized-beam spectrorneter for ir|vestigations free unless the work is proprietary (proprietary
of magnetic rnaterials, and a high-resolution work is not published in the open literature, so

powder diffractometer for studies of materials the public does not directly benefit fronl the
that cannot be obtair|ed in crystalline tbrrn. The research). A staff member works with the user to
facilities also allow studies of materials in train him or her, but eventually the user is usually

extreme environments, ir|cludir|g low and high able to operate the equipment alone,

temperatures, higl| pressures, and strong Currently, about five outside users work at the
magnetic fields, facilities in any given week. A particular user

Wignall directs the Center for SnaalI-A.,lgle might come back several times a year, and an
Scattering Research, whose state-of-the-art experiment might take two days or two weeks.
equipment enables researchers to investigate the Users cotne from ali over the world; during a
molecular structure of materials in biology, recerlt rnontl| they came from Germany, Japan,
polymer science, chemistry, materials science, Canada, arid, closer to horne, Los Alamos and the
and solid-state physics. The two rnain University of Illinois. Although Nicklow and
instrun_ents available to users are the 30-m Wignall would like to see the programs rebuild to
small-angle neutron scattering (SANS) facility the former levels of use, their staffs have
and the 10-m small-angle X ray scattering decreased since 1986. Theretbre, they are
camera, rebuilding the programs carefully to avoid a

"The NSRF started off as an in-house research deluge of users that will overwhehn the staff.

program that D()E wanted us to nmnage," says "I could book the small-angle neutron-
Nicklow. "Then, as the user concept grew, DOE scattering instrument 100% of the time," says
still wanted us to do our own research, but they Wignall, "if I had the staff to look after it. I've
also wanted us to start a user community, lt has beer| turning a lot of people away because there's
not been established as an exclusive user only me to look after the instrument. We were

research t'acility, because we still have our own pleased when we had 150 users here, and we're
research responsibility. In 1986 about two-thirds trying to work our way back up to tlmt. Not ali of
of the research was carried oul by people from the experimental slots are filled with users, but
the outside. The remainir|g one-third was carried it's getting to be a substantial fraction o1"the time
out strictly by people from ORNL." In the Center already. Just a tir|y bit of publicity is going to
for Small-Angle Scattering Research, which was cause an explosion of users."

built with funding from the National Science An explosion of users will put the facilities
Fot|ndation, virtually ali the research was done back where they belong_providing hundreds of
by outsiders, students and other scientists a chance to broaden

The staff used the HFIR downtime in the late their horizons through tl|e use of ORNL's world-

1980s to improve the equipment; the class net|Iron scattering research t()ols.---g'indv
spectrometers were modified so tl,tt the Robitts(m I_
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....................................i..................................: R&D Updates ........

New ,E',omputer ',cience
Research Facility ()pen

RNL has a new C',ompulcr Science conlpulalion speed and broughl ii-it)cb recognilion Ici
Research Facilily, which is located lhc division within the imst ye_ir.

among the physics buildings ileal .... l'his is ii great Move for our division," says Bob

lhe Sw_,II1Pond. Con-lpleled in lhc spring (li' 1991, Ward, division direclor. "The Illiive no) only

ltle building houses the Mathematical ,Sciences provides ii new facility for lhc division's expalltling

Section of the Ellgineering Physics and comput{ilg re,search progr_an'l,bul ii also en_iblc.v.
Mathc',malics Division. l'his soclion, which was slronger inloraclitms iillltlng lhc divishm's

located iii the Y-12 Phu-il, conducls basic research mulliseclJon colnpuling, niathenmlical, and statistical

in compuler science, maihenlaiics, arid staiistics Illodeling and analysis activities, li also will benefil

wiih _111emphasis on rese_ii'ch iii parallel )he nl_llly ORNL divisions lhal collaborale wiih the

processing. Mailienlalical Sciences Section,"

The 12,343-ti 2 building contains 38 offices, a "l'his building for people who work wilh numbers

sit)dent area, a library, a conference room, and a has a number of its own, like ali ORNL buildings.

computer roo111. Among the division's conlpt.ilers 'l'he C(impuler Science Research Facility is also
is the lntel iPSC/860, which has sel records in known as hluihling 6012.
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In the computer
room of the
Computer Science
Research Facility..,

• ' Is the Intel IPSC/
860, which has set
records In
computation
speed and brought
much recognition
to the Engineering
Physics and
Mathematics

' , ._ " Division within the
past year.

IT ,,-,, ,,-11,,-_,.,,.,.,,.,,,-_ J-_._ fresh lava deposits from an t,,,de,'water volcanic
U i I lUl lC / _,3/il_ ILIE7/ eruption, They had made these observations this

past spring during a "voyage under the sea."

I Deposits _,,_oovo,,D,.,,m,,,,a,_,_,_O_b,oe,_,'.Uo,,,_ava of ORNL's Environmental Sciences Division, were

Observed by _mo,,___ou_o,'._en,_._,._w,,od,._o_.,f.e,_,,lava deposits at the bottom of the ocean. Active

ORNl Stall' eruptions on ,he deep seafloor have ,,ever been_.j observed directly, However, the scientists found a
spot that had been covered by lava flows within the

In June 1991, when the world's attention was past 15 months, For the ORNL scientists and their
focused on tile death and destruction from lava colleagues, the discovery provided an
flows from tile erupting Mount Pinatubo in tile tmprecedented opportunity to study the el'fects of
Philippines, two scientists at ORNl., were telling underwater eruptions on the deep-sea biological

news reporters about the new life they saw among community,
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R&D UPDATES

i:.... Thio reset,irthiers measured the temperatures ofii(:il, ' '

_!;_;:i the hot springs; the maxin,ium tenll'leri,lttlre(403°C)
_; _,,; is one oi' the hlighest over recorded in the sea, They

also fotmd thai the hot springs (I) are the moa

" acidic arid the least salty of the hot springs known
// ,, in theoceans al,td(2) coiltain conceniraled metals

arid sulf'ides tMt darken the water so tMt the
Two ORNL

scientists spent a i_: , thermal vents seem to be emitting bli.ick smoke,month at sea, The vents released carborl dioxide and othler gases,
using the The l'resh hiv] depositsi,ilsogave the grotlp ali
submersible Alvin tirlparalleled chanceto study the growth o1'ii IleW

to dive to a hot- biologici,iI conll,iltirltty iirotirid the hot spril,igs,They
spring environ- I'out,iclscorched bodies ot' IubeworlllS (jokingly
ment on the ocean ci,llled "tubeworm barl.)ecue") tMr hi.ldbeen covered
floor, by hiv] l'lows, Another discovery wt,isthe white

n-lilts lhal hadgrown over the hhick hiv], co]lille
piitchy al'OaS for several kilcItneters, No one kriows
whether these n,ii,itsare formed froln rattier]Is or
bacterii,i,

Speaking to reporters, Vorl Di,lrrundescribed the

mi,its as "not quite like cotton ci,mdy" but more like
a peaceftti winter snowscape, Wt,iter tic)wing from
the Ilot springs, she said, occasiorially rips tlie mats
trite pieces, creating i,Iwhirlirig "snowstorrn," li'
bi,lcterial h,iorigin, sheadded, the mats hidicate tl-lat
a rlew biological comniurlity is growing tip arid
replacirlg the one destroyed by the lava flow, The
researcliers expect to overltui,llly find harger

Iri March tl-lescientists sailed abottt 800 km i,u,iiri-ulls,sucti as inussels and cil.ulls, colonizing the
(500 rrliles) southwest o1"Acapuh.:o, Mexico, lo area,
study one of IIle rriost extensive areas o1'deep-sea Von Darnm ariclGrebrneicr's research was
hot springs kriowri, Tlie group included n.iarirle funded by National Science Fourldation (NSF)

geologists, biologists, and cllcrnists l'roi],it,i,ially gri.it,itstlu'oughl tlieir positions lit the University of
dift_rent tuiiversities and labori.itories.The Terlnessee,where V1.mDi,]mmis i,l research
scierllisls spenl i,Iirlorlth iii sea, divirig a total of associi,ite r)rofessor ii,ithe geol1.)gici,llsciences arid

25 times in the subrnersiblc Ab'in to the bottom of Grebmeier is a research assistant professor in
111oocean--i,i depth of 2.4 krn (1.5 miles), ecology.

"rhicscientists visited lile Easl Pacific Rise, a Thio various scientists working witli the
vole]rite ridge at i,lsite southlwest o1"Mexico Iii a expeditiorl look for answers lo a variety of
hat]Curieo1'9 tc) 10° N, Tllese mid-ocean ridges quest]or]s, The geologists observed the beginriirigs
t'orm ii global system representing lhc creation of of ore deposits fornlirig frorn thiorl,ieialsarid
I,iewseafloor fr1./111I,iloltell rock Ct,ii]gnat,i) il'i stilt'icles, obti,lii,iing inforllaaliOl,ithai t,i,itlyetl]de then1
Ettu'th's n,iantie, As the magrria bttbl.)les tip ft'on1 iri prospect]rig for rniricri,lls.The biologists were
inside Earth, it cools etl contact with the sei,iwi,lter curious wl.iether tllis chlemosynthetically based
and harderls trite new ocei,u.iiccrust. The tleal of ecosysterri (with rio light, pliotosyntliesis ci,u,ii,iot
the rnagmi,l pttshes til) i,iridge ot.i thiosei,lfloor from take piace) could have beer] thioerivironrnent for thio
whicll the new rock sprei,lds out, The underwi,lter or]girl of life, 'l'hlcchiernists were interested in

eruptions also create hot springs along parts o1'the urldersti,uldirig the corlditions controllirlg tl.ie
ridges, cllemistry ot' seawater,
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Another gonl t,f thee×pedltiort was to locntc u thnt eXl',Osttrctu _myof these cmntvsult in illness,
sitefor tile first drill hole cff the Irttcrrmticmal injury, or deatll ur dnmnge to nu.tturulresources?
Prc_granlot' Ocean Drilling. This project for Do mmmgerial notionsand policies ucttmlly
studying tile cornl_Ostttonot' w.u'lousarensot' the reduce etlvtronmermd and heidlh huzurds?WIt_tl
ocean t'loor will tnke the first core sm'spieso1'the ere the negnttve envircmmermd impacts ot'energy
East Puuific Rise elu'ly in 1092,'I'tle'Scierttlsts i_rotlucticmund c_.mSUml_tlon?Whiul'l
found a site Ilaving rehatively tllick undsolid lave erwironmentnl Im_blernssllotdd receive nttentlon
I'lows that is thougl'Ltto meet the drilling t'lrst?
requirements,No previous dives had been made in Tllese questions will be nddressedby ORNL's
the nrea,so the grout-_relied on nmpphlg by newly estitblislled interdiscil:fllnary Cent 'r I'or
renlote sensing l'or guidance, Knowledge ot'tile P,tsk Managernent, Tills researcll-and-
iu'ea's terrain is crucial becausevisibility t'mrn dcveloprrient center will be basedin ORNL,'s
inside Ah'itt is only 15'to 20 m, Health nnd Safety Research Division (ltASRD),

Alvin is a 26-yenr-old submersible owned by lt will use ORN[.,'s scientific resources and
the U,S. Navy and operated by Woods Hole expertise to evnlunte risks to humarl tmalth and
Oceanographic Institute. Three people cltn fit tlm envirorunerlt and to determine the best
inside Ah'itt_a Navy-certified pilot and two rnetllods I'or reducing ttlem.
scientific observers, Because the daily dive lasts "Our goals are to integrate science into "'[']I_'./)'_'S]I

l'rom arotllld 8 a,m, to 5 p,m,, Von Dimml warned, decision making and make Energy Systerns a [_I_'_l _[cp_,s'it,s'
"You rnust have a strong bladder," During this national leader in risk rnarmgernent and
expedition, she dived to tlm scat'leer five times, nssessment," says Curtis Travis, director of tile _l[,S'¢_t,'tl I't' t/l_'

'lTle NSF;'program rnanager, slle said, wusso new center and head o1"HASRD's Risk Analysis t_l'_)ll/_ till

excited by the results of the study that he has Section, "We phln to do mc)re than develop risk Itll/)(il'(I//U[Ut]scheduled nlore dives _lttile site for Jiinuliry 1992, rnetllodologies aild perl'orlll risk assessnmnts, For

Specifically, the groui_ will look for new example, we will pruvidc technical assistance to f'iltltl('C t:)
biological growth at the springs and will study one sponsors who manage societal risks or itlterl_ret Slltd\' l/l¢'
tmusttal hot-water vent whose chemical risk assessments,

compositicm was t'ourld to elrange every week, "In addition, we will look at the role ot' t,_l'f)H'[/1 (!/'_i
Tile expedition has ah'eady prover1 its success coxnnlunity relations in achieving ptLblic II{'H'

t'rom tile first set of dives, But Von Darnm, consensus on tile most acceptable ways to Iiloti'al
Grebmeier, and the others are eager to learn more rnanage environmental risks, We will conduct
about the impacts o1'wflcanoes under the sea by trairling for prot'essionals and offer educational f'()tlltlllltll'[ _'

explorir_g new depths.--Ale.vamlra Witze, ORNl, opi_ortunies to tilt; public to promote two-way (ll'()lttld [lit'
Review ,_'unmu'r titters attd senior itrgeo/o,tD' at communication between both groups on the ,,
the Massactm.vetts hrvtitute of 7'eclmology management of env ironrnermd and Ilealth risks." /I ( ) l S/_l'i tl t_S,

Travis will be assisted by the center's deputy
director, Lawrence W, Barnthouse of ORNI.,'sORNL Has w,,,
report to David E, Reichle, ORNL associate

Sciences.

for Risk toxicology studies airned at deveh_phlg Ilealth-
based standards, data-base development,

Management monitoring, api,lied ecology,
engineering risk analysis, economic analysis, and

Toxic chemicals, raclionuclides, acid deposition, policy analysis,
and climate change can be hazardous to lauxnan
health and the environrnem, What are the risks
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I""......." TechniCal Hi ghlig hts_ ......................

Meltdown: A Solution to

Radioactive Waste Disposal?

or converting a material Io glassrighi where lt ix) at
Solid Waste Storage Area (SWSA) 6 em lhc ()iLk

Ridge Reservation, Brhm Spalding and Chu'y
Jacot')s, both cii'the l!','nvironmentldSciences

i Division, and Mary Peterson, project nmrmger from

PNL,, organized the carefully controlled, well-

Reed D, Sharp, a publicized demonstrattofi tri' ISV, Four Sel_tU'ate
Battelle tech. i tours gave emph,yeesand media representativesan

nlclan, checks the I opporttlnity lo observe tile technology 111actJoll l!11(1
equipment ,._ to learn 11boutI'uttH'eplans,
designed to melt

According toSpalding, "During tile 195(),,_and
rac_loactlvesludge ,_._.__ 1960sthe pret'crred way cii'disposing ot' radioactive
and surrounding ':"
soil In a trench Into waste was Icideposit ii as a sludge In porous gravel,
a block of glass, These disl-)l)s_llsites are now l_rot_lerns,ot"course;
which seals the wt must keep the waste from let&lng into tile
hazardous environment, The in situ vitrll'ieallon process in a
materials in piace, perl'ect match for this type ct' problem; ii allows us
Photo by Michael to convert the sludge into a monolith oi' glass,"
Patrick of the For tlm demonstratilm, the researchers moved a
Knoxville News- sarrlple cii'sludge corltaining 10millicurtes ot'
Sentinel, radioactivity l'rom anORNl, seepagepit to the

SWSA site, The l_lacernenlin tile ground sirnuhlled
burial in the old ORNL seepagepits thai were last
used in the 196()s, The radioactive isotopes present
included cesium-137 and strontiunl-90, both ot'

which have natural analogs in ordinary soil, arid
other transurimic (heavier-than-uranium) elements,

Severitl grapliitc electrodes planted in lhe ground
transferred electrical pl}wet that, together with the
earth's natural resistance to heal flow, melted the

n soil, The electrical power was gradually increased

ew (Irlyou contain radioactive to (ts high as 3(){1kW, As the soil melted, the
sludge buried durirlg the 195()s and electrodes sarlk down into tile molten soil,
196()s, when lhc al_proach towaste The waste was well monitored: over 10()sensors,

disposal was explicitly to "dilute and disperse" in mostly tlmrtnocotq_les, were buried at various
cr,ntrast to the present-day requiremcrlt of depths and distances from the waste, The scientists
cumpletc clmtainnlent? How do you keep ii from used them to monitor ol't'-gases, heat flux,
being released into tile environment, tenlperature, and pressure til learn how tile waste
cuntanlinating the gi'OUlldWater all(l the earth? and surn_urlding sllil were reacting to the melting
ORNl., recently demonstrated a possible sulttti_m: process.
melting the sludge lind stlrrounding soil into a A large he(ii! capped off' the site and collected
block til' glass, whicll seals tile radiuactive any gases released by lhc 1500°C material, More
materials in piace, tiron 97,3% o1'tile radioactive material was retained

In May 1991 eP, NI, mid Battelle Pacific in the gl'_tllld, but the Id't'-gases were nonetheless
Nt>rthwestl,aborttttlries (PNl.+)pet't'llrl._aedii hall'- vented tt_ti mobile unit for scrubbing luld t'iltering,
scale dell lOnslralJ_;llllit' "iii situ Vill'Jf'icali_ln"(ISV illilkJllg ti]c air cleilll enough Iciberelurned til the
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envh'_mment, Nu truces o1'nNiulictlvtty could he as ii melts and cools, lhus eltminlitlng the need for

I'ound In the lllsl sttiges o[' cleaning the gnses, more c(-_tly und lnvusive sensors,

When lhc destred deplh wlis reached lit'lcr Thu ISV process wlls developed mute than ii

about t'ive days tri' heating, the power wus deutlde llgt_ by James Buelt and William Bonner,
switched off' and the molten ellrlh let't to cotfl, A both eft'PNL, They had been ' ,orklng on

t'eW weeks li.iter, the trelliett Ill'ell had solidified to glllssil'iulition projects for sttibilizing sluul)les ot'

ii illlXtur¢ o1'gray rock lind dilrk li'ecn gh.lss, rtldloliciive wllsle, They stwln retlllzed lhlll, rtilhor

whicll iii't: very reslSilint Io ihlin exhLinTlnI the

leaching, "HTowlisle wits nlilierilil lllld bringln I ii lo

ii-iris eri¢lipsillllled iii li tile glass I'lictory, which

nTon(_llthic' glliHs, involved much risk, they

prevelllillg ii t'rOlll should lnslelltl Inke the
lhrealcnlng ptlMtc hclllth " t'liCtol'y to lhc waste sltc,
i.llld the Clwlronnleni, On ltesoarchers t'ronl both

the stlrl'aee, the bluckcned PNL, lind ORNl., have

iirc'a looks like lt big hole, ''!, • beClTworking together (iii,,

about 1,5 !11deep, with ii ' '" ISV for ii few years, The
cl-itink of glass lit the l'irst ISV denlonstration
boitorn, 'File crater used lionrlidit)llcltve

re.,;tllled fronl lhe loss ot' nitllel'ials,

space between soil Spilidirig is working (iii

ptirticles melted together specific applictitions of

din'ing the expcritlTent, .. ISV lhr waste site needs,
Ill addition to ihc ll.illll), The Oak Rklge

Reservation hlls enottghsenst_rs, the seismic _
in.iliging mettiods o1'Alan scattered waste sites l'or

Witten ot" the [_llOl'gy This black chunk of glass was formed by one to two busy year,,,;of
Division and Rick in situ vitrification, continuous vitrification,

Williams of the University The tidvtintitge o1' ISV, lie

o1'q"elllleSSee were applied silys, is thai "yOt1111ilke ii
to the melting soil lint] waste, l:or this allplication, iintl yt)tl'r¢ dollc with ii," CoIiVeI'IIIIg the ,sludge

ii technician fired ii shotgun slug into the ground lit into a massive chunk ot' glass permanently

ccriaili locations, creiliirig st)rind wtivcs llliil ¢oiliaJris ii,

iriiveled through the soil, By lrilcking the waves, Iii atldiliorl, ISV JAilsli() exlrtl nlliiilteni.lnce ¢osls,

geophysicists t.'iin identil'y dilTercnt stll)Stll'l'ilce Its iii rcpusitory disposal, Assullling 1.111ISV tlllit

conditions, that wurks for five yctu's, the cost is estimated to

TIle soil i.lrid mdlten nlaterilils hllve very fie $4()()/m .{ot' glass, Accordirig to Sl)aiding, this

ditTel'elli meClTiu.iical pr()portics thai Clill fie cost is iii least ii factor o1'10 less ii+ltir1thlit o1'

detected usilig the seisluic rneastircnlcilts, The cxhtiming lind repliekagirlg (but not disposing of)

velocity of st)und waves is quite diffcrcnl iii the the waste, which is "the ultinliite tlltornlitive whiciT

tWO Illateritils, and this dilTerence is what is used no one wants In contcinl)late very long," Evidence

to iilll.lge the two Illilierials, Witten has beell St)l'lir indictltes tlull ISV llllly provide tl silt'El',

iilvolved wilh olher projects including seitl'c'hirlg siilllller soltlli(ln li) the waste pr(iblem,

for diilOSiltir bones, hindt'ill contelTls, anti perhaps ,4h'.t'ulldrd llli'ilz.t,, ()/TNI.. Review SIIIIIIIIf'I' iIIICI'II

even hidden niirt:otics, But for n(_w, scientists (Hl(.Isenior til the Md,%'Sdf'llllsetl,_'hlslillllc of

ht)pe it will give Iii1acCtil'l.ile picture of the waste "['cf'hllohJtlv
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TECHNICAL HIGHLIGHTS

Tectlnlclan
Virginia Tevault
focuses on a
spinach leaf,
which provides the
membranes that,
when coated with
platinum, produce
electricity,
If platinum-coated
spinach
membranes could
be used as
electronic building
blocks, smaller,
faster computers
could be built,

Green Power
irradiating them with a laser, Elias Greenbaum of

Plan ts
the tools of photosynthesis to turn photons of light

Spinach and l)latinum seem like an odd couple, into electrical current. The process may be a key
but together they can make electricity flow. The to developing very small and very t'ast
secret is to use the platinum to give metal-like optoelectronic switches for use in bh,_molecular

electronic devices. The "electric eye" in burglarproperties to the spinach's chloroplasts, which are
the t!ny, chlorophyll-packed sacs that gre,en plants alarms is one example of such a switch.

"When laser light shines ota these platinizeduse to convert sunlight into usable energy.
By coating spinach thylakoids (the part of the clllorophtsts, voltage Is generated across the

claloroplast where the photochernical relictions of spinllch nlembranes," exphlins Greenbaum. "The
plmtosynthesis take piace) with platinum and then system converts light energy into electrical

energy. The objective of our research is to try to
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extract and isolate the photosynthetic reaction then precipitates platinum onto the exposed
centers that make a biological system convert light photosynthetic membrane. The platinized
into electricity. Knowing their function in the chloroplasts are trapped on filter paper and placed
biological system, we may be able to build our between two electrodes. This package is held
own assemblies that incorporate such together with lucite plates and compression screws.
photosynthetic centers." Greenbaum believes such The laser creates a steady-state flow of current
assemblies could be used to cot struct biological through the chloroplast-platinum composite matrix.
optoelectronic logic devices, optic computers, or The amount of precipitated platinum and the
biocomputers. Such devices would be much proximity of the laser source to a linear wire
smaller and faster than conventional computers, electrode determine the amount of current through

"hl such devices," Greenbaum says, "the the platinized chloroplasts,
presence or absence of light causes an This process does not harm the chloroplasts. The
optoelectronic switch to change its state from 'on' reaction will go on for days, and, when done in the
to 'off' or vice versa, Our research i_ intriguing absence of oxygen, the reaction has been measured

because the optoelectronic reaction occurs in a for more than a week.
molecular device, which is very small (about Greenbaum has been working with chloroplasts

I nanometer) and has_l switching time that is very for several years, Much of his work has involved
fast (about 5 picosccot,!s). Of course, we're still using photosynthesis to split water into hydrogen
doing basic :'esearch; we're a long way from using and oxygen, He first platinized chloroplasts in
photosynthetic centers as parts of computers." 1985 during a search for efficient photosynthetic

In ali higher plants, including spinach, the methods for producing hydrogen fuel from water.
thylakoid membranes contain photochemical His work with platinized chloroplasts has fc_cused
reaction centers where electrons are transferred as on the biomolecular electronic properties of this
photosynthesis takes piace. The light captured by new composite material. Greenbaum uses these

the chloroplasts transfers electrons across the electrons to swlthesize hydrogen (Review, Vol. 19,
photosynthetic membrane. When platinum is No. 3, !986) I.IKt to create the sustained electrical
precipitated onto the surface of the membranes, current in the chloroplasts, which drive current
the chloroplasts at least partially acquire metal- through an external circuil.
like properties, allowing them to c¢mduct "We stumbled into this field by looking at the
photoelectric current, photocatalytic properties of hydrogen and oxygen,"

"The amount of platinum determines the degree says Greenbaum. "Once the platinum started going
of photoc, qductivity," says Greenbaum. Enough down into the chloroplasts, we decided to study its
platinum must be present not only to make effects on the electronic properties of the
electrical contact betweetl the photosynthetic chlorcJplasts. The platinum really did transfoml the
membranes, but also to create a chum_plast-metal electmaic propertie_."--Cimly Robinson
matrix. Thus, when the photosynthetic reaction

centers generate their current, the e',ectmnscanflowbetween metal particles. Mysteries of Hollow
Other researchers have used thylakoids to

conduct photoelectric c',rrent, but their Atoms Probed
membranes have been in direct cotltacl with

electrodes. Greenbaum's work is unique because Research at ORNL's Physics Division has
the laser t:reates a tqow of phot¢_current in the provided insights about "hollow atoms," neutral

plane of the entrapped platinized chlorc_phtsts, ,minis lhal are unusual because nearly ali their
allowing the cun'enl lo flow t'r{)mmembrane to electrons exist far from the nucleus ;rod carry
membrane, excess energy.

To create the platinized chloroplasts, in a nomml atom in the ground state, the
Greenbaum ruptures lhe chloroplast envelope and electrons occupy orbilals (shells) so as Io minimize
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TECHNICAL HIGHLIGHTS
I I

J

,

their total energy. Shells arc filled sequentially, nearly ali lheir el¢clrons wiihoul impariii_g high
starting with the lowest-energy, innermost shell speedsto tile resulting ions. A well-defined, low-
closest tothe nucleus, progressillg to tile second energy beam ot' multiply charged oxygen-7+ ions
sllell after tile irmerillO,4 one is filled and then Io is exiracled from the source imd directed Ioward

tile til]td cme, and so on,Iri a hollow atom, nearly a metallic crystal tiu'gel so thai ii barely skims the
ali tile electrons are Iocaled instead iriouter shells, surface. Tile ions travel almost parallel to the
leiiving a core of empty irmer shells tllat make the crystal plane hefore plungirlg into lhe surface.
atorn Iloll(w,,. Every electron ii] these outer shells Because they Ilave ii strong positive electric
carries excess energy in tilts exotic atomic state, tield, tile higllly charged ions can capture loosely

How are hollow atoms ob'ained? Visualize an bound electrons from tile metal target its they
atom of oxygen with eighi electrons_iwo in the skirn over the surface. Tt]e ions pick til) enough
innennost shell and six in the next shell. Put the electrons lo make tilers neutral but hollow atorns.

aiorn in ORNL's Electron Cyclotr(m Resonance These eleclrons are captured into highly excited
(ECR) Ion Source and sirip it of till but one of its levels called Rydberg states.

electrons, giving ii a net charge of +7. An ECR l"h)llow ;.ilOlllS (.tO IIOI stay hollov,, long,
source I]as the capability of striF,ping atorns of however. Tile excited electrons in the outer shells

Fred Meyer (right),
Charlie Havener
(left), and Pedro
Zeijlmans van
Emmichoven
(background)
make adjustments
on the ....:.. _..
experimental
apparatus used to
study hollow
atoms.
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of hollow atoms eventually relax ,'roddrop down determined that a hollow atom survives only tens

to the low-energy, innernmst shells closest to the to hundreds of femtoseconds ( 10 ._.ss) bet'ore its

nucleus. In this process, they give up energy in the electrons revert to their minimurn energy states by
foml of X rays or Auger electrons having jumping into inner shells.
characteristic energies. An Auger electron can be Description of such hollow atom decay poses a
emitted when at least two electrons _re in excited large challenge to theorists, One difficulty arises
states. One of tlm electrons jun_ps to a lower- frorn the simultaneous participation of many,
energy level, releasing energy that ejects another mutually repelling electrons, both in the hollow
of the excited electrons from the atom. The atoms and in the metal target they penetrate. These
ejected electron is an Auger electron, electron interactions (also called correlations) play

An ORNL research team has obtained evidence a large role not only in the initial formation of the
of hollow atom formation above metal surfaces hollow atom state but also in determining the speed

using beams ot"nitrogen-6+, oxygen-7+, and of its subsequent decay. Another complication is
argon-9+ incident on single crystals of gold and the proxirnity of the metal surface during the
copper. The tearn includes Fred Meyer, Charles hollow atom's decay, which nlay affect the nature
Havener, and Pedro Zeijlmans wm Emmichoven, Of the transient hollow atom states formed during
ali of the Physics Division; Steve Overbury of tlm the atom's lifetime.
Chemistry Division; and David Zehner of the The research on producing hollow atoms near
Solid State Division... metal surfaces raises fundamental questions about

By analyzing the energies of Auger electrons atomic physicists' understanding of atom decay
emittcd by these multicharged ions, the and the properties of atoms in multiply excited
researchers found a ch_u'acteristic signature of slates, The results of the research rnay also have
hollow atoms that distinguishes them frorn ions practical applications because the excited electrons
thai have captured electrons directly to inner in the outer shells of hollow atorns might be used
shells after penetrating the metal bulk. They for new types of lasers..--Carolyn Krause _1

m
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Energy Systems and Tennessee
Enter into CRADAs

o increase the federal govermnent's t)rogram, which financially supports industrial
onmaitrnent totransfer its assistance and networking ill Tennessee.
echnologies to private industry, to Funding from DOE's Defense Program makes

improve U: S. cornpetitiveness in world possible the participation of Energy Systems
markets, and to help Termessee cornpanies through the Y-12 Plant, which provides
improve their manufacturing processes and technological assistance to meet the needs of

environmental practices in metal-working and smaller companies using rnachirfing and metal-
rnachining, three agreements were signed in working processes. The ultirnate goal of the
Oak Ridge this past surnmer. CRADA is to improve manufacturing practices by

On June 24, 1991, officials of Martin creating development partnerships among the
Marietta Energy Systems, tnt., and the state of cooperating smaller priw_te manufacturers. In this
Termessee signed two agreements for assisting way, advanced technologies that could irnprove
Tennessee's priwtte finns through the transfer tj. S. competitiveness in global markets couh:l be
of technolo',ies developed at DOE facilities in developed and deployed.
Oak Ridge. The CRADA calling for cooperative R&D tbr

The agreements_known as Cooperative environmentally sound manufacturir_g will use the
Research and Development Agreernents capabilities of Termessee's Center for Industrial
(CRADAs)_were signed during a ceremorly Services and technical experts within Energy

attended by Joe La Grone, manager of DOE's Systems. Waste minimization experts from the
Field Office in Oak Ridge, and Rockwell Y-12 Plant are expected to be used, along with
Schnabel, deputy secretary of the Department of ORNL experts in waste processing from the

Commerce. The two officials also signed a Chemical Technology Division, characterization
letter of agreement for continued cooperation and monitoring technologies from the
between the two federal agencies in technology Instrumer_tation and Controls and Health and
transfer. Safety Research divisions, and risk assessment

The two new CRADAs will help Tennessee from the Environmental Sciences Division. They
firms implement environn-|entally sound will initiate r|eeded cooperative R&D with
manufacturing processes and improved rnetal- Tennessee manufacturers for the developrnent and
working and rnachining operations. The use of manufacturing tecllnologies that minimize
agreements pledging regional technical waste production and damage to the environrner|t
assistance and cooperative research and and comply with increasingly rigorous

development (R&D) were signed by Clyde C. environmental requirements.
Hopkins, president of Energy Systems, and Carl The project is co-funded by DOE's Defense and
Johnson, Tennessee Cornmissioner for Environmental Management programs. The
Economic and Community Development. cooperative R&D will focus initially on finding

Under the conditions of the CRADA for less environmentally threatening substitutes for
regional technical assistance, Tennessee will solvents and other standard process chemicals
provide an industrial assistance program to currently used in production. Both CRAI)As with
identify the techne,'ogical needs of small private the state of Tennessee will use Termessee's Center
manufacturers and to match them with Energy for Industrial Services, wllich has a network ot'
Systems' resources. The National Institute of industry extension agents who will provide

Standards and Technology, which is part of the technical assistance to the compar|ies of
Department of Commerce, will also participate Tennessee. Energy Systems will provide the
in this program thm_,sh the R_eher!-Rc, ekefe!!er !e,-hnica! experts needed by the,_:e'-agent,_',.

_

_
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ACnerica'sEducationGo_is-,Helpsupportournation'svision
By theyear 2000:
1. Ali children In America will star1school ready to learn.

2. The high school gradualion tale will increase to at least 90 percenl.

3. American studenls will leave gra_as lout, elgH, and Iwelve having demonstrated
competency in challenging subjecl matter including English, malhemalics, science,
history, and geography; and every school Irl America will ensure that ali stttdenls
loam to use theirminds weil, so they maybe prepared for tesponslbl,ucitizenship,
furtherlearning, and productive employment in our modem economy.

4. U.S, studentswillbe lirslin lhc worldIn science,and mathematics achievement.

5. Everyadult American will be literate and will possess the knowledge and skills
necessary toconlpete In aglobal economy and exercise lhc rights and
responsibilitiesoi citizenship.

6. Every school In Arnerica will be free o(drugs and violence and will oiler a
disciplined environment conducive lo learning.

(ever)

Radiation ....Kespwatur
Monitoring Software Licensed
Software Licensed to Local Firm

A computer program that can collect and An Energy Systems computer program thai
interpret information simultaneously from more monitors the safety of respirators and ti_e
than 100 radiation detectors has been licensed by qualifications of workers using them in hazardous

Energy Systems. The company granted exclusive areas has been licensed to an Oak Ridge

rights to the Integrated Alpha Spectroscopy company.
Software to Canberra Industries. Sigma Science, Engineering and Technology

The software was developed by Larry Applications Corporation has been awarded a

Burchfield of the Oak Ridge Y-12 Plant. Copies commercial license for RespFit 2.0, a program
of it will be produced and marketed by the that stores ;rod analyzes information taken from
Canberra h_dustries' Nuclear Products Group in tests of forrn-fitting respirators.About 29(10 employees at the Oak Ridge Y-12
Schaumburg, Illinois.

The software was originally developed for use Phmt are trained to use protective face masks
with monitors ot' alpha radiation, the most difficult when working in areas that sotnetimes expose

type of radiation to detect because ii can be easily them to increased concentrations of airborne
absorbed by any material, including air. The hazardous substances, The new program gives
software package sorts out data from the detectors supervisors a record of employees having the
and makes calculations to determine the presence proper training and those lacking it.

I ot" radioactive material and its level of In addition, the program provides a
) radioactivity. The program can be used with methodology for testing whether a worker

instruments for personr_el monitoring and wearing a respirator and perl'orming specit'ic tasks
environrnental analyses, meets the safety guidelines established by the

Alpha spectrometers are used to detect Arnerican National Standards Institute. The
radioactive isotopes that emit alpha radiation (ata testing procedure asks the worker to make

alpha particle is a helium nucleus_two protons movements similar to those made on the ,job and
and two neutrons). Each alpha-emitting isotope determines whether these movements increase the
has a characteristic decay energy, or "fingerprint," worker's risk of exposure to hazardous

rnaking possible identification of specific substances.The cornputer program was developed by
isotopes.

Current regulations require the deteclion and Joseph Sherrill, an industrial hygienist at the Y-12
measurement of very low levels of alpim radiation Plant. This is the fourth Energy Systems license
at nuclear facilitie's such as the Y-12 Phmt. To irwolving a Y-12 technology. _I1
meet this requirement for each large batch of

samples processed daily in large-scale monitoring

prograrns, long count times and 50 to 100
individual alpha detectors acquiring data
simultaneously are needed. The new software
sorts the data and does calculations ai least 20

Djt,,_¢t r,-,_t Br, A,'
t;,.no,, £,._,t,=r th,_,_ c, th,_r o,_,.eontly _ .................
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