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Fifty years ago this fall, Oak Ridge National Laboratory was established to serve a narrow, 
yet urgent n:itional need. the separation of plutonium from irradiated uranium fuel. From 
this initid nmndate-instrumental in e n d i a  World War 11-the Laboratory has steadily 
broadened its scope to reflect the evolving scicntific priorities of the nation and the world. 

Today, ORNLactivitycanbegroupedintofive 
major categories: energy, environment, economic 
competitiveness, education, and the basic sciences. 
And while work is quite diverse, all of it fulfills ORNL's 
original mission of serving urgent national interests: 

balancing energy needs with environmental 
responsibility, 

* deciphering the human genetic code to crack 
the mysteries of human development and 
disease, 

* exploring solutions to our burgeoning waste 
problems, and 
enaneering strong new materials for use by 
U.S. industry. 
Over the past half-century, OWL has made 

pioneering advances in cach of these arenas. IIowever, 
our ability to continue leading-edge research is 
determined largely by our freedom to build and 
maintain Peadingedge facilities. Among our initpatives 
this year are two such facilities that will capitalizc on 
expertise resident at the Laboratory and, in so doing, 
advance whole fields of science. 

owHB ~ - e ~ ~ : r o ~  
&%-in wm 
'fr!wdpk-me 

The United States can take great pride in the invention of reactor-based neutron 
research. Pioneered at OWL, neutron science led directly to the plastics revolution and 
to advancements in energy, medicine, agriculture, computing, and geology, among a host 
of other fields. Yet, despite its historic lead, the United States has fallen behind in this 
discipline so crucial to economic competitiveness. 
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Not only has the United States not built any new research reactors during the past 
30 years, but existing facilities have deteriorated. As a result, there are huge areas of 
scientific inquiry the United States cannot explorc. In the meantime, 10 large research 
reactors have been commissioned worldwide since 1980. Of these, one is in France, one is 
in Japan, and the other eight are in developing nations e g e r  to reap the benefits of neutron 
science that the United States has demonstrated so convincingly. 

The Advanced Neutron Source, proposed to be built at ORNL during this decade, 
embodies the IJnited States’last, best hope forreassertingits leadership in this field. It would 
allow us to regain the advantage we lost to Western Europe a decade ago and would attract 
a new generation of researchers. 

The centerpiece of the ANS will be the finest research reactor ever built, designed 
using every advance made since our last generation of research reactors was built. More than 
1000 scientists and engineers per year are expected to use one of the more than 30 
instruments the ANS will provide for experimcnts on materials and basic nuclear science. 

The ANS is ORNL’s top scientific priority, reflecting the importance the Deparlnrent 
of Energy, the National Academy of Sciences, and others attach to the project as an essential 
element of our national research and development strategy, 

For more than four decades, ORNL has steadily expanded the frontiers of life 
science: first, by illuminating the biological effects of radiation; later, by pioneering 
methodologies for radiation and chemical risk assessment; more recently, by exploring the 
most basic life processes, including genetic replication and repair. 

In the twenty-first century, we have the opportunity to unlock the detailed secretS 
of DNA and the human genome and, along with them, the causes and cures of many of 
humanity’s gravest health problems: birth defects, dc-velopmental abnormalities, and many 
forms of cancer. Today’s research tools are tomorrow’s hope for bettcr chemotherapies, 
high-yield biomass for food and energy, and new ways of diagnosing and treating genetic 
disorders. 

The Center forBiologica1 Sciences will bring together five key components, allowing 
new interactions and synergies. a transgenic mouse facility, a macromolecule mapping and 
engineering facility, a bioprocessing research facility, a mouse breeding center for human- 
disease models, and an expanded graduate school of biomedical sciences. 

The talent and experience of ORNL’s Biology Division represent one of the leading 
life sciences resources anywhere in the DOE complex, indeed, for some specialties, 
anywhere in the world The many contributions these researchers have made to fundamental 
understandings of the most basic life processes have more than justified the investments 
made over the past four decades. IIowever, to position ourselves to apply these resources 
to the challenges and opportunities of the next century, we milst make an ongoing 
investment in them 

These lands ofinirestment~-str:9tegicallq. targeted bo capitalize on existing strengtli- 
represent this nation’s only rcnl hope for rcmaining a major force in the global marketplace 
of scicnce and technology ‘1s OWL embarks on its second halfcentury, such federal 
commitment to our top priority initiatives i s  essential if we are to continanc se i~ ing  the 
nation at a level commensuratc with our ability and vision. 

61-4 I I  Oak Ridge National 1,uhhoratory Institutional Plan FY 1993-1 998 



~ ..................... ................ ~ -~ .. 





The Oak Ridge National 1,aboratory (OWL), which is managed by Martin Marietta Energy 
Systems, Inc., (Energy Systems) for the U.S. Department of Energy (I)OE), is one of the 
nation’s premier research institutions. The primary mission of the Laboratory is to pcrforrn 
leading edge research and development (R&D) in support of the nonweapons roles of DOE. 
Especially important elements of OlWYs mission are to perform basic and applied research 
of importance to the nation, to provide the scientific and technical community with unique 
national user facilitics, and to partner wid1 universities and industry to improve thc nation’s 
competitiveness through technology developmcnt and transfcr and through contributions 
to the national initiative to improvc science and math education. 

OWL will accomplish the mission through its cure competencies: 
energy production, conservation, and utilization tr:chtiolo@es; 

0 materials sciences and engineering; 
* physical, chemical, and engineering sciences; 
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biological and life sciences; 
environmental sciences and technologies; 

manufacturing sciences and technologies. 
computational sciences; and 

The principal sponsor of ORNL’s work is DOE, but, in a larger sense, the 
Laboratory serves many national-even interi7ational~ustorrmcps. OWL staff art. 
involved in research on global environmental and energy problems, and in the develop- 
ment of technologies that will improve U.S. connpetitiveness in international markets. 
The Laboratory’s more fundamental scientific research, much of which is done in 
collahoration with researchers frorii around the world, contributes to the storehouse of 
hunian knowledge; this work, therefore, has a very broad customer base. In the 
conception, construction, and operation of national research facilities, the Laboratory’s 
customers are drawn from major segmcnts of the scientific and technical community. 
Much of the applied research and technology development work at ORKL is expected to 
provide services for other government agencies and private companies. 

Several factors combine to distinguish ORNI, forni other RPLD institutions. Thc 
Laboratory mclds :I unique blend of excellent researchers with a large array of world-class 
f:icilitie?; to conduct broad interdisciplinary research in areas of national importance. 
Thc ability to integrate basic research, applied research, technology development, 
information dissemination, and technology transfer is iinsurpassed among research 
institutions. The style ofteaming with industry and academia to bi-ing a multidisciplinary 
approach to problem-solving provjdes exceptional valuc to OKNL’s customers. Finally, 
the Laboratory’s ability to conceive, construct, and irianage large, complcx projects 
provides DOE and the nation with a rare resource. 
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ORNL is one of the major multiprogram laboratories owned by DOE. These laboratories 
contain the largest collection of scientific talent and research facilities in the country, if not 
the world. This scientific power is essential to the United States in meeting the challenges 
we face in the next few years. These challenges fall into three categories-enere, 
environmental protection, and economic competitiveness. OWL has strong capabilities 
and will continue to be a major contributor in all of these areas. The nature of these 
contributions over the next 15 years is the focus of the following strategic look to the future. 

Over the next 15 years, energy will continue to grow in importance in the United 
States and worldwide. First, the world's largest reserves of oil lie in onc of the world's most 
politically unstable regions; this situation is unlikely to change in the foreseeable future. 
Next, global energy production and consumption will cwntinue to rise; this increase will, in 
the main, be driven by the developing countries. The impacts this will have on energy prices 
and the environment will focus attention on improved efficiency and on nonfossil energy 
supply and use technologies. The lJnited States is faced with falling reserves of gas and oil, 
increased oil imports, and increasing concern about the environmental and health conse- 
quences of energy technologies. If our system is a rational one, these factors wiU add up to 
increased emphasis on energy R&D by DOE and its national laboratories. Because ORNI, is 
one of DOE'S largest energy research laboratories, we are in a good position to make major 
contributions to 1X)E's programs in energy R&D. 

As the world population increases, and as this population becomes more affluent, the 
potential for global environmental change grows ever larger. At present, global warming and 
ozone layer depletion are the more visible environmcntal concerns, yet these are only 
examples of the broader environmental implications of a growing world economy. Global 
environmental issues will likcly become even more important in the future. Unless we 
improve our knowledge base concerning global environmental processes, we will be ill- 
prepared to develop and to implement national and international policies to deal effectively 
with the environmental problems. Much more fundamental and applied research is required 
if we are to have the understanding needed for intelligent responses to environmental issues. 
DOE'S laboratory system is an important key to gaining this knowldge. Because OKNL's 
environmental capabilities are among the nation's best, we are in a good position to make 
major contributions to humankind's understanding of the global environment. 

Amajor revolutionleading to fundamental advances in understanding the molecular 
basis of gene function is occurring in the biological sciences. OWL'S historic leadership in 
mammalian genetics, protein engineering, and molecwlar biology will continue with major 
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contributions toward understanding the nlarnrnalinn genome and the genetic basis of 
human disease. ORNL’s research in protein enginee~ng and structural biology will expand 
and will assume increasing national importance should DOG decide to proceed with the 
construction and operation of the Advanced Neutron Source (ANS); the neutron-scattering 
facilities at ANS will offer un matched capabilities for probing complex biological structures 
that cannot be characterized by any other means. 

The need to restore the 1 Jnited States’ ability to compete in international markets 
is one of the most pressing problems facing this nation. It is not just a short-term issiie. It 
is a structural problem with large scientific and technical components and with no quick 
fixes. Many things need to be done. We need to strengthen our educational system with 
special emphasis on scientific and technical education. We need to continue to replenish 
our reservoir of basic scientific knowledge. And we need to do a better job in helping 
American industry to translate the new knowledge into commercially useful prodtach and 
processes. Secretary of Energy James D. Watkins has directed that the national laboratories 
take on thc mission of helping the United States become more competitive through 
technology transfer and through contributions to scientific and technical education. In 
some ways this challenge is rnorc difficult than the Manhattan Project, for which the national. 
laboratories were founded nearly a half century ago. This challenge is difficult because it 
requires fundamental changes in the relationships of government, industries, and univer- 
sities. In particular, tlre traditional sharp boundary between industry and government will 
need to be altered as it becomes evident that the nation must call upon all of its intellectual 
resources-universities, industries, and national laboratories-to work together toward a 
common goal. 

Although R&D can address many of the important issues facing the nation, 
significant funding constraints will affect research. The federal deficit will continue to 
dampen new initiatives, and competition for research funds will increase. Because of 
cutbacks in defense spending, many of the defense K&D institutions will become stronger 
competitors for the civilian R&D dollar. DOE’S environmental and waste p~-oblems will 
continue for a decade or more, arid funding to address these issues will diminish resources 
available for R&D. The budget constraints will focus attention on the efficiency and 
effectiveness of 1)OE’s laboratory system. Big science projects like the Superconducting 
Super Collider (SSC) and major user facilities like the ANS will come under increasing 
scrutiny. In attempts to cut spending, DOE may experience pressures to consolidate 
facilities. Any facility or program that consumes resources and does not produce significant 
scientific or technological advances will be at risk. 

The next two decades promise to be a most productive and exciting period in the 
history of thc Laboratory. It will be a period of revolutionary changes in almost every area 
of science and technology in which ORNL i s  involved. It will also be a period of considerable 
challenge. Reflecting national needs, ORNL’s directions will be dominatcd by three major 
thernes-energy, environmental protection, and economic competitiveness. 

Kecausc of the competitiveness mission, collaborative research, centered on major 
user facilities, will become a very importarat component of the Laboratory’s intellectual 
output. It is expected that the number of guest researchers will increasc substantially over 
the next 10 years. Much of the increase in collahoration with outside researchers will be 
associated with the expansion of our cxistinguser facilities and the addition of new faacilitics. 
Major new user facilities that we hope to put in operation over thc next decade iiiclude the 
world’s most powerful research reactor, thc AM; the Center for Biological Sciences (CBS); 
and the Materials Science and Engineering (MSCLE) Complex. The ANS alone d l  accom- 
modate 1000 users per year. 



In addition to collaboration through uscr facilities, cooperative rcsearch and 
development agreerncnts (CMDAs) created by the National Competitivencss Technology 
Transfer Actof 1989 (P.L. 101-189)provide industrywithaccess to thevaried KKrlIactivities 
at DOE facilities. A O A  allows OWL to enter into cmst-sharing arrangements with U.S. 
industry to improve our national ~unipetiveness. CK41)As provide an extremely efficient 
means of leveraging R&D funds. 

To a growing extent, the exceptional scientific and tcchnicad developments coming 
from OKNL are king translated into new1J.S. products, markets, and jobs. The catalyst for 
this evolution in the Laboratory’s traditional role is a11 aggressive technology transfer 
program, one that recognizes the importance of face-to-face interaction htwccn O€WL 
researchers and their industrial counterparts. This program began in 1985, and as of April 
1992, die Laboratory had in place 6.3 liccnsirig agreements with American industry. The 
cumulative product sales associated with these agreements are 840 million and are growing 
rapidly. ORNL has established itself as a leader in technology transfer, and we plan to 
continue that leadership in the future. 

As another element of the competitiveness mission, the Laboratory will expand its 
alrcady substantial educational programs. The present educational activities eiiconipass 
over 40 programs involving precollege, undergraduate, graduatc, and postgradudtc students 
and facilty. The potential for our precollege program is particularly significant. If the lJnited 
States is to regain its leadership in international commerce, we need to influence the nation’s 
best an3 brightest young pcople to pursue scientific and technical careers. That is the aim 
of the Laboratory’s Environrncntal and Physic:d Sciences Study Center, which attracted 
20,000 precollege students and teachers last year. The center provides students with the 
opportunity for hands-oai learning in the physical and life sciences. 

The future emphasis of energy K&I) nt ORNJ, will he on energy cfficiency itriprove- 
inents (both supply and end-use technologies) and riorlfobsil energy supply technologies 
(inclutiirig fission, hision, a r i d  biomass energy). The 1,aboratot-y will continue to cotitluut n 
large and diverse K&l) program it1 conservation and rcmwable energy. Conscrvation R&I> 
emphasi.ses high-temperature materi:tls for transportation ;md industry, technologies for 
incre:ming the efficiency and economical usc o f  cncrgy in buildings ancl industry, and 
strategies for improving, thc efficicncy of electricity supply :ind use. To achieve i-muriinum 
Fwiiefit kir the program, conservation R&D activitws arc mrricd out in closc collalwration 
with tht, private sector by nieans of subcoritracting ;mrl ( X ~ l I ~ A l s  Conservation work has 
resultccl in  14 CXADAs thus far--SO% of thc total i i o w  bc%ifi clcvelopeJ at ORNI,. 

Two ni:ijor iiser centers are supported tiy thc eonsc~nation work: the Iligh Tempera- 
tur-c Matcri:ds 1~ahoratc)ry (I I?’ML) and the 1Zoof Itcsc;irch Ckntcr. The objective at these 
centers i!, to dcvclop :ind to test new materials ancl  tcehuolofiit~s that cm1 reduce hiel usc 
requirenicnts :icross the economy. 

Energy bupplly KKrD will corititiue to emp1i:isizc rcncwablc resourccs, rtuclerrr 
fission, arid nuclear fusion Renew:ible ericrgy R&l) focuseb on Iiiomass md hydroelectric 
encrgy production. Utidcr the Uiornass E’roduction It’roffrani at OWL, tcchniqucs will be 
pursued i o  reduce the cost and to increase the productivity uf woody and herbaceous 
biomass applicable to tnntiy regions of the country and in  developing nations. ,\dvanced 
technology for the conversion of biomass to f~rels and cheniiuals will also be pursued. ORNI, 
has a major role in 1)OE’s 1Iydropower Pro&-am, which was recstablishcd in FY 1991. ORNI, 
conducts R&I) on environmental issues that limit hydroelcctric dcvelopnicnt and providcs 
data managenlent and analysis suplx,rt for hydropower resource msessinent. 

Nuclear Ilcy.1), incluclirig hoth fusion and fission, will continue at ORNL throughout 
the planning peritxl. The energy released when light elements are “fused” offers humankind 
the potential for a limitless source of energy. ORNI, plays an important role in the 
ititernatiotialclLicst to clevelop magnetic fusion as a practical energy source. ’l’hc Laboratory’s 
long-term strategy for fusion i s  to strive for scientific and engineering excellence in a broad 



program emphasizing technology and materials. In particular, work will continue on 
advances in steady-statc confinement, plasma heating and fueling systems, first-wall and 
blanket materials, and applied plasma physics. In addition, the Oak Ridge Reservation is an 
excellent, nuclear-qualified site at which to build advanced fusion facilities. 

ORNL plans to continue a contributing role in development of technology for 
advanced fission reactor concepts and space reactor applications. DOES current program 
includes two advanced commercial reactor concepts: the modular high-temperature gas- 
cooled reactor (MIITGR) and the liquid-metal reactor (LMR). 

A continuing initiative is ORNL’s collaboration with the Massachusetts Institute of 
Technology to further develop a concept first proposed for the high-temperature gas-cooled 
reactor (HTGR) in the 1970s. By eliminating the steam~generator and using the hot helium 
gas that exits the core of the MHTGRto drive a gas turbine, a considerable gain in efficiency 
can be achieved. The “direct cycle” (DC) MHTGR can have efficiency in the 50% range, 
compared with 37% for the SC and 33% for water-cooled reactors operating on the SC. The 
MHTGR-DC is just one of several advanced applications for gas-cooled reactors now being 
considered at OWL. 

The Laboratory is agressively pursuing K&D in environmental restoration and 
waste management. The emphasis is on developing, demonstrating, and testing technolo- 
gies that address environmental restoration and waste management problems throughout 
Energy Systems. Energy Systems’ concerns are so diverse that issues facing them invariably 
apply to other sites within the DOE complex. To that end, staff members work closely with 
Energy Systems’ Environmental Restoration and Central Waste Management divisions to 
propose solutions to problems that they have identified. The goal is to solve problems rapidly 
in the most cost-effective manner possible without undue risk to human health or to the 
environment. 

The Laboratory will maintain vital programs in both the physical and life sciences. 
The science programs serve two important purposes: they add to the storehouse Qf 
fundamental knowledge, and they create a strong scientific base in support of the 
Laboratory’s technology programs Areas of research in the physical sciences \vi11 include 
materials; computations; robotics and intelligent systems; chemistry and chemical en@- 
neering; and atomic, nuclear, and high-energy physics. 

The goal of the O W L  materials program is to continue as a world leader in high- 
temperature materials development and solid state physics, including surface research, 
preparation of new materials, advanced materials processing, arid neutron scattering. The 
materials programs are coordinated among the participating divisions to cover a 
multidisciplinary agenda from basic research through dcveloprncnt and applications to 
technology transfer. The materials systems studied include mctals and intermetallic alloys, 
ceramics, superconductors, composites, polymers, and semiconductors. The materials 
programs are responding to the National Advanced Materials and Processing Initiative to 
focus new and continuing research efforts on this important program. Planning is  also unda  
way for the upcoming initiative on advanced manufacturing, which will also cresscut the 
physical sciences divisions. In addition, the materials programs strive continually to 
develop new and more accurate characterization and analysis facilities and to make these 
available to outside researchers from industry and riniversities. 

Neutron scattering, materials irradiation arid testing, nuclear physics, specialty 
isotope production for research medical and military applications, and structural biology 
research continue at the High Flux Isotope Reactor (I IPIR). Neutron-scattering research will 
continue to increase in importance as more disciplines utilize this unique characterization 
capability, as industrial use increases, and as the international cooperation aiming at the 
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ANS increases. Future advances in ncutron-scattering research depend heavily on the ANS 
Project. 

An area of increasing emphasis will be in computational science: developing and 
utilizing state-of-the-art parallel computers. A new Centcr for Computational Science (CCS) 
has been established to support existing computational efforts, and the we of parallel 
computing will be broadened to support all the physical and life sciences. In robotics a~ id  
ititelligent systenis, research topics will include teleoperations and autonomous systems; 
human-machine symbiosis is the ultimate goal. 

Chemistry and chemical-engineering research will emphasize high-temperature 
aqueous mid geochemistry, materials chemistry, actinide science, separation science and 
technology, fossil rcsource science, photochemistry and biophotochemistry catalysis, and 
biochemical-eri~neerir45 research for recycling and treating waste. In analytical chemistry, 
new and more accurate analytical techniques will be developed to m e t  the research needs 
of OWL, as well as new standards in analysis for EStLII needs. Mass spectrometry, new ion 
source and scampling techniques, and increasir& use of lasers will continue. 

In physics the addition of' new research capabilities to thc hlifield fIeavy Ion 
Research Facility (IIIIIRF) will kcwp ORNI, a world center for nuclewr structure rcsearch- 
at least through the end of the century. This will include the development of a capability for 
exotic radioactive ion beams, completion of thc recoil mass spectromcter, and continued ion- 
source and acceleration improvements. 

Biological, environmental, and health sciences will contiriue to prosper as essential 
elements of the 1,alxmitory's research programs. The proposed Environmental, Life, and 
Social Sciences (ELSS) Complex will provide new, high-technology research facilities for a 
number of disciplines. I n  biology the plan is to build on the core areas of mammaliangenetics, 
nioiecular biology, and protei11 engincering. In addition, it is planned to expand 
multidisciplinary research in structural biology and genome mapping. 

The proposed new biology f:ieilities will provide modern, cost-effcctive space to 
maximize OlWL's competitiveness in biological research. Enhanced efficiency and dimiii- 
ished security restrictions will facilitate interactions with the external community and w i l l  
be compatible with establishing uscr facilities for specialized techniques such as neutron 
scattering and insertional mutagenesis. 

Health and safety research will continue its focus on the measurement and assess- 
ment of buman health impacts of radiological and chemical substances. Emphasis will bc 011 

developing further the recently formed Center for Risk Management, improving the 
imclerstanding of polhitant interactions at the atomic and rnolecular levels, enhancing 
studies of the liquid state of matter, developing irnging methodologies for a broad rangc of 
biological samples, developing hybrid instruments fur chemical mapping, and developing 
advanced photonics for envirorimen tal and biomedical applications. Progress will continue 
in the development of radiolnharmaceu'rical products for routine clinical applications, 
advanced itiforination management techniques, and state-of-the-art site characterization 
tnethods and instrumentadon. Importmt goals are tu continue to maintain wcdd leadership 
in radiation dosimetry and to esLiblish centers of excellence in hcdtli risk analysis and health 
physics instrumentation. 

In the environmental sciences the broad goal is to retain the Laboratory's status ils 
cane of the world's prcniier ccologic;nl-environmental. research centers. The etivirotirneaitd 
seienccs program will cover both energy-rclated environmental issues and global science. An 
important objective is to understand from these studics the ititcxwctions of physical and 
chemical agents with living organisms, including the ultimate consequences on the environ- 
ment. Global eiivirorimental studies will be directed toward gaining the fiindamentd 
imderstandings nceded to deal intelligently with the major global-change issues, including, 
&hal warming. One of the goals is to provide practical input to decision makers for making 
technology and policy decisions. 

Efforts will continuc in the analysis and asscssnient of energy and environmental 
issues [energy and rcsource analysis, National Environmental Policy . k t  (NIWA) program 



management, rescarch on wastc management and emergency preparedness, and energy 
analysis of developing countries]; and in conducting work on military and civilian transpor- 
tation systems. 

Applied social science research includev work on the economics and social. accep- 
tance of energy technologics. Thc latter imolvcs such issucs 3s risk perception, conditions 
for public trust, a i d  the evaluation of factors external to the market Social scientists arc also 
engaged in evaluating the effectiveness of government and utility programs to encourage the 
efficient use of energy and to understand better the variables important in the adoption of 
new technologies. A particularly important aspect, which is also a programmatic initiative, 
is the transfer of technology to developing and Eastern European nations. 

The Laboratory will continue to provide vital R&&, support to the Nucl~ar Regulatory 
Commission (NRC) as well as to other federal an$ nonfctleral agencies. Over the past two 
decades our Work for Others (UTO) Program has grown to become a critical component of 
our overall RPrD activities-providing an important outlet for our staff to explorc issues and 
problems that complement our DOE mission. Much of the past research has involved 
support to variom DOD gencics, the U.S. Departmernt of IIeahh and IIurnan Services and 
the National. Science Foundation, but in recent ycars a shi& has begun to such a@ncics as 
NASA, the U.S. Environmcrrtal Protection Agency (EPA), and the U.S. Department of 
Transportation (DO l’). Private organizations such as the Electric I’ower 1Cesearch Institute 
also hind significant efforts at 3FWL. 

Progress in the thematic ii~c;p.s of energy, cilvironmental protection, and c:cononm~ic 
competitiveness will require the 1,aboratory’s and DOE’S managements to conceatrate on 
~ C P W  issues. First, the infrastructure of the !,aboratoiy must be rebaailt. At the same time, 
ORN, needs to he able to manage its availablc rescwrces to achieve es@ellence in OperdtioIiS 
relativc to environmental, safety, and health (ES&II) protection whik maintaininga suitahk 
environment for perhrmancc ofworld-c!ass R&9. Additionally, wc must continuc to expand 
our interactions and collahoratioiis with outside organizations, cspecially univcrsitics and 
American industries. Finally, and most important, ~ 7 e  must enhance our ability for 
attracting, developing, and retaining quality staff. 

IWmilding and e?cpanc!ing the infrastructure of OKNL requires managcmcnt atten- 
tion to decommissioning several “lcgacy” facilities, upgrading most existing facilities to meet 
ciurent sde ty  and environmental standards, replacing S Q ~ W  existing buildings, and acquir- 
ing new research facilities to facilities. The most important of these 
iiekvuser facilities is the I W S ;  Materials Science and E n @ n ~ a i n g  and the Environmental, 
Life, and Social Sciences connpkxes are also high-priority facility needs. 

Althoufih the 1,aboratoi-y has made si<@ificant progress in mecting ES&Ii needs and 
requirements, much remains to be done. The chdenge is complex, especially given the age 
of our facilities, increasingly rigorous DOE and other ;igency regulations, and limited 
financial resources. ’1‘0 address the most critical ESMI needs first within available resources, 
OlWJ, and DOE rniast continue to work together to establish priorities. And all this must be 
accomplished without jeopardizing the P,ahoratoq’s current and future R&D viability. 

(h t inued  expansion of the Laboratory’s interactions and collaborations with 
outside organizations will require considerable effort to make 01WL more ‘‘user friendly.” 

general access and user agreements, streanlining approvals for foreign nationals; and 
providing services for gucst rescarchess. 

we as natioml 

r w  the oim niarlagem will need to pay more attention to simplifying 



Johnston and Packer, as well as authors of other demographic studies, predict a 
future shortage of the kinds of people the Ldmatory  needs.' This mcatis that nimagcment 
will need to pay much closcr attcntion to remaining competitive in hiring, developing, and 
rctainirig a highly cotiipctent staft'. Attention must, of cuurse, be paid to being competitive 
in salaries, but hcnefit packages and opportunities for carcer developnient will he even more 
impcxtml. Spewid attention will need to be paid to the needs of working mothers, single 
p'ents ,  and employees with divcrse cultural backgroutids 

OIzIuL's newly established ICCLI) Strategic P1:mning Committee is currently working 
toward developing a new strategic plan for the Laboratory. A situation analysis of the 
Laboratory's strengths, weaknesses, opportunities, and threats has h e n  completed. The 
committee has defined syccific goals arid performance irneasures for determining goal 
achievement; it will define strategies also for achievingeach of thesegooals. In addition, it will 
produce an action plan to ensure measurable progress toward achieving each specific goal. 

__ 

lWillimn B. Johiistori m d  ,\mold E. Pwker,  Worlzforce 2000: Work urd WoT-hmjor tlw2lst 
Century, IIudson Institute, Indianapolis, Julie 1987. 









01cNL’s newly established Research and Development Strategic Planning Committee has 
chosen the major Laboratory-wide initiativcs presentedin this section. Other pro&ammatic 
initiatives are listed at the end of this section <and described in Sect. 5 ,  “Scientific and 
Technical Progmms,” under the program from which funds are being sought. 

These initiatives are provided for consideration by DOE. Inclusion in this plan does 
not imply DOE approval of, or intent to implement, an initiative. Resource projections 
(Sect. 1 0 )  do not contain funding for any of the new initiatives. 

The ANS Project will provide mi intense, steady-state neutron source to support 
research programs that broaden the body of kriowledge on which today’s applied technologies 
resf and will allow research on new technulogics that will hc important in thc coming 
decdcs (Fig. 4.1). 

A portion of the niission needs of the IWS is currently provided by the HFIK and 
the High Flux Rcsm Reactor ; however, these existing facilities we more than 25 ycars old, 
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and they cannot be modified to meet future neutron research necds effectively. The ANS will 
be able to replace both of these facilities and will greatly enhance the research capabilities 
in neutron scattering for condensed matter physics, materials science, chemistry, and 
biology. I n  addition, the ANS will maintain or improve capabilities for special isotopes 
production (such as californium), materials irradiation studies, neutron activatkm analysis, 
and nuclear physics. 

Specific technical objectives for the ANS are established with the help of the National 
Steering Committee for an Advanced Neutron Source, which comprises more than 36 
representatives from DOElaboratorics, the National Institute EOI Standards and Technology 
(NIST), universities, and industries. The steering committee provides a forum for the 
various user communities to identify anticipated needs and to weigh tlae trade-offs 
associated with conflicting requirements between the different technology groups. 

To achieve the project's pedornmance ct iteria, a small, high-specific-power reactor 
design (cooled, reflected, and modcrated hy heavy water) has been devised As with DOES 
Advanced Power Reactor Progratn, maximum use has been made of passive safety features. 
Other safety-related design features iiiclude two independtmt, diveme, and redundaiit 
shutdown systems. In addition, the reactor is placed in a large, double-walled containment 
dome 

Corrosion of aluminum alloy fuel cladding may pose tcmpcrature and stmetural 
problems associated with the formation of an oxide layer during the lifetime of the core. 
Earlicr research, mostly in support of the HFIX and the Advanced 'Test Reactor designs, 
indicated that under extreme heat-transfer conditions the cxposure of aluminum and 
many aluminum alloys to water leads to the growth of an adherent oxidation product of 
significant thickness. At the anticipated high-hat flux levels for the ANS core (of the 
order 6 to 11 MW/m2), interspersing an oxide film of low thermal conductivity between 
the fuel plates and the cooling water may in certain instances lead to plate overheating. 
To ensure that both the fucl and cladding integrity are maintained under uniqiie 
conditions imposed in the iWS fuel plates, an experimental facility was constructed to 
allow detailed study of this type of corrosion behavior for a wide range of tlnermal- 
hydraulic conditions 

The Corrosion Test h o p  Facility ha5 hecn in virtually continuous operation since 
its installation in January 1988. Brietly, the test apparatus is based on a forced-flow watei 
loop fabricated entircly of type 304L stainless steel components, operating at pressures up 
to 7 MPa ?'he loop is completed by a specimen of the sample aluminum alloy in the form 
of a tube enclosing a rectangular flow channel that has the same narrow dimension 
(1 27 mm) as the gap between ANS fucl plates. The overall channel dimensions allow tosts 
up to coolant velocities of 30 m / s  at the maximum flow rate (2 Us) The specimen is welded 
to large electrodes, installed into the main section of the loop, and sumourided by electrical 
arid thermal insulation arid pressure baching The heat flux (up to 20 hln\.'/rn') is piaduced 
hy Joule heating of the specimen using a 30-kA dc p o ~ ~ e r  supply, downstream of the 
specimen, the hcat is reniosed by a water-cooled heat exchange1 . I\ low pressure bypass 
(cleanup) line is used in the same way as in a typical reactor to peimit instrumcntation and 
to provide water chemistry control within the loop, principally by deionization followcd by 
pII control using nitric acid addition 

In addition, a thermal-hydraulic test loop has been constixeted and is in operation 
to veiify the correlations used to determine critical heat flux, flow stability, and other 
paramcters determining the safely margins. This is necessary becaiiw there are few cxibting 
experimental data under the high heat flu and coolant velocity expeetcd in the ANS I eactor 

'The ANS conceptual design has been completed, with issuanco of the conccpkual 
design report in .lune 1992 A\ rcfererice design for the prinraq and secondary cooling 
systems, conccptiial designs for the layout of the experimental and operational equipment 
and space requirements, and for the detritiatiodheavy water upgrade plant were defined 
and documented in that report. The project achetlulc indicates that renetor startup would 
occur in FY 2002, which approximately coincides with the estimated end-of-useid-life for 
the existing reactors. Budget projections for the planning period are given in Table 4 1 
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Table 4.1 
B-et projections fim the planning period by 
fiscal year for the Advanced Neutron Source 

(29 in rnillions-BA)" 

.II_- 1993 1994 1995 1996 1997 1998 

Capital equipment 1 .0 2.2 3.9 2.2 2.3 0.8 
Design-only line item 43.2 56.4 

--- 
Operating expense 21.0 14.1 23.9 31.6 42.3 66.2 

Construction line 
item 32.2 168.5 359.5 600.2 

Total 22.0* 59.5 116.4 202.3 404.1 667.2 
_____ 

"Acttial dollars. 
"President's Dudget. 

Thc ANS has been snppoated through the DOE Office of Basic Energy Sciences 
(IWGBES) and is managcd by the DOE Office of Nuclear Energy (DOE-NE). 

Design and construction of a rac tor  that will meet all of the performance criteria 
arc considered feasible. The need for early docunientatiot~ of safety alalyses and for 
prcparation of the EIS prior to acotnmitment of detailed design prompts a phased approach 
to the project, structurcd as a Title I design-only phase (FY 1994-1995), followed by a 
design completion and constniction phase (FY 1995--2002). This provides rixl FY 2002 goal 
for react8 )r statup, with design proceeding at a controllcd pace to allow for resolution of the 
remaining uncertainties. The approach also reduccs the risk of future schedule delays and 
cost growth by providing a firm design basis before construction hinds are committed. 

The development of the OIW, ELSS Complex has been a vision of the Laboratory 
for many years. The expansion of the West End Developrnertt Arca of ORNL is of extrcme 
importancw to accommodate the growing programs within the cnvironniental, life, and 
social sciences and will abo support DOE'S increasing emphasis on ES&H activitics. The 
ELSS (loniplex will provide ncw high-tech Ialm-atories for exp:inding K W  needs of the 
Biology, Health and Safety Research, Environmental Sciences, and Energy divisions :ml 
will offer modern facilities in place of old buildings that itre often cwwded, inefficient, :tnd 
in need of repair. New facilities w i U  consist of three proposed line items (CBS, the Earth 
Systems Facility, and the Biological Imaging aiid Advanced Photonics Laboratory) as well 
as a number of general plant project (GPP) upgrades. 

These will all be located in the vicinity of cxistitig structures in the Environnientdl 
Sciences Division (ESL)) (Fig. 4.2), which will enliance collaborative interactions within the 
directorate. Programmatic emphases in the directorate will he on structural biology, 
protein engineering, biotechnology, the human genomc, global envirorimental studies, 
risk management, environmental restoration, social sciences, energy technologies for 
developing coiintries, the energy iind environmcntal aspects of transportation systems, and 
energy efficic-ticy. Table 4.2 provides budget projections for the ELSS Complex. Funding 
will he obtairicd from a variety of sources, including the Office of Energy Research. 
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.-ENVIRONMENTAL SCIENCES DIVISION 
EXlSlTlNG FACILITIES A HEALTH EFFECTS 

INFORMATION FACILITY 7 

II O a k  

. . 
INTERNATIONAL CENTER 
FORENERGYAND 
ENVIRONMENTAL ANALYSIS 

The purpose of the CBS is to provide a facility that will promote and enhance the 
future research goals of the OWL Biology Division and the University of Tennessee (UT) 
Biomedical Sciences Graduate School. These goals include protein engineering, structural 
biology, genome research, and chemical and radiation mutagenesis and carcinogenesis. 
The present Biology Division facilities at the Y-12 Plant are nearly 50 years old and are 
obsoletc. Because of their condition, they are impediments to both ongoing and proposed 
research. Studies have shown that the costs of retrofitting current buildings to meet present 
needs would equal if not exceed the cost of a new building; preliminary estimates are that 
the operating cost savings resulting from moving out of the present facilities would be 
significant. Security at the Y-12 site is also an impediment to scientific collaboration with 
outside scientists, especially those from “sensitive” countries. The %mile separation of 
current Biology Division facilities from the X-10 site constrains collaborative efforts on 
key initiatives such as biotechIlology (interaction with the existing OWL Bioproccssing 
Research Facility) and structural biology (interaction with the proposed ANS discussed iq  

the previous section). The proposed CBS wdl correct these deficicncies and will strengtlnen 
OWL’S contributions to these and other initiatives. 

The CBS will ‘be a two-story structure, as shown in thc conceptual drawin$@ven in 
Fig. 4.3, andwillbeof steelframc an8masonryconstruction. ItwillI>edesi~edwithacentral 
core that houses division-wide research support and administrative functions and three 
interconnecting wings that house the division’s laboratory and m i n d  facilities. The 
building will be zoned by functions with proximihy of various functions arranged to provide 
hi&-efficiency operations. Examples of the functions are (1) animal facilities for housing 
and caring for a diversity of mouse genetic strains, including animal rooms, cage atid botde- 
washing stations, and feed arid hedding storage; (2) biochemical research space for 
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Table4.2 
Budget projectionsa by fiscul year for the Environmental, Lge, and 

Social Sciences Complex dewelopment 
(8 in millions-RA) 

1997 1998 - 
l__-l_ 1993 19-34 1995 1996 - 
Program Kp 

Center for Biological 0.210 011 6 0/4 1 0/39.5 
Sciencesb 

Advanced Photonics Laboratory 
Biological Imaging and ov1.5 0/6.5 

Earth Systems Facility 0.3/0 0.310 0.410 1 .32  0/10 0/7 

Program EWi'AT (General Plant Projects)' 
Environmental Biotechnology 

West roads and parking 
Laboratory Expansion 

improvements 
Environmental Engineering Facility 011.1 

w1.1 
O h .  1 

Other Construction 
Iiiterriational Center for 010.78 011.02 0/0.72 0Aj.72 010.48 

Steam system upgrade, 0/s . 0 W2.9 
Energy and Environmental Analysisd 

West End" 
- 

"Openi ting expensehapita1 equipment. 
bThe budget projection for the Center for Biological Sciences rcflects the current budget submission, which assunles 

'Not listed are the Life Sciences Data Analysis Facility, which was approved in FY 1990,snd the IIealth Effects 
constniction starts in FY 1994. 

Inforrn:ition Facility, which was approved in FY 1992. Each of these has a cost of $1.1 million. 
This facility is proposcd as an expense-funded, leased modular building. 

'Program KG* capital costs only. 

conducting rnanimalian genetics, cancer biology, molecular genetics, structural biology, 
and protein engineering research including labs, equipment space, and office space for 
scientists, technicians, guests, and students; (3)  UT Ric medical Sciences Graduate School; 
and (4) administrative operations such as library, computer center, cditorial offices, and 
division administration. The facility's size is estimated to 1% about 250,000 ft2. 

A wide diversity of special facilities required by the OTUL Tjiology lhision will be 
integrated in the facility in an efficient and a cost-effective manner Examples of these 
facilities include areas suitable for gamma and X-ray irradiation, barrier areas for workirig 
with specific pathogen-free animals or hazasdousmaterials, &irkrooms, electron nucroscwpy 
facilities, environmentally conrrolled rooms, tissuc culture arcas, and glassware kitchens. 

In addition to the efficient arrangement of space, the fidcility 's mechanical systems 
will be dcsigned and installed to provide efficient use o f  energy while providing an adequate 
environment for animals, research, and personnel. Suitable spacu: will be provided for 
telccunimLznications equipment within the building. Lhtribution networks for lmth 
standard voice and data communications will be provided. Sitc preparation will consist of 
elcaring, gmding, and exc:iv:iting for ncw structurcs; extension of access roads to the site 
and installation of parking space; and landscaping, seeding, and site restoration. Outside 
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II Oak 

utilities will consist of cxtcndiiig the required utilities from the  closest adequately sized 
locati~:~ to the building. Examples of these are steam, sanitary sewers, potable and fire- 
psotcction water. and clectriciey 

Funding for FY 199 1 for the ccnstmcticn of the CRS in the BLSS Complex is  beis,g 
pursucd through the 9fficc of Energy Research [Ofhce of IIealth and Environmental 
Kcsearch (OIIER)]. The total estimatcd cost of the facility is $96.5 million 'fhc rota1 project 
cost is about 89i.5 million. I\ revisrx! project data sheet ( 1 H i  Form) was submitted to the 
Office of Energy !iesearch in May 1992 iz field-work proposal ( FWP) has been subnritted 
to OIIEIi for FY 1992 and F'i 1993 operating h d s  to prepare prtliminary project 
documentation for identifying the CBS as a major construction line item and to gemrate the 
necessary supporting data The review for thc cfis validation was held in Oak 1Gdge in hilay 
1902. FY l?92 funds were receia. ed for pie-'l'itk I activities and other planning tasks foul thy 
CBS. 

The purpose of the Earth Systems Facility IS to suppoit majoi OIIEIWJSD 
initiatives in Global Change, Subsurface Science and Ecological Research These 
initiatives incor-poratc a diversity of specific projects, including Atmtwpheric Radiation 
hleasurement (ARLI), the Carbon Dioxide Info1 ination Analysis Center (CDIAC), Carbon 
Cycle Modeling, Colloid'l'ransport, Environmental Biotechnology, Spatial Iieterogcneity, 
the Walkcr Branch Watershed, Theoretical Ecolog,y, and thc National Environmental 
Research Park Multidisciplinai y appro;iclncs involving bioigeochemical cycling, model 
development and evaluation, hydrology, climatoloey, geographie inform,ition systems 
and mapping, and data nianagcrncnt draw upon field-oriented, laboratory, computational, 
and theoretical staff This facility will be dedicatwd to better integration of empirical 



rebearch, modeling, and data systems activities; bcttcr integration is an essential step for the 
~uccyfss of these new inihi, <I t '  1ves. 

There are two principal necds for this facility. The first is a need for a facility that can 
accommodate the unique physical requirements of computing research. The structure of 
existing facilities docs not enable the necessary nctworlung capabilities for successful 
nioclelirig arid data man,gement integratiori activities. In :irklition, laboratories designed for 
computing research are lacking, ioid power supplies 3re inadequate for computing tasks. 
The sccooxid need is of integrated measurement, rndeling, and theoretical research. The 
groups supporting the Global CXmnge, Subsurface Science, and &olo#cal Research initiatives 
of OIIEWESD are currently dispersed in six buildings. It is essential that modelers, 
researchers conducting experiments and making field rneasurcments, and &ita systems staff 
have space for Inbor~t~ries, officcss, and computational facilities in reasonable physical 
proximity. Adeqrmte, nearby work space will facilitate the 2 terative process of models leading 
to rneasurcments and to improvement of the data bases to address the complex issues 
enilxdded in the OtlEK/E;SD major initiatives at OWL. Consolidation of OKN7, staff in this 
new facility will enhance cornmtinication, stimulate new ideas, and improve research 
efficiency. 

The purpose of the 13iological Imaging and AdvaIiced Photonics Lalmratory is to serve 
as a focal point for integrating diverse activities in biological imaging and advanced 
photonics, as associated with the programmatic initiatives on advaineed erivironrnental 
photonics and the 13iological Irnagingandhalysis Center (see Sect. 5). It would also support 
the Riologicd and Etivironmcntd Research Program initiative of thc ORNI, Genome 
Program. In photonics, breakthroughs in areas such as advanced laser and fiber-optic 
spectroscopy are increasingly critical for applications in characterizing and motxitoring 
during energy production, in defense operations, and in 1)OEs accelerated programs for 
environmental restoration and waste management :md hiological research. 13idogical 
imaging is tied to the use of electron scanning tunneling microscopes (STMs), atomic force 
microscopes (AFMs) , and photon scanning tunneling microscopes (PSTMs) for providing 
images of biological samplcs. E'uture research will inclu~le development of methodologies for 
a broad range of hiolofiical samples, development of hybrid instruments for chemical 
mapping, and the use of conihincd infrared and optical spectxc,scopy for cliemical mapping 
of biological samples using the PSTM. Colbcating the scientific staff and research equipment 
for hhesl: two initiatives will l c ~ d  to syiiesgisms in the areas of photonics and I)iulogical 
imaging,. The facilities will consist of laboratories and offices with a tclt;d floor space of ahout 
B2,00811 Wand a tab! cost of a h u t  $7 million. Programnxatic hindirsg is being pursued from 
a vaxiety of S O ~ I F C ~ S ,  ineluding OIiELP. 

The GYP will consist of the Life Sciences Data Analysis Facility, thc Ilealth Effects 
Infomiation Facility, md the Environnicntd Flngincering Facility Expansion of existing 
space in c)R.N/s Erivironmental Sciences Division is being considered to  augment Ol@&'s 
resources for biotechnology research. Each facility is estitnated to  cost W I .I million. 

In general, the facilities will consist of office space, computer laboratories, coxnputer 
rooms. and conferenue rooms. A multi tude of progr:"atns aiid funding sourccs would 1% servcd 
by these facilities, and they arc not tied to specific initiatives descrihd elsewhere in this 
Institutional 1'1an 
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The International Center for Energy and Environmental Analysis \yill house Energy 
Division staff who work on social science issues, the energy and environmental aspects of 
transportation systems, energy efficiency7 and EISs. Work done in this facility will support 
the Laboratory-wide transportzition initiative, the ORVL Global Environmental Studies 
Prosgram, the Center for Risk Man;igernent, and the Coiiservation and Renewables Program 
initiative of Energy 'Technologies for Developing Nations. Staff who would occupy this 
facility are currently spread out among a number of buildings at OWL, and consolidation 
of the staff into this new facility would promote collaboration in the above areas. The facility 
is proposed as an expense-funded, leased modular building, with a total iloor space of a b u t  
35,000 ft'. It would include office space, rooms for minicomputers, and meeting space. 

Supplementing the above facilities -will be a lodge and conference center and other 
ancillary support structures that will enhance collaboration with the scientific community 
outside of OKVL aiid will help promote interactions with universities, industry, and other 
laboratories in areas related to environmental, life, and social sciences. 

The OWL MS&E Complex will consolidate a number of existing OFWL programs 
and incorporate new buildings and facilities to enhance collaborative i nteractions in IvfS&E. 
The complex will be constructed in the late 1990s in the undeveloped foothills area to the 
cast of the present X-10 site (Fig. 4.4) The MS&E Complex will. include a new Solid State 
Research and Processing Science Center, a Center for Advanced Microstnictural Analysis 
( C A W ) ,  a Center for Study of Advanced Materials (CSAM), a Composite Materials 
Laboratory, and an Office of Guest and User Interactions (OGUI). The plan of the complex 
addresscs identified national. re@onal, and local needs for mateerids R&D, and it will 
support OWE'S rapidly expanding  use^ programs and techohgy transfer activities. The 
CSAM is an initiative of the university cosnmiinity of the Sotitbeast led by the Southeastern 
Universities Rescarcli Association (SUk4). This ccntea will encourage joint materials 
research activities with ORNL by establishing a uni~..~rsity/intlmstry presence at the MS&E 

The MS&E Comp1r:x also meets a critics8 need to alleviate the severe czoivding in 
materials facilities at O W L  The need to rep!ace substaridard Solid Stsate Division 
laboratories has been recognized for decades, and d.airing this time their conditiori has 
considerably worsened The Solid State Research and Brocessing Science Centcr \vi81 satisfy 
the need for modem sdid-statc laboratories at ~ulmantially lower cost than reha bislling 
existirig structures to meet prevent ESMI and Omupational Safety andHedth Administratios 
(OSXL\) standards. The CAhiA is a rpsponsc to the nerd for b~ml&n~s capable of housing 
the next generation of instrumentation with vi:tiaeioa-sensitive electron optics A new 
building will house such instrumentation and also bring together under one roof a full range 
of modem microanalytical instmmentation. The added space will db ia rc  severely 
overcrowded conditions in the Metals and Ceramics Division 

il demonstrates that materials 
science and engineering is one of the most rapidly developiyig areas of scicwce---one that 
is vital to the futilre competitivencxss of the United States in the international marketplace 
During the past decade it has become increasingy clear that the need exists for both cutting- 
edge research and close cooperation among universities, industries, and national 
laboratories that can carry ideas rapidly from inception to the marketplace. As a follow-on 
to the National Research Council MS&E study, the Office of Science and Technology Policy 

Complex 

A recent study by the Natimal R4:search Son 

'National Research Council, Mater ia ls  Science and Engineering for thc 1990s: 
Maintaining Compet i t iveness  in the Age ofhfaterials, National Academy Press, Washington, 
D.C.. 1989. 



coMpm CENTER FOR S W Y  OF 
ADVANCED WTEWALS LABaRATMIY 

\ CENTER FOR ADVAIJCED I MICRWUCTURAL ANALYSIS 

has tlraftcd a natioxial plan for MS&E to c~~rdiniitt“ this area to meet the nntion’s Futllrc 
nceds I’his plan laas formed the basis for a presidential initiative that bas resulted in a 
substaatili;ul increase in materials t & l ~  funding kgmning iii FU 19033 )RNL will btnicturc 
the BIS&E Complex to eoordinntc with this plan. An 1E&D center is envisioned that nr:ikes 
 he CWJL nxiteiials f:icilitm :as we31 :IS those of the iiu iversi ties u n c %  industries in the regma 
;ivnrlable for joint cooperative p t  ojects. 

,strrm&st rriaterials programs anactrrg the I)OE n:rtionaj liihoratorieb Meed, the OlXNI, 
grrngranns in hi&-temperatrare metds arid alloys, ccramics, compc~sites, and superconductors 
are unpa r allelect successes. ORNi has estal dished prc~grams ia s ynthesis and processing 
:;cience that span a wick range of ~na~eri:ds systems. OHNL is also a leader in tascrprogr;ians 
and technulogy tra nsfcr tlirough CXAIhls aaid lieensmg These activities have grown r:apitllly 
;~nd  \r, 111 ~nt>rease even faster l~cause of recent congressional le@sl:ttion relmovirig, harriers 
to tcelmaology transfer. 

Tht: MSKrE Complex IS a recognition of the dual need to perforor and to exploit 
tilaterials I&D in the changing conditions o f  the 1430s. Thc ?vlS&fi Complex will provide 
OIQX with ;z much-needed wpl:acenient and expansion of i t s  ~lat4~1m:rls KKtD htcilitles is5 well 
as a cooycrativu environment th;rt will enhance l<&D effectiveness :inti proniote techmlqgy 
transfer. Midactplace XUGCCSS reqci ires the aetivc participation of t7 S. industry Industry 
niust guuitk. and participate in the R&D and manufacturing science activities Tfic n3tk461’S 
cornpetitivencw cim be enhanced by t d u n ~ d w ~ ~ t a ~  ofthe technolo@ trsmsfer opportunities 
cmanating fromi irnivcrsitics a id  na tion:al l:hratorie:: Industry tail n ~ k e  use of our wide- 
ranjisng ma rkitlisciplnnary skills. our f:ihrio:~tion, uharaetcriatiorz, mid test capability, otu 
indepcnclerat , objective outlook, mid OUF abihty to work with and protect proprietary 
inforn1:ltiom 

liuiversities and eolleees i t n  the southeastern part of the United Stares h ~ e  
nuri ier~~ub inrrvvative materials RQrD programs that coJleotively span a broad range o f  
disciplinrs from materids chcnlistry to niaterials physics to materids ergitleering and 
testink l)imrrg the last fen years SURA and the (>ak Ridge hw~5a ted  Universities (OItZIJ) 
lime explored ways to simplify arid to encourage joint matcrials research activities with 
O R N L  Thih approach not only Iicnefits large, wcll-established progrems but also enhances 
individual sniall programs at the universities through synergistic iriteractions A close 
working relationship between The IJriiversity of Tennessee, Knoxville, (UTI() and Oi[bUt i s  

hlateriab f&D i s  the conierstone of high technology, and OWL 
sits 



already well established. Faculty and graduate students from UTK participate in collaborative 
research with the staff at ORNL, acid the staff at OWL serve as adjunct professors and thesis 
advisors at IH'K. 

As the result of a regional materials science workshop spnsored by SUM and other 
organizational meetings between SURA and OMU, the establishment of a campus-like 
presence at OKNL in the form of a CSAM for materials science and engineering has been 
proposed to increase the materials impact of the member universities (Fig. 4.5). The goals 
of the C S M  would he to dcvelop broadly based scientific initiatives in materials science and 

f 

engineering that would reflect the special talents, facilities, and capabilities rcsiding in the 
Southeast 'l'hese initiatives would address nationally significant problems that arc importmt 
to both DOE and the imiversity participants arid that transcend the capabilities of a given 
institution. h proposal is being developed for the CSAM that would support the ongoing 
research and gradiiate education programs of the southeastern universities by providing a 
site at ORNI, where students and faculty could he located while participating in joint 
research; by utilizing ORNL user facilities and staff: hy holding workshops, and by otherwise 
benefiting from enhancejintcraction.Nit~other univei sity, industry, and nationallaboratory 
researchers. The centcr is intended to integrate and to enhance the entire spectrum of 
materials science and cnginee~ng opportunities at ORNL and to make them accessible to 
the Toutheastern institutions. The SIJRZ communications network would be tied into the 
CSAM to provide scientific interchange t h i  ough bi oadcasts of seminars, lecture series, 
workshops, and other significant technical presentations QP discussions. 

Operation of the C S M  would be carried out through the cooperation of SURA, 
OWU, and ORn'L. In preparation for the CSAM, an informal summer program was started 
at OKNL in 1989 for faculty arid &hate students from southeastcm universities The 
program is now7 supported by DOE. Support for the CSl\hl is envisioned as joint hndiiig 
horn DOE-BES, the National Science Foundation (NSF) Division of Materials Rese:rrch 
state funds from the participating universities, and industry partnershnps Estalhshmext of 
the CS&I would involve constnwtion nfa buildin<actjacent to OWL at an approximnto cost 
of $17 million; operating costs are projected at 8-1 million to 85 million per yea1 Table d 3 
provides budeet projections 

The Solid State Research and Processing Sciencc Ccntcr will allow the research 
activities that are noiv located in 15 separate buildings to be consolidated into a central 
facility as part of the MS&E Complex (Fig. 4.6 ). The 80,000-ft'huildinfi will provide nhoiit 

I I  Oak Ridge Nutionnl Laboratory Institutional Plan FZ' 1993-FI' 1998 



Table 4.3 
Budget projections bymcal year for the 
Center for Study of Advunced Materials 

($ in rnilliom-BA) 

3.0 4.0 4.5 4.5 5.0 

0 0 2.0 8.0 7.0 

Operating cxpense 2.0 
Capital equipment 2.0 
Line-item construction 0 

0.5 0.5 0.5 0.5 0.5 

100 offices and 40 1:iboratories for state-of-the-art materials K&D. The new facility will 
replace aging facilities that cannot be upgraded to accommodate niodcrn research or to 

comply with ES&H sl;tndanis at wcceptal)le costa, a d  it will enhance the effectiveness of 
the solid-state r-esearch program as part of the highly intcraetive MS8rIl; Conlplex. Table 4.4 
i>rovitles Rudgct projeetiuns. 

TaMe 4.4 
@et projections by Jiscal year for the Solid State Research and 

Processing Science Center 
($9 in irdlions-BA) 

1993 1994 1995 ...... 1996 1997 1998 ~- ___ ----..-..I__.~ ....... ~ ........... ~ ................ 

..... 0 0 a a 0 0 Line-item constructioil 

"To be deterniined. 
___.._ I.-.____ --.. __ 
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The CAMA will he a national resource for the user conimunity (Fig. 4.7). As 
microanalytical instrumentation becomes more sensitive, performance i s  limited not by 
the instruments themselves but by the environment in which they are situated. 

Electromagnetic fields, building vibrations, and even low acoustic noise act ?a degrade 
performance. Whcn most existing facilities were designed as genet-al-purpose laboratories, 
little attention was paid to the environmental issues that now restrict performance. The 
CAMA will provide a state-of-the-art site for location of the broad ran@ of microanalytical 
instrumentation wailable at OWL, inchding analytical and high-resolution electron 
microscopes, atom probes and field-ion microscopes, surface analysis instrumentation, X- 
ray diffraction facilities, and mechanical property micrroprobcs. Building sexvices arid even 
traffic patterns wiU be routed to enhance the isolation of the most sensitive instnlments. The 
design of the 52,000 l‘t? building will emphasize information management and allow for 
digital-im@e acquisition and processing. Provisions will be made for remote operation Qf 
many of the most sensitive instniments. integrated facilities such as these, which contain 
a concentration of state-of-the-art cquipment and are available to a broad spectrum of 
outside users, will become essential to the future as the need &rows and as the equipment 
becomes more complex and expensive. The cost is eiirrently estimated at $41 million. The 
designwillbestantedat thebeginningof FY 1997; construction willhecompletedin FY2000. 
Table 4.5 lists budget projections. 

Budget projections 

(8 in millions-BA) 

199% 19 ....... ... ~ _ _ _  ........ ...... ...... ..._____.....___..______..__I .... ___ ~ 

Capital equipment 0.5 1 2 1.5 1.0 U 

Line-item construction 0 0 0 a a U 

“To be determined 

The Composite Materials Laboratory will build u p n  ORNL work on polymer, 
carbon-carbon, and metal and ceramic matrix composites that are found in several different 
organizations (Fig. 4.8). The principal OKNL divisions involved with composites are the 



. 
Applied Technology Division (ATD), the Enginecririg Technology L)ivisioii, and the Metals 
:mnd Ckramics Division. Other Energy Systems divisions with supportivc specialties such as 
notidestructive evaluation and materids characterization :we also expected to participate, 
arid UTK will also contribute The Center of Excellence for Materials Processink is the focal 
poitit for tlic composites research at IJTK. The university departments involved in the 
murpositc research include Materials Science; Erigincering Science and Mechanics; 
Mechanical, Aerospace, and Chemical Engineering; Chemistry; and l'liysics. 

Composites K&ll involves several ttxhno1ogy:irc:~s: materids scienw and processing, 
mechanics, and prototypic fabrication atid evaluation including noiidestructive cxaniination, 
manufacturing devclopment and testing, and technology transfer. ltlateriitls science and 
processing focus on properties of engineering materids appropriate for applications by 
controlling composition, molecular structure and microstructure, and process variahlcs. 
OIENT, and IJTK have a unique R8rD capability for analyzing thc mechanical behavior of 
composite structurcs through a predictive failure theory b:sed on concepts of fracture 
mechanics and basic therrndymrmic principles, environmental cffccts, and OWL'S 
extensive applied mechanics capabilities with attendant Liir&-scale computing support 
This collective capability can relate microstructural propcrtics to structural performance. 
Critical to) the use of composites is the ability to detect and to measure the size of defects 
by noadestructive csamination-an area in which OlWL's experience in the examination 
of cc mposites using uiltramiics and penetrating radiation (primarily X rays) will bc 
invaluahlc. State-of-tlic-art X-ray computer tomography equipment and a digital image 
analyzer fix radiographs have si@ificaxitly enhanced the capabilities of OTWI, to evaluate 
compnsitc materials. Thc (:oniiw,siteh/Iaterials Laboratory is planned as a 50,000 Ft'building 
that will liouse an interdisciplinary team of more than 100 ORNL and university scientists, 
engiiicers, students, and supporting staff. Table 4.6 lists budget projections. 

The OGUI is the OHNL interface with a large community of guests and users. The 
UGI JI facilitates guest and user access to collaborative rcsearcl-1 facilities at O m L  by 
disseniinat ing information about designated user facilities; identifying, user facilities and 
other opportunities for collaborative research, providing assistance with the access and 
approval procedures that visits to OWL require; negotiating legal agrecmcnts on research 
ititcractions; and assisting visitors with housing, transportation, and other support. The 
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Opcrating expense 8.0 10.0 11.0 12.0 13.0 a 
Capital equipment 0.2 0.5 1 .o 0.4 0.5 U 

Total .5 12.8 12. a 

Line-item construction 0 0 0 0 u a 
.....__.....______..___I__ .... ___- -.......__I_..____ .... -... 

"'To he determined. 

OGUI is also responsible for coordinating all ClII'IUA agreements iiiitiated at OWL. The 
OGUI supports 11 OKh'L user facilities that have become important components of the 
DOE-OWL mission. The usel facilities satisfy nati:inal K8tD needs, broaden the ORNL 
research base, and Icverage the available funding 'The M X J I  handled inore than 3600 visits 
in 1991 by scientists and engineers from universities, industries, and other federal 
laboratories. Despite its growing importancc the OIl-k'I is currently housed in tempormy 
trailers. A pernianent building of almut 6900 ft' ( t o  bv constrncted at a cost of about 
$1.2 million) is proposed as RII FY 1993 GPP (Fig. 1.9). 

IIigh-speed, lar& scale computation has become the primary crnahlinfi technolo@ 
for advanced research in many areas of science :ind engineering. tkxause of physical 
constraints and/or costs, computer simulations arc the only feasible manner in which 
detailed research investigations on many complex phenomena can be perk'orrned The 



number of investigations requiring such computer expcrimentation is  rapidly increasing as 
scientists probe deeper into the understanding of both small and large systems (sulxitornic 
particles and the earth’s climate, respcctively). Thus cumputation has become an equal 
partner with theory anclexperiment in advancing die frontiers of knowledge. The exploitation 
of tnassive parallelism is expected to hring the next major increment in computational 
capacity that will be necessary for :I ttacking the “gr:md challcngcs” of coxnputational 
science The solutions to these fiuidanienkil prohlerris itre of grcat iniportsnce to science 
md engineering but will require breakthroughs in computer architecttires :md algorithnis 
and in how these can Ix:  brought to Imir on specific applications. 

To address thesc issues, ORNJ, has established a Cciitcr for Computational Sciences 
(CCS) to provide leadership :ind supporl for computational science activities at OKNL. The 
primary itiitial fundirig for this center i s  through tlie fedenil IIigh Perfornwrace Computing 
and Communication Program. The, vehicle for OlWI, participation in this program is the 
Partnership in C:oniputation:il Science (PICS). OKNL is joined in this yartncrship by Anies 
Laboratory; Brookhaven Nationd Lahoriitury; Sandia National Laboratories, Albuquerque; 
Rice IJniversity; State University of New York, Stony Brook, Texas Ah11 1Jniversity; tlie 
University of South Carolina; IJTK and Vzmderbilt Ihiiveosity. Thc partnership’s proyx,s;rl 
has hcen accepted by DOE, : i1d ORNI, has hcen nanicdas one of two DOE high-perforrnance 
computing rescnrch centers (HPClXs). The other center is located at the 1,os iUnrnos 
National Laboratory (IAXL). The CCS will rnan:i& UKNt’s center. 

The dircetor of the CCS will initially report to the OWL associate director for 
Physical Sciences and Advariced Materials. OIiNI, anticipatcs that computing activities 
could grow during the next t‘ew years to hecoine a directorate for computing that would 
indude rcsponsibility for the C C S  as well as other computing rescarch anti serviec activities. 
The GCS will include several coxnpoiients~ 

grand challcnge research, 
* supporting mathematics and caniputer science research, 
0 a program for high-performance computing access for high school students, and 
0 state-of-the-art parallel computing systems to support thc other objectives 

Thc twograndch:dlenges selected for initial. resc-archhy(X :S Lhroiigh the partnership 
are groundwater trauslwrt in ciivironxiiental nitdcling and remedlation arid first principles 
simulation of materials properties. These two probleins sztisfy the following basic criteria 
for selection: 

* The prohlcm is of funclamental importance, an3 its solution would bc of great value 

* For adequatc accuracy arid resolufiioii, the problem requires computatioo;il power 

* T h e  prohlcni is amenable to the effective exploitation of massive parallelisin. 
* OkIYL, togcttier with i ts  partner j tirtitutiotis, i s  in :I position to rnake significant 

progress on the prohlcm. 
As a multipurpose national labor.ati)ry, OIWL has several other rcscii rdi problems 

that satisfy these criteria, such as 2lohul clirnatc nnrideling, design and analysis of ptrticlc 
cleteeton for tlie 3% l, hision encrgy niotlelitig, and hnclatnental problems in dwtlistry ,u~d 
hiology. Grand challenfic pml-llems m d  rwxrch part ners will Sc died in the i aitiative as 
lorig as sufficient resources are avaiiabble 

OIL% :dready has in place the core personnel to form ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ) ~ ~ ~ a l ~  temw to 
carry out tniieh of the rcsearch i n  the gra t i d  chablcnge projects Espcrtise i n  p:ir&I 
cc,niii)utingresearcli exists i II ttic M:rdwnat ical Seienccs Section of the Engjineerirag Pia) hie> 
and hlalhematies Division as well as in othcr groups arid Jivisions. 0 t<NL also has man.; 
qxcinlists in tlie particu1:tr applied disciplines h a t  woiiltl lie involved who already have the 
nicwcssary intermt and experience i t a  largc-scale computations, even in large-scale par~llel 
computations. 

OWL’S 128-processor Intel tP“SCI860, peak rated at 7.6 gigaillops (64-bit :irithmetic), 
was replaced in the sunimer of 2992 by a 512-processor Iritel Sigma 1.35 pr[Jk)tyl>e, pealr 
rated at nearly 40 gigaflops. This cotnputer will, in turn, be replaced in die suniiiier of 1993 
by ;I 2O4ti-proccssor Intel Paragon P 50 cap:ible of over IS3 gigaflops and containing over 
2 gi&thytes of distributed memory and over GOO gigdiytcs of internal disk storage. These 

to socicty or to science. 

\vel1 Ixyond the capacity of today’s siipereonipiiters. 



computers will not be operated in traditional t ime-shed, rnultiplc mer supercompute1 
fashion, but in "grand daallenge mode." That is, individual users wiP1 be able to access the 
full power of the computer for extcndcd periods of time to solve large-sca!c, rzurnerically 
intensive computational problems. In addition to the two grand challenges mentioned 
above, these CCS computers d l  provide time Ea- &ha: climate simulations for the DOE 
Compeat~r IIardware, Advanced Mathematics, and Modtl Physics ( C I M M P )  Progrann. 

These cornpiatcis, which are expectcd ro be the most powerful supercomputers in 
the world at the time of their delivcay, aie accessible by rehearchers across the nation 
thiol?& all major research networks, and plans exist to mabe them ~ $ j ~ n a ? l p  available 
through a higll-speed fiber-optic network Through thew same inetwork connections, 
researchers involved in the initiative can access parallel computers at other rwicnal 
computer centers and rrseaicti oiganizations. 

In latc FY 1991, a Kcadall Square system was acquired w t k i  DOE funding The CCS 
is currently evduatiilg the merit of kndall  Square systems for the problems at harid Initial 
findings indicate great promise for the architecture 

Preliminary c&n?s on several grand challenge and smaller compuktional scienaee 
problems have already begun under support fIom various 1)OF research prcgrams. Pilot 
projects designed to gain d better fmdamental rmdePstandiIi2 of high-tenipcxitbsre 
superconductors and lepton pair production in 2tomic physics have been implemented hy 
i1iterdiic;plinary team\ from the Engineer irsg Physics and Mathcnnatics, Metals and 
Ceramics,, and Physics divisions of ORNL 11 multidiscipli~~ary collaboration invo!ving 
OWL, the National Center for htmospherie Kc.::earch (NCAK). and Argoonrre Xationsl 
Laboratory ('ZNL) b s  ~ - T Q ~ U C ~  a parallel versieg of the Climate-Ghangc hlodcl (CCM2), 
K;CAl<"s latest global climate model. Other projects have involved fusion energy calculations 
and def~ctcx simulations for the Supzrcondiicting Super Collider In these projects 
excellent progress has been mads: in irnplermntirx? rea! applicatrrm wdes on ORNL's Intel 
parallel supercomputer (>ne cfthesc piojects has reaiilted in the namingof three OWL staft 
members as winners of the 1990 Gr?adon Ee!l Srizz foi bcst price-to pedc~iriiance rat10 in 
parallel processing. Their code corn pates the eleeti onic structel I e of high-tempcratuic 
suprnonchictors aild wns at 2 5 tlops on the Intel iI'SW860 

An objective of the Gr water Transpoit in Ern ironmental hfode!in,$ and 
d (%allcnge projcrl is to develop and impkacnt niodeh and d&o:o: ithms 

for use OR] large-scale paralle! computers io pi edict more acciirately the fate ofcoiitaminants 
in @ouiidwatra By 1inaijiemdlicallyconceptuali7ing the p r o ~ ~ b h e s  that intluencc~rountiwat~~, 
the regulators, decision makers, wientists, and cnqincers gain a iieiter understanding of 
the phenomena govet : e i n ~ ~ i o u n d ~ ~ a t ~ r  flow and transpq of rrmtamina nts  The niatl icsnatical 
inodels xre litnited by computational povw because thc matrix equations produe:. 
thousarids of unhowras that must be evalraated ths~sa~td:; of timcs Widic~t powerful 
solution techniques and extensive conlpiter power, complex ilow regimes and chemical 
pioblcms cannot be modeled feasibly For examp!~, more realisiic models ofk~ioiemcdiation 
can be devekped on the parallel supercorpuLcr I low, tiansport, and blodc&sd;rtion are 
addreszed in current models With the supercomputer, inany ndditional processel, can he 
included additional biodcgi dation mtchasiisms, microbial tran\port, kinetics, small- 
scale pi ocesses reqiiiring mesh refinement, pemcability alterstrm by biornatttr, !'< acture 
floui, multipha:;c flow- coupled gc~oi.lacrn,shy. and three-dimensional tlow fieids 

l'hc !ong-ran,ge objective is to develop arid validatr. a three-dmcnrional flow-srad- 
tranapst model with the capability t o  ;iiccommodate I)iodcs$idation, iiultrph:i\e and 
iiriiaturated tlow, fracture flow, Ceochemistry, and solu;r and colloid/mmobe trhnqmrt 
The planned ORN, software \bill b:, based on hiite volume techniques on unstructenrcd 
three-dimensional grids and will handle fractured media Algorithms for mapping the 2nd 
system to thepar,d!el computer, soliltion\ to the icsulei~i~systemot'er~u:itians6,n the parallel 
cvmputer, and visualization of  the iesults are part\ of the objective The. model will he used 
to study site parameterim tion throueh inverse problems and gemtatistic\, perform sensitivity 
analysii, stiitly sc:gk, up issue\, and determine optiiiial remediation strategiec, 

The iong-rmqe objcctivm of the First-Principkcs Simulation of hltptei ids f'ropcrtics 
G r a d  Challenge are to model niaterials pi operties using fii st-principles theory (based on  
qiiantum mechanicsand statistical rp-rech:snic.g]and to use thew models to obtain fundarncr;td 



understanding of materials to aid in the design of materials. The need for a powxful parallel 
supercomputer is based on the need to model systems consisting of thousands of atoms. 
Current technology limits models to tens of atoms. A s  thc number of atoms increascs, the 
quantuni mechanical cdcdations scale up as the cube of the tiumbcr of atoms. Similarly, 
the stat  istieal-mechanics computations reyuircd to follow the niotiori of the atonis scale up 
as the c~ille of the number of atoms. 

The plan is to port existing electronic-structure and molecular-dynamics mcthods 
to parallel architectures and to dcvelop new methods for large systems. The features of the 
new methods will include rcal-space multiple-scattering theory, tight-binding molecular 
dynamics, and Car-Parrinelle, molecular dynamics. 

The projects described above and other projects requiring piirallel supercomputcrs 
will generate voluminous output. To coniprehend this output wll require turning the output 
into rich three-dimensional models and dramatic animations. The insight provided by 
“seeing” data in simulated images will lcad scientists to ncw discoveries. By combining the 
povier of scicntific visualization wjth parallel supercomputers, scientists will be able to 
interact with the output, ititerpret what is happening in real time, iirid stecr the computation 
to pursue interesting phenometla. The importance of the parallel biipcr computer-visualiza- 
tion relationship i s  well understood at OIWE. 

The plim for the vibualization effort is to develop an Atlvanced Visualization 
Idwratory to provide participating scientists with visualization capability up to and 
including research in virtual reality. I Iigh-spced communication tcchnologics will be 
employed to enable visualization activity to be done remotely from thc parallel computer. 

The last key component of the initiative addresses the current shortfall of 
cornputai ional scientists, engineers, and mathematicians k i n g  produced by our colleges 
and universities. The cballengc of helping to nicet this shortfall of human resources through 
supercomputing is an integral part of this initiative. Srtperconipriters can be used both as 
a magnet to draw students to science and engineering and as an cnabling tool to assist i i i  
their underst:aidingof technical matters. Initially, the GCS educatiun effort will focus on the 
high school grades. 

This elmlent of the program is called Adventures in Supercomputing In FY 1992, 
20 high schools in Tennessee, Iowa, and New Mexico (supported in turn by OWL, Anies 
Laboratory, and Sandia N:ttiond Laboratories) are participating. Each high school sends R 
team of two teachers to participate in an intensive Suniriier Institute. Eachschool is lent four 
personal computing systems and provided with network access. During the school year, the 
teachers utilize these elements to allow their students to develop applications on lalioratov- 
based systenis In particul:tr, nClJl3E has provided an 8-processor system that will allow 
advanced students to start to learn about parallel processing. Students will also work on a 
workstation that is the front end for the nCTil3E and will haw access to thc National 
Education Supercomputer in Livermore. 

1\11 important element of the Adventures in Superconipirtirig P r o ~ ~ a m i s  assessment. 
Objective meastires of the progrcss of the program will be tracked tu allow the value of the 
pro$rani to be measurcd as well its to provide guidance for improving the program as it 
evolves. In sdisequent years, the program will be cxpmded to a widergeographic region and 
into lower grades. 

Significant expansion of tZlc leadership that ORNL has achievedin parallelcompuiin~ 
is expected in the initiative. Interdisciplinary, interagency teams of senior scientists will be 
augmented by postdoetorates, graduate students, arid distinguished visitors. Ncw high- 
performance “e:irly production” parallel supcrcornputers will be procured as they beconie 
available arid will significantly add to the capabilities of the initiative. (2onneetions to iietv 
hie3Jn-speeJ national research networks will be pursued. A new building to house the var io~s 
components and to provide :i central location for the initiative’s diverse activities will dso 
be sought. 

A number of studies and reports by distin@iished panels of experts have recognized 
the critical importance of  large-scale computation to the scientific atid economic 
competitiveness of the [Jnited States. A number of federal funding agencies, including DOE, 
havc established or plan to establish centers for intensive research in this area. Many 
computingcompanies, including Intel Scientific Computers, Inc.; Kendall Square Research 
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Corporation; IBM; Cray Rescarchers, Inc.; Thinking Machine Company; and nCUBE (as 
well as industrial firms interested in the @and challenge areas) have expressed interest in 
joining such a computational science initiative. All of these agencies, firms, and institutions 
will be given the opportunity to participate in the activities of the center. 

Total budget projections for this initiative, which include PICS and other grand 
challenge efforts at OWL, are provided in Table 4.7. Acquisition of large computer 
equipment will likely be purchased under a lease-to-own arrangement with operating funds. 

Table 4.7 
Bzidget projections by fiscal year for the Center for 

Computational Sciences Initintivebl 
(g  in millions---- BA) 

1995 1996 1397 19 ....... .... 1993 199 ....... 
...I__.____ __ ...... .~ ..-. ___-.. .__...____... ..... 

Operating expense 15.0 20.0 30.0 40.0 43 .0 48.0 
Capital equipment 1.0 1.5 2.0 3.0 4.0 4.5 

........ ..______..___ ____..__ 

"Funding for this initiative is being sought from the Office of Energy Rcsearch. 

P d 

Events of the past several years increase the urgent need of1J.S. industry to become 
globally competitive. To realize this goal, it is critical that technologies related to product 
manufacturing be emphasized in an integrated approach. Figure 4.10 graphically displays 
the opportunities possible individually and collectively by integration of these three major 
disciplines (materials, design methods, and manufacturing technology). 

With leadership from OlWL through this initiative, increased collaboration among 
industry, academia, and government will be stimulated, and national economic growth will 
receive an added boost. 

Design methods, high-performance ma tcrials and processing, and advanced 
manufacturing technologies arc kcy elements in the product development cycle, and they 
should be addressed in series. OIW-L can make a sieificant contribution by addressing 
these issues concurrently and by combining and focusing the widely varying disciplines of 
the Laboratory. ORNL's background in the development and validation of high-temperature 
structural design and fracture mechanics methods coupled with high-temperature materials 
development and characterization, intelligent in-and-on process controls, and manufacturing 
technologies will be kcy elements of this initiative. A s  a federal laboratory, emphasis will 
focus on ( 1 ) improvcdperformance andquality; (2) rapid transition ofconccpts, technologies, 
and materials into high-benefit products; and ( 3 )  the total product life cycle and associated 
environmental impacts. 

A triad of activities iisually must be included to develop products suceessfiilly that 
use advanced materials: ( 1 ) material science, ( 2 )  design methods and structmal integrity 
validation, and (3 )  manufacturing science and technology. OKNL has a demonstrated track 
record in materials science, having introduced some of the most advanced ceramic 
composites, intermetallic alloys, polymcr composites, carbon composites, and graphites. 
Goals ofthis major initiativc are focused o[i (1) design methods and structural integrity and 
(2) manufacturing science and technology centers as an integral part of the hlSRTE Complex. 
Initiative efforts will emphasize products that impact energy consumption, production, arid 
conservation in the transportation, aerospace, chcmical-process in^, and infrastructure 
markets. 
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1 MANUFACTURING ; 

MECHANICS & 
DESIGN 

- 4s IT IS 

0 - AS IT CAN BE 

A s  one part of this initiative a Design Methods and Structural Integrity Center for 
LUvuncecl Ma terids will be established; its primary mission will be the development of 
appropriate tlesigriand fracture a ment methoddogies for emergiiig advanmd materials, 
thus aacclerating their application and transfer to 1 J.S. industry. While the ccnter woiild 
primarily address high-teniptxaturc composite materials such as ceramics, carbuns, 
intermetallics design, and composites (as shown in Figurc 4. Ll), methods, fracture 
mechanics, arid structural integrity validation for other high-usage niaterials such as 
concrete, mctdlics, and polymer composites would also be undertaken as appropriate. 

The second part of the initiative \vi11 IE the development of a Manufacturing and 
f’rocessinig Tcchnology Integration Center (MAPTIC), which will focus on the science and 
pmecssing technology forprccision anaiiufacturingof h i~-yzerformanciniateriJs. Materials 
of interest would includc tnctallics, ceramics, cartxms, and composites The programs of 
blA1’‘I’IC will devclop, validate, and integrate emerging as well as enabling, manufacturing 
and processing tcchnologies that can bc used to produce highbenefit components and 
systems while achieving the gods of affordability and endurahility. Emphasis will be placed 
on prtxlticibility by means of a11 integrated team approach that will include designers, 
materials scientists, manufacturing engineers, arid the users. The team will interact closely 
with the Dcsiggi Methods and Structural Integrity Center and the CAMA. Design of and with 
materials milst be donc concurrently with manufacturing and process dcvclopment. This 
is a Laboratory-widc ini tiativc, and interdisciplinary teams will be established to support the 
rapid development arid transition of innovative teclii~ologies into conitnereial realities. By 
the integra tion of activities of MM”l‘IC with other capabilities across the Laboratory, and 
with the newly crcated hlanufacturing Tcchnology 1)evelopment Center at the Y-12 Illant, 
it is envisioned that the U.S. industrid h s c  will be niorc rapidly invested with DOE 
technologies. 

The activities of this initkitivc will involve several disciplines and divisions (including 
Metals and Chamics, Applied Technology, Instnrnientation and Controls, and Engineering 
Technology) and will emphasize networking iicross all of Energy Systems. Strategic 
relationships will he formed with universities, other national laboratories, government 
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agencies, industries, and industrial. consortia such as the National Center for Manufacturing 
Science (NCMS) and the hsociation for Manufacturing Technology. 

Thc vision for MAPTIC is that it will be recognized as a premier facility for 
developing, demonstrating, and validating maiaufacturirlg science and technology that 
provides our nation’s manufacturers with real and sustaining competitive advantages in 
global markets. All programs will haw the common objectives of enhanced system 
performance through the concurrent development of cost-effective designs and safe, 
environmentally responsible manufacturing and processing technologies. 

As the Manufacturing Technology Deployment Center oE the Y- 12 Plant becomes 
more accessible, industry and academic partners will participate: in building the MAPTIC 
concept through CRA1)As and exchange of personnel. Advanced manufacturing cells for a 
broad variety of technologies will emerge in both existing buildings and in a new center 
requested for 1996. Table 4.8 lists thc budget projections for the total initiative. 

’I’ransportation consumes two-thirds of the oil used by the United States. Thus the 
transportation sector offers the most important opportunity to reduce U.S. dependence on 
oil imports. Air quality in most large urban areas is below minimum health standards, Iar&ly 
because of automobile and truck emissions. 

Transportation is a vital component of U.S. industry. The domestic :mto industv 
is the largest segment of manufacturing, accounting for one out of evcry seven jobs in 
Anierica. The industry is on an uneven playing field, with global competitors producimig out 
of newer plants, using ncwcr iquipment, and enljoying government I&%L) support. 
Regaining the lead in automotive production will require a new era of teamwork in this 
country between governnient and industry, 

Investments in transportatiim infrastructure have not kept pace with the nation’s 
needs for inobility, economy, and safety. While our system is still the hest in the wodd~ 



~- - __ 
Table 4.8 

Budget projections by fiscal year for the Adanneed Materials, 
Des@ n illethods, and Manufacturing Technologies Initiutive 

(8 in milli~wis-BA) 

1993 1994 1995 1996 1997 1998 .... ~ ~ - . - - - . . 1 _ 1 _ 1 -  ....-. - - ~ - ~ . - ~ _ _ I . . - . . _ _ _ _  
..~ -~ ___ 
DOE fuiidiiir 4.0 7.5 1.8 34.0 32.0 40.0 
Non-DOE fundingb 3.5 7 .0 1.5 20.0 32.0 40.0 

Total 7.5 14.5 33.0 54.0 64.0 80.0 

Operating expense 7.0 13 5 31.0 42.0 60 .o 76.0 
Capital cquipment 0.5 1 .0 2.0 2.0 4.0 4.0 
Litie-itcrn construction 0 0 0 10.0 0 0 

"DOE program?, DP, CE, ER, and h'E. 
"Non-1)OF~. NASA, DOl), and industry. 

congestion problems now threaten this mobility. The Federal l fighiway Administration 
(FITWA) estiniates thatdelaysfromcon~cstiori alone result inlossesof ~1O0billionaxinualtlly. 
The hiterniodal Surface Transportation Efficiency Act of 1901 signals a much-needed and 
wide-reaching attack on thesc problems. In its policy statement, the act says, 

It is the policy of the United States to develop a National 
Iiiternioclal Tr'msportation System that is economically 
efficient and crivironmentally sound, a1ic1 will move people 
and goods in an encrgy cfficient manner. 

DOE mid other fcderal agencies have recognized thcsc challcngcs. The 1992 update 
of the National Energy Strategy cites iiiimerous fecleral transportation initiatives and ~woints 
out that the total federal I@& furlding on transportation requested for FY 1993 is 39% above 
FY 1992 :ind 7696above FY 1991. Notable K&D initiatives are the $260 million joint research 
venture on aclvancedhatteries with a consortium of automakers and aproposed $20 million 
start 011 ;I similar program to develop hybrid vehicle propulsion. 

Our discussions with thc automakers have revealccl a striking shift in attitudes: 
collaboration with national lal>oratories is tiow a top priority. Gcncrad Motors executives 
visited Oak Rid& in June 1091 and visited the other national laboratories during thc 
summer. 'IVurnorous cxchangc visits of technical personnel have served to identify specific 
topics of mutual interest. Discussions with Ford and Chrysler have shown that they arc 
pursuitig himilar ideas. 

Our goal is to secure a major share of the DOE rcfswirces that are idcntificd for 
collaboration with industry on autotnotive programs. Since some of the rranspofi7tion 
research rtqmnsibility lies outside the DOE charter, \vc will seek to broaden our activities 
by expanding our participation in DOT and DOD programs. W e  intend to work in close 
collaboration with the Y- 12 Plant in arcas 5uch as hybrid vehicle technology, materials 
and processing, low-emission vehicles, and advanced production processes that address 
thc goal of "agile m:iriufacturirig systems." 

OlWL is in a strong position to undertake iniportant research assignments on 
transportation. We 1i:ive widely recognized strcngths in many vital disciplines. Our 
mateai:ils c:ipabilitic.s src among the best in the country. W e  have rnariaged the Ceramic 
Technology Project for the DOE Office of Tra nsportation Technologies since 1983. W e  have 
worlrsd with the automotivc industry on applications of intermetallics. We have a 
hackground in fabricating high-strength polymer conipositcs, derived from the uranium 



enrichment program. The IITML serves as a unique facility for joint laboratory-industry 
materials research. We have worked with the automotive industry on topics of fuel 
composition, combustion, and catalysis related to alternative fuels since 1984 and liave 
conductcd fleet evaluations of both electric and methanol fucl vehicles. We are working with 
the Motor Vehicle Manufacturing Association on nonchjorofluorocarbon (CFC) refrigerants 
for mobile air conditioners. 

In our Center for Transportation Analysis we have provided analytical support to 
the DOE Office of Transportation Technologies and the Office of Policy, Planning, and 
Analysis during the past 15 years. We perform analyses of motor vehicle fueleconomy, sales, 
and technology and assist with program planning Results are publishcd in the annual 
Transportution Energy Data Book. This work has expanded into support of the DOT’S 
national highway and intermodal planning activities and support of the national defense 
transportation missions of the DOD. For example, ORIJL is recognized by both agencies as 
the only authoritative source of national transportation network data bases. 

Our technology transfer program has been widely noted and emulated. We have 
moved aggressively to license our K&D results for application by industry. We were among 
the first to utilize the CXADA mechanism to work with industry. :bid we have shown that 
we call respond to industry’s needs byest&lishingCW\UiZs in just a few weeks' time to meet 
requirements for rapid action. 

The following elements of an cxpandcd program utilize strong ORhX capabilities 
and have a high priority in both industry and DOE. 

Hybrid electric: vehicle. The Secretary of Energy recently commented that the 
hybrid vehicle initiative is one of the most exciting opportunities on thc horizon. 
This concept will have some combination of electric vehicle components and 
conventional or turbinc engine with battcry or C>wheel storage. O W L  participation 
could include development of propulsion systems, permanent nmgnet motor/ 
generator, regenerative braking, powcr electronics and controllers, flywheels, and 
advanccd magnetic materials. Flywhecls ai-e an important alternative to batteries 
for energy storage in vehicles. They have already achieved specific energy storage 
equaling the goal for batteries, have 3 lifetime exceeding the life of the vehicle, and 
do not contain hazardous materials. Technolo& demonstrated at ORNL is shown 
in Fig. 4.12. Much of the lightweight materials activity dcscribed below would have 
application in hybrid electric vehicles 
Vchicle enussions rethictiona. Imporrant ra:.eds include hoth sensors and catalyst 
materials, particularly fop. KOx reduction. New instrumentation to measure trace gas 
concentrations in the atmosphere at useful measurement scales is another research 
objective 

* Li&twci#at materials. Yehicles of the future will need to take advantage of wei&t 
reduction through use of high-strength lowalloy steels, aluminum and magnesium 
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alloys, metal-matrix composites, and polymer composites for lxdy panels, chassis 
structural components, m d  power-train components. 
Intelligent vehicles and highways. Advanced computing, cotnniunication, and 
control technologies Iire needed to cope with encrgy-wasting traffic congestion. 
Prospective ORNL research includes workon crash-avoidance systems, measurement 
ofvehicle energ~efficiency andcmissions, vehicleguid,anw and control, vehicle arid 
driver diagnostics, traffic control simulation, advanced traffic control centers, 
hmian factors in system design, fast computing arad application-specific integrated 
circuits, dynamic route planning, and system evaluation methodologies. OIWL is 
leading efforts to develop a regional consortium to conduct and evaluate opcrational 
tests of advanced vehicle and highway technologies, which could lead to operation 
of a national user facility. 
Agile manifiicturing. This concept enconipasscs manufacturing systems such as 
concurrent simula tion arid engineering, process wrtification, net-shape processing, 
and universal machinitig. 
The following additional areas of transportation systems research make LISC of 

demonstrated OiWL capabilities and are expected to be of interest to DOT, DOD, andother 
government agencies. 

Infrastnlcture modernization. These tasks would apply OWL expertise in structural 
engineering and materials science to the problcms of prcmature deterioration of 
pavements and bridgcs. Recently, ORNL rescarchers have enihedded miniature 
fiber-optic sensors in a number of materials, including concrete and asphalt 
(Fig. 4.1 3). Such sensors could be used to detect and evaluate incipient dcterioratiori 
of highways and bridges. They could also serve as part of the diagnostic network for 
“smart highway” functions. ORNL leadership of a national consortium to track 
bridge performance and to conduct related research is envisioned. 



a Tmnsportation ciemaxid ma9aagement. ,Is urban and highway congestion WQSEXIS, 

it will be increasingly necessary for communities to apply to transportation the kind 
of integrated resource planning that has been successfully used by elcet5c utilities 
to optimize electrical end-use tlemarid 
Military transportation. OILVL made important contributions to military 
transpoi tation planning and scheduling during the Persian Gulf crisis. r‘he nation’s 
new defense posture me::ns that much additional research is needed on planningand 
scheduling military systems to meet the requirements of the rapidly evolving world 
geopolitical system 
tXmardous ~w;ateuids. OIWL capabilities and exyeriencc in packa,@ngand transporting 
hazardous materials can be applied to a wide range of problems related to shipping 
d;liljierQuS goods 
Baseline projections for the initiative are indicated in Table 4.9. The projections 

include continuation of existing OKN, transportation p r o ~ i i i ~ ~ ~ s  (about 822 8 rr~illior~ in 
FY 1992) but do mot iiiclude the industry portions of joint projects or the portions of the 
projects that we expect to be done by the Y-12 Plant. 

Budget projec~iions by fiscal year for the T m  mportwtio~e 
Technologies and Systems fneitiatiot? 

(4%’ in millions- -&I) 

199s is96 1997 199 ____ .... ___..__~ .... 
.__..._______ .... __-..__ ......... ...... .... 

Operating cxpensc 30.5 40.1 48.6 54.0 60.0 70.0 
Capital equipment 3.5 4.0 ‘1.0 5.0 5.0 5.0 

“Funds are heink souQ.ht for this initiative under 1’roSrarn (;E, Conseevation and Rcnewable Energy 

We propose that a portion of the Oak Ridge Reservation be identified as the U.S. 
location for the nuclear facilities needed for development of thc magnetic fusion energy 
program. 

The fusion program is aimed at the development offusion as an energy source. The 
National Energy Strategy, incorporating fusion as a n  energy program, has set the goal of a 
demonstration reactor by about thc year 2025. Much ofthc development needed to achieve 
this goal relates to fusion nuclear technologies, yet the U.S Fusion Program has no nuclear- 
capable site at which to conduct the necessary research. Oak Ridge i s  an ideal location for 
such a site becaiise of the availability of an existing scientific and engineering infrastnicture 
in fusion, materials, and nuclear processing, coupled with the availability of the required 
electrical power, cooling capability, and environmental characteristics. Furthemore, the 
communities in the Oak Ridge area lia\7e shown stt ong support for such initiatives in the 
past. 

The current set of major tokamaks are corning to the end of their planned 
experimental programs. In the case of JET and the Tokamak Fusion Test Reactor (TETR), 
they will demonstrate substantial levels of nuclear fusion power (tens of megawatts) for 
short pulses (seconds). Indeed JET has already produced about 2 MW’ of power in a 
preliminary experiment. Thus the nuclear technology development phase of hlsion is upon 
us. Many of the major facilities planned for the future require a nuclear-capable site. Thesc 
include a 14-MeV neutron source for fusion materials development; the next large tokamak, 
the International Thermonuclear Experimental Reactor (ITER) being planned as an 
international collaboration; and the proposed small devices for fusion nuclear technology 
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development. None of the existingU.8. fusion facility sites can accornmodatc these devices. 
Our potential international partners-particularly the Europeans-have suitable sices 
identified. As an example, the Frcnch moved the bulk of ihcir hsion effort from Fontenay- 
aux-Roses and Grenoble to Ckidarache some years ago and now have a fusion iidrastructure 
on a nuclear-qualified site suitable for ITER and other fitision nuclear facilities. The Oak 
Ridge Reservation offers a number of sites that could serve this purpose. 

We would propose that DOE rapidly hold a competition t(J iclentify a suikiblc fusion 
devektpment site, at which any major future capital investments would be made. This would 
give the United States acompetitive position for the ITER as wcllas other facilities that might 
be proposed for international collaboration such as the 14-ILlcV neutron source. This 
initiative couldbccoupled with aproposalfor oyeratiotiandman~emcntof thcsiteinaway 
that would involve more programmatic involvenient by the private sector. 

In its broadest sense, the god of structural biology is to understand the intricate 
rchtionship between biologicalstnict~rre arid function As such, it ancorporatcs exprimental 
techniques that derive three-dimensional structural information from tlic an:ilysis of 
radr:ition in various scgments of the electromagnetic spectrum that arc: scattered by 
biological niaterials. Paramount among scattering techniques in structural biology are 
X-r;iy and neutron small-an& scattering, crystallography, and several fornis of biological 
imaging. Protein engineering is another important experimental tool in structural biology. 
Biotechnology , in die form of bioprocessiog capability, and areas oC compurational biology 
support the scattering methods. This initiative Lwrnbines ORNI, strengths in these areas to 
address stnictiiral biology problems. 

Ik~ te in  engineering is an active program in the Imkgy Division and integrates many 
activities in molcculargenetics. The ability to program specific mutations into eloiied genes 
ud1 permit thc systematic design of new gcne procluets :is mechanistic probes of protein 
function and the tailoring of operons to alter the regdation of gene expression. X-ray and 
neutron structural analysis of crystallizable proteins and subsequent molecular modeling 
with three-dimensional uornputcr graphics will guuidc the selection of mutant gene products 
to be constructed and will serve as a predictive tool of the probable structural consequences. 
IZceause protein engineerin2 providcs an avenue for optimizing functional properties of 
enzymes, it overlaps with other elements of biotechnology. 

A core proposal that includes biolo@cal applications of smau-anfile neutron scattering, 
small-aiigle X-ray scatteriug, neutron and X-ray crystallography, and nuclear magnetic 
resonance (NMR) is under review by OI-IER. ~laeromdec~dar X-ray crystallography is being 
reestablished in the Biology Division. Proteins being studied for tlirce-dimensional structure 
detcrmination include phosphoribuloliinase, human epidermal growth factor (EGF) 
(Fig. 4.1 4) and mutant andogs designed by 01WL’s I’rotein Engineering Yrograni, as well 
as human and mouse DNA repair proteins that remove alkylation lesions. Crystallographic 
studies of nucleosomes reconstituted from a cloned palindromic DNA restriction frzigment 
are partially funded hy OIIER. As part of the revitalization of stnictural biology at ORNI,, 
neutron and X-ray stnall-angle scattering, formerly components of the NSF-sponsored 
National Center for Small Angle Scattering Research, are hcing recommissioned under 
FY 1902 Laboratory-directed R&D funds that were awarded to a team of researchers from 
Biology and Solid State divisions. This program will also reactivate a neutron four-circle 
diffractometer at the EIFPK for structural biology research. These activities will enhance 
stnictural biology research at these national resource facilities, pending core support from 
OIIER, and will continuc an OKNI, prograni as the basis for devcloping a structural biology 
program at t h e w s .  Thc ANSwillpcrniit rapid, precisedetennination ofbiological structure 
by neutron scattering arid crystdlo&apliy; its potential to solve new biolo@jcal problcnis will 
attract structural biologists worldwide (Fig 4.15). 
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Computational biology 
involves the use of advanced 
computing devices and tcch- 
niques for gathering and 
processing i r i  for ma tion on  
hiological structures. It  includes 
molecular visualization, rapid 
processing of macromolecular 
scattering data, prediction of 
molecular structure, and 
simulation of niacromoleeule 
behavior aftei chemical 
modification or changes in 
environmental influences '1s 
such, this part of the initiative 
involves a number of divisions at 
ORNL, including Biology, 
Chemistry, ItIealth and Safety 
Research, and Engineering 
Physics and Mathematics. Iligh- 
performance computing in 
particular is \.vel1 suited to studying 
these types of problems, and thc 
new O W L  Center for High 
Performance Computing will 
serve as a valuable resource to the 
Structural Uiology Initiative. 

Biological imaging in- 
volves expertise concentrated in 

O N ' S  Health and Safety Research Division (HIASRD) and involves the use of a novel class 
of microscopes that have been identified as a cost-effective, high-volume technique for 
studying DNA. These microscopes work by scanning a tiny probe very near a surface onto 
which DNA molecules have been applied. AFM mechanically feels the the surface whereas 
the STM electrically feels the sample using a small electrical current. A third type of 
microscope, which was invented at OWL,  is the PSTM, which uses an optical current to a 
sharpened optical fiber to sense the sample. Thesc instruments are new exploratory tools 
for visualizing biological structure at near-atomic resolution, and they have the potential for 
performing genome mapping and sequencing functions. 

Budget projections for the Structural Biology Initiative are found in Table 4.10. 
Funding is being provided by OHEK in the Office of Energy Kescarch. 

Biotechnology for the twcnty-first century is a new federal cross-cut initiative 
involving 12 agencies in biological and engineering research that will improve public health, 
enhance the quality of life, and contribute to economic growth. This presidential initiative 
developed by the Committee on Life Sciences and Health of the Federal Coordinating 
Council for Science, Engineering, and Technology (FCCSET) is designed to maintain the 
momentum of U.S. leadership in health-directed biotechnology research and to encourage 
new applications in agriculture, energy, and the environment. The initiative calls for a 
supplement to the President's Fiscal Year 1993 Budget. 

Biotechnology research at ORNI, is conducted at various stages of biological 
organization, ranging from molecular through organismic and system levels, and addresscs 
basic and applied research as well as bioprocessing development and appropriate 
socioeconomic issues 
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Table 4.10 
Budget projections by fiscal year "for the A N M l l F I M l R i i L  

Structural Biology Initiative 
(8 i r b  niiElions---BA) 

- ................ .- 1993 1994 ............ 1995 1996 1997 1998 
...... 

__I____ 

Operating 2.7 2.7 2.8 3.4 3.4 3.6 
Equipment 0.78 1.0 
ANS instrument.ation" 5.0 
iWS bio-facilities 

constructionb 2.0 
-.___ 

"Beginning in FY 1996 for detailed design with constnlctioti in 1 T  1998-1999, 
"ANS Biology Laboratory dctailed design beginning FY 1995 with construction in FY 1997-1999. 

Multipurpose (deuterium) Lalwling Facility planned as part of the Center for Bio1ogic:il Sciences. 

Fundamental research in biotechnology clerivcs primarily Froni considerable cxpertise 
in cloning reconibitmnt DNA, designing hybridoma cells, studying microbial ecology, and 
constructing transgenic mice. Cloning, in conjunction with manipulation of genes in vitro, 
has ushcred in the era of protein engineering, whereby properties of proteins might he 
optirnized for application in medicine, agriculture, waste remechation, and bioprocessiqg. 
Rlonoclonal antibodies, elicited by hybridoma cells, have wide-ran8in~applications, inchiding 
the detection of physiological and xenohiotic molecules; they also can be used for the early 
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detection and treatment of cancer. Transgenic mice, constructed by insertional or targeted 
mutagenesis. opcn new vistas for developing experimental models for human diseases and 
potentially for mitigating genetic disorders by gene therapy. 

The design of new assays that can provide a basis for better assessments of human 
health risks of chemical carcinogens is imperative. New rapid advancements in the 
molecular biology of cancer are now providing a unique opportunity to design biotechnology- 
bascd assays. Ikcently, a new group of cellular genes, callcd tumor suppressor genes, have 
been discovered that are powerful inhibitors of cell growth. Single base-pair mutations or 
deletions in tumor suppressor genes are now recognized as the most frequent and critical 
events in tumorigenesis. Further, individuals with these mutatiorns wdio have a risk to 
develop cancer can now be idcntified using biotechnology-based methods prior to cancer 
onset. Monoclonal antibody-based technologies can be uscd to design new assays to detect 
individuals with mutated tumor suppressorgene products (Fig. 4.16). hlutationsordt.l~:tions 
in individuals at risk can also be detected using molecular b i o l o f i ? l / b i o t e e h n o ~ ~ ~ ~ ~ ~ e ~ \ ~ e ~ ~  

assays like polymerase chain 
a c reaction, followed by single strand 

conformation polymorphism or 

e---- 

*- 

heteroduplex formation assays. 
These biotechnology-basetf 
techniques also call be used to 
design new invitro assays to assess 
the carcinogenic potential of 
chemical carcinogens and to design 
new assays for promoters. 

Future work will be 
directed at ( I )  (k:sign of new in 
vitroassays to test thecarcinogenic 
potential of chemicals associated 
with energy use and production; 
(2) design; of new assays, using 
antitumor suppressor gene product 
monoclonal antibodies, to directly 
identify individuals at risk of cancer 
(leiikrmia) kcause of exposure to 
chemicals; and (3)iiseofantitumor 
s:ip p re ss or ge ne m o noc 1 on al 
antibodies to evaluate risks of 
humans exposed to radiation 
during energy production. 

Biotechnology also pro- 
vides risehl measurement techniques and is a componcnt of the OWL R&D effort. 
Different,ial labeling of DNA with stable isotopes has simplified sequencing activities, but 
efhhmt sequencing of DNA will require a new generation of instrumentation. One appmwh 
being ev:duated involves using state-of-the-art laser and mass spectroscopy techniques. 
Scanning tunneling electron and photon microscopy is another high-tech probe being 
applied to biological materials. 

Laser-induced surf;ice-enha wed Kaman techniques are uscr l  tc providc vihrational 
and structural information on DNA, nucleotides, and proteins (Fig. 4.17). Biological markers 
arc valuablc tools for investigating recovery of systems following restoration and cvaliiating 
exposure potential to released coi-ncanninants. IS~elopment of uscthd biological rnarlie~s 
involves interdisciplinary research spanning areas from molecular hidogy to analytical 
techniques. 'I'hc application of biological. markcr?; to human exposureddisease states 
requires devdopnient of novel, ultrascnsitivc analytical strategies. DNA adducts in fish and 
rnammals have hem iisecl to determine esposuro of organisms to pslyaronmtic hydrocarbons. 
Elcvated levels of mixed-function oxidasc liave been uscd to evaluate direct toxic effects. 
and the return of sensitive species to habitat has provided direct evidence of the success of 
res tomtion activities. 



lhqrocessing resczuch i s  oriented toward the development of 
processing concepts iind systems that c m  be used for energy proclucrion 
and conservation, conversion of rencwable feedstocks, hazardous and 
radioactive waste processing, mid the solution of  other national pro lhns .  
Bioprocessing R8m within ORNi. i s  expanding, with currcnt support froin 
various parts of DOE, other government agencies, and the inctuslrial 
sector. Other prospects cxist in conservation, fossil energy, energy 
research. and the Space Exploration : i d  Space Technology initiatives, 
with significant potential for synergistic interact ions. To maintairr good 
coorclination, encourage niultidisciplinary interactions, :# iid senv as a 
vehiclc for further expansion, the Hioprocessing Research atid 
Development Center was established in the fall of 1991 at ORhTli. 
Furthemiore, ORNI, is o m  of four national bburaturies participating in 
a coiisortiurn on bioprocessing I U B ,  Idaho National Engirieering 
l,abordtoIy(TN~14,),i~~I,, and thcNationa1 Renewable Energy Laboratory 
are the other organizations collaborating in this effort under the terms of 
a meniorandum of unciersranding. The 13ioprwessln,g IZesctlrch Facility 
(UKF) is available at OIWL for coopcrative and proprietary rw::aiieln; 
industrial participation through C l i h D h  and other interactiorib is :L 
primary fotxis of the progr:rm. 

Applied biological research i s  carried out  in support of 
Ijioproccssitig concepts with an emphasis 011 photobiology, e m  ymologgy , 
and microbiology. Enqimering, rosearch stresses advm~ed  bioreaetor 
concepts, twIi:ui~.ed bioca tdyst systems, separatic m techdogy fw 
product recovcry and purification, and system nioni~oritlg and contrul 
All arcas of energy research have bec~r adclressed with bioprocessing 
dcvelopmcnts in fossil energy, environnieritai control techrxology, 
production of fuels and chemicals from reriewable sourc"cs (Fig. 4.181, 
nuclear and 1i:rz:mbus waste processing, CO, recycling, and rcst)urct> 
recovery. 

Dcvelopnneat of tech oology for site renacdiation is also ax\ 
important eoinpoiierit of  th is research arc3 This ha,s included fiber- 



optic-bascti sensing devices for 
detection of bacterial metabolism 
associated with degradation of 
wastes and monoclonal 
an ti b odi e s i M rn o b il i L e d on 
optical fibcas to provide remote 
sensing of hazardous chemicals 
inn groundwaters and suhsudaee 
soil samples. Microbial consortia 
are being isolated for interaction 
with chcmicals reqistant to 
metabohsnn by a single organism, 
and investigations of both in situ 
and bioreactor corntainrncnt 
degradation are ongoing 

Enhanced production of 
biomass feedstocks is also an 
import ant res ear c h a re a 
Biotechnology has recently bcen 
applied to increase species 
productivity. This has included 
the use of tissue culture 
technique? toclonallypropag$te 
superiorgenotypcs; invcstigatio R 

of somaclonal variation and 
biolistic transformation as a 
means of obtaining herbicide 
tolcrance, insect resistance, and 
drought hardincss; and iise of 

restriction fragment length polymurphism techniques to map hybrid poplar nuclcar 
genome 

A 1ecently initiated effort in envii onmental biotechnology incorporate!, those 
coniponents of fundamental research relating to thc responses of environmental species 
with applied microbiology, engineering capabilities, and chcrnical detection and sensing to 
addacss envirenmental restoration and waste management issues. Collaborative efforts 
with other national laboratories and universities and cooperativc effo~ ts with private 
industries through CRADAs are major strategies employed in this program 

Ultimately, successful application requires acceptance of biotechnology by thc 
public Simulation models are being used to evaluate transport and survival of genetically 
engineered microorganisms in the environment; and the ethical, legal, and social implications 
of genomc manipulation arc: growing concerns that are central to the hiiman and 
environmental risk analyses being conducted. 

Budgct projections for the Biotechnology Initiative are found in Tablc 4.1 1 Funding 
is provided from a number of sources, including the Office of Energy Kcsearch, the Assistant 
Scerct2r-y for Conservation and Renewable Gnergy. and DOE and non-DBE offices and 
programs. 

.... ____ ...... ~ ......... ___ .......... ~- .... - 
........ ~ ~ .._~___ ........ ....... ~ ..... ___ -. 

Operating expense 17.6 21.7 23.1 25.1 26.3 27.6 
Capital equipment 0.5 0.8 0.8 1.0 1.0 1.2 



The following adclitional initiatives are proposed under program discussions in 
Sect. 5 ,  “,Scientific and Technical FLTogri1n1s.” 

* Office of Energy Research 
- High-Energy Physics Research Program and the Oak Ridge Detector Center 
- Kadioactive UeamdRecoil Mass SI>cctrometer/~arnmasE7here 
- Development of Melton Vaky as a Strategic Resource for OIWL 
- Center for Excellence in Research Iteactors 
- Retention of Pool Critical ~4sscnihly 
- Advanced Photonics for Envirorimcntal Needs 
- Biological Imaging and Analysis Center 
- Subsurface liesearch 
- OKNL Genome Program 
- Center for Global Euvironnnental Studies 
- Education Twhnology 

Assistant Secretary for Nuclear Energy 
- Modular High-Tempmature Gas4:ooled Reactor-Dircct Cycle 
- Center for Excellence in Rebearch Reactors (see Office of Energy I<csearch) 
- Retcntion of Pool Critical hsembly (see Office of Energy Research) 
- Actinide Recycle 
- Nuclear Power for Spacc Applications 

Assistant Secretary for ( h I l S ~ I V d t k H I  and Renewable Encrgy 
- Better Energy Technologies for the World 

Assistant Secretary for Environment, Safety, and 1Ie;dth 
- Center for Risk Management 
- Health Physics Instrumentation Center of Excellence 

, . . . . . . 









The 0ffi1-v of Energy Research (DOE-ER) is the largest single sponsor of research at OKNT,. 
Tt ~ u p ~ m r t s  OFUiL's rn:tjor researoll progr:ii'ns in the LS;thic physical scienceb, fusion energy, 
:rod biomcdicnl ;mtl erivironmeutal scierices (Tahlc 5. I). 

si 
The Fusion Energy f*mgr:tin at CJWI, i s  a major component of D0li;'s Magnetic 

Fusion PTQ~E~IXI,  thc pXans for which are outlined in the National iEnergy Strategy. 'hC) 
characteristics distinguish OlWf, in th is  activity (I) ttic extensive collaboration hn>th 
nafionally (with numerous universiticb, industries, atid national laboratories) and 
internationally (with ten countries) and (2) the breadth of thc component subprograxns 1x1 

sics, technology, and systenis studics Work is carried out ixr several OKNI, divisions; 
maj nr contributions arc: nnde by the Cerrt ra l  Engineering, Computing and 

'rc~~,ccommunicatiuns, and O:& Ridge Y - 12 Plant or&niza tioiis 
The @xi1 of the Magnetic Fusion Program as btated in the Xauonal Eiiergy Strategy 

is to prove that fusion enerkv is a techiiically and economically eredihlc energy S Q U ~ C ~  hy 
having an  operating dcmonstratiun phiit by 2025 'Pis goal will require incrcasirig, 
emphasis on the nuelear aspecr of h~sivti ORNIL is an csscntial participant in the grograin 
Ixeeause of the mi dtidiseiphnary narurc of OWL'S cnergy programs, the breadth of its fusion 
yrtagram, the capdr,ility for integr;itionr of fusion R&I) oreab, an excelletit reoord in 
techfiiology transfer to industry, and the potential of the Oak Ridge Reservation as :I site for 
fusiori mic1c;ir tech nology RkrD f:icilities, including nlaJOf deuterium- :md tritiuni-burnitg 
experiments. (.%e Sect. 4, "Summary of Major Initiatives.") 

In support of the National Energy Strategy, the objective of ORNL is to hme aleading 
rolc in 

0 the integration of confinement and tmhnology issucs needed for the understanding 
of fusion physics :and for the improvement of the toroidal eorifiiienient concept, 
the solution of physics and technology issues for die hi&-duty factor/stcady-state 
(>peration of a toroidal reactor, 
the attainnicnt of adequate system reliability and maintainability, 



Budget and 
reporting 

code 

Ofice of Energy Research ~iftajor program suinn~ury 
(i3 in millions..... BA)' 

Major pmgra ......................................................... 
1 1992 1993 19 

AT 
KA 
m 
KC 
KD 

KG 

KP 

KS 
KT 

KU 
KV 

Magnetic Fusion 26.4 27.5 
High-Energy Physics 0.4 0.5 

Energy Kesearch 0.6 1.1 

Multiprogram Energy Laboratory 6.5 2.8 

Biological arid Environmental 28.7 33.7 

Superconducting Super Collider 1.1 0.1 

Laboratory Technology Transfer 0 2.1 

Nuclear Physics 13.8 15.3 
Basic Energy Sciences 99.2 128.6 

Analyses 

Facility Support 

Research 

University and Science 1.5 1.3 
Education 

University and Science Education, 
Defense-Related 0 0.3 

Landlord activitiesb 0.1 17.0 

41.1 
1.3 

12.9 
141.8 

1.5 

14.9 

40.6 

0.5 
1.6 

1.8 

0.4 
83.8 

50.4 
1.6 

14.2 
189.1 

1.5 

25.5 

60.6 

0.5 
1.7 

1 .0 

0.4 
118.5 

Total 17 

Percentage of total 32.8 37.5 38.6 44.1 
Laboratory hinding 

..... ...... ~ ...... ___ 
"Includes operating BA, capital equipment, construction, and proposed construction as noted in Table 10 5 in the 

"Includes general-purpose equipment and general plant project funding and several field-work proposals for the 
"Resource Projections" section. 

Occupational Safety and Health Administration (OSHA) and other safety activities 

the development of radiation-resistant and low activation materials, 
* the development of a nuclear capable site for fiision techrdogy R&D, and 
* the broader exploitation of technologies and capabilities developed in the Fusion 

Energy Program and the transfer of these technologies to American industry. 
Magnctic fi ision sets many demanding technology gods for high-field miperconducting 

magnets, heating and fueling systems, materials, lithium blanheLs to brwd tritium, and 
remote-handling techniques. These components must withstand the hision environment of 
14-MeV neutrons 

The ncliicvcrnent of these goals is iniportant for the world because fusion is 
essentially an unlimited source of energy that also has the potential for substantially reduced 
environmental impact compared with other energy sources. Support for the O W L  program 
comes from three subprograms. ripplied Plasma Physics (AT05), Confinement Systems 
(ATIO), and Development and Technology (ATIS). I'he first subprogram funds theory, 
atomic physics, diagnostic development, and modest sized innovative experiments; the 
second, confinement experiments, the Tokamak Physics Experiment, and some applications 
of plasma technology; and the third, materials research. plasma teclmo!ogy, the ITER 
Project, and systems studies. 
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Theory The OWL fusion program LISCS theoretical and computational methods to 
formulate, validate, and apply models of plasrna behavior in toroidal fusion plasma 
confinement systems. Successful models lead to improved operation of present systems and 
to desigri of better ones for the future. A primary enipliasis here is on understanding, plasma 
confinement :md its limitations in tokamaks; similar cmphasis is given to an alternative 
toroidal co tlfiriemcnt cwncept--the stcllar.ator/t~~rsatron. Essential similarities of the internal 
magnetic fields m c l  the plasnias in thc two concepts simplify comparative analysis and yield 
progress in control of eachof them. Diffcrences hetwecn the systems are exploitcd to isolate 
spccific physical phenomena and to provide means to control and improve effectiveness of 
the experiments. The most important differences between tokamaks and stellarators are 
instabilities drivcn by currents parallel to the magnetic field and the essentially pulsed 
nature of the tokamak coni’ining fields, both of which are absent in stellarators. 

OWL contributions include work in the following areas. 
0 Dcvelopmcnt of instability sirnulation models and computational approaches and 

application to specific experirncnts so that the models can bc validated and 
improved. 

* Analysis of anomalous transport of particles and energy as driven by instabilities and 
modified by nonplasnia effects such as ionizationhecombination processes at the 
periphery. Instability-driven turbulent processes are assessed using OKNL-developed 
and other instability simulation models. 

* Definition of the relations hetwcen plasma flows, rotation, and collisional processes 
modified by the primary m ~ n e t i c  arid electric fields. These are critically influenced 
hy effects from turbulence phenomena. Uecause the instabilities and turbulence arc 
influenced in turn by them, self-consistent theories are essential to unravel 
int~reoiinecticJns of all tliesc phenomena. 

* E:stablishnicnt of means b y  which externdly imposed magnetic arid electric fields 
can he uscd to tailor particle drift behavior. This aliows experiments to have reduced 
orbit losses and lowers the underlying collisional transport. 

* Defining and developing fueling and heating techniques to adjust profiles, control. 
energy and particle sources, :ind modify loss factors. Energy and particle sources 
permit tailoring profiles of plasma density, pressure, and current, which are 
controlling Factors in overall confitiement perfonnance and define stabldunstable 
IPehaviOr. 

* Eweloping direct drive of plasma current by radio fruqiiency (rf) and neutral beams 
offers means to extend the pukx length in tnkriniaks and may eventually allow 
extension to true steady-state operation. O u r  work includes efforts to improve the 
bmic rflaunch structures so that rhey are most effectivcly able to provide drive for 
plasma currents. 
The theoretical effort is  directed toward applications that improve the (1.8. toLniak 

initiatives (the IThR effort, the 1J.S. New Initiativcs cffort, and the Advanced Reactor 
Innovation and Evaluation Study) and that eritiance the ?J.S. and world programs in the 
stcllarator field. 

fldrrmi~ physics The developnicnt of dam bases and theorctical models for atomic 
physics and fusion plasma dia@ostics has lxecti undertaken in the Physics Division. Within 
tbc pas[ several ycars a powerful. ncw soiirce of multiply-charged ions has contributed 90% 
of the available ionization cross-sectional data base for fusion-relevant ions and should 
continue to support fruitful researeh fbr inany years. In a separate program awry promising 
laser-based c1i;ignostic for fusion alpha particles was installed  ti thc Advanced Toroidal 
Facility (‘4°F) and has completed the proof-of-principle test. 

Small Tdramak proe3ram 0 A Small Tokamak Program was cstablished in 1990 to 
explore the possibilities of using small and smaU-R& tokamaks for testing technologies 
criticril to’ fusion energy development, The program contains three major rescarch activi ties: 

Ilevelopment of low-aspect -ratio tokamak concepts. Ideas from ORNL havc ked to 
experimental tests of such devices at several sites and to collabor. ‘i t‘ ions-most 
notiibly at the Culham Laboratory in England, the Instituto De Yesquisas Espaccias 
in Brazil, :md the A. F. Ioffe Physico-Technical Institute in the Commonwealth of 
Independent States (CIS) (formerly the U.S.S.R.) 
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e Design of a small steady-state tokamak (TST) to test divertors. Such divertor 
solutions are needed by steady-state tokamaks such as ITER and the Tokamak 
Physics Experiment (see Fig 5.1 ). :I preliniinary proposal to design and build such 
a 'TST is complete. 

u u u  

l>esi.gn of a small steady-state neutron tokamak (TSNT) to test fusion blankets. 
Success of the preceding efforts and the (2 .. 1 operation in the JET and the TF'TK 
would provide the technical basis for a 'I'SKT to produce a 1)-T neutron wall load of 
W,> - 1 blW/m~. 'This would be adequate for testing fusion technologies including the 
blankets. A physics and engineering concept for a TSN'T is being developed. 

'The main focus of the Confinement Systems subprogram 
at OWL has hcen the ATF experiment, the world's largest stellarator (a q'pc of toroidal 
plasmaconfinement device). ATFhas the Bexibility to study various magneticconEigurations 
and to make unique contributions to the understanding of toroidal confinement. The ATF 
program features collaborations with researchcrs from other institutioiis in the United 
States, Japan, Spain, Russia, Ukraine, and Germally. Key contributions io understanding 
have been made in a number of areas: acccss to thc second regon of stability, scaling of 
the plasmdriven (bootstrap) current, plasma-e&e turbulence and associated transpofi, 
effects of magnetic field perturbations and elcctric fields, and global transport scaling. 
Recent experiments have focused on transport niodulation experiments and fluctuatioti 
measurements to explore anomalous transport rnechmisms underlying the gobal behavior 
of the cnergy confinement time. Figure 5.2 shows density fluctuation nieasumiieiit,s 
obtained throughout the plasma volume and the mechanisms thought to be responsible. 
Microwave scattering measurements conducted ini collaboration with the Gcnc cal Physics 
Institute (Moscow) suggest the prescnce of trapped-particle effects like those expected for 
the dissipative trapped-electron mode instability. The density fluctuation amplitude i s  
larger on the small-major-radius side of the torus where the helically trapped particles are 
expected to be well confined. Plasma operation near the marginal stability condition for 
such instabilities could accoi.int for the persistence of flat and  hollow^ density profiles in 
stellarator experiments. 

hTF ceased opcrat,ion in November 1992 to allow repair of damaged segments in 
one of the two helical windings. Pending DOE approval, ATFcould restart at the end of 1993. 
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ATOMIC PHYSiCS 
DRIVE (IONIZATION, 

RADIATION, . . . ) 

REFLECTOMETER 

0.1 
0.2 0.4 0.6 0.8 1 .o 1.2 1.4 

p = rla 

Coihbglrative With the hiatus in A'fk operation therc is an increased 
emphasis on eo1l:ibo ith othcr institutions. These programs include work on 
tnmsport studies, divertors, :uid hieling and heating on 11171-1) at thc ~etieral Atoniies 
conipany and the Plasma-Runiixig Experiment (PBX-nir) and tht. TF'TIC at thc T'nnccton 
Plasma Physics Laiboratmy (Pi'Pl,). These new progrants extend existing collaborations on 
h e  Tok~mak Experiment for Technically Oriented Research (( fermatiy), Tore Supra 
(France), and JET (Europcan Economic hnnxuti ity); on techniques for 1irzdcrs~iiiintlrng:aicl 
controlling h e  plasmaboundary, on pcllet fuelmg; and c)n ion-cyclotron heatingandcwrrenc 
deivc. One example, a result of thc ORNI, divertor coliaboration oil 1,111-0, is shown in 
Fig 5 3.  The figure depicb rhc presrures under the divertor hafik region aiid in the private 
ux region as functions of the rnjectcd neutral beam hcsting p o w c ~ .  'The achieved pessurcs 

aril: P ery high, indicating efficient particle reniowl -with rhe pailinped clivcrtor. L l  coxmnon 
feature of many of tliesih program% is the application of S I I ~ ~ : S S ~ L ~  OH0 .I tec:chraub;Sy 
devallapmonta, such :as tine ioa-e?~clutron range of frequency antennas iuid pcllet i r i j e ~ ~ x s ,  
onto ~ ~ a ~ ~ ~ ~ c ~ ~ ~ f ~ ~ i ~ r n ~ ~ ~ ~ ~ ~ ~  ices a b  the basis of aixlegratcd progra rns involvintj: thcorv?tical, 
experimental, atid developnieo tal personnel. TWO noteworthy cmmples art: dcscr ihed 
I A O W  

* Experiments are curwnily under way 011 the 
DI1H-I) tokamak at (keneral Atomics (Sam L)iegrP, California) to dem ~nstr:ite fast wave 
cirsrcnt drive under reactor-relevant conditions using a four-eiemctat antcnna array 
designed and built by  O N L  Plianning and implementation of  the experiments is :i 
ectllah alive effort bcttveeri the Fiision Energy 1)ivision md (kracrd iltomics. Fast wavc 
current drive involves driving a11 elcctron current in a tok;unak plasma by launchink a 
directional spectnim of dwaves, which suhseqiiently deposit their energy in the Cril of the 
electron energy distnbution, by means of a phased array of antennas. If the presrni 
experiments bear out the theoretical analysis, fast wave cumrent drive is expected to he the 
most economical means of sustaining the plasma current in a tokamak fusion reactor. 

Scientific and Technical Progrants II 5-7 



Pbaf f le 
_I________ 

I I 

0 PI-MODE, INWARD SWEEP 
H-MODE, OUTWARD SWEEP 
OHMIC, INWARD S 
I_-MODE, OUTWAR 
Pyriv Q 

6 

Thii array is designed fcr 2 hilW of I-f power, which should; under optimum conditions, 
result in about 2.50 kA of fast wave current drive, rcpresenting 25 to 50% ofthe totAl current 
in the tokannak. The efficiency of current drive depends on both antenna and plasma factors. 
Unless the antenmacan launch the desired wave spectrum and maintain this spectrum stably 
against modest changes in thc p!asrna, t1w efficiency will be ui~a~c~ptabk. For this project 
it was necessary to conduct extensivr: development to optimize the antenna spcctriin7 and 
to develop the necessary algor&hnns for phasing arid impedance matching the antemla 
elements, which are 311 fcd from a singe rf' transmitter. 'The plasma currcnt is maintained 
at  a constant value, so any current driven by fast waves is seen as a reduction in the voltage 
in the circuit maintaining thc plasma current. Preiimi1nary results are consistent with the 
predictions. 

The time history of several plasma parameters is shown in Fig. .5.4. 'Thc top graph 
shows the applied e!cctlron cyclotron heating power (used to boost the electson temperature 
in the plasma) and the fast wave current drive power. Major divisions on the horizontal a i s  
are IO0 ms apart. The bottom trace shows the c m t ~ a 1  dectron temperature as determined 
by Thomson scattering. The rrniddle trace shows the loop voltage. The horizontal lines at thc 
thrce time slices indicated by solid vertical lines denote the expected l e d s  of loop volta& 
iin the absence of any fast wave current drive. At the first time slice, no rf power is present, 
and the expected loop voltage exact!.y matches the measured value. In the other two tirnc 
slices, the first during the electron cyclotron laeating pEsc and the sccoi~d after the electron 
cyclotron heating power was turned off, the measured loop voltage is 100 mV lower than 
expected, indicating the presence of plasma current driven by the fast waves. 

8. 'rlie tritium pellet injector for thc TFTRshoww in 
Fig. 5.5 is being constructed at ORNL to provide a cryogenic tritium pellet fueling capability 
for the TF'1'K D-T phase scheduled to begin in July 1993 at PPYL. The existing TFTR 
deuterium pcllet injector, which was built at ORNL and commissioned on TFTR in 1986, is 
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being modified to provide a four-shot-, tritium-cornpati Me, "pipe-gun" configuration with 
three upgraded single-stage pneumatic guns and a two-stage light gas gun driver. The pipe 
gun concept has been qualified by OKNI, for tritium operatien by the tritium proof-of- 
priiiciple (TI'OP) injector experiments conducted on the 'Tritium Systems Test Asscmbly 
(TSTA) at Los Lylamos National hIbCJratOry ( E L ~ L ) .  In these experiments, tritium and 
1)-T pcllets were accelerated to speeds near 1.5 k d s .  The tritium pellet injector is 
designed for pellet sizes in the range from 3.4 ta 4.0 mm in diameter in arbitrarily 
programmable firing sequences at speeds up to ahout 1.5 km/s for the three single-stage 
drivers and 2.5 to 3 k d s  for the two-stage driver. The injector was delivered to PPPL in 
hlarch 1992. I Jse of the TPI on 'TFTR will permit access to both a regime suitable for initial 
alplxi particle physics studies and a regime suit;lble for studies of particle and energy 
confiiiement in high-density D-T plasmas. The project is divided into two phases: Phase I 
activities allow the deuterium fueling capability to be used during 1992 operations, while 
the Phase I1 activities incorporate systems rcquired for trjtiuin operation and include an 
estended period of testing at the TFTIi site, ending with the formation and accderation of 
tritium pellets in 1993. 

3 The Fusion Energy Materials Program has three major points 
t of reactor structural inatc.rials, (2) developmcnt of first-wall and 

Iiigh-kat-flux niaterkils, and ( 3 )  development of ceramics for electrical applications. 
Within the Office of Fusion Energy: these efforts are supported by the nciitron interactive 
materials and thc plasma interactive 1ii;tterials programs. Tile OIWL elfort supports U.S. 
participation in the ITER as wel% as the ultimate oijjcctive of making fusion an econiixically 
competitivc: and enviroiimentally attractive energy source. 

In thc strnnctural  materia!^ program, the primary emphasis rcxains on qualification 
of austenitic stainless steels for ITER a n d  the development of low-activation ferritic steels, 
v;rnadiurn alloys, structural ceramics, a i d  cersmie composites (SiUSiC). 

ilustcnitic steels :ire thc leading candidate for structural applications in ITER 
because of their advanced state of development mid commercial practice. In a collahorative 
progrrim with the .Japan Atomic Energy Rescarch Institute, we are investigating the effects 
of fusion reactor radiation damage levels on the engineer-ing properties of these alloys. 
Central to this effort is the irradiationof these alloys in the IIFIK with tailoringofthe neutron 
spectrum to producc d:irnage leve!s (traimsmutRtion-pro(~uced helium arid displacemwnts 
per atom) eqiiivalcnt to those produced in a fusicm rcaetor spectnucii. These cxperiments 
arc providing data and underscarnding of radiation response at temperatures znd damage 
levels that are precisely those requircd for the ITER cngi,iceciing design zctivitics (i.::., h!) 
to 4Oo"C, up to 30 displacements per atom). 

Ldevelopment (if low- or rsduced-activation materials is critical to at:hieving fusion's 
potential as a safe and environmcntally attractive entxgy source. Dcvelopriicnt of low- 
activation ferritic steels requires that metallurgically impowant e1eimcn:s such as nickel. 
molybdcnum, niobium, and nitrogen bc renioved or reduced to r::latively low levels and that 
potential iriipurity elenients be eontro!lcd to acceptable leve?s. To develop low-activation 
martensitic steels, tungsten is being ilsed as a substitutu for molybdenum, a id  niobium is 
replaced by tantalum and vanadium. The development activities are focuscd on the most 
critical or limiting property of this class of alloys-the e;Pdiation-induced shift in ductik-to- 
brittle transition temperatur:: and reduction of t'ractiire toqqhness. The vanadium :~lloys 
that me k i n g  considered for hsion have attrae;ive acti idon characteristics. so compositional 
modification is not reyuircd to achieve this goal. 'The focus of our research on vanadium 
alloys is ckmical compatibility with proposed on coolants and the efftxts of irradiation 
on fracturc touglincss. From the \jiewpoint of i ced activatim, Si(: is the ultimate fusion 
structural material. Monolithic Sic is not considered beeausc of its fracture properties. SiCJ 
SiC composites cffu an approach to improved fracture toughncss Our understanding of the 
performance of these materials in an irradiation environment is extremely limited. The 
focus of our present research is to explore the effects of irradiation on properties so as to 
provide :I hasis for accurately 
structural materials and to begin s to tailor these materials for the fusion environment. 

The cffects of irradiation on the dielectric propertics of ceramic insulators are of 
critical importance in the successful design and operation of numerous systems in a fusion 
reactor (e,g. rf heating, plasma- diagnostics). Our initial experirncntal work (initiated in 

ssing the potential of SiUSiC composites as 
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1991) has been directed at in-situ measurements of thc loss tangent during ionizing and 
ionizin~-plus-displacive irradiation. Results to date show :in increme in loss tangent of 
nearly two orders of magnitude at a displacement rate of 1 X I k ‘  displaceineiits per atom 
per second. il change of this magnitude will impact materials selection and design of rf 
heating systems for ITER. Measurenient of in-situ properties will Ix: expanded to investigate 
radiation-enhcmced dielectric breakdown and the effects of irradiation on structural 
evolution and rnec1i:mieal properties. 

Graphite and carbon-carbon research activities are part of the plasnis interactive 
and hi&-heat-flux materiah programs. Graphite arid calrl~oti-carl)on eompositc materials 
are selected for thesc applications because their low ‘Z nuinilxr mininiizes radiative heat 
losses for the plasma. Ilowever, their application requtrcs graphite and carbon-carbon 
coniposj tes with cxtrcniely gmxt thermal shock, crosion, mid neutron d:mnxage resistanw 
Optimuni thermal shock resistaricc is assumed to be offered by appropriately designed 
carbon-carbon composites (i.e., selected fitm-s, mttrices, and arehitecturcs). Current work 
is directcd toward the optimization of thew miterials for neutron-damage resistarice 

Advanced Systems Program 0 The Advanecd Systems Zzrog,rani has continueti to 
focus on the definition and design of the next tnajjor toliarnak projcct Two eoncephtll design 
efforts, the Burning Plasma Experiment at Vnnccton (WE;) :md the ITEK have provided the 
basis for planning, on both a national and an international scale. 

‘\fter more than 4 years of preparation, tlic BPX project was canccdled early in 
I’l’ 19?2. 01WL had rcspoorndbility for five major systems atid was involvcd in physics, 
engineering, arid technology developtncrit The DOE has appointed a national task force to 
definc :I ncw project to rcplace EPX at a much lower cost (-6400 niillion) OLWI, is 
participating in the national effort to define the mission atid features of the new project, 
calied the Tokamak Physics E, 4 Y p erinient. 

On the intcrn:itional scale, the cooperative effort by the Europcau Community, 
hpan, die CIS, and the [Jnited States to design a fusion tesh reactor (ITER) will continue 
with thc initiation in 1992 oE G-year engineering design activities tktween 1988 a r d  1990, 
OkWL was a major contributor to the conceptual design activities that dcfined the ITER 
cormccgt The L;iboratory will coxitrilmtc to ITER chrougliout the engineering design 
activitieh with contributions in phvsies and engineering Jebigrn and K&I) in hieling, rf 
heating, rnatcrials, and rcniote handlirig 

heveral new programs in thch ailvanced systems area have the potential for 
rigdicmtfuture involvcurient of OIWL, a Fusion Neutron Source Facility ;ud  a Fusion Pilot 
I’1l:inf I’rc~jcct. Plans I>y DUE and other countries indicate the rreecl for a Fusron Neutron 
Source Facility. A recent study :it C)RNL, considered an accelerator-b:rse~, beam target 
sysr em for production o f  thv fusion neiatron spectnrni. It W:IS coneludeLI that OHNL eoulcl 
provide miportant contribixt ~ons to a national or intcrnaciond program to design, build, arnd 
opratc  a fusion neutron tcst facility. m e  Oak Ridge lt<eservatiun could provide anatlnwtive 
site for ahision neutron rescarch facility In  FY 1992, OKKJ, is ctwrdinating a national cffort 
to develop a new cooet:pt that could lead ti, an international project to design, build, and 
olx’ratte such a facility 

The Pilot Plant I’Ioject has lxeeu proposed by Fusinn l’owcr Associates, ORNI,, thc 
Massachrwtts Instittlte of Technology, ;ind others as a dernonstr:ttion of die production of 
high-grade heat in  a fusion power plant ctmliguration at the lowest possible capital cost. The 
adv:mcecl systems program staft” lnavc provided engiriceririg clesign and systems :malysis 
support to help define a small tokamak device to accomplish these chjectives Site studies 
indicate that the Poplar Creek Peninsula located near the K-25 Site would be an ideal 
locationi for 110th the Neutron Sourc*e and the pilot plmt projects. Prelitninary design studies 
will continue into FY 1?33. 

The Iligli-Energy Physics Program is anticipated to grow in the future as a result CJf 

activity related to tlic national SS(: I’rogratn In addition to existing activity in radiation- 
shielding design, a significant increase in effort associated with the joint elrperinierital High- 
Ericrgy Physics Program among ORJVL, UT, and other Sout herri Association of High-Encrgy 
Phy&x (SrUIEP) imiversities (in particular, Iluke, the IJniversity of Virginia, :ind the 
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University of Mississippi) is expected. The current high-energy physics R&ld activities will 
continue to grow as the result of the strengthcning of the in-house IIiglr-Energy Physics 
Group and of the collaborative rescarch initiated t h o u &  the reccntly established Oak 
Ridgc Detector Center (ORDC). (Sce “Continuing Initiative----I Iigh-Energy Physics Research 
Program and the Oak Ridge Detector Center.”) 

PZeSCXWCh and the Oa 
Detector Center 

Successful use of the SSC for high-energy 
physics investigations will require design and 
coiistructiori of a new generation of detector systems 
in parallel with the design and construction of the 
SSG. Preliminary R&D has been initiated for this 
purpose through both DOE and the SSC Project. 
The two large detector systems will be major 
development tasks that will cost several hundred 
million dollars. The task of building these detectors 
will not only involve targeting particular areas of 
high-energy physics and planning an associated 
research program, but it will also require a broad 
multidisciplinary approach to solve the various 
materials, engineering, data acquisition and analysis, 
and physics problems associated with the detectors. 
Close coordination among the O W L  science 
programs and Energy Systems’ central engineering 
organization will be required. 

The collaborations that started several years 
ago betwecn southern universities and ORVL have 
continued and are guided by S,UWP. SAHEY is 
cliartered under OEWU and has a membership 
exceeding 15 universities and other organizations, 
including ORNL. In addition, close ties arc 
maintained with SIJRA. The crcntion of SAHEP was 
driven in parthy the SSC Project andhy a true desire 
to increase the high-energy physics base in thch 
Southea5t. The SAI IEP organization ackiiowledged 
the strategic location and facilities of OWI, m t l  
recognized the importance of having OIL% play one 
of the focusing roles in the region. At present. several 
close colla1 )orations have been established between 
OWL and SAHEP members. These projects are: 
detailcd in this siihsection as  our involvernmt with 
the detector collahoratioiis are discussed. 

ORNL has a strong involvement with the 
Solenoidal Detector Collaboration (SDC) and thc 
Gamma, Electron, and Muon (GEM) Collaboration 
These groups are expected to produce the two large 
general purpose detectois that will be ready to 
investigatc the “new physics at 40 TeV and 1 G-’’ m” 
when the accclerator is operational in the late 
19’60s. The prime responsibilities that O W L  has 

amme$ for the SQC collahor ation include the clesign, 
engineering, and constr-eaction of the outer and 
intermediate central tracking chambers as well as 
the system integration of the entire central tracker, 
including inner, outer, and intermediate The SAIIEP 
members that are closely associated with this research 
incliide Duke 1Jniversity and PPonda Statc University. 
In the GEM collaboration, OiWL plays a Icadership 
role in calorimetry. Although the final choke of 
calorimetry technology has not been matic, ORNL is 
in a favorable position to contribute in a major way 
to thc design, engineering, and construction of the 
GEM calorimeters regardless of which technology 
option is chosen The SAHEY members associated 
with GEM include the University of Mississippi and 
UT. In addition to the lmge SIX a d  GEM, OKNL is 
strongly coupled to the Super I’ixed Target (SF1’) 13 
Physics Facility for the SSC that iy headed by the 
University of I’irginia, another SAHFP member ‘l’he 
SFT needs support in the area of fast radiation- 
hardened electronics ailti in the developmcnt and 
design of electronic chips. 

Tocoordinateall of our :iSC-relatedactivities, 
the Oak Ridge Rctector Ccntcr (ORILPC) was formed 
almost 3 years ago. rlrnc. ,,urpose of the OKnC is 
twofold. to seiw as the focal point for all sci:v~ce and 
engineerin2 di\ isions involved in SSC-related 
rcsearch and to provide an arga n vation interface 
Mithoutsidp collaboratorsiii theai ea of SSCdetcctor 

’ thc center are ( 1 ) to rstahlish the 
Southeast as a major force in high-cnergv physics, 
(2) to enhance coopcration for joint detc~ tor  li&D 
among OiWi. univer\itie\, and private industries. 
( 3 )  to build a tcubnoloqy bast for the cmgint:erin$, 
designin~, constructing. arid testing of major 
components of SSC-slyle detectors (Fig. 5.6); and 
(4) to conduct detector K&l) foi other physics 
programs such as the Relativistic Ileavy Ion Collidcr 
and theLWS. The research arcascu~entlyrPionitor~d 
b ? 7  OW(: inaclmk dctccror simulation, radiation 
cdannagc, and electrical, mechanical, and material5 
engineering The hnding for these P e:;caacli project4 
is currently comiiig either directly or indirectly 
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from tlic DI )E SSC Caboratory arid is :intieipated to 
increase. 

IkTauce ofourck,sc conne:ctiotiwittisever~il 
of tlieSr~lIFJPuniversities (i e., lhkeUnivcrsity, the 
IJnaversity ofhlississippi, UTK, and the IJniversity of 
VirGnia), a pilot program of joint aippointmcnts is  
king  sought. Thesc appointments will Lx: similar to 
the ctineii t joint appointments n o ~ w  exis t i r i~~twecn 
UTK and ORNL. In aclclition to providinca technical 
interface with thc national and international 
hi&-entrgy community, thesc appointments will 

provide additional expertise in matching detector 
I&!G.D to experimental requirements and in providing 
a continuiiig involvement of the 1,abOramy in the 
data-taking and cLqta-:uialysis phase of the SSC 
Program. 

The nature and extent dour imulvement in 
the SSC are still evolving as the SSC Program gains 
momentum nationdly. 01WL will continue to 
explore and to define the appropriate role of the 
Laboratory in tlris important nationd initiative. 
kxxi~ise  of O W ' S  diverse midtidisciplinary remreli 
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program, the Laboratory is well positioned to make 
major contributions tonunierous aspects of the SSC 

; 
! 

Program. The magnitude of the anticipated growth 
isindicatedby thcDrojeetedoew~ndin~(TablE 5.2). 

Budget projectiores by fiscal year for the High-Energy 
Physics Research Program and the Oak Ridge 

Detector Centeer“ 
(8 in millims-BA) 

1993 1994 19 -___ 
....... ~~ 

.. .. .. . . 
.. ....... 

...... ......... ~ ____ ....... ~ ............. 

Operating expense 2.5 3.5 3.5 3.5 3.5 3.5 
Capital equipmcnt 2.5 3.5 3.5 3.5 3.5 3.5 

[‘Funds are being sought from the Office of Energy Research under PPO~KIM KA, 
High-Energy Physics. 

The Nuclear Physics Progrann emphasizes basic nuclear physics research. both 
experimental and theoretical, and operation of two user facilities: I I I I I R F  and the Oak 
Ridge Electron Linear Accelerator (ORELA). Research is carried out at these two 
facilities by both in-house staff and visitingscieritists from around the world. Experiments 
carried out at the H H I W  and ORELA include measiirernents with particle k a m s  
ranging in mass from neutrons to uranium ions and in energy from kiloelectron volts to 
gigaelectron volts. 

e Fiscal years 1992 through 1994 will be exciting 
and challenging for theIIHIRF as it undertakes a modification that will enahle it to provide 
radioactive ion beams (HE%). (See “Continiiin8Initiative----Radioactivc BeamdRccoil Mass 
Spectrorneter/Gammasphere.”) The importance of this type of initiative was recently 
acknowledged in the long-range plan of the Nuclear Science Advisory Committee where it 
was stated that “a facility producing beams of radioactive ions . . . is of high scientific interest 
and technically feasible. It would allow the study of nuclear structure and astrophysical 
reactions very far from the line stable nuclei and could provide new possibilities of reaching 
long sought island of stability of super heavy nuclei.”’ 

The transition to an RIH facility will began toward the end of FY 1992 with the 
termination of operation of the Holifield as a national user facility. ’fhis concludes a 
remarkably successful decade in which the IIolifield accelerator has providcd 38,000 hours 
of ion beams for research to a large segment oi the physics community. The following 
statistics illustrate thc size of the operation, During the peak 3 years of 1987, 1988, and 
1989, 316 rescarchers carried out research programs at the IIolifield Facility. They 
represented 8 7  institutions from 23 states and 18 countries. The users included 127 
students, 88 of which ~7ere candidates for the Ph.1). degree. I n  FY 1991 the IIolifield had 
127 outside users. 

During the 2 l/2 years beginning July 1992, the IIolifield accelerator system will be 
modified to produce RIBS with hnds of 82.8 million being provided by 1)OE. This cost is 
modest a id  the time for implementation is short because the required two accelerators are 
already in place. (No other 1 J S .  facility has such a foreunatedu.~ta~,c,sition). Light-ion beams 
from the Oak Ridge Isosynchronous Cyclotron (OR-IC) will he used to bombard R thick 
target to produce nuclear reactions leading to radioactive products that will be ionized, mass 
separated, and then accelerated by a 25-hleV tandem. Ions with atomic mass up to 80 will 
be produced with energies sufficient to undertake programs in nuclear structure and 
astrophysics. The transition to an FUR facility will be completed at the beginning of H’ 1995, 
and operation as a national user facility will be resumcd. 

KBo2-Heavy-lw 

‘Nuclec, h‘ucleons, und Quat-ka. Niirdear Science in thP 199O’s, A Long Rarzq. $ 1 ~ 7 1  by the 
DOEflvSF Nuclem- Scwnce Adwsory Committee, 1J S Dept of Energy and the Katianal Science 
Foundation, December 1989 
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To capitalize hdly on the potential provided by lWs, scvcral othcr tasks arc being 
undertalien in parallel to the IUB project. Chief among these will he the procurement and 
commissioning of the I<ecoil Mahs Spectrometer (IzR.IS). h new target room will be 
constructed to house the IWS ;is wcll as a liirgc array of germanium gatnnia-ray detectors, 
known as the (fanimaspliere, now under construction at 1,awrence Berlieley Laboratory 
(LEI,,). The M S ,  with a pro.icct4 wst of $2 2 milion, is joiritly funtled by DOE, Omi,, 
OlUlJ, INEL, Vanderbilt University, the state of Tenncssec, I JT, and several othcr 
universities. This device hiis utitiiatched capabilities for observing, very weakly produced 
imtopic Fpecies a i d  thus is ;in excellent tool for observing the RIl3-iiiduced reaction 
channels leading to proton-rich nuclei extremely far from the valley of beta stability. 

The low- and medium-energy rescarch program includes a hroad range of studies 
using heavy ion beams from accelerator facilities around the world. Research i s  carried out 
in t11 ree broad categoric-nuclear structure, nuclear reaction spectroscopy, and nuclear 
collision dynamics; these areas overlap considerably. Research in nuclear structure is 
concerned prirnarily with the structure of nuclei at high spin and involvcs study of high-spin- 
state spectroscopy, nuclear lifetimes, chaotic behavior in rapidly rotating nuclei, arid nuclei 
far from stability. These areas of study will be greatly enhanced by the development of 
accelerated radioactive beams at ORNI,. Giant resonances in both “cold” and “hot” nuclei 
are the primary area of study i t i  the reaction spectroscopy field. Areas of study include 
nonstatistical effects in the giant dipole rcsonaiice (GDR) in the same cornpound nucleus 
formed via different re:rctions, loss of GI)K strength with increasing nue1c:ir temperature, 
and nuclear temperature effects in the GIlR width. Nuclear-collision-tlyn~imies rcscnrch 
studies the details of the intcraction between nuclei when they collide at energies from 
below the (:oidomb barrier to several hundred million electron vults. These studies involvc 
xneitsurements on such topics as subbarricr fusion, projectile fr:iginenhtion, and orbiting 
reactions. 

Each of these three areas of research is carried out primarily by using major rescarch 
equipment developecl by the rescarch staff. Nuclear structure rescarch uses closepacked 
arrays of Coinptoti-suppressed germanium detectors. Reaction spectroscopy studies utilize 
a ncwly commissioned large array of BaE; scintillation detectors that are designed for use 
with phdoiis of energy up to300 McV. This array, the largest of its type in the IJtiited States, 
has been used in 23 experiments since it became operational in 199U. Much of the study of 
reaction dynamics is carried out using a multielemeiit heavy -ion, light -ion detector system 
that can detect coincident reaction products over a very \vide range of niass and cnergy. 

At higher cnergies heavy ion reactions are studied with ulrrare1:ttivistic projectiles 
of 200 GkV per nucleon at the Super Proton Synchrotron located at the GERN European 
1,abor:rtory for Particle Physics, Geneva, Switzerland The primary purpose is to  study thc 
production and characteristics of the quark-gluon plasma that may be formed in reactions 
between nuclei at these energies. ORNL plays a major role in the (XIIN-based WA80 
collaboration as well as in the succee<iiii~experimcnt,\~r~~~3. In both experiments emphasis 
is placed on photon measurtments. Rccause of their notiinteracting properties, pliiotons 
constitute one of the best probes of early reaction phascs. OKKL has built the calorimeters 
of WtWO a d  continues to operate them. Plans call for a major OlWL contribution to the 
photon-detection capahilities of WA93 111 the forni of readout electronics. 

If quark-gluon plasma is formed at the near-threshold energies of the Cnnseil 
Europ6en pour RechercheNuclthire ((XIEN) Super Proton Synchrotron, it willlie abaryon- 
rich plasma. Energies a-vailable it t the Relativistic IIeavy Ion (:ollider W I I C )  under 
construction at Brookhaven National Laboratory, however, are expected to lead to a 
relatnely baryon-frce plasma dominated by created p:irtidcs. C7WL has a leadership role 
on one of the two major detectors, the Photon Electron New Heavy Ion Experiment 
(PIIENIX), under consideration for the RI-IIC. This detector emphasizes measurements oE 
electrons, muons, ;md photons. Because of their penetration properties, the leptons are 
considered to be excellent probes of the quark-gluon plasma. A certain fraction of muon and 
electron pairs results from the decay ofvector mcsons, the properties of which are likely to 
he a good signal of creation of dense matter and of deconfinement. ONL is in charge of a 
major R&D activity, the RNL-based RD- 10 experiment, in support of the measurement 
capability of PIIENTX. A technical proposal is being prepared for PIIENLX. 
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12 continuing iiiitiative for the HHIRF is the 
dewlopment of the capability for producing and 
accelerating radioactivc icin beams. This initiative 
seineson anewscientific opportunity for the IIIIIKE' 
and accommodates to changes in the plans for 
Gammasphere. Overall it builds on the previoras 
initiative for Gammasphere and the lon&t-an& plan 
to provide a world-class ceri ter for nuclear structure 
physics and nuclear astrophysics at the IIIIIRF 
(Fig. 5.7). 

Two events have altered significantly thc 
Gammasphere initiat-ivc: first, the threatened loss 
of DOE funding for operation of thc IIIIIRF, and 
sccnnd, the D O E  dccisicn that Gammasphere will1 
bc :novcd between laboratories. 12 conscqiience 
of the latter i s  that the presence of (kimmasplicre 
wi11 not ensure the longevity of any facility. Because 
of this, and liecannse of the existirag uncertaiiltyr 
about the fi.iture of the IIIIIRF, an agrt 
reached that the asscmbl j r  and initial operation of 
Gammasphere wi!l be at LBL. After 18 months of 
operation, a mandated rnove of Gammasphere 

i will occur. During this same period, the 
j development of a radioactive iori beam capability 
i at the IIIIIRF will be supported. This is a significant 
i new initiative in the nuclear physics eornmunity 
i and one on which O W L  is well positionr:d to 
i capitalize. Thc prrsidt:nt's budget for F'Y 1993 
' contains funding for this project. The importance of 

thjs is that radioactivc l~eainas would give the IIIIIKF 
a truly unique capability (worldwide) a i d  would 
constitute a strong rationale for longevity of the 

At the I IIlIRFthe ccpmlbinationofthee~sti~~ 
ORIC: and a 25-MV tandem acceleri!,or providcs thc 
opportunity for producing a large vaiiety of low- 
energy, promi.-rich; r:rdinactitve heavy-ion hcams at 
mod::xt cost. An intense light-ion beaa-a~ h i l  01UC 
will produce radioactive isotoixs (via fusion reactions 
in thick targets) that would then be prepared f:ir 
regcceleration in the taiideni accelerator. 13et:a!we 
both accelerators ::xist at the liIiIlU7, as docs an 
appropriztely shieldcd target room for the Isotop:: 
Separator on 1,ine source, thc IIIIIIW offers a quick, 

j 
j 
i facility. 

i 
i 
: 
i 
i 
j 
i 
i 
j 

j 
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cost-efficient method for producing radioactive 
beams. The use of the IlfiIlW tandem accelerator 
(designed to accept hv-energy, negatively charged 
heavv ions) ;is thc postaccelerator of such a hcility 
alLw:, hc, ivy-ion beams up to mass 80 to be provided. 
More t 1i:ir I 2 00 new pro ton- rich co mpou II tP T y st crns 
can be produced using stalile targets arid the Ixarrrs 
initi:dly expected from the facility. Many of these are 
of speei:d interest for studies in nuclear physics arid 
astrophysics. 

'l'lie Gnmniarsphere initidtiveis thus dekrred. 
'lh first priority is to ensure that the IItTIRF is 

successful in the development of a radioactive ion 
lxmn capability. Thc acquisition of the new lLMS 
( i  ratended to cornplenient Gammasphere) will 
continue, and it will bceoaie :i crucial experimental 
devicc to exploit the radio:ic~ive h a m  capability. 
We fccl confident that the radioactive beam 
capability, along with the presetice of the RIMS, will 
make the itIIIIKF it very attractive sice for 
C;anmi;isphereat the time ofthe first move. Table 5.3 
presents budget projectioris. 

Talob 5.3 

1992 1993 199Q 1995 1996 1997 1998 ............ .................. ___ _________ 
.................. ~ 

Opcrating cxpense 3.3 3.0 3.3 4.0 4.0 4.0 4.0 
Capital equipment 0.5 0.2 61.2 0.3 0.4 0.4 0.5 
A J P  f l l d s  0.6 0.8 1.0 0 0 0 0 

_........._...._I _ ......... ......... ._ 
"Funds are h i r i p ,  sought froin the Oificu of Energy Research uiitier Program KB, Nuclear Physics. 
hi%ccceler:rtrir Impmvcmcrit Projcct. 

KW3-NuclearTheMyRugram 0 'The Nuclear Theory Program centers on studies 
of nuclear reactions arid struc*ture ,at low and high energies. Major parts of this research arc 
as follows. ( 1) pair production from relativisric heavy-ion collisions, (2) string and parton 
models of ultrarelativistic heavy-ion cc.dlisions and liadrunization, ( 3 )  quark models of 
mesonic structure, ( 3 )  tnotfels of low-energy direct rcactioris and collective motion, 
(5) relativistic models of nuclear structure, and (6) mr:an-field models of low-energy 
nuclear rcacctions and btnicture. 

I n  colldwration with UT andVamderbilt tJnivemity, thc Center for C ~ ~ ¶ ~ ~ u ~ ~ ~ ~ ~ ~ ~ l ~ y  
Intensive Physics has hec in  est:dAislaed in the Physics Division to ei iny out interdisciplinary 
research in nuclear, particle, and atomic physics. The activities ofthe center focus on those 
aspects of the prugram t h  can g+rcatly benefit from the ;?pplicaticm of' ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ e  
Lrnnputing. A Cooperativc Scientist appointment (jointly with IJT) has her11 made to 
siipport the activities of this center, and cfkorts are under w;iy to seek new furditag. 

* 'b'lar: IJow Fhergy Nuclear P 
Program supports se and research at Lhe aREk'Z, a amiquc 
puiscd-nc*utron-sc)urc~, accelerator facility for rneasurenacn ts by 11 mc-iif-flight spectrometry 
Of neutmn cross sectlous iIXld related c~cnmtities over the enlire range o f  ca 001 ev to d ? O U t  

e\[. '8'unding i s  alsu provided lor rclated acctivirics: inulirtlirig BPK ~ v a l t ~ ~ ~ t ~ ~ ~ ~ ~  of ne~~cron 
cross sections h i  the na~ioaial Ecahaated Narelear Data Rase :is wel% 21s nuclcar m d d  
de%ebpmeInt. 

This proeram provides redls  importmt to basic physics .is wcll m thc btdk of the 
n~~rAtvtr data w e d  for applied purposes in thc IJalitetl Stxiees Clurrccit hasic physics work ha:, 
pscwvirled the first rionzero value for tlic p ~ ~ ~ a r ~ ~ ~ b ~ ~ i ~ ~  of thc nculrim, unique data on high- 
tcmperatjire supcreouid~ic.loxs around their critical tcniperatj ires, and work is uradcr way 
to sttidy the neutron-elect rm interaction Measurenments oineutron tansrnis,iiori, tP1Eferentid 
elasLic sc:-lttering, total inclastic, capture, fiss1m, arid neutron and ,@rr~ma-ray emission 
crus5 sections are dolie to m c e ~  neeti5 oI eriginccrs and scientists who need ~niclear 
infomialiun in their work 



This program also supports a vigorous efiort to study the details of giant multipole 
resonance cxcitatioii and decay. These studies make usc ~f accelerator facilitiey at the 
Grand i\cc&rateur National d'loras Eourds in France, the Indiana 1 Jnivcrsiiy Cyclotron, 
and the Texas LZ&AI lJniversity superconductiing cyclotron. Recent efforts haw involved 
studies of isovector giant resonances through Coiilomb excitation using mcdirim-emcrgy 
heavy ions and photon decay of thc resonances Of paa ticular interest is the iise d such 
techniques to search for the excitation of multiphoton giant resonances. 

The nasic Energy Sciences (13ES) Program supports a broad spectrum of research 
in the physical sciences. The two largest subprograms are Materials Sciences (KC02) and 
Chemical Sciences (KCO3). I'rcsidential initiatives central to this program are the now- 
t'ormcd Advanced Materials and Processing Program (in KCO2) anti the upcoming initiative 
in hdvanced Manufacturing (in KCO4). Several key issues facing these subprograms include 
:I decision on shutdown or restart of the Bulk Shielding kactor ,  dcvelopment of the A N S  
(see "Sunimary of h,fajor Initiatives"), revival of the IIFIK-hased neutron-scattering and 
irradiation programs, increased cfkiency and effectiveness inn user interactions, and 
technology transfer. 

Q * 'The M:lteiials Sciences Program supports hnd:irnental 
ma tcria on scattering; synthesis and charactcrization uf iiew 
materials; high-tcrnpei-aturc materials; ceramic j)rocessing; siipercoiiduct,ivi~?i; ion-heam, 
laser, a i d  plasma processing; and theoretical studies for advanced energy-related materials. 
The Materials Scieinccs Program also supports a riuilibcr of user facilities including the 
Surface Modificatioii and Ch;iracterization/(:ollaborative ksearch Centcr (SMACX:R(:), 
the Shared l<eseareh Equipment ( SIIaRE) Pro,Qi:im, the Natioid Center for Small-hng1.e 
Scattering I<escareh, and the Neutron Scattering Facility at the IIP'IK. TI-nese facilities had 
243 giit:st users in 1TY 1991. 'l'wci of the l,aboratory-'s initiatives are in the materials scicnws: 
the 'INS :rnd the hfS&:E Complex. KC02  funding is expectcd to increase sharply during the 
conceptual design phase of the ANS, althoi-& th:: core program is expected to expe;ier:ce 

Krn201 * This program providcs the 
scientific founmdation til uired for the devekq)anent of advanccd 
materials and innovative de synthesis, processing, fabrication, 
characterization, and the mccha nistic understanding. Resc:wch 
in synthesis and processing science includes the developnient of iabricatios and joining 
teclaniques $or::dvanced intermetallic alloys, ceramics, and eompositc structures. Important 
to  all of  the tasks is the application :mi: developmcnt of advanced charactcrixation 
techniques including analytical electron microscopy, X-ray di,ffraction, atom probe field ion 
microscopy, rrnechanical properties microprohc, and ispn heam tec'nr2irprs. h strorig first- 
principles theory effort underpins all aspects of  the program. Interactions with scientists 
frroiri industry, universities, and other national facilities are  important to thc research. The 
SIIalZX Program and the Oak Ridge Synchrotron Organization for Advanced Research 
(ORSOAK) Program are supported through both O l U U  and OlWL. The SIIaRE Program 
provides access to our advanccd analytical naikroscopes, the 'i'an de Graaff ac(x8erator 
facility, and the nanoindenter. The OiC8OAR Program supports an X-ray station at the 
National Synchrotron Light Source. 

Programmatically, there will he continued emphasis on synthesis and processing as 
part of the I3ES (:enter of ESxcr:llence in Synthesis and Processing. 'The proposed ORVI, 
Advanced Materials and Processing Program will expand research on densification 0:' 
ceramics and intermetallics, welding scicricc, and atomic size eficcts in alloy fabrication. 
Additional support for the Radiation Effects Task allowed enhanccment of neutrcin 
irradiation research. Efforts to rr:vitdize our neutron radiation effects studies will continue. 

, the development and construction of both the R?lultielcmcnt Imaging Atom 
Probe and the IIigh Temperatilre b1ech:mical Properties Microprohe are schedamlcd for 
completion during FY 1992. The :+ton1 probe will allow three -dimensional mapping of the 
position and elemental identification of the atomic colistituents of conducting rmaterids. A 

no growth during t d. 



new joint initiative is proposed by staff in the Metals and Ceramics and Solid State 
divisions for application of the mechanical properties microprobe to extremely hard, 
thin films of boron nitrides and oxides grown with electron-cyclotron resonance plasma 
processing techniques. 

Thc ongoing assessment of the program, a result of continuing flat budgets and 
escalating costs, has led to thc dissolution of thc Structure and Properties of Surfaces and 
Interfaccs Task. The nanoinclcntation research has been merged with the Microcopy and 
Microanalysis Task. Investigations of the effects of ion implantation on ccramics will be 
continued, at a reduced level, in thc Radiation Effects Task. These changes will consolidate 
related research tasks arid strengthcn the remaining program. 

Futureprofiraminitiativesincludeinvesti~tioiiofthe role of stresses, transformations, 
and fracture in wcldmcnts; the GAMA; establishment of a first-principles theory effort in 
ccramics; the X-ray microprobe; and enhancement of postdoctoral, guest scientist, arid 
graduatc studcnt appointments to equal the number of fuli-time-equivaletit (FTE) research 
stdf supported by the program. The ( ; M I  is an intcgnl requirement for the successful 
application of many advanced characterization techniques. Included in this proposal are 
both the upgrade of instrumentation and a building designed for the specific requirements 
of modcrn analytical equipment. The X-ray microprobe would be sited at the Advanced 
f’hoton Source at ANL. It would allow unprccedentcdly low levels of detection for structural 
and chemical ch:iracterization and idcntification. 

Hcia202-7kSddSbbtatePhysics~ The Solid State Physics Program spans 
basic and applicd research. Existing expertise will be directed to continuing and new hasic 
research for the Advanccd Materials and Processing Program. Applied research is under way 
in a ClU.DrZ with Evcready Battery Company on “Development of a Lithium Microbat tery 
Packaging Technology,” and two others are in the approval process. IJnique facilities iit 
O W L  are utilized to investigatc avariety of research problems in condensed matter physics 
and materials science. The intense ncutron beanis available at fiEIR are iised for studies in 
the Interatomic Interactions in Condensed Systems and Structure and Dynamics of Energy- 
Related Materials Programs. The Small-Angle X-Ray Scattering Program supports these 
activities. Materials prepared by a number of researchers, both at OkXL and elsewherc, are 
invcstigated ;it these user facilities. The extensive ion beam facilities o f  SMAWCIK are used 
to characterize ancl alter the near-surface region ofa wide variety of materials. The IonUeam 
Analysis and Ion Implantation I’rogram utilizes these facilities, as do collaborators from 
scvcral OI<NI, divisions and numerous universities and industries. 

The Semiconductor Physics and Photovoltaic Materials Program is concwrned with 
the processing and investigation of niultilayer semiconductor and supcrconductor films and 
with thc preparation of highefficiency solar cells. The Properties of Advanced Ceramics 
Program studies single-phasc and composite electrolyte and electronic ceramic matcrials 
in thin-film and bulk forms. The Synthesis and Properties of Novel Materials Program 
prepares ancl characterizes a variety of research specimens for study within the Solid State 
Division and throuighout the KW2 Program. The Surface Physics I’rograni investigates the 
atomistic structure of surfaces of metals and alloys and measures their electronic arid 
vibronic properties. The Structural Properties of Materials-X-Ray Diffraction and die 
Electron Microscopy of Materials Programs-use a variety of sophisticated techniques to 
characterize materials associatedwith all the solid state physics programs. Superconductivity 
research is centered in the Physical Properties of Superconductors and the Superconductors 
with High Critical Temperatures Programs, but much research on this subject is performed 
in mnriy groups in several divisions at OKNL. The principal task of the Theory of Condensed 
Matter Program is to ensure a firm theoretical basis for the experinlend programs. 

In 1991, hi&-power (85-MW) operation of the IIFIK was resumed, and reactor 
availability has steadily improved ovcr the p a t  ycar. The neutron-scattering, user program 
is recovering rapidly and is approaching historical levels from prior to the shutdown. 
Instrument upgradcs achieved dunng the shutdown and new initiatives in colloidal systenis 
and neutron reflectometry arc contributing to an increased vitality of the Neutron 
Scattering Program. The proposed guide hall and new instrumentation arc essential to this 
program and to preparations for ANS. Significant progress continues to be achieved in the 
theory and application of Z-contrast electron microscopy, and a new 300-kV scanning 

Scientific and Teehnicul Progrunts II 5-19 



transmission electron microscope (STEM) is scheduled for delivery in CY 1992 rhis 
instrument will be the highest resolution electron microscope in the world Progress in high- 
temperature superconductivity continues to be outstanding with a coordinated effort of 
ahout ten research groups and new recuits in synthesis and processing, critical current 
behavior, superconducting supcrlatticcs, :and theory New initiatives in the Synthesis and 
Properties of Novel Ceramic Nanocomposite hlacromolecular Thin Films and Structures of 
hisotropic Colloidal hlaterials programs are under way 

A new2% initiative on atomistic mechanisms in interface science has been approved 
for FY 1994. This program is intended to develop a new approach to interface sciencc with 
far-reaching, scientific and technological implications for advanced electronic, 
superconducting, ceraniic, and intermetallic matc~als.  Based on the unique capability of 
Z-contrast electron microscopy to reveal the atomic scale stmcturc and chemistry of 
interfaces, the program seeks to close the synthesis, characterization, and mocielingloop for 
a broad class of interface-controlled materials. This program will benefit frurri the new high- 
resolution STEM, which will provide unprecedented images of interface and growth 
phenomena, and from a new theoretical effort in massively pamallel dynarriical simulation 
of surfaces and interfaces using the ORNL Paragon supercomputer. 

liesearch, instnimentation, an9 user-program-related preparations foi the A M  
project will be given a high priority. Superconductor rtwarch will emphasize continued use 
of unique materials preparation and characterization capabilities to investigate hnc!ament:d 
issues in critical currents and quantiim behavior. Unique capabilities in hi&- (MeV) and 
low- (tens of eV) ene~gy implantation, laher ablation, supersonic moleciilar beams, plasma 
processing, and rianophase materials preparatiora will form the basis for a new research 
thrust on thc synthesis, processing, and fabrication of advanced materials Progress in the 
development and application of subrnicrovolt-rerolution X-ray diffraction and high-resolution 
surhce spectroscopies will continue 

* 'This program involves chemical 
synthetic approaches to advanced inorganic materials and emphasize.; composition, purity, 
arid morphology. Tailored inorganic and organornetdic precursor cornpunds and polymers 
are being developed whose thermal 01 plasma-erihanced decomposition leads to noinoxide 
ceramics in thin film or fibrous forms. The discovery of novel synthetic approaches to 
transition metal nitride whiskers has generated a more general interest in morphostatic 
specific gas-solid reactions. Ion-implantation preparative techniques, photoacoustic 
spectroscopic characterization, and eleetiochemical behavior arc being conninined in 
fundamental studies of electrocatalysis by mixed-oxide overlayers on metals 

A dual focus exists in the area of nucleation, growrh, and transport properties, the 
first k i n g  the development of an understandiiig of the nucleation and growth of precipitation 
processes of' ceramic preciai sors The second involves the development of reactors and 
reactions that will lead to the reproduciblc production of pure and mixed ceramic 
precursors. Because the transport properties of the spceies irivolved in thesc processes have 
theoretical and process importance, an effort i s  continuing for the measurement of diffusion 
coefficients and viscositics 

Oxide superconductors art k i n g  investigated in the program on thermodynamics 
and kinetics of energy-relatcd materials. One principal effort is the detet mination of, and 
chemical thermodynamic inodeling of, the oxygen ncnstoichiometry of several of the 
supereoiiductors '8'iicscr: studies arc typically Cone ovrr a wider range of parancecrs than 
those usually rcpnrted and provide information that is used hy others foi interisrebation of 
chai acteristics such as crystal c&xnisti-y and electi onic prope~ ties Other efforts include 
determination of the coaditions for stability of superconducting phases and the kinetics of 
synthesis processes. Such information can be used to control manufactlaring processes. 
Close cooperation with similar efforts at ORNI, and elsewhere is maintained to enhance the 
impact of the program 

Understanding the 1 elatioiiships among molecular structurc, processing 
conditions, and performance propcrtics of modern organic polymeric materials poses a 
unique challenge to structural chemists Techniqurs being applicd inclade neutron and 
X-ray scattcring horn both semicrystalline fibers and largely amorphous polymers and 
model compounds, neutron spcct~oscopy thermal analysis, solid-state NMK specti oscopy, 

0%- 
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scanning-tunneli ng and atomic-force microscopy, and molecular dynamics simulations. 
lJsed in comliination, these are revealing oftcn unexpected microstructural and dynamic 
features, particularly in the semiri#id parts of polymer systems. 

A new initiative is testing ii new theory of polymer interactions for nanoscale 
polymer blends; small-an&! neutron scattering is the key experimental tool. This program 
benefits from the presence of  an ORNL-UTK Distinguished Scientist. 

8fa-ical sciences; The Chemical Sciences Program supports the IWI& 
the Radiochexnic:d Engiaiecring Ikvelopment Center (RWC); and programs in atomic 
physics, hasic chemistry, arid chemical engiticering. 

The Atuimc Physics Program at OlWL cnwmpasses both cxperimental and 
theorctacal investigations of a broad class of phenomena occurring when multiply-charged 
Iie:ivy ions interact with gases, solids, free and b u n d  clcctrons, photons, and other XOI~S.  

Within the iUoriiic Physics I’rrofiram, ORNL currently operates the EN Tandem Accelerator, 
;i user facility that provides a wide variety of light ions and multiply-charged heavy ions at 
energies up to several million electron volts per nuclcon. Experiments requiring higher 
lweaxn energies are conducted at thc 1iIlIW. Members of the atomic physics group are also 
collaboratin$ t i t i  a new series of atomic studies with ultrarelativistic licavy ions at CERN. 
At the other end of the energy spectrum, cxperiinents of cross sections for inelastic 
ccrllisions of rnulticliar&xl ions with neutral atoms and molecules are carried out at the 
lowest at tainahlc etiergies :laid are currently conduetcd using the O W L  ECR ion S C I I ~ X .  

These studies emphasize characterizing die energy and angular distribution of ejected 
elecrrony I’rroposed also is a new program to  study cletails of ion-surface interactions. The 
electron-cyclotron resonance sotme and the I I I I IW provide beams for merged-beam 
experinieiits. The merged-bemw apparatus :and the tcchniqiies currently being developed 
iiie applicable to the study of ion-atom cheniical reactions involving unst:tble or reactive 
atomic species. An upgrade of the J X K  source that will proviclc significantly improved 
petiortn.mce for this facility has bcen fiinded (?‘able 5 4) 

The atomic theory group has been significantly enhanced by the addition of c t n  
OIWL-U‘FK Distinguishcd Scientist. Areas of emphasis during this period will include 
applications of numerical tccliiiiques to atomic physics in the areas of low-energy ion-aturn 
scattcrmg, strong-field atomic physic-, aiid chemical. physics Otlicr initiatives include 
relarivistic and quantum electrodynamics effccts in atoms and irivcskigahsns of the 
Couloaih three- and four-body prol-,lenis. The K t N 3  Atomic Physics Program is aBo 
participating in the proposed Center for C:omput:ttionally Intensive Physics described in the 
mNL? d1rcussion. 

Neutrons from the IiIFlRare wtirl to marly research projects in the Material Sciences, 
Clieniical Sciences, Magnetic Fusion, a ~ i d  Biological Sciences programs at OlWL and for 
users and eol1;iborators frorn m a n y  universities, national laboracories, and industries in ‘die 
United States arid ahroad. One of the prime purposes of the IiFlR i s  to make research 
quantities of ’YCf  and other transuranium isotopes. The I WIK is unique in that it offers a 
combination of high flux with a mixcd thermaVfission neutron spectrum, low irradiation 
tempcr:itures, and flux tailoring. The facility is invaluable for neutron scattering,, isotope 
prodiiction, :md material-damage studes related to the Magnetic Fusion Program and to the 
design of othcr advaticed reactor concepts such as the r W S .  



Transuranium-element isotopes produced at the Radiochemical Engineering 
Developmcnt Center (REDC) are used throughout the world for basic physics and chemistry 
studies of the transuranium elements. They :Ire also used in R&D programs relating to 
environmental effects, biological effects, and waste isolation. Basic chemistry studies of the 
actinides and transactinides emphasize the elements (curium and above) that are uniquely 
produced at the HFIR and the WDC or from HFIR products. The goal is the elucidation of 
the systematic trends in behavior of the characteristic 5f electrons progressing across these 
heaviest elements in the periodic table. Experimental approaches to define the chemical 
and solid state properties of these elements and their compounds include structural studies 
at high pressures and temperatures, characterization of unusual oxidation states in high- 
temperature vapors and nonaqueous solutions, and magnetic and heavy-fermion behavior 
at low temperatures. Solution properties are studied as an adjunct to the effective separation 
of the HFIK products. Fundamental mechanisms related to separations are studied by low- 
temperature matrix spectroscopy and other methods; emphasis is placed on exploiting 
photochemistry and coordination chemistry for separations purposes. State-of-the-art 
relativistic quantum mechanics calculations are carried out to complement experimental 
studies. Participation has begun in a multilaboratory initiative to establish a beamline at the 
LBL Advanced Light Source dedicated to actinide science; ORNL interest is focused on 
electronic characterization of gas-phase actinide species. 

Part of the Analytical Chemistry Program moved in FY 1989 to the recently built 
Organic Chemistry Mass Spectrometry Laboratory at the Oak Ridge X-10 site. An Inorganic 
Chemistry Mass Spectrometry Laboratory is currently being constructed. Approximately 
$1 million in BES funds will be spent for new equipment for these twolaboratories. This new 
facility will provide opportunities for collaborative research riot previously available when 
much of the operation was housed at the Oak Ridge Y-12 Plant. 

ORNL conducts fundamental research in various analytical concepts and 
mc thodologies 

the use of lascrs in advancing spectrochemical analysis, 
resonance-ionization mass spectrometry, 
glow-discharge mass spectrometry, 
gas-phasc ion chemistry using mass spectrometry, 
ion-trap mass spectrometry, 
positron spectroscopy, and 
heavy-ion-induced X-ray satellite emission. 
We have shown that, by levitating microdroplets in an ion-trap spectrometer, it is 

possible to detect a few molecules of fluorescent compounds by laser-based fluorescence 
spectrometry. We project an ultimatedetectionlimit approachingonemoleculeof Rhodamine- 
6 G at a signal-to-noise ratio of 3 .  

A unique array of complementary experimental and modeling techniques is applied 
to study thermodynamicsof interactions and reactions in highly nonidealaqueous solutions 
of electrolytes at high temperatures andpressures. The systems studied are selcctedfor their 
fundamental significance and for their relevance to energy-related technologies including 
steam generation, nuclear and chemical waste disposal, the extraction of heat and mineral 
resources, and hydrothermal geochemistry. 

Kesearch in surface scienceheterogeneous catdysis gives special emphasis to 
questions of surface structure and reactions involving sulfur-containing species on clean 
metals and surface alloys that serve as models for commercial hydrodesulfurizatiora 
catalysts. The use of several ultrahigh-vacuum surface-structure approaches (including low- 
energy ion scattering) and surface-reaction approaches is being expanded by incorporation 
of synchrotron-based approaches to characterize molecular adsorbates. 

An area of continuing emphasis will he obtaining ncw molecular-level knowledge 
concerning the organic chemical structure and reactivity of coals. These studics highlight 
the application of solid state NMR techniques to chemically modified coals and the use of 
surface-immobilized compounds to simulate diffusioiial restrictions during thermal and 
catalytic processing of coal. The information derived from these fundamental studies will 
contribute to the development of novel processes for the use of coal as a source of liquid fuels 
and chemicals 
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Rcsearch on the kinetics of emymc-catalyzed processes will concentrate on the 
hindainerital physicochcniical aspects of thc conversion of light energy into chemical 
energy using artificial photosynthetic systems and thc mechanisms associated with enzyme 
solubilization of cellulose and lignin. This research is directed at synthesizing a simplified 
photosystem capable of producing fuel from rencwable resources and understanding the 
biomolecular optoelectronic properties of metallized phtotosynthetic membranes. 

Chemical and physical principles untlerlying the design of more effective multiphase 
separation processes are being defined. The concept of molecular recognition is being 
applied in the design, synthesis, and evaluation of novel ligands for separating closely related 
metal ions by solvent extraction. tncorporatiori of uornplexing ability, charge-neutralizing 
ability, and organophilicity into single multifunctional extraction agents is currently 
stresscd 

A major thrust in physical mass transport cnhancement in fluid-fluid systems is the 
exploration of csternal field application. Emphasis is placcd on elucidating, dispersion, 
coalescence, and stability phenomena in situations wherc high-flux fields are applied. 

Additional initiatives lie in the areas of using high-gradicnt magnetic fields for 
macroniolceu1:ir separations and in electro-enhanced vapor-liquid separations. Areas for 
future investigation include microwave enliiincenient of reactionheparation systems and 
geometric and external field effects in sorption, chromatography, and other solid-liquid 
processes. Fundamental, experimental, arid theoretical studies of interactions of solvcnts, 
solutcs, and surfaces relate macroscopic properties of solutions to intermolecular iiiteractions 
and molecular correlation functions for challenging and important systems such as those 
characteristic of extraction by, and adsorption from, supercritical solutions. Such studies 
use methods such as distribution function theories, fluctuation theory, molecular simulations, 
and neutron scattering. 

Many of the existing components of the KCO3 basic chemistry program are well 
postured to contribute fundamental long-range chemical information relevant to the 
growing national emphasis on environniental retnediation and protection and associated 
waste-related R&D, especially for aqueous systems. A program is under way to study the 
ptiotochcmical reactions and associated photophysics of  aromatic molecules in atypical 
media such as aqueous solutions and sorbent solids. In addition to elucidating fundamental 
questions of photoreactivity in anisotropic environments, this work should contribute to 
understanding the transformation of hazardous materials in natural settings exposed to 
sunligh I 

Development of Melton Valley as a Strategic Resource 
for Nuclear and Radiochemical Technology 

This initiative proposes to achieve significant 
synergistic advantages by integrating existing, 
planned, and new process facilities in Mclton Vallcy 
into a focused major center that will support DOE’S 
long-term nuclear arid radiochemical R&D activities 
(Table 5.5). 

New facilities developing in Melton Vdlcy 
include the ANS; the Waste Handling and Pricliaging 
Plant; the Low-Level Liquid Waste Collection and 
Transfer System; arid various radioactive and 
hazardous waste examination, storage, and disposal 
facilities. Existing and anticipated missions for thc 
IaDC,  also located in Melton Valley, and for other 
parts of O M ,  include heavy-element production 
arid purification; radioactive waste management 

i K&D, fuel-cycle and fission-product research, and 
i support of some of DOE’S wcapons activities. 

Careful planning and development of a 
i comprehensive center wotild optimize the value of 

large capital investments already planned in Melton 
j Valley and would minimize the additional 
i investments needed to sustain the radiochemical 
: processingcapabilities ncededwithin UOE to support 

programmatie work. C>IWLperceives this as acritieal 
i national need. Success in crcating the proposed 
i center would ensure continued capability to support 
i DOE-EK missions at the HFIWANS. The InDC 
i would provide extensive capabilities for RM) in 
I support of DOE Office of Environmental Restoration 
i and Waste Management (DOE-EM) decontamination 
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Tab!@- 5.5 
Budget projections by fiscal year for the development 
of Mcktm Valley as bc strategic resource for iztickeua 

and radiochemical techrzolqw 
(8 in thousands- -BA) 

~ -~ 
- 

Total funding 500 500 1000 1 0 0 0  2000 3000 

IzFunds arc beingsnught from the Office of Energy Kescnrch under l’rogram KC.  
Basic Energy Scicnccs, and froi-n the Assistant Sccrctary for Nuclear Energy under 
Program AF, Nuclear Energy Rescarch and L)cvclopmcnt. 

and decommissioning (D&D) needs and, in 
resolution of other radioactive wa~tc’ related 
problems, ~ ~ o ~ l d  ensure the continued capability to 
perform DOE Office of Defense Programs missions 
currently imkr way and anticipated for the HEI)C, 
would provide enhanced cduca timal opportunities 
to thc next generation of scientists and eng-inncers in 
radiochcmistv and radiochenicd pi messing, a nil 

zvou19 ~9osture OKNE to suppopt a resurgcwcc of 
nuclear cncrgy KILL) \v~thin DCZE. Ilcvelopment and 
expansion of iiuclear and radiochemical eapahilitics 
within Melton Valley could also permit the eventual 
location of all of OlINL’s hazardous facilities within 
that valley and away from thc cmtral Rethe1 Valley 
location. 

A Center for Excellence in Rcsearclr 
Rcactors (CERR) hat; heen proposed to DOE-ER 
and DOE-NE. The CERIC will be an information 
gathering processing, and distr-ihuting activity 
structured as an adjunct to existing research 
activities arid reactor opr:r:*tions. A data base will 
he created to encompass research programs arid 
reactor facilities througlnoiit the Unite:! States. 
The CET<R will conceptually serve cs a bridging 
mechanism between the k>road community of 
researchers who use research reactors and the 
research reactor opcmtors. In additioin, the CERK 
will sewc as R catalyst for increasing mlitually 
beneficial interactions within the research reactor 
operators’ community. The following are three 
synergistic objectives of the CERK: 

To increase usage cf research reactors by 
identifying innovative uses of these facilities 
and informing prospective user communities 
of opportunities availahlc: to them at these 
reactors. It  will also promote modifications 
and/or additions to research reactors to 
improve the usefiilness to thc user 
corn ruunities. 
To provide technical support to research 
reactor users by creating and maintaining a 

data base on user-oriented featlires. It will 
also maintain softtvnre systems and will 
involve teehiiical personnel who could 
perform some technical ana 
users and provide specialist contzicts on 
specific issues. 
To foster exccllencc $11 resea-rch reactor 
o~xm;41ioiis by stimulating exchanges of“good 
practices” and “lessons lcarced” among the 
reactor operators and by encouraging 
operators to participate in “common 
element” ::cti.:ities. A? an exxnplc, the CERX 
will support research groups in interactiens 
with eaisti ng operatis-d groups (such as the 
Association for b~acc.llcnce in Reactor 
Operations) that are focused on promoting 
c:xcellence in all aspects of opcracioiis. 
These objectives can be accomplished by a 

relatively modcst effort (two FTE stafimembers per 
year) to compile and to provide user-oriented 
information about research reactor facilities and to 
stimulate mutually herneficial activities within the 
research reactor cornrnunity. The CERR concept 
will build on strengths in existing research r::actor 
activities at OKNI,, other UOE sites, and non-DOE 
facilities and will strive to bring positive benefits to 
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hoili thc. researcli reactor user cornniunity and the 
rcseareh reactor operations community. 

liewirch reactors have k e n  a vital part of 
thc early development of many field?, of nuelcar 
scicnce m c l  enginwring, and those same rc:tctors 
were csst:ntial to the dcvt:bpaxrent o f  nuelear cnergy 
throughixit the world. Nearly 100 research rcactors 
wverehidt io the IJnitcdStatt s during the 19)3Os:itid 
4060s, but inore thari half of these olready kiave ttcen 
shiit down.  Many odiers moy bc closed in the ric:ir 
future hxause of d c c r e a d  itbe during the labt 
ticvadc~, inadequate funding for rncdcrnization, :itid 
more rigorous oper:itine recluirernents The 

could seriously impact futurc riwarch p r o ~ m i s  in 
nrnnierous technical disciplt lies 

'Traditional raes for research reactors are 
expected to continue (for cxample, ncutron 
ratiiugr:mphy, activation andysih, medical isotope 
productnon, hioniedica I i r radiatio [is, mater ids 
studies. and eornmcrcial product preparaticms) 1x1 
addition, much more exciting worliis yet to be done 
includine, for example, research in d v a n e c d  
ceramics and high-temperature superconductors 
Furtlierniorc, the uses of reactors in experitneriral 
research could increase si@iificantly if an effort is 
made to identify potentid users and to inform them 
of the current aivailabihty of the reactor facilities. 
The decline of interest in nuclear power reactor 
technology Juringi, the 1 9 7 0 ~ ~  tlic pcrmarierit closure 
of many rcsearcli reactors during the 1970s ;rnd 
IWOs, thc shutduwti of OlWL and other DOE 
reactors lor exhaustive rcviews in the krte 1980s, 
md the tltitXoi1iie:Cd shutclnum of others to occur in 
the early IWk+--all of these factors have lcft 
resean:hL*rs seeking facilitics that cmi provide tht 
p r q x  r cornliiriation of r:tcli:ttmii fields, sarriplc space, 
teiraperaturcs, and other paranwters for their 
experimcmls. 

The continued tleclirte in llie nuraber of 
research reactors in this coainitry and the growing 
nccd f o ~  such faciiities in the futurc present a real 
natromal dilenima One t b  tht: factors contributing to 
this dilemma has t ~ c n  tlw 8:leli of m y  lxrstltutlon 
having the puqiose or the resources to iderrf iiy 4 \IC 

exisring ,uxd projected aaced.; 4 dti-ne user cmnmiini ty 
for research rcactor facilitacs and to dwelop an 
integrated stralegy ensuriiafi that tbesc needs could 
IF@ nnc-t Many Pcsc:lrchers de, not have a rejiabic 
S I I P ' L I T C ~  cd information a h i t  reactor facilities, and 
l ~ ~ a u s e  of the 1,:hrstory's reputation in reactor- 
based research, they ofteti cdl ORNI, personnel for 
help in locatinga reactor that is appr(ipriiate for their 
eaperimtmts. 

The or&mizatiori of a ( X R K  i s  a pmiuve step 
toward rt vstalAishing IJ 8. leac Iemhip in nuclear tech- 
nolo&. Specific activities of this p r ~ g ~ ~ ~ m  \.*ill. ineliide 

C O X l ~ I l l ~ ~ X l  ril16d h S S  {Jf Tt'St:;lrch react(>r facilities 

e determining existing and projected uwr 
needs for research reactor Facilities, 

e collecting, analyzin.& evaluating, and 
t i1  aintai t i  i ng dat: I o t i  cx i\ a i  rig research reactor 
facilities relative to crmrretit and projcctcd 
user needs, 

e dcvelopiriea unified strategy for estd&diiii~ 
and maintaii1ing:i viable networkof rcwarch 
reactor facilities, 

e estalhhitig mid maintaining i t  regional 
center at OIWL to nicer possible needs of the 
user community and to stimulate new :B tid 
exp:indetl use of research reactors (similar 
centers niaybeestablis1iedinot~~rr~gi~)iis~; 
and 

e establishing nnd maint:rining :i regionial 
center at ORNI, to promote excellence in 
all aspects of O R N L  rcscarch reactor 
operations 
A (:EIashoulci encompass all 1J.S. rcsearcli 

re:ietors:tt both universities and national 1:tborator-k~ 
and ~houltl itivolve individuals from througliout thc 
entire nuclear lcchnology community inelucling 
reprcwntatives of industri, <I 1 ucers 

OlWL is especially well suited to initiate a 
(:ERR !,ec;wse of( 1) the e~stitigstron~coniniitinent 
to excellence in operation of research reactors, 
( 3 )  an t~stablished history of providing technical 
support ior reactor users, :ind (3)  tlic presence 
withiri 0 1  WLand the vicinity ofadiverseconiniunity 
taf rcse;irc:h reactor users ?'his unique combination 
of conditions does ncx exkt at any other DOE site. 
The w ~ ~ e s s f u l  implementatiori ofa CERR will prove 
very beneficial to die research community in that 
access tCJ research reactors will he enhanced and 
more eost-cffectivc The reactor operators uiU Iwncfit 
from increased utilimtioxi t r f  fadt ies  and from cost- 
effective irnprovemcnts in opcrntiaig standards. Ttie 
CEM< will greatly expand edu teat i c  i n : d  oppx-tunitics 
for stucicnts and for prcifcssroxial staff rnerntwrs of 
nations1 laboratebries, priviirle eorripanies, and 
govemnxentid agencies mrtl will j)rovide an effective 
c h an II e 1 for trans fe r lt in2 t ec 11 no Bo2 y from 
~ ~ ~ v c u n m c n t - s l p o n s ~ ~ r ~ ~  rcsear4li prograars to private 
inclustpies. 

Thc propclsed pro&-arx v d l  require sigdicmit 
irrririal cfi~ brt Our aim i s  ~ C c ~ ~ ~ ~ ~ l ~ s h ~ c n t  of thc first 
SJiisec objcckives within the progr:m's first year. 
Tieginnr og iri the seeoncl year other refiroaaal centers 
eomlcl be establishicd institutional entities w11ose 
pirrpose would be to further increase 
eornniunications :md interactions with the user 
community 'rhc C X R R  will liavc no provision for 
any opwational responsibilities for the reactors, the 
fill1 xesp)nsibihty for operating, each reactor in 
compliance with respective orders or regu1:ttions 
must mmin  with the ownexdoperatom The CERK 



will stimulate increased usage of the reactors and 
helpmakc thefaciliticsmoreuser friend1 y. Table 5.6 
provides budget projections for the ORVL CEKR. 

They are also included in the ORh’L April 1992 
budget sulmiission summarized in the “Resource 
Projections” section (Table 10.5). 

~~ -~ 

Budget projections by fiscal yearjbr OR”b,’s 
Center for Excellence in Research Reactors“ 

(8 in thousctncls-BA) 

1993 1994 1 95 1996 1997 199 

Total funding 0 393 311 430 4.50 470 

‘<Fiinds are hcing sought from the Office o f  Energy Research under Program KC, 
tkisic Encrgy  Sciences, and from the Assistant Secretary of Nuclc:rr Energy under 
I’iogram ‘W, Nuc1e:tr Energy Research and Ikvelopmcnt. 

A proposal has becn made to DOE to retain 
use of the Pool Critical Assembly ( PCh) so that it can 
beusedin support ofti-aaiiiingandcducation activities 
for a broad rangc of users. including IJT, Louisiana 
State University, Mississippi State University, ORAU, 
and DOE, in support of its matlienlatics and science 
education initiatives. 

From 1957 until 1985, PCA provided hands- 
on educational experiences to nuclear and military 
professionals. The PCA’s simple, hasie structure 
lends itself to easy Comprehension of fundamental 
rcactor principles from an education or training 
perspective. The following training experiences are 
possible at PCh: 

* hands-on core asscmbly; 
* hands-on reactor startups and shutdowns; 
* reactivity detcrminations; 

0 spatial dependence measurements of 
neutron absorber worth, neutron 
importance, and power density; 
neutron spectral measurements; and 
neutron activation analysis. 
A PCA restart plan will be utilized and will 

contain a work breakdown structure that will detail 
all tasks required for restart. Funding has been 
requested to relocate, restart, and operate PCA in 
support of the mathematics and science education 
initiatives advocated by DOE in SEN-23-90, The 
PCA will also be utilized to train DOE Reactor 
0 per at i o n s p 1-0 f e s s i on a1 s , nu c 1 e: a r i n d u s t r y 
personnel, and nuclear-en~~neeringstudents Restart 
activitiesd require fundingin FY 1994 aid FY 1995 
(Table 5.7). ‘\Eter restart in PY 1996, operations wdl 
require about $300.1300 annually, part of which will 
be provided by the EIFIR training section. 

Bicdget projections by fiscal year for OfiW’s 
Retention of the Pool Critical Asseirebl3+ 

(,ff in thousaxids-BA) 

5 1996 1997 19 

Total funding 0 550 682 417 330 340 
“Funds are being sought from the Office of Eriergy Research under Program 

K C ,  Hasic Energy Sciences, and from the Assistant Secretary of Nuclear Energy 
under Program AF, Nuclear Energy Kcscarch and Ikvclopment. 



It is proposed lo relocate the PCA to Euilding 
7930 of thc IWTX at OKNL The fitel and core 
asscnibly will occupy an 8- by 1 2 4  area in the north 
~ ~ ~ o f ~ ~ ~ e ~ i s t i ~ i ~ ~ : t l i f o r n ~ u n ~ s t ~ J ~ i ~ e  pool. A 1200 ft2 
annex will be required to house tr:iining facilities, 
work m w s ,  and tlu: PC:h control raoin. Funding for 
the ennitml room :innex. will be requested utilizing 

i GPP monies. ‘The PC4 will become a part of thc 
RE:L>C C:omplcx; however, REDC will not provide 
any liiiidirig, and a fair share of utility usage and pool 
dertiineralization costs will be pxid by PCA 

PCA-enb:inectl training programs will 
provide knefits of iticrcaisedprofessiondcai,ahi~tjes 
for students as well as for nuclcar specialists 

a The major. effort supported 13y the cngineering 
cornporierit of ~ \ i e  hgineering md Gc:oseiences Proera ni is the Center for Engineering 
Systcrnb ,“rrlv:anced Research (CESI~K)  One new cnRineering initiative is a proposed study 
of advancctl bioprocessirig systems for energy production atid cunservatioti. An initiative is 
in prcepar atioia tl t i l t  will focus on the ducidation of the theory of itateractiorir k J r  mukibody 
pr~ildcnizs in ext errid fields. ’The c f h t  wdl ccntrr mi rioriliricar apprcmhes arid will 
emphithi ce the application of p:tn.allel computation in these systenis This will be the 
centm-piccc of n collakmation bcrwcen ORKL md thc Iltiiversity of California at Berkeley. 

will continue itLitonOiriciii:, rnobilc robot rescarch [the Ilostde 
inc Intcllig,etice k2xperiiiicnt Series ( EiEKMIES)] using die wiall 
the recently constructed HKIMES-III ,  which has significant 

~~~~~~~~~~~~~~~~~~ eapahilities. Furlding is mpected to increaw slightly during thc reporting 
periiod New are‘e3s of emphasis include thc cotnhined use of sensor-guided manipulators arid 
pklatf~,m-a mohjlity and the control and al1tx;ation of heterogeneous resources (e g., multiple 
c.oopcmting autoxionious robots) A coilahorative ventimre with the French Atomic Energy 
Assoekrtaoti will i rivolve a perfomlance comparison of algorithms, software, and hardware 
used in cunipul er simulations and 011 mobile robots. The colldxmtivc research environment 
and facilities at CESAR continue t o  :ittract faculty and students from universities in the 
lhited States m d  overseas (e g., Rel@m, .Japan, m d  S o d l  Korea). 

The reeeiit $JclI< emphasis ox1 waste %1) research jncluc~c!, the rc~lc that artificial 
itiitciligence ;itid robotics nnig,hhl play in this Imultidisciplinaty effort CESAR is uniquely 
po4tioncd to coittti1)ute to this initiative hecause of its focus since 1984 on the R&D of 
robotic intelligent machines f o r  operation in hmirclous, unstructurcd cnvironmcnts. 
Existing relationships with the decont:irninatbn and dccomrnissioning effort at the Oak 
Ridge K- 25 Site and ongoing col1;iboratiori with the rohotiw technology development and 
ink$r:ttion effort for environmental restoration and waste management show thac the long- 
term ~ ~ ~ ~ f 1 ~ c o ~ I ~ r n i t m ~ n t  to basic I%&D in intelligent machines results in the ability to react 
and to contribute quickly to the bolution of pressing applied problems. ITnder the Space 
Defense Technologies and Rolootics and Intelligent Systems progr anis, OKiN1, stafi will 
provicle program coordination and technical leadership for the robotics element of a 1)OE 
space effort. 

The C~oscictices Program concentratcs on the hind~irneiital~ccochemical processes 
that control eleniental and isotopic distributions in the carth’s crust Special facilities for 
study of high-temperature aqueous :uid rn:i@a( le systems are used to sttidy mct;i&-ion 
eonaplexin~l,yearboxylates, tniricral solubilities and crys(ir1lizatior1, stable isotope exchange 
with minerals, :ind the thermodynamics of the e:urbun-hy~~ro;9en-o?iy~en system at exti enie 
conditions. Experimental data are uscd to modcl the evolution of natural systems pertinent 
to DOE geothcrrnitl and hydrocarbon energy progrmis. New acoustic imaging methods for 
subsurface and niagmttic environmcnts are being developed. A unique ion-microprobe 
eapabili stribtition studies is heitiff applied to mineral assemblages. 

- 0  The Advanced Energy Projects Program supports 
exploratory research in materials and chemical science at trioderate 1evcIs, typically tor 
3 years’ duration Initiatives include projects in electric-field-driven ceramic precursor 
reactors, the development of ovide particulates for use in cvacuated insulating panels, the 
elueidatiic 111 of enzymc hydrolysis rnechanisms waste-paper conversion to chemicals, :uid 
novcl composite uoatin 

K(co7--App/ied sm * The Applied Mathematical Sciences 
Frograni supports reservch in par:iHel-processitig algorithms arid the dcvelopment of 

iperatiare friction arid wear control. 



applied mathematical, statistical, and computational methods for analyses of physical 
processes. These research activities are supported by an Advanced Computing 1,aborator-y 
that provides research computers with a variety of architectures in various stages of 
dcvelopmcnt . Parallel computers currently in the Advanced Computing Laboratory include 
an Intel Beta, an Intel iPScJ2, an nCUBFJ4, a Sequent Balance 8000, a Cogent multiprocessor 
workstation, and an Intel iPSU860 supercomputer. The latter item has 128 processors and 
a peak rating of 7.6 gigaflops. 

The following will continue to bc major research areas: sparse matrix computations, 
performance characterization, basic matrix computations, design and analysis of 
computational experiments, and the analysis and numerical solution of partial differential 
equations. Pervasive in this research is the requirement fer parallel processing and related 
software tools to meet the computationally intensive necds of toclay’s computer models. A 
continuing initiative for OWL that is heavily dependent upon the KC07 Program is the 
Grand Challenges in Computational Scicnce. (See “Center for Computational Science” in 
Sect. 4.) 

Groundwater modeling is one of the grand challenges selected by DOE because of 
its importance in evaluating groundwater-contamination and groundwater-remediation 
strategics. New groundwater codes will be developed on parallel conipimters that allow 
greater complexity in processes as well as scale. By examining site-specific problems, 
different simplifying assumptions can be tested and different remediation strategics can be 
evaluated. These are important steps in saving time and cost for groundwater cleanup by 
piclung effective modeling and remediation techniques. The cxpertisc developed in the 
Applied Mathematical Scienccs Program will be one of the key foundations for developing 
this initiative. The second Grand Challenge problem that is already in place is in the First 
Principles Simimlation of Matcrials Properties. The goal is to allow existing quantum and 
statistical mechanics codes currently restricted to tens of atoms to be scaled up to thousands 
of atoms. This scaling will require the use of sophisticated numerical techniques that scale 
up as the cube of the number of atoms. 

CIIAhlhlP, the new DOE initiative in KP05 Atmospheric and Climate Research 
Division, will benefit from the basic program in KC07 and will drive some of its future 
research activities. The initiative requires new parallel-computing research in numerical 
methods; software tools; software engineering; statistical. arxalyses; and data storage, 
retrieval, and visualization. OWL’S researchers in the KC07 and W0S programs will work 
closely together to draw upon required expertise. 

O W L  supports the DOE-ER in technical and economic assessments of alternative 
energy sources for selected sectors of the 1J.S. economy. The funding level varies according 
to the specific needs of DOE but is expected to remain relatively stable. During FY 1992, 
OKNL provided support for the Office of the Secretary of Energy Advisory Board and the 
Office of Energy Research in technical review of DOE research programs. Future technical 
and analytic support for assessments of programs will be provided as requested. OWE 
anticipates providing support for analysis of global climate change issues and new analyses 
in support of the reauthorized National Acidic Precipitation Assessment Program. 

KG.--M m l t i  pm 
Suppad 
The DOE Mailtiprogram Energy Laboratories Facilities Support Program provides 

fundiug for general-purpose, line-item construction projects at ORNL. General-purpose 
facilities include facilities such as office, laboratory, and shop buildings ~ousing administrative 
atid 1,aboratory-wide support functions, utility systems, and roads that relate to many 
programs. Line-item construction projects are those with a total estimated cost of 
$1.2 million or more. 



OIWL has a large backlog of facilities deficicncies for which a number of corrective 
construction projects are proposed. See the “Site and Facilities” section (Table 9.2) for a 
more complete description of O W s  facilities needs dong with a eomplcte list of proposed 
line-item construction projects that include those being submitted to this program 

(1) to study thc interaction of energy-related physical 
and cheemical agents with living organisms arid the environment including their transport, 
chemical transformations, adverse health effccts, and ultimate consequences to hutnans 
arid the environmcnt; (2) to contribute to DOE’S Nuclear Medicine Program and other 
Iwdicial applications programs; and (3) to transfer research findings and technologicd 
devclopnrents outside OKNL Research areas in biology include mammalian genetics, 
rnolcxx.dar geetietics, protein engineering, cell biology, carcinogenesis, macrcmioleud:nr 
stniccure, mutagenesis, and risk assessment. Environmental science research covers 
biqgeoclicniistry , environine ntal bk~tech~iology , @obal environmental chemistry, ecosystem 
studies, &xmkmxs, hydrology, cnvironnicntal assessment, theoretical ecology, arid 
landseape cwology. IIedth arid safety research encompasses hunim health analysis, 
epidemiology, health assessments, radiation and cheniical physics, dosimetry, nuclear 
medicine, and iristnimentaticm development for wnsitivc detection and monitoring of 
chemicals. In addition, two unique wer facilities are supported by the KP Pro@arn: the Oak 
Rid& National Environnient;d Ibsearch Park and the BRF. Users of these facilities include 
staff nicnihcrs of nation:rl l aha tones  and industries, and students and st:lff nienibers froni 

ORM, KP I’rogrmn is one of the \~ro,?eest multidisciplinary life sciences 
rescwch progrims in the nation andcovcrs adivcrse range of both basic andapplied studics. 
Overall, the KP Program i 3 t  O W L  is expected to experience growth m global change 
resciirch, suitxmface sciences, mtrlccuilar and matnmdiangenctics, hunumgenorne research, 

Ressarch and Measurement S e i  Onc 
drvclvpment of radiation exposure-dose 

relationships through modeling the hiokmeties of radionuclidcs within the hjdy and 
nxodelirrg the dcpositiori of ionizj ng energy within radiosetisitivc tissues froin these 
radiomiclicks and from r:udiation externally incident upon the tmlp. Such exposure-dose 
relationships compose the cornerstone of radiation protcction and serve an iniport;ult role 
in the evaluation of medical diagnostic procedures iravolvirig use of radiopharmaeeucic,al~ 
and X-ray machines. 

Dcveelopmen t of models describing thc biokinetics of radionuclides in persons other 
than a hypothetical young addt  nude has required a substantial departure from the 
t d i t i o n d  empirical approach of “curve fitting” of data from a limited number of expuseci 

far as is practical, the models currently being tieveloped explicitly depict I he 
siological processes controlling the rnovcnicrit or retention of radionuclides 

in the body. Thc advantages of a physiologically realistic approach are that it allows 
(1 incorporation of basic yhysiokgical information into the moclel, (2) realistic trcatnient 
of dccay p r t ~ l ~ c t s  fornied in the body, (3 )  rneaniiigfiil cxtrapolation of data from laboratory 
animals to humans, (4) meaninL&l arialogics between an element of interest and 
physiologically similar elements, and (5) a liiikage between excretion of a radioactive 
clement :uid niovement among body tissues arid blood. Biokinctic models, along with 
age-specific dosimetric models, developed by this work are featured in the first report ofthe 
International Chnmissiori on Radiological Protection (ICKY) that tabulates data oti the 
organ dose per unit intake for individuals of various ages. Icxtensive participation by ORNI, 
staff on conimittees and task groups of thc N:itional Council on hdiation Protection and 
Measurements, the Medical Internal Radiation Dose Committee of the Society of Nuclear 
Medicine, and the ICIzt) provide recognition of the scientific evpcrtise in this program. 
Ahother effort undcr this activity involves multidisciphnary research targeted toward three 
major areas. (1) cost-effective chemical and bioiogical screening techniques, ( 2 )  biological 
and ckicrnic:al sensors, and (J) basic technical advances of e me rgng mo tiitoring technologies . 

man he:dth effects studics in tli is planning cycle 
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A continuous monitor for formaldehyde i n  indoor air has been developed The device is 
incxpensive because sensors placed throughout a building are multiplexed thi ough optical 
fibers to a single light source arid detector. Jndividual sensors measure the color produced 
when formaldehyde reacts with a chemically selectivc reagent. Formaldehyde can be 
detected at levc4s below OSHA-regulated concentrations, and there is no interference from 
different aldehydes or other comnion chemicals found in the indoor environment. 

\Vc have initiated the developmcnt of the second-generation fluoroimmunosensor 
(PIS). The previous FIS devices werc developed for “one-shot” measurements, while the 
second-generation FIS devices are designed to be regencrable. By combining FIS technology 
with a capillary reagent delivery system, we have constructed microscale sensois that are 
capable of performing a variety ofhetcrogeneous FIS procedures repetitively. remotely, and 
in situ (Fig. 5.8) These procctlures include adding a solid- or liquid-phase antibody, adding 
secondary reagents ( e  g , the labeled “second” antibody when performing sandwich assays), 
and rinsing to remove unbound impurities. In addition to deliveriiig regents, the sensor has 
the capability of sampling analytes through a iiiembrane via either diffusion or aspiration 
The latter mode of sampling could be very beneficial in thc eventual use of the sensor for 

the measurement of large 
molecules. 

Other instrumentation 
development is directed toward a 
portable luminscope for low-cost 
field screening of polychlorinated 
biphenyls (PCBs) and a dosimeter 
for continuoit\ monitoring of 
chemical warfare agents. 

OWL researchers have 
intei national recognition in 
n c u t ro n dosimetry . Ann el a 1 
international persornriel neutron 
dosi rnetp? intercomparsion studies 
at the Radiation Calibration 
Laboratory (LWCAI,) are a nnajor 
focus of technology transfer. 
W;ZDCAI, has bcen outfitted with 
radioisotopic sources and an X- 
ray machine configured to deliver 
precise doses at specifad locations. 
The major emphasis of research is 
on personnel radiation dosimetry, 
but I tZM:i \L  is :dso involved with 
n u L 1 e a P a c c i de DI t do s i me try , 
radiobiology research, national 
dosimeter pea formance test 
programs, tcachmg and ti aininq 

activities, and dosimeter intcmxmpxisonl stdie.; expanJcd to include hem, gamma, and 
X-iri adiation a s  avell as neutrons 

.I broad-based research program in the IIIASW) is directed towut d iricieastng OlYk 

hnowledge ofdetrsmental ct’ftcts of a11 types of c n c ~ g y  productioii Included in this program 
are i-csezreh on chemical, biological, and pbpsieal aeentt.; ‘wsociated with energ! technoloi$x; 
dcveloprncnt of advanced measurtinen t tdxxliques, aiid del~lopment of appropeate 
assessnirnt a d  risk-analysis methodologier needed to nmrpkil hdailecd estimates of osrr:‘nnt 
a i d  future energy strategies Using software devehpei: hy the Geographic Data Section of 
the Compxit,ing a ~ i d  ‘~elecommunication~ Division, reswrchers can  examine ima$.xq of 
organs o f  intmcst to define their shape, size, location, and dmaity The: c data arc uhcd in 
radiation trampor t calculat~ms using hlonat:. Carlo methods to compute thc depo>ition of 
ionizing energy in radiosensitive organs m d  tissiies of the body fiom medical a r i d  
environmentd I adiation exposuics 



8w)2--Emiitonmental R m m h  0 Thc goal of the KP02 l?rogram is to increase our 
understanding of the transport, transformation, arid effects of enei gy-rclatcd contaminants 
in the environment. To gain agreater appreciation of the hdanieiital biolo.qica1, chemical, 
irtiti physicril pprocesseskoverriing the trdnsporr and effects of materials in the environment, 
linkages zmong the amimpliere, the terrestrial biosphere, and fresh watcr systems are 
emphasized. Basic studies i n  radon dynaniics focus on submdace source an3 transport 
mechanisms. 

The OlCNL attriospheric research project 
conccntr;ites on quantifying scvcral aspects of atmospherdbiosphere exchange that at e 
critical in understanding and predicting the cffeets of flobal change. These include wct m d  
dry removal processes and sut-facc emission rates of both natural and pollu tan t constituents 
important co tropospheric chemistry and biogeochemical cycling Major emphasis is placed 
on determining the interactions of these materials with forest canopies, particularlv in 
coinplex terrain. Ncw issues in ERIC planning, stage iricliidc testing and applicanon of 
throughfall methods for quantifying terrain and canopy cotitrols on deposition in mountain 
forcsts and developing and teaingnnethods and models of tiicrcury vapor interactions with 
land and water surf':ices This work supports DOE tasks in the areas of dry deposition, 
precipitation scavenging, deposition nideling, landscape scaling, hiogeiiio ernisslotis, and 
biogcochemical cycles. 

Transport studies involve die nreasurerneiit of 113 turally occurring racliotmchdes 
('Be, .7FS, and 2"'Ph), anthropogenic rndionuclides ( ' 3 i (%,  L'9i'u, and 24"12u), and stable 
isotopcs (LY:, l'N, 212, %, and IxO) to trace and qu,mtify the dispersal and fate of energy- 
rdated materials, as well as fixed carbon, in watcrshcd, estuarine, arid ocean-margin 
systems The watershed rcse:rrch is f(xxised on identifying groundwater ; r i d  surface water 
s(mrces and on quantifying the extent to which atmusplierically derived substances such 
as sulfur and Icac! biogeochemically interact wich droinige-hadn soils and vegetation dunrig 
mmff or unowxnelt. Thc marine rc.se:trch is focused on using tnogeczhsmical tracers to 
qumitiiy the exchange olnia~enals between the lati3 and sea, betwccn continental shelf and 
slope, and hetween sediments and water colurnn. Planning and scientific excha uge?x~wecn 
the Institute of lhcrgy Prohlerns and Chemical Physics and the Institute of Oecariology of 
thc Russian Academy of Seictices arid ORNL has been unclcr way since l Y 0 1  to develop a 
joint research program to investigate biological :itid hiogwchcmical effects of increased 
ultraviolet radiation on niarine eeosystctns. OlZNL-Icd studiics within the program fr:metv~orlr 
include assays for DI%j darnage in phytoplanktctn that can h, attrihuccd clirccdy to 
ultraviolel li (IN-13) radiation as webl as changes In biogeochemical cycling :IS traced udng 
radioiscmpic tn w e n  and stable isotopes This progratn will. use ship srnpport from the 
Rmsaan iZeaclctny of Sciences in I992 and l99.3 and i s  de~igned c o  take ad van tag^ of 1 he 
c o m p i e ~ ~ ~ t ~ ~ t a r ~ r  and unique skills of  each orqanization involved This research is ixnportant 
foi- tlirce rtcasons ( 1) for dcveBnping predictive capabilities to :isscss (over lmge spatial arid 
tempord wales) the nct movemen8 :and bic+ymAmnical fat e of substances associated with 
i?nus9-~~.Jelopme~it  and waste-clispos:il activities, (2) for clctcmiining  heir prmntial 
effects on termstrid arid madne ecosptcms, and (3) ior waluating rates of tramfcr and 
cycling aaf carbon t ~ c t ~ e c n  various reservoirs that may 1 

* The sutisur€:we soiirce, trmirport, vnd entry of radon-bcaxitig soil gas tnto 
critical cotnpotient of enviro~irt)cnt.rl radon Jynasnics XI,$StU) ccmtinuex to  

study rekxmt mechn m n i <  pertain $2, to 1 1 4  ) i~sfs ;ind ,+xdo& i 81 the southern f\ppad:ichiam 

h;nvironmental & g d e m * s f r y  

irlflueneerf by ,gioht!l ehangc 

1 ~ ~ ~ ~ ~ 6 ~ ~ t ~ ~ ~ ~ o ~  OIIEK.  the^ st es are desikned to gain 3 tisigh t into diillm:dtic, seasomil, 
hpHTiRI I-lueluations of indoor on concentrations 'rlxese studies are imyork~it  t~ 

eiently ~hasc structures in most need ol- rerncdid aciroa '4s a 
sc 3 tad earlier studies, OWL stafT have cievcloped widely tceogni~cd 

of elevated radon levels in housing and administro tive I miMin,gs 
amir~mbers lxwe beeti invited by the Air Force m c l  tha: Navy to train 

t h e i ~  perwnnel~n t h r w  prinemplcs at sites r:ixiging from Ciiani in the Pacifio 10 Bcrnluda in 
the ,\tJantic Other :i,gexreies, including DOE, tiavc expressed irif erest in our- Aotla1l;gs and 
t spert i  

* ~ ~ ~ ~ v ~ ~ ~ ~ ~ ~ n f ~ ~ i ~ ~ ~  Scnenccs i)rvisioxi rescarch fot 
(J% IEk fClCXlSeS OQI ~ J k $ , + 2 O C h t ~ ~ I P d  C~C'bIl~ :kt the \%%lkrshd sc:lk; %rdkk%' k3f 2rraL'h WatCxShed 



is a central research facility. Research also addresses atmospheric-deposition inputs, 
subsurface hydrologic transport, element cycles, and effects in streams. Our research on the 
physiological ecology of terrestrial vegetation is an integral component of the Walker Branch 
Watershed Project The scientific goals of  the Walker Branch Watershed Project directly 
coincide with the Eype of research identified by OIIER as bcing a critical national R&D need. 
In particular, one of OHER's missions is to understand the physical, ehemical. biological, 
and geological pi-ocesses that directly and indirectly control the flux of energy-related 
contaminants from their sources through the environment to sensitive receptors or long- 
term sinks. The Walker Branch research focus is on the spatial and temporal variations in 
mechanisms that regulate the storage. transformation, and transpore of critical ecosystem 
resources such as carbon, nitrogen, and phosphorus (Fig. 5.9). A Major new initiative is a 

large-scale rainfa.al8-manipnilation experiment to investigate the effects of climate change 011 

critical ecosystem processes in deciduous forests Research on vegetation respouw to air 
pollution stress (particularly O,, SO,, NO,, and acid deposition) has achietred national 
prominence Our research efforts encompass the role of terrestrial-aquatic linkagcs in the 
processing of atmospheric pollutar~ts and chmges in stratospheric ozone and the effects of 
UV-H on biotic resoiirces in t e r r c s t d  and aquatic systems. A s  is thc mse in most 
technology-re1atc.d pollution problems, an interdisciplinary- approach is I equired for 
planning and conducting the appropriaec research. 

0 The Oak Ridge National Environmental 
Research Park is directed to inclide networlung with the other five DOE parks through the 
Parmet System. Park eoals focm on 

s integration and synthcsis of existing data across parks, Including site characterization 
data collected as part of the Environmental Restoration Program, 
coordination of activities among parks; 
on-site data man~~,mcntanddataorganizatioii (in@ludirPgestablishmenatofeomputer 
data bases of historic data) and coordination with the Oalr Ridge Kcsewation 
Environmental Information Systems DOE waste-management activities; 

* activities promotifig the parks zs a coordinated xreias.d of cooperating research 
sites; and 
ParkNct leadership in the disciplines of landscape ecology, remote imagery 
applications, and species divcrhity. 
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In Jaiimry 1989 the Oak Ridge Research Park was formally chartered as a 
component of the Southern Appalachian Man and Hiosphcrc Resenre Yarkactivityprovidcs 
special leadership in the region on biodiversity, climate change, environmental education, 
and acid cleposidon. As directed hy I)OE, no research or data collection i s  funded by the Oak 
Ridge I<esearch Park. The k'Y 1991 DOE budget for the park was $125,000; this support4 
an individual to rcsponcl to ParkNet inquiries, to sponsor remote imagery workshops, to 
organize files on existing environmental data, to travel to Kesearch Park meetings, arid 
administratively to inanage and monitor activities on the 5008 ha. As is noted in Sect. 7, 
"Cotirributions to Economic Competi tivcness," (Guest Research andl Tser Facility programs), 
ecological and environmcntal health visitors conductcd thousands of user days i )f 
etivironrnental research, monitoring, and restoration activities in the park during FY 1990. 
Extensive and assorced data on the park can probide a rich resource if automation and 
retrieval is prioritized and focused on key issues. iilteniative soiirces of funding ha7e been 
under cornsideration to develop and to actuate a central plan consistent with Research I'ark 
objectives Climate change, environmental restoration, environmental risk, and sustainable 
systenis are some a1tcni:itives under consideration. Very recent activities that have been 
conducted :it the park but riot hndcd by the park include adniinistration of wildlife 
mariagemcnt (decr hunts, turkey and osprey restoration, and pest matiagemcnt), wetlands 
surveys (Fig. 5. lo), herbarium developmcnt, :md rare plant surveys and nianagement. More 
theoretically based research fiindcd by DOE, Elcctric Power Research Institute ( EPKI), and 
12PA support has addresscd nutricnt dynamics and ion chemistry studies on the Walker 
Branch Watershed, stream bidogical diversity 
evaluations, high school honors summer 
research projects, studics of greenhouse gas 
cffcets 0x1 tree growth, and workshops on data 
sharing with the other hiosphcre components 
0f the Southern Appa1:tchian Man and 
Uiosphcre Other studies have evaluated forcst 
fragnientation and recovery, forest responses 
to drought, stream fauna population dynamics, 
and effects of geomorphology on potential 
coritaniinant subsurface transport. Test wells 
are monitored throughout the site. In ruldition, 
various forms of remote imagery have been 
integrated with ground data using Geographic 
Information System technology for portions of 
the park. 

7h?m?&d Ecdqgy Rescarch efforts 
will increase on quan tifieat ion of regional 
landscape patterns and the processes affecting 
ecosystems at large spatial beales O u r  
theoretican research has explored some basic 
properties of scaled systems with a view toward 
taking advantage of the scaled structure in 
predicting systcm dynamics. 

Theoretical and modeling studics are 
desigiied to develop methods for measuring 
ecological patterns of natural and niariagcd 
landscapes, rclating these pattcrns to prtmsses, 
and estimating how these patterns will change 
as a result of broad-scale disturbances. A major 
challenge of this work will be the careful 
developnient of statistical approaches tu the 
analysis of spatial patterns. New emphasis w i U  be placed on testing :md on validation of 
theory ;uid models through the use of field 'and remote-sensing data available from the 
Research 1':uks and through collaboration with other agencies (e.g., the National Park 
Scrvice and the EPA's Environmental Monitoring and ;\ssessment Program). 



Fueled by the growing & h i 1  coneern over 
t.nvlt-on~i~ciit;~l insults, :I critical need has developed 
for the next &iiecitiom of instru~cnhatic)n to have u 
high degrcc ofscnsiti~ity, sclcctivi ty, and portahili~y. 
I hesc needs arise in rpintitativc studies of waste 
ficiicration. transport, end remcdiatioir, as d l  as 
eloh:il atmospheric problems sur:h ;IS the world 

tlepletion problem, nnd the study of airtiorrw 
pollutmts. For instance, the I)( )E’s ncwi\tniospheric 
1l;icli:ition hleasureiilclmt Program wil! require state- 
of-the-art reniota!.-s:!nsiri~ instri imentztion. Photonics 
i i ~ s  t T L I I I I C ~  ta ti on, par; icularl y i 11 s t I‘ ti men t :t t i o n  
in i  olving iioi.cl lasers ;md newly discovered physical 
principles, is c:ipalilc of  providing “siri~le--atoni 
sensitivity” arid isatopic, atomic, or rmioleeular 
selectivity. Furthcrnrore, plwtonics ckwices :Ire 
I-)cconiiri,g inore eompact, field- hardened; and in thr: 
c:ise oflasers, capable ofremote :ryrplication. Tahle 5.8 
sun?iii:irizes budget projections for this initiative. 

ORNL’s IIealth a n d  Safety 1ksc:irch 
l)i\,ision is :I Ieadcr in developing : i d  using laser 

-. 

ciliirgy ~ I : ~ I I C X  (fil-eenhouse effect). the ::;<one 

t::chnology to study t’u~ndameninl chemical anti 
p1iysic:il processes. liespondiirg to the needs of both 
cnvirorrmental soia:atists arid waste cleaniip 
specialists, n a n y  of tliesc ncw techniques car1 he 
fociiscd 011 applied me;isiirenienis. ,k examplcs, 
Ctvo ongoinf; instm tion development programs 
:ire direcdy linked edsof ESI). One lias involved 
:I device t o  measure CW-B pemtration in Icavcs; the 
other, :I senisitivc opiicnl m:iss spectromcter for 
measureiiient of organics in forest canopies. A t trird 
proposed device for laser reziote secsing (if 

:rtmospheric sp~cies \~ould add~?;? ;  the mc:LSurcmeii t 
of ~ r e c ~ i h o u s c  f iascs.  This initiative is 
i il te r di sc i p I i 11 a ry ( c hc 111 is try, physics , and 
cni.ir<immeiitd science) :1s weS1 as interdivisioiinl in 
its contribution to  solving urgent national 
problems. ‘T‘his activity is part of B larger 
La bo r;i t o r y - wide Phot oil i cs 1 ni ti a t i ve he i ng 

tinder the auspices of the recently former! O R N L  
i\dvanccd Photonics Working Group. 

dc\~eloprd hy several ORNL T( 

“Fundilifi i s  tieing sought from thr Office oi Energy 1tccsc:irch under Program KI’, 
13iologic:tl and Environmental Research. 

Recent years have firought a revolution in 
microscopy through ilnc introdliceion of electron 
scanning-tunneling miciciscopes ( STMs), atomic 
force microscopcs ( AFbls), and photon scami.ng- 
tunneling microscopes (PSTMs). The PSTM is also 
capable of pcsforrning high-resolution optical 
spectroscopy and can car ry  out chemical mapping 
with spatial resolution previously unattainable. Tlie 
STM has produced topographical mapping oil an 
unprecedentcd scale (Fig. 5.11). The STM has 

i 
i 
j 
i 
i 
i 

i 
i 
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prodixml topographical images of DNA and its base 
pairs on conducting sihstrates, while the AFM has 
perhrmcd similar!yfoor samples on mica (Fig. 5.12). 
Several hybrid versions of these instnimeiits are on 
the horizon, and significant breakthroughs in 
biological imaging and arialysis can be expected. 

OKNJ, has made pioneering contributions 
to this field, includjng the invention of the PSTM. 
Future research will include development of 
methodologics for a broad range of biological snnaples 



and dcvclogmcnt of hybrid inistrumcnts for chernical ~ chernical mapping of biologicail saniples using the 
mappirrg A l s o  targeted for investigation is the use of I PSTM T a l k  5.9 sumrnnrjzes l-dget projections for 
cotnhined infrared and optical spectroscopy for : this initiative. 

Table 5.9 
Budget projections by fiscul yeur for the 
Biological Imaging and Analysis Center" 

(8 in millions--BA) 

1993 I994 1995 1996 1997 1998 

'rota1 fLiriLlitig 0.9 1.0 1.1 1.2 1.2 1.2 

"Punding is being sought from the Office of Energy Research under Program K P ,  
Biological and Einvirorirnerital Research. 



We will continue our work in the areas of 
hydrology, geochemistry, modeling, and colloid 
chemistry in support of DOE programs in site- 
directed subsurface transport of hazardous 
substances and subsurface microbiology. 
Additionally, we will increase efforts related to 
heterogeneity of the geological, hydrological, and 
microbial components of the subsurface 
environment and will initiate efforts related to the 
origin or transport of microbes in the deep subsurface. 
Research in subsurface sciences is directed toward 
defining, understanding, and predicting the 
movement of energy-related contaminants in humid 
regions with highly org'mic natural waters. In direct 
response to the accelerated efforts on the part of 
DOE to address the characterization and eventual 
cleanup of contaminated facilities, this work is 
expected to grow significantly because it will 

represcnt an essential element in the waste l<&D 
plans (Table 5.10). At present, activities at ORVL 
consist of laboratory and field studies that are 
integrated with the development and application of 
hydrologic and chemical transport models. These 
studies involve research on the role of colloids and 
tnicrobial populations in affecting subsurface: 
transformation of energy byproducts (including 
mixed wastes), inodeling of the spatial heterogeneity 
of soils, and research on the tliemodynamie and 
kinetic parameters important to contaminant 
migration at DOE sites. These, as well as new 
initiatives that are responsive to DOE'S waste K&D 
plans, will continue and will provide a unique and 
sound foundation for understanding subsurface 
contaminant migration in a humid environment 
(Figs. 5.13 and 5 14) 

Table 5-10 
Budget projections by fiscal yeup. for the 
Subsurfuce Science Research InitiatiioP 

(8 in millions-BA) 

1993 1994 1995 199 
~ .... .............. .......... ........... 

.... .................... .......... 

Operatingexpense 5.7 6.3 7.0 7.3 7.5 8.0 
Capitalequipment 0.8 0.9 1.0 1.0 1.0 1.0 

OFunding is bcing sought under Program KP, Biological and Environmental 
Research. 

Biorestoration 
Nutrients 0 2 ,  etc. 

.... I- .I___. --- -.... _I 

A - Quam Grains 
B a Prslcronllal Flow Path 
C I Dead End Pore 
D a Disconnected Pore 
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Microbial Transport and Function 
in the Subsurface 

!en Beds: 
ass zone of contamination 

- Both Microbes and nutrients 

0 Preferential flow paths 

Microbial Ecology: 
Survival and Function 
0 Microbial community 
o Multi-step contaminant 

0 Nutnent supply nutnent 
spiraling 

WasteR&D-Basn: ' S c i i  Although some of DOE'S contaminated sites can be 
cleaned up with existing tcchnologies, in many other cases our level of understanding of the 
complex systems associated with the remediation of past disposal sites and the transport 
behavior of contaminants is poorly developed. Foresight in identifying future needs as well 
as a relatively long-term coniniitrnetit toward research directed at basic science issues 
relatcd to environmental restoration are required; goals of this effort are laid out in terms 
of sevcrd decades rather than a few years Ixadership in this area of basic K&l> must evolve 
rapidly and must inte@ate niukichsciphary science into a focused program that strives to 
develop the hindametital basis of knowledge that will be required to allow the 1)OE efforts 
at restoration to be successful in a cost-effective and environmentally safe fashion. Rasic 
R&II support today will help ensure timely, cost-effective methodologies for tomorrow. 

The basic R&D challenge is to address the following broad objectives that are 
representative of the foundation of a sophisticated understanding of long-term needs for 
environmental restoration: 

an understanding of the biological, physical, and chenlical factors that control the 
movement and chemical transformations of radioactive, hazardous, and mixed 
wastes in subsurface and surface water systems; 
the development of methods for the accurate prediction of contarninant niovenient 
in the environment (Groundwater Transport in Environniental Modeling and 
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Remediation has been selected as one of two grand challenges in the High 
Performance Computing and Communications Program at OWL); 
the development of new remediation technologies ( k ,  physical, chemical, and 
biological) for environmental restoration; 

* implementation of a consistent approach in assessing (1) the impact of remediation 
on human and environmental health and (2) the health and environmental risks 
associated with historic, current, and planned disposal operations; and 
utilization of methodologies in performance assessments and postremediation 
monitoring. 
These broad objectives will demand a wide variety of technical disciplines as well 

as a highly interactive operational structure. For example, significant emphasis must be 
placed on developing (1) analysis capabilities includiiig those related to geochemistry and 
hydrology as well as to risk analysis and (2) fundamental data bases that can support the 
analytical models. The interactive relationships between wastes of different types and 
natural processes of varying nature must bc studied. Emphasis must be placed on microbial 
transformations that can be utilized in remediation as well as on other biological parameters 
that can effectively serve as risk and performance assessment evaluators. Inherent in this 
work will be the need for enhanced computational capability and the use of artificial 
intelligence and expert systems as means for aiding restoration decisions. The identification 
of basic research issues of importance to the waste K&D effort will change as technologies 
develop and as new problems are encountered. 

e Common themes within 
these activities are interactions of animals, cells, and molecules with their respective 
environments. In the analytical technology area, physical properties of materials of 
biological or environmental importance, mechanisms that govern transport and chemical 
transformations of pollutants, and the details of direct interactions of harmful agents with 
biological materials are studied through avariety of theoretical and experimental techniques. 
The efforts encompass interactions at the atomic, molecular, and macroscopic levels in 
solids, liquids, and gases, on surfaces; and at solid-liquid interfaces. Special emphasis given 
to interactions in liquids includes Monte Carlo modeling of radiation effects on biological 
molecules in irradiated matter. Strong emphasis is given to development of techniques that 
provide advanced instrumentation for characterizing and sensitively detecting a wide range 
of chemical species and related biomarkcrs of health effects. Included in this effort are 
unique applications of laser optical techniques, ultraviolet and soft X-ray spectroscopic 
techniques, electron-beam microlithography, electron microscopy, scanning tunneling 
microscopy, mass spectrometry, and picosecond laser techniques. OWNL’s new program for 
experimcntal studies of picosecond processes in liquids, gases, and molecular clusters 
concentrates on studies of structure and dynamics relevant to energy deposition 
Programmatic areas of emphasis include mammalian genetics, protein engineering, and cell 
biology. 

* Mammalian genetic rescarch is utilizing existing mutational 
resources, as well as generating special new ones, for investigations into the DNA struct~ire 
of certain genomic loci and regons, for correlating such structure with developmental 
processes, and for building bridges between the mouse and human gcnones (Fig. 5.15). A 
recently initiatcd program in targeted mutagenesis i s  expected to add to the capabilities for 
functional analysis of gcnes. 

Molecular and advanced cytogenetic techniques are used for analyzing the nature 
of agent-induced and insertional mutations- advancing the understanding of mechanisms 
of mutagenesis. The developmental pathology of selected mutants is iiivestigated in depth, 
especially where such mutants provide models for humangenetic disorders. In addition, the 
program is a national resource for studying genetic risk from environmental mutagens and 
for determining the sensitivities and hiological properties of diverse typcs of reproductive 
cells. 

Hpo3, Kpo4--Health Effects and General Life Sc’ 
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Among recent accomplishments of the mmitiialian genetics program are the 

human DXA clmcs implicated in a pair of important liuman genetic diseases 
(Pr:ider-Willi and Angelman) have been found to niap within a genomic region of 
mouse Chromosonic 7 that has been niolccularly characterized in detail at OItUL, 
this providing the opportunity to investifiate basic mechanisms involved in these 
diseases; 

0 nn insertional mutation has been generated and cbaracterizcd that will provide an 
iniportant animal model for human polycyscie kidney disease (Fig. 5.16); 

folollowing: 



evidence has been obtained siiggesting that intei-ruption ofthe finely tuned program 
of very early gene expression in the conceptus could be the mechanism responsible 
for the hi& freynencies of congenital malformations that follow exposures of very 
early embryos to certain chemicals; and 

Closely aligned with mammalian studitls, moleculargenetics will include investigations 
of genomic structure, regulation of gene expression, and stnictiire and function of gene 
products. Rcsearchers at O W L  have the capability to visualize higher-order chromatin 
structure and the three-dimensional structure of nucleosomes (the core particle of 
chromatin) by using X-ray and neutron diffractornetry and special techniques in electron 
microscope tomography developed at ORNL. Cloning of segments of the euk;ixyotic genome 
and their subsequent sequencing are providing new: insights about the: nature of regulatory 
elements of DNA and the propensity of sniall regioins uf DNA to undergo spontaneous 
mutations. 

* Protein engineering (site-directed mutagenesis) represents 
the use of recombinant DNA technology to alter the stmcture of proteins systematically by 
replacement, addition, or deletion of amino acids in tageted regions. In the scant 10 years 

e several clieriiicals have been found that are mutagenic only in females 
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since its inception, protein engineering has emerged as the most powcrfiil tool for probing 
structure-function relationships and has opened exciting ncw vistas for optiniizing properties 
of proteins for medical, industrial, aid agricultural applications. 

I n  terms of breadth and integration of many activities in molccular gcnetics m d  
biochemistry, C)IWL’s program in protein engineering is unique among DOE laboratories. 
Current efforts center on several functionally diverse proteins: ribulose bisphosphate 
car~~xyliisu/oxyfienase (Rubisco), the CO,-fixing enzyrne and a determinant of biornass 
yield; EGF, a polypeptide hormone that stimulates cellular growth and differentiation; and 
06-methylguaninc-DNA methyltransferase (Ada), a protein that repairs mutagenic lesions 
in DNA caused by alkylating agents With respect to Rubisco, there are two compelling, 
reascms for carrying out site-directed mutagenesis: (7) despite the absolute dependence 
(direct for plant and indirect for :mimals) of all higher life forms on the enzyme, many 
meclianiutic questions remain unanswcred; arid (2) if the enzyme’s oxygenase: activity 
(detrimental to net (10, fixation) could be reduced, niajor increases in plant productivity 
might be achieved. 

Several extracellular protein factors are capable of stimulating the growth of cells 
and the expression of specific genes believed to be involvcd in the entrance of mamnialian 
cells into, and progression through, the cell cycle. One of the most highly studied among 
these is EGF, a 6-kDa single polypeptide chain havilrig three internal disulfide bonds that 
initiate its action through high-affinity ligand binding to the specific cell-surface EGF 
rcecptor. In rcsponse to EGF, the receptor undergoes autophosphorylation on tyrosine 
residues by its intrinsic protein kinase activity; this, in turn, phosphorylates exogenous 
substrates, which triggers a cascade of biochemical events, including increased glycolysis 
and protein synthesis and incremed transcription of specific genes that ultimatcly lead to 
a stimulation of DNA replicatjon and ccll division. Sonie aspects of the function of EGF can 
bc addressed by site-directcd mutagenesis of the human gene that we have synthesized and 
cloned in E. coli. 

The ubiquitous and unique Ada protein is responsible for thc repair of 06- 
alkykuanine, a proniutagenic and procarcinogenic lesion in DNA produced by many 
alkylating mutagens including N-alkyhitrosamines. This protein, in a suicide reaction, 
reacts stoichiometrically and irreversibly such that alkyl groups from DNA are transferred 
to cysteinyl sulthydrylgroups of the protein itself. The molecular basis for the multiple and 
disparate functions of die Ada protein are being studied by sitc-directed mutagenesis of both 
the structural and rcgulatory regions of itst gene (already cloned and sequenced). Additional 
gene products undcr close scrutiny include enzymes involved in transcription of DNA and 
niembrdne-transport proteins responsive to environmental insults. 

Recent accomplishments illustrating progress made in the proteinengineering 
program are as follows: 

The elucidation of the three-dimensional structure of Rubiseo by Brhdkn and 
colleagues in Sweden validated our approaches to addressing structure-function 
issues by mutagenesis even in the absence of crystallographic data. These issues 
include identity of active-site residues, function of active-site residues, active-site 
location in oligomeric enzymes, and determinants of substrate specificity. Innovative 
chemical-rescue methods have been applied to questions of substrate spccificity. 

* Both agonists and antagonist3 of human EGF have been designed. The agonists may 
be super growth promoters having clinical application in wound heding; the 
antagonists offer potential as antitumor agents. 
By having cloned the DNA for human O(>-methylgmmine-INA methyltransferase, 
the hypothesis that this repair protcin (through gene amplification) is responsible 
for resistance of tumors to ehemothcrapeutic agents was verified. 
W Several projects support or interface directly with those programs 

d r c d y  described. The initiation events that convert normal cclls to potential cancer cells 
are an essential stage in carcinogerncsis but do not determine whether an overt cancer 
develops; htmt factors play a responsible role. Therefore, studies of the factors that inhence 
whether an initiated cell psogresses to a tumor or i s  suppressed in the expression of its 
cancerous potential, are central to the problem of carcinogenesis in general and 
radiation-induced cancer in particular. Thus studies continue on the niechanisms of cell- 
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cell interaction and the involvement of siich factors as transforming growth factor p irn 
control of IIeQplaStic growth. 

\i;irious transgenic mouse lines, iiicluding thosc with interleukin3 gene insertsi: 
have been csta-hlished for studying&metic factors associated with carcinogenesis influenced 
hy environmental factors including radiations. iZ special emphasis in this program is pla-ced 
on chclilical carcinogens such as the coninicreial solvent tet:aehloroethylene that appear 
to be negative in short-tcmi tests for miitagemicity. 

Cells destined for specific difierentiated functions can frequently be studied to 
advantage in clonal lines in culture. Such cells initially proliferate and then cease @oWh 
when they differentiate. The reqairenicnts of' the differentiated cells diverge from those of 
growing cells, and the changeover can be explored in the coordinated shifts in gene 
expression. Cultured kidney cells are providing a clear and illuminatin~model system of the. 
jicnetic controls on glucose metabolism iii the r r i d  proximal tenbule. EGF variants derived 
i k n  the Protein Engineering Program are providing important insi@nts to these re,Qilatory 
mechanisms. 

'The cryoprcservation d cells and embryos (the long-term goal is cryopiesewation 
of mu1ticcllul;i~- organs) already has a very large and wc!l-dcmc~ns~ratcd value a s  an applied 
biological technique lts further development depends on the continuing ehncidation of the 
hnsic riicchanisms in cell freezing; such studicy arc i m  progress. 11n impoicrpilt ieceizt 
advance has hecr-r the rccognition of the role of cell coniprcssion withiii ice channels formed 
cturing the t'rcezing process. 

The ~ , : h x t o f y  is strongly committed to an  
ii~tegrated effort to on;ilyze the hun1;in genome. 
Study o f  the: mousc >:eiiome and the dcvcbpment of  
:idv;iriced sequencing and mapping techniques arc 
two principle tiinisis of the Oh\ 1, program. 

The analysis of the nioiise genornc and the 
ii-rrcraction with studies Oii  the huni;iil ,@1011le will 
proceed ;is follo\vs: 

* utilizing rcccntly a d d d  c:npabilitics for long- 

map for an cnitire mouse chromosome 
(Chromosome 7) ;  
m a p  1iLini:in cDNiZs in Chroniosorne 7 ,  
and elsewhere in the mciuse g c ~ ~ o m e .  
t o  increase thc information on humal;- 
mouse homologies; 
by means of our newly adrled capability in 
targeted nmnu2affemesis, determine the function 
of some. of' the mapped human IPDNAs; 
pursue intensive struciure/function studies 
in genomic regiom for which deletion 
complexes have been @ncrsted; 
study the feasibility of inducing deletion 
complexcs tbroiighnut the genome; 
create molecularly tagged mutations 
throqghout the menpinegenome by insertional 
mutagenesis, using both Prornuclear-inJieclion 
and enihryonic-stcm-ceU techniques; 
use mutagenesis techniqucs of all sorts to 
create models of important human gcenctic 
disorders; 
establish a national data base for transgenic 
mouse mutants; and 

r:tti& DN'Z 111ali12inA. de\.el~p a I T I O I ~ ~ U ~ Z H  

Q mi ploy artificial intelligence a d  neural 
nctwork techniques to ideztify important 

New riwthods that will increase the rate and 
accuracy for sequerxing ar id  mapping, as weell as 
ucliquc inforimtic:; f'm pattern recognition in new 
secluemce data, arc being developed in pai>Alcl with 
the generation and molccihr analysis of ncw 
germline mutations in the rrioiise. The major 
objective is to explore the structural and functional 
characteristics of the mammalian genorie using 
experimental molecidar genetics. Because rnai-ry 
parallels csist bctweera the 13umaIi 2 n d  iilOuSc in 
anatomy arid physiology, mutations in the mouse 
arc po\\e~-hl tools fcr analysis of the structure iind 
ftinctiorn of the hun1ali genome. 

N e w  genome-mapping and sequencing 
technolo&ies iieetded to provide rapid analyses for 
us&: ita conjunction with analyses of the mammalian 
genomes fall into three categories: 

e For conventional gel electrophoresis, 
methods are beingdevelopecl to  ilacrease the 
rate of sequence analysis IO- to 100-fold S y  
replacing radioisotopes ~ 4 t h  stable isotopes 
and the use of resonance ionization 
spectroscopy to detect DNA labeled with 
these isotopes. This employs state-of-the-grt 
organometalk! chcmistrq- ts synthesize the 
labels and new modification of resonance 
ionization spectroscopy to detect them. 
To eliminate the gel electrophoresis step, 
other methods are sirsder development, some 
of wlsich may increase the rate of sequence 
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analysis even further: one is sequencing by 
hybridization; others i tivolve various mass 
spectroscopic methods of analyzing directly 
the DNA fragments that are usually subjected 
to electrophoresis (Fig. 5.17). 

* By employing new detection techniques, 
sensitive and rapid DNA analysis c,m occur 
including single nioleculc detection of 
luiminesccnce species; mass spectroscopic 
detection methods; and synchronous 
l u m i n m n ~ e ,  pho,sphoresOcnce, atidcnhancwl 
Raman detection techniques 
Some of thew procedures may also be 

adapted for genome mapping and for ;rnalysis of gel 
blots of DNA. The analysisof the mammdiangenoincs 

near ;I surface onto which DNA molecules have been 
applied; they have the potential for pcrfonning &mine 
mapping and sequcncing functions. 

"lie I lumanC?nome M'ulaffement Infornxition 
System was placd at ORNI, to provide the DOE and 
National Institutes of €id& (NUI) human gelionic 
programs with a conmmication network throughout 
the international community that is e n w  in hunian 
&mmie rescarcli. The €izLman Ckmmne News and the 
DOE Human P~ruwrui+t-@ram K q m r t  are published at 
regular intervals from this offiw. 

Found throughout the Laboratory and in local 
industry, facilitics that support thcsc niaiii components 
include 
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DALTONS 
should be cxpedited when some of these techniques 
are availablc. 

TJnique computer-based sequence analysis 
nicthods for identification of biologically important 
regions in newly sequenced DNAare Iwingdeveloped 
based on neural network, artificial intelligence, and 
parallel compirtational techniques. An expert system 
i s  under construction for rapid and reliable 
localization of gene components such as exons, 
introns, 3nd~eiiecontrolelcments acldtlieautomated 
assembly of these components to clescribe whole 
genes. Not only is a portion of this system being used 
currcntly at ORIN, to lwxlizegcnes in nioiise studies, 
but more than 200 other labonitorics have submitted 
sequence data to be searched for important human 
disease genes. 

'I3iological imaging, which involves the use of a 
novel class of rnicroswpes, has becn identified as a cost - 
cffwtive, high-volume technique for studying DNA 
These microscopes work by scanning a tiny probe very 

loo 

a 250,000-tnou~se colony ogmized for genetic 

0 a transgenic mouse facility; 
anh'll I-supported datalr,tsse for transgenic mice; 

0 the ORNI, Advancwl Computing Laboratory; 
* resonance ionization spectrometry 

* synthetic chemistry laboratories; 
* a laboratory equipped with two DNA 

synthesizers; 
high-resolution mass spectrometry 
Iabo ratorics; 
analytical chemistry facilities that include 
high-resolution FT-MS, MT-NMK, FT-IR, and 
d t r a  sensitive lascr luminescence capability; 

6 facilitics for sensitive detection of labeled 
DNA fragments by mass spectrometry; 
facilities for sensitive detection by 
enhanced Kaman, luminescence, and 
phosphorescence, arid 

StllClicu;; 

laboratories; 
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a cryobiology facility to preserve embryos i Chemistry, Hcalth and Safety Research, 
Instrumentation and Controls, and Engineering 
Physics and Mathematics. Tablc 5.11 lists the budget 

that contain valuable mouse mutations. 
A number of divisions of the Laboratory are 

currently interacting to develop this multifaceted i projections. 
program, including Biology, Chemistry, Analytical 

i 
i 

i 

Ridget  projections by~%cal year for 
Genome Mapping arid Sequencing" 

(8 in millions ---BA) 

..... ~ . . _ _ _  
.....___ 

. . . . . . . ... - ..... . ...... ___.. 

Operatingexpense 4.2 6.5 6.8 7.1 7.4 7.7 
Capital equipment 0.4 0.3 0 0 0 0 

"Funding is being sought from the Office of Energy Research under Prognarn 
KP, Biological and Environmental Research. 

Dioxide 0 In the area of global environmental concerns, 
ORNL has become a center of expertise in developing global biogeochemical models, 
implementing data and information systems, fostering the application of high-performance 
computing to atmospheric general circulation models, conducting field and laboratory 
research on CO, effects on vegetation, and developing unique instrumentation packages for 
global applications. These activities are the foundation for the ORVL Center for Global 
Environmental Studies. This Laboratory-wide program involves staff members from niamy 
ORNL divisions as well as outside collaborators. 

@I& * As part of the Resource Analysis Initiative, ORNL's ESD is 
s that DOE'S Carbon Dioxide Research Program is conducting on the 

effects of increasing CO, and changing climate 011 natural and societal resources. Measures 
that societymight take in response to those effects arc also beingexanined. The major tasks 
managed by ESD indude asscmbling and ensuring the quality of data bases wed in these 
studies, evaluating the potential effects of CO,, climate changc, and rising sea level on 
environmental resources, and developing methodologies for using climate model output in 
effects 

0 The main objective of the Global Carbon Cycle Research 
Program is to develop a scientific basis for predicting changes in atmosphcric CO, 
concentrations in response to continued releases of CO, by fossil-fuel combustion. Futur; 
activities .nil1 encompass more research that focuses on terrestrial and oceanic carbon 
dynamics, global carbon-cycle modeling, and the potential for positive feedback to alter our 
current understanding of the carbon cyclc dramatically. Rcsearch will be concentrated on 
multidimensional models of the global carbon cycle; this mill  yield various estimates of 
atmospheric CO, w7hc11 givcn different levels of fossil-fuel use and other variables relating to 
biogeochemical dynamics. Intcgration of the research with other collaborators is necessary 
to develop the information and models needed to provide accurate projections of CO,huildup 
in the a 

The objective of CUIAC is compilation, 
evaluation, and distribution of CO,-related information in support of the program. In  the 
coming years the center's research activities wil! reflect the new directions of the program. 
The ce 

6, The olijective of 
the GILUIMP Program is to develop an advanced climate model that utilizes the hardware 
and software capabilities of massively parallel computers and incorporates the best nmnerical 

SOLLTC~S)  during the next century. 
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approaches for atmospheric and oceanic dynamics, together with the most accurate 
represer itation of cloud feedbacks, chemical processes, ntid terrestrial systems. In the near 
tcrm CIL&WvfP will achieve improved gencral circulation model pcrforniance by taking 
advantage of parallel super computers such as those that are available in the Center for 
Comput:itional Science. ORNL scientists are working in co1l:iboration with staff members 
horn ANI, and N ( X R  to provide parallel implementations of the community clitnate niodel 
and to itnprovc kcy numerical algorithms for pardlcl computation. OkYL scientists are 
keenly interestcd in thc CIL4MMi' projects that will couple atniospheric, oceanic, and 
terrestrial models together. With these niodcls new understanding of the C0,problem may 
be gained 

Catbn &a cfliecfs The resjxmscs of temperate forests to cnrichnient of the 
atmosphere with CC IL are unknown. Supporting DOE Direct Effects research, ORNL 
seicntistx havc shown that growth of tree seedlings increases m the C0,concentration rises, 
but the testing of hypotheses about the long-term rcsponses of forest ccosystems to C( l2 
eririchnient requires longer-term expenmerits with a focus on physiological and ecological 
processes. Future research will improve knowledge of critical mechanisms governing 
ecosystem respoiises to atmospheric: CO,; this will lead to a more realistic assessnient of 
the role <,E terrcstrial CO, responses in global carbon cycle research than is currently 
avaihhlu 

A;bnosplieric: RWhfion M t ~ ~ ~ r e m e d  0 The objective of the iZRU Program is to 
provide an experinientirl test-bed for studying important atmospheric effects, particularly 
cloud :md radiative processes, and for testing paranieterizations of these prucesses for use 
in atmospheric nioclels. ESll staff arc assisting L)OE in the development of the ARM Data 
Arehive at ORNI,, capable of handling the massive amounts of data anticipated over thc 
10 year lifetimc of the program; the first iZRhl  ficld site was occupied in the bummer of 
1992. 

Center for Global En&ronmental Studies 

Many of the decisions that will determine 
our direction in the next millennium hinge on 
issues that are complex, intenvoveti, and global in 
scale greenhouse gases, climate change, ozone 
breakdown, deforestat ion an3 desertification, 
resource deplction, and the spread of pollution. 
These and other global environmental issues must 
now be explored far more seriously-far more 
comprehensively-than ever before. 

ORVL's Center for Global Erivironinental 
Studies, es6ah1ish~xl in 1989, providcs a unique, 
interdisciplinary base for such explorations. The 
center has three niairi goals: 

0 improving thc understanding of the global- 
scale workings of environments in air, on 
land, and in water; 

* developing capabilities to anticipatc the 
long-term, large-scale effects that human 
actions have on the biosphere; and 

9 identifying appropriate options for 
technological and societal responses. 

In March 1992, the Center for Global 
Environmental Studies was elevatcd to a 1,almratory- 
wide program, which recognizes QRNL's continuing 
interest in and commitnient to underst,mding of 
environmental issues. 

bike the US.  Global Research Program, the 
crosscutting riational initiative to which thc OKNJ, 
center corresponds, the Centcr for Global 
Erivironmental Studies takes a new view of the 
kinds of rese<ueh needed in this formidahlc but 
exciting field. The center's work i s  based on the 
unique capabilitics of OKNL that set it apart from 
traditional institutional approaches to large-scale 
research and aiialyses. Our approach to theseglobal 
issues is threefold: 

0 The scope of the processes and problems we 
arc exploring is far greater-both in scale 
and in time-than traditional research 
projects are equipped to handle. Problems 
such as ozone depletion, the greenhouse 
effect, and global change are no respecters 
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of national borders: they affect the entire 
planetary commons. Our understandings 
and responses, therefore, must be equally 
broad. Similarly, processes such as climate 
change and dwindling biodiversity may 
become clearly evident only when viewed 
over decades or even centuries. We must, 
therefore, envision and develop programs 
that can serve as foundations on which to 
build for many years. 

* Collaboration--bot11 among traditionally 
competitive institutions and across 
disciplinary boundary lines-is absolutely 
essential for any meaningful understandings 
to emerge. Theglobe’senvironment responds 
to the interactions of many different systems, 
factors, and processes: air circulation, ocean 
currents, land-use changes, economic 
incentives for development (or its converse), 
the migrations of smokestack industries, 
national energy practices and policies, and 
even political turmoil. Narrow, discipline- 
bound approaches can give us only detailed 
analyses of individual aspccts of the biosphere 
(individual trees). But what we need now is 
an overarching view of the global 
environmental forest. 

0 Policy-economically and politically 
practical policy-must be one of the prime 
drivers of global environmental research. 
\.I% must consider not only what is happening 
in (and to) the biosphere, and not merely 
what should (ideally) be done about it, but 
also what can be done-givcn the economic, 
technological, and politicalconstraints within 
which actions must be taken. 
These, then, are the principles that guide 

the center’s organization and work: a large-scale, 
long-term view; a commitment to collaboration 
both among institutions and among disciplines; and 
a continiial eyc to realistic policy. 

O~FOCMS e In  keepingwith the center’s 
large-scale view. the central and unifying framework 
for our work is global systems analysis: developing 
increasingly sophisticated models that reflect the 
dynamic interactions of numerous subsystems- - 
global vegetation; human culturcs and behaviors; 
and earth systems such as atmospheric chemistry, 
ocean composition and circulation, and the links 
hetween air, land, and sea Our long-term goal is to 
develop models that reflect the interplay of 
demographics, land-use patterns, economics, 
ecological relationships, and other factors that 
influence the globe’s environment. 

Complementing our central focus on global 
systems, four areas of more specific concentration 
arc 

Measurement science and iiistnimentation- 
better monitoring of the state of the 
environment and its changes. QRNL has a 
long history of excellence in instrumentation 
in high-energy physics, health physics, 
pollution monitoring, nuclear reactor 
technology, and nuclear and chemical waste. 
We are now directing this expertise toward 
instrumentation for atmospheric, terrestrial, 
and aquatic research. Areas of strength that 
can immediately benefit the ccnter include 
laser-based instrumentation (expected to 
play an increasingly vital role in global- 
change research); mass spectrometry and 
isotopic analysis; remote sensing and fiber 
optics, key technologies for climate studies; 
and automation, miniaturization, and 
portability. Logical applications of this 
expertise include laser-based devices to 
measure trace gases, temperature, and 
pressure; low-cost, air-dropped packages for 
reading atmospheric or ocean conditions; 
and instrument sfor studyiiigcloud formation 
and atmospheric properties in support of the 
ARM Program. 

* Data systems-the key to mahng sense of 
theglobal environment, now and for decades 
to come. The amount of data collected in the 
course of global environmental research is 
already swering,  and it \.vill~eoMiexplosively 
as newer, more sophisticated instmnients 
and monitoring projccts emerge. For 
example, in a few years NASA’s Earth- 
Observing System will begin transmitting 
enough data to fill all the books in the Library 
of Congress--cvery three weela. In addition 
to handling massive quantities of data, 
information systems must present the data 
in a user-friendly form, one that will also 
ensure the usability of information over 
decades because the impost of  me data 
may not beconie clear for many years. 

* Large -scale cnviromcntd studies-projects 
that examine the environment from a longer 
perspective than traditional ecological 
research. Global-scale studies cannot be 
h a d  on mere extrapolations of traditional 
detailed studies; many of the subtle ecological 
processes on which traditional research 
thrives are less meanin&l for thesc purposes 
than qggregate processes that are invisible at 
close range. The QRNL center i s  developing 
tools and techniques for understanding how 
to scale up research to the global scale that is 
now needed. 

0 Policy, energy, and human-systems 
analysis . --the recognition that humankind 
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is inextricably linked with the physical ; 
systems of the earth. In the past two centuries j 
ourspecieshasemergcdasamajor-perhaps j 
the primary-agent of global environmental i 
change. Therefore, questions of human : 
activity and policy (including the effects of i 
technology, energy comersion, land use, i 
populationgrowth, and political and cultural j 
patterns) must play a key role in global j 
eiiviroiimeritalstladies. The Center for Global i 
Eovironniental Studies is bringing together i 
anthropologists, economists, political ; 
scientists, sociologists, planners, geographers, 1 
climatologists, and ccologist,s to examine the i 
dccision processes involved in global i 
managcment of risks and resources. Building 
on extensive work already under way at i 
OKVL and elsewhere, we are developing the j 

theoretical iinderpinnings of a practical i 
approach to the problems of decision making i 
involving many players and complex i 
technical issues. Ultimately, t h i s  approach i 
will produce a blend of theory and practice i 
that erases the line that for so long has 
separated the “tliinkers” from the “doers.” i 
The policy issue work is supported through i 
1% and is coordinated by that office. Over the i 
past several fiscal years W05 funds have i 
supported research and assessments in 
resource analysis (see discussioii of KW5- 
Carbon Dioxide Research) to translate the i 
results from global carbon rrioclels and i 
atmospheric circulation models into i 
nieaningfill results for policy analysis. This j 
work has experienced decliningbudgets and i 
will essentially be phased out in FY 1992. *4t i 
present, dicre is no WFO funding for policy i 
assessments of global climate change. 
Key Rajecb and Goals A brief smipling of i 

current and planned work by the Center for Global i 
Eriviroiirnental Studies will help convey the breadth i 
of its research and vision. 

CurrentResearch 
e Development of integrated Iand-use models. j 

Our studiesoftropica1deforcst;itioniti Brazil, 
sub-Saharan Africa, and Southeast Asia are 
contributing to the developnierrt of models i 
that integrate the socioeconomic and i 
biophysical aspects of land-use change. For i 
example, because most of the Brazilian 
deforestation rcsults froni road building arid 
agricultural clearing, the problem and its 
solution involve nearly every element in the i 
glohal-change picture: land use, politics, j 
environmental systems, and socioeconomic i 
activity. For this reason, our work ixivolves i 

close interdisciplinary collaboration among 
expcrts in geography, ccology, 
transportation, econoinics, and other fields. 
Refined modeling of the global carlmn cycle. 
Carbon dioxide is the greatest single 
contributor to the greenhouse effect; 
therefore, a clearer picture of the sources, 
sinks, and fluxes of carbon throughout the 
globe is essential in facing the greenhouse 
effect and the climate changes it may bring 
ORNL’s Global Carbon Cycle Modeling 
Group h:rs devclopcd, and has access to, 
many cirrbon-cycle models After exercising 
these existing models rigorously, we are 
now beginning to develop new models that 
reflect various “fcedbaclrs” within the carbon 
cycle and are bringing a unifying theme to 
the development of fully integrated carbon- 
cycle modcls. 
Infomiation analysis centers. One goal of 
this initiative is to create massive data bases 
on worldwide climate. These data bases 
would allow us to determine whether global 
warming has actrlally occurred. Our selection 
as tliehRbIuscr facility :ind data archive will 
provide a sound basis to begin this research. 
Development of other areas such its biomass 
data and human-systems data will solidify 
our role in this arena. Another goal is the 
development of visualization systenis fer 
data-intcnsive studies. OWL’S C D I X  is a 
powerful data-management ccnter with 
proven cxpertise in global environmental 
studies; it represents a valmble “licad start” 
in our new center’s data-systems initiative. 
We are also collalwrating in :in initiative to 
establish a Center for Human Oimensions 
and Global Change Data. 
CHRMMP Initiative. A4tmospheric- 
circulation models pose soinc of the most 
complex, computer-intensive problems in 
scicntific research today. OIINL computer 
scientists and inatheniaticians are 
harnessing the world’s fastest parallel 
computers for this challenge. With these 
computers it will be possible to simulate 
more complex interactions with moredetail 
than previous models arid to give a broader 
and more comprehensive view of our earth 
system. 

* International development and global 
environment. The impacts of both clirnatc 
change and climate-change policies wili fall 
heavilyon developing countries. At present, 
our work in this area includes identifying 
vulnerable regions; determining the effects 
of existing aid programs on global 
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environmental change; analyzing the impacts 
of change on current development plans, 
and finding new opportunitim to enhance 
development and, at the same time, pursue 
cnvironinental goals. Energy efficiency, 
institution building, and technology transfer 
for developing countries are high priorities 
for this ORNE activity. 
Improved radiation-measurement 
instruments for the ARM Program Drawing 
on ORVL’s proven expertise, wc are 
developing advanced new instrumentation 
that will provide bettcr data on global 
radiation and heat fluxes --data that will 
allow developmcnt of more accurate 
atmosphcric rnodcls. 
UV-i-5 research agenda Bccausc much of 
ozone depletion is due to various energy 
technologies, and because other adverse 
effects of fossil fuel derived pollutants may 
be amplified by dti-aviolet I@t, the sugested 
change in W - B  radiation is clearly linked to 
the ckveloprnentof anation~~nc:d?rstrate~y. 
We believe that a comprehensive analysis of 
the technical issues associated with UV-B 
radiation \vi111 help resolve many of the 
uncertainties denljng with measurement 
sciences and instrumentation needs and will 
bring a focus to the hull spectrum of issues 
surrounding UV-B measurements and the 
effects of potentid W - R  increases on 
biological systems. Through a Critical Issues 
Workshop, we will begin to develop a 
comprehensive research agenda for resolving 
these issues. 

Q Policy-driven impact analysis. %’e arc in the 
first stages of developing an integrated 
approach to analyzing impacts of global 
environmental change. Current approaches 
are generally restricted to projecting shoat- 
term changes in resources (such as sudacc. 
water on coastlines) onto current 
socioeconomic and geographical conditions. 
The rcsimlts of such projections are of very 
limited use to policymakers. Our alternative 
approach will be an interdiseiplinary analysis, 
one whose startirig point will be the real- 
world problems policymakers face in a given 
region and time; the analysis will allow for 
technological and demographic changes and 
will indicate how significantly climate-change 
impacbs would affect decisions. Our ultimate 
aim is to devise personal computer-based 
decision -support systems for federal, statc, 
and local decision makers. 

A global vegetation model building on our 
current study of the global carbon cycle, we 
plan to extend the vcgetatioii model to 
encompass the entire globe The expanded 
effort (estimated to take 10 to 20 years) will 
represent a m;ejor new contribution to global 
modeling. 

* Development of improved data-storage 
techniques. As the Frograai and other 
data-intensive progranis mature. new waysof 
archiving and accessing infomation will he 
needed-ways that prescwe the wcfulness 
of prior data while anticipating wen greater 
future data-handling needs. Our strength in 
information analysis and rnanagemcnt, 
together with ORNL’s growing expertise in 
scientiAc computing, gives us a solid basis 
for developing better data-storage techniques 

Prcdictivc models for water resources Water 
resource problems will surfwe as a dominant 
global issiie i f  the effects of global change 
begin to mainifcst thernse1vc.s While proi-oidems 
in the developed nations will be severe, 
water-related issues in developing countn ies 
will have sienificant economic and 
envii onmental ramifications , especially as 
the effects influence energy-related activities. 
Using large scale assessment techniques ,and 
tools developed for assessment of global 
effects on other resources, we are developing 
a major new initiative in water resources 
directed towards the needs of developing 
countries. Our approach will be to develop 
predictive model.; that will help d ~ i s i o n  
makers iinderstand freshwater ecology, 
hydrology, and water resource management 
in the context of global change 

The range and dcpth of ORNL’s 
scientific cxpcrtise ~niyuely qualify the Laboratory 
to takc up thc challcnges of the Global Change 
Program. By cstalhllshing the Centcr for Global 
Environmental Studieb, OWL is drawing on its 
proven expertise aind woildwide scientific 
connections while also laying the fo6pund;ltion for 
expanded focused research into the problems of 
global change 

The Centei for Global hivironmentid Studies 
is dedicated to an earth system-centered, 
interdisciplinary approach to scientific rcsearch. It 
views human interaction with the environment- 
through population distribution, land use, 
technology, energy conversion, and othcr 
proccsses-as one of the driving forces of global 
environmental change The center stands ibl a unique 

ana systems. 
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position to serve the needs of federal agencies and i balanced biosphcre we call home. Table 5.12 lists 
international efforts and to make a significant f budget projections. 
contribution to our understanding of the dclicately i 

TaMe 5.12 
Budget projections" by fiscul yeur for 

the Center for Global Environmental Studied 
($3 in millions-BA) 

1993 1994 1995 1996 1997 1998 ._I_____. -.-______._ 
-.II_.__ 

Operating expense 15 17 18 18 18 18 
Capital equipment 2.0 3.0 1.0 0.5 0.5 0.5 

"Projections includc university subcontracts. About 80% of funding would come 

"Funding ih  k i n g  sought from the OEfice of Energy Rcsearch under Program KP, 
from DOE; the remaining 20% frotn non-WS funding. 

RioloQical and Environnierital Research 

K.mb4MiiApplicatiOns 
NuclearWkk*  Research conducted in theNuclear Medicine Program continues 

to receive international recognition and focuses on the design and development of new, 
improved tissue-specific radiopharmaccuticals for diagnosis and therapy (Fig. 5.18). Agents 
developed in this program are being studied for both prec1inic:d and clinical evaluation with 
niorc' than 20 
m e d i c a 1 
c o o p e r a  t i  vc 
prograrns a t  
u n i v e r s i t y  
hospitals and in 
r e s c a r c h  
ins t i tu t ions in 
the I Jriitcd Statcs 
and abroad. 

Cur re tit 
E i s s 11 e - s p ~1 c i fi c 
radioph:im,7ceu- 
t ical  research 
i n c l u d e s  
radioiodinated 
recep tor-specific 
antagonists that 
hind ti, cerebral 
r e c e p t o r s  
involved in neurotransmission. The gosod is to mcasuce by external imaging techniques 
changes in receptor density or activity that occur in numy diseases. &,ent.s tinder 
development include new, improved analogzies that bind to the cholinerbic-muscarinic 
receptors and the synthesis of new analogues for binding to the scrotonergjc recept ors that 
arc involved in mood disorders. In conjunction with these and other agents, new, improved 
radiolabeling techniclucs are being developed for introduction of radioiodine into moleedes 
sensitive to the usual methods ofradioiodination. Recently, R new radioiodinated agent has 



been developed for the evaluation of gastrointestinal disorders involving pancreatic disease 
by a simple urine test. Clinical studies haw been initiated with this agent, and the results 
of initial testing in normal voluntcers look very promising. 

‘The OKSL IIFIR is an important resource for the preparation of hi@-specific- 
activity radionuclides required for radiopharrnaceritical research and as parents for the 
dcvelopment of radionuclide generator systems being developed in this program. The 
development of radionuclide-processing technology and generator research continue to be 
major areas of productivc research. ’The first large-scale clinical prototypes of the tungsten- 
lO(S/rhenium- 188generator developed in this program have k e n  prepared, their performance 
has heen evaluated, and they have been successhully used to radiolabel antibodies that shovi 
tumor specificity in animal studies. Approval has been obtained for the initiation of the first 
patient studics in conjunction with the Center for Molecular Medicine and Immunology in 
h‘ewark, New Jersey. Another new generator developed is the osmium-194/iridium-lC)4 
system to provide the ii-idiUm-l% for therapeutic applications. 

Another area of research involves the development of various new therapeutic 
agents, ineludiiig modified nucleosides for the potential diagnosis and therapy of tumors. A 
varie ty of new analogues have been synthesized and are currently in various stages of animal 
and in vitro testing. New radiolabeled maleimide agents, which bind to antibodies a id  other 
proteins by reacfion with free sulthydryl groups, are also being developed and tested. 

In addition to thcse successful areas of research, a variety of invention disclosures, 
patents, and licenses have been consunnmated. The medical cooperative programs represent 
an effective mechanism for further evaluation of agents developed in this program through 
collaboration with programs featuring spccial expcrtise in cardiology, oncology, arid other 
areas. 

a The proteins on the surface of cells are tissue-specific and 
unt in the carcinogenic process. hlonoclonal antibodies have 

been developed that recognize epitopes on a gycoprotein (thrombomodulin), which is 
expressed exclusively by lung endothelial cclls. ‘This apparently unique glycoprotein 
provides opportunities for the use of the monoclonal antibodies for imaging both the 
vasculature and tumors. Liposomes can be targeted with these monoclonal antibodies with 
the possibility of targeting chemotherapeutic agents. The potential for these applications 
will be exploited in the light of basic studies of the surface proteins in normal and cancer cells. 

Research in support of the SSC i s  being performed on nuclear collision models and 
detector physics performance, niechanical engineering, and clectrical engineefing. Work in 
support of the SSC i s  expected to increase rapidly. (See the section on the Oak Rid& 
Detector Center and the Iligh-Knergy Physics Program.) 

The ORNL-obligated portion of the KT and KV programs supports the administration 
and conduct of both university-level and precollege mathcmatics and science education 
activities. University programs include DOE’S Science and Engineering Research Semester 
(SERS), the Great Lakes Colleges :2sssciation/~~ssociated Colleges of the Midwest Science 
Scmester, and a range of other student-faculty research participation and internship 
appointments, iiichiding visits to OkUL by minority ediicational institution (MEI) faculty. 
The KT arid KV programs, designed to enconrage college and iiniversity faculty a d  student 
involvement in DOE missions, provided opportunities for more than 500 academic 
participants at ORNL during FY 1992. 

In the arc2 of precollege science education, the MT and KV programs help slipport 
ORVL’s core precollege program, the Ecological arid Physical Scicnces Study Ccnter, 
which offers some 40 different half-day sttidy units for class-size groups and last year 
sewed 24,000 East Tennessee students from kindergarten through 12th grade; 



hitiativeswithIJT toestablish the Academy forTcachersof Science andh4athematics 
and to provide an alternative path for dcgrced professionals in technical disciplines 
to prepare for teaching careers; 
administration of DOES national Teacher Research Associates Program, which 
providcs full-summer appointments at OKNL for more than 50 secondary teachers 
annually; 
a regional mathematics and science camp to cncourage young women of middle- 
school-age to pursue further studies in these fields; and 
two special summer programs that provide intensive 2-week hands-on lcarning 
experiences undcr the direction of ORliI, technical stdf members-the DOE High 
School Honors Workshop in Environmental Sciences and the Appalachian Regional 
Comniissiori Summer Science Honors Academy for student-teacher teams. 

Wt? 

Education Technology 
The particulars continuc to be debated, h i t  

on the subject of American educ:ttion, U.S. citizens 
and their leaders agree on two points: the precollcge 
systcm is  in decline, and dramatic measures are 
essential if the nation is to retain its position as a 
world power. The indicators of weakness are 
discouragingly familiar: low test scores in comparison 
with our international competitors, an industri:tl 
work force that iricreasingly requires remedial 
education, and-among countless others-high 
schooldrupout rates that excced 50% amongcertain 
minority populations. Marnzed by these danger 
signals, the president and all 50 governors have 
established a single platform on which to rebuild thc 
U.S. education system by the year 2000. Teacher 
groups are developing national standards for 
curriculum, teaching, and asscssment. In thc vital 
fields of science and matJiernatics, OlWL works 
with various universities, school systcms, and federal 
agencies to provide innovative programs for some 
21 thousand precollege students and teachers every 
year. 

As the debate escalates and as more and 
more issues work their way onto the reform %ends, 
one key factor remains largcly overlooked: the 
American classroom has not kcpt pace with the 
technological transformation of our society. The 
explosion in computer technology, in particular, 
has fundarnlental1y:d tcred the American workplace. 
Virtually no business or industryreniains untouched. 
Yet computers continue to play a minor, 
supplementary role in a passive educational process 
that relies filmost entirely on books and lecturcs for 
the transfer of Imowledge. 

Since the Industrial Revolution, mass 
education has required dependence on indirect 
cxperience--direct experience abstracted into books 
or other static media. Frustrating evcn for many of 

the brightest students, this approach has finally 
bcen pushed beyond its capabilities. Today there 
are alternatives. The techtiolop,y of the Infomiation 
Age offcrs unprecedented opportunities for 
stimulating the learning process. High-performance 
computers, together with high-speed computer 
networks, can deliver intcractive images, text, and 
other enriching material from a limitless number of 
remote locations. They also are capable of creating 
and mass distributing "virtual realities" that 
participants can see, feel, and interact with in an 
aStQUndin& lifelike emdation of direct cxpcricnce. 

The Educational Technology Initiative is a 
bold plan tu revolutionize education in the IJiiited 
States by exploiting this computer technology. It 
encompasses both short-term objectives that employ 
current technology and long-term objectives that 
will harness emergingtechnologics for thc classroom 
of tomorrow. Short-term projects were selected on 
the basis of their potential for establishing a 
foundation for the long-term objectives as well as for 
their inherent value as lcarning tools. Examples 
include 

the Oak Ridge Educational Network 
(OREN) funded by DOE to develop and 
demonstrate  a model for internct  
connectivity for kindergarten through grade 
12 along with software development and 
analysis to enable teachers and students to 
locate and use the internet more effectively 
and at low cost; 
the on-line Siniths0iiia.q a partnership for 
exploring methods of su~ring and :iccessing 
hdornmtion on one or hvo broad topics such :IS 
mtive American history or dinosaurs; 

* Demonstration Virtual Keality Teach@ IJnits, 
~mrtahle means for experiencing geography and 
history; and 
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regionalwo~~i~,invohiirlgteachersandschool 
administratom in the development of these 
products for the school system. 
While the log-term objectives will require 

extensive K&D of hardware, software, and learning 
jmadgms, several ideas are on the drawing board. 
Examples include 

the Information Store (providing access to 
computer-based resources); 
furnishing virtual reality capability to the 
kindergarten through grade 12 classrooms; 
and 
a holographic animation as a teacher's 
assistant or mentor. 
The Education Technology Initiative will be 

developed, implemented, and financed through a 
consortium headed by ORNL that includes IJTK, 
Vanderbilt IJniversity, Tennessee State University, 
the Tennessee State Department of Education, the 
Tennessee Valley Authority (TVA), and several 
industrial partners. A steering committee selected 
from these organizations will provide management 
oversight. The work will be performed by 

The Center for Mucationd Technology 
Innovation This center will be housed with 
the Center for Computational Science being 
formed at OWL and will share its facilitics 
and resources. Support staff will be drawn 
from within OKNL and other parts of Energy 
Systems as well as from other partners in the 
initiative. Anearly taskwillbe the installation 
of prototypic high-performance computers 
and a very high speed network for evaluating 
virtual reality traffic, interactive video, and 
data-base traffic to schools selected as initial 
program targets. 
The Education Technology Institute (ETI). 
Coordinated by the OR% Office of Science 
Education and External Relations (SEEK), 
ET1 will be a joint venture initially involving 
UT, Vanderbilt University, and Tennessee 
State University to explore the best ways to 
use this technology to promote learning. It 
will focus on curriculum development, 
training to use the technology, research into 
learning and presentation methods using 

advanced technology, and the development 
and staffing of regional training programs for 
deploying the technology. 
The Chsroom Experimental Projects Office 
This office, corrdinated by SEER, will work 
in conjunction with school systems through 
the Tennessee State Department of FAuc a t' ion 
to provide training materials, release time for 
training, and in-service institutes focusing 
on using the technology and curricula in the 
classroom. It will be responsible for selecting 
target and control test schools and 
implenieiiting the test curricula in those 
institutions. The Tennessee State Department 
of Education will provide the major support- 
assistingwith the administrative andlogistical 
details of actually using the flew materials in 
classrooms. 

e The Tennessee V d e y  Authurity/Private 
Sector. Experienced in planning, 
demonstrating, and evaluating educational 
technologies, TVA will provide technical 
assistance in hardware, software, school 
system, and statewide interfacing. Anumber 
of telecommunications and computer 
companies have also expressed interest in 
providing financial and research assistance. 
Targeted at kindergarten through grade 8, 

i this initiative is designed to serve as a catalyst for 
i stimiilatingchange in schools nationwide. Unique in 
i approach and scope, it blends high-performance 
i computers, high-speed networks, and high- : technology advances such as virtual reality. It draws 
i strength from a partnership involving government, 
i industry, and higher education. And perhaps most 
i important, it emphasizes learning through direct, 
i interactive experience-possible on a large scale for 
i the first time since before the Industrial Revolution. 

I f  the United States is to fiilfill its aspirations 
i for education, we must work fast to extend the 
i technology of the Information Age beyond the nation's 
i offices and factories and into the classroom. If we 

seize the initiative now, the infrastructure will be in 
place in time to take full advantage of next-generation 
technologies as they emerge (Table 5.13). 

- ~- -~ 

Table 5.13 
Budget projections by fiscal year for the Educational Technology Znitiatioe" 

($ in millions-BA] 

1996 1997 19913 ...... ... ....... ... 
1995 

...._____ 
1993 1994 

...... ___. ..... .... 

Operating expense 5.0 6.0 7.0 7.2 7.4 7.5 
Capital equipmentb 4.0 4.0 3.0 2.0 2.0 2.0 

"Funding is being sought from the Office of Energy Research under Program KT, University and Science Education 
hCorporate partner capital donations could reduce the capital requirenlcnts substantially. In addition, a 

conservative estimate has been made of the amount of capital required to provide networked individual virtual reality 
experience in the kindergarten through grade 12 classrooms for this prototype. 
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OIW, will continue its strong focus on programs that increase opportunities in 
science, engineering, and mathematics for underrepresented groups, including women, 
minorities, and people with disabilities. Interactions with historically black and other 
minority institutions are carried out under a formal IlOE//oRNL memorandum of 
undcrstanding with the University of I'uerto Rico; through the Science and Technology 
Alliance, a historic partnership that joins ORNI, and two other national laboratories (IAS 
Alamos and Sandia) with three minority institutions ( t h e h a  G. Mendez [Jniversity Systcm 
in Puerto Rico, New Mexico IIighlmds Univcrsity, andNorth Carolina AtkT StateUniversity); 
and with other university and industry associates, the latter including Martin Marietta 
Corporation, through joint efforts with the 17-member DOE-sponsored historically black 
colleges .md universitiedniinority educational institutions Environmental Restoration arid 
Waste Management Consortium; and under programs with individual institutions and 
researchers. In  addition, formal DOE and/or OKNL memoranda of understanding are in 
place with three minority universities4lark Atlanta, Southern, and Tuskegec-with 
Wesleyan College in Macon, Georgia, the world's first institution chartered to grant 
baccalaureate degrees for women, and with the National Autonomous University of Mexico. 

The K1J program hat been established to help bridge the gap between R&D and 
commercialization through CRAlIAs. A C k W A  is a joint R&D mechanism that allows 
ORNI, to enter into cost-sharing arrangements with industry to allow joint research among 
the working-level scientists and engineers. 

The Assistant Secretary for Nuclear Energy is the major sponsor of applied nuclear 
at ORNL (Table 5.14). Programs finnded through this office are multidisciplinaryandinchde 
nuclear cmergy R&D, naval reactors, isotope production and distribution, nuclear safety, 
new production reactors, and defense progranis. 

~ -~ ~~~~ 

Table 5.84 
Assistant Secretary for Nuclear Energy mjor program summmry 

(8 in millions-BA)" 

Budget and 
reporting Mapr program 

FISCAL YEAR 

code 1991 1992 1993 1934 

AF 
AJ 
CD 
KK 

ST 

C D 

Nuclear Energy R&D 32.8 24.6 51.1 50.2 
Naval Reactors 0 0.1 0.1 0.1 
Uranium Enrichment 0.6 0.5 0.5 0.5 
Policy and Management- 2.9 2.2 3.1 3.1 

Isotopes 3.0 7.9 14.0 14.0 
Nuclear Energy 

Subtotal 39.3 35.3 68.8 67.9 

Uranium Etirichment 2.5 0 0 0 
(from Energy Systems 
central organizations) 

Total 41.8 35.3 45.6 47.0 

Percentage of total 7.7 5.8 5.2 4.5 
L;Lbomtory funding 

I -. -. 

"Figures include operating BA, capital equipment. and construction, if any. 



Candidated Fud Repmessing e The Consolidated Fuel Reprocessing 
Program (CFRP) focuses pri -year collaboration with Japan’s Power 
Reactor and Nuclear Fuel Development Corporation (PNC). Begun in FY 1988, this 
collaboration supports PNC’s effort to develop and to demonstrate technology for reprocessing 
breeder fuel. PNC and DOE are each contributing $5 million per year to the base R&D 
program; however, in FY 1992 DOE and PNC have reduced contributions tfJ $3 million per 
year. DOE has elected not to pursue Phase 11, which was to be an additional 5 years 
composed of new R&D areas coupled with completion of several activities initiated in 
Phase I. Current plans call for a 1-year extension of Phase I to complete the Chemical 
Systems Test Solvent Extraction Test Program. In addition, specific hardware i s  being 
designed and built in the United States both for the development program here and for the 
demonstration project in Japan. To date, Japan has fully committed $5.9 million for this 
hardware. An exarnple of the developed hardware is shown in Fig. 5.19: the remotely 

maintained, continuous rotary 
dissolver developed and demon- 
strated in the United States. 
Recause of the uncertainty in 
obtaining the export licenses for 
speeific equipment orginally 
planned to be build in the United 
States, DOE haselectednot to enter 
into agreements with PNC for the 
fabrication of the laser disassembly 
system nor for the: centrifugal 
contactors as originally phnned 
for the Recycle Equipment Test 
Facility (KRTF). 

The program of colla- 
boration with PNC in LMR 
reprocessing has focused its R&D 
activities to support PNC CffOrts for 
design, construction, and operation 
of the RETF in Japan. A followon 
phase was being sought since the 

operation of the KETF in the late nineties would provide return of demonstrated technology 
from Japan to thc United State? (based on RETFoprr~tingcxperience) to help maintain 17.5. 
capability and expertise in this technology area. 

The benefits are complementary for both Japan and the United States. PNC is 
gaining access to much of the ~,reeder-reprocessirig technology for oxide fuels that the 
United States has chosen not to use in the near term. At the same time, because of this 
program, the United States expects to maintain the core of expertise at ORNL and to seek 
out additional uses for certain U.S.-developed technologies. In pal ticular, the remote 
maintenance developments in the GFRP have provided the expertise and motivation for 
several robotics-related programs at OWL that are now carried out in several divisions, 
including a new initiative in the Environmental Kcstoration and LVaste Management 
Robotics Program that utilizes the technology developed in the CFW. 

The prime areas of interest in the R&D collaboration are (1) centrifugal contactors 
for solvent extraction, (2) the head-end hardware systems for fuel-clement disassembly 
with lasers, shearing, and continuous dissolution; and (3)  overall support to facility 
maintenance eonccpts. Other tcxhnical exchanges that are rapidly winding 
of limited funding continue at present in (1) a rad-hardening of signal-transm 
in France and (2) a “hot” demonstration of centrifugal contactors in the tJ K. Dounreayfast- 
breeder reprocessing plairt. The R&D for the rad-hardening program was completed in 
FY 1990. The program is expected to continue with design and data reviews through 
FY 1993 in order for the United States to obtain operational data from the 
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demonstration at Marcoule. Thc U.S. contactors for the Dounreay demonstration were 
provided in FY 1989. Most of the remainder of the program (to be carried out over the next 
5 years) will be conipleted by the U.K. staff; ORYL participation will consist only of review 
and short-term visits for obtaining operating data. 

Transfer of technology to a U S. firm for the Advanced Servomanipulator has been 
accomplished, but commercial availability awaits the identification of a spccific use. Initial 
use could be in the ORNL Waste-Handling and Packaging Plant; opportunities are also 
possible in other 1J.S. waste management programs atid iii facilities in Japan arid Germany. 
Broader me of centrifugal contactors is being sought in othcr DOE facilities and industry for 
reprocessing and other specialty recovery and process applications. Contactors have been 
provided to DOE sites at the Oak Ridge Y-12 Plant and at the Idaho Chemical Processing 
Want, Idaho Falls, Idaho. We hope that these activities will lcad to opportunities to support 
future DOE; fuel-cycle facilities as such needs become better knowm. 

Reactor Rograms Improved safety, perfornianec, and ;ivailability for 
light-water reactors (LIVlb) is an important national need. Responsibility for the evolution 
of I,\$% designs is primarily in the hands of industry although DOE still hinds design 
certification and review t:asks. OlWL’s involvement in LWR development is primarily in the 
role of design reviews, cost studies, and dcvelopment of specialized technologies such ;IS 
passive design features and improved controls systems. 

The DOE Liquid Metal Itemtor (LMR) Program is shifting emphasis from breeding 
fissile fiiel to actinide rccycle. ORNL supports both the reactor design and fuel cycle 
dcvclopment portions of the LMRProgram. ORNI, support to IXNI: Ikadquarters (DOE-IIQ) 
for this new actinide recyclc initiative includes developrnent and assessment of program 
plans and recommendations concerning chemical, engineering, and licensing issucs. 1)C)E- 
I-IQanticipattes that this program willgrow substantiidly in the near futurc and expects OWL 
cxpencnce and capabilities to make significant contributions. In the LMK Program ORNL’s 
tasks include advanced controls development, materials development and testing, reliability 
data base managcment, robotics, an3 design review and analysis tasks. Several of the tasks 
have been cosponsored in rccent years by organizations in Japan 

Thc national MHTGR Program continues on thc path outlined in earlier institutional 
plans, although the funding profiles have never reached the levels requested by the program. 
The cost-reduction studies by vendor and utility organizations have been completed. They 
suggest that a larger plant than the reference 350-MW(t) module is required to cornpete 
economically. Thc largcr plant [450 MlV(t)] has yet to be designed. If the program movcs in 
the direction o f  the 450-mr(t) plant, thcre may be some ch‘mges to the technology needs 
to support desi@. This remains to be seen. Currently there is no financial support for any 
450-MW( t) design effort. ORNL’s role in the programcontinues to be technology development 
in the areas of fuel development, fission product behavior, graphite and metals testing, safety 
studies, and shielding methods validation. OIWL expects to coiitinue involvement in 
technology development for the MKITGR until firial design is complete and a final safety 
analysis report has been reviewed by the NRC. The date when this will occur depends on the 
level of DOE funding for design and technology development and on whether a first order 
is placed. Current estimates for completion of technology development are 1997 to 2000. 

Pduction * ORNL continucs technical 
support for the development and fabrication of isotopic-powered and fission reactor power 
systems. For space missions and terrestrial applications that use heat generated by isotopic 
power devices, the primary emphasis is on devclopment of improved materials. Activities 
includc the production of iridium alloy clad vent sets to contain heat-generating radioisotopes 
and carbon-bonded carbon-fiber thermal insulators capable of cffective operation at 
1300°C. Production of these materials began in FY 1990 and is anticipated to continue 
through 1993 in support of NASA’s Comet Kcndezvous Asteroid Flyby (CRAF) and Cassini 
missions. In January 1992 DOE announced that the CRW mission had been canceled 
because of budget shortfalls. The consequences of the decision on RTG matiidacturing 
continue to he cvaluated. 

SP-100 Program IJnder this program ORNL expects to continue in its role in the 
devclopnient and characterization of high-temperature matcrials and components for 

Radioisatope- - 
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fission reactor concepts providing electrical power in the hundreds-of-kdowatt range. In the 
ground engineering systems phase of the SP-100 Project, ORNI, continues to have a 
significant role in the testing and evaluation of hightemperature materials. In addition, 
work was initiated in FY 1988 to characterize materials for nuclear shield fabrication and 
the optimization of adiverse high-temperature sensor. Prototypes of the temperature sensor 
and the nuclear shield will be fabricated for subsequent testing in the nuclear assembly test 
to be performed at Hanford, Washington, in the late 1990s. A new developnaent in this 
program occurred in late CY 1991 when the Strategic Defense lnitiativc Organization 
(SDIO) withdrew their funding from the SP-PO0 Program. SDIO and the Air Force are 
concerned that the SP-100 Program is costing too much, taking too long, and is not 
addressing their mission profiles. SDIO and the Air Force feel that the United States shoiild 
discontinue work on thermoelectric energy conversion and focus instead on the thermionic 
concept developed by the Soviets. The SDIO and Air Force concerns and p i n t  of view have 
escalated to the Office of Management and Budget, and the future of the SP-100 Program is 
uncertain. 

* This program was first described as a new 
initiative in the PY 199&199.5 h S t i 6 t 4 t i O T I d  $Inn. During FY 1989 ORNL and the other 
national laboratories assisted the Oafice of New Production Reactors (UUE-NP) in development 
of 5-year technology development plans [later renamed Engineering Development Plans 
(EUPs)] . In FY 1990 ORNL perfonned work in areas specified in the EDP, while the design 
organizations produced two conceptual designs for the EIWR (one was selected to go forward 
into preliminary design) and one for the MNTGR. During fourth quarter FY 1990, DOE, 
OWL, and the design organizations refined the EDP to incorporate information developed 
during the conceptual design phase 

In FY 1991 work proceeded according to the EDPs (as amended). Kespoiisibility for 
management of much of the EDP work performed at ORNL was transferred for the most part 
from DOE-HQ to the field. W R  technology development is managed through the Savannah 
Kvcr DOE office and MHTGR work is managed through the Idaho Falls DOE office (DOE- 
ID). Selected EDPareasare still managed by DOE-NP from Washington. The decentralization 
in management is driven by the knowledge that the field offices will be responsible for 
oversight of preliminary and final design, supervision of construction, and operation of the 
planb once they are built. The technical experience needed to perform these tasks is to be 
developed through oversight of the technology development and desi@ tasks over the next 
few years. 

In early FY 1992 much of the technology work described in the EUPs was 
suspcnded Work continues only on areas whcrc there is significant technical risk. The 
pace of work on preliminary design for both concepts has been cut back to about 25% 
of the FY 1991 pace. A technology down select was scheduled (to accompany the EIS 
record of decision) in December 1991 but has IIOW been delayed to August 1993. The 
Administration continues to evaluate future tritium needs in light of the weapons 
dismantlement program. Options are being reexamined for production of tritium with 
accelerators. The future of this program is highly uncertain. ORNL will likely continue 
at about the current rate through FY 1993. Support beyond that is irnpossible to predict 

As part of the NPR Program, ORPjL developed a unique fracture mechanics testing 
capability for assessing crackgrowth in large flawed structiires subjected to dynamic (fatigue 
and impact) loadings, such as those irnposcd during seismic events The ductile austenitic 
stainless steel pipe began the test with R premachined throu&wall crack located in the 
center of a circumferential butt weld. The test has demonstrated that while predictable 
fatigue crack growth occurs, tearing crack growth during the impacts is very small. 

The facility has thus yielded data that will ailow enhanced safety in DOE’S NPRhIFT. 
design without the artificial, costly, and unrealistic constraints imposed by the usual 
requirement to design for an “instantaneous” double-ended guillotine break in the primary 
coolant piping The data provide a convincing demonstration that crack growth involves a 
finite amount of time and that a double-endcdguillotine break is unrealistic. Similar testing 
may greatly reduce the severity of accident scenarios for other designs. Other flawed 
compoiients could be tested as well. 
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Modular High- Temperature Gas- Cooled Reactor 
Technology Development (Direct Cycle) 

Onc of several unique featurcs of the HTGR 
is the ability to produce very high temperature 
working fluid. Coolant outlet temperatures for other 
reactors in conimercial service (LWKS and LMKs) 
are limited by perniissible service conditions for the 
metallic components in the core and the hi&er 
thermal efficiencies in electricity production, and 
nunierous high-temperature advanced applications 
beyond electricity production. The all-cer,amic core 
HTGR can produce coolant outlet temperatures in 
the 750°C range with currently available fuels and 
materials technology. Improved fuel designs and 

heat transport system materials selections can raise 
this to 950°C. Developments such as insulating 
coatings for metallic components and structural 
ceramics could push this well above 1000°C. For 
comparison, current LWK and LMR outlet 
temperatures are in the ranges of 300 and 5OO"C, 
respectively. 

Development of the HTGR for commercial 
steam-cycle application is nearly complete. Tho 
modular design MIlTGR offers safety and 
investment protection features not available in any 
other fission reactor concept (Fig. 5.20). However, 
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cconoinic compromises are required to obtain these 
attractive features. The RIIITGK core has a very low 
power density comparcd with L\VR and LhlR designs 
(6 W/cc compared with 80 W/cc for LWRS and 300 
Whc for 1,hlKs) The low -power -density, high- heat- 
capacity hlIITGR core can easily dissipate decay 
heat without requiring active safety systems or 
operator action. While economies are associated 
with modular constniction and elimination of 
redundant, activc safety systems, the overallhilIITGR 
capital cost had been estimated to he 20 to 30% more 
than coal plants of the same size. Ciirrent program 
emphasis is to identify design changes that can 
reducc costs to a level that will make the MIITGR 
cconomically cornpceitive. 

The increased safety availablc with gas- 
attractive to utilities, to regulators, 

and to the pnblic. IIowver, both the nuclear industry 
and the regulatory community agree that currently 
operating I,\VKs are sufficiently safe. Neither utilities 
nor thc public is wiiling to pay mole for increased 
safety margins when the existing product (LWRs) is 
jud&d to be adcqiiately safe Power pi oducers might 
be willing to pay a premium for increased investment 
protection, but the large premium currently 
calculatcd is judged to be too large The bottom line 
is that hlIiTGK power costs must be rcduccd to thc 
LWK level before there will be a market. 

If the helium outlet temperature can bc 
increased from 700 to 850°C. the MIITGR can be 

designed to operate in the DC mode. In this mode, 
hot helium coolant gas for the core is used to drive 
a turbine directly instead of being sent to a heat 
exchanger to produce steam, which is used to drive 
a turbine. The energy conversion area (ECA) for a 
steam cycle MIITGR represents about half of the 
estimated capital cost Simplification of the ECA by 
replacing the stcam cycle components (steam 
generator, feedwater pumps, feedwater heaters) with 
a DC balance-of-plant i s  expected to halve the cost 
of the ECA, reducing the total plant cost by about 
25%. The capital cost reduction, coupled with the 
higher thermal efficicncy (50% for the D c ,  37% for 
the steam cycle), should make the MlITGR-DC: cost 
competitive with LNRs and with fossil plants. 

ORNL is now completing a 2-year study on 
the hl€II'GR-DC. The purpose of this study is to 
select the most promising of the many possible 
design alternatives and to develop defensible cost 
estimates that can be compared with the altcrnatives 
for electricity production (L\VK, MIITGR steam 

'I'hc prospects for near-tern DOE funding 
for this concept now appear doubtful. Funding has 
been dramatically reduced for both the Aft1 I'GR-NP 
and the MI1TGR-NE concepts compared with the 
profiles discussed a year ago (Table 5.15). There is 
simply no rnoncy available to support advanced 
hlHTGR conccpts when the baseline stcam cycle 
program is minimally funded 

cycle, and coal). 

et projections by fiscal year for the IModukaw 
High- Temperature Cas-Cooled Reactor 

(direct cycle) daeiticnta'.~~? 
(X in millions-BA) 

Total funding 1.8 0.5 6 .8  2.0 3, 3.0 

"Funding is being sought under Program AF, Nuclear Energy Research and 
Developitlent, from the Assistant Secretary of Nuclear Energy, and under Program 
NI', New Production Reactors, from the Office nt' New Production Reactors. 
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Retention of Pool Critical Assembly (See Office of 
Energy Research Programs.) 

con9rii 
Actinide Recycle 

DOE has recently redirected the focus of its 
LMR programs tow;ud actinide management and 
a\vayfrcim breeding. If long half-life actinides can he 
removed from spent LWR fiicl and recycled in a fast 
reactor, the burden on the spent fuel repository will 
bc reduccd. Further, management of the residual 
short half-life fission products will require a shorter 
pcriod of institutional carc. OlWL has a broad 
expcricncc in many arcas to offer to thc cmcrging 
DOE actinide recycle program: 

fuel cycle analysis, 
equipment design, 

0 reprocessing flowsheet development and 

waste form testing arid evaluation, 
robotics, 

0 NEl-Il analysis, and 
proliferation analysis. 

evaluation, 

Table 5.16 outlines thc projected budget for 
the Actinide Recycle Initiative. 

-~ ~- 

Table 5.16 
Budget projections 6y fiscal year fw 

Actinide Recycle Initiative 
($ in millions-BA] 

1993 1994 1995 1996 1997 1998 

Total funding 2.0 1.5 1.5 1.5 1.5 1.5 

'Funding i s  heing solight under Program AF, Nuclear Energy Research and 
Dcvelopnient, from thc Assistant Secrctriry for Nuclear Energy. 

Nuclear Propulsion for Space Exp1o.rutio.n Initiative 
A new Bush administrative space initiative 

was announced in July 1989. The SEI focuses on 
colonization of the moon and a manned cxpedition 
to Mars Success of the SEI will most probably 
dcpend upon use of nuclear propulsion. An cxtensive 
SEI planning effort has been in proecss during the 
last 2 years, supported primarily with Laboratory 
and itidustrial internal R W  funds. Unfortunately, 
none of die syonsoring agencies (DOE, Don, and 
NASA) has appropriated funds to support cither the 
planningor implementation of the planning. Budget 
projections for the Oak Rid@ Space Program for 
FY 1993-1998 are shown in Tablc 5.17. 

If the Congress commits to an SE1 program, 
it will he a major effort. The prcliminary budget 
estimate for the nuclear propulsion element done, 
from FY 1991 through FY 2006, was $4 billion. The 
broad objectives of SEI include space stations, manned 
colonies on the moon, and travel to Mars hy 2019. 
The near-term focus of SEI will be technology 
development 

* search for new, innovative approaclies and 

0 investment in high leverage, innovative 
techno@es withpotentialtomakcamajor~t 
an cost, schdulc, anclvor perfonmincc; and 

k~lmoolc&v; 
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1996 1994 19 
......... .~. ......... ___ ......... -. __ ........ ~ .......... ___ 

Total funding .a 8.0 10.8 12,a 
"Funding is bcing sought from the Assistant Sccretary for Nuclear Energy and other 

DOE sources, from NASA, and from Dol). 

e mission, concept, and systems analysis 
studies. 
Preliniinary planning efforts have focused 

on eight technology areas 
a space transportation, 
* in-space operations, 

surface operations, 
human support, 
lunar and Mars science, 

0 information systems, 
0 automation, and 

nuclear propulsion. 
ORNL's major interest is nuclear propulsion. 

The focus of nuclear propulsion technology 
development will be nuclear thermal rocket 
propulsion capable of long life nnd multiple starts 
and riuclear electric propulsion 

OWL'S approach to SEI planning will be 

to identify arms where QKNL can contribute 
to SEI by rcvicwing past work on nuclear 
propulsion for space applications and 
approaches being discusscd for the future, 

Q to inventory facilities, equipment, and 
personnel assets in those areas; 

* to develop specific proposals (scope, 
schedule, and cost estimates) for deployment 
of assets to provide data and to demonstrate 
feasibility to support the first phase of SEI 
nuclear propulsion development; 
to contribute to development of task plans 
for technical areas listed in SEI program 
plan; and 
to enhance perception within the technical 
community regarding ORNL's cxpertise and 
credentials by organizing and hosting 
tcchnical workshops. 

s The perfurinance of radiation protection, 
transport, shielding. arrd related studies for Niiclear Energy (NE) programs requiscs 
specialized information, computational tools, and a suitalblc cr~ss-section data base. The 
Radiation Shielding Information Center (RSIC) provides thew by serving as a focal point in 
the community for technology exchange, malung available latest developments in computing 
and other tecimo~ogy, data libraries, and bibliographic mation. The techndogy base is 
continually improved through contributions from the user community of n ~ w  technology 
or irnprovcments made to existing tools. Special data needs addressed by RSIC are 
generating, validating, and up&ading specific data lib1 a r k s  needed by thc shielding 
community, including percons working on problems essential to NE programs. 

Specific activities of RSIC include operating a computer-basd infomation system 
and answcringiiiquirics on 1 adiatien nnalysis; co'lc~ting, testing, packaging, and distributing 
computer codes and evaluated and processed nuclear data libraries; collaborating in \vork 
on standards and in the generation of ceeded -;nultigroqJ cmss sections; leading American 
Nuclear Society (ANS)-6, Radiation Frotection and Shielding Standards Subcom rnittee; and 
holding seminars and workshops. 

The addition of literature to the RSIC collecti~n will be continued, and revised 
bibliographies and additional abstracts will hi: issued Bublicatioil of the fiVC hT6W1del&r, 
which keeps ItsIC in continuous contact with its i iser community, will contim~e 

The value of the computer code and data exchange service has been estahlished, 
giving rise to a continual increase in requests, which ir not expected to saturate soon. 
Acquisition of infomation, codes, and data will continue in all areas. Efforh will be rnade 



to improve continuously methods for information disseniination and for evaluation through 
feedback. 1 Jpdated bibliographies and additional computer code and daki abstracts will he 
issued. 

Work will continue as pr3ctie:ibble in the long-term effort to compile basic transport 
and milestone data. Work on standards in collaboration with the Anicricittl Nuclear Society 
will continue. kMC will continue to support the National Nuclear Data Center, the Cross 
Section Energy WorkingGroup, andall othcrefforts to make available niore andbetter cross 
sections and provide adequate benchmarks for verification of computational tcchniques 
and data 

r t f  E’s 

aoE Standanls psoe3.irm in Support of the oifice Olf Nudear Energy Since the late 
IC)bOs, OKNL has led in the man,@ement and overall conduct of the DOE (then the Atomic 
Energy Conimisbiun) standards development efforts. ’In this position, ORNL has been 
responsible for cst&lishiiiff the progratrr procedures and guidance for all participating DOE 
and 14015 contractor organizations to implenient DOE’s standards policy as outlined in 
Ordcr 1300 2 , P ) t ~ ~ ~ ~ n ~ c r ~ t c ? f E ~ ~ y 1 S r u n c ~ u r d s Y r c ~ ~ ~ r a m  Order 1300.2 is currently under 
rcvisiom .md will be issued in 1092 The updatcd order will reaffirm the department’s long- 
standing policy to me existing nat ioniiha tcrmtional sta-r idards or dcvclop new depart me nt a1 
standards for its fitcilitirs, programs, and projects. ORNL responsibilities for the DOE 
Standarck F’rograr~i are being expanded 

* to f ~ m i o t t  as the DOE lea standardization organization scrving as the focal p i n t  
within tlrw department for re@stering new atid ongoing standards developnient 
activities and carrying ont trchmcay~dn~inistrative prognini man.&ement; 

0 to devrt4op new prog,mm procedurcs and a IWF: standards program manual for all 
involved organizations to follow to implernetxt t tie DOE standards policy; 

0 to develop a DOE staritlards index, identifying the various types of standards 
(jntcnatiund, nongovenirtmat, f~dcral, L)OE, and program-spceific) usedoravailablc 
for U S E  hy L X J E  aridDOE C(PiitT~ct_)PoT~~WiZatioiis anddepartmental andcontractnr 
perscrnnel itivc dved in stmdards clevelopmenr activities, 

0 to develnp ;rrrd conduct triiini~ik (iriitbd and ongoing) for DOE and DOE contractor 
personnel 1 m the new DOE Sta adards Program procwdurcs; :mcl 

0 to  provide technical support for 3 DOE stanckirds committee to arbitrate stmdartls 
develupmentlayplie3tion issires that affect morc than one clepartment secret;uial 
office. 
DOE performam IndiGatW in Supgutt afthe Office ad‘ Nudear Energy a 

O W L  assisted DOE in 1991 m est;ibldiing :t IIOE-wide system for trending and analyzirig 
operational data to hclp assess and support progress in improving performance and to 
strengthtm liric management control of operations relating to E;S&II[ activities. IWE, in  :i 
manner similar to the eornmercid nuclear industry, considers that facilities with & x d  
performa ncc, as measured by :in overall set of perforrtiance indicators, are generally 
recognized as well-managed facilities. The department’s objective i s  to collect data on key 
pedonnance iridicators and to have line management analyze arid trend the data. ORNL 
assisted in developing the methodology for presenting and analyzing the data; provided 
training on the program to all DOE sites, I)OE he:rcIyuartcrs, and contractors; and preparecl 
summary-level reports. OIWL currcntly compiles and prepares quarterly summary reports 
based on similar quarterly reports received from the DOE program .senior officials <and 
pcrforms special analyses of I his data as requested. 

-lsoPo Q~s~ ibu~ ion  Pmgra 
The niission of the Isotope Production and Distribution Progrrirn at ORNL, i s  to 

supply enriched stable isotopcs, selected radioisotopes, and related technical services for 
use in research, medical, and industrial applications. The production of radioisotopes and 
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enriched stable isotopes continues to be a significant and highly valued program that uses 
the unique capabilities and facilities located at ORNL. Kadioisotopes for many uses including 
medical research are produced in the HFIK enriched stable isotopes are produced in the 
Calutron Facility. The mission also includes the development and evaluation of methods for 
isotope production and separation. Various stable isotope enrichment projects are evaluated 
for production in the gas centrifuge facilities at the K-25 Site. Specialized technical services 
such as preparation of high-purity isotopes and unique chemical and physical forms are also 
performed. Although the program was partially funded by the Office of Energy Research 
prior to 1990, it has operated since then under a ‘‘revolving fund” arrangement that is 
supposed to be self-supporting. The program has taken numerous actions to implement the 
revolving fund and, because foreign competition has reduced sales, to keep the program costs 
within available funds. These actions include conversions of isotope loans to leases, 
reprocessing of returned material, placing the Calutron Facility and the Isotopc Research 
Materials Laboratory in standby, and reassigning program staff. Table 5.18 shows the recent 

TaMe 5.18 
Summary of Isotope Production and Distribution 

Program funding perfortnixnee 
(kT in thousands) 

............................................................................... 
1990 1991 19921 

Funding 10,739 ‘7,042 3,200 4,650 
Expenses 10,305 6,875 2,975 4,630 
Kevenues 12,558 4,624 2,552 6,740 

....... ........... 

“Actual costs for October 1991 through February 1902. 
bProjections for March through Septemher 1992. 

funding cxperienceof the program. Revenues have come primarily from sales of radioisotopes 
and from the inventory of enriched stable isotopes. OWL’S ability to operate within the 
program’s funding constraints has been possible because managers and staff of other 
programs have been flexible and cooperative, allowing us to support temporary staff to meet 
program obligations without maintaining a full staff at program expense. ORNL will 
continue to try to carry out missions associated with this program but may experience 
difficulty in meeting production schedules within the current funding constraints. 

The purpose of this task i s  to assist the Office of Nuclear Safety in the analysis of 
operational data from DOE facilities (Table 5.19).This information will be obtained 
gencrally from reports submitted pursuant to DOE Order 5000.3A or other formal reporting 
requirements. The Nuclear Operations Analysis Center at ORNL will conduct engineering 
evaluations of events; participate in audits of the reporting requirements; prepare reports 
on events analysis, cause, and corrective action evaluations; event categorization; and 
trends and patterns analyses. The center conducts other operational information reviews 
related to specific facilities or groups of facilities. 
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Table 5.19 
Office of Nuclear Safety major progrurn summary 

($ in millions-BA)" 

Budget and 

code 
reporting Major program . 

FISCAL YEAR 
............................................................ 
1991 1992 1993 1994 

NS Nuclear Safety 0.1 0.2 0.3 0.3 

Percentage of total co. 1 <O. 1 <0.1 <0.1 
Labomtory funding 

'LFigures include operating 13A, capital equipment, and construction, if any. 
_. 

The ORNL NPR Program (Table 5.20) is focused into four primary areas: 
ruaterials and structures dcvelopment in support of the NPR HWR; 
materials development in eaphite, in-reactor metals and ceramics, vessel materials, 
and heat transport system (prirnarily steam gcnerator) materials for the NPR 
MHTGR; 
confirmatory development in fuels, fission product transport, reactor physics arid 
reactor vessel fluence shielding for the NPK MIITGR under funding from, and 
technical directiou by, the NPR Department at K & G  Idaho, Inc.; and 
confirmatory cost analysis and evaluations to support all tritiuni-production options, 
including the accelerator. 
The urgency for new production capacity continues to lessen because of major world 

events such as the breakup of the Soviet Union and the agreements to reduce nuclear 
stockpiles. The NPR Progr:tm EBS has now been foldcd into the weapons coniplex 
reconfiguration program EIS, which is to be completed in August 1993. This represents a 
dclay of at least 2 years. 

Table 5.20 
Office of New Production Reactors mujor program summary 

(8 in millions-BA)" 

Budget and FISCAL YEARb 
reporting Major program ......................................................... 

1991 1992 1993 1994 

NF- New Production Reactors 10.1 10.4 1.0 0.6 
__.I__ 

_.__ 
code 

_____.. 
___ 

I 

Percentage of total 1.5 1.7 0.1 <0.1 
Laboratory funding 
cxFigures include operating BA, capital equipment, construction, and proposed construction but not the funds 

'Out-year numbers assume a favorable MIITGR decision at record of decision. 
by reconciling transfer from DOE-ID to EG&G Idaho. 



Efforts that support the record of decision include 
preparation of cost stitdies; 
dennonstration testiiigofI IWRpl-irndiy system piping to show that tbe doub!e-endcd 
giiilhtisne break is not a cscdikPk design basis accidexlt for IiWK plant conditions- 
simplifying the dcsigo of IIWR emergeiicy core cooling systcms snd making the 
safety case for categorizing core damage events as beyorid design1 hasis; 
identification of alternate coke sources for long-term graphite supply including 
( I )  a joint effort with Gieat Lakes Carbon to qiialify nuclear grade 11 4.51 from 
alternate cohe sources, (2) support for the 1:OE giant to thc University of West 
Virginia to develop a domestic source of coal tar-based nuclear graphite using cleaa-r 
colung technology and minimizing sole reliance 011 pc.tdeum coke sources, and 
( 3 )  joint efforts with otlrcrgraphitr vendors to ~ckntify alternate materialsequivalent 
to 11-451, 

* joint-teqting programs u ith r W H  Combustiou Engineering to establish the corrosion 
resistance of the candidate hlloy 800 material for the K\’E’-MIITGk{ stram gen6’rator: 
and 
irradiation testing of hllHTGK hc! t~ identify the cause of previously obscmcd failmres 
of coated-pal tick: he! and to demonstrate that low in-pile failure rate d eoatcd fuel 
particles can be achieved with US.-fabricated fuel. 
To better support the NPR Program, ORNL has formed an NPR project sffiic.~ within 

the Mctdlls and Ceramic:, Division and has assigned or detailed a11 project personnel VJOI king 
f d %  time on NI’R developiuent activities to the project oi‘fiee In addition, a full-time quality 
assurzmx manager has been assigwd to slipport the project director. iln NPK Records 
hlsmgernent System has been creatrd to provide controlled, indexed and protected 
retrievabk storage of NPR quality assur~anase records gcrreratcd by the project 

Programs sponsored by the Assistant Sucret.q for Iiefense Programs include 
Weapons Activitic.5, Safeguards and %cui-ity , Materia’ls I’roduction, and 1)efcnsc Waste and 
Trai-rsportas;o;l Management (Table 5.2 1 ,I. 

GR 
G1) 

GE 

Weapons Activities 0.0 0.2 0.5 0 . 5  
Nuclear Safeguards and 0.6 0.4 0 .5  0.5 

Materials I’roduction 6.9 10.7 13.3 12.5 
Security 

Total 1.5 11.3 15.3 13-5 

e ORNL d l  providc assistance as needed in revirwiqg, 
revising, and implementing thc DOE Emergency Management System. Specific tasks may 
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ineluudc :issist,mce in the following. 
9 developing DOG orders and gitidanee, 

* developingcriteriaf(~rac~,ordinatcufexcroise progrrrm andrevic~~ngirnplementation 

9 trainii~g, emergency managemenr teams, 
9 p:rrticipatirig in appraisals of crncrgcncy rnmagcmcnt arid cvaluations of exexises, 

developing criteria for readiness assurance, 

of those cri terh, 

Ylld 
wsisting i91 exercise <Icw:8opnient and scwnario review. 
This work will contribute to an iniproved eitiergmcy managcrneiit system and a 

more consistent and effective exercise progranx. 

GD0601”-J--L-- - afHfgfhExpbsivesbyMassSpectrome$yMass~~ 
€~i~-seiisitivity/hi~i-speci~c~ty cketection of the vapors of high explosives is being approached 
by thc combination of atmospheric sampling @ow discharge ionization coupled with 
tandem mass spectrometry. The cluadrupolc ion trap i s  beingdevcloped :is the tandem inabs 
spectrometer. Worklcading tu the prescnt shte of the art has dcsnonstrated this technology 
to be capable of detecting explosives vapors at cmwentrations AS low m, a fcw parts per 
trillion with essentially no falsc alarms. Efforts over the next 5 yeafi itre focused 011 
irnprrnements in the glow discharge source; new tcchniques for ion injcction; engineering 
to riigedize and automate thic detcwtor; and coupling with sasnp1in~~reconeentrat~~)~i 
systems to address the screcnitig of personnel and items such as pickages and vehicles. 

This program includes the Mark 42 Proecssiiig Program, the 252Cf Industrial Sdcd 
Loan Program, and the 2371J Storage and Distribution ZJro@am. The M:uk 42 Processing 
IJrogram involves tlie recovery and purification of tmnsuraniurn clcmcnt isotopes (L42h, 
247Am, aid “Wm) from Mark 42 targets that were previously irradiated at the Savmnah 
Kvcr Site and disassernblcd at I’acific Northwest Laboratory. The transuranium element 
isotope products will be used in weapons diagnostics studies at LAVL and Lawrcnce 
Livermure National 1,aboratory. One Mark 42 t;irget will 1~ proccsstrd cach year in tlie 
NCDC at ORNL, and the program is expected to continue for  about 10 years Preparations 
for processing were made in 1989 a11d 1990, and processing begail in 1991. 

The ”>Cf industrial SalcdLoan Program is carried out to stqyly zi2Cf to fabricate 
neutroii sources for medical, rescarch, and industrial uses This work is done in the 
Californitmi Facility in the IIF,L)C:, Building 7930. 

Shielded, safeguarded stonee and mme distribaitiori of 233U cotitinue in the 
Radiochemical Developmerit Facility (Building 3010) at ORNL. Eyuipnicnt for processing 
2231J has Ixcn in skmdby since lW9 Plans are being developed to rrnprovc the condition of 
the aging facility to ensure safe, long-termstorage anc~~distributioriiof2‘”aaridsafe, long-term 
standby ofthe processing equlprnent. Preparations contirruc to provide for the safe stor&: 
in Building 301’3 of mixed (plutonium and uranium) oxide scrap that was generated at thc 
Nuclear Flw1 Scwies Rutoniuxn Ibcility in Erwin, TCBIKNXS~~. The receipt of this material 
is anticipated in 1992. 

OKSL conducts rese:arch and provides field m;mage,ement on a wide range of 
programs for thc Assistanit Secretmy for Conserva tjon and 1:enewable Energy (TdAe 5.22). 
Ultimate goals are to incacase energy efficiency axid the mc of rcnewahle resources. Tlnih 
will help increase our industrid competitiveness and tu reduce oiir dcpendeiice 011 o11 

rts, the cmt of energy to consumers, and the exrvironmental inipacr of encrgy 
pro& rctiori and conversion activitics. 



,Issistant Secretary for Conservation and Renewable Encrgv 
mqjor program surnmary 

(g in millions-BAlj” 

Budget and 
reporting 

code 
ajaa ................................................. 

E(; 
EK 

Electric Energy Systems 
Energy Storage Systems 
Geothermal Energy 
Hydropower 
Solar Energy 
Buildings Sector 
Industrial Sector 
Transportation 
Technical arid Financial 
Assistance 
hlulti-Sector 
Utility Scctor 

7.5 10.1 11.5 12.9 
1.2 0.8 0.2 0.0 
4.7 0.4 0.4 0.4 
0.2 0.3 0.3 0.3 
4.5 4.6 6.1 6.4 

14.4 12.0 13.3 17.9 
1.9 8.9 12.3 13.4 

20.6 24.9 30.4 37.8 
2.0 2 3 1.0 1.0 

6.1 0 0 0 
0 1.1 0.9 0.9 

Total 5.5 76.4 9iA3 

Percentage of total 
Laboratory funding---BA 11.6 10.8 8.6 8.7 

___ ....... ___..__ ........ __ ...... ______. ...____ -. ...... 

“Figures include operating EA, capital equipment, and construction. if any. 

Particular effort is made to ensure that the research is responsive to industry needs 
and that research results are inadc known to industry in a form that d l  encourage 
immediate use. The use of CRAl)i\s, starting in FY 1991, has markedly increased our ability 
to work with industry. Operation of two Conservation Program uscr facilities, the II’l’ML 
and the Koof Research Center, has also been a key clement in interactions with industry. 

In FY 1992 the transportation sector is receiving greatly increased emphasis at both 
the DOE and OlWL levels. The DOWCE budget request for FY 1993 includes an increase 
of 47% for transportation sector programs. O R m  funding in transportaeion (h@xn EE) 
increased by 16% from FY 1991 to FY 1992 and i s  projected to increase by an additional 29% 
in F‘Y 1993. Thest: projections do not include new initiatives on electric hybrid vchiel~s that 
are now under discussion with automotive compan . This and other transportation 
initiatives may result in substantial increases in furlire years. 

Noteworthy changes in expected funding levels of other programs are the following. 
Program El) is expected to have substantial increases in Continuous Fiber Ceramic 
Composites and Alternate Feedstocks for Chemicals. Program EK will decrease because of  
the termination of District IIeating, Cooling, and Cogeneration; and Prograni AL will end 
with the termination of Thermal Energy Storage. The budget request for Program EC 
indicates an increase, but this is uncertain because of the proposed transfer of the biomass 
feedstock research to the: U S .  Department of r\gnicmlture (USDA). 

The discovery of ceramic siiperconductors that can operate at temperatures as high 
as 77 K offcrs the potential for many applications of superconductivity that were previously 
thought impractical. The O R X  Supcrconductivity rechnology Program seeks to develop, 
with industry, the technology base for development of electric power applications. To 



expedite and encourage projects with industry, DOE established a novel set of business 
arrangenicnts known as Pilot Center Cooperative Agreements. Provisions regarding ownership 
of intellectual property are tlexible, safeguards of proprietary data are available, and a 
simpli€iied model :greenlent is followed. These arrangements have stimulated intense 
industrial interest. Twenty-three cooperative ,%reements had been signed by the end of 
FY 1991. In a number of these projects, OKNL is workingwith industry to develop processes 
for converting powder precursors into high-performance supcrconductors (Fig. 5.2 1). 
Several cooperative agreements involving magnet design and testing are under way or in 
final negotiation. A prototype magnetic refrigerator stage that could provide 50-W cooliiig 
at 35 K is being developed in a coopcrativc agreement with Astronautics Corporation of 
America. 

The ORNL Power Systems Technology Program continues to develop :md implement 
transniission and distribution technologies for electric utility systems (Fig. 5.22). The effort 
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focuses on technologies to decrease system losses, to increase power-handling capability, 
and to ensure reliable operation. Reliability is being improved by analyzing the effects of 
geomagnetic disturbance, electromagnetic pulse, electromagnetic interference, lightning, 
and problems of surges and power quality. Production, detection, and mitigation of S,F,,, 
from SF, gas insulators is being studied in a CRADA. 

ORNL is working with the Office of Energy Management to develop and conduct a 
program on electric and magnetic field effects. This program is expanding as DOE fills the 
lead agency role in the new National Electromagnetic Field Effects Program. The expanded 
program will include communications and engineering elements in addition to an enhanced 
science research element. 

In future years the funding for high-temperature superconductivity (a former ORNI, 
initiative) is expected to increase. New initiatives are being developed in areas of real-time 
power control, high-voltage direct current transmissions, and distributedgeneration. Power 
Systems Technology and Electric and Magnetic Field Effects are also expected to have 
increased funding during FY 1993 and E’Y 1994. 

For 12 years, ORNL has conducted a program to develop thermal energy storage 
technologies for industries and buildings. These technologies are used to store energy in the 
form of sensible or latent heat and to release this heat at a later time to meet a heating or 
cooling need. 

At present, the program consists of four cost-shared, subcontracted research 
project. to develop systemsfor storingheat inwallboard, water heaters, off-peak refrigeration, 
and high-temperature industrial processes. The program \vi11 be closed out in FY 1993. 

ORNI, participates in two areas of the Geothermal Program. In the first, we are 
providing technical and analytical support to the DOE Geothermal Division for the 
preparation of an EIS for the Hawaii Geothermal Project. The project consists of testing the 
geothermal resource on the island of Hawaii, demonstration of the deep-water cable between 
Hawaii and M m i ,  and construction of commercial geothermal power production facilities 
on Hawaii. 

The second project consists of a continuing series of studies that provide input data 
for models of chemical reactions in geothennal systems. Some important consequenccs of 
such reactions include reservoir plugging, scaling of heat transfer surfaces, and exccssive 
corrosion. 

The first project is expected to be completed in FY 1993, whereas the second will 
continue during the planning period. 

This project provides research and other technical assistance to DOE-HQand DOE- 
ID on environmental aspects of the IIydroelectric Systems Program. I n  FY 1992 the first 
volume of the Environmental Mitigation Study wm completed, providing an objcctive basis 
for identifying environmental research priorities and fOr selection of mitigation practices. 
The second volume will be completed in FY 1993 and will focus on fish-passage issues at 
dams. Hydropower funding is expected to continue at about the present level. 

--SDEBFk. Energy 
The Biofuels Feedstock Development Program provides field management for a 

national program of research on terrestrial energy crops, supporting research and analysis 
at ORNI,, and technical assistance to DOE’S Biofuels Systems Division. The program goal is 
to develop technologies for procilicing large quantities of low-cost, high-quality biomass 
feedstocks. 
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The program is closely coordinated with biohels conversion research at the 
National Renewable Energy Laboratory. Production questions at the technical research 
level are being address edin acomplemenhry manner for both herbaceous and woody crops. 
The linkages between feedstock quality and conversion technolo&es are specifically 
considered in the genetic development of species as energy feedstocks. 

Significant recent research accomplishments include the following. Successful 
development of tissue-culture techniques for more than 60 genotypes of silver m ~ p l e  has 
enabled provenance trials using tissue-cultured plantlets. Fami-scale models, regional 
evaluations, and na tional-scale analysis efforts are providing better information for forecasting 
locations and types of land potentially available for biomass production. Atmospheric 
carbon mitigation benefits gained from LISC of biofuels and biomass electricity were 
determined. Figure 5.23 shows an example of the “carbon balance” for a wood-to-ethanol 
plant. 

- - ~  
Values in tons o 

1028 stored as wood 
on 81,000.acre plantation 

(including 143 beiow ground) 332 
consumed 

Research during the planning periodis expected to make steady progress toward the 
ultimate goal of economic and environmentally sound biofuel feedstock production. 
Specific milestones include final reports from herbaceous screening studies in the Great 
Plains and reports on the results of environmental nionitsriiig in energy crop field trkdls in 
FY 1993. Selection of preferred switchgrass varieties for the north-central region arid 
completion of the genetic map of ahybrid poplitr (the first for aforest tree) will be completed 
in 1904. 

O R N L  proposes substantial increases in funding for biofuels feedstock in future 
years in order to meet National Energy Strategy goals for fuels from biomass. At the same 
time we are workingwith DOE-HQin an effort to transfer respoilsi bility for biofuels rcsearch 
to the USDA. If the ititeraency trarisfcr is successful, the content and size of the ORNL 
program may change during the planning horizon. 

An evaluation of the Regional Biomass Energy Program began in FY 1992 and is 
expected to continue through FY 1994. Other small projects in Program EB are being 
completcd during FY 1992. 

ORNL is responsible for field management in four program areas: Building 
Thermal Envelope Systcms and Materials (BTESM), Existing Buildings Research, 
Building Equipment Research, and Buildings Technology Transfer. The l3TESM project 
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seeks to identify cost-effective improvements in the design of walls, roofs, foundations, 
and component materials. FY 1992 saw the publication ofMoisture ControlIladbook for 
A r m ,  h - X i s e  Residential Construction, containing a number of viable solutions to 
moisture problems. Follow-up studies are in progress to define more clearly the relationships 
among climate, design, and building operation so that cost-effective methods for Controlling 
moisture levels can be specified. 

A shortened and revised version of the B u d d i e s  Foudnlion Design Handbook 
wascompletedandpublishedin 1991. It isestimated that fullcompliance with cost-effective 
foundation insulation would save an additional 0.2 quaddycar for new buildings. In order 
to encourage more widespread compliance, an integrated experimental validation effort on 
slab and basement designs will be started in FY 1992. 

Work is continuing on alternative blowing agents to replace CFCs in closed-cell 
foam insulation. Principal future activities include development of a technical data base for 
use in a proposed American Society for Testing and Materials test procedure on cellular 
plastic foam materials. LUso, an assessment will be made to dctermine the typical level of 
performance in commercially available wall systems as well as in novel systems. 

The Roof Research Center continucs to be used on important collaborative projects 
with industry such as the degradation of thermal performance of loose-filled attic insulation 
because of convective heat transfer in the insulation. The Roof Reseurch C'sa-Munzd and 
Strategic Plan will be updated during FY 1992. 

A major thrust of the Advanced Materials project is the development of powder 
evacuated panels (PEPs). These insulation panels are evacuated to reduce heat flow and 
contain high-thermal-resistance powder to provide structural support without introducing 
thermal bridges. In FY 1991 a CRADA was initiated with the Appliance Research 
Consortium to determine the lifetime of PEPs. Additional work was done on determining 
PEP performance as a function of pressure and powder type. Future research will 
concentrate on development of cost-effective powders and barrier materials that also yield 
high performance. 

The goal of the Existing Buildings Program is to improve the effectiveness of 
conservation retrofits by increasing the understanding of how retrofit measures actually 
affect energy efficiency. Projects are identified andcarried out by competitive procurements. 
Participants include state weatherization agencies, utilities, city governments, and the 
Alliance to Save Energy. Figure 5.24 shows building retrofit measures being evaluated in 
different parts of the United States. 

Building Equipment Research seeks to conserve energy by developing improved 
heat pumps for heating and cooling buildings. Both electrically driven and heat-actuated 
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hcat pumps arc included. A major goal is to facilitate and expedite U.S. industry’s transition 
from CFCs to acceptable, atmospherically safe alternatives that provide equal or better 
cnergy efficiency. Rcsearch activities for electrically driven systems includc testing of CFC 
alternatives and refrigerant mixtures. Several advanced concepts of heat-actuated heat 
pumps are under development by industrial subcoiltractors for both residential and 
commercial applications. The new cycles under dcvclopment operate with 30 to 50% higher 
efficiency than the double-effect chillers commercially available today. During the first half 
of IPY 1993 we expect to complete residential generator-at,sorber heat exchange absorption 
heat pump engineering test units and to begin thc transition from rcscarch to 
commercialization of the technology. 

The purpose of the Buildings Technology Transfer Program is to foster the adoption 
of cnergy-efficient and renewable buildings technologies developed by DOE and also those 
developcd by the private sector. A specific activity i s  a cooperative project with the National 
Association of Home Builders Research Center to identify emerging tcchnologies useful to 
the home-building industry. Other technology transfer activities include coordination with 
organizations such as the Conservation and Renewable Energy Inquiry and Referral Service 
and the Office of Scientific and Tcchnical Information. 

Moderate increases in budget levcls of the buildings program are expccted during the 
planning period. 

ORNL performs applied R&D on four projccts for the Advanced Industrial Concepts 
(AIC) Division. The AIC Materials project develops new and improved materids and 
manufacturing technologies in collaboration with industry. Some of the tasks being 
addresscd are the following. IIigh-tempcrature ordered intermetallic alloys are being 
developed with high strength, ductility, and corrosion resistance. Metal-bonded composites 
are being developed for use at temperatures between those of metal alloys and ceramics. 
Advanced catalyst materials are being developed to improvc combustion processcs and to 
minimize emissions. Microwave technology is being applied to produce materials wid1 
unique properties. Surface nidification of polymers is also being explored to obtain superior 
properties. Recent significarit achievcments include development of a weldalk Ni,M and 
the initiation of a CRADA with ~Rllerdl Motors on developmcnt of Ni,Al heat-resistant 
furnace assemblics. As a result of earlier developments, patent licenses were signed in 
FY 1992 for the use of a variable-frcquency microwave source and production of Tin, 
reinforced with continuous-filament ceramic fibers. An R&D 100 award was received for a 
metal purification method using ma&letohydrodynamics. 

Asecond AIC project is Advanccd Bioprocessing Concepts. Fluidized-bedbioreactors 
with immobilized cells are being studied for both three-phase and four-phase operation, 
including an extraction phase to combine fcrmentation and separation. This development 
will ultiniately improve the economics of producing various organic chemicals. Technical 
feasibility was dcmonstrated in FY 2991 for lactic acid. Gas-phase bioreactors are also being 
examined with an emphasis on immobilized biocatalysts. 

Additional AIC projects are the development of microemulsions as low-emission 
alternative transportation fuels and thermal science research to investigate advanced 
concepts such as superconducting magnetocaloric energy conversion and heat-pipe heat 
transfer. h proposed project for E” 1993 is the use of electric fields to enhance industrial 
chemical processing. 

ORNI, is performing R&D on three projects for the Industrial Energy Efficiency 
Division. The Continuous Fiber Ceramic Composite project focuses on the dcvelopment of 
the primary processing methods for fabrication of this important class of materials. Two 
tasks have been assigned to ORNL. Under Assessment and Support, ORNL assisted DOE in 
ckvelopirig the program plan in FY 1090 and continucs to provide technical assistance in 
evaluation of projects and in interactions with industry. The second task, Supporting 
Tcchnologies, consists of R&D on the more basic or generic elements of (1) composite 
design, (2) materials characterization, (3 )  test method development, and (4) database and 
life prediction. This research will provide the scientific foundation for siicccssful process 
development and scaleup. 

Sciertrifc and Technical Programs II 5-7l 



A continuing project for the Industrial Energy Efficiency Division is Materials for 
Advanced Industrial Heat Exchangers. This project provides materials technology support 
to DOE and its contractors for advanced heat exchangers made of metal alloys or ceramics. 
The cost, performance, and reliability of the heat exchanger must meet high standards 
under operating conditions that are typically extremely corrosive. In the Chcmical Heat 
Pump project, ORNL has assisted DOE in selecting two promising technologies for industrial 
demonstration. The emphasis in FY 1992 and the following years will be the development 
and implementation of a program plan for a “Zero Emission Boiler,” which is a heat pump 
that can replace boilers and not produce air emissions. 

A new program for the Improved Energy Productivity Division in FY 1992 is 
Alternative Feedstocks for Chemicals and Petroleum Refining Industries. This program is 
part of a bioprocessing initiative with participation by four national laboratories. During the 
initial planning and assessment phase, QRKL will be responsible for evaluation of advanced 
techniques for feed preparation, bioconversion, and downstream processing. 

Two smaller FWPs in Program ED providc analytical support for the Office of the 
Assistant Secretary for Conservation and Renewable Energy. 

The programs on Continuous Fiber Ceramic Composites andhlternative Feedscocks 
for Chemicals and Petroleum Refining are scheduled for increased funding levels in future 
years. The other research programs in Industrial Technologies are expected to have 
relatively stable funding. In addition, several new initiatives are under discussion for 
possible future funding, including waste minimization technologies and stationary gas 
turbines. 

E E--Transpo*tE 
K&D to improve transportation efficiency and to develop alternative fuels is 

critically important for meeting National Energy Strategy goals on energy security, 
economic efficiency, and environniental quality. OWL now participates in DOE programs 
on transportation materials, propulsion technology, alternative fuels, transportation data, 
and policy analysis. ORNL has designated transportation as one of eight Laboratory 
initiatives, indicating that high priority is given to increasing the scope of programs in this 
area. (Sce Sect. 4, “Summary of Major Initiatives.”) 

Recent discussions with the major US .  automotive companies have indicated a 
strong desirc by these companies to work cooperatively with ORNL and the other national 
laboratories on advanced technologies, including hybrid vehicles. Uy February 1992 one 
CMDA was signed with General Motors, and a number of other CRADAs were under 
discussion. It is an ORVLgoal to translate these discussions into acomprehensive set of K8rU 
programs to assist the automotive industry in becoming more competitive, increasing the 
fuel efficicncy of vehicles, and utilizing domestic energy resources. 

Our major current project for the DOE Office of Advanced Transportation Materials 
is the Ceramic Technology Project. This project is developing the industrial technology base 
for reliable, cost-effective components in advanced automobile and truck (diesel and gas 
turbinc) engines. The energy-savings potential of ceramics is based primarily on higher 
operating temperatures and secondarily on reduced friction, weight, and inertia. The majcr 
part of the work is done through cost-shared subcontracts to the ceramics industry. The 
project is proceeding toward a set of performance, reliability, and cost goals defined by a 
multiyear plan. The materials technology is being developed in close coordination with 
ongoing DOE and industry engine development programs. Since 1983, many of the 
performance objectives for advanced ceramics have been met, and the emphasis has shifted 
to cost reductions. Detailed plans for our efforts in this area are given in an FY 1991 
addendum to the program plan. A major element will be thc establishment of a CerdmiC 
Manufacturability Center in the IITML. A first CKADAforjoint work by industry, QRNL, and 
the Y-12 Site on ceramic machining was signed in March 1992 

A second project in Advanced Transportation Materials is Tribology, with the goal 
of understandlng and reducing friction and wear of materials such as ceramics, carbon- 
based materials, and composites. Tests duringthe ncxt year will be concentratcd on carbon- 
graphite and silicon nitride 

II Oak Ridge National Labomtory Institutional Plan FY 1993-FY 1998 



Three additional projects in Advanced Materials are under consideration: Material 
Solutions for Alternative-Fueled Engines, Lightweight Materials for Automotive Applications, 
and Electrochemical Propulsion Materials. Needs assessments are under way in all three 
areas, with strong input from relevant industrial institutions. Draft multiyear plans are 
scheduled for completion early in FY 1993. 

The HTML houses laboratories and special equipment to support the Office of 
Transportation Tcchnologies, other DOE offices, universities, and industry in advanced 
materials research Six user centem are operated within the IITMI, with funding desi&iated 
for this purpose. At the end of 5 years of operation, in July 1992, we estimate that there will 
be agreemerits in place with 95 industrial institutions and 80 universities. A new activity in 
FY 1992 is the HTML Fellowship Program. Its mission is education and technology transfer, 
acconiphslied through use of graduate, postdoctoral, industrial, and university faculty 
fellowships. The activity emphasizes research conducted by the fellows in the IITML but 
also includcs assignment of IITML research scientists in industrial laboratories. Two new 
user centers are scheduled for start up in FY 1994: Miterials Environmental and Tribology. 

For the Office of Alternative Fuels, ORNL provides technical support and R&D on 
the Altcmative Fuels Utilization project. Tmks include work with industry on emissions, 
@lition, and combustion in heavy-duty alternative-fueled diesel engincs. 

There are two current O W L  projects for the Office of Propulsion Systems. The 
Vehicle Thermal Environmental Control project has the objective of identifying pollution- 
free space-conditioning systems that are at the same time cost-effcctive and energy 
conserving. Thc project will likely progress from systcms evaluation to engineering 
development activities. The Automotive Propulsion Technology projwt complements our 
work on alternative fuels utilization by examining and testing concepts for advanced 
engines. 

ORNL supports the Office of the Deputy Assistant Secretary for Transportation 
Technologies with analyses of motor vehicle data and energy use. The results are published 
in a biannual report, the Transportation Lluta Book. We also perform selected studies on 
energy policy issues as rclatcd to fuel economy aid clean air considerations. 

Funding for ongoing E12 projects wll remain relatively level in most areas with 
steady, moderate funding incrcascs for the E-ITMI, user centers, ceramic manufacturatdity 
under the Ceramic Technology project, and Automotive Propulsion Technology. As noted 
previously, new projects in advanced materials and cooperative R&D with the autornotivc 
industry may result in large funding increases in future years 

e 
ORNL provides evaluation and technical support for a number of programs in the 

DOE Office of Technical and Financial Assistance. The major current effort is the evaluation 
of the Weatherization Assistance Frograni. Data are being collected and analyzed on a 
nationally represcntative sample of program participants and matched control groups. This 
evaluation will end in 1994. 

Assessments are also under way on two information programs: the Conservation 
and Iienewable Energy Inquiry and Referral Service and theNatioiial,4ppropriatc3 Technology 
Assistance Service. During FY 1992 plans will be developed for evaluating the State Energy 
Conservation Program. ORNT, is conducting an ongoing analysis ofthe process of innovation 
in the Energy-Related Inventions Program. Finally, ORNL supplies technical information 
for the International Encrgyikency Center for Analysis and Dissemination of Demonstrated 
Energy Technolopies and for the Weatherization Assistance Program. 

Additional studies in these areas will likely be undertaken as the current work is 
completed. 

In Integrated Resourcc Planning, the goal is to develop and disseminate improved 
methods that utilities, public utility commissions, and others can usc to plan and acquire 
energy resources. Specific OIWL tasks include preparation of handbooks, development of 
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an expert system on evaluation, review of utility programs, and analysis of planning issmcrs. 
Funding will continue at the present level. 

The District Ileating, Cooling, and Cogeneration Program seeks to advance the 
application of these energy-efficient technologies in the United States. ORNL has undertaken 
several tasks in the program, including program planning, conducting workshops, and 
software development. FI' 1993 will be the final yea- for the program. 

OWL provides analytical support to the UOWCE Oi'fice of Planning and Assessment 
in planning guidance, review and analysis of alternative strategies for achieving Conseavation 
and Kenewable Energy objectives, arid management information system development and 
implementation. 

The energy choices made by developing 
nations (including those of Eastern Europe) will 
have growing environmental and economic 
ramifications for the United States. Clearly, as the 
economic gap be~w:en developing and industrialized 
nations narrows, an increasing share of the world's 
primary energy use will go to meet the needs of 
developing countries. This means at least three 

things to the United States: (1) Resultingenergy use 
by developing nations (irncluding fossil fuel 
consumption) is likely to contributc si@ificandy to 
the global ~,uildupofjirt.enhouseand ozone-depleting 
gases in the atmosphere. (2) CO, emissions by 
developing nations (including China) may exceed 
those by industrialized nations in the first decade of 
the next ccntury (Fig 5.25). Enep~useh?rdcveloping 
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nations is also likely to contribute to rising pressures 
on world oil markets. (3) Developing nations will be 
an expanding market for energy technologics during 
a time when thelJnited States is trying to improve its 
compctitiveness in the world economy. 

Energy technology RkD can be an important 
part of the U.S. response to :dl three of these 
challenges. In  particular, more energy-efficient 
technoloQes that are economical, biomass energy 
development, and improvements in environmental 
nieasurcnient and control capabilities willbe needed. 
These technologies slioiald he engineered to meet 
the partkxdar circumstances of each developing 
country so that adoption rates can be maximized 
arid the 17.5. share of energy technology markets 
improved. DOE: and other fecleral ajiencics have 
already begun to explorc these opportutlitics. Thc 
interagency Cornmittce on Renewable Energy 
Commerce and Trade (COKECT), chaired by a 1)OE 
official, is working to facilitate worldwide use of U.S 
renewable encrgy andencrgy-efficiency technologies. 

Since 1982 ORNI, h;~l~eiiitivolvcdinener~y 
technology and policy assessnicnts in developing 
countrics. These assessments have been supported 
largely by the 17 S. Agency for 1ntcrnation:il 
1)evelopmcnt (AID), but support has come from 
DOE as well. This experience has extended to 21 
coimtries in Asia, Africa, Latin America, and thc 
Near East, and it has embraced fossil tcchiolo@cs, 
biomass and other renewable rcsoi.irces, and energy 
efficiency improvements. As a conscquence, QlWJ, 
reprcsents a unique combination of broad-based 
developing country experience; broad-based energy 
technology K&D expertise and facilitics; and infornied 
perspectives on such issues asglohal climate change, 
technology transfer, and public-private sector 
collaboration. 

With this background, ORNIl's role in what is 
ernergingas a major national initiative will be focused 
oti technology l<&D, that is, ways to mect thc encrgy 
necds for economic @owth in developing countries 
while reducing stress on the global environment and 
world oil market-and improving the IJ S. trade 
balance --through technology development, 
improvement, and adaptation. 

The ORNL initiative in broadoutline consists 
of four inajor activities. These are 

9 Nation- and region-specific ReEU agcndas In 
consultation with DOE, ORNL will select a 
limited number of key nations or rcgions 
and, in close collaboration with sister lZ&D 
institutions in those areas, will assess needs 
for energy technology improvements or 
aaiaptations to meet thcir needs. Nations or 
rvgiotis will he selected on the basis of their 
importance (I) to global warming (e.g., the 

(:IS,China, India, andBrazil); (2) aspotcntial 
markets for U S .  energy twhnologies (e.g., 
Eastern Europe and Southeast Asia); and 
(3)  in meeting development needs (e&, the 
Sdiel) or1J.S. policy objectives (e& Eastern 
Europe and Central America). Based on the 
,mscssments, RPrD agendas will be developed 
;md pursued in cooperation with the U.S. 
private sector and indigenous countcrparts. 
This step will be followed by eiforts to 
encourage the demonstration and LISC of 
improved technologies and efforts to transfer 
the new options to other countries or 
areas. 
Selected technology-specific R&D agendas. 
In some eases OKNL i s  prepared to combine 
its developing country experience with DOE 
program priorities to identify energy 
technology K k D  dircctions that are likely to 
meet the necds of a riumlxr of developing 
;reas. Some candidate technologics include 
biomass production and conversion; heating, 
ventilation, and air conditioning (IIVAC) 
equipment for buildings; environmental 
di;@iostic and control systems; technologies 
for electricity distribution; and power 
electronics. I n  such cases R&D initiatives at 
OIL?JI, will serve as catalysts for DOE 
programs and as sotirces of icicas for the U.S. 
private sector For example, two promising 
opportunities are biomass plantations in 
China and gas-fired, ground-coupled heat 
pumps in the CIS. As external financial 
support grows, the Thoratory will involve 
the private sector as a full partner in thc K&D 
process (much like ORNL has donc in 
buildings energy conservation R&U). 

0 Support for foreign national and regonal 
energyefficiency cfforts. OWL willcontinue 
to assist DOE in international programs that 
promote energy efficiency and expansion of 
tradeoppominities for1i.S. industries. These 
include CUKECT, wliicli increased its scope 
in FY 1991 to include a wider range of 
countries and e tiergy -e fficienc y technulogcs, 
the Program to Support Eastern European 
Democraeies, which has established centers 
in several East European countries to assist 
the transfer of Anicrican energy-efficiency 
twhtiologies, and the hsian-Pacific F~wnomic 
Council, which has established a 1J.S.-led 
subcommittee on energy efficiency. 

0 Comprchensive energy information systcm. 
OKNL will explore possible opportunities to 
create a comprehensive infomation system 
to collcct and to disseminate informatioti 



about energy technologies, energy assistance 
activities in the developing countries, and 
options and purveyors of assistance for the 
developing countries. The lack of such an 
information system is a major gap in the 
current programs of assistatice. OkVL’s 
extensive experience with technical 
information centers should be a major asset 
as organizations work together to meet this 
need. 
We anticipate sponsorship of the OWL 

The EOE Office of Conservation and 
Rencwable Energy (CE) is supporting OWL’S 
activities with the Center for the Analysis 
and Dissemination of Demonstrated Energy 
Technologies and with the Asian-Pacific 
Economic Council organization. 

0 Support from the AID Office of Energy and 
from AID mission and regional offices will 
continue for monitoring and evaluation 
activities for the Central American Rural 
Electrification Support project. In addition, 
a similar evaluation effort will begin for the 

initiative from the following organizations: 

AID-sponsored Pet& Biosphere Reserve 
project in Guatemala. 

* The EPA is pursuing opportunities to assist 
developing countries with enviionmental 
centers. These centers are likely to include 
energy-efficiency initiatives. 

* The backgroundpaperfor thcNationalEnergy 
Strategy suggests a major DOE rolr in encrgy 
technology R&D for developing countries. If 
a program is established to meet this need, i t  
wouldbecome a significant sponsor ofORNl,’s 
efforts. Principal support is likely to come 
first from DOE’S Office of Conservation and 
Renewablc Energy, but, in time, support 
might also come from Nuclear Energy, Fossil 
Energy, and International Affairs. 
A full national program for energy technology 

R&D for developing nations might require from 
$100 million to 8200 million per year. Table 5.23 
indicates the budget proposed for the ORNI, initiative 
in this subject area. For FY 1992-FY 1996, about 
$1 million of the total in each year has been included 
in the projections for Program EF in the “Rcsource 
Projections” section. 

Table 5.23 
Combined DOE aid Work-for-Others operations budget 
projections by fiscal year for  Energy Technologies for 

Developing Nations Inite’akive 
($ in millions-BA) 

1993 1994 1995 19 1397 1998 

Non-DOE (AID) 0.8 1 .o 1.0 1.0 1.0 1 .o 
DOE 1.2 3.0 7.0 8.0 9.0 9.0 

Total 2.0 8. 9. 

Vote that these figures are a subset of total financial support for O W L  work in 
developingcountries and, in the case of Agency for International Developmerit (AID), are 
less than the total resources projected from that agency in the near future. 

@w=@twy f w  Fasail Energ2 
ORVL programs for the ilssistant Secretary for Fossil Energy cover the fo’ollowining 

areas: coal, clean coal technology, support to the Strategic Petroleum Reserve, and support 
to the Naval Petroleum and Oil Shale reserves. The principal focus of ORNL’s fossil-energy 
activities, however, is coal. The coal budget is anticipated to increase in FY 1992 primarily 
because of additional efforts in materials, chcrnical processing and bioprocessing of coal, and 
ES&H areas (Tablc 5.24). 

Materials research activities-includingmanagement with the DOE Oak Ridge Field 
Office (DOE-OK) of the Fossil Energy Advanced Research and Technology Developmtmt 
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Table 5.24 
Assistunt Secretary for Fossil Energy major program smmrnary 

@ in millions-BA)" 

Budget and FISCAL YEAR 
reporting Major program ................................................ 

code 1991 1992 1993 1994 

M Coal S " 9  6.2 5.9 10.6 
AC Pet roleum 0.1 0 0.1 0.1 
M Innovative Clean Coal 0.5 0.4 0.6 0.7 

SA Strategic Petroleum 0.3 0.4 0.4 0.4 

.- 

Technology 

Reserve 

Total 6.8 7.0 7.0 11.8 

Percentage of totd 1.3 1.2 0.8 1.1 
Laboratory funding 

"Figures include operating RA, capital equipment, and construction, if any. 
-__.II 

Materials Programdornprise the major portion of the cod bud&t. In addition to ceramic 
composites and advanced alloy development, elec trolyte systems, development of advanced 
coatings andcladdings, inorganic membrmies, arid technology transfer have been integrated 
into the materials program. 

kpiber-reinforced ceramic composites with improved strength and toughnt "ss 1' are 
being produced by thc forced chemical vapor infiltration and deposition process developed 
at ORNI,. Ccramic composites have a variety of applications in fossil-energy systems such 
as high-temperature heat exchangers and hot-gas cleanup filters. Currcnt work also 
emphasizes understanding the nature of the fiber-matrix interfaw with theaimof improving 
the meclianical properties of composites. Ceramic menilmines for the separation of gases 
in high-temperature and hostile environments are being developed mid tested. Other work 
is devoted to the microwave sintering of ceramics. This technology will be important in the 
fabrication of clcctrode and electrolyte materials with improved electrical propertics for 
solid oxidc fuel cells. 

ORNL is dcveloping advanccd austenitic alloys for use in fluidized-bed andpulverized- 
coal combustion power plants. The objective of this work is to modify existing alloys that 
will satisfy the strength and corrosion-resistance requirements of hi&temperature and 
high-prcssure, second-generation power plants. Intermetallic alloys based on F e y  are 
being developed for applications in which superior oxidation and sdfidation resistance and 
strength are required. Improved room-temperature ductility and resistance to hydrogen 
embrittlernent will continue to be emphasized in the next severel years. Current materials 
and designs for tubesheets and manifolds for hot-gas filter systems are being examined; the 
aim is to recommend a tubesheet material suitable for long-term operation of thesc systems. 

New combustion work will focus on ceramics and high-temperature alloys :IS well 
as on the evaluation of chaotic components of fluidized-bed combustion. 

Corrosion research at O W L  centers on studies of the formation and breakdown of 
protective oxide scales, particularly in sulfur-containing atmospheres and on the effect of 
environment on corrosion of iron aluniinides.\Vith the use of a special mechanical 
propertics microprobe, an understanding of the properties of oxide scales is evolving. 

ORNI, has acomniitmetit to transfer the technology developed in the Fossil Energy 
Materials Program to industry and to others in the fossil energy community. ORNI, h'as three 
licenses to produce powder and wrought forms of iron aluminides, and a CRADA i s  under 
discussion. Another signific,ant technology transfer effort is a C W A  with the 3M Company 
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for the transfer to industry of a process for fabricating full-size ceramic composites utilizing 
technology developed at OWL. 

In the ES&II area, technical and analytical support is being provided to the 
Morgantown Energy Technology Center by evaluating enviroiiiiiental concerns related to 
coal research and development projects and by preparing NEPA assessments of the 
projech Future work may involve perforniing field studies to collect environmental data 
for use in upcoming assessments. 

R&D for coal processingat O W L  involves biological conversion to liquids andgases, 
biological beneficiation of coal and coal-derived liquids, and the evaluation of coal-derived 

liquids produced from mild 
gasification processes. 
Advanced biorcactor systems 
are being devcloped for coal 
processing, and the use of 
biological catalysts in 
nonaqueous media is being 
studied. It has now been shown 
that as much as 24% of some 
types of coal can be liquifiedl 
so lu b i 1 i z e d by modified 
enzymes in organic solvents in 
small fluidized-bed reactors, as 
is shown in Fig. 5.26. 

Ac---P@trol@tspop 
Technical and analytical support will be provided to DOE for the Oil Research 

Program. An important component of ORNL's involvement is the environmental support 
in preparing a programmatic NEPL4 assessment of the program. The goal of the Oil Research 
Program is to maximize the economic producibility of domestic oil resources by implementing 
a research, development, and demonstration plan in collaboration with state governments, 
industry, and academia. 

Ax---!fimaVatiwE ci@m Gm! TeGkI3wakEg:y 
Work on the Clean Coal Technology Program (CCTP) includes support in the areas 

of environment and materials, The CCTP is jointly funded by DOE and industrial 
organizations. Four solicitations have been completed by DOE, and a fifth solicitation for 
the CCTPis planned for future years. An important part of ORNL's involvement in the CCTP 
i s  environmental technical support to DOE in the preparation of NEPA assessments of site- 
specific projects. Materials failure analyses (critical to the success of clean coal technologies) 
continue to be conducted for the Pittsburgh Energy Technology Center. Work related to the 
CCTP is expected to remain at the present strong level of effort over the next 5 years. 

f&&..- $$@a&gBe p"R;e&&~arW $3 @&$WyF 
ORNl, is performing work for the Strategic Petroleum Reserve Program with 

assistance to the Strategic Petroleum Keserve in the assessment of alternative methods of 
financing oil acquisition and in the developnient of models for planning the capacity and 
management of the SPR. SPK support activities are expected to remain level in the next 
5 years. 

ORNL work for the Assistant Secretary for Environment, Safety, and Health 
includes development of environmental policy assessment methodologies and models; 
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application of these to analyze proposed and existing environmental legislation and 
regulations; development of environment;ll-compliance guidance; planning and assessment 
of technologies for dealing with radiological emergencies; participation on DOE Tiger 
Teams; and training of DOE and contractor staff in Compliance with environmental laws and 
regulatitnns. Table 5.25 presents summary budget infomiation for this program area. 

Table 5.25 
Assistunt Secretury for Environment, Sufety, and ilealth 

major program summary 
($ in millions-BA)u 

Budget and FISCAL YEAR 
reporting Major program .................................................. 

code 1991 1992 1993 1994 
~ 

€IA Envirornental Research 7.5 7.1 7.5 7.6 
and Development 

€IR Epidemiologic Activities 0.2 0 0 0 
€IS Office of Security 0.1 0.1 0.1 0.1 

Evaluations 

Total 7.8 7.2 7.6 7.7 

Percentage of total 
Laboratory funding 

1.4 1.2 0.9 0.7 

"Fieures include operating HA and capital equipment, if my. 

The Laboratory continues to provide technical support to all offices under the 
Deputy Assistant Secretary for the Environment. Activities include regulatory analysis, 
analysis of environmental impacts of encrgy development, technical input to policy analysis, 
technical guidance on compliance with cnvironrnental regulations, and training. 

Eitvir~nmental Guidance and Compliance ORNL will continue to providc extensive 
technical support to the Office of Environmcntal Guidance. Long-standing work for this 
office encompasses a variety of regulatory activities including the tracking and analysis of 
regulations and the development and dissemination of regulatory information and guidance. 
In F'Y 1990 in response to Secretary Watkins' ten-point initiative for improving DOE'S 
eiivironniental performance record, OWL provided substantial new support for training in 
environmental laws and regulations. The development and implementation of training 
courses in environmental regulation for DOE and DOE contractors will continue. O W  also 
provides technical support to the Officc of Environmental Guidance in matters concerning 
standards and procedures development, calculational model validations risk assessmcnt, 
and radiation protection requirements. With regard to procedures development, ORNL 
currently is developing a radiological survey procedures manual, which provides detailed 
specifications for measurement atid asscssment of radiolo@cal environmental pollutants. 
The manual will serve as the basis for radiological surveys at DOE and contractor facilities. 
ORNL staff are also providing support to DOE'S Risk-Based Standards Working Group, which 
is developing guidance on health and environmental r isk  assessments performed at DOE 
facilities. 

NEPAOversigtft. ORNL. continues to provide technical support to the Office of NEPA 
OversigPlt. Technical support includes assistance with the development of guidancc for 
compliance with NEPA, preparation of related background information, review of NEPA 
documents, and assistance at DOE-IIQ. A major initiative related to the new DOE rule on 
thc NEPA compliance (10 CFR 1021) is assistance with the revision of the Officc of NEPA 

Scientific and Technical Programs I I  5-79 



Oversight's NEPA Compliance Guide.  In FY 1993, ORNJ, has been tasked to develop audit 
protocols to assess compliance with NEPA at DOE facilities nationwide. 

1 Audit 0 ORNL expertise in environmental and health risk analysis is 
available to help prioritize actions required to comply with cnvironmental regulations, 
Federal y Agreements, nsent orders. 

* ORNL has developed the capability for conducting 
large-scale hydrogeological and environmental characterization activities that are essential 
to addressing the Contamination problems that occur on many of the DOE; sites. An 
increasing interaction with regulatory agencies is ercating the need for a uniform, efficient, 
and well-organized approach to development and initiation of site-wide characterization 
studies. OWL will plan to serve as the coordinating center for Characterization of selected 
DOE sites throughout the country-drawing heavily on the experience developed in work 
done on the Oak Ridge Reservation, which i s  hydrogeologically the most cornplcx of any of 
the sites. 

ORNL support to the Office of Environmental Audit in completion of their 
environmental survey terminated in FY 1990. OWL technical support in site-prioritization 
efforts, environmental audits, and emcrgency-resporase R&D is available. 

ORNL ES&HC Staff, supported by IIASRD staff, have coordinated the initial 
UOE-wide Safety arid Health Five-Year Planning Process for the Assistant Secretary for 
Environment, Safety and Health and now coordinating the process 

There is a need for improved neutron 
tihzation of superheated drop (bubble) 

technology is one of thc most exciting and promising advances in neutron dosimetry in the 
past two decadcs. The Dosimetry Applications Research (DOSAM) group has combined the 
threshold detection features of bubble dosimeters with traditional board response of 
thermoluminescent albedo dosimetem to develop a CloPnbinationiZreaNeutr~n Spectrometer 
( C N S )  and a Personnel Neutron L)osimeter/Spectrometer (PENDOS). Because the resulting 
unfolding analysis techniques are simple, th is combination rapidly yields the neutron dose 
as well as the neutron energy spectrum As these are developed and the technology is 
transferred to industry, they should form the core of a new generation of small, accurate, 
low-cos 

DOE facilities with the 
potential for a nuclear criticality accident are required to have nuclear accident dosimctrgr 
capabilities and to ensure that they will function properly Annual Nuclear Accident 
Dosimetry Intercomparison Studies conducted at the IJealth Physics Research Reactor 
(IIIXR) met training, educational, and performance testing needs until the shutdown of the 
III'KR in 1987. Since then, no such testing and training have occurred. The DOSAK group 
is attempting to organize a Nuclear Accident Uosimetry Applications Test Program using the 
fast pulse reactor at the Army Pulsc Radiation Facility in hberdcen, Maryland. The proposed 
program is essential to provide for the proper testing. education, and training throughout 
DOE. 

EmiKMl 

policy and sta 

continue in 

The Center for Risk Management is housed 
in the Health and Safety Research Division. A major 
mission of this center is to focus the Laboratory's 
resources even more strongly on evaluating risks to 
human health and on prioritizing and solving 
environmen tal problems related to energy 
production and consumption. Environmental 

i restoration is a principal concern; however, many 
i health aPldenvironmentalproblcmsof major national 
i or international significance fall within thc scope of 
i thecenter. Otherexamplesofcurrentinterest iraclude 
i radionuclides and toxic chemicals, acid deposition, 
i and climate change as well as policy and management 
i mechanisms to reduce their adverse impacts. 
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The center will draw on theexpertise of basic 
rcscarchcrs within the OKNL divisions arid will 
emphasize the integration of science into decision 
making. Examples of activities to be activcly pursued 
by the ccnter include environmental fatdtransport 
modeling, human arid environrnental toxicology, 
epidemiology, applied ecology, environmental 
monitoring, data base development, risldbenefit, 
and policy analysis. In addition todevelopingmethods 
and performing assessments, the center will provide 
technical assistance to sponsors rusponsiblc for 
performitig, or intcrpreting risk assessnients and for 
nianaging societal risks. 

The Center for Risk Managcnierit will 
(1  ) increase communication among scicntists 
working in different divisions and programs; (2) 
ensure that risk assessments and analyses performed 
for all sponsors meet the highest possible standards 

of technical exccllence; (3)  provide a common 
focus for marketing a Laboratory-level initiative in 
risk assessment, analysis, arid management; (4) 
ensure the prior application of technical, social, 
and political input into our assessments; ( 5 )  promotc 
training and educational initiatives airned at 
professionals in the field and the public; and (6) 
establish Martin Marietta Energy Systems, Inc., as 
a national leader in this very important risk 
assessment area. The staff of the four envirormiental, 
life, and social sciences divisions 'arc among thc 
worlds leaders in applying the concept of risk 
assessment to today's critical envirorimcntal 
problems. The establishment of this center will 
significantly enhance outside recognition ofORNL's 
leadership in this field. Tablc 5.26 lists budget 
projections for the Center for Risk Management. 

~~~~ - 

Table 5.26 
Budget projections by fiscal year for the C a t e r  

for Risk Management" 
($ in millions-BA) 

1993 1994 1995 1996 1997 1998 

Operatingexpense 12.0 20.0 20.0 20.0 20.0 20.0 

__ -_ ____-__- 

"Funding is being soilght from the Assistant Secretary for Ihvironment, Safety, 
and IIcalth under Program HA, Environmental IZesearch and Development, the 
Assistant Secretary for Environmental Restoration and Waste Management under 
Prograin EM, and from other sources. 

Health Physics Instrumentation Center of Excellence 
Recent attention to ES&I I issues has revealed 

that :in acute national need currently exists for 
improved health physics radiation monitoring, 
instrumentation and radiation calibration facilities. 
Dcsigned to meet this need, this new initiative involvcs 
cooperation throughout Energy Systems and the 
organization and development of a center known as 
Associated 1,aboratories for Excellence in IQidiation 
Technology (ALERT). 

The purpose for ALERT centers on 
instruments, detcctors, and other devices used for 
radiation measurcments in health physics programs. 
I t  will emphasize R&D related to such devices, an 
area that has h e n  severely neglcvtedin recent years. 
Other central functions of ALERT will be calibration 
and performance testing of various health physics 
dcviccs. This will, as a matter of course, also involve 
evaluation, maintenance, and quality assurance 
testing activities. The sharing of rcsearch advances, 
calibration information, and performance testing 

infornnation with the scientific and technical 
community by technology transfer activities will be 
an integral part of ALEKl'. 

Thc managcment of ALERT willbe centered 
in the EIASRD at ORVL because of thc emphasis on 
health physics K&D activities. I n  addition to IMSKI) 
researchers, health physics instrumentation experts 
from the Instrunlentation and Controls Division will 
fiinction as a vital part of the rescarch team. The 
combined radiation calibration facilities of Energy 
Systems will form the nucleus of the experimental 
portion of ALEKT. Specifically, ALERT will niake 
mtilable the Radiation Standards and Calibration 
Laboratory in tlic Office of Envirunmental and 
IIealth Protection at OIWL, IIASlUYs Radiation 
(hlibrdtion Laboratory, thc Radiation Calibration 
Laboratory at Portsmouth Gaseous l>iffusion Plant, 
arid miscellaneous radiation sources and facilities at 
Paducah Gaseous Diffusion Plant, the Y- 12 Plait, 
and the ORNL site. Instrumcnt maintenance and 
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testing funcEions will also be shared among the 
various Encrgy Systems plants; the major work i s  
cxpected to bc perfomcd at OIWL and Portsmouth 
Gaseous Diffusion Plant. 

i\I,EKT is expected to become certified by 
NIST as a Secondary Standards Calibration Facility 
for Ionizing Radiation and also to become a national 

test facility for health physics instrumentation 
performance. In summary, ALERT is expected to 
meet Energy Systems calibration needs, the K&D 
needsofthe health physicscommunity, and national 
needs associated with performance teqt programs 
and NIST standards activities. Table 5.27 presents 
a sunnmary of budget projections for this initiative. 

Budget projections by fiscal year for the IIenlth Physics 
Instrutraentuti’sn Center for Excellence Initiatiu@ 

(8 in millions--- BA) 

Total funding 1.9 2.1 1.7 1.7 1.6 1.6 

“Funding is being sought from the Assistant Secretary for Environment, 
~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Safety, and IIcnlth under Program I I A ,  Environmental Research and 
r)eveiopmcnt. 

OKNL provides technical support to epidemiological activities conducted for the 
Assistant Secretxy for Environment, Saf4:ty, and Health. Under IIKOlO5, support regarding 
ESNI is provided in the arc3 of conducting epidemiologic research activities, including the 
Radiation Effects Research Foundation. Under fIRO1 35, support is provided to K-2.5 Site 
worker safety studies. The 1 iK-funded activities at OWL were previously funded through 
I3iological and Environmental Research in OHER and other DOE offices. 

pj5 

OlWL provides support to various activities associated with thc development and 
maintenance of state-of-thc-art analytical methods used in the review of safety analysis 
reports for packagings. These methods include computey codes and other advaitccd 
assessmelit tools. 

OKNl,’s work for the DOE Office of Civilian Radioactive Waste Management 
(OCRWM) is conducted under Program DB. ORVL’s DH activities currently involve the 
geologic repository (DEW ]I ), transport and systems en$nsering (UBO-%), and program 
management and technical support (DSOS). The work is declining in scope during FY 19?2 
as the new QCIWM nianagement and operating (RisW.0) contractor transitions into thesc 
activities. Beginning in FY 1993, it is expected that very little of the DB activities will remain 
at ORNI,. Table 5.28 shows the OCRWM budget summary as developed using projcctcd 
funding for FY 1993 and beyond. 
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Table 5.28 
Oflice of Civilian Kcdoactive Waste iMnnagement niujor progrum summary 

( ,  in millions--BA)" 

Budget and 
reporting 

code 
Major program 

FISCAL YEAR 

1991 1992 1993 1994 
....................................... "........ 

DR Nuclear Waste Fund 8.6 0.5 1.6 1.2 

Percentage of total 
Labordtory funding 

1.6 < O . l  0.2 0.2 

"Fi2iirt.s include operating BA, capital equipmcnt, and coiistruction, if any 

The repository component of the OCR'CVM Program, which supports the ongoing 
geeotechnical activities in support of the Yucca Mountain Project, was significantly reduced 
after FY 1989; further rcductiom occurred in FY I990 and FY 1091. Activities in this area, 
which are geiicrally funded at i l  low level, may continue beyond FY 1992. 

The transportation and systems en~inceringconiponent of the protrani supports two 
activities at ORNL. Thc first, Transportation Operations Project Office (TOPO), provides 
support to the Transportation Branch at OCRWM. TOP'O'scurrcnt work focuses on technical 
support for institutional activities, transportation economic and systems analyses, 
transportation operationdsuppsrt systems development, and transportation program 
matrtlagcrncnt. Significant activities include the development of an assessment oftrends in 1 he 
rail industry; developing a strategy for e tncrgency response; assessing the capahililies of 
facilities to accept casks transported by different modes; developing, documenting, and 
rnaintdning thc ability to project transportation routes; continuing the development of site- 
specific hcrviccs pl:tmiingdt>eunients, which are the first stcp in ensurinfipropcr operational 
interfacing of the transportation system with facilities; assisting thc OCIWM M&O contractor 
in ascssing the impacts of delivery commitment schedules as they are submitted by utilities 
to DOE; completing the development of a transportation system description and a hinctioiial 
analysis, supporting I>OE in its observations of ong( ling spent nuclear bel cask handling 
activities; assessing feasible startup rates for the OCI~~VYl Traaisportation System, defining 
contingencies for starting up transportation using existing systems; and completing 
assessnients of issues related to thc standard disposd wntract. All transportation-related 
activities at ORNT, are projected to terminate at the end of FY 1992. 

The second activity, the systems-cngineeritificomponent, is embodied in completing 
the verification and documentation of the waste stream analysis capability; issuing the 
second revision of the Waste Characteristics Data Base; initiating the improved applications 
for the ORICEN2 code used for projecting, radionuclide inventories; and modeling the 
impacts of discrete events on the opcrations of OCICWM facilities. 'These activities support 
OCRWM's ability EO perform design and trade-off studies for establishing an integrated and 
efficient high-level nuclear waste nianagement system. Sortie of these activities may 
continue at OKNL beyoiid FY 1992, specifically in finishing thc improved applications of 
ORIGEhT2 and possibly 

Thc technical support area includes a jointly funded activity where the Tntegratcd 
DataUase is maintained, Droviditi~aconipxehensivc, top-levelperspcetive on thc wastes that 
must be handled by DOE in the future. The Integrakd T)aQ Base contains DOE'S official spcnt 

technical support in the characteristics data base area. 



fuel and radioactivc waste inventories and projections through 2020. This is an area where 
suppnrt is expected to remain stable beyorid FY 1992. 

OWL programs for the Qffice nfEnvironmen:al Restoration and Wactehlanagemefit 
(EM) are primarily in the areas of environmental restoration, waste management, technology 
development, and quality assurancdquality control. ORNL receives funding in all of these 
categories, with the bulk of the fimdirig being supplied through the bnergy Systems central 
organization in FY 1992 and beyond (see Table 5 29). 

Office of Enoiroimentul 

(8 in millions-BA)“ 

Budget and 

code 
reporting ............................................. 

1991. 1992 1993 i B  
.................. .......... .......... - 

EM’ 

EX 

Environmental Restoration 9.3 4.5 0 0 
and Waste Managenient- 
Defense 

and Waste Maraagennent- 
Nondefense 

Environmental Rrstoration 5.7 13.0 0 0 

Landlord 9.1 7.7’’ 9.0 

Subtotal .I 25.2 7.0 8 

DOE funding from Energy Systems Central Organizations 

EW 

EX 

Enviroiammtal Restoration 43.0 95.9 128 7 117.5 
and Waste hfanagernernt- 
Defense 

and Wastc Management- 
Nondefcnse 

Environmental Restaration 21.2 20.5 90.6 121.4 

Subtotal 

‘Total 

Percentage of total 
I~abomtory funding 

16.3 23.3 25.6 22.8 

“Figures include operating RA, capital equipment, and construction. 
bIncludes fuilding for general field-work proposals for Occupational Safety and Health Administration 

and other safety activities. 
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An integral part ofthe Environrncntd Restoration (ER) Program is the Facility D&D. 
Fwiutions cover surveillance and nnairitenamx (SWf) of surplus radioactively contaminated 
facilities and I d W  of the contarnirinted hcilities. StLM arid L)&D activities are fundeddirectly 
by Energy Systems F;K Division. (See “Environmental Rebtoration and Waste Management 
Activitics” in Sect. 6. )  

The Isotope Facility Shutdown Program l ~ g m  as a result of significant descoping of 
the isotope Production and ldistrihution Program at OhVL, leaving nimierous production 
facilities to lie shut down Included in this task is the preparation of :m ORNL facilitics 
shutdown plan, which outlines activities, costs, and schedules lor modifying the facilitics 
and associated documentation to allow acceptance into the Surplus Facilities Management 
Program [ SFMI’) This task iniplenients the shutclown plan, which includes facilitics 
sznrveillancc, inventory reduction, executing facility modifications, and preparation of 
appropriate documentation to support d l  activities to allow acceptancc by the SFMP. 

Major activitiea in remedial actionprcjgratns (ILZPS) involve conducting radiological 
sutveyys on private properties near iiiactive tnill tailings sites (Uratiium Mill Tailings 
Remedial Action Project ([JMTRiIP)] and at facilities formerly used imdcr contract with the 
Atomic h c r g y  Commission [Formerly lltilized Sites Remedial Action Project (FUSRAP)]. 
Identification, characterization, miti verification of the current radiological status of sites 
involved in DOE’S KrWx are performed to provide a basis f ’ x  the reduction of health impacts 
of fuel-cycle activities. ’To perform its activities in a cost-effective manner, O W L  maintains 
an office: in Grand Junction, Colorado, at tlic request of DOE. Advancement of state-of-the- 
art equipment and methodologies is an integral part of this work. The O W L  GrandJunction 
facility is leading tlie effort in identifying and recommending inclusion of various properties 
in the vicinity of 24 inactive uranium mill sites in UMTMP. Additionally, the Grand 
Junction facility is responsible for verifying the adequacy of remedial action taken at those 
sites in excess of relevant EPA criteria and I)OE gilidelines in UMTfUP and the western sites 
in SFMP OKNL survey efforts w\icIre reduced sharply in INTRAP in F Y  1991 heca~w of 
completion of most of the inclusion surveys. 

The Oak Ridge OKNL-hrised group, which has functions equivalent to thuse of the 
OWL group at tlic Grand Junction facility, perfomis identification, designatlon, and 
verification activities at the radiologically contaminated sites in the FUSMP atid eastern 
SFMP sites. FUSKAP funding is expected to remain level through 1995. SFMI’ funding, on 
thc othcr hand, is cxpected to irxcrea,se significantly as the amount of decommissioning 
efforts at federal facilities increases. Thc SFMP and the Defense Decontamination and 
Decommissioning projects provide ( I) maintenance and surveillance to ensure the safety 
of 1)OE facilities awaiting decommissioning, ( 2 )  plaiiiiing for the orderly decommissioning 
of facilities, and (3) implementation of a program to rrcconiplish disposition of all facilities. 
OWL will provide verification that these facilities are decontaminared within established 
DOE guidelines. 

If DOE wishes to decontaniinatc its formerly used buildings and to release them for 
airirestricted use, thcre will tpc a need for well-docunicnted clearance criteria. One necessary 
aspect of those needed criteria is definition of the relationship between residual surface 
cc mtmination arid :ibsorbed dose resulting from skin absorption, ingestion, or inhalation 
of dusts or vapors arising from the surfaccs. Staff from €IASKD have expertise in the areas 
of radiological surveying and indoor air quality. Thcse capabilitics are being used to make 
measurements and to refine models that can be used for this purpose. 

The Energy Systems Groundwater Program Office (G\%TC)) was estiiblished in 1991 
to promote consistency anionggroundwatcr activities at the five DOE facilities operated by 
Energy Systems and to act as a focal point for technical and programmatic interactions with 
the public and state and federal regulatory organizations. It hurctiotis through a prowam 
manager and five groundwater protection program coordinators. Each coordinator is 
rcsponsiblc for oversight of all groundwater activities at their facility an3 for facilitating 
inte&ation of requirenients of the cornpliance and cnvirorimental restoration groundwater 
programs, The Oak Ridge IIydrology Support Program provides technical support to the 
G W O  and the coordinators to assist in gaining technical consistency and defensibility 
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across all the site programs and to facilitate sharing of lessons learned, This effort is expected 
to grow in 1993 to include at least one technical support staff member for each of the five 
sites, enhanced support for data ma tiagenient, and expanded work in groundwater 
modeling, which will also draw upon new supercomputer capabilities coming to ORNL. 

R“aste iw armg@@?@a$ 
Thc mission of Waste Management (WM) is to hlly manage wastes for the purpose 

of protecting human health and safety and the environment. li’hile implementing this 
mission, OWL must minimize future generation of wastes, and \+%f operations must be 
conducted in a technically sound, economical, publicly acceptable, compliant, and safe 
manner. This mission is carried out through comprehensivc planning; coordination of 
waste reduction; upgrading or construction of new facilities; and collection, treatment, 
storage, certification, and disposal of wastes. Radioactive (low-level as well as transuranic), 
hazardous, mixed radioactive and hazardous, medicaVinfectious, and solid sanitary/ 
industrial wastes are managed. Waste forms include gases, liqiiids, sludges, and solids. 
operates 34 facilities at the Laboratory and provides ongoing operations and upgrades of 
ORNL WM facilities needed to support the programmatic missions of DOE. Additioiially, it 
manages wastes produced by pioneering radiochemical operations and research that 
supported the early mission of Dcfense Programs and its DOE predecessors. (See 
“Environmental Restoration and Waste hlanagement Activities” in Sect. 6.) 

sgy oeu@!@epouP@nP 
The DOE Office of Technology Development (OTD) is charged with developingand 

demonstrating new technologies for dealing with DOE’S eiivironmental restoration and 
waste management problems (Fig. 5.27) At Energy Systems, the Office of Waste R&D 

Programs manages a diverse OTD 
program to address DOE’S 
enviionmental and waste 
management problems The 
program involves (1) developing 
new technologies as well as 
de rn on  s tra ti ng or rn o di fy i ng 
existing techniques to ensure 
application of the most cost- 
effective and technologically 
advanced remediation and waste 
management methods arid 
(2) developing energy-efficient 
waste-minimization technologies 
I‘his work is currently being 
conducted at ORh I,, the Y- 12 Plant, 
and thc M-25 Site. The trclnncdogies 
being devcloped arc shared among 
the DOE sites and with the private 
sector for use in solving similar 
enviroramcntal problems. 

This multifaceted program 

0 Transportation-data base evaluations and sitc verifications to d ~ e l o p  an 
understanding of site-specific needs; systems engineering to evaluate rnethods of 
achieving transportation requirements for a reasoliable number of applications, 
including hazardous and mixed wastc remediation efforts; 1-isk assessment and 
regulatory support to define the reqiiirernents systematically for on-site and off- 
site transport of hazardous and mixed waste; and base technology development 
to evaluate the effect of hazardous substances 011 packaging components. 

can be partitioned into eight components, each of which is defined ac follows. 



Bioremediation-microor,ganisms that can fix, degrade, detoxify, or accumulate 
select organic species (tetracliloroethylerie, trichloroethylene, or PCBs) and 
inorganic species (uranium, strontium, cesium, lead, cadmium, or copper) in situ 
or in process. 
Characterization-modeling of hydrologic systems; advanced field measurement 
aiid sensing methods, improved systems for data collection, analysis, management, 
and display, instrumentation to monitor contaminant behavior and respoiise to 
rcmediation strategies using improved, less costly, analytical means in situ and in 
rcal time; and field-oriented methods that allow both site and contaminant 
ciiaracterizatian with miriinial cost, hcaltli, arid safety impact 

* D&l)clccontamination and decommissioning of metals and concrete to assist in 
thc dccommissiotiing of formerly utilizctl facilities m d  in the rcplacement of several 
major facilities in the Defense Programs Ilcconfiguration. 
Tcchnology Transfer -facilitates tlic transfer of technologies that could potentially 
improve program and operational effcctivcness, reduce costs, and save time aniong 
federal agencies, industry, academia, and the international community. 
Robutics-robotic systcrns and remotc technology that can enhance environmcnml 
rcstoration and waste manatgcment operations by removing workers from rdioactive, 
hazardous, and mixcd wabte, increasing spced and productivity of characterization 
and remediation, and reducing life-cyclc costs. 
Treatability-inorganic membrane teclinology for in situ remediation of chromic 
acids, heavy metals, volatile and other organics in landfills; in situ immobilizfition, 
thermal treatment and/or :ulvanced oxidation for the treatment of soils contaminated 
with volatile organic compounds aiid low levels of radioactive substances; and in situ 
vitrification to destroy instantly many hazardous components and to immobilize 
the remainder in a glass or slag matrix. 

* Wdste mininiization-:~ction that minimizes the volume or toxicity of waste by 
recycling, recovery and rcuse of materials, source substitution, and proce.;s 
modification to reduce the production of radioactive, hazardous, and mixed wastes 
at the generation point 
AWhougli dicse tcchnolo$ies are, to some extent, currently developcd, much more 

refiricmcnt and advancement are nccessary to allow them to be cost-cffective for the 
increasirigly more challenging waste problems Significant industrial involvement i s  
espccl ed, espccidly during thc demonstration phase of the technologies; this will require 
a n  c8icicnt transfer of new technologies for application both to and from the DOE fauilitics. 

In an effort to increase the riunihcr of qualified scientists and eneineers, this 
program sponsors joint rcse;ucb projects with universities and minority institutions to 
encourage studetits IO study io helds app1ic:iblc to environmental resmation and w:tste 
management. 

Significant recent accompMirnents include the pilot scalc demonstration of in situ 
vi11 ification of a trench containing ratlioactivc malerials; demonstration of direct sampling 
ion trap niass spectrometry (real-time mc:isurernents of trichloroethylene and 
perchloroethylene) at thc Savarrrsah 12ivcr Int cgratccl Demonstration Site; remotc site 
cliaractedzalion using a U 8. Arrny Soliclicr Rolmt Interface Propet test bed, and remote 

Company was established to share funding and rcstarch results in the arca of t)ioremediation 
of F"Bs. 

SRKfX!e IrI:ippiI@ Of W d  in Pererraald silos AUso, a C:KADA witti tlit: Gcneral Electric 

l'hc Environmental Compliance Dhision (EM-22) in the EM Office of Quality 
Assurance 'and Quality Control (EM-20) at DOE headquarters is responsible for developing 
and coordinating written guidance to assist EM-wide program offices in implementing DOE 
policies and standards rega sdiuig federal, state, end local cnviromnental requirements 
pertainirmg to the treatment, storage, arid disposal of waste; corr6:ctivc actions, and e~canup 
of inactive facilities and sites; determining the need for and implementing appropriate EM- 
widc training in specific technical and policy-related areas; providing independent review 



of environmental compliance documents [including NEP,Z documents, pi irnary 
Comprehensive Response, Coimpen\ation, and Liahiht-y Act (CERC1,A) documents, and 
docinments prepared in response to Resource Conservation and Recovcv Act (RCIFU) 
compliance agreemmts and consent orders] devcloped for EM activities; and pi oviding 
independent oversight and appraisal of environmental compliance within b;M The OKNL 
ESD has acqhired txtensive iec!inical expertise in tliehe areas and will assist EM-22 in i ts  
EM-wide document review giiidance, training, and auditing functions. A lnrgh-pn iority 
activity in this area is devclc~pi~ent cf guidance for efhcientiy integrating CERCLA, NEPLI, 
a d  RCRA docem-entation and requirements for EM activities. 

On December 11, 1989, DOE directed DOE-OR to prepare the ORNL isotopes 
production and distribution facilities for safe :;hi itdown. The Isotopes Facilities Shutdowc 
Program was created to manage the activities required to place the facilities in a radio!ogically 
and ind~ istr ially safe condition such that they co~ald tpt: accepted into DOE’S i3nvironnnental 
Restoration Program OWI, prepared and 1?OE approveda plan that identifies the activities 
and funding rquirennents to accomplish the program objectives 

‘l’he goal of the p - o ~ x ~ m  is ,  by the end of FY 1994, :s place all 1 7  taeilitiils :n the 
program in a condition such that (1) all stored radioactive materials, high-led wastcs, a d  
contaminatcd liquid waste have been removed; (2) the structiires and radiaticn monitoring 
systems are in a physical condition adequate to contain and to monitor aiiy radioactive 
contamina tiow in accordance with DOE Order 54MO.l; (3) security systems and pi ocedures 
are adequate to prevent unauthorized entry; and(4) all hazardous chemicals iiavt: been 
removed 

This program was initially funded through DOE’S O€fice of Environmental 
Restoration and Waste Management (EM) and is managed by Niicleaw Energy (NE). The 
program budget was $9.1 million in FY 1991, and $9.5 million in FY 1392 The hiidget 
estimates for FY 1993 and 1994 ate in the range of $20 million to $25 million for each 
year. The level and source cffundirigfoi PY 1993 snd FY 1991 are imcertain at this time 

Major accomplishments irn FY 1992 include (1) compl:’tion of an environmental 
assessment of all planned shutdown activities, (2) a cietkled review and cost estimate of all 
shutdova tasks, and ( 3 )  consolidation ofal! sasplus radioisotopes into one Isotope Facilities 
Shutdown Program facility. 

This proposal is for a memorandum of understanding only; Wcst Valley Nuclear 
Scwvices (i1/WS> will be submit&ii;g the total fomd budget request. This work supports the 
West Valley Demonstration Project Vitdieation Facility, which is a DOE-funded facility to 
dcmornstrate the solidification of high-level radioactiv, ~3 waste. 

ORNT, is providing cngineering assistance to L W N S  oil the control system for the 
Vitrification Facility Transfer Cart Project. Specifically, ORNIils effort includes ccmtrols, 
signal transmission, and electrical equipment related to the Transfer Cart. ORM, has 
previously developed similar technology for (1) radiation-hardened, wireless signal 
transniission in metal-lined facili ties and (2) remotely controlled, battery-operated vehicles 
in remote environments. The engineering activities proposed to be performed by OWL for 
U’WS are broken into three phases: Title 1 Design (completcd), Tide I1 Design, and 
Title I1 Engi.ncering Support. 

E n 
Thepm~seofthispl.ograllp workis to provide the IF,nergyIPlfoPnnationAdniinis~ration 

(HA) a coordinated approach and a center of responsibility at OWL by which ELYs 
objectives and technical needs may be met (Table 5.30). 

‘ O W L  Isotopes Facilities Shutdown Program Plan, OIWL/TM-11689, Martin Marietta 
Energy Systems, Oak Ridge Natl. Lab., October 1990. 
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Rudgct a n d  FISCAL YEAR 
rcporting Major program ............................................... 

1991 1992 1993 1994 

TA Collection, Production, 0.9 0.8 0.8 0.9 

.................... ____ -. ...._l._________ cotle 
.. ............ 

and Analysis 
Percentage of t a d  0.2 0.1 0.1 0.1 

Labmatory funding 
____ 

"Figures include operating BA and capital equipment, if any. 

ORNI, proposes to contiouc supporting EM through (I) economic analysis in 
support of issue analysis and in support of RIA'S ongoing energy-modeling activity; 
(2) analysis and evaluaticm of EYA's quality assurance activities, particularly throuQi expert 
reviews, and (3)  technical analyses including eIl@neering studies. In addition, ORNL will 
apprise EIh of newly dcveloping iirws of expertise 

0 ener~y-environniental economic modelirr& 
* information systems clcvclopnxcnt, 

creative file structures and maintenance, 
0 artificial intelligence and expert systems, 
a the dsvclopmcnt of an international energy data base throu& the ORNIAID 

e a growing number of analyses of technologcal change. 
I'rograan, arid 

Funding for future years is cxpccted to bc stable in real dollars. 

Final environmental assessments were complcted by OKNL researchers on the 
potential for cumulative impacts iUSWkdted with the hydroelectric development in the 
Skagiit Kvcr Hasin and in the Nooksack River Basin. Future work will include EISs for each 
of the two river basins and several site-specific environmental assessments for selected 
hydrwlcctric projects in California and Colorado. 

ORNL contiriues to provide support to other DOE offices and instdlationu, 
including the i4ssist:int Secretary for Management and Administration; the Officfiee of Policy, 
Pl:mning, arid Analysis; other 1X)E contractors and opcrational offices; and other Energy 
Systems Idtes. (Table 5.31). 

OWL is conducting energy management studies 111 Laboratory facilities to identify 
retrofit projects to achieve the eIiergy-consumptioil and efficiency goals established by 
L)OE and reflected in ORNL's IO-year energy managcmcnt plan. The following task? are 
included: Chilled-Water Free Cotsling Project, HVAC control system; Building 450043 
koject; proposed f i V M  Control Projectsfor f3uiltlings 4500-N, 45c)1/450.5,4508,5500, and 
3500; and studics to irnprovr: lighting efficiency and IIVAC controls in ORNL facilities 



T 1 
Other DOE pmgrcirns and installations 

(8 in millions-lii)" 

........................... 
2 1993 19 

......... ... ____ ...... ...____- ........ .- 
.... ..... .......... ......... ~ ..... 
_~____ 

Office of ildministration and IIuman 1.4 0.1 0.2 0.2 

Office of Policy, Planning, 2.1 2.5 2.4 2.7 
Iksourcc Management 

and Analysis 
Federal Energy Regulatory Commission 0.6 2.1 2.4 1.6 
hssistant Secictary for International 0.1 0.1 0.3 0.3 

Affairs and Energy Emergencies 

offices 

<L 1 i' igurcs . includc opcmting Ill\, capital cquiprncnt, and constrirction, if any. 

1)OE contractors and operations 22.0 21.2 32.7 31.3 

..... ~~ ........ ___ ...... ~. ... 

L 8) O W L  has developed a comprehensive 
Energy Management Program to achicve goals cstablished in its 10-year energy 
management plan. This program is comprised of 1 1 elements that collectively contribute 
to the achievennent of the energy conservation goals. These elements integrate energy 
conservation activities specific to the Laboratory's buildings, processes, vehicles, and 
equipment. For esample, rctrot'it projects include projects identified through completed 
surur:ys and studies that improve building and process operation energy efficiency. 

To administer the energy conservation effort, OKVL has established an in-house 
Encrgy Manageriient Steering Committee that includes senior-level management. 

Currently, several stiidies are ongoing at OFWL. Through these studies an 
cvaluati.on will be made to determine if amy energy consen%tion retrofit projects can be 
economically justified. Six retrofit projects have been identified from recent studies and 
are now fundcd. These projects will upgrade the inefficient I I V X  control system in 
several buildings and provide a centralized computer-based utility-metering system as 
well as a chilled water frec-cooling heat exchanger for the central chilled water system. 

w * 'The Strategic FacilitiesUtilization 
Program (SFUP) is a 1)OE-sponsored program to upgrade or demolish abandoned and 
unusable facilities. Since SPUP's inception in FY 1?N7. ORNL has completed several 
demolitions, with eight additional projects awaiting NEPA approvals. A11 SFUP work is 
not demolition. One praject relocateda prefab bus stop, and a current project is restoring 
the Bethel Valley Church for use as a historical landmark in OKVL's 50th year 
c!elehration. The SFUP ended in FY 1931, but the program closeout has been extended 
into FY 1992-1993 to complcte docurrxntation and testing. The end of SYUP has left the 
Laboratory with a large nunrbcr of potential projects that were identified from SFUP. 
These structures and facilities now head up our contiiiuing strategic facilities list. 

M'ork for the Office of Domestic and Intclrnational Policy (EP) will inckde  
research on transportation, energy efficiency infi structure costs associated with 
altea native fuels, alternative fuels supply issues and effects oil energy seciirity, consumer 
choice and demand issues for alternative fuels, and automobile and light-truck f d -  
economy standards. Research will continue on the effects of clean fuels and rcforrriulated 
gasoline on the energy industry, consumers, and the eilvironnient. O W L  will1 also 
perfoi rn research and ana!yses in support of ICY'S role in developing the National Einergy 



Strategy. ORNI, anticipates continuing work in support of EY’s support role to the 
Cotancil on Eriviroiiincntal Quality in the developmcnt of a national strategy and plan 
for reportinglong-terni environmetital trends. Additional support is provided in the area 
of rcgul:itory analyses for hydropowcr developmcnt and environmental compliance 
iWUCS. 

For 17 years ORNC has supported the DOE Officc of Environmental Analysis 
(OE,l) in  the development of energy resource assessment models and in the provision 
of hack&mund research for various energy and environmental policy issues. This 
support will continue with increased attcation to environmental analyscs in support of 
the Nationd Encrgy Strategy process. The OEA i s  funding a variety of projects including 
3 flue-gas desulfurization iaiforrnation system, development of a residual generating 
xinodel for the N:itional Energy Modcling System, analysis papers to support OEA’s role 
in the N;itional Energy Stratcgv pirocess, studies of international developrncots in  glob:tl 
climate change, a qtudy of the relationships between automotive fucl economy and 
hydrocarbon emissions, resenrch on estimating thc physical and ecological effects of 
clinaate change, rcwarch 011 the economic wluation of energy-related environmental 
impacts, and studies of the impacts of environmental policies on electric utilities. ,I 
major etfort is in progrcss to a n d y ~ c  file1 cycles and to provide estinlates of (I) the 
physical impacts on ertvi rontraciit a1 resources, including hunmi health arid safety and 
( 2 )  costs mid resulting potcniial effects on market prices for major fuels. 

OIWI, also provides support to the Office of ~~leetricitylCoaYh’iiclcar/Y~cnewablc 
Policy on hydropower issues. In FY 1992 a feasibility study &as completed on a 
hyt2rqx~wer environmental niitig:r t ion inform:rtion analysis system. If DOE decides to 
continue support for this coii~ept, additiotial, long-term funding rnay be received. 

OKNL performs niimeroiis small tasks, freqiicntly on an ad hoc basis, for a 
neimber of other organizations within DOE, including the Assistant Secretary for 
htcrnational Affairs and Energy Emcrgencics, the Ecc )nomic kt$ilatory Administration, 
the Federal Energy Regulatory Commission, DOE-OR, and others. T l i ~ s c  activities are 
djstribured 3 mong the various Labor:! tory prograrns and t(J&%her make up about 5% of 
the total Laboratory funding 

A program began in FY I989 for the Offifice of Operational Safety, Transportation, 
a i d  Facility Safety Division. This task provides cvaluatiotis, reviews, technical atYdlyseS, 
find development support in trarisyortation areah related to hazardous materials, 
ineluding regulatory compliance evaluations and appraisals; evaluation of exemption 
applications, safety analysis reports; proposed regulations, standards, and ordcrs; 
formulat ion of safety-related requirements; and preparatbn of saipportin~documentation. 
’Phe program includes support for the actual prrformamce of compliance appraisals, 
safety-dated program evaluations, and evahi t io  t i  of regulatory-related activities. This 
program is expccted to cxpericncc nioderate growt ti tlnrough FY 199 1 and then remain 
stable. 

For tlie past several ycars, ORNL’s Energy Division has conducted state-of-the- 
art prograni evaluation rese:irch for Bonneville Power ladminir;tratiotl’s Office of Energy 
Resources. This research has focused primarily on the perfomlance of residential 
cnergy retrofit programs. Y4onneville has operated a Residential R e a  therization Program 
hirice 1981. OILVL’s evalrrafioii research has ceaitercd on the energy saved by this 
program over time. Recent research has expatided into issues concerning the energy 
efficiency of new residcnti31biiildlitlgs1 conipliaiice with Bonneville’s Model Conservation 
Standards, the Riel choices of ciistomers, and intekated resource planning. The Energy 
Division will also extend its lcadership in the ficlcls of artificial intelligence and power 
systems by developing a system to monitor Houneville’s substation equipment in real 
time to support reliahility-centered maintenance. 

Staff from tlie €IASRL) have many ongoing projects involvi tig thc developmcnt or 
clernnnstration of Geld-portable techniques for detecting organic chemical components 
at or near hazardous waste sites. Derivative ultraviolet absorption spectroscopy using 
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fiber-optic cables has been demonstrated to detect benzene, gasoline, a id  othcr 
Contaminants in groundwater with a very rapid resporrse ( < l  min) using ru,i@&cI, 
lightweight instruments. Spectrochemical techniques are expected to be equally successfid 
in the detection of tracc amounts of chlorinated hydrocarhons in soil and groundwater. 
Underground storage tanks could be safely evaluated by  robotic controls as lascr light is 
directed via optic cahles into the tank interior. The Kaman spectroscopic response from 
the laycrcd materials in the tank could be directed back up the same cable to the 
operator, allowing tiic tank to be assessed with minimal change of human exposure to 
potentially carcinogenic, toxic, or radioactive compounds. 

DOE'S Office of Arms Control is supporting efforts to develop rapid, portabk: 
methods for detection of airborrie chemical agents. Staff in the IIASRD have been 
applying the technique of surface. cnhanced Raman spectroscopy to this problem. 
Laboratory work has revealed the technique to bc both rapid and sensitive. Field tests 
will be needed to see if there is sufficicnt selectivity under real world conditions. 

Y-12 Plant managers continue to riced new or Setter field screening tools in the 
assessment of eiivironmental restoration needs at the plant. Staff from IIASKD field-test 
newly developed analytical techniques at Y-12 sites. In addition, they provide Y-12 with 
a rapid-response, field-portable, analytical capability to addrcss the unfcmscen nceds of 
the plant. 

In addition , as noted previously, the Energy Systems G\WO and the &k Ridge 
IIydrology Support Program are managed tlii vugh ORNL's ESD. The G\WO was 
established to proriiote consistency among groundwater activities at five DOE facilities 
operated by Energy Systems. 

Operation, maintenance, and support of ORNL's rescarch reactors so that they 
fulfill their intended isotope production, research, a d  training functions safely, reliably, 
and efficiently are the responsibility of Reactor Operations. ihis wmk is  cat 1 ied out by 
the Research Reactors Division wit11 11 other ORNL divisions and oiganizations that 
either conduct reactor-based research or supp::rt reactor operations. DOE programmatic 
funding support is received from EK, a i d  oversight is provided by NE. 

O W L  management is committed to maintaining a proactive. approach in 
operating the research reactors. This approach includes securing all resources necessary 
to ensure safe, efficient, reliable operation; topmanagement suppoi t; and a continued 
pursuit of excellence. The philosophy of Total Quality Management ( T a l )  - as we!] as 
the requirements of ES&II; Institute of Nuclear POWPI Operations guidance; and 
compliance with DOE. OSHA, EPA, and DOT rcgaalations - - ~  will continuc to be 
ernpliasized. 

ORNL's operating research reactors include a Category 4 reactor, the IIFIR, and 
a Category B reactor, the Tower Shielding Reactor I1 (TSR-11). 

Use of HFIR will continue for 
production of transplutonium isotopes, 

* neutron-scattering sltudies foi inaterials science, 
* production of high-specific-activity radioisotopcs (for medicine, industry, and 

materials irradiation (including testing of fuel for the ANS Project), 
gas-cooled reactor fuel studies, and 
neutron activation analysis 

research), 



IlFlR personncl cclchrated the successfd completion of the reactor's 300th run 
in Xeptcmber 199 I ,  and the operatingrccorcl since the retuni to full power (85 h0V) has 
bcen nod slide. Recognizing that excellciicc can only be achieved through continuous 
imprcavemeiit, enhaiictxl rriethodh, processes, and procetfimres are initiated regularly 

Txiaproving relations with uscrs is being emphasized by estaldishing a reputation 
of relj:iI iili ty, projecting and adhcsing to forward-looking, 3-nnctxith operating scliedulcs, 
utiiiting the HFlK IJser:, Committee to rcsolve competing demands, enhancing user 
~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ a t ~ o t i  and tniininfi, and monitoring user satisfaction. 

Blot11 near and long-tcrn spent-fuel disposition solutions arc also receiving 
priori~y ,ittention. In the ticar term, total in-pool storage  ill be increased from 22 to 
24 s p : w C b  El torts for the lung term include uhtaining approval of a new spent fuel cask 
saletg: ;iaialyvis r c p r t  for packaging, initiating 
fahicat ion OF the new cask, a t i d  obtaining an alternatc 
shippinag eimtaincr for a oiie-timc action to dispose of 
olcl \pent cores (Fig. 5.28) 

?inother itnport:i rmt initintivc, for which DOE 
n-cccaat ly apq>rovcd a tccl mica1 speeifkat ion claarige, is 
the reab~ivity mi"asurcnie~it of new fiwl at 1IF1H. 

h i  addition, seveial 5pccifie $regs are being 
takabii to i~iaprovc opemfitnnal pchrformmce at IIFIK. 
1,osw 1evt:i c~ntami~~; i t io i~  oewrrcnces will he reduced 
+ I  y ' i t  . ou& clcanup of pool w m p i i m  axid tliroimgh work 
pr:actiee upgracles Upgrades are planlned for techrllfal 
spea:ificatioais, prwcdares, and tool. dccontamin~~pt-io~ 
px;setice;.s; actions also are Iieirifi talren to reduce tknc 
mainterxarice bncklol: 

,4t TSR-HI, the J:ip:inics~/AmeriiL.arr Stiaelrlirig 
ProiJ,rnin I cd Experimerntd Rewarch (JASPER) will 
conti! 1116: with Phase VIII, SpecialMatcriats. An excellent 
prr E o ~ m ~ m c  record hac ticen achieveil ia  support taf 

JASPER; howcv~r, TSK-TI tnay be shnt tdowxl hollocving 

FY 1992 l~ccause of i tiuufficicnt specific: projiramm;rtic 
need and a lack of f~mi financial cominitmenr Options 
aaitR cost estimates have been presented to DOE for 
(1) continued optxition, ( 3 )  standby, or ( 3 )  proceeding 
prlDPtlptly to shut down. 

Other OIWL reactors include the Oak Iiidge 
l<esearcli Reactor, thc IIPRK, axid the RSR. 

The Oak Ridge Research Reactor is shut down 
axid defueled, and plirns ciill for its transfer LO the DOE 
Office of Envrronniental Restoration md Waste Managemeai t early in FY 1993 

~otrtpl&oir~ sof t h ~  JASPER p~.~grain at the end of 

A request has been submitted to DOE for approvzl of the shutdown plan for 
, which has also hcern dcfueled. DOE has also bcen asked to apply for its acceptance 

in tc j  the cnviroiimental rcstorntion program. I<econlineuldatioiis will be niade to 1)ob; for 
disposition of the reactor core and cquipmerat. 

The Eulk ShiolJing keactor is also to be shut down because funding is insufficient 
to support its operation. Thc shutdown plan, which will call for dcconimissioning in 
scveral years, is being prepared and will bc submitted to I)OE for approval. 

In addition. two re:wtor facilities are in standby status. the Critical Experiments 
Facility (CEF), and the PCA. With approval of the altermtc method for measuring fresh 
fuel at IIFIR before fuel loading, the CXF will :io longer he required. A shutdown plan will 
be prcpnred for DOE approval. A proposal has been made to DOE to retain use of the PCA 
in support of training and education activities for a broad range of users, including the 
University of Tennessee, Imiisiana State IJniversity, Mississippi State University, ORAU 
:rnd DOE, in support of its mathematics and science education initiatives 
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Increased support and involvement in the development and coinstruction of thc 
.INS, which will ultimately replace HPIK, will be a significant mission for Reactor 
Operations. 

Two programmatic initiatives are being proposed: the CEKKand Retention of thc 
PCA. The CEKK, which will help ensure that access to irradiation facilities in nuclear 
reactors is readily available to meet national rcsearch, development, and educational 
needs, is a continuing initiative, and retention of the PCA is a new initiative. 

Several goals for Reactor Operations that are not specific to particular reactors 
have been identified: 

0 

0 

0 

0 

0 

0 

0 

a 

0 

0 

maintaining a high state of morale and esprit; 
emphasizing improvement of DOE Order 5000.3A reporting performance through 
staffing, critiques for all unusual occurrence reports and appropriate oft’-nomal 
occurrence reports, implementing trending data feedback, and suggesting use of the 
same reporting criteria by all contractors; 
irnplemcnting achievable “pursuit of cxcellence” initiatives while stabilizingoperating 
cost growth; 
taking leadership roles in thc Association for Excellence in Reactor Operations 
Council and \Vorking Groups; 
conducting the second follow -on Comprehensive Safety Assessment and Upgrade 
Program self-assessment in FY 1993; 
coordinating external audits, evaluations, reviews, and assessments to minimize 
their impact on operating and support staff; 
working to improve relationships with DOE-OK sponsors, Assistant Secretary for 
Nuclear Energy organization, and the Office of Energy Wescarch to an excellent state, 
as viewed by these customers, 
improving productivity of people wlio are awigned to or are members of the 
organization; 
ernpowcring people; 
being leaders in implementing DOE training program accreditation, 
implementing a TQhf program integrated with the cxistiiig Performancc Indicators 
Program, and 

1 upgrading the formal Sclf--,Issessment Program. 
:I more detailed strategy for the futurc has been published.’ In short, the a i m  of 

the Reactor Operations organization is to earn a reputation for being DOE’S best reactor 
M&O contractor. 

R@b@tiC5 m d  Ii3teiEigenf 
The Robotics and Intelligent Systems Program (RISP) serves as the focal point 

at O W L  for R&D in remote systems, robotics, teleoperation, and related aspects of 
intelligent machines. ’The program is interdisciplinary in nature and iiscs thc expertise 
of scientists and engineers from several research and support divisions of ORNL. RISP 
conducts research for DOE, DOD, NASA, and other sponsors. 

RISP addresses R&D goals t’or extending lirsrnan senses and dcxtcrity into 
unstructured hostile environments. The goals are to cfievelop systems that minimize 
human risk by allowing effective remote operations in hazardous envirornments while 
minimizing human crrors and enhancing overall system efficiency clirough automation 
ofroutine or repetitivc tasks. The research includes developinkan appropriate combination 
of telcopcration and autonomous operation to achieve the necessary level of task 
pcrformance while maintainiiig robust human-machine interaction. The programs 
cover activities in basic R&I) as well as dcvclopnnent and full-scale demonstrations of 
system prototypes, including remotc operations and maintenance. 

’Rrsenrch Reuctors 4his ion Strategic Plan, F Y  1992 1996, OIWI,/RRD/IXT-MZ, ?&itin 
Marietta Fncrgy Systems, Irrc , Oak Kid& Nntl Lab , December 1991. 



NSP performs R&D for five major DOE programs. Research into intelligent 
machines is performed for DOE’S Office of Basic Energy Sciences Engineering Research 
Program. Development of robotic systems and techniques to perform surveillance and 
manipulation functions within a nuclear power plant is pursued for DOE’S Office of 
Nuclear Energy. RISP performs remote eqiiiptnent design fnr the TFTR and remote 
system R&D support for the ITER, a planned cooperativc effort among the United States, 
the (XS, the European Comniutiity, and .Japan. A major new program for the DOE Officc 
of Eiivironmerital Restoration anid Waste hlanagcment involves national planning and 
initial technology demonstration of robotics technology for support of the national 
restoration efforts. Key areas of focus for OIWI, include underground storage tanks, 
buried-waste retrieval, DKm, waste facilitics operation, and wastc management. 

A new activity for FY 1092-1093 will bc in robotic devclopriient for activities in 
support of thc DOE office in spacc. 

Under the auspices of the 1J.S. Army Iluman Engineering l,aboratory, RISP 
personnel are contributing to the Robotics Test Red Prwgram, an element of the Officc 
of the Secretary of lkfetise I Jnni;inned Ground \'chicles Master Plan Program, which is 
asscssing opportunities for new robotic combat functions A U.S. Army 1,ahoratory 
Command-sponsored Advanced Concepts Technology Prograni is ex:irnitiing efficient 
usc of combined mobility and manipulation systems. lkal ly ,  the Future Armor Kcarm 
System Program is examining automatic ammunition resupply bystenis for thc next 
generation of the MI tank The loading system will provide fed: nuclear, cheniic:il, and 
biological coiitaniination protection for soldiers This project is sponsored by the [J.S. 
Army Program Managcr Office for ,Immunition Logistics (Phi-AMMOLOG). Otlicr 
programs for PM-AhlM(OLOCr include the Field Artillery hriiniuiiitiori Processirig System, 
Ammunition Identification Technology, and thc Small Eniplacenient 1Cxcavatar Project. 
A new project for PY 1992 will support the KASL\ Goddard Satellite Servicing Tool 
Project. 

RISP builds upon ORNL’s strengths in remote technology, teleoperations, 
robotics, and autonomous machine research. Progra tn activities that cut across thc 
entire spectrum of related technologies are under way for DOE, I)OI), and NASA 
sponsors. Because rcsenrch for thesc agcncies often employs siniilar technologies, 
significant cost savings can be realized through integration of resources at the working 
level. The integration of teleoperations atid autonomous machines will continue to 
evolve, and MSV should be a major contributor to that process. 

nf 

ORNL hosts a unique comhi nation of technical proficiency, computcr 
prograinniing atid processing capability, and iiifornia tion science expertise. With these 
rcsourccs, ORNL has established one of the most cxtcnsive atid authoritative complexes 
of scientific data and itiformatiorn analysis centers in the lJnited Statcs. Today, OrW, Elas 
more than 200 textiial and/or numeric data bases covering various technical disciplines 
in support o f  DOE and WFO (non-DOE federal :~nd state agencies) 

The development of nxrny of the technical data lxises at O W L  fo‘ollows a siniilar 
patterri A specific scope is defined; uotnprchensive literature collcction, dutaev:hition, 
and yroccssing are done, quality assurance by a11 cxtertial revicw panel is frequcntly 
sought; and fiually, ;iccess to the user is mado availahle tlnroiigh modern or direct 
cmineetion Brief descriptions of some selected informatiori centers atid data bases 
follow. 

Radiation Shielding Information Center 0 RSIC: wits established in 1962 nr ORNT,. 
Foundd to serve as an Information A4nalysis Cetitcr, RSTC follows guidelines and goals 
sugested by the Weitiberg Panel of the President’s Science Advisory Cotnniittee, which 
rccognized the important role that thcse analysis centers could serve in meeting the 
technical infornxatioti nceds of modern society in the face of tlic “infortn;ition explosion.” 
The ccnter provides in-depth coverage of the radiation transport field and is able to serve 



the needs of a variety of disciplines on an int:‘maiiona: basis. KSIC staf f  members 
collect, organize, evaluate, arid disseminate technical info1 rnation about sliielding and 
protection horn the radiation associated with fission arid fli\ion reactors, wt~apon\ outer 
space, accelerators, medicxd facilities, and nuclear waste management. The center 
contin-aes to be a leader in rccocsaihig the ro!c that computer coder; a d  coniputer- 
readable data play in any technical discipline and has always treated s~ickr as a valid 
teciirrical infomxition As a rcsu!t, the WIG: collcct:on\ are a valiiable resource of 
radiation ‘ransport computing technology. Staff members arc on call to answer quer:e\ 
aLout I adiation transport p r o b h i s  and to recommend solution strategies tile t draw on 
thc technical resources availahlr: from the center. RSIC has mu1tiagenc.y fuiiding from 
DOE (,IT---hlagnetic Fusion, AF -Nuclear E ~ e r g v  K&D, ,1.1 Naval Reactors, DR- 
Nuclear Waste Fund, CrB-Weapoiis Activity, Efi\ mmmental Restoration and R‘aste 
Management, GE-hfatcrials Production, and  EW), the ? J l C ,  a d  the 1)efen:;e Nuclear 
*1&2Lcy. 

GUIAC, an issue-oiientcd ccntei, 
supports the: :iced\ of CO, research iuto poterrtially related environmental consiyiacnctrs 
such as thc “greeril~@8flrceffec: ” Its data holdinga include such dive 
tree-ring chrornoiogies, surfac? ::ir t::mperstdrc anomalies, atmospheric CO, 
concentrations, and CO, emissions estimates from fossil-fuel burning Its u\e; 
constituency comprises basic rcscarclxrrs generating and using raw data, thobe r!oing 
integrated assessments needing multitlisciplinary, oftcn derived data, and d 
makers needing concise summa1 it.:, cf crsrrnplex in4o-mrJtiorl 

@%~KM D~Gx~&E ~~~~~~~~ ~~~~~~~~ C&EV 

:.x.rmp!e of a?, data package prodmcd by CDI-IC is the Carlrm Dioxidc 
ions Data Rase developed at Oak Ridge ,Innual globai and coufiti-y CO, cmissioirs 

and per capita emission rate:? from fossil-fuel burning and ceme,ni proci.uctinn are 
providcd This well-documented Jnia set i \  the basis for projecting future atmosphei ic 
CO, conccritrations and is uscd as iripu: for global climate modeling ’I’hc CCM hletter 
C U h C  Covmt;7e;catms rcachcs more ths TI 7000 researchers and decision makprs ill 
145 countries CIIIAC’s new series, Trends, provides concise p eseirtations of data a i d  
descriptivc matel i d  concerning eKlliSSioIlS and atmospheric coaxentrations of grccahcme 
gases as well ::s long-term global and l J  S temper re dnta CDIAC is sponsored by 

@ i he Toxicology Information Resgon\t 
is’aked iu 1971 to senre as an international center for toxicology 

and related information. TPRC provides information on individual chemicals, chemical 
classes, and a wide variety of toxicolagy-1 elated topics For tlie scientific, administrative, 
and public ccnanaunities As an information analysis center, 7 ‘ 1 K  synthesizes 
comprchcnsive litei ai m e  packa&s according to a user'? specific iequc:;: Format\ 
include, but are ilOt limited to, cimorn searches of computer i4ed data bases, m a n d  
literature scnrc!-ses, annotated and/or keqw.~laded bibliographies, oi mitten summat ies 

ed hy the National Lib1 ai y of lkaodicinc 
~~~~~~~~ Sy&@m 0 The O W L  

Environmental Restoration Data h!anagement System was established in 1985 to 
support compliance with state and federal regulations m a  ndatixlg corrective :rctions at 
sites contaminated with radioactive and/or hazardous wastes. The Numeiic Data h s e  
serves as a central repository for technical datz gencrated by the program and other 
applicable studies Such data are uscd to evalimte the condition of the environment a i  
it relates to ORN:<’s past waste management pi-ac*‘ce\ and  to jilstify decisions regarding 
corrective action The categories of technical data include well construction1 parameters, 
groundwater hydrology and quality, geology, soils/sc.dirnents, surface watea hydrology 
and quality, mettorology, biological monitoring, and waste inventory. Eased on the data 
management experience gained for O W L  EW, ORNL has assumed a key role in 
developinga consolidated data base h r  environmental data associated with envircn 
I estoia 

The Oak Ridge Envrionmental 
Information System (OREIS) is being developed to meet the data nianagcment/access 



requirements fnr environmental data as spccified in the Federal Facility Agreement 
(FFA) and the Teuncssee Oversight Agreement. Thc FFA, a tripartite agreenieart 
between DOE, EPA, and the state of Teniicssee, requires 1)OE to niaintaiii (me 
consolidated data base for environmental data generated by cmkonmental programs 
(&storation, Conipli:tncc, and Survcillance) at DOE facilities on the Oak Ridge 
Rescrv:ition. The major goals of OREIS are to consolidate data uf litnow quality, to 
maintain the iutegrity of the data base, and to provide a wide variety of users access to 
the data. The types of data to he incorporated into OREIS include measurement data 
from the following environmcntal disciplines: groundwater, btlrfiilce water, sediment, 
soils, air, and hiota. OREIS will also contatin extensive descriptive and qualifier metadat;? 
to help define data quality and to enable end users to analyze thc appropriateness of 
using the data for additional puryposcs. Anothcr important aspect of the mcasiiretnents 
is their spatial context; OREIS will provide a comprehensive library of map data and GIs 
tools to analyze and display spatial relationships of the data. 

em m Infomation Center The Rernedial Action PrcJgram 
~ n f ~ ~ r ~ i a ~ ~ ~ ~ ~ i  Center (R.UT:) was established at OdWL in 1979 to serve the teclruiieal 
information aaeeds of DOE’S WPs; these include SFMI-”, FUSFZAP, and Wf&\P .  M P I C  
developed and maintains the Nuclear Facility Decommissioning and Site Remedial 
Actions Data Base, a cornprehcnsive, centralized source of information concerning the 
scientific, technological, regulatory, and socioeconomk aspects of decommissioning 
radioactively contaminated facilities and associiitcd site remedial actions. The datahase 
currently contains 7000 records. Tcn volumes of a bibliography have been publis.hed.4 
ln additirrrn to the bibliographic data base, RAPIC: developed and maintains the Remedial 
Action Cantacts Data E:ise, which contains the names, addresses, telephone niiniber~, 
technical areas of intercst, and program involvement for 1100 individuals involved in 
contarni nated site remediation. MAFIC publishes an annual directory from this &li t  
base. kWIC staff members are available to respond to all requests for teehnicixl 
assistance received from DOE Remedial Actiotm Program st;df a i d  contractors. 

Environmental Mutagen 1stfOrmatiOn Center 0 The Environmental Mutagen 
Information Center (EMIC) was started in 1969 for the purpose of cdlecting and 
analyzing expcrirnental data from papers reporting on the evaluation of chemical agents 
for genotosieity A s  of Septcmbcr 1‘391, EMIC has indexed more than 78,000 papers 
reporting on more than 22,000 ehemicals. 

In 107‘3 chc EPA Genetic Toxicology Program was started using EMIC’s collected 
data fiilc as  the basis for its continuing review of short-term tests for genetic toxicology. 
Thcse das a were subjectcd to strict guidelines for data acceptability, axid d l  evaluations 
were subjected to review by appropriate panels of experts. The resdtixig Gene-Tox Data 
Base contains peer-revicwed evaluations on inore than 4600 chemicals evaluated in one 
or more of 70 shore-tcrrn bioassays for gemtoxicity. This data h:xsi: provides information 
a~~~~~~~~~ correlation betwecn chcxnical structure and Ijcnetic autivity. 

Information from the EMIC: file and the Gene-Tox Data Rase is  incorporated into 
considcrations for regulatory action aridis included in the publications of the International 
Agency for Research on Cancer EMIC is sponsored hy thc EPAand the National Institute 
of E;nviroiirnental Health Sciences througb the National Library of Medicine; Gene-Tox 
i s  sponsored by the EVA. 

Chemical UnH Record Estimates * To develop guidelines and limits for controlling 
chemical substances by a valid scientific approach, various offices within the EPAgather 
and evaluale information1 B nd prepare assesstnetit reports. In 3 388 the design and 
implenientation of a comprehensive data base, the Chemical IJnit Record Estimates 

) Ih ta  Basc, was begun by the EPAs Office of Health and Environniental 
Assessment (OHEA) and ORNL to communicate this information within the a,@ncy and 
to facilitate the chemieul regulatory process. 

‘Nttcdear Facility Decommissioning and Site RemcdiuEActions, ORNIA3IS-154, Vols. 1-10, 
Martin bkirietta Energy Systems, Oak Kid@ Natl. Lab., 1980-1989. 
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The staff of the liiomedical and Environmental Information Analysis Program has 
compiled and vcrificd data from a wid(: r:~nge of OIIEA documents. CURE is currently 
comprised of five subfiles: a chemical dict,io,iaryj a bibliography file, an experimental 
data f i le t ,  a central summary file, and a (>OInilient file. The chemical file currently lists 
1900 chemicals, all of which h:iw been classified according to the structural eategories 
developed in the EPA Gene-To;.; I’rogram. This unique data base will now provide 2 basis 
for structural :tctivity to spali both genetic toxicolugy, low dose toxicology, and 
carcirio$micity. To provide tecknicnlly solint1 and uscr-friendly scn+xs to a large range 
of WLl personnel, the three grades nf disseminating v e h i c h  currently being tested at 
O!ZNi, are 

(XJRE-NJ. This is a stand-alone read-only desktop version of thc CURE data base 
h:iviilg on-screen menus n nd prompts with options for direct printing or downloading 
to  a disk for further formatting. B:eeai.ise of space constraints. CURE-PC exelides 
information from the I Icn!th EZcct:c:ts I\ssessment Sumrnnq Tabks (IIF::\S’i’) and the 
OIIEA ‘\I11 documentation t;ih!es. (XJRE-PC requires no special software or hookups; 
however: it needs a hard drive with 13 megabytes available to load, and searches by 
cheiniea! nmie. synonym or name fIagpemt, CAS registry number. or document 
identifiers. CUI<K-P(~ ilicllides CURESYX. an exccllent easy-+: -me desktop ~csouree 
for document prcparation and other applications, and can also he used to f i d  CAS 
~i i~nbers ,  synonyms, or EPA document information. The last update was in i?u&~st 
1 0 0  1. I\ specialized threc--:negalrytc PC version, IIEAST-YC, containing information 
from IILlST and CUKF,SYN for the: IIEAST compounds, has also hecn developed. It  
was last updated on May 15, 1991. 
(XJIW-Friedly. This is :in interzctive system with on-screen mems and prompts 
allowing the searching of the complete CURE datahase on the Environmental 
Criteria and Assessment Office in Cincinnati (ECAO-CIN) IUM mainframe computer. 
This system pcrfornis searches hy target organ, cancer type, and many other 
p:wameters in addition to the search terms for CURE-PC. h variety of output fornrna~5 
arc availaldc. This is an excclient ::as)7-to-use resoiirce for document prqmaticin and 
other app1ic:itions. 
CUKE (kntral  INQUIIIE. Tlii the completc CUW: data base on the ECAO-CIN IRM 

his is an iriteractive systent capable of searching for more t h g n  250 data 
as chenriealanddociime*a;identifiers, riskcstimates, and experimental 

ers. It requires no individinal software and uses INQCIRE user lan&-ia&. 
The output formats arc determined by the user. This is an excellent resowce for 
modeling, data associations, or the generation of specialized formats. It was also used 

an%im Sy&em 6 Thc IIGhilIS was inaugiirated 
in March 1989 and has completed a very successful year. The IIGMIS was established to 
sewre as a primary information resource for DOE’S IIurnan Genome Program. As par1 of 
its work, IIGA,lIS has produced w quarterly newsletter, established an information data 
base, and prepared two reports. One of these reports reviews the: instrumentation 
currently used and that proposed for use in the DNA sccgueneing effort; the other 

’s program report for 1990-91. The work of the IIGMIS has provided 
ne of its first opportunities to draw attention to its role in the overall 

effort within the United States to map a i d  sequence the human genome. A s  a result of 
its successful work with DOE, the National Center for IIunian Genome Research 
(NCIIGR) at  the NIII hasjoined DOE in snpport of IIGMIS to produce a joint DOE/NC:lKGK 
bimonthly newsletter. The first issue of t h i s  joint publication warn; distributed in April 
1990 and is called The FIt~mccn Genome Neww. A connniunication resource, K a h n  
Kesecrrck, Notes, in support of the DOE Officc of IIealth and Environmental Rcscarch, 
Radon Research Program, bcgcn in 1990. 

~~~~~~~~ a ’The Infomiation Management area has developed 
desktop publishing techniques for several outreach applications including preparing 
newsletters, composing course manuals, developing a drinking water regulations poster, 
preparing arid updating reference: books on legislation, and composing questionnaires. 
A PC-based expert system, called NERC (for “NEPA Fnvironmcntal Kevieiv and 
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Conipliance”) is under development for the Environmental Monitoring and Compliance 
Section of the OKNI, Environmental and Health Protection Office. NERC is used in 
preparing documentation of conipliance with NEPA requirements and other applicable 
federal, state, DOE, :md OKNL ES&H standards. Additional expert systenis i ticlude 
(1 ) Air Pcrniit Regulations mid (2) Determination of RCkVCEKCLA (Comprehensive 
Environmental Response, Compensation, and Liability Act) Compliance. 

Additional area3 of interest include the development of a knowledge-based 
expert system that assists the Y-12 Plant in an internal assessment of environmental 
regulatory issucs; cletermination of thc root cause of an occurrence; performance of 
environmental surveillance data mapping; and application of hypertextleupert systems 
for accessing large amounts of diverse itifomiatioti. Furthermore, the Information 
h.laiiagernent Tcchnology group will initiate effectivc communication activities for the 
education of students, the gcencral public, and scientists in research areas o f  national 
significance regarding scientific initiatives, such as the Human Genome Program, Radon 
Pr(igram I and the legal and scieri tific issues origii~ting from regulatory actions and/or 
mandates. A series o f  educational materials w7ill be investigated that consist of exhibits, 
posters, and a multimedia approach including PC-biised instruction packages. 

Currently, the work undertaken for other federal agencies and organizations 
outside of TWE and the NRC accounts for about 20% of the I,aboratory’s t(Jtd budget. The 
resporisibilitv for work done on behalf of the NRC remains under OWL’S NRC Programs 
Office. In addition, WFO accounls for an increasing proportion ot’the Laboratory’s R&D 
effort (Table 5.32). In light of these developments, the Laboratory is continuing to place 
emphasis on nianagcment and coordination of’lVFO. A considerable improvement in the 
4 )vera11 IWO effort at OIWL has becn achieved. 

Table 5.32 
Work for Others Program resource surnmary 

($ in millio~~s-BA)a 

1991 1992 1993 1994 

Federal Organization:, 
Nuclear r<egul:m-y Commission 
Department of Defense 
National Acronautics and Space Administration 
Department of Health and Human Services 
Environmental Protection Agcncy 
National Scietice Foundation 
Federal Emergency Management Agency 
Agency for lnternational Development 
Other federal agencies 

Nonfederal Organizations 
Electric Power Research Institute 
Other nonfederal organizations 

Total 

18.5 
53.3 

5.5 
5.2 
2.4 
1.1 
2.5 
0.8 
5.0 

2.7 
5.8 

102.8 

20.7 
34.3 

5.9 
4.9 
1.2 
0.8 
3.5 
0.7 

(1.6)b 

1.1 
2.4 

73.9 

20.0 
43.0 
5.0 
6.7 
2.9 
0.2 
4.2 
0.8 
3.9 

2.0 
2.5 

91.2 

20.0 
50.5 
13.0 
6.8 
3.1 
0.2 
3.4 
0.8 
3.3 

1.8 
1.1 

104.0 

“Figures include operating B h  and taapital equipment, if any 
bParenthescs contin negative amounts, indicating a budtgetary deobllfiatiorl Without the deobli@tion of 

86 million, the amnunt of R.4 would have been 544 4 million 



During FY 1991 the WFO Program at OKNL established a steering committee 
composed of middle management staff from all parts of the Laboratory. The purpose of 
this committee is threefold: first, to provide for a communications link between upper 
management and the research staff performing the work for non-DOE agencies; second, 
to develop solutions to WFO problems that may arise either at the DOE level or from 
within the Laboratory; and third, to develop and facilitate the growth and expansion of 
the WFO Program to better coniplement the Laboratory’s DOE missions. 

In this latter capacity the Committee has been reviewing ten candidate ideas for 
so-called “big bear” projects. The “big bear” project is defined as involving interdisciplinary 
research cutting across several divisions and generally scoped at more than $10 million 
per year. 

Of the ten ideas proposed five have been selected for further consideration. 
These are 

Bioprocessiiig Technology Development, Demonstration, Test and Evaluation 
Center. This candidate “bigbear” project involves the establishment of a bioproccssing 
technology facility consisting of a variety of unit operations that would allow for 
pilot-scale demonstrations and evaluation of proposed technologies and process 
flow sheets. This center would provide both federal agencies and industry with the 
ability to scale up from bench models to potential commercial applications. 

* Industrial and Municipal Waste Management System. This concept involves 
performing applied R&D to developing a totally new system and infrastructure to 
handle both municipal and industrial waste by advanced separation and processing 
technologies. 

0 Intelligent VehiclelHighway System. This proposed project involves developing a 
new technology to deal with the ever-increasing congestion 011 the nation’s highways 
by applying both artificial intelligence techniques and new microprocessing 
technologies. 
Joint Marshall Space Flight Center-ORNL Project for Earth ResourcedRernotc 
Sensing Research. This initiative proposes to explore ways for developing joint R&D 
activities that complement the missions of both organizations. Currently, we are 
pursuing a joint effort to enable the use of NASA’s 30 years of earth resources data 
to begin understanding global change issues. 

* Meeting Energy, Environment, and Other Technology-Related Needs of Developing 
Countries. This proposal is a complement to an existirig Laboratory initiative to 
assist developing countries as well as former Eastern Bloc, nations in dealing with 
their energy and environmental problems. 
In the coming fiscal year, the 1,aboratory expects to pursue aggressively the 

development of one or niore of these five ideas. It is anticipated that this process will 
continue in the following years and be driven by the changing research needs at the 
national level. 

ORNL funding from non-DOE sponsors is expected to hold at present lcvels or 
to increase in the coming years. The following is an agency-by-agency description of the 
proposed work. 

Nuclear: RagwPa$@r’y C@rnrniS%Fb3R 
Current ORNL efforts for the NRC reflect the corn mission'^ priorities, piiblic 

attitudes requiring a high degree of confidence in the safety of nuclear power, and the 
maturing of the current generation of U.S. nuclear reactors arid certification of the next 
generation of reactors. Completion of the more than 100 nuclear plants ordered in the 
1960s and 1970s, coupled with the upcoming expirations of operating licenses for many 
of these plants, has shifted NRC research emphasis toward structural and component 



safety issues, structural aging rescarch, reactor operational data analysis, advanced 
inst rumentation and diagnostics, accident scquencc analysis, and license extension 
requirements. The NRC is also looking toward the future by beginning work to certify 
activities for several advanccd nuclear reactor designs. ORNL funding from the NRC has 
increased significantly during thc past 3 years arid is expected to remain stable or to 
increase slightly over the next several years. Some of the budgetary increases are 
occurring through OKNL projects that provide a technical basis for the NRC design 
certification for advanced reactors such as advanced light-water, liquid metal-cooled, 
high-temperature gas-cooled, Canadian Deuterium-IJraniurn Reactor (CANDU), and 
passively safe reactor designs. Environmental and waste management issues remain 
important and offer potential for additional research involvements. 

ORNL performs work primarily for four offices within NRC: the Office of Nuclear 
Regulatory Research (RES), thc Office for Analysis and Evaluation of Operational Data 
(AEOD), the Office of Nuclcar Reactor Regulation (NRR), and the Office of Nuclear 
Material Safety Safeguards (NMSS). RES, the major sponsor of ORNL activities, conducts 
comprehensive research programs that lead to regulatory guidelines and standards 
issued by the commission. NRR is charged with implementing regulations dealing with 
licensing and inspection of the ciornniercial nuclear power industry. These regulations 
make strong use of the knowledge obtained from research programs. AEOD collects, 
analyzes, and evaluates operational safety data to identify areas requiring NRC or 
industry action. NMSS is charged with overseeing public health and safety licensing 
activities in the nonreactor nuclear arena. 

Nuclear Regulatory Research During the next several years, the NRC will 
continue to give priority to research in the areas investigating long-tcrm behavior of 
reactor pressure vessels and those relating to extension of the operating licenses of 
existing power plants beyond their original 40-year period. Research into the aging 
characteristics of plant components has contributed new technologies for nonintrusive 
evaluation of nuclear plant piping and valves (Fig. 5.29). Technology transfer for some 
of thesc developments is occurring throu& licenses 
granted to private-sector companies. Another research 
effort at OKNL is developing both a structural aging 
handbook and a materials property data base for 
concrete structures in U.S. nuclear power plants. 

Research on fission product behavior for LWRS 
under severe accidcnt conditions has decreased 
somewhat, but important research at OKNL continues 
to help resolve regulatory issues in this area. Recent 
OKNL work has provided a basis for possible 
modifications of the portions of the NRC Regulatory 
Guides 1.3 and 1 4  that dcal with iodine chemical 
forms in eontainmcnt. Efforts in this area may continue 
at a modest lcvel for several years. 

Other research initiatives at ORNL contribute 
to the NRC's Severe Accident Reseaarch Plan (SARP). 
These efforts include work on boiling water reactor 
(BWR) core-melt progression and in-vessel strategies 
for addressing potential severe accident conditions. 
OWL staff collaborate with SandiaNationd Laboratory 
: r i d  INEL on improving and extending the applicability 
of the MELCOKCode for LWRs to scenarios for severe 
accidents in UWRs. Other severe accident code 
development work supports NRC: cooperative research 
agreements with Germany (CORA-HWRexperiments) 
and with seven other foreim nations to devclop and 
validate coniputcr codes for modeling fission product 
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behavior and core-melt progression under severe accitleaa t conditions (Cooperative 
Severe Accident Research Partners). 

The NRC continues to place high priority on research to ensure the integrity of 
reactor pressure vessels in commercial nuclear power plants. O W L  is the lead 
laboratory for this work, which includes the Heavy-Section Steel Technology Program, 
the Heavy-Section Steel Irradiation Program, and the Sui-ueillance Data Base, Analysis, 
and Standardization (SAS) Program 

The I-ISST Program investigates issues concerned with validating safety margins 
relative to prevention of reactor vessel fracture under all feasible loading conditions. 
Large-scale fracture experiments and advanced analyses are being pesfnmmed to 
investigate shallow flaws and localized thermally induced constraints associated with 
emergency core-cooling scenarios. Pressure vessel investigations have expanded during 
FY 1992 to include supplcmental pressure vessel safety research for advanced CWR 
designs. 

Program is cxtcnding the basic 
understanding of physical mechanisms associated with radiation-induced daniage 
(embrittlement) in pressure vessel steels. Radiation experiments are also performed 
to verify the applicability of damage models to prototypically thick steel sections. One 
aspect of the program is a study of the degree to which degraded steel properties 
recover when thick sections of irradiated steel are annealed at relatively hi& temperatures 
for sustained periods of time. R&D activities relating to reactor pressure vessel integrity, 
particularly the fracture mechanics and irradiation embrittlement studies, are 
important to the NRC and to the nation’s nuclear industry (Figs. 5 30 and 5.31). 

The Heavy-Section Steel Irradiation 

The SAS Program maintains for the NRC the national operational surveillance 
data base for commercial reactors. These data are used to develop improved corre1:itions 
that arc used by NRC to predict the state of ernbrittlement for vessels in operating 
reactors. These results have direct applications in license renewal and life-extension 
assessments, which will continue to bc major NRC concerns. Increased attention is being 
given to determining the compatibility of foreign data with the U.S. data base and to the 
possibility of their combined use, 

ORNL has assisted the NRC with the development of a generic environmental 
impact statement appropriate for license renewal rulemaking. It has been listed in the 
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Fet-lcrul Register for public comment. ORNL will assess thc comments and will assist the 
NRC in the resolution process. 

The NRC is sponsoring safety research to support certification of advanccd 
reactors such as FITGWs, L,Mlb, and (:ANl)U-3. OKNL provides support on thermal 
hydraulics code validation, assessment of severe accident evaluation, instrunlentation 
and controls methodologies, and pressure vessel studics. As thc N I X  extends its 
considerations of the advanced reactor designs, OIWL’s support efforts are expected to 
increase. For example, new projects that began in this circa during FY 1903 iricludc 
asscssments of advanced digital instrumentation and control systems, material studies, 
and severe-accident analyses. 

Additional ORNT, projects for the RES that were started in FY 1992 are in the 
areas of human factors research and evaluation, engincbering systems assessments, and 
revicw of radioactivc transport specification packages. 

For more than 30 years, the journal Nuclear Safety, coordinated by ORNL staff 
and jointly published by NKC and DOE, has been recognized for its outstanding 
contributions to the provision of safety information to the nuclear industry. Publication 
support for the journal is expected to continue. 

Analysis and Evaluation of Operatha1 Data AEOD’s mission within the NKC: is 
to sewc as focal point for thc continuing independent assessment of operational 
performance of nuclear power plants. The several projects sponsored by hEOD at ORNL 
emphasize thc collcction, review, analysis, and evaluation of plant safety performance 
data. The pioneering Accident Sequence Precursor Project identifies nuclear power 
plant events considered precursors to potential severe core-damage accidents and uses 
risk assessment methodologies to determine the quantitative significance of cvents 

,\mong active projects for i\EOl), ORVL is (1) providing support to assist in the 
resolution of opcratioiial performance issues, ( 2 )  benchmarking the uperatirig record of 
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individual power plants for diagnostic assessments, ( 3 )  trending events, (4) providing 
on-call assistance, and (5) responding to inquiries from NRC staff. 

ORNI, operates and maintains the NRC’s official data base on rcportable 
operational events at commercial power plants-the Sequence Coding and Search 
System (SCSS). Used by NRC to construct event sequences, the SCSS is a highly 
structured system that supports detailed searches of operational occurrences. Othcr 
data systems are maintained at O W L  on (1) foreign reactor events, (2) international 
incident reports, and (3) power plant performance indicator data and appropriate 
statistical models developed for the interpretation of these data. ORNL provides 
extensive support to the AEOD through NRC’s Performance Indicator Program by 
evaluating events as to their cause, monitoring changes in  plant performancc, and 
indicatingcorrective actions needed to prevent plants from developing serious problems. 
In a new effort, ORNL is assisting AEOD in the development of a quarterly publication, 
Power Reactors: Eoents and Issues, which will highlight case studies and evaluations 
performed by AEOD to provide feedback on “‘Bessons learned” froni these events for the 
nuclear industry. 

Nuclear Reactor Regulfion * Using expertise developed in RES programs, OWL 
provides technical consultation and assistance to NKK. On-call assistance is currently 
provided in the interpretation of nonintrusive plant comporient evaluation data, in 
analyses of fuel stability, in the review of licensing documentation, in evaluations of BWR 
stability phenomena, and in failure modes and effects analysis. A significant effort also 
involves investigations of the thermal-hydraulic stability phenomena of BWli cores or 
fuel assemblies. ORNL has emphasized its capabilities to NRR, and NKK has increased 
in scope and funding of work at ORNL to include analyses of potential accident sequence 
precursor events occurring during low-power or shutdown operation, evaluations of 
materials irradiation test data, and water chemistry standardization for nuclear power 

ORNL. provides technical assistance in updating NRC’s health physics positions 
on inspection, enforcement, and licensing issues. The IIealth Physics Positions Database 
is used hoth by Headquartcrs and Regional staff to ensure uniformity in licensing actions. 

Economic analyses and reviews of safety-related systems are also being conducted 
to support the NRR’s advanced reactor design certification efforts. Further increases in 
NRR work is expected during the next few years to assist NRC’s advanced reactor design 
review and nuclear plant license extension activities. 

s e The NMSS sponsors several projects at 
ORNL, including computer programming and docurnentation of criticality safety, 
shielding and themial analyses of nuclear Riel facilities and package designs, licensing 
of enrichment facilities, and review of terminated radioactive materials-handling facility 
license files. These activities are continuing through and beyond FY 1992. Other recently 
initiated NMSS projects provide technical support in reviewing the design, construction, 
operation, and performance of low-level waste facilities and assist in dcveloping a 
national profilc on commercially generated low-level radioactive mixed waste. ’These 
efforts continue in FY 1992 and beyond. 

Two new projects have been initiated for the NMSS. The first project provides 
technical assistance for assessing the effectiveness of the Low-Enriched Uranium 
Reform Rule and its implementation in maintaining the commission’s desired level of 
safeguards for users of nonstrategic special nuclear materials. The second project 
involves reviewing terminated license files to determine whether the sites and licensees 
were demonstrated tu meet pesent  criteria for release of the site, based on public 
health and safety considerations, and whether the information provided by the licensee 
was sufficient to determine releasability. Funding for NMSS work is expected to remain 
relatively stable or to increase over the planning period. 

plants. 

NUC 

Qther afiices 
’The Laboratory provides technical assistance in inventory verification, analysis 

of special nuclear materials samples, preparation of site-specific material standards, and 
review of environmental assessments and operating procedural changes. O W L  staff 
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members also provide consultation and on-call assistance to the NRC Advisory Committee 
on Reactor Safeguards and the Advisory Committee on Nuclear Waste. 

ORh’I, carries out R&D for thc major DOD services-U.S. Army, Navy, Marincs, 
and Air Force-as well as for joint agencies such as the Defense Nuclear Agency, the 
Dcfensc Advanced Research Project Agency (DAWA), SDIO, and theU.S. Transportation 
Command (IJSTKIWSCOM). Several projects, such as MOTIIL and the Seawolf projcct, 
are malaaged by non-ORNL Energy Systems organizations, andall projects are considered 
part of an Energy Systems centralized organization. 

Army OKNL research for the Army includes programs in materials science and 
technology, optics, instrumentation and control systems, robotics and intelligent 
systems, man-machine interface technology, transportation systems, operations research, 
and environmental analysis. In addition to the Army-funded projects, ORNL also has an 
Army optics dcvelopment prograni funded by the U.S. h n y  Strategic Defense Command. 
The prograni involves mirrors, baffles, arid windows for broadband type sensors. 

ORNL’s program with the U.S. Army Rcsearch Laboratory (ART,) has expanded 
significantly and now involvcs the transfer of DOE tcchnologies to several ARL agencics. 
These programs focus on ORhiL’s unique capabilities in advanced materials and 
robotics, and they also include basic and applied scicnce. AKL has proposed a major 
initiative to establish a 5-year collaborative research program with all DOE laboratories 
beginning in FY 1993. Oak Ridge staff have helpcd provide the leadership in planning the 
cooperative program with the Army. 

Work will continue on the major research initiative conceniing the aging of 
niaterials used in Army munitions stockpiles. This project is under the aegis of the 
Armament, Chemical and Munitions Command. illso, work will continue in advanced 
niaterials R&I)-taking particular advantage of OKNL’s well-recognized expertisc in 
composites, ceramics, carbodcarbon bonding, intermetallics, and related technologies. 
Research will begin on mathematical and computational modeling of crack propagation 
in materials. These projects are designed for the development of advanced armor and 
shielding as well as lighter-weight components for increascd mobility of weapon systems 
and vehicles. Advanced shielding materials and processing concepts (microwave sintering 
ceramics for armor) will be evaluated for DARPA, the Tank Automotive Command, the 
Ballistics Research Laboratory, and other agencies. In addition, work continues on 
advanced materials for reentry vehicles and space applications for the Space Development 
Comniarid . 

( kher recently launched initiatives that are continuing to expand deal with 
advanced instrumentation and robotics and intelligent systems technology, including 
advanced robotics concepts for i1KI, and related prototypic applications for the Artny’s 
Human Engineering Laboratory, Ft. Belvoir Research and Development Center, arid 
other related agcncies. The use of tomography and other technologies to detcct 
underground tunnels and features will be expanded. New programs in laser and 
communications tcchnology for the battlcfield are also planned. Stand-off detection of 
agents also will be studied. 

ORNL continues to support major environmental assessments. O W L  is assisting 
thc Army’s program manager for chemical demilitarization to prepare site-specific EISs 
for the on-site disposal of chemical agents and munitions stored at eight continental 1J.S. 
locationb and one non-US. location (ix., Johnston Island in the Pacific Ocean). ORNL 
is assisting the Army in assessing the impacts of destroying the U.S. European stockpile 
of chemical munitions at the Johnston Island disposal facility. O W L  also is providing 
support in the developnient of emergency response plans for installations that store 
chemical agents and munitions. For the DOD Installatiun Restoration Program O W L  
i s  assisting the Army’s Toxic and Hazardous Materials Agency on scientific atid 
regulatory issues and in defining cleanup criteria for hazardous waste sitcs. The Army 
has many waste sites throughout the country that must be retnediated according to EPA 
policies and guidelines. OWL scientists are using their knowledge of the EPA’s 
regulations atid risk asscssrnent strategies to define the necessary cleanup criteria for 
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the Army Kew instrumentation to support the test and evaluation community will be 
started for Test and Evaluation Command Advanced artillery system concepts and 
designs will be evaluatcd for the Combat ,Irtillesy School. 

ORNL will expand its environmental analyses of the potential impacts of 
changing military operations or broader programmatic missions at specific sites. This 
work includes developing new environiriental measurcmetit and analytic technqies for 
laboratory and field applications. Work is also expanding In analytical chemistry a id  
environmental technology to characterize chemicals (s~ich as military fuels) and their 
by-products arid to develop biological indicators for environmental and health assessments. 

R&D foi the ,Irmy in operations research and transportation systems, energy 
conservation, energy security, fuels research, and advanced engineering command 
continued to expand. Included among these projects were the dcvelopment of 
telecommunications systems prototypes and a model for the coordination of routing and 
scheduling military convoys over the U. S. highway system. Research to develop regional 
economic assessment decision support systems for recruiting and for foice structure 
analysis for the National Guard Bureau is expected to grow moderately over the planning 
period. ORNL is providing analytical techniqum to this bureau for forcc structure and 
mobilization planning and related civilian missions. 

The Army’s Chemical Research, Development, and Enginccbring Center is 
supporting efforts to refine techniques for the detection of biological and chemical 
materials in the air. Staff from ILISKD are ufing various combinations of lasers, optical 
fibers, and advanced spectroscopic techniques in support of the Army’s efforts to develop 
instruments that can be used on modern battlefields. 

For chemical hazard communication, ORNL is providing technical assistance: to 
the “u-my Environmental Hygiene Agency to preparc Material Safety Data Sheets for 
incorporation into DOD’s IIazardous Material Information System. I n  addition, toxicity 
values are developed for hazard assessments at Suprfmnd sitcs. 

.ITD has performed several “pre procurcrnent” projects for the Army Included 
in this was a project to demonstrate that motor/geneiator sets procured by the ilrmy 
could meet all design requirements while significantly rcdueing the total weight if major 
portions of the scts were fabricated from commercially available composites. 
Demonstration prototypes were tested against the design requirements and then made 
available to the vendors as examples of technology to be exploited in future procuicments. 

In another Army program the ATD is developing procurement acceptancc 
procedures for state-of-the-art instrumefitatioi1. Typically, the Army develops a 
performance specification for the next generarion electronic component; however, 
because it is a state-of-the-art component, there is no conventional test method to verify 
that it meets the pe~formance specification. To overcome this dilemma, thr ATD has 
developed instrumentation and procedures to be used in “First Article Acceptancc 
Testing” tovcrify thtse state-of-the-art instruments meet thc pcdormancc specification. 

s ORNL conducts iesearch for the Navy and Marine Corps 
in engineering systems, instrumentation, data systems, reliability and maintenance, 
materials K&D, fuel supply and use. diesel testing, human-factors engineering, energy 
conservation, and waste disposal. 

This research has diverse applications and has conti ibuted significantly to many 
Navy and Marine Corps programs located at a variety of Navy laboratories and institutions. 
OKNL’s Navy Mobility Fuels Forecasting System has been used io estimate tha. availability 
and quality of Navy fuels for future-year business-as-usual and pctroleun-r supply 
disruption sceiiarios originating in the Persian Gulf and other world legions. The 
forecasting system has also becn used to analyze the impacts of dernocaatization of 
Eastern Europe and related events. In research cosponsored by the Navy and DOE, the 
forecasting system is now being used to evaluate the f ~ e l  production effectv of the U.S. 
Clean Air Act. 

ORNL plays an important role in instrumentation and engineering RSrD for the 
Carderock Division Naval Surface Warfare Centei (CD-NSWC), formerly the David U’. 
Taylor Research Center. The CD-NSWC is the Navy’s primary research, development, 

I4 
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test, and evaluation center for naval vehicles Two prinnary areas of interest to the CD- 
NSWC are ship and subinarinc silencing and ~netliods to design and test high-strength 
hulls and components. O W L  assists the CD-NSWC in the design atid devclopmetit of 
1t&D instrunientation systems for expcrirncntal models of proposcd suhniarine clcsigns, 
the developmcnt of i i t : ~  ship and submarine designs, arid support for the current fleet. 
In addition to this work, OKNI, continues to evaluate now technologies for the Navy’s 
advanced subtnarine R&D program, which is pl:mncd to support the new emphiwis on 
DARPA and the Navy 

ORNT, provides a variety of design, engineering, mid development support for the 
Coastal Systems Statim (formerly thc Naval Coastal Systems Center) in the areas of 
suhrnarine countermeasures, amphibious warfare, naval specid warf:~re, and mines and 
mine coiintcrmcasures. OWL is d s o  providing electronies development and human 
factors cmgineering support for the Naval hletlical Kcsc:mh Tnstitutc in areas related to 
divers and diving. 

For the Naval Air Systcmc Conmiand, ORNL research involves thc dcsign and 
evalustion of advanced part-task trairicrs for Navy missile systcms. ISSWS rclated to thc 
ability to ensure high levels of training cfketiveness mid the relationship between 
tr,iincr Sidel ity and human pcrforrn;uiee arc key concerns involved with appropriate 
nicntal motiels, and subsequcntly, cffectivc trai ~xer intcxfme design R&D continues also 
on instrumentation and equipment reliability and maintenance that will cxplo~ e 
rncthods to determine nptirxial times for preventive maintenance ORNL rcsearch alw 
i n v o l v ~ ~  productive base analysis that addresses the capability ol 1J.S industry 60 
p r ~ t d i i c ~  dcfcnsc mnterial in a time of war Research continues on new techniques to 
rnodc~nizc naval q?,te:ms, especially in thc area4 of logistics, ~ ~ ~ ~ l ~ ~ l i ~ ~ t ~ ( ~ n  plannirig ;laid 
modcli fig, commaad and eoaitrol, marine telcc<>ril1natlrni cations, envi ronni e 11 tal 
techxiolo,~, computer-aided instruction, :ind robotics and intelligent \ys~ems 

For the Naval IJndea-sea Warfarc Center, formcity the Navy IJnderwater Systems 
Center, O R N L  will use rpxdrupnlc superconducting magnets to construct a lolngdapolc 
field to he used in pmpulsion experinwits R t the center. Other projects inchnele 
clcutlronic component design cost-effcctivciaess, life-cycle analysis, and protolype 
~ ~ ~ , e ~ ~ ~ ~ ~ i ~ ~ t  for the Naval Sea Logittics Center, ii computer-aided research project for 
thc N:wA Sca Systems Commnand. 

CBRNL provid~s tei4inicd arsistaiice to the Navy Enviro~iauental IIcalth Center 
in Norfolk, Virginia, by prs:paring Materi,il Safety I h t a  Sheets anal kiazandous inaterial 
assessment rcports to suppot t the hazard coriimunictltinn stantlards ofthe OccLipational 
Safety and YIealth Act, tlic Siiperfund hinendmenit ~ t ~ ~ u ~ l i o r ~ ~ a t i ~ ) ~  Act, and the. right 
to kno% CPf the community. 

ORNL has condtactcd beveral ma terials R&LP programs for thc Navy. “mong them 
is a prtigrorn to fabricate polynier matrix composite pressure hull prototypes for 
siihmr:rzihle vehicles. 

ORNL staff are providing technical assistance to the Mwy’s Radon Assessment 
and Mitigation Program. To date, the assistance has includedplanning, data ~ ~ a ~ : i ~ ~ ~ i ~ ~ t ~  
qiiality assurance, and quality ccmtrol for tht. identificdtion of structures with elevated 
radon concentrations a t  riav:il facilitics worldwide. The key conxaputients are scrc:eixing 
anid assessment measurc~nients, quick-response verification o f  possibly high radon 
levels, and miti&tion training. Mitigation training excrcises arc bci nggivcn to Air Force 
personnel as well. In n General iIccounting Office revicw of severs1 federal agcncy radon 
probranis, tlae Navy’s program was well reccivcd :uid has caused other agencies (U.S 
Postal Sel-lice, TJ S Department of IIousirig arid Urhara Development, DOE) to make 
inquiries to the Hazardous Waste ICAP about the feasibility of startine similar progrrnms. 

Ah F ~ c a  0 For the Air Force, OIWII performs rcscarch on environrnental 
systems, advanced materials R&D, advanced hcls rcscarch, data systems, waste 
nnanagement, environmental research and other related activities. A major economic 
analysis activity supports the Air Force Civil Engirieerixig Support Agency (AFCESA) 
and the Air Forces Major commands. C)kUL pcrforrns ccorioxiiic analysis and technical 
supporf for evaluating thc use of private-sector financing to augment government 



funding to arhieve a more rapid delivery of new facilities and services. Other support to 
the AFCESA includes the evaluation of Air Foi cc base energy requirements to assess 
whether energy requirements can be met cost-effectively by increased coal consumption 

In support of IRP, ORNL is  assisting the Air Force’s toxicology program at Wrighe- 
Patterson Air For cc Base. An extensive update arid r evision of the original three-volume 
IRP toxicology guide was completed The resulting four-volume guide covering 70 
organic compounds, incorporated the latest available information on state and federal 
regulatory status, health hazard data, analytical techniques, environmental fate, and a 
wide range of toxicologic data, including carcinogenicity, gemtoxicity, teratogenicity, 
and short-term and long-term exposure effeets on humans and laboratory species. In 
addition, all of the data were incorporated into an on-line, relational da ta  base usi-ag the 
ORACLE data base management system. The present work involves compilation, 
analysis, and presentation of similar jnformation on a series of metals comprising mlorh: 
than 80 individual compounds or salts that are of concern to the Air Force. ’l’his work was 
completed in November 1990. Updates to the BVC voliime toxicology gui& will begin in 
1993. New information-dissernillali ng, technology, such ds CD-ROM and laser disk 
readers, will be evaluated and implerneiated 

For several years, the ATD has been perfornring R&D in therrnoplaftic composite 
materials and managing thc Thermoplastics for Space (TOPS) Program for the Ajr Forcc. 
It is anticipated that this work w ~ l l  be exparide,! to include an Adaptive Structures 
Program during this fiscal year 

For the Wi ikht Research and Development Center (WRISC), ORNL is performing 
research in multisensor integration algoritlirns for hype! cube computer architectures. 
IIypercuhe coniputer nrchitectiires offer supercomp:iter capabilities in a small volume 
(which is ideally suited for robots and satellites) This research auignents and complcments 
DOE robotics multisensor integration research Iieing carried out at ORNL Also for 
FVW<:, OWL is working on the development and rvaliiation of thermoplastk materials 
for space applications, the devclopmcnt of dcsigdanalysis and fabrication techniques for 
thick composites, and the design and evaluation of foil-lined composites foon ciyogenic 
environment applications. 

rt the Air Force 
Eiivironmcntal Impact Analysis Process in which both program and site-specific 
analyses of Air Force actions are addressed. ORNL conducts environmcntal compliance 
assessments for various Air Force commands. 

In the manufacture of technologically advanced air frames, qedity control is 
extremely importail t. Staff from XIASRD are identify ing pertinent specti oseopic properties 
of advanced cornpositc materials. The results of this WCB 1, will be applied by the Air Force 
to thc 

One of the most surcessful WFQ programmatic areas 
involves the KCtD for the DOD transportation agenciw To coordinate this work with our 
other rescarch in transportation systes ,~~,  OWL management ci eated a new Center for 
Transportation ,Inalysis. The centra will blend toget1ii:r coniplementPq ~ o r k  for DSE,  
DOT, and the various defense taarrsportaiion a&xcies--liaaking such WFO sponsors as 
the Federal Aviation Adrnirnistr atiom, the Federal Ilighway Administration (FHU’A), the 
Militargi Airlift Coinmarid (MAC), the Military Sealift Ccmmand (MSC), the Military 
Traffic Management Command (MTMC), and USTR\NSGOM, among others 

OWL’S Centei for Transpoi tation ,Inalysis is a primary resource for technical 
illnovations to improve the utilization of 1)01) tramsportation resources. The cect~a’s 
staff has won wide recognition throughout the military for th-ii broad range of 
contributions to increase the eflicie~acy of both pacetinae arrd ar time moves. Although 
most work to date has been in the area of scheduling and transpoitation analysis for 
USl’WSCOM and its thnee cotnponents, K4C9 htSG, and !vITMC. FY 19‘30 efforts also 
supported transportation iesource planning foi Join; Stdf logistics studies and for 
DARPA transportation planning research. 

Center staff are now engaged in development of n comp~ehei~sive system that will 
help manage MAC’S peacetime and wat time transportation missions terxcd Airlift 
Deployment Aiialysis System. This system was selected as the cxclu\ive airlift plarzxliin& 
and scheduling tool for the “Qperation Desert ShieWTkseri. Stoi IZ’’ deployment of U.S 

A major environmental R&D activity will continue to s 

ructivr tests that caii be used diiring mamifacture. 



military personnel and niaterial to Saudi Arabia. The peacetime portion of the system 
will help MAC schedule routine missions to mcct shipping denisrids at minimum cost. 
The wartime portion of the system will support deliberate planning and the development 
of contingency plans during peacetime as well as time-sensitive planning, and operations 
support in tinies of crisis. 

Work in FY 1990 for IJSTILZNSCOM resulted indeveloptnerit of a microcomputer- 
based system for estirnating strate~iccargo and pcrsotinel flows of an overseas deployment. 
The system was used by the command’s emergency operations centcr during the recent 
“Desert Shield” deployment. Earlier work by OIWL, Energy Systcms Computing and 
Telecommunications Division, and UT personnel resulted in a sophisticated sealift 
scheduler for the MSC arid a continental U.S. traffic nianagcmcnt prototype for the 
MTMC. The sealift schedulcr is designed so that the same algorithm can be used in the 
MSC’s large IlM mainframe and USTWVSCOM’s microcomputer-based flow estimator. 
The hi‘l’EVIC deployrncnt traffic management prototype is used to analyze transportation 
mode assignments and route niiilitary traffic to airfields and seaports during an overseas 
deployment 

Transportation Center staff are developing a system to assist the MTMC with 
analysis of the effectiveness of DOU personal property moves. The system will be a 
pionecs of use of networked workstations and personal computers to inipleint.ii1 a 
eomniand-wide “corporate” data hase. The work i s  a follow-on to an effort that 
iniplementcd a wide-arca data communications network between MTMC and shippers 
at hrniy installations throughout the country. 

Agency in support of the I8um;ui Response Program. This effort :iddresses the hraman 
factor in the mihtiiry nuclear environment through models and data bases that predict 
the human respunse in all iiuclertr threat sitoations The rewarch is carried out through 
expert integration of state-of-the-art radiation transport arid human response data. 

L is satisfying the conditions for this proffr:m as defined under thc no 
arch Ikquircments rBc mitnencs through a midtiphased plan that includes del‘inition 
nalytic validation of the initial and protracted radiation; cnvironmexits, shielding 

cdcerhahioras Cor tactical armored vehicles, nncl ;in exteaisivc ~ ~ ~ c r ~ o ~ ~ i p ~ ~ r ~ s ~ n  between 
the existing nrnd newly dkweloped methods to asbess xadiakion itxipacts on military 
vehicles and human beings, The Defense Nuclear i\;Sc;ncy dso is supporting research at  
OrWL to define more accair atdy the effects of niiclcar weapon radiation on the victims 
at Tlroshiana and Na&asalti Tt also supports RSJC to provide information analyais center 
activ i t k s  for Deftmse Nuclear Agency contra s doing radiLttiorn transport R&D. 

thcy are in morion is being developed 
undcr the sponsorship of B he Ilefcnse Nuclear Agency. A proc4f-of-princiya1 Weikh -ill- 
Motion SYS~CHB was developed with DOE funding and used 3~ a clernonstrariun unit for 
the Defense Nuclear Agency. Thc 1)efeense Nuclcar Agency has since sponsored further 
dcvclopmexnt of the systej ir rcquircments of 1% accuracy Q V C ~  a rmge of 
0.5 to 30 rnclric tons The lotion System is a ~ ~ l r ) e ~ - ~ ~ t i c - ? ~ ~ ~ s e d  serisor that 
ext63lcil mart structure teehrrology 

0 Work is euneritly beiog performed on 
neutraf p;trticle heitriib, lightweight power and energy storage systems, optical 
compoincnts, suavivabrlrry and shielding, flywheels, parallel computing arid seiis~c 
integration, and lightweight structures niadc from h i g h - t e r ~ ~ ~ e r ~ t u r e  materials The 
level of cffurt for thl: coming years will he heavily influenced by the naticmat Strategic 
ncfcnse Initlalive (8131) policy sct by the Administration. 

The SDI Sutvivahlc! Optics Manufacturing Operations Development Integration 
Laboratory is a major SI11 initiative This program will continue to examine and to 
integrate optical techiiologics into an overall fabrication prrscess and to eramine the 
broad scope of the manufacturing system as OppCJSCd to the singular development of 
manufacturing wbsystems. It will provide the integrated technology that, if implemented 
hy private itithistry, .wuuld xhieve the stated SbI optical component goals. 

Two major ongoing programs in SDI are the optics development and shielding 
programs. TJiider the direction of the U.S. Army Strategic Defense Command, Huntsville, 
illabama, expertise and facilities available within Energy Systems for mirror and lens 

Mense Nuclear ncy * ORNL i s  performing research for the Defcnsc Nuc*leii r 

,I portable system tc B weigh vehicles 



fabrication, telescope fabrication and snaptogether assemMy, radiation testing, and 
optical charactcrization are being applied to the development of radiation-hardened, 
passive optical components. These components art: of iriiercst to SDI and potentially to 
otlicr areas ~ i t h i n  1?0D and NASI\. Energy Systems capakilitic.; are also being applied 
to develop shields to protect satell. res against hieh-kinctic-encr& particlcs, high-envgy 
lasers, and particle beams as well as natural and man-made radiation. ORNL staff 
members are perfonming an advisory role for the federal government as part of the 
technical advisoi y group on Superconducting hlagnetic Energy Storage Project. 

.sa ricks For DLZIUJA. thc A&oratory has 
initiated a project on artificial intelligence for transpot tatiom planning 1 csearch Work 
will expand on R&D in advanced parallei coniplitmg for the Worldwide hlilitary 
Command and Control Information Systems Program Office. 

Much of the R&L) that OWL performs for NASA is managed by non-ORNL 
Energy Systems organizations For ?jL1SA2, ORNL i s  pel forming basic research to 
procluce a conceptual design for equipment required to levitate and melt niobium in 
space. Basic research is required to incrcase thc effiviency of the rigenerator substantially 
and to dcqign special water-cooled coils to lcvitate :tnd to heat metal samples suspe~nd4 
in space. The modular desi@ concept is prcposcd to piovide hardware that can tx. 
adapted for use by NASA principal investigators who are planniiig soch expel iments 

NASA funding 1s anticipated for O W L  to dwigm and to implement inajor 
components of global vegetation dynamic mode?s, to contribute to the formation of 
comprehensive earth system models, and to  consult in the design of remote-sensing 
satellites from the standpoint of model data requirements and application of vegetation 
models to interpret satellitc imagei y We anticipate  pew initiatives addressing impacts 
of climate change on natural resources, suppoi t of joint research in mathematical, 
statistical, and computational methods is expected from NASA’s global change prograni 
O W L  is also working with the Wi4 and NASA to prqmse new vmrk that woiild 
investigate the effects of climate change on water resources in the southeastern United 
States 

NASA’s iecent initiative to put man on the moon and Mars on a continuing basis 
will create an opportunity for O W L  to siipport the development of reliable space 
nuclear power systems for both elcrtrical and piopulsion applications. Work irn thi\ area 
is already under \bay and is expected to grow 

In othcr current work for NASA, ORNI, is developing advanced high-ternpea 5 ture 
thermal storage technology using metallic phase-change media for advanced solar 
dynamic power systems The effort includes modeling 0:’ systcm thermal performance 
and prototype development and testing This v.7c1-k is an extension of ther rrial eriergy 

robotic and human-system interfaces technology for spaw missions 
For the NAS,Z-Lewis Rese:irch Ceatcr, OFWL u I14 undertake the conccptual 

design of (1) a nunibcr of magnrt systems and piovide the amount of conduators and 
approximate cost for each and (2) scalirig ides  that can h* :“sed to cstiiiiate other 
solenoidal magnets of the typc designed The !eve1 of support for tliis w ~ r k  increased 
in FY 1992 and is expected to cmntiniw to incre:ise in FT 199.3 

A possibie new initiative i s  the drvelopment of advanced therriiai mamagcrneni 
techniques that  ill be reqaiirid to meet system performance reqiiircmenti for space 
applications Compoiients include radiators, heat pimaraps, and heat Ijipes The thermal 
rejection components will be fabricated of highly conducting composites to meet mass 
restrictions Advanced heat-actnated low -mairtten;ince heat pumps will be developed to 
improve system reliability and to reduce system mass to the point rcqiiircd for space or 
planetary deployment. A continuing initiative, the Nuclear Propulsiori for Space 
Exploration Initiative, is included in this section under the “,Zssistant Sccrctcry for 
Nuclear Energy” subsection. 

storage Work being pcdcrmed for DOE NASA 3 ?rovides funding foi RISP, including 



At the reqiicst of NASA, OFWL has prepared a proposal to he desigiiated as a 
NASA ICOSDIS DAAC (EOS-Earth Observing System; DlS-Data and Inforniation 
System; 11)AAC-I)istrihuted ,\ctivc Archive Center). OWL would he the eighth NASA 
DAAC, a data center for bicsgeochemicd dyiiamics. A s  n UrZACI, O R N L  wouhl reccive 
funding from N M , I  for the cstablishi-ticnt of  a center for tlie acquisitioxi, quality 
assurance, docunicnt:itioai, and distribution tr f l a n d - b a d  data rclated to hiogcoclncmic:d 
dynamics, including conipouncls such as CO,, N,O, and 0 Ikvelopment of these data 
sets is cnicid to 1J.S. Global Climige Rcueareh It’rogram and to DOE’S componciat in that 
program : r i d  I)C)E’s scicutific 111 ission. O W L  h:is lorig been a leader in the management 
and analysis of eavironnnental rcseareh data. lXlI<’s CI)L\T: has a worldwidc rcpvtation 
for quality data ruanagernent of C 0 2  arid rclated global clamee variables Thc location 
of the ILIAC at  01WL wili also eornplemcnt DOE’S existing ;\RM ,\rehive activity, 
ensuringa close tie between thc two largest sirigle eornpoiients of the 1J.S. Global Ghorage 
Research Progr:r 111. 

2 Sey s.iC@% 
The Department of IIealth and Elum;an Services (DIIIIS) supports research, ita- 

literatur (’ evaluation, analysis, and database developrncxit in carcinogenesis, genetics, 
and toxicdogy . Its Funding is expected to remain reasonably constant. Thc imijori ty of 
U1I1IS kincljiig i s  from the NIIi; sornc fumdinfi i s  from tlxc 1J.S. Food and Drug 
Adminisf ratioti. Various brancheh of rhe NlIi that support ORNL’s programs art. 

* tbe National Cancer Tiistitute (N61); 
* tlie Natiotial Center for ’Toxicological Rcscarch; 
* the Nirtional Institute of Enviroiimcntal Health Sciences (NTETIS); 
* the  National Heart, Liiirg, a id  l k o d  Institute, 
* tlie National Ccntw for llutriati Genome Research (NGIIGR), 
* the National Institute of Child f Iealth and lXunian T)cvelopoictnt (NlcXftID); 
* the National Institute of General Medical Sciences (NIGMS), 
9 L17e National Institute on Umg Abuse; 
* the National Lihrary o f  Mcdieinr.; 
* the Natiotlal Toxicolo&y P)ro&~m; 
* the Agency for Toxic Substmces and Disease Kegistry (ATSDR), a d  
0 the Office of the Inspeetur General. 

CIRNT, is providing guida nee for thc ,YM)K on the performance of health 
assessrnc nts at liazardous waste sites on the Superfund List. Methodologics arc being 
clevelopcd to predict acute mid ehroaaic health cffcets rcsultirik from exposlire to 
hazartlor is elieriiieals In addttiom, OWJL will be providing technical expertise in 
upd:~j ing arid evaluzttine ATSDR’s icological Profiles; rc~coxnsxaelading chr.micd 
candiclal,:s kx further testing to fie infomarion gzps in tieaI111 risk asscssmcrrt, 
dcvclopiarc it Geographical Informati stem for use in cvalt1.4ting health effests 3t tka.! 
n:itic~i’s Superfurid sites; evalu:i.tin~ the effe~tivcness of Tnxncolo~ical Profiles, atad 
~~~~~~~~~~~~Y~~ rcgi niatory inforanation data bases. 

The NCT i:, supporting a study of neoplastic changes i i a  tr;ic:lrreal cpithclial ccllq 
A major cliatigf; is in the rcsponsc tn thc factorb h i t  irduce cell tbifcrentiatiora in t h i a  

of T W - P  bcirag jiiuestigl:itc d 'lie response to this growth factoa, nisd 
UCWC, ch:iriges R S  cells pm,@ess h m  prcneoplasia to moplasin. The 

NCI :also supports thc axialysis of  WF/EGF rr:ecptor interactions and thcir mitogcoie: 
~ o i i s e q ~ i ~ n c e ~  as illiaminrrred by studies wit ha bpeeifkdlgr modified EGkg variants. 
~ ~ ~ ~ i r o ~ ~ ~ i e ~ ~ ~ l  expostires isseially iamolvc more than one carcinogen or toxic agent, yet 
l i t e k  is hnown about the interactions of buch agents. The dcvclopnmerit of a flowthrough 
traelnael implant system has mac.le it possiblc, with N U  funding, to study the cffecr-s on 
traehael cells of mixture of agentc, arid scquentrial cxposures ,it the ~noIccular, ccllular , 
and tissue levels 

NIEIIS supports large projects ongeait:tie and developmental effects of eheni icals. 
The rneclianisms of gene-mutation and chrumosoni e-al>erratioa? induction in germ cells 



are investigated, and the molecular and c j  togemtic nature of the genetic lesions a l e  
analyzed Also studied are the organismic effects in first-generation oEf~priYiigofchcmically 
exposed mice 

The NICIIIID supports a project to generate transgenic lines of mice lay DNA 
iInjection into fertilized eggs. 

The NCHGR supports saturatimi an~itagencsis (iising a point-mutation inducer) 
within defined segments of the mouse genome for physicallfunctional mapping. 'l'hc 
NCHGR also supports pi oduction of the ncwslctter, bIuumun G~notne News, in 
collaboration with DOE/OIIEK 

With suppoi t from NIEIIS, the hypothesis that gene ti ansposition is an important 
part cjf the mechanism of carcinogens induced by environmental agents is beiiig tested. 
i\ mouse model system is baing used to invcstigatc w h e t h t ~  the mouse chromosomal 
long terminal repeats, containing aetroviral gene elements, are capablc @f initiatirig 
genetic transposition following the genotoxic injury of the cell 

'rhe National Institute ~f Aging, NICIIFII), and, indirectly, the National Institute 
of Alcoholism and Alcohol Abuse, suppoi t piojects for the cryopreservation of embryos 
of mice that have distinctivc genetic properties. 

Contiiitning studies on the crystallographic analysis of nucleosome stmctuic, 
with the fioal of 3-A resolution, is in part supported iiy NIGMS 

vir@ n EE@ ?Ita 1 P r-otectl Age i 3  cy 
OIWL's EPA program addresses numerous Iical:h, environmental, and economic 

problems and issues, including the ecological cffects of global change, toxic effects of 
pollutants associated with energy prodwtion processes and waste disposal, methods for 
environmental monitorirrg and assessmmciit. and assessmeilt of erivironrnental impacts 
of hiomass eneigy techiiologies. Ilealtln a i d  enviroininental risk analysis epidemiological 
studies continue to be important compoiicnts of this work. OKlvL is also involved in the: 
development of hiomarkcrs fur assessing exposure :%lid effects of environmental 
coiitaminants. ORNL is continuing its evaluation of  the economic viability of rcc~ycliiig 
solid wa:te; emphasis is placed ori plastics rceychg. In addition, work is under -??ay o n  
cvaluating various economic incentive programs Th:it might bc: implemented to pl-oiiicite 
additional recycling, source reduction of solid waste. and u 

The EPA supports research on the mcehaiiisins that lead to congenital anomal' 
following the exposinre of very e:.,rly mousc en~h~ii:is vo certain chemicals. 'rhr 
mechaiilisiiis may incltibe isiteri'erence with gene expression in the comceptus. 

The EPi? is also supporting resew& at  O W L  to evaluate impact of municipal 
waste iiicincration on human cxposure to pollutants through th rreserial food chain. 
ORNL is dc.vrelopilig a computer iz4 tcccestrial food-chain i i m d  aid i n  this analysis. 
The EP,\ is suppor~ing experiments to iilvestigate the high irlcideilce of congenital 
defects produced Sy ~ X ~ O S U X S  of fertilized 111ouse e 

Biologically based assessment of t1w human risk from exposure to hazardoats 
ci1e:::icals involves a series ~f judgmernta! dccisions concerning u11 resclved issues iin risk 
assessment. ORUL staff members, with fiYA and KSF support, arc developing biologically 
based pharmacokinetic and pharmacodynamic nretbodologies to evaluatc tkc scieiltific 
bases of these assumptions. Pharmacokinetic models predict clxennical transport aiid 
metabolism across routes of administration, across spceics, and through te:rPpoi-al 
variations in time; pharmacodynamic mod:ds relate genetic mutation frequencies and 
cell-turnover dynamics to the epidemiology of cancer in animal and human popnlations. 
The NSF is also providing support for this research. 

A 3-year, $SOO,OOO joint cooperative research project with the EPA and privatc 
industry incluc'm utilizing unique capabilitiet; and facilities for testing building eaivelopic 
thermal materials and systems. This work is conducted at the Xoof Research Center, 
which is a national user facility. Pi-ducts are being tested to evaluate the effectiveness 
in reducing heat @iris and losses through low-slope:d commercial roofs. New materials 
are being identified and tested to replace products produccd with CFCs. CPCs are being 
phased out as directed by the Montreal Protocol Agreement to reduce the risk io the 
ozonc: layer. Cooperative projcct,s ivitln the EPA also include a study of advanced 

f biomass energy. 

s to certain chemicals. 



thermodynamic cycles for refriberator/freczcrs using alternate refrigerants and a 
laboratory and field study of foam insulation with non-CFC bluwirig agents. 

OIWL scientists arc also assistirig the EPA with the development and evaluaticsxi 
of advanced spcctroscopic methods for analyzing chemical pollutants. 

CdLVI, scientists arc evaluating and analyzin,g the literature and will prepare a 
variety of lncalth and anvironmcaatal summary and asscssrneiit reports for the EPA. 

e chemical hazard itifornial imi profiles, 
0 rcjwrlaMe-quantity tlocuincri~s for carcino&xiicity a aid chronic toxicity, 

0 reference dose/concentr;ition profiles for oral and inhalation expostires, and 
0 report on rcduccd uncertainty in risk assessment mcthdology dcvelopment (less 

than lifctimc risk assessment). 
In addition to the above-nnentioxicd types of documents, OIWL is collaborating 

with F P i i ,  industry, and universities to prepare in-depth health efl’cct cvaluatioris 0 x 1  
exposure to clectrornagnetie fields and dicsel engine emissions. 

Datahase development activities for the EPA are expected to incrcase. (XJW, iiri 
evaluated database, is undcr development for the OISEA. CUM; will be an nn-line 
intenictive filc to bc used by EI’A scientists and regional dfiws for pcrforming chemical 
risk assessnient In addit ion, ORNI, will continue to develop a peer-reviewed Genetic- 
Toxicology Dat:ibasc and Exivironrncntnl Mutagen atid Teratogen Infomiation Center 
Files that are pertinent to pedorining chemical liazard asscssmerit and conducting 
quantitative structure activity relationship studies. A novel technique developed in 
association with the EPA‘s IIcalth Effects Researell T,:ilmratury allows fox the computer 
generation of graphic display of experimental data on singe chemieuls, groups of 
chemiealx, and so on. Thcsc resources ( toxiciiy data on more than 22,000 unique 
chemicals) are being used for finding patterns among chcmical dnd biological data. This 
effort represents one of the Iargcst of its kind. 

Because of the reauthorization of the Natiuiial Acid Precipitation Assessment 
Program early in FY 190 1, acidic clepositioii rcseareli and assessment activities declined 
in FX 1992 but are expected to increase slightly by FY 1993. Major emphasis is on thc 
effects of rwidic precipitation o n  forest and aquatic systems atad on ion niobility in soils. 
New enqrliasis will be placed on cost-benefit analyses of Cllean Air Act-mandated 
emissions controls Continued support of the WA’s critical loads research program is 
also anticipated. 

0 W E  will continue its research and analysis support to the EI’A’s Environmental 
Monitoring and Assessment Proeril tn in the areas of ecological indicators, landscape 
pattern analysis, biological markers, einkwnniental risk, and technic 
assessment. Work wijl also continue on the development of a 
assessment sourcebook fox the EPA Office of Federal Activities. 

EYA support is expected in four iInport;oit analyses dealing with eco1ogim.l 
impacts resulting from gldml climate change The projcct will take f w r  approaches ta 
t he problem of predicting biospheric response to &~lhail change ( 1 ) assemble relevant 
d:ntah:nses regarding the increasc in tram gases in the atmosphere, (2 )  perform critic;rl 
expcrjtncrats rc&xding the direct and indirect effects of pcrllutmts mi trce species, 
( 3 )  sy nthcssizc data, models, ~ n i t l  cxpcrimental r e d i s  to produee rcgiund predictions 
of the direct and indircet effe~bts of ghbal ela:iiigu; and (4) simulate the global response 
csfvcgetatiora to elirrratic cffccth. ORNL araticipdtes iiew wotkwith the EPA on the cifecaa 
of anthrcpogcnic strcssors 011 Iiohitat and bidogical diversity research Habitat 
changes in thh: southetistern Unitcd States arc the focus of one initiative :Inotliic.r mea 

ccrssybtem fama. 

hcalt 11- and environmental -effects documents, 

rcsearela is tkac effects of ciianrjte c~aange ana iala use rnocPific:ations on tropical 

litsearch in  sadvanccd data systems continues for the EPA’s Office of Platminfi, 
Budget, and Program Mana@xnent This research will develop eoirirtuter-analysis 
capabilities that will allow the EPA to better formil:rte ~~nvironmental regulatory policy 
mid to analyze groundwater -con tamination problems. Altliough research on ecological 
risk of chemicals declined in FY 1990, an incrcase in this area is expected in 1992 

In addition, ORNI, is participating in the development of the EPA’s new clinaatc‘ 
change initiative and will contintac to expand i t s  work for the CMficiCc of Emergency 



Response and 9V;:s;ee hkinagcment to help develop modern computerized inforrnatioir 

O R N L  pp<i\4des tcchnicxl support to EPA Kegion I V  programs such as rcstoration 
:ifid rcmcdiation of sites in the southeastern IJnited States listed OIL the National 
Priorities List. Work is ongoing to eva1u:tte the adequacy of existing emergency-respcwse 
systems in the vicinity of chemical plants. In addition, research i rn  physiological 
pharmacokinetic models. which aids in low-r.iose extrapolation, continues for the EPA’s 
Carcinogen Assessnmit Group. OIWL is also analyzing cnvironmental issues and 
opinions for thc office of thc! i\chiinistrator. 

terns in support of 1zcRA and C:ER::IA. 

ORNT, is expecting some growth in the overall anmiiilt of funding provided hy the 
SSF in the next scve!r;al years, pal-ticeilarly in those areas where the Laboratory has either 
unique c:rphilitics oI where basic research projects are not funded b y  DOE. 
Discussions are in progress to t Liic KSF in promoting educational training for thc 
sciences. The KSF has supported :in OliNI, study on the luiidamental aspccts of the 
tcclmology for thc I-eiiahle and reproducible cryoi,!eser\.i:peion of Drosophila enibryos, 
the resolution of which wil l  obviate thc need for niaint::naix:: by continuous t r a d e r  of 
10,0011 mutant stocks worldwide 

ORNI, has submitted a proposal to NSF to fund a postdoctoral studcnt t o  interact 
with university users of the S ~ a l l  i\ngle Nc;n:ron Sc;lttering Facility. illthough the 
p r o p o d  has hecn well rcceived, funds had not yet heen :]warded a s  of mid-FY 1992, :md 
110 specific start &tte has ~ X I I  est:iblislied. 

l<cc:tuse of its uniqnc position :IS a Icador in systems aiid theoretical 
01WL plays a strong rcilc iim thesc fields and works closely with various universi 
NSF recognizes ORNI,’.; 1e:tdcrslmip in ecosysteili rcstr;irch and global terrestrial c;rrhon 
cycling :ind provides wpport for :I study o f  iieitrient cycling, ecosystem metabolism, aiid 
ecos ys tern res i 1 i e lice . T h is project i 11 vol\:es dcvc lo pi13 en t :i rid ex pcri inen tal testing oc 
mociels th3t reh tv  nutrient cycling in stream ecosystems io ceitaii-i physical and 
liiolofiical characteristics of screams in ordcr to p rd ic t  thc xsponse ::f stream ecosystems 
to c1isturb;mce. ORNI, will continue t o  exp’li~rc its potcntial colitiihiltioiis to the planned 
interagency (U.S. 1)ep:ir~mcnt of Inte:.ior-NSF-l)OK) (hrltiiicntd Drilling Program. 

ch cfiort sponsored by the XSF involver; developmixit of a fibcr-optic- 
nmunosensor, an iiistruimcnt using ~ i o n o c l o d  antibodies and laser- 

iiiduced luminescence for the detection oftracc kve l s  of biological species in body fluids. 
Additional research is expectc:! to include iiiath:.api:itical and statistical methods for data 
analysis. 

taiicc to the Division of Poiar Programs in their 
c f h  t to cvnluate the environmeiltal impacts of U.S. activities implenienting minima! - 

impact goals i i l  Antarctica. O K N L  has prepared ;I programmatic U S  OCP the U.S. projiralii 
and will continue to support NSF in implementing minimal impact goals and preparing 
site- mid projcct-:ipecific enrvironmelnial impact assessments. Emphasis is being placed 
on wastc arid fuel ~naiiagcment, logistic suppoi-t facilities, sensitivc resour 
concern:; for the pristine hi tarct ic  envirorimect. 

O W L  is providiiig techirical a 

I E-.-- nfi;y a l a  

DO!? and its iprcdecessor agencies have been providing major research support 
to the Fedoral Emergency MaLiagemcni :l&ncy (FEMA) a i d  its predecessor agencies fm 
more than 35 years. Current ORNL pro@ams for FEMA incliude a range of research, 
devcluprnent, and technical assistance activities in support of national preparedness for 
major mxrjieneies. At FEMA’s request OWL serves n s  an independent center of 
expertise in areas ranging from engineering assistance to analysis and assessment. 
Engineering ~ 2 r b  includes assisting in hardening civil defense installations against 
e!ectromagnetic pulse effects, development of devices that protect against the effects of 
electromagnetic piilse, and testing equipment. 



Analysis and assessment activities include building economic models of 
preparedness options, assisting with the use of computer graphics, studying human 
behavior in emergencies, and working on state-of-the-art assessments on various 
programs and issues. These activities will also include the following issues: 

0 development of a National Infrastructure Information System, 
0 ernergcncy preparedness to hazardous material accidents including those involviiig 

chemical weapons, 
impacts of disastcrs, 
postdisaster economic rccovery, 
data sources for emergency management, 
shelter concepts for emergency protection, 
civil defense program planning, 
evacuation planning for natural and man-made disasters, 

0 public alerdnotification system performance, 
prep:zredness for special populations and institutjons, and 
adcqiiacy of training for emergency workers. 

t 
ORNL serves as a center of cspertise for the Office of Encrgy and Infrastructure, 

Bureau of Research andDcvclopiIient,AID on (I j energyplanningand policy devclopment 
(EPPDj and (2 j renewable energy applications (REAT). OlWL’s activitics include 
research; analysis; technical assistance; project developmcnt, irnplemcntation, and 
evaluation; and informatiotl dissemination. In the area of EPYI), ORNL emphasizes 
encrgy efficicncy improvcmcnt, environmental management, R&D roles, institution 
building, and technology cooperation. In KEAT, the L,al>oratory emphasizes biomass 
energy systems and ruraVdccentralized applications 

Through its relationship with AID’S Office of Energy and Infrastructure, ORNL 
also supports progranimatic activities in other hureaus, offices, and field missions of 
12111. For instance, the Laboratory is currently assisting AILYs Regional Office for Central 
American Programs as technical monitor atid project evaluator for a large multiycar 
rural cleetrification project. 

Resides its continuing relationship with this one office, ORNL provides similar 
technical assistance directly to othcr parts of AI11 as well. One such commitment is to 
carry out analyses and technical assistance o n  environmental and natural resource 
managemcnt issues for AID’S field mission in Guatemala. 

Many citizens of developing countries use indoor combustion for cooking or 
space heating. AID is providing assistance to these countries in thc development of fuels 
that emit smaller amounts of pollutants to improve indoor air quality in these countries. 
Research staft‘ are cvaluating the effects of additives on reducing toxic emissions from 
traditional Pakistani fuels. In  addition, they have trained Pakistani scientists in the 
design of these experiments so that furthcr development can occur in Pakistan. Future 
work i s  expected to assist fuel scientists in other developing countics. 

II 

ORNL’s Center for Transportation Analysis, which receives funds from DOT, 
covers all transportation modes: particular attention is given to highway transportation, 
which accounts for more than 7.3% of the nation’s energy used on travel ORVL is 
assisting ICIIWA, and will assist the soon-to-be-established Bureau of Transportation 
Statistics, in research areas that include development of freight and passenger demand 
models; ,assessment of dataquality anddataconsistency of highway statistics; development 
of data collection methods and advanccd data management systems to improve data 
integrity and availability; analysis of nationwide surveys to address issues in current or 
future national transportation policies; development of methods to statistically link data 
sourccs to study interniodal traffic; and research on intelligcnt vehicle and highway 
systems. 
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In response to the FHWA’s 1990 National Transportation Policy, rcsearch effort 
provided by ORNL is increasing in several areas. First, ORNL is developing procedures 
to estimate the private sector’s contribution to the nation’s highway infrastructure. 
Second, O W L  is assisting the FHWA to study the relationship between truck accidents, 
highway geometric design, and truck performance characteristics. Results from this 
study will guide how highways will be designed to accotnmodate more safely heavier 
trucks in the nation’s highway system. Third, O W L  is developing methods to reduce 
statistical bias in the 1987 nationwide truck surveys: the Truck Inventory and Use 
Survey and the Nationwide Truck Activity and Commodity Survey. The sampling plans 
of these surveys will be evaluated to better plan and to implement the next surveys in 
1992. 

The FHWA’s Highway Traffic Forecasting System has been redesigned by O W L  
to provide improved forecasts of trucking activity nationwide and of the impacts of this 
activity (in terms of pavement loadings) on the condition of the nation’s highways. 
Related research in highway network dcsign is looking at possible alternative designated 
routing options for tnrcks. Improved routing will allow more economical transporting of 
goods across country and will reduce the potential for considerable damage to our 
highway system’s infrastructure. More effective highway network design and routing 
policies can also benefit DOE because they will provide better options for the shipment 
of spent nuclear fuel. OKNL is helping the FHWA to examine future federal network 
design options, to ensure national network connectivity, and to anticipate future traffic 
growth. 

Innovative log-linear modeling of vehicle-miles-of-travel by vehicle types, roadway 
class, season, and state provides the FHWA with a means of generating travel forecasts 
from large, sparse matrices containing large numbers of zero-valued cells. Research into 
the relationship between methods of forecasting vehicle-miles -of-travel and fuel use at 
the national level offers insights that are useful to both DOE and FIIWA policy and 
planning staffs. O W L  is also increasingly involved in helping the FIIU’A select and make 
the best use of sampling methods for the collection and analysis of truck freight 
transportation information. 

To support these analytical efforts, and in cooperation with sgencics within DOE 
and DOD, OKNL has been the leader in the development of an extensive national 
highway network database that currently contains roadway lengths, traffic capacities, 
and other statistically and operationally useful piaiming characteristics for about 
380,000 miles of highway. Workstation versions of this network data base are being 
developed for use in a variety of graphically enhanced highway research applications. 

Other continuingwork for the FHWA hasprodLncedworkstation-based simulation 
models and associated microcomputer graphics systems to replicate and depict complex 
traffic-stream management strategies for congested urban street layouts. In addition, 
OWL will be increasingly involved in providing the FHWA with technical support on 
research projects that study highway safety from the viewpoint of geometric dcsign, 
highway systems operation, and hazardous materials transport. Application of expert- 
system methodologies to traffic-simulation problems is also emerging as a future 
research area 

For a National Highway Network Evaluation and Design Project, ORNL, will 
generate a number of candidate 2020 national highway networks. Goals such as traveler 
mobility, equity, intercity trade, and connectivity for national security reasons will be 
translated into network desigdselection criteria. 

Working with FHWA, O W L  is developing real-time traffic monitoring and 
routing models. Real-time traffic analysis is  a rapidly growing area of work dealing with 
the increasingly important issue of the energy and environmental effects that vehicle 
traffic may have on our cities. 

OWL will also support the FHWA’s expanding research on intelligent vehicle arid 
highway systems. This area of research holds promise for reducing congestion and 
highway accidents through advanced electronic traffic monitoring and control systems 
together with intelligent vehicles and guideways. 
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I n  addition, the Federal Aviation Administration is developing a modeling atid 
analysis facility, the National Airsystem Management Facility, for the development of 
advanced systems for airport and airways management. OkVL is well suited to provide 
research support to this new facility, and to other operations research and simul a t’ ion 
efforts in the Federal Aviation Administration by virtue of its extensive R&D work for 
MAC. 

A renewed interest in seawater desalination has been dcrnonstrated in current 
legislation that will result in a11 initiative funded in the Bureau Of Reclanlation beginning 
in FY 1992. ha ongoing initiative was begun in FY 1991 at ORNI, to begin the 
fundamental work neccssary to support this initiative. 

OWL is providing technical leadership in support of the Coast Watch Change 
Analysis I’rogrum (C-CAP). C-CAP is sponsored by the Coastal Ocean Program of the 
National Oceanic and Atmospheric Administration (NOM) and administered through 
NOAA’s Southeast Fisheries Center, National Marine Fisheries Service (NMFS). OWL’S 
primary responsibility is to conduct R&D on land cover monitoring in the coastal regions 
of the United Statcs. 

OIZNL will provide planning, technical coordination, and implementation of 
regional projects designed to employ the C-CAP protocols in coastal regions. Each 
project will involve collaboration with a university, state government agency, or other 
regional organization. Technology transfer will be ;I key technical requirement in the 
collaborative efforts. Candidate regional projects include Galveston Ray, the Louisiana 
Coast, Tampa Bay, the South CarolinaCoast, the North Carolina Coast, Chesapeake Bay, 
thc Rhode Island Coast, the St. Croix Estuary, the Alaska Coast, San Francisco Bay, the 
Columbia Rivcr Estuary, and portions of the Great Lakes. ORNC will process satellite 
imagery and other data in support of these regional projects and will develop improved 
mcthods and techniques for measuring spectral change. QKNL will develop ncw 
mcthods and techniques appropriate to the assessment of accuracy in large spatial 
databases involving change over time. 

OWI, also provides technical support to a variety of other federal agencies. 
ORNL anticipates collaborative work with the USDA, including thcAgricultura1 Research 
Service, the U.S. Forest Service, and the USDA Research Laboratories at Reltsville, 
M:iryland, and other sites throughout thc country. 

Some support to ORNL has been providcd by the U S .  Department of State for 
work performed for the International Atomic Energy Agency and the United Nations 
Educational, Scicntific, and Cultural Organization, and we expect this support to 
continue. O I a L  is assisting the National Park Service in preparing an environmental 
report on a proposed extension of the Foothills Parkway, adjacent to the Great Smoky 
Mountains National Park. 

Support has also been provided by the U.S. Department of Education, the U.S. 
lkpartrnent of Justice, the U.S. Department of Labor, and TVA. OWL is currently 
assisting TVA in an assessrncnt of the potential for biomass energy within thc TVA power 
system. ORNL provides support to the Bureau of Labor Statistics in artificial intelligence 
systems to provide cstimation of consumer prices index and survey automation. Work 
is anticipated in support of the Office of National Drug Control Policy and its various 
support agencies. 

In the area of environmental managemcnt of water resources, ORNL provides 
support to several additional fcderal agencies. For example, ORNL staff serve as 

Scientific und Technical Progrums II 5117 



technical advisors to the Ronneville Power Administration, the Bureau of Indian Affairs, 
and the U.S. Army Corps of Engineers on environmental issues such as hydropower 
impacts on fish and wildlife and instream flow policies. New work is also anticipated in 
Fk’ 1992 from the U.S. Fish and Wildlife Service related to development of a Recovery 
Plan for threatened/endangered fish species in the Upper Colorado River Basin. 

The U.S. Geological Survey (USGS) is funding new research designed to develop 
a network ofprccipitation collectors in the United States to analyee trends in trace metal 
wet deposition. This work is in collaboration with the IJSGS Central Regional Office in 
Denver and the State Water Survey at the University of Illinois. The ORNL work involves 
collection of weekly rain samples at Walker Branch Watershed for arialysis of lead, 
cadmium, arsenic, copper, manganese, and zinc and development of new methods for 
collection and analysis of wet deposited mercury. 

Ekx3r’Pc P@WEF ssear;-ch Institute 
EPRI continues to fund research at O W L  in areas related to the generation and 

efficient use of environmentally acceptable electric energy. Major efforts in this area 
have been directed at the following issues: 

understanding the processes and mechanisms by which atmospheric deposition of 
energy-related pollutants affects the nutrient cycling and the sulfur and nitrogen 
dynamics of forest ecosystems, 
developing methods and models to quantify and predict air/surface exchange of 
mercury vapor and related compounds, 
developing a mechanistic and predictive forest-cycling model to address potential 
future impacts of atmospheric deposition, 
development of predictive models of fish population dynamics for use in assessment 
of impacts from steam and hydroelectric power generation, 
understanding the processes and improving predictions of the response of fish 
populations to cnvironmentd stress, 

0 developing methods for analyzing data to make and support decisions, 
0 preparing critical reviews of power-related issues associated with global climate 

exploring theoretical aspects oE uncertainty, and 
obtaining new data on volatility of ammonium salts from hightemperature aqueous 
solutions. 
The Laboratory expects to continue these and other programs for EPRI during 

the course of the planning cycle. ORNL has completed a major new book that synthesizes 
the results of the EPRI-funded Integrated Forest Stxdy on the effects of atmospheric 
deposition on forest nutrient cycling. Work is continuirig in the Conipensatioii Mechanisms 
in Fish Population Program. In FY 1990 the program was expanded to include model R&I) 
specific for hydroelectric projects impacts such as instream flow requirements and 
water-quality alterations. An anticipated activity with EPRI i s  the evaluation of forest 
response to elevated 0, and global climate change. A major new effort will begin soon 
titled “Atmosphere/Surface Exchaq&e of Mercury.” This work will be directed at 
understanding and modeling depositioii and emission of vapor-phase compounds of 
mercury. In addition, a new project on the role of vegetation in remediating waste sites 
has begun. Also under discussion is an assessment of the sustainability and cost of 
biomass fuels for regional power grids. 

EPKI continues to fund research at ORNL in areas related to thc efficient use of 
electric energy. An efficiency research project currently under way is a test of full-size 
ice-storage systems for cooling commercial buildings. Also under consideiation is a 
project to develop diagnostic procediires for detecting toxic by-products of power circuit 
breaker gases and a proposal to develop CFC replacement fluids in commercial chiller 
units. 

change, 
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In FY 1992 FWlU called upon OWL’S expertise in biomass energy to assist in 
analysis of the potential of biomass feedstock for electric power plants. This interaction 
is expected to increase in the future with new EPRI funds. 

EYRI is currently cofunding development and demonstration ar OlWL of 
intelligent control systems for nuclear power plants. This includes such topics as 
validation and vcrification guidelines for software used in digital nuclear plant control 
systems and development of portable software that runs on a varicty of hardware 
platforms. 

O W L  also has an expanding tcchnology-development program for EPRI in the 
arca of high-temperature structural design methods and fracture-assessment procedures 
for advanced reactors and other high-temperaturc power plant components. In these 
activities ORNL serves as EPIU’s K&D arm in collaborativc studics between EPRI, the 
Central Rescarch Institute for Electric Powcr Industry in Japan, and the Central 
Electricity Generating Board in the United Kingdom. Kcsults of thcsc joint studies help 
to fulfill identified needs in DOE’S LMR and MIITGR programs. 

In addition, ORNL is researching a port:ible operating system for power-plant 
controllers. This project is proposed as an exploratory research project for WIU 
involving technology acquisition that may have a significant economic impact on control 
system software development and implementation. The project goal is the development 
and demonstration of a portable, real-time operating system compatible with thc UNIX 
operating system. The results will indicate methods to minimize cw to eliminate the 
difficulties and expenses that a utility may cncounter in transferring software between 
processors, as will be the case for future replacenicnt of the computer hardware. 

Assessment of the role of volatile salts such as ammonium chloride in the 
carryover of corrosive species in steam generator circuits is limited by the lack of data 
and predictive models. Experimental data are being obtained at ORNL in newly dcsigned 
apparatuses. Thcsc data are then incorporated into broader thermodynamic models. 

Associated with EPFU research is work being funded by the Rabcock and Wilcox 
(ULkWj Owners Group to develop an improved control system for the currently operating 
rcactors of the B&W design. The project objectives are identification, documentation, 
and resolution of problcm areas in the current control system, development of the 
optimum system configuration, exploration of technological improvements in control 
design methods, and provision of features that meet the expanded scope of control for 
the new control system. OWL’S project will be a control algorithm that will be 
implemented by the B&W Owners Group on a new digital control hardware. An 
additional anticipated activity with EPRI is R&l) on thin-film materials for photovoltaic 
and other energy applications. 

The American Petroleum Institute (API j supports research at OkYL to evaluate 
the pharmacokinetics and pharmacodynamics of bcnzenc in humans. The work is 
intended to provide a better estimate of the risk of developing leukemia following 
exposurc to low doses of benzcne. 

ORNL is also providing support to API in the area of global climate change by 
developing invcntories of greenhouse gas cmissions associated with petroleum product 
combustion. The inventories will focus on energy consumption and fugitive gas losscs 
through production, refining, and distribution. 

ORiiL performs work for several other tionfederal agencies. For example, R&D 
sponsored by SEMATECH addresscs critical national issucs related to the processing of 
high-density semiconductor chips. This work has emphasized the developmcnt of 
advanced etch technology for submicron device applications. Fumre anticipated activities 
with SEMATECII include other aspects of semiconductor processing and materials 
development. 
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Private industry has joined with ORNL to identify and to test insulation materials 
and products that are economically feasible, durable, and free of CFCs for increasing 
energy conservation in residential and commercial buildings. O W L  has entered into a 
cooperative research project to test convective heat losses in somc types of attic 
insulation. 
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Other organizations involved with ORNL include 
the United Kingdom Atomic Energy Agency, 
the Japan Atomic Energy Research Institute, 
the Canadian Atomic Energy Commission, 
the Federal Republic of Gemany Umweltbunesamt, 
the Korea Advanced Energy Research Institute, 
the International Atomic Energy Agency, 
the National Institute of Radiation Protection of Sweden, 
Ilarvard University, 
universities of Georgia and Maryland, 
states of California, Virginia, and Alaska, 
the Metropolitan EdisodGeneral Public Utility, 
the Pacific Powcr and Light Company, 
EG&G Energy Measurements, he. ,  
the Florida Institute of Phosphate Research, 
Battelle Laboratories, 
the General Electric Company, 
the Soap and Detergent Association, 
the National Geographic Society, 
the Center for Indoor i2ir Research, and 
the Gas Research Institute. 

The principal objective of the ORVL Laboratory Qirectcd Research and 
Development (LDRD) Program is to provide financial support for innovative R&D ideas 
that, while within the general mission of the Laboratory, have no direct programmatic 
funding. Such ideas could lead to productive new technical directions for the Laboratory, 
DOE, and the nation. The program obtains its funds from DOE through an overhead 
charge to all other Laboratory programs. The program operates under the authority of 
DOE Order 5000.4A, “ l~bora to ry  Directed Research and Development,” dated 
April 9, 1992. 

There are two major activities within the LDFU Program: the Seed Money Fund 
and the Director’s K&D Fund. The Seed Money Fund i s  the continuation of the original 
O W L  Seed Money Program that was initiated in 1974; the Director’s R&D Fund was 
added in 1983. The approved FY 1992 budget was $10 million for the OWL program. 
The budget allocated by the ORNI, Exccutive Committee was $9 million: 82.13 million 
was allocated for the Seed Money Fund, and 86.87 million was allocated for the 
Director’s R&D Fund. This total amounts to less than 2% of the total operating hudget 
for OICNL. Table 5.33 lists authorized funding for FY 1991-FY 1994 (projected) 

LDRD projects address a variety of issues that are on the cutting edge of science 
and technology. For example, a Director’s R&D Fund project in IIASRD involves 
fundamental studies of Buckminster Fullerenes (“Buckyballs”), which may have 
important applications in rocket fuel, batteries, and superconductors (Fig. 5 .32) .  

Proposals for Seed Money Fiind projects are accepted directly from the 
Laboratory’s scientific and technical staff (with management concurrence) at any time 
of the year, are peer revicwed, and are selected for funding with the assistance of a 
Proposal Review Committee composed of representative scientific and technical staff. 
The 1-year projects are generally funded at less than $100,000. Director’s R&D Fund 
proposals are solicited from the scientific and technical staff in June and are reviewed 
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Table 5.33 
Laboratory-directed R&D finding 

($ in millions--BA) 

FISCAL YEAR 
.......................................................... 
1991’ 1992b 1993c 19W 

Total funding 9.0 10.0 10.2 12.0 

9 7 . 4  million allocated 
”9 million allocated. 
‘Estimated. 

through line management; most are selected by the Laboratory’s R&D Strategic 
Planning Committee. These projects may continue for up to 3 years at levels of $300,000 
to 6400,000 per year. Five to ten percent of the Director’s R&D Fund is allocated 
individually by the Laboratory associate directors. Providing two routes of access to 
LDRD hinds maximizes the likelihood that novel and seminal ideas originating from the 
staff will bc recognized and supported. 

Unlike the Seed Money Fund, the Director’s R&D Fund is targeted at a specific 
list of research topics considered to be important to the future of the Laboratory. For 
FY 1993, for the first time, these research areas were sclected by the ORIVL R&D 
Strategic Planning Committee. 

It was decided that the best approach was to choose a “focus” area, under which 
projects would be given top priority for funding, and several other “target” arcas, from 
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which proposals would also be considered but would have lower priority than those from 
the focus area The focus area and target areas were selected by soliciting lists from 
members of the R&D Strategic Planning Committee of the research areas that they 
consideied to be priorities in their respective fields. Research areas were ranked 
according to the frequency with which they appeared on the priority lists Then, at a 
gcneral meeting of the R&D Strategic Planning Committee, a consensus was reached on 
tlie final focus area and target areas for FY 1993. 

The decision n7as made to limit the final list to one focus areaand four target area?. 
They are as follows (target areas listed in no particular ordrr) 

focus area 
* target areas- Biotechnology, Advanced Materials and Processing, Advanced 

Manufacturing Technologies, a i d  Transportation. 
The LDRD Program is administratively part of the ORNI, Office of Planning and 

Management The position of manager rotates every 2 years among membras of the 
scientific a id  technical staff of the Laboratory. A study has been commissioned to 
evaluate the LDRD programs at each of the DOE laboratories. It should be finished by the 
end of FY 1992. Additional descriptions of OKNL's LURD Program can be fmnd in the 
following three DOE publications 

Accomplishments of the Oak Rsdge National Laboratmy Seed Motley Program, 
L)OE/ER-0274, U.S DOE, 1986. 

A Review of the Oak Rid'@ National Laboratory Seed Money Program, DOEffCX- 
0319. U.S. DOE, 1987. 

A Revzew of the ExpIoraro?y Kesearch and Development Fro@-urns at the Fwe 
Mdtiprogram Energy Laboratories, DOWEK-0361, U.S. DOE, 1988. 

The program operates efficiently and is kcld iai high regard both internally and 
externally. For all divisions the overall return of new work for the Laboratory is 
approximately four times the program's investrnenat. The program provides the scientific 
arid technical staff with morale-boosting incentives to be innovative A high percentage 
of honors, awards, and new programs at the Jhoratory ha9 originated through work 
supported by  h e  EDRD Program. 

High-Pedormmce Computing Applications and 







a 
(PkVI, has a strong commitment to the safety and health of its people arid to the protcction 
of tlic environment. Manecment recognizes the need for improving the way cnvironmental, 
safety, aid health (ES&H) matters are integrated into the operation of the 1,atxxatory. 
Cliangcs in culture and organization have occurred and are permeating all aspects of 
operations. 

A key first stcp is the development of a long-range ES&H strategic plan that 
articulates the mission, objectives, and btrategies to be used. Such a document has been 
developed for ORNL, entitled the OKNL Envil-onmentrd, Safety & FfealthMarugemerit Plan 
(OtWL-t,702, Decembcr 1991) It is a follow-on document to the Enel:& Systems 
Encironrnentul, Sufety & Health Strcitegic Plun dcvcloped by Energy Systcms and issued 
in June 1951. It addrcsses a111 of the components of ;E strategic plan, iiicluding the mission, 
situation :tnalysis, objcetivcs, and strategies. 

The following is OWL’S ES&II mission statement, b:md tmth on the Energy 
Systcrm ES&H statement and OliNL’s overall mission. 

The ES&Il tnissior, of OWL is to conduct operations and KR.1) it1 
a manner that protects the environment, staff, and public while allowing 
OIWL to continue to c a r q  out world-class research in a competitive 
manncr. We must achieve and maintain compliance with environmental, 
safety, and health laws and regulations. R7e intend to excel in our efforts 
by building. 3n cxernplary record of accomplislinient in protecting the 
health and safety of our people and the public. IVe shall also be exemplary 
in protecting the environment from effects of present and future operations 
a i d  restoring, the cnvironnient from past operations. W e  want to become 
known as one of the best research laboratories in the United Statcs in 
t&i~ig the lead in developing and executing innovative and cost-effective 
ctivironmental, safety, and health actions. 

h set of goals and objectives has been devoloped for ORKL to accomplish its ES&II 
mission and address the issues that it faces. ‘l’o a great extent, these goals are lxised on the 
Energy Systems objectives and g0als outlined in the ES&I-I Strategic Plan. It contains 48 
objcctivcs or goals, separated between health and safety issucs and environmental issues. 
Within each section thc document identifies six categories: (1) Compliance and Excellence, 
(2) Personnel and Public, ( 3 )  Management Systems, (4) Cost and Productivity, 
( 5 )  Technology, and (6) Fiicilities. Some issues apply to both eiivirorirnerit and health and 
safety, causing a duplication of a tiumber of the objectives. In addition , some issues are not 
addressed in the Energy Systems plan arid require additional objectives and strategies in 
ordcr to address them. These OJANL-specific objectives and goals are presented first and 
designated with an “0” in their numbering. 
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The objectives and goals arc not commitments. It is net guaranteed that they will 
be achieved. The DOE Guidelinesfor Strategic Plunning states the following: 

Strategic objectives arc intended to inspire and motivate the 
organization to reach farther than they think they will be able to grasp. 
It is quite acceptable for their probaldity of success to be 0.5, whereat; 
objectives in an opemtkmd plan miist have a much hi&er certainty of 
being reached. 

Achievement of objectives and goals depends on a iiiamher of variables beyond the 
control of ORNL and Energy Systems, the most notablc hcing the amount of funds providcd 
by DOE. Many, if riot most, of the objectives and goals will require a commitment of 
resources, either directly by DOE or indirectly through su€ficient programmaric efforts in 
order to not strain the overhead budgets. Another key variable is the likelihood that 
priorities will be redirected. New issues will inevitably arise that may be determined to be 
more important than coiripletioti of these objectives. The outconie of uncontrolledvariablcs 
will require periodic reappraisal of objectives and goals to determine their expectcd 
schedules or appropriateness. 

Table 6.1 provides a summary statement of each objective. 

ORNL-s~ecifr~ Objcctivies 
0-1. 
0-2. 

Pursue adequate funding for ES&H activities. 
Develop process to balance and prioritize R&D and ES&II aspects of work. 

Health and safety objectives 
ce and excellence 

H-1. 

I€-2. 

13-3. 

11-4. 

H-5. 

11-6. 
€1-7. 

11-8. 

Provide a safe work environment (reduce industrial and radiation incidents to 20% 
of average for industry). 
Achieve and maintain compliance with health and safety d e s .  By 1994 have no 
valid continuing complaints. 
Conduct health and safety such that ORNI, is a benchmark for other contrxtors 
by 1996. 
Implement an asbestos-management program that tail1 eliminate asbestos exposure 
through removal, containment, and use elimination. 
Use Conduct of Operations, Maintenance, etc., to pursue excellencc with emphasis 
on procedures, elficiency, and empowerment. 
Improve OlWL understanding of customer concerns regarding safety and health. 
lIave health and safety staff tvwk with line organizations in inieqretatio.1 and 
implementation of proqrams. 
Maintain an effective nuclear criticality safety program. 

Pen+onmel and public 
H-9. 
I-1-10. 
II-PI. 

I-lave sufficient technical pcrsonnel to support the health and safety programs. 
Enhance the effectiveness of the emergcney preparedness program 
Address concerns of ncighbors within 24 b by senior management. 

?rlaraagement systems 
11-12, Have more integrated and consistent systems in medical, personnel health, 

industrial hygiene, industrial safety, and radiation protection. 



Table 6.1 
(continued) 

_.___ ..................................... ~ ~ -. . . . . . . .. . . ................... ~ ..__..__._._.___.__. 

11-13, 
11-14. 

11-15. 

I'erfect the self-assessmerit process for health and safety activities. 
lricorporate health and safety concerns into work with other DOE contractors atid 
subcontractors. 
Have a system for identifying. needs for policies and prtxedures based on IIOE 
orders and other regulations. 

Cost and productivity 
11-16 
11-17. 
11-14. 

lJtilize Total Quality Matiagenicnt for health atid safety activities. 
Rcduce the types and quantities of extremely hazardous siibstances. 
Reducc thc tiumber of cxlternal and internal audits to the minimum necessary. 

'recimoiogy 
11-19. Structure work environments to minimize exposures mid providc training and 

equipnwut for workers to be fully infornied of hazards. 

Ricilitics 
11-20 Ulxlate and haw approved all required safety documentation. Provide through 

Cotithict of Operations and configuratiuii management an integrated, compliant, 
and change-protected set 
By 1998 complete the pliased Safety Analysis Report Upgrade Program for all 
facilities. 
Sniplemcnt a gradccl approach to Conduct of Operations, Maintenance, Radiaticm 
Protection, ensuring requirements art: met and cost-effective activities are 
maintained 

11-22. 

11-22. 

Envimnmenlal objectives 

Complhmce and excellence 
E-1. 

12-2. 
F-3. 

E-4. 

E-5. 

E-6. 

Strive t9 achieve :~md maintain compliancc with environmental l a w ,  regulations, 
and agreements. 
Strive to achieve a minimum discharge operation. 
Ry 2019 eliminate or redLice to prescribcd levels all environmcntal rislrs from past 
operations through clemup or containment. 
lniprove OIWL understanding of customcr cwncerns regarding cnvironmental 
compliance. 
Reclucc solid waste disposal to 50 and 35% of the 1991 level by 1995 and 2000 
respectively. 
IIave the ability to dispose of low-level radioactive waste on site ancVor off site by 
1996 

Pemmel :nid public 
E-7 t lave sufficient techtiicd personnel to support the environmental compliance 

programs. 
E-8. [rave environmental support staff workwith line organizations in interpretation and 

iniplenientation of programs. 
1%-9. Enlistandcmpower ~ll~rsonnelinpmtectin~the environment andinconservation 

and pollution protection of thcir workplace 
I<- IO. hcldress concerns of tieighhors within 24 h by senior management. 

l\.lanagetneiit systems 
J3-11. Hclp in establishingan Energy Systems-wide environmental record-keeping system. 
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(contiuued] 
................... ~ ~. .. 

.....- 
- ............. .... . 

E-12. 

E-13. 

E-14. 

E-15. 

E-16. 

Maintain facility conformancc with requirements through an ES&II Regulatory 
Compliance Assessment Program. 
Incorporate environmental cnncerns inlo the he rgy  Systems procurement 
process. 
Incorporate environmental concerns into work wit.h other DOE contractors and 
subcontractors. 
Have a system for identifying needs for policies and procedures based on DOE 
orders and other regulations. 
Work with DOE for mutually accepted risk and vulnerability prioritization for 
environmental projects. 

E-17. 
E- 18. 
E-19. 

Utilize Total Quality Management for environmental activities. 
Shortcn average time elapsed for each phase of environmental restoration projects. 
Keducc the number of external and internal audits to the minimum necessary. 

Technology 
E-20. 

E-21. 

E-22. 

Become the best DOE laboratory in R&D, testing, demonstrating, and transferring 
of new science and technolo@jes in the environmental concerns area. 
Recome the DOE model contractor for use of appropriate new technology in 
remediation or restoration projects. 
Continue to be asked by DOE to provide leadership in eIivironitienta1 restoration 
and waste management. 

Facilities 
E-23. 

E-24. 
E-25. 
E-26. 

Include planning for environmental compliance and pollution prevention in new 
projects. 
By 1992 have all permitted facilities under configuration change control. 
Minimize environmental impacts from dcterioratiug, inactive facilities. 
Successfully implement and operate all radioactive and mixed waste rnariagernent 
facilities. 

The issues that face 09WL with regard to ES&II matters can be summarized in five 
main categories. These categories cover in a broad scope the majority of ESltH issues that 
ORNL faces. They are derived from the Energy Systcnis plan, the 'Tiger Tcani root causes, 
as well as OWL mangement judgement. The issues are internally and externally driven 
and represent both threats to the mission arid npportunities to be expbited. 'these are not 
organized in ordcr of importance. Rather, the sections present a logical sequence, detailed 
in the following sections. 

Thcre has been an increased awareness throughout society of the need for industry 
to improve its management of ESWH matters. In the mid-l980s, public trust in IIOE's 
operations eroded because of widely publicized probleriis within the DOE complex. lit 
became apparent that DOE facilities needed a simificant improvement in their ES&H 
performance. New requirements were imposed, and earlier rcquirernerits were more 
strictly enforced. DOE orders and Energy Systems policies have required additional review 
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and documentation lxforc many tasks can be done. These steps were necessary and have 
ensured that activities are appropriate and in compliance with laws and orders. Ilowever, 
this extra effort has significantly slowed many activities and has increased their cost. 

OwNl[l’s past is replete with significantadvanccs in scientific and tcchnicalknowledgc, 
much of it in the area of nuclear science and en#ncering. This history has created several 
major present-day problems One is that many of the facilities, the state of the art in thcir 
time, still exist and are below current-day standards for safety and health. Nso, during 
research, development, and pilot production, operations were perfomled that resulted in 
radioactive or hazardous chemical contamination uf facilities arid surrounding ground. 
Although much of the work, including waste rnanqjement, was thought adequate or even 
advanced at thc time, the resulting waste and cnvironmental legacies do not meet current 
standards. These legacies will require major amounts of restoration activities for the 
foreseeable future. Also, as any institution grows and matures, a work culture t,akes hold. A 
strong “cultural inertia” dcvelops that niakes it difficult to change the attitude and behavior 
of personnel. At OIWL, this inertia has created resistance to c’hangc in ES&H matters, 
espwially in areas of adniinistration atid documentation, which have less-observable 
inmediate benefits. Managcmcnt has rewgnizcd the need for change and has led the effort 
to institute a new attitude throughout the organization. OKNL’s goal is to comply with ES8tlI 
requirements as rapidly as it is possible for us to do so. 

At thc same time that DOE was rapidly increasing its ES&II requirements, it was 
faccd with overall budgets diat did not keep pace with these requircrnents Budgets were 
prepared and approved long before thc new ESMI rcquirements werc set and the associated 
costs were known. Researchers did not include sufficient hinds for ES&II in their proposals. 
When nceds increased, overhead rates on research accounts were raiscd or research funds 
were redirectcd to pay for thc increascd requirements, or xccssary actions were deferred. 

These strategies have had several negative effwts. There has k e n  a net decline in 
s~ipport for basic sciericc at OWL Often, funds have not been budgeted for facility 
maintenance or complete cleanup dtewards. As a result, facilities haw deteriorated and 
require costly rcpairs and up&:des for continued usc. Also, a large numlxr of “orphan 
facilities” rcmain that haw no current sponsor hut for various reasons will not be accepted 
into the surplus facility program. There me nunieruus areas where funding has not &en 
sufficient to upgrade ORNL’s ES&H compliancc pusture. The support mst is beyorid the 
nxeatis of ongoing reseaah actiwties or overhead. Many ESWl categories require a 
substantial infisic )n to bring them to a point of compliance where ordinary programmitic 
and overhead charges will suffice to maintain the cotrq>liiltlce status. 

Even i f  adequate funding were available, there would bc. Cllfficidty in finding 
sufficient numbers of personnel with critical ES&H skills. This lack of trained prsonmel is 
a national problrtn resiiltingfmm the recent explosion in re~ulatorq.requiretrieuls. DOEantl 
its contractors are harder hit by this shortage because of the recentness of their needs, the 
work environment, and the pay scales that can be, offered. 

Management systems, while evolving to meet the increased ESRrH emphasis, need 
further iniprovement. Key weakncsses are in the areas of divcrsity of operational practices, 
inefficient wrrcctive action managcment, unclccar roles and responsibilities in ES&II 
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matters, and immati.ire institutionalizod self-assessment. "l'hcsc weaknesses havc been 
recogilized by senior ORNL management and are being addressed. 

The relative autonomy of divisioiis, programs, and other research groups is 
appropriate for a multifaceted research organization but d c ~ s  not correspond to the 
organizational structure with which DOE and other regulatory groups are most familiar. 
Auditors have frequently noted that there are excellent responses in many places in the 
1,abolatoi-y. but less so in others. The question is how to improve the consistency of response 
across thc 1,aboratol-y without imposing inappropriale controls on research. 

When resources are insuffiicicnt to do everything that is necessary, there must be 
a systcm that cnsures that the most irripostant activities are addressed and corrected. A 
prioritization system has been utilized to allow compa-riscn of the rclativc importance 
between activities. Further work is necessary to provide effieieiit and tirnelpcommrinication 
of requirements, assign responsibilities, and monitor performance. 

staff [unctions at the Jaboi-atolry: 
(1 )  assistance a i d  guidance :c line staff who must organize their research and other 
functions to coniply with % X M I  requirements and (2) internal appraisals and audits tnexert 
management control to ensure that the requirements are met. Maiiaging these functinns 
to avoid conflicts of interest yet maintaiir a common understanding of the requiremei1;s is 
(Iiitkuh with limited resources and :in inadeqiiate number of skilled personnel. Iin the past: 
responsibilities for compliance with ES&I I regulations wcre generally assumed by the ESWI 
organization bt:e:ra.ise of their exportise in the area and the willingness of line management 
to t r a n s h  that responsibility. keently line man:a@:rs have takcn an increased role in 
the ESWI aspects of  their work. 

Senior management is striving to make self-assessment against high standards of 
ESM I conipliaiice apart of the OfWL cultilre. 'I'he process should incorporaee division-level 
identification of problems and proposals for correction. It should also be capable of' 
Laboratory-wide integration to identify generic and i:ross-division issues. Cornponefits 
must be in keeping with DOE direi:r.ivcs on the subject and must incliide provisions for 
independent assr:ssment as wclB. Such a proccss is only beginning to be implemenr,ed at 
ORNL and must hc more hlly integrated into the opcxr thns  of the Labor:it::ry. 

There are two aspects of EStkII central 

At OMI, m m y  areas exist for improvemeart in ESCtII matteis; laowever. some 
unique capabilities also exist for which OIWL is nationally recognized Several of OTtwL's 
dibisions pcsforlm world-class research in various erruironmen:al fields (Environments\ 
Scicnccs, IIealth and Safety Researeh, ,h:nlytical Chemistry). The safety and health 
progranm and Coiiduct of Operatioras of other divisions have bcconire riiodels for other DOE 
organizations. Within the DOE system thc ksearch Reactor Division is a leader in safe and 
productive research reactor operation The Waste R&D Program conducts w~ddwick 
research on imp1 ovements in the handling of waste and the remcdiarion m d  restoration of 
waste sites Overall. ORNL is considered one of the best run of the DOE laboratories in the 
ES&II arela.? 

The or&mizatioIial structure ofthe L,ahoratory has evolvedover the years along with 
its evolving R&l) missions Changes have been made to enable ORNL to respond more 
efkctively to challenges arising from ES&I€ issum These include the creation of a 
directorate for ES&H compliance and the creation of the F,S&II Coordination Committee 
This committee was formed to provide better communication and coordination of tasks 
amorig organizations involved in ES&II activities. It is chaired by the OWL deputy director 
arid consists of senior ES&€I managers, six xrrcrnhcrs of thc OKNL Exccutivc Conmittec, 
and the chairman of the DivisiodProgradOfcc Directors' Caucus, thereby providing top - 
level management ovewicw of this vital area. 

II Oak Ridge National Laboratory Insfitzc~ioraal Plan 4?'Y 7 993-FY 1998 



Most ESMI and quality assurance (QA ) firnctions at O W L  have been combincd 
into one organization, strengthening tlic ability both to audit and to assist tlic divisiotis in 
their ESMI atid (QA activities. This organizational change has enhanced communication 
between the ESKrIJ groups and has improvcd die accountability of each group for the 
perfonneiice of its functions. Nso, this chance niovcd the ESMf function from scveral 
divisioa-lwcl groups to one group whose direct or, :i member of thc 1Cxecutic.c C h n i r i i t  tcc, 
reports to the Laboratory dirrxtor. The ESMI furictions related to gerieral plant operations, 
such as waste management and fire protection, are located within thc Operations Uirectoratc. 
Figure 6.1 shows thc key elements in ES8rlI management. 

The ESKrII Compliancw (Ii;S&lIc) L)irectoratecoxisists of fiveoffiws, one departmetit, 
arid three programs. The officeb are Etivironmcntal Compliancc arid Documentation, 
Operational ICeadiness and Facility Safety, Radiation Protection, Safety and IIealth 
Protection, and Quality Programs arid Inspection. Each of these officcs directs thc oversight 
and suppxt of a different facet of compliance and improvcmcnt in the operations of ORNL. 
The Special Projects Program coordinates the DOE-wide Safety arid Ilcalth five-year 
planning proccss for the Assistant Secretary for Environment, Safety, and Ilealth. A 
second program is a coordimtetl h e r g y  Systems (;mundwatcr Program for all sites 
managed by Energy Systems. A third program coordinates thc Tennessee Oversight 
Agreeinelit signed by DOE and thc state of Tcnnessec, which allows state environmental 
inspectors access to all areas of chc Laboratory. 

Most of the remaining functions that are typically considered as lxing related to 
ES&II activities are withiii the Operations 1)ircetorate. This includcs the Health 
Division, L:iboratory Protection Oivision, and the W:iste Mau:ig,ement and Remedial 
Action Division (WMltAD). The Plant and Equipment (P&E) Division and the Training 
and Development lkpartnient within the IIurnaii Resources Division also have aspects 
of their work that are related to I ! X M I  activities. 
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Although the ORVL central ES&H and operations organizations provide much of 
the support for ESMI activities, the rcseareh divisions, as line organizations, are responsible 
for the ES&H activities within their areas Divisions arc respoiisible for having all of their 
personnel properly trained for the functions they perfom, ensuring that their facilities are 
safe and in compliance and that problems or issues that arise are addressed in a reasonable 
manner. 

Each division has sevcral ES&II offices held by meiribers of the division. 'These 
positions can be part- or full-time and include the divil-ion safety officer, the radiation 
control officer, the environmental protection officer, and the training coordinator. 
There are other, more specializcd positions as well, such as thc hazardous communications 
coordinator, quality assurance coordinator, and waste minimization coordinator. Some 
ORNL divisions have consolidated the above offices into a single section within the 
division that is staffed by full-time personne! to provide line managed support for ES&H 
within the division. The majority of divisions have a quality assurance specialist who 
is a member of the Office of Quality Programs and Inspection, located with the division 
for assistance and oversight 

Facility managers have been designated for cach facility or area within the 
Laboi atory. These people liave I esponsibility for the acthvities occurring within thein 
assigned area. If any work is to be performed that may affect the health or safety of the 
personnel, the facility manager is  to approve it beforehand. This grea tly increases the sense 
of ownership that divisions have in their facilities and leads to  more active irnplerncntation 
of ESClrII measures. 

Research divisions, as line orgammtions, are responsi'ble for implc.mciitatioii of 
ESttH requirements jn all of their activities. This requires attention in all steps f a  
accomplishment of a mission. planning, schcduling, budgeting, training, implementation, 
and monitoring. Division directors and their s t d  woi k with the support organizations to 
ensure that ES&EH requirements are pr~pe1-1) iiicluded Some divisions irtilim :I more formal 
system than others, depending largely on the levcls of haza nvolved. All divisions are 
increasing their efforts in self-assessment, evalrnating their operations and facilities to 
determine possible deficiencies and arcas that nixd improvement. 

Management and performance indicators are publihhed monthly. 1 hese iiidioators 
receive a wide distributiorn to Laboratory management 2nd are also distributed to Energy 
Systems and the DOE; Site Office. The indicators cover a wide range of subjects s-ch a\ 
personnel exposures, corrective and preventative rnaiiicenance, waste mamgernent issues, 
environmental (IZCPC!, NEPA) issues, audit and corrective action statur, occurrence 
reporting aria report status, and an assortment of adminihtrative and safety concerns. The 
indicators also include tieiiding, lessons learncd, and alerts as well as milestone and TQbl 
implementation status. The data are used by iriuna&ers to identify positive and negative 
trends and to react pioactively. 

Strateges have beern developed for addressing each of the OWL ES&H objectives. 
These stratcgies detail the actions necessary to achieve the objectives. In addition to thcsc 
strateFc,ies arc nunierous program, compliance, and audit response plans that provide 
guidance in other ES&II activities that are necessary for the continued operation of the 
Laboratory but that do not relate spceifically to the stated ES&'II goals and objectives. 
Figure 6.2 S ~ Q W S  the relationships bctween the major types of plans Typically thew \a.ould 
be a flow down of direction between plans; thcre can also be a llow of information up. In  
addition, a significant amount of crossflow of infomation takes place between corrective 
action plans, program plans, and conipliancc plans. 
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ES&H PROGRAM PLANS 
- OSHA 
- Training 

- Conduct of Operations 
- QA Plans 
- Division Plans 

AUDIT ACTION PLANS 
- TigerTeam 
- Self Assessments 
- Other Assessments 

- - Safety Analysis Report Upgrades 

OPERATING PLANS AND BUDGETS 
- ES&H Organizations - Overhead Budgets 
- ES&H Field-Work Proposals 
- Division Operating Plans 

COMPLIANCE PIANS 
- Waste Reduction - Federal Facility Agreement 
- Spill Prevention 
- National Pollution Discharge 

- Emergency Management 

- 
Elimination System 

Table 6.2 provides the estimated cost of safety arid health (S&€i) for OWL based 
on the input to the DOE Safety ,and Health Fivc-Year Plan. These costs were developed 
through analysis of the expected needs at the Laboratory and are divided into three groups: 
Core, Compliance, and Improvement. Actual funding for future years has not been 
determined. All activities associated with these costs have been rmkcd using the DOE S&H 
Risk Prority Matrix, and the results have been subniitted to DOE-OR for transfer to the 
responsible primary secrctarial offices. In fuhlre years budgets are to be determined based 
on the input of thc Five-Year Wan, the relative priority of individual activities, and the 
availability of funds. Table 6.3 shows the FTEs associated with the costs shown in Table 6.2. 

Table 6.4 provides a currcnt estimate of funding requirements associated with the 
OWL Tiger Teamhsessment. Because many of the corrective actions are being performed 
as part of 3 1 1  individual’s ordinary duties, it is difficult to completely capture all associated 
costs. This is especially true for actions funded indirectly through overhead rather than as 
specific requests to DOE. As csn be secn, there is still a significant ;mount of funds required 
to complete the actions in response to the Tiger Team. 

The role of the Waste Redtiction hogram (WW) is to provide coordination and 
technical guidance to divisions in the reduction of waste, as well as the planning and 
reporting that is required by statc and federal laws and L)OE orders. Additionally, waste 
streams that are common to several divisions are evaluated by the WKY. T h e i W  addresses 
dl ivastc streams generated at OHWL: sanitary/industrid, radioactive, hazardous, and 
miucd. The Pollution Prevention Awareness Program is also administered by \IrRp and i s  
designed to heighten employec awarcness of the waste reduction initiative and to emphasize 
the value of each individual’s contribution toward reducing waste. Table 6.5 provides the 
funding requirements for the Waste Minimization Plan. 
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Table 6.3 

[Fu II- time rquioalents (FTEs)] 
Sqfety and Health pers~nriel 

FISCAL YEAR 
........................................................................................................................................................................ 

1992 1993 1994 1995 1996 1997 1998 

Indirect 639.1 685.8 710.2 727.7 735.7 738.7 742.7 
Operating 

Consem. & renewable 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

EWVkP 54.7 60.0 59.0 59.3 58.3 58.4 58.5 
Energy research 256.6 430.5 465.9 473.6 445.1 141.8 442.1 

Total operating 334.9 516.1 549.1 553.3 519.8 515.1 513.5 

Defeensc programs 6.9 10.5 8.1 5.5 5.5 1.@ 2.0 

Xuclcar cncrgp 16.2 14.6 15.6 14.4 10.4 10.4 10.4 

Total Safety & Health 974.0 1201.9 1260.0 1281.0 1255.5 1253.8 1256.2 
nDoes not include cost from central organizations distributed to OWL. 
“FY 1991 not available becausc these data are based on the Safety and Health Five-Year Plan, which only required data from FY 1Y92 to FY 1998. 
Clncludes division administration as a direct operating expense. 
“Liivironmental restoration iwasce management. 



Table! 6.4 
Tiger Team correctiwe crction plan projected J% ing requirements" 

FSCAL YEAR 
......................... ............................................................................. 
1992 1993 1994 1995 

DOE-EK 
Program 
GPP 
GPE 

Line item 

DOE-EM 
Program 
GPP 

Line item 

DOE-NE 
Program 

DOE-DP 
Program 

Overhead 

Total 

11,348 
2,595 

40 
3,338 

50,163 
9,650 
4,647 

30 

102 

3,929 

85,842 

11,094 
6,410 

200 
25,915 

52,432 
4,400 

15,900 

180 

90 

1,905 

118,526 

9,274 '740 
1,000 1,000 

0 0 
21,000 27,200 

46,265 46,799 
4,000 4,000 

26,500 39,100 

400 1 SO 

0 0 

365 123 

0 
0 
0 

9,400 

89,668 
4,000 

35,000 

50 

0 

77 

"Costs for actions are not specifically tracked within the ORNL accounting system, and funds have not 
been specifically requested but are included within normal budget requests. Actual funds received have 
not approached these amounts. 

*General plant project. 
'General-purpose equipment. 

ORNL is in the forefront of DOE facilities in the application of the NEPA process for 
its planning activities. A system has been developed that helps Laboratorgi staff 8% 
projects for review to determine the applicability of NEPA. Preliminary screening identifies 
whether projects may qualify for a categorical exclusion or may require more detailed 
environmental assessments. Project managers are kept informed of the status of their 
projects and a dedicated staff is utilized in preparing and tracking the necessary 
documentation. As required, only DOE personnel can make a determination on the proper 
classification of projects and must approve all projects, but the efforts of the OWL staff 
greatly facilitate the actions of DOE. 

Although there is currently a serious shortage of adequate space for ES&II 
personnel, as well as other ORNL staff, some relief is proposed through the new 5O,OO0-ft2 
ES&II Compliance and Training Building (Fig. 6.3). It will house about 200 personnel from 
the various ESMI disciplines and will provide consolidated office space for them to interact 
and operate more effectively and efficiently. The 2-year project is currently scheduled to 
begin in 1994 and to cost $11.6 million. 
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Table 6.5 
Waste minin&ution finding requirements" 

($ in millions-BA) 
Wuste minimization (ABh 355 & 356) 

FISCAL YEAR 

1991 1992 1993 1994 1995 1996 1997 1998 

EWM-Waste Minimization (ADS 355) 

Operating 0.1 0.4 1.6 0.0 0.4 0.4 0.4 0.4 
Capital equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
GPP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Line items 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 0.1 0.4 1.6 0.0 0.4 0.4 0.4 0.4 

EX3Ib-Waste Minimization (ADS 356) 

Operating 0.2 0.7 1.4 2.5 1.5 2.3 2.4 0.4 
Capitd equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
GPP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Line items 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 0.2 0.7 1.4 2.5 1.5 2.3 2.4 0.4 

Summary (Waste Minimization EW&EX) 

Operating 0.3 1.1 3.0 2.5 1.9 2.7 2.8 0.8 
Capitalequiment 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
GPP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Line items 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 0.3 1.1 3.0 2.5 1.9 2.7 2.8 0.8 
"Waste minimization funding i s  included in the 'IVM costs in  Table 6.6 
bhctiVity data sheet. 

WM activities andsurplus facilities m,m:genient aspects ofenvironmental restoration 
(El<) are managed at ORNL by W M M D  under the associate director for Operations 
(Fig. 6.1). Site characterization and remediation aspccts of ER for ORNL are managed by 
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the central Environmental Restoration Division, which serves as the focal point for these 
activities at all Energy Systems installations. 

The diversity of ORYL's programs and the wrnplement of unique research facilities 
that support thusc activities present equally diverse errvironrnental, &%I, and safety and 
he:nlth protection ckallengus. Control and treatment of waste streams from the BKNI, 
facilities havc hc:cn continuing re:;ponsibilities of DOE and i ts  managing site contractors 
since the. beginning of 1,aboratory opcrations. \?%I and 1-emedial actions are eompli<:atrd at 
OKXL by unf;ivorahl:: environmmt:rl conditions, including high seasonal rainfall, the 
sh;~lh:w groundwater table, elevated levels of calcium and magnesii.im i.n grouriclwater, and 
complex hydrofieology . 

The major sources of wastm have been radioisot~pe production, expcrimentiml 
renotors, hot cells and pilot plants (chci~~ieal separations or fuel rt:processing). research 
(physical, chemical, and biological), accelerators, and analytical laboratories. Solid wastes 
from other sites contributed a large fraction of both the m.ateri;il a d  the radioactivity 
hui-icd in solid waste storage arms hetween 1955 and 1963; diicing this time OKNL senred 
a s  the Southern ikgiona! 13uri;d Ih-ound of the Atomic Energy Cornmissinn. A number of 
ORNL sites are known or suspc:ctetl to  contain buried transuranic ( T W )  wastes; however, 
s i~e  radionuclide inventories appear t 3  be dominated by fission products (e.g. ,'"'Si- and 
'."Cs), tritium, and activation products (e.g.,""Co) rather than by TKU (or uranium) wastes. 

In 1985 ORVL created the Environmental Restoration arid Facilitics Upgrade 
Program to  improvc Wbl and ER, to enhance regulatory compliance capabilities, and to 
provide comprehensive long-range planning. Energy Systcms has established a central Eli 
Ilivision, a central \.l;nil Division, and a CCntrdl D&D Program with rescmationwidc 
management and oversi$ht responsibilities. At OWL, \?'MRhI) has rcsponsibility for LWvl 
and surplus facilities as well as D&D activities. t'rograrnniatic policy, direction, and funding 
are provided tholifih the Energy Systems WM and ER divisions. 

As irrdicated bj7 the \\%RAD title, these responsibilities are grouped or&mizationally 
into the f o l l o ~ i ~ ~ g  two functions: ( 1 ) LVM functions that include responsibility for operation 
of all. W M  hcilities at ORNL (with the exception of the sanitary sewage system, which is 
operated by the Plant and Equipment Division), corrective activities for bringing 
\%%I facilities into compliaircc, and facility upgradcs and construction of new WhI 
facilities; and (2) remedial aetior, functions that cover S&M of inactive waste sites, SKLM 
of surplus radioactively contaminated facilities, and D&D of the contaminated facilities. 
This general organizational grouping i s  consistent with the organizational structure that has 
been adopted by DOE-IIQ, DOE-OR, and Energy Sysrems. 

The mission of the W W  function is to fully manage wastes for the purpose of 
protecting human health and safety and thc environment. In implementing this mission, 
ORNL must minimize future generation of wastes, and WM operations milst he conducted 



in a technically sound, economical, publicly acceptatde, compliant, and safe manner. Major 
activities include comprehensive coordination of waste reduction; planning; upgrading or 
construction of new facilities; waste collection; certification; and treatment, storage, and 
disposal. The WM cwmponent manages radioactive (low-level as well as TKU), hazardous, 
iiiixcd radioactive and hazardous, medicayinfectious, and solid sanitary/indiistri:il wastes. 
Waste forms iticlude gases, &qui&, sludges, and solids. The \VM function operates 34 
facilities Rt the 1,aaboratory. Table 6.6 provides the planned funding for W M  activities. 

Finding for WM activities has incrc:aed steadily since FY 1085. Expense funding 
has grown from about $3.5 million in FY 1985 to almout 828 million in FY 1991 for \VM 
functions including corrective activities. Expected experisc funding in FY I992 is about 
$37 million, which includes $2.1 niillioti for waste mininiization (see Table 6.5). The 
corrective activities components of \VM expense funding provide for implementation of 
FFA requirements as they pertain to the OIWL active I,I,LW tanks and tank systems. It dso 
includes upgrades of the Bethel Valley and Meiton Valley T,LI,\V collection and transfer 
systems. In addition, capital fundiqc [linc item (LI)] and CrPI’s funding for FY 1985 through 
FY I991 have been available at a level of about $13 million annually. These funding levels 
have provided the basis for continuing long-range plarining as wcll as several important WI 
facility upgrades that include the Nnnradiological Wastewater Treatment Plant, which was 
constructed at a cost of $18 million. This plant achieved compliance operation in March 
1990. 

Two important activities ‘associated with management of LLLW incluide an 
aggressive waste minimization campaign that resulted in rcduction of the LLLW&neratiorx 
ratc by about 60% during the period FY 1085-FY 1990 and the solidification of about 
47,500 gal of LLLW during FY 1989. ORNI, has successfully adapted the lumulus apprwach 
for disposal of solid lo\v-level waste, has completed a demonstration of this technology, 
and has hegun the transition to a fully performance-based disposal system for solid low-level 
waste. These :ind tnaiiy other ongoing and planned projects and activities typify OINL 
WM acwmplishtnents during the past several years. 

Thc OIWL W I’rogrrun provides continuous collection, treatment, and discharge 
of caseous wastes; treats 150 tnillion gaVyear of liquid radioactivc wastes (not including 
sewsge), and m:mages about 750,000 ftJ/year of solid radioactive, hazarclous, mixed and 
sanitary/industrial wastes. Thc Federal Facility Agreement requirements for active 1,LLW 
tank systems arc being implemented. \VM GWs for treatment, storagc, and disposal 
upgrades are provided. Line itcrii projects include three li)r implementatioii of the active 
LLLW tank systems requirements of the FFA and one each for construction of the Melton 
I‘allcy Storage Tanks Capacity 1ncrc:lse Project (MVST-(XP) and the Process Waste 
Treatment Facility. 

The MVST-CIP i s  tiecclcd becausc the transuranic Waste Ilatdling and Packaging 
Plant (WiPP) has bceti deferred. The W-IYP has h e n  d lied to mobilize and treat hl\iST 
liquids and sludges, trcat newly fiencrated LLLW to meet RCRA Land Disposal Kcgdations 
(I,DHs), and ewntually to retrieve, characterize, rcpackge, certify, and prepare solid ’h‘iiu 
wastes for tmnsport (including solidified LI,Lbir) to  1 3 0 ~ ’ ~  Waste Isolation l’ilot Plant (\lii(F’P) 
i n  New Mexico Outyear (FY 1905 FY 1908) activjtirs in WhI include coiitiiiucd operation 
of waste treatment, storage, and dispoml facilities with nianp major upgnarlcc. Waste 
seduction will continue to k)c emphasized 

I’KIJ waste plans still art: to treat and store for everirual shipnicnt to ’IVIPP. 
Mclrtionil rcsei-vat ion-wide WM facilia ics will he acldeci to pmnmte efficiency 
irnprovcd ES&-I1 coatliitions Tables 6 6 :IIKI 6 7 show funding and personnel by EM for 
activities respectively. 

The ORNL EK Program addresses the cleanup uf environmental c:crmtamination 
result ingprirnarilyfrorn past waste m:in:igement practices. Awide variety ofliquid andsolid 
wastes, prirnarilyradioactive or tnixcd wastes, has been disposcd of  on site; 3(H b contaniiaated 
sites have been identified on the 2000-acrc ORNI, area. 



~ _ _  
Ta 

Waste management planned 
(8 in millions-BA) 

1991 1992 
................... ..... ......... ~ 

EM Corrective Activities (EWiEX) 

OPb 1.4 5.0 
CE? 0.0 1.1 
G P P  0.0 0.0 
LI' 7.1 5.5 

Total 8.5 11. 

Waste Management (E\V+EX) 

OP 26.8 31.1 
CE 2.3 4.6 
GPP 10.8 14.2 
111 0.0 0.0 

Total 

Summary (CA+whl) 

OP 28.2 36.1 
CE 2.3 5.7 
GPP 10.8 14.2 
LI 7.1 5.5 

Tot31 .4 61. 

.... 

1993 19 1997 199 
........ 

......... ................... 

0.5 
0.0 
0.0 

15.9 

16.4 

59.8 
5.9 

21.8 
2.0 

60.3 
5.9 

21.8 
7 7.9 

1.0 1.1 0.5 0.5 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 

18.0 26.1 6.0 0.5 0.0 

19.0 27.2 1.0 6.6 

66.7 63.3 70.7 70.7 80.8 
1.6 2.5 3.3 3.3 2.1 
7.5 9.9 14.7 11.8 7.8 

23.3 41.5 23.5 38.1 55.3 

67.7 44.4 71.2 71.2 80.8 
1.6 2.5 3.3 3.3 2.1 
7.5 9.9 14.7 11.8 7.8 

41.3 67.6 35.5 38.6 55.3 
1 

"Includes Defcnsc (EN') and Non-Defense (EX) funding for waste management functions 
hOperating expense. 
'Capital equipment. 
dGeileral plant project 
'Line item. 

Past R&i) and waste management activities at OWL have produced a si_@ificant 
number of surplus, inactive facilities contaniinated with low-level radioactive and/or 
hazardous chemical wastes Such sites include solid waste storage areas, waste ponds and 
seepage pits, radioactive waste-processing and ti ansfer facilities, research laboratories, 
dedicated environmental research areas, cxpc'i kmenatal reactors, radioisotope dcveloprnent 
facilities, and the arcas surrounding these sites. 

Implementation of thc ORNI, ER Frogram begins with identification of sites 
requiring corrective actions and will end with final CII tihation of site closure remediation 
or decommissioning activities Retween these two rnilestcmes is a structured path of 
program planning, site characterizations, alternatives assessments, continued S&f, and 
necessary interim corrective measures (ICMs) Some of these activitie.; winill $e accomplished 
over relatively short time frames, wkile others may e x t e d  (ic,~ many years. The path that 
will be chosen for each site depends O K ~  several variables, including site characteristics, site- 
specific I egulatory requirements, and rcsoa~rce availability. 

The O W L  ER Program has been divided into three riiajon tasks. assessment, 
remediation, and D&D Assessment includes identification preliminary inspection, and 
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Table 6.7 
Waste rnunagement personnel 

/full-time equivalents (FTEs)] 

FISCAL YEAR 
.................................................................................................................. 
1991 1992 1993 1994 1995 1996 1997 1998 

-. .____._ __ - 

EM Corrective Action 

Technical 14.4 27.2 6.7 11.8 13.8 5.2 2.0 0.0 
Other direct 7.4 13.6 3.3 6.0 7.0 2.6 1.0 0.0 

rroLd 21.8 40.8 10.0 17.8 20.8 7.8 3.0 0.0 

Waste Ma nageinent 

Technical 93.5 143.2 238.1 246.0 220.4 234.2 233.4 226.9 
Other direct 23.5 71.6 119.0 123.0 110.2 117.1 116.7 113.5 

Total 117.0 214.8 357.1 369.0 330.6 351.3 350.1 340.4 

Summary (CA+WM) 

Technical 107.9 170.4 244.8 257.8 234.2 239.4 235.4 226.9 
Other direct 30.9 85.2 122.3 129.0 117.2 119.7 117.7 113.5 

Total 138.8 255.6 367.1 386.8 351.4 359.1 353.1 340.4 

characterization of sites; evaluation and selcction of associated cleanup dtcrnatives; and the 
preparation of decision documents. Remediation includes design and implementation of 
cleanup actions and remediation of inactive LLLW tankcontents. D&II includes assessnient 
and cleanup activities associated with surplus facilities not governed by RCM or CERCIA. 

Because of the large number of sites to be considcred and the hydrogeologic 
complexity of the ORNI, area, the remedial action strategy is oriented toward waste area 
groupings (WAGS). The O W L  sites have been placed within 20 such goupings, defined by 
watersheds that contain contiguous and similar remedial action sites, each representing 
distinct small drainage areas within which similar contaminants were introduced. 

Major activities planncd for FY 1093 and FY 199-31 include 

e 

0 

* 
Maior closure activities include 

continued S&I :it cwntaminated sites, with scoping surveys being coiiducted at 
hi&-priority sites, 
coritinuation of ii comprehensive site monitoring program, 
continuation of the WAG 1 Phasc I1 Remedial Investigation (RI), 
completion of the WAG 10 Phase I RI field activities and the WAG 5 Phase I RI 
Report, and 
initiation of the Phase 1 KI for WAGS 4 and 7. 

continuation of \VAG 11 contaminated debris removal and WAG 13 cesium plot 
ICM construction; 
completion of interim record of decisions for the WAG 1 and WAG 8 ponds, 
WAG 11 contaminattd soil, and North and South Tank Farms ICMs; 
preliminary planning for the WAGS 4 and 5 seeps ICM and WAG 10 well plugging 
and abandonment; 
continued development of the WAG 7 Pit # I  IOU; 
LLLW tanks contents removal; 
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rcnioval of one LLLW tank; 
continued tank contents treatability stiidies; 
preliminary planning for WAGS 1 and 5 final site remediation; and 

0 completion of support facilities construction, site remediation design, and 
initiation of site remediation for \VAG 6. 

The O W L  D&D Program began in 1976. S8LM has been conducted to ensure 
protection of employees and the public and the containment of contaminants. O W L  has 
successfully decommissioned a number of facilities under this program. Ij'pically, thcse 
projects have been small isolated jobs such as cleanup of an intermediate waste line spill 
site, dccommissioning of a radiochemical waste system and a curium source fabrication 
facility, removal of research-rclated facilities, and the decontamination and removal of an 
isotopes-storage garden. 

The annual budget for S&M is about $3 million. The objectives of the S&M Program 
are (1) to ensure adequate containment of residual radioactive and hazardous materials, 
(2) to provide safety and security controls to minimize potential hazards to on-site 
personnel and the general putdic, and (3) to cost-effectively manage surplus sites and 
facilities in compliance with all applicable DOE orders and ES&H regulations. These 
objectives are met throughastructuredprograin of periodic surveillanceand site inspections, 
routine maintenance, and special projects beyond a routine naturc to correct facility 
degradation or to eliminate facility-specific hazards. 

The budget for decommissioning of surplus facilities is highly variable and is subject 
to annual reprioritization by DOE. D&D projects are irnplcmented according to priorities 
set at the national level by the DOE-HQ EK Program. Budget requests for decommissioning 
of prioritized facilities at ORNI, are submitted annually and are included in the DOE 
Environmental Restoration and Waste Management Five-Year Plan. These priorities are 
then ranked with facilities and sites from other DOE installations, and budgets are allocated 
accordingly. Projects are then implernentcd by the OKNL KAP in accordance with these 
budget allocations. 

h significant number of facilities at ORNL have been declared surplus because the 
programs for which they were built have been completed. Becaiise the potential for release 
of radioactivity to the environment exists, facilities will undergo D&D during the next 
several years. Until the decommksioning operation is complete, those facilities that contain 
substantial amounts of residual radioactive material must be kept under surveillance to 
schedule any necessary maintenance and to ensure containment. The inventory of surplus 
contaminated facilities includes experinnental reactors, technology support facilities, hot 
cells, isotope-processing facilities, research laboratories, and decontamination facilities. To 
meet thc objective of adequate containment and site control, a structured program of S&f 
has been established to manage all activities collectively relating to surplus contaminated 
sites and facilities. 

There are currently 101 inactive surplus facilities, including former solid wastc 
storage areas, waste ponds, and seepage pits; radioactivc waste-processing and I ransfer 
facilities; rescarch laboratories, dedicated environmental research sites; experimental 
reactors; and radioisotopc development facilities. facility manager has been designated 
for cach. The \VM€UI) Kemcdial Action Section is responsible for S&M of all areas and D&D 
of the contaminated facilities. Table 6.8 provides ER funding requirements for those EK 
elemcnts that appear in the ORNL Financial Plan. 

e d 
As shown in thc first row of Table 6.2, the indirect (overhead) fiindirngrequirements 

for S&II for FY 1993 ($66.8 million) is 45% higher than FY 1992 ($45.9 million). (Note 
that these values do not include environmental compliance costs of approximately 
87 million.) During the S&H Five-Ycar Plan prcparation, managers were also requested to 
identify how much of the FY 1993 funding requirements they actually expected to receive. 
This amount, 848.8 million, represents an increase of only 6.3% from 1992 and a 27% 
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Table 6.8 
Envlironmiental Restoration finding requirements, EM 5-Year Plan 

($3 in millions-EA)" 

F1SCAL YEAR 
............................................................................................. ".......... 

1991 1992 1993 1994 1995 1996 1997 1998 
--___ - 

E\V2O--Bsotope Facility 8.6 0 0 0 0 0 0 0 
Shutdown Program 

EX20-Isotope Facility 5.2 12.5 22.5 0 0 0 0 0 
Shutdown Program 

0 -- Total EX 13.8 12.5 22.5 0 0 0 0 
-- 

"Reflects funding in OIWL Financial Plan and riot total E W W  fiincls for Energy Systems. 

shortfall from the required amount. Since the development of thc Five-Year Plan, t:lrget 
overhead budgets have been proposed that actually rcduce the overhead spending by about 
5%. This is iicccssary because of the pressure to rcduce the Laboratory's overhead rate to 
remain competitive, but it will exacerbate the shortfall from that required. 

The impact of inadequate funding is continued noncompliance with regulations and 
DOE orders. The Laboratory risks substantial penalties for failure to comply, especially with 
the advent of rulemaking, which will give several DOE orders the force of law. Direct funding 
for ES&II coinpliance has been requcsted from DOE for the past 3 years through ES&II field 
work proposals. These proposalb would allow ES&H programs to be brought up to 
compliance levels, after which normal ovcrhead would suffice for maintenance of the 
programs. So far, no funding has been rcceived for thesc proposals, and none i s  expected in 
I." 1993 
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Uiiring the prist 5 years, Oak Rid& has demonstrated its leadership in technology transfer 
by irriplcmeriting a series of a&rcssive measures to expedite the flow of tcchnologies from the 
laboratory to the factory floor The Energy Systems Office of Technology Transfer (OTT) has 
coriccntrated its attention primarily on executing license agreements, which now total 59. 
From these licenses, we liavc collected more than $1.6 million in royalties from more than 
$35 niillion in commercial product sales. Through our royalty-sharing program, we have 
distrihurc? morc than $250,000 to our employees. We Iiavc alm scen the number of industry 
guest researchers spcnditignt least 2 weeks at ORNI, rise fr0m 344 in 1985 to morc than 1000 
in 1991. The technology transfer program has also had a significant impact on the regional 
economy. Capital investment in Oak Ridge has risen from less than $8 million in 1985 to 
more than $45 million in 1991, highlighted by the opening of nianufacturing facilities of two 
technology clients. I l e d  Cuttirig Technologies, Xnc., arid Coors Technical Ceramics 
Company (Fig. 7.1). 

The future looks even morc proniisirig. In FY 1991 we added a new tool that will 
greatly incrcase the commercialization of new inventions made at the DOE laboratories: 
innovative cost-sharing arrangements called cooperativc research arid development 
agreements (CkWAs). Thcse agrecments allow OKNL to entcr into contracts with industry 
to share personnel, facilities, services, equipment, or other resourccs for the conduct of 
specified, mutually agreed-upon rcsearch or development activities. 

Our plan calls for increases in every aspect of the technology transfer program. We 
anticipate fivefold increases in licensed product saleb, royalty incomc, and funding for 
industry partnership agreement and C W h .  In addition, we are targeting a threefold 
increase in active licensing agreements. 

Our conipetitive prcemirience in world commerce has eroded over the past decade. 
Wc are being challenged by our European and Japancse trading partners and by emerging 
nations of industrial significance in Asia and Latin America. In l99lthe United States had 
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a trade deficit of more than $150 billion. To maintain our standard of living, advance our 
foreign policy aims, and ensure our national security, we must reverse this trend and regain 
our competitive edge in the global economy. 

Fueled by R&D, technological innovation is vital to our futiire because it is the key 
to advances in productivity. During the past SO years, technology has been the most 
important generator of productivity growth, far surpassing the contributions of capital, 
labor, or ecoiiornies of scale. Thc United States must advance and apply technology toward 
the goals of enhancing our economic vitality, maintaining our national strength, and 
improvingour general well-being We must apply new technology to improve our industrial 
productivity and competitiveness Successfully directed to this purpose, new technology 
can provide us with our greatest comparative advantage and can ensure our industrial 
leadership in an increasingly competitive world. 

An analysis by the President’s Commission on Industrial Competitiveness poiiited 
out that our nation’s investment in total R&D (as a percentage of the gross national product) 
is on a levcl commensurate with other nations. They also pointed out, however, that the 
portion funded by the federalgovernment is about 50% and, of this amount, more than 500? 
is directed toward defense-related purposes. Such countries as Wcst Gemany and Japan, 
on the other hand, devote the vast majority of their goverrimcnt-supported R&I) toward 
civilian purposes. To restore global. market competitiveness and to reverse thc international 
trade imbalance, our nation must increase its efforts to dcvelop technologies of commercial 
value 

The extent to which we approach effective R8m parity with our trading partners 
depends heavily 011 our ability to derive commercial benefits from federally furitled R&U 
programs. More than one-third of the K&D supported by the government is conducted in 
the more than 700 federal laboratories, which employ about one-sixth of our nation’s 
scientists and engineers. To optimize application ( b f  U.S. R&D results, we must make 
government-developcd technologies readily available to the commercial sector, crcntc a 
favorable environment for private-sector firms to invest in the commercial development of 
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these technologies, and make it easier for US .  industries to gain access to DOE scientific and 
technical talcnt a i d  research facilities. 

In FY 1991, we began to promote CMDAs, which will greatly increase the 
commercialization of ncw inventions made at the DOE kdboratories through innovative cost- 
sharing arrangements. These agreements allow OWL to enter into contracts with industry 
to share personnel, facilities, services, equipment, or other resources for the conduct of 
specified, mutually greed-upon research or development activities. 

The gap between K&D and comniercialization is one of the most difficult to bridge. 
It is very difficult to do in the same organization, and evcn more difficult to do across 
organizations. CRADAs provide a mcans to bridge that gap by providing industry with the 
opportunity to fully and expeditiously access the broad K&D capabilities at the DOE RSrD 
facilities. 

Encrgy Systems has alrcady executed 23 agreements with a total value of almost 
$1S million, more than one-half of which comes from the contributions of our industrial 
partners. This experience, as well as that of the IIigh Tcrriperature Superconductivity Pilot 
Center Program, demonstrates that we have developed a process of teamwork and 
cooperation with DOE that strikes the proper balanw of tlexibility and consistency. We 
applaud the initiative of DOE-OR for providing the leadership in creating an environment 
in which the technologies dcveloped can be transferred more effectively to the commercial 
scctor. 

We believe that a key to our mutual success has been the development of an 
undcrs~zndingbetween~th parties for the identification and protection ofcertain minimum 
governrnetit rights while retaining the required independence of the contractor to negotiate 
in a businesslike manner This understanding involves the recognition on the part of Energy 
Systems of the importance of rctaitring certain contractual conditions but encourages 
discussion with DOE-OR personnel to resolve problems and to accommodate specific 
language that an Energy Systems client may desire to be included in the negotiation. 

The following illustrations highlight just a few of the exciting opportunities we have 
to hclp U.S. industry become more competitive. 

lEmi-ly C o n S c i ~  Manufacturing One of the unanticipated benefits of 
CRADiLs has lxen the willingness of groups of companies or consortia to join with the 
national laboratories to attack larger-order problems of pressing national interest. Energy 
Systems and the National Center for Manufacturing Sciences (NCMS) are entering into a 
CR4DA dealing with environmentally cwnscious manufacturing technology. NCMS is a 
consortium of over 125 manufacturing firms. 

It is an indisputable fact that environmental concerns are more pressing issues today 
than at any other time in human history. This public emphasis on environmental protection 
concerns and the complexity of manufacturing waste issues makes it very difficult, 
sometimes impossible, for an individual company to comply with all the demands in a timely 
manner. 

This program with NCMS will result in the commcwialization of selected technologies 
dcveloped primarily within the Y-12 Plant in waste minimization and site remediation. The 
data and technology developed in thc CRADA will provide the means to reduce or eliminate 
1i:iz:irdous by-products of manufacturing operations and to provide those technologics 
needed for site remediation. 

Ceramic WlanufactwabWy Center Oak Ridge is a recognizcd leader in the 
development of advanced materials. Ceramics conipose one class of these materials that 
holds a great deal of promise in a variety of industrial applications. Because they are lighter, 
stronger, more resistant to wear and capablc of operating at higher tempcratures than 
conventional materials, ceramics allow engineers to design machines that operate rnorc 
productively, more efficiently, and with less probability of failure. In spite of itnpressive 
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advances in performance, the large-scalc application of these materials has been very slow 
because of their high cost relative to metal components. Continuation of this trend threatens 
the existence of the US. structural ceramics industry. A major cost component is  the 
expense of finishing these ceramics to final dimension because they are difficult to machine. 
This cost often represents from 30 to 70% of the production cost. Therefore, idcntificat’ L 1013 

of methods for greatly reducing machining costs for structural ceramic components could 
open large markets for U.S. manufacturers. 

Oak Ridge stands alone in the federal system in that it includes both a major, 
multiprugram national laboratory and the Y-12 production facility housing a state-of-thc- 
art computer-integrated manufacturing complex. In the area of advanced niaturials, this 
unique combination of facilities allows technology development that spans the R&U 
continuum through to deployment in an actual manufacturing envirorirnent Capitalizing 
011 this particular area of excellence, a Ceramic Manufacturability Center (CMC) is being 
established in the IITML. This will enable the staff and participants in this center tn work 
closely with the six HTML user centers whose instruments and staff are organbed to 
characterize materials from the scale of atoms to that of several centimeters. Within this 
CMC, Y-12 staff working with ORNL staff, wil$ develop advanced manufactilritig methods 
(with a first emphasis on machining technology) that can significantly lower the costs of 
structural ceramic components. The initial step will be to conduct collaborative research 
projectsin thiscenterwithstructuralceramicmanufacturers, grindingmediamam~fac~rrers, 
and machine tool builders. As the technology matures, it will be implemented in a 
production environment in the Y-12 Plant Manufacturing Technology Deployment Center 
that is expected to be operational in FY 1994. Six multiplc-partner CRADA projccts are 
expected to be in place within the first 12 months of the program. This CMC initiative will 
permit the United States to regain international parity in the multibillion dollar ceramics 
market. 

@ Energy Systems, togcther with DOE and several d 
its laboratories, has been working with the Computer Systcms Policy Project (CSPP) to 
provide a better focus for the federal R&D investment on important, precompetitive, generic 
technologies for the computer industry. CSPP is an affiliation of chief exective officers from 
the 13 1eadingU.S. computer companies such as IBM, Apple, and Digital. We have negotiated 
a specially tailored model CRADA that we hope will significantly reduce the time taken to 
implement such an at any one of the labs. Shortening the approval-cycle time was 
considered critically important. 

The CSPP recentlyrcported that the United States still leads in half the technologies, 
mostly software-related, critical to U.S. dominance in the field. However, the report also said 
that the United States lags in the other half (mostly cipitd-intensive technologies) and that 
without positive action, the 1J.S. position in all sixteen cri~cal technologies cited in the 
report will erode. 

We have worked closely with CSPP to identify areas of unique capabilities at the 
various DOE facilities that could serve as the b:ds for cooperative development efforts: 

High- 

distributed operating systems and tools, 
parallel-processing algorithms, 

Q gigabit networking, 
* parallel-programming tools, and 
* simulation techniques. 

Based on this review, CSPP envisions condeicting multiple projects in these and other a rea  

* Recent announceiiieiits of sigriifieant downsizing 
on the part of the three largest U.S.-based manufactiirers (the so-called “Big Three” of Ford, 
Chrysler, and General Motors) together with President Rush’s trip to Japan to discuss trade 
imbalances, emphasize the significant influence that the U.S. automotive industry has on 
our econoniy. Key competitiveness issues of the U S .  automakers depend on technological 
breakthroughs that will propel them beyond their foreign competitors to yield a new state 
of the art. Ford, for example, has recently announced plans for a “hybrid vehiclc,” onc 
cornliining features of conventional inteimal combustion or turbine engines with electric 
drive components, as that lund of technological leap. We are aware that Chryslea and 
General Motors have idcas similar to Ford’s. 



General Motors, for one, has been aggressively pursuing collaboration with the 
fedcral laboratories as the means to leverage their own endcavors and to strengthen their 
technology development effort. The DOE lahoratories in particular, because of the nature 
of their mission, arc particularly well suited to work with the automakers. Gcneral Motors 
has already identified important tcchnological resource& at Oak Ridge, Sandia, Argonne, 
Idalio, and Los Alamos, for a start. 

DOE, the national laboratories, and the Big Three automakers are worlutig to 
identify development initiatives of mutual interest. These projects would be aimed :it major 
leaps forward in technology, ensuring the preeminence of thc U.S. automotivc industry well 
into the twenty-first ccntury. At this time we are close to consummating several CRADAs 
with the automakers. 

Givcn the shared interest of thc autotnakers, a nafural starting point would seem to 
be in the area of electric or hybrid vehicles. The following potential projects involving DOE 
facilities cwuld be based on their unique technology and capabilities 

dcctric drive motors and associated power electronics; 
advanccd scnsors arid setisor arrays; 
microprocessor technologies for inibeddcd, intelligent computer capability; 

* advanced materials buch as lightweight composites; 
advanced forming arid fabrication processes, including composite tooling; ‘and 
supercomputcrs for design and siinulation studies. 

This area has the additional advantages for our nation of reducing our dependcnce on fossil 
fuels and of improving the qLtality of our environment by reducing air and noise pollution. 

DOE-ER has created a new activity to support the performance of cost-shared 
CltZDA projects with private industry to cnhamce the commercial applications of “spin-off” 
technologies arising from K&I) programs pcrformed at DOE-ER laboratories. 

The following sclcction criteria apply: 
The technology must originate at a DOE-EK laboratory, with prcfcrence for 
technologies originally devcloped using DOE-ER funds. 
The technology should he a spin-off or “orphr~” technology (one that does not fit 
the funding plans of another programmatic area). 
The laboratory’s portion of C M D A  effort should cmphasize research more tlian 
product development. 
Thc tcchnology should have significant comniercial potential (e&, it shotdd be 
included on the U.S. Department of Commerce critical technology list or have 
significant commercial markets such as semiconductor technology). 
Thcre should be evidence of substmtial corporate commitment and enthusiasni for 
the project. 
The technology development effort should fit into the ongoing mission at the 
1 &oratory . 
There is a preference for working with small businesses. 

OWL has received authorization for four such projects in FY I992 with R total budget of 
$1 million. We anticipate that up to 10 projccts will be funded in FY 1993 with a total 
budget of 82 million. Rased on DOE-ERprojectioris, this program could grow to $5 million 
by FY 1997. 

Although originally requested in 1984, a class waiver of patents and copyrights was 
not granted until mid-1991. With the class waiver, Energy Systems has obtained new 
responsibilities and authorities for managing its intellcctual property portfolio. It is our 
policy to cncourage and support those activities undertaken by our employees to facilitate 
this process through a cletfcated program to promote thc transfer and adoption of aur 
technology in the conimercial marketplace. 



Because technologies oflen require additional development on the part of the private 
firm to produce a commcrcial product, companies are concerned about the nature and 
extent of the protection of proprietary property when adopting developments of federal 
RKrD During the past 4 years, we have filed an average of 25 U.S. patent applications each 
year. It is our goal to increase that number to an average of75 each year over the next 5 years. 

OTT has developed and implemeiited a technology transfer assessment process to 
( 1 )  identicv and screen reported items of technology to detenniiic eoniniercial market 
potential, (2) assess thosc items of techxhgy as to technical merit and commercial market 
value and designatc technology transfer candidates, and ( 3 )  develop strategies to bring 
designated transfer candidates to a state of readiness so that commercial client firms can 
evaluate the technologies for licensing and/or entering into a CRADA 

In light of the new authorities granted by the ehss waiver and CkIDAs, wc have 
undertaken an effort to update and modify our policicc and procedures for technology 
assessment, licensing, and royalty sharing to address issues pertaining to conflict of interest, 
fairness of opportunity, equitable distribution of royalty income, and employee recognition 
and awards. In particular, we are incorporating into our internal policies and procedures the 
DOE Interim C r ~ n s i ~ e r a t i o n s ~ ~ ~ Z ~ ~ ~ ~ s  developed by the rechnology Transfer Field Task 
Force. 

Beginning in F Y  1992 and thereafter, we will be working with ORNL management 
to pi ornote increased levels of participation in the decision-making process as to which 
inventions are to be patent4 and what tho orders of priority are to be. The goals of thcse 
effor~q are to improve the timeliness and responsiveness of the patent application process 
and to enhance the role of intellectual property in R&D program planning and man:igcrncnt. 
The ability to manage 3 I,aboratory’s patent portfoolio should have the effect of emphasizing 
technical merit and commercial value in patentability decisioiis rather than using strictly 
“defensive” criteria (ix., patenting things so that they cannot be sold back to the govcrnrrient 
for profit). 

k i 
From the bcginnirig, OTT has concentrated i ts  efforts on those areas of tcchnolngy 

development for which Oak Ridge has become knows. for excellence. During the last 4 ycars 
we have averagedover 10 new license agreements each year. Over the next 5 years, we intend 
to increase this number to an average of 1s new agrcements each year. 

The most notable area of success is in advanced materials. From supeidoys to 
ceramics to electronic materials, Oak Ridge i s  internationally recognized as a leader in 
devcloping advanced materials. In 1990 we produced a videotape of our capabilities and 
distributed more than 500 copies to advanced-materials firms throughout thc United States. 
Other areas of commercially valuablc: technology include analytical iiistrunients, waste 
management, intelligent systems, cheiiiical phocessing, and biomedical technologies. Similar 
campaigns will be mounted in these other areas in the following years. 

These licensed technologies are begiraming to show up in the forms of new companies 
and commercial products. For cxample, ORNL developed a technology for automated 
separations of a single blood sample as part of NASA’s Skylab Program in the 1970s. This 
technology was incorporated into a product that completes multiple analyses within 
minutes. The product allows these tcsts to be conducted Bight in a doctor’s office rather than 
being shipped to a laboratory. Our client, Abaxis, Inc., was formed in 1083 at the time our 
license was executed. On Thursday, Januai-y 23,1992, Abaxis completed their initial public 
stock offering. The ob’fering was so successful that they expanded the original plan of stock 
sales from 1.7.5 million shares to 2.175 million shares, making it one of the most actively 
traded stocks for that day. In addition, the share price rose 54.75 from the offering price of 
$11 to close at $15.75. 

To better respond to our industrial clients, we have organized our licensing 
executives so that they can specialize in one of thcsc tcchnology areas. This will allow each 
executive to maintain an in-depth awareness of OWL capabilities and to gain added insights 
into industrial nccds to promote more effective partnerships in the future. Each executive 
will be responsible for negotiating both licensing agreements and CIWDAs. 
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Therc is synergy between our licensing progranis and CKOL4 efforts, with licensing 
opportunities leading to C W h s  and vice versa. The availability of C W A s  is expectcd to 
have a tremendous effect on our licensing efforts. When a company comes to ORNL to 
discuss a CRADA in a particular area, these initial interactions oftcn lcad to expressions of 
intercst in licensing othcr, coniplementary technology. 

Use of royalty funds received from licenses shall be governcd by the provisions of 
Article 69 of the prime contract with the DOE. Authorized uses of the finids iriclude the 
following 

* payment of federal income taxes, including interest ,and penalties; 
reimbursenicnt of reasonable cost relating to the DOE’S filing, prosecution, and 
maintenance of any waived invention; 

0 rewards to employees with royalty revenues consistent with the provision of Energy 
Systems Policy and Procedures TA-4; 
fund-maturation initiatives to meet technology transfer needs of licensees and 
potential licensees, including (but not limited to) production of sample materials for 
evaluation, preparation of additional documentation to facilitate adoption of a given 
technology, applicd eiigirieering to accomplish packaging or prcdictability, and 
product testing; 
activities that increasc the licensing potential of other electablc or waived subjcct 
inventions; 
paynients to licensors or other contracting parties necessary to assemble a technology 
package or to facilitatc liccnsing out, which agreements shall not include any 
guarantee or requirement that would obligate the govcrnmcnt to pay any costs or 
create any liability on behalf of the government; 
contribution not to exceed 20% of the gross royalty revenues per ycar to nonprofit 
organizations to enhance technology transfer; 
activities intended to increase the capability or quality of the technology transfer 
program; and 
pledge incomc to finance advance payments required for projects related to 
technology transfer. 

Many technologies invcnted at ORNL are not developed to a stage where private 
companies can accurately assess thcir commercial potential. In the past, funding was 
typically not available to develop a technology beyond a working model. Although capable 
of demonstrating technical feasibility, such models are often inadequate for a cumpany to 
assess market applications, production costs, and the like for the technology. In many cascs, 
alternative support is needed to construct advanced prototypes that are close to cwmmercial 
production models. These models can be more easily used to asscss the marketability of the 
technology. 

Since 1954, we have provided at least $200,000 to be used to support projects 
focused on maturing a technology to the point where a more informed analysis of the 
technology’s commercial viability can be performed. Ovcr the last 4 years, this program has 
been funded exclusively out of royalty funds. This expcnse has accounted for the expenditure 
of about 50% of royalty income. It is our intention to continue this program at about the same 
lcvel for the next 5 years. 

The following factors are used to determine the authorization of maturation funds: 
Developmental status: the development should be ready for commercialization now. 
The proposer should not be seeking funds for additional R&D to improve or finish 
the development. The requested funds should be uscd to bridge the gap to 
commercialization. 
Impactfactor: proposedfundsshouldimpactheavilywhetherornot thcdcvelopment 
is successfully transferred. If the inventor does not pursue the proposed activitics, 
transfer of his devclopment to the private sector will likely fail. 
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m hfarketing factors: there should exist a real-world need and market for the 
devclapment. The market should he large and, preferably, growing. 
hlanufacturing factors: commercial use of the development should not require 
substantial manufacturing R&D The requisite manufacturing capabilities should 
exist now or be easily attainable. 

8 Intellectiral property factor. the effort should result in an improvement in the 
intellectual-property position of the technology. This can occur either through a 
new patent application or a new, improved understanding of the technology. 

All projects will be documented by a final report that sumriiarizes the impact of the project 
on the transfer of the technology. 

In 1991, OTT began the process of reexamining (1) goals, objectives, and the 
current approach to information dissemination; (2) the impact of our technology applications 
bulletins (TABs); and ( 3 )  alternative approaches. We commissioned a study of our TABS to 
determine who was receiving them and what the recipients were doingwith them Once they 
got them. The most interesting result wab that our bulletins were being used primarily to 
keep track of parallel developments in a field, tiat as a means of identibing tech iaologies for 
acquisition. In addition, an inordinate amount of our mailing livt was for state and local 
governments. This is a gi obp wig keel sheuld be reached by our program-specific publications, 
which are mol<’ fccimsed on their issues of interest. 

These resiilts have led us to the folloi~~~a;rgalte~atives, which we began to implement 
in F’i 1992. 

e ,2utiicace 
- k w e w  current mailing l i s t  to cull out erncries unlikely to be oriented toward 

- Begin to collect information on inquiries (by means of a trade press ‘‘bingo card”) 

- Mail selected bulletins to tat &red firms having similar interests. 

- Continimc to refine and improve the market-application orientation that we have 

- Produce unbound, individual bulletins that can be storcd on 3 persona! compiiter 

- Produce a catalog of bulletins with brief {t\vo- to thi-ee-sentence) abstracts of the 

- An additional approarh being pioneered hy the National Institutes of IIeallth i s  an 

technology acquisition. 

that we can catalog, and sort areas of intcrcst for future, related mailings 

8 Bulletins 

recently adopted for bulletins 

aut1 printed on dcnnatid 

bulletins 

electronic bdletin board that caii be accessed by interested firms. 

Obtain an OTT iogo that can 1x1 used to distinguish our future mailings. 

scnd it to firms on our mailing list. 

containing bulletins and a business card. 

* Cover 

- Produce a permanent binder with the 0 l’T logo on it to hold futiire bulletins and 

- Send out targeted mailings in an expandable folder with the OTT logo OH it and 

8 Advertising 
- Ana alternate approach to mass mailings may be the selected use of advertising in 

trade magazines (possibly in the mold of the Hughes yellow Tech Briefs pages). 

- In the future the responsible OTT licensing executive will haw the responsibility 
of identifying technologies for wliich TABs should be prepared. We will try to 

e Bulletin preparatioii 



preparc a list each month, based on our Wednesday meetings and on Technology 
Evaluation Committee meetings, and turn it over to the TAB editor along with any 
relevant market information we have. These meetings will be used to decide on 
developing illustrations for preparation of technology view graphs. 

Business Management and Budget 
The budget for OTT in FY 1991 was 82.2 million; the number of FTEs supported 

was 21.6 (Table 7.1). 

Table 7.1 
Estimuted stcgfing and expenditures for the Office of Technology Trunsfef 

FBSCAL YEAR 
........................................................................................................................... 
1991 1992 1993 1994 1995 1996 1997 1998 

ORTAb activity 
Patcnflicensing- 

activity 
CRADAc funding- 

federal 
CIL4DA funding- 

private industry 

Total 

ORTA activity 
PatentAiccnsing 
C M D A  activity 

Funding ($ in millions-BA) 

I .63 2.19 2.23 2.37 2.47 2.58 
0.58 0.68 0.71 0.74 0.77 0.81 

3.90 12.40 20.60 21.63 22.71 23.85 

3.65 12.10 20.15 21.16 22.22 23.33 

9.76 27.37 43.69 48.90 48.17 50.57 

Professional Staffing [full-time equivalents (FTEsj] 

11.60 15.25 17.08 17.08 17.93 19.77 
5.00 6.25 6.88 6.88 7.59 7.96 
3.00 3.00 3.00 3.00 3.31 3.47 

2.70 2.82 
0.84 0.88 

25.04 26.29 

24.49 25.71 

53.07 255.70 

20.76 21.79 
8.36 8.78 
3.65 3.83 

"Funding for the Energy Syhterns Office of Technology Transfer includes ORNL, the Oak Ridge Y-12 Plant, and the Oak 

bOffice of Research and Technology Applications 
'Cooperative research and development agreement. 

Ridge K-25 Site 

Productivity Indicators 
Royalty income and the number of new licenses are constantly monitored and 

reportcd (Tables 7.2 and 7.3). These are important measures of tactical success. However, 
the measure for the strategic success, with respect to thc OTT mission, is the dollar value 
of product sales resulting from our licensing agreements (Tablc 7.4). Product sales ending 
FY 1991 excecded a cumulative total of $45 million. 
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Office of Techno r licenses executed 
(FY P 991) 

Technology __ - ~ .___ 
License e 

.................................. - __ _ _ ~  -- 

Ametek 
Harrison Alloys 
Harrison Alloys 
Microscience 
Gamma-Metrics 
Hoskins Manufacturing 
hbkowitz & Associates 
Fiveash Data Management 
Texas Engineering Exp. Station 
Sigma Science 
Dosimeter Corp. of America 
Valvision 

Iron aluminide powders 
Iron aluminides 
Nickel aluminides 
iltoIll probe control software 
Surface-enhanced Rarnan spectroscopy probe 
Iron alurni nides 
Integrated graphics railway data base 
Raman spectral data 
Raman spectral data 
Rcspfit software 
Alpha scintillatioia detector 
Check-valve monitoring 

........................................................... 
1991' 199P 199P ...... -_____ ........ ... ___ - _ _ ~ ~  ~- 

....... 

Licenses 

Xurnhcr of ncw licenses 12 25 25 25 25 
License income (X in thousands) 459 600 700 1000 1300 

Use of income (8  in thousands) 

Employee awards 115 150 175 250 325 
OKTLV office support 30 39 46 6 6 86 

ntellectual property rnanagenient 28 0 0 0 0 
Cooperative research support 64 84 98 140 182 

Iletained by contractor 0 0 0 0 0 
Other Lab li&D support 1.52 236 275 392 509 

Other: 
Federal income taxes 
EducatiodTrain i ng 
Tennessee 1<&D 

20 2 6 30 43 5 6 
0 0 0 0 0 

5 0 65 71, 109 142 

"Funds are for the OKNI, Office of Technology Transfcr. hlartin hlariettd Energy Systcrns, Inc., which includes ORNI,,  

"Projected. 
c'Office o f  Research wrld Technology Applications. 

the Y- 12 l'limt and the K-2.5 Site. 

~ ~ 
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Table 7.4 
Technology transfer results 

FISCAL YEAR 
........................................................................... 

1991 1992” 1993’ 1994” 1995’ 

Patent application 19 50 39 40 41 

Cumulative product salesb 46.0 57.7 75.0 101.3 136.8 
Patents granted 17 54 37 38 39 

“Projected. 
“1)ollars in millions 

Educational Progrums 
The DOE Science Education Enhancement Act (Public Law 101-9511), pessedby the 

lOlst Congress in Novenikr 1990, formally recognized the inercascd and @owing 
importance to the accomplishment of the Dcpartnitmt’s mission of programs “to enhmce 
the quality of tnathematies, science, and engineering education.” Tn establishing :i new 
departmental policy in this area (SEN-23-90), Secretary of Lnergy James 1). Walkins 
evrrrrnittcd DOF, “to take full advantage of the uaiquc resources and facilities of the 
Dcyartmctit’s tnational lnhoratories and research facilities for assistmce in science and 
mathcmatics education improvc.rrmcnt.” 

Secretary Watluns pledged tlie use of1)OE’s “significant resources” of highly trained 
teelatiicaf staff and state-of-the-art facilities to help strengthen sciencc and mathematics 
education nationally. Throufi SEN-23-90, hc urged special attention to the following goals: 

* the nation’s youth from kindergarten through high school must bc given a strong 
technical foundation on which to l ~ s e  future siicccss in higher education and in 
science and mathematics careers; 
the nation’s science arid matliematics teachers must have in-depth and state-of-the- 
art training so they ca~i present science and mathematics conecpts in ways that 
spark student ititcrest and understanding; and 

1 special cffort must Ix: directed at encouraging and supporting more women, 
minority, disabled, and disadvantaged studcnts in mathematics :inn science ar the 
precollege through university levels 
Commitment to these goals is reflected in a companion mandate to each of DOE‘S 

muItiprogrSram riatiurial laboratories and other major facilities to rnalrc education at all levels, 
fUJm precollege through graduate and professional, onc of their priniary niissions. For this 
purgosc, DOE has given OIWL and its sistcr laboratories the dcsi@:ttion of regional “sciencc 
education centers.” This expanded mission places strong emphasis on helping to strengthen 
mathematics :IIKI science education in the schtxllb. Special at[ ention is given to design, 
development, and delivery of comprehensive and integrated programs for elementary and 
secondary teachers and studctits. These programs address the highest-priority national 
necds and objcctives. Chief among these objectivcs are the six natiorial education goals 
established by Ihe president and the nation’s governors, particularly Goal 4: “By the year 
2000.IJ.S. stiiderits will be first in the world in science and mathematics achievement.” 
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Secretary Watkins, as the first chairman of the Cornniittee on Education and 
Human Resources of the FCCSET, has worked to implement a coordinated federal budget 
strategy, consistent with the national education goals, to improve science and mathematics 
education. Its priorities, centering first on the precollege area and on teacher preparation 
andenhancement, support four strategic objectives:(l ) improved scicnce and mathematics 
pcrformance; ( 2 )  a strong precollege teacher work force; (3 )  an adequate pipeliiie for the 
sciencc and technology work force, including increased participation of underrepresented 
groups; and(4) improved public science literacy. 

Educational initiatives through OIWL‘s Science Education Center strongly support 
these goals and guidelines. New partnerships are strengthening the center’s focus on the 
national education goals and on education reform within the southeast region. These 
partnerships include cooperative efforts with othcr agencies, including thc Appalachian 
Regional Commission; state and regional schools, colleges, and universities; and the private 
sector. Support for these partnerships includes a major new focus on computing and 
communications technology for educational applications. The overall effort encompasses 
work with teachers and students from the early elementary grades all the way through the 
Laboratory’s more traditional and long-standing involvement as a resource for undergraduate, 
graduate, and postgraduate study and faculty research participation. The primary objective 
is to help ensure an adequate work force for the accomplishment of the nation’s future 
energy R&D goals. 

Sincc October 1989, when DOE convened its MathlSciersce Action Conference in 
Berkeley, California, just one month after President Bush assembled the nation’s governors 
in Charlottesville, Virginia, for an “Education Summit,” OWL’S educational programs havc 
expanded significantly in scope and impact. Among the niajor thrusts are the following: 

* joint projects with UT to create an Academyfor Teachersof Science andblathematics 
that serves Tennessee and four other Southeastern states as well as an innovative 
program of alternative preparation and certification for technical professionals who 
wish to pursue second careers as science and mathetnatics teachers; 

* the DOE-sponsored Project ShWKT (Science/Math Action for Kevitalized Teaching), 
a partnership that joins rural and urban school systems in East Tennessee with 
ORNL and ORAU; 

* the education component of DOE’S High Performance Computing Ccnter initiative, 
for which ORNL has been selected as one of two sites; 
expanded opportunities for women, minorities, and people with disabilities, including 
the establishment of customized internships in both technical and technical 
support areas; 
full-sunirncr appointments as research associates for secondary teachers, iricludiiig 
some 55 in residence last year at OWL; and 

* the ORNL-administered National Teacher Enhancement Project, sponsored by 
the NSF, which has provided summer workshops and academic-year foo1Iow-up 
training for more than 700 teachers of kindergarten through eighth grade 
nationally. 

New programs also have included the following: 
sponsorship of summer mathematics and science camps for middle-school-age 
youth (and especially young women) on an area-wide and Southeast regional hasis; 

* development of a Saturday Academy of Computing and Mathematics, which draws 
on volunteers from the ORNL technical staff as mentors for area secondary students, 
the new Oak Ridge Educational Network, which offers access to high-performance 
computing capability for student and teacher projects as well as for networking and 
communications applications; 
expanded Tennessee and Southeastern U. S. involvement in the DOE-sponsored 
National Science Bowl; 
fi:nergy Systems-wide coordination of school outreach (or adopt-a-school) partnership 
activities, including one with the Tennessee School for the Deaf; 
an annual “Women in Science ” conference for undergraduates as well as high school 
age participants; 
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introduction of new classroom teaching and enrichment resources such as the DOE- 
sponsored public television series, “The New Explorers”, arid 
inauguration of a niultistate regional Suninier Science Honors Acadcmy sponsorcd 
by the Appalachian Regional Commission as a companion to the DOE High School 
Science Stuclcnt IIoriors Program in Environmental Scicnccs, conductcd sincc 1988 
at OWL. 
The ORNL Science Education Center’s Long Range Man, developed initially and 

implcmcnted in FY 1990, incorporates both near- and long-term actions in response to the 
urgent national need to improve (1) the overall quality of science and mathematics teaching, 
(2) the size arid diversity of the educational pipeline in thcse fields, and (3 )  the consequent 
futurc availability of thc requisite numbcrs of people trained in scientific and technical 
skdls. The approach is a coniprehensive and cooperative one that emphasizes institutional 
partnerships and resource sharing for mutual benefit. 

Key thrusts of the plan arc dcsigned to accomplish the fullowing 
* strengthcn thc educational pipeline at its roots, quditatively and quantitatively, 

through innovative student learning cvperienccs beginning at the early elemcntiiry 
lcvel; 
help correct the historic underreprcsentation ofwomcn, minorities, and people with 
disabilities in technical disciplines; 
broaden the impact of thcse educational initiatives through increased emphasis on 
science arid rnathcmatics teachers and students, with special attention to teacher 
recruitment, preparation, and professional development and enrichment; 

* diversify the Laboratory’s own workforce to better match the chan&ngdemo@aphics 
of the U.S. population; and 
expand efforts to increase the scientific and technological literacy of the public at 
large 
The OWL Science Education Center, administered through the Office of Science 

Education and External Kelations, provides a framework and an operating structure to 
address these goals. Prccollege programs allow both students and tcachers to experjence 
directly, through “hands-on” learning opportunities, the exciting frontiers of science and 
the proccss of discovery. In the case of the studcnts, it is important that such challenging 
and creative experiences occur as a part of their earliest encounters with science. 

IJndergraduate programs affect students at a time in their academic developmcnt 
that is important in influencing the choice of a career and decisions on advanced study in 
energy-related fields. Graduatelevel advanced study and research participation opportunities, 
which make further use of the Laboratory’s unique facilities and staff resourccs, help 
prepare cniergingscientists and enginecrs fur their roles in national encrgy-related missions 
by providing a close association with ongoing energy R&D in a national laboratory setting. 
Faculty participation in joint or collaborative research facilitatcs the two-way flow of 
technical information and helps to establish a strong professional connection between those 
tcaching and research stiiff niembers in schools and colleges who are the primary producers 
of scierilific and technical personnel and the outside professional communities in all 
sectors-academic, government, and industry-that will be the source of their future 
employment. 

At the precollege level, ORNI, began a formal program in the summer of 198.5 with 
the first pilot research participation appointments for science teachers. From a modest 
base, this activity has grown rapidly. A full-time coordinator for prccollege activities was 
appointed in the fall of 1987. Currently, these progmns serve up to 400 elementary and 
secondary teachers each year, some 125 students selectcd for special on-site honors study 
activities on both a national and a regional basis, and anolher 24 thousand student-teacher 
participants in “hands-on” learning experiences offercd year-round through OWL’S 
Ecological and Physical Scienccs Study Center. This core precollege prograni presents 
some 40 different topical. study units to visiting class-size groups and in outreach programs 
presented in schools within a 100-mile radius. Beginning in 1990, OKNL conducted its first 
residential 10-week research partkipation program for students at the secondary level. The 
joint effort initially involved seven outstanding high school juniors and seniors and two 
teachers from h e r t o  Rico and has contiriued each summer since then. 

Technology Trarisfw and Science und Muth Education II 7-15 



A continuing strong emphasis in this comprehensive approach to strengthening 
the mathematics and science educational pipeline has been ORN1,’s interactions with 
historically black colleges a-nd universities (IYBCUs) and other MEIS. The Laboratory is 
a partner with two other national laboratories (Los Alamos and Sandia) in the historic 
DOE Science and Technology Alliance, which in 1988 linked these facilities with three 
MEIs: the Ana G. Mhdez University Systen in Puerto Kico, New Mexico IIighlands 
University, and North Carolina A&’I‘ State [Jiiiversity. ’The DOE-sponsored Wastc 
Maiiagement Consortium of 17 minority colleges arid univcmities represents another 
key link, as does OWL’S participation in the National (hsort iurn for Graduate Degrees 
for Minorities in Enginecring, inc. (GEM). Currently, ORNI, administers some 20 
subcontracts, representing commitments of more than $4 million, with minority 
institutions. Six new customized internship programs have been developed under 
subcontracts with minority institutions that provide training assignments in OlWL 
divisions for both undergraduate and graduate students. 

DOE’S University Laboratory Cooperative Program (I LCP), administered through 
its Officc of CTniversity and Scicncc Education Programs in Energy Research (ER), supports 
research participation and training opportunities for students and faculty at ORNL through 
a joint effort with OkW. Many more participants are supported directly by progranimatie 
funds supplied by the Laboratory’s research divisions and support through other sources, 
such as colleges and univcrsitics, fellowship awards, and contracts and grants. 

OKVL plays an important role in the education and training of students at all levels 
through myriad programs dcsigncd to provide ::dvarrced study and research opportunitic.;. 
School, college, arid university guests al-c;. hosted b y  the Laboratory through a variety of 
mechanisms: 

awarding R&D subcontracts; 

resources; 

appointments; 

* encouraging short-term research in the designated IN >E user facilities and othcr 

* supervising students and collaborating with faculty through research participation 

* visits o f  technical personnel and equipment 1o:rxrs; 
* e:itahlishing close co1labor;ptiorps with specific universities and university consortia. 

appointing teachers :is research associates, and offering, professional development 
workshaps and student enrichment experiences; and 
providing learning experiences through die Ecological and Physical Sci.cnces Study 
c en te r . 
DOE and OKNI, benefit directly from the mission suppor~ gained, especially frmi 

university-level participation programs. Projections performed for DOE indicate that the 
demand for well-qualified, trained scientists arid engineers will  continue to increase, 
particularly in fields such as hea!th physics an& conipcter science. At the same time, trerds 
point to a dccreasiig number of’ science and engineering graduates, especially tho:ac who 
are U.S. citizens. To ensure a supply of personnel to perform energy-related research, DOE 
has a comprehensive program designed to improw the quality of science education and to 
increase the number of students electifig to study scieilce. OHLVE plays an integral role in 
this program to enhance thc research capabilities of educational institutions and to train 
students t’cv careers in rese:ireh. 

and university partnerships represent a mutually beneficial and highly cost- 
effective way to support ORNJ,’s programmatic goals, while making vital educational and 
training contributions. During the niore than tw9 decades that OIWL has hosted 
undergraduate students on amdcrnic-year science semester programs, students have made 
substantive contributions to ORVL projects that later were patented and/or received R&D 
100 awards. Furthermorc, working with collc~e and university pcrsonnel helps to hilfill the 
1,aboratoxy’s technology transfer objectives. 

More than 35 i n d i ~ i d ~ a l  programs-----under~r~~~ate ,  graduate, postgraduate, and 
f a c u l t y ~ n a b l e  students and faculty to participcta.: in OKNL research. About half of these 
summer ancUor academic-year appointments are administered jointly with the Science/ 
Engineering Education Division of the Oak Kdge Institute for Science and Education 
(OKISE), which is managed and operated by OILW. 



L)uring FY 1992, stucletits and faculty from some 135 higher-education institutions 
spcnt significant time at ORNL, using state-of-the-art resources while they wcre under 
rcsearch participation appointments. 1)OE supports a variety of university programs at 
O W L ,  both through U1,CI’ and programmatic funds. 

Alore than 100 co-op students were employed at OILUI, and elsewhere in Energy 
Systems in FY 1992; another 400 undergraduate and graduate students, 80 posrgratluates, 
and 70 faculty members received research participation appointnients. Thcse mmibers do 
not include another 100 college and university faculty and students who made short-term 
research visits under travel contracts. Thc supported visits may hc to perform experiments 
at uscr fwilities and resources or may be uscd for consultations with OIWI, staff about 
commori research interests. 

University Consortia 
ORNL has active working relationships with several university consortia. For 

example, ORNL has had a long-st:mding col1:tboration with OkW/OKISE on educational 
programs that has been strengthened through the implementation of severd ncw joint 
programs and joint university outreach activities. pvlore rcccntly, these activitics have 
included the SlJIU, cstathlished to build and managc DOE’s new Chntinuous Electron k a m  
Accelerator Facility at Newport News, Virginia. In ItY 1989, OKNI, became a partner with 
ORW and SURA in a new initiativc to establish the Center for Advanced Study in Materials 
Science at OhVL. This collaboration will provide a mech:uiisni for faculty arid students from 
SUXA schools to work as teams on research projects at ORNL. llissefiitions will he 
presentcd on these projects for graduate students to earn either a master’s or a Ph.D. degrce. 
Papers will be issued through OKNL for thc participants to receive their degrees. ORNL also 
continues to have a strong “science semestcr” program with the Great Lakes Colleges 
,Issociation/~~ssociated Colleges of the Midwest (GLCLVACM), which is now in its third 
decade. The long-standing success of this program helped to strengthen the case for DOE’S 
national Science and Engineering Research Scmester (SEKS) l’rogram, which provides for 
about TO appointments annually at OIWL for undergraduate students from institutions 
throughout the country. 

R&D Subcontracts 
ORNL awards some 100 M&D subcontracts, valued at ilci%dy $20 million, to inore 

than 36 universities annually. These subcontracts generally sponsor research on campus 
but may also include provisions for student internships or faculty appointments to perform 
research at the Laboratory. Atmeit one-third of OIWL’s subcontract obligations arc with 
IJTK (including the cost for the joint appointments under thc Distinguished Scientist 
Program and other activities carried out through the Science Alliance, a UTWORNI, Center 
of I3xcellcnce supported by the state of Tennessee). 

Research Collaborations 
Many long-standing collaborations between OlWL and individual universities are 

bascd 011 mutual research interests. Most of these collaborations involve outstanding 
departnients at thcse premier rescarch institutions and include active exchanges of 
students and faculty. 

OKNL is also engaged in a team lt&l> cffort for the deploymcnt of an atlvanced 
robotic system capable of performing tasks hazardous to humans and/or whose execution 
times can be reduced if perfomled by auitoniatecl systcnis. The goal of this project i s  to 
develop a generation of advanced robotic systems capable of performing survcill:tnce, 
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maintenance, and repair tasks in nuclear facilities and other hazardous environments This 
goal will be achieved through a collaboration among OWL; the universities of Florida, 
Michigan, Tennessee, and 'I'cxas; and each institution's industrial partners. This program 
takes full advantage of existing resources at all of the participating institutions. Besides its 
own research, ORNL coordinates the overall effort, including integrated equipment tests to 
demonstrate the overall progress of the team 

Newest among these collaborations are cooperative agreements signed in FY 1991 
with the National University of Mexico and a collaborating scientist agreement with U T .  
'Thelatter agreement is expected to serve as the prototype for a widening range of 
interactions with academic institutions, both statewide and beyond. 

OWL'S Center for Global Environmental Studies expands activities under the 
DOE-sponsored Carbon Dioxide Information ~halysis and Research Program to include 
other trace gases important in the greenhouse effect, causes and effects of ozone depletion, 
and the role of deforestation and reforestation in the climate issue. Thecentcrdraws heavily 
on contributions from universities, other DOE laboratories, and outside research institutions. 

Through DOE'S Excess Research Idahoratory Equipment (ERLE) program, QRNL 
helps colleges and universities to obtain excess equipment for the cost of transportation 
only. The equipment ranges from small detectors to sophisticated analytical instruments 
and may be new, used, or in need of repair. 

Besides providing equipment resources. ORNL works with academic institutions to 
enhance their educational programs and research capabilities by donating personnel and 
resources. OHNL staff members frequently give seminars at universities throughout the 
nation, either because of an ad hoc invitation from faculty or through formal program such 
as the ORAU Traveling Lecture Program and the Industrial Research Institute (IN) Visiting 
Scientists Program. These visits, typically lasti tiga day, allow students and faculty to consult 
extensively with the scientist and give universi ty personnel insights into some of the cutting- 
cdgc science performed at the Laboratory. About 75 to 100 of these visits are made annually. 

Many O W L  staff members are affiliated with universities on an adjunct basis to 
teach classes and to collaborate with faculty on research projects. Some 20 to 30 ORNE 
research staff mcmbcrs hold formal part-time adjunct appointments from UT. Many othcrs 
donate their teaching talents to UTK and other area institutions, among them Knoxville 
College, Tennessee Technological University, Pellissippi State 'Technical Community 
College, and Roane State Community College at its IIarPiinan and Oak Ridge campuses. 

OWL technical stal'f members teach short courses as part of the ORAU/OKISE 
manpower training program? sponsored by DOE O W L  also provides other types Qf 
assistance to faculty, including critical review of proposals and manuscripts and organizing 
joint meetings and conferences. 

and Equipment at ORA% 
OKNL currcntly operates 11 designated DOE user facilities, which offer unique 

opportunities for outside researchers from both industiy and universities to perform 
experiments on state-of-the-art equipment at minimal cost. Many of these facilities are 
supported by separate operational funds, and U S ~ K S  need pay only their travel and housing 
costs. 

In FY 1992,427 university rescarchers performcd experimentsfor 12,533 user days 
at these OWL facilities. The largest percentage of the university-based users (22%) perform 
research at the Holifield IIeavy Ion Kcsearch Facility. Other facilities heavily used by 
university researchers include thc IITML, the 12,000-acre (5,500-hectare) Oak Ridge 
National Environmental Rcsearch Park and the Surface Modification and Characterizatid 
Collaborative Research Center. 

Unique resources available to university researchers include supercomputing 
capabilities, advanced electron microscopes, analytical equipment (including a Fourier 
transform mass spectrometer), and X-ray and neutron-scattering facilities. The Walker 
Branch Watershed, located on the Oak Ridge Rcscwation, is one of the best sites in the world 
for watershed research. 
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Precollege Programs 
OWL has been rcsponsible for a host of new precollege student and teacher 

programs in response to both local and national mathematics and science education 
initiatives. The quantity and quality of science and mathematics training at bod1 the college 
and precollege levels is declining. Some of the problems have been manifested in the 
universities in terms of poor precollege preparation and declining enrollmcnt, especially of 
U.S. citizens arid minorities. 

OM-sponsored teacher training and workshop activities involve more than 400 
teachers each year. Educational technology is being developed as a major theme of the 
Laboratory’s precollege outreach activities with both students and teachers. One example 
is  the new Oak Ridge Educational Network (OREN), which provides access to state-of-the- 
art coniIlutingfacilities, inchiding DOE’S National Education Supercomputer, for networkitlg 
and communications as wcll as mathematics and science problem solving and a variety of 
federally supported information services Also new at ORNI, in the summer of 1992 was the 
first “Adventurcs in Supercomputing” workshop conducted for 19 Tennessee teachers as 
part of tlre new federal High Perfomance Computing Center initiativc, for which OKNL was 
selected as one of two primary Iocations. OREN provided the access for the tacher 
participtants during the workshop and in their classroom applications of the course content. 
For the fifth year in 1992, outstanding students representing all 50 states, the District of 
Columbia, Puerto Reo, and seven foreign countries, were hosted by O M ,  for 2 wceks 
unrlcr the DOE IIigli School Science Student Honors Workshop Program. In this activity, 
which focused on environmental research, students worked in small groups under the 
guidance of ORNI, rescarch staff members on projects that examine the cffects of 
cuntaniinants on the environment. A parallel program, hegun in in FY 1991, was the 
Appalachian Kegional (:ommission-supported Summttr Science IIonors Academy for 
35 student and 11 teacher participants who represented 10 of the 13 Appalachian 
Itcgiotisl Commision mcmber states Thc Special Honors Study Program implemented 
at OWL in FY 1986 allows exceptional high school students to receive one-on-one 
instruction from staff mentors. Six FY 1992 participants brought the total to 44 since the 
inception of this program. 

New initiatives target traditionally underreprcsented groups of students in an effort 
to iricrease the pool of those who pursue further study and careers in science and 
engineering. One ex,m~ple is Project SEED (Summer Educational Experience for the 
Disadvantaged), administered nationally by the American Chemical Society, to encourage 
minority and economically disadvantaged high school students to consider careers in 
science and mathematics. The FY 1992 program inclucled 18 students who held %week 
siiniiner appointments, 11 of them Iiispanic studcnts froni Puerto Rico Participants are 
involved not only in research but also in weeldy carecr orientation activities and other 
seminxs that expand their Imowlcdge of the frontiers ef science. 

As part of this increased focus on precollege activities, ORNL continues to expand 
the Ecological and Physical Sciences Study Center (the Study Center), which is one of the 
most visible and successful precollege programs. The Study Center was fornierly the 
E~oli ~gical Study Cen ter of thc Oak Rid& National Environmental Research Park. Developed 
by a team of educators, the Study Center began in 1983 with four study units, functioning 
during the spring an3 fall. The Study Center now includes more than 40 study niodules that 
provide students with the opportunity for hands-on learning in tmth the life sciences and 
physical sciences The units are offered gcnerally as half-day field activities and are tailored 
for all academic lcvels froni early elerneritary through junior and senior high school 
students. The Study Ccntcr now operates yc<v.-round, including Summer Science Experience 
camps for middle-school-level students and teachcr workshops that transfer coLirsc content 
for local use. During FY 1992 more than 24 thousand students atid teachers participated 
in Study Center activities, with a continuing special emphasis on students with physical 
and/or sensory disabilities 

ORNL’sfirst school partnership activity, calledPA1,S (for Partnersat the Laboratory 
in Science), began with the Oak Ridge Schools in 1985. Sincc thcn the Laboratory has 
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formally “adopted” Eastport ElemeriCaryancl~rineMidc916: schools, rvhich serve predominantly 
minority populations in Knoxville; Roam County High School in a neighboring, largely mral 
area; and the Tennessce School for the Deaf. The DOE-sponsored Project SMAKT (Science/ 
Math Action for Revitalized Teaching) extends this program to three other East Tenaessce 
systems (Chattannooga City, IIarriman City, and Roaiie County) antl a total of 55 schools 
These partnerships make the Laboratory’s unique skills antl kno\v1ecIgc base as well as 
surplus equipment available on loan to assist the schools irn enhancing the educational 
experience and opportunities for professional development available to both students and 
teachers. The Office of Science Education and External Rclations now also coordinatccs 
school partnerships involving other parts of Energy Systems, significantly extending the 
regionwide outreach. 

raduate 
A prime emphasis in ORNE educational efforts lies with programs geared to college 

and university students who major in sciencc, matheniatics, computer science, or engineering. 
The primary goal is to encouragc students to pursue graduate stendies and careers in these 
disciplines. The third annual “Women in Scieiicc” conference, conducted jointly with 
ORAIJ, supports a growing outreach to increasc the number of women and rniwrities who 
consider technical carecrs. 

Participants in scmestcr-leiigth progra KITS are increasing in nurnbcr. Admission to 
the Cr1,CNACM Fall Semester, a program of long standing at OWL,  continues to be solight 
after by students from the colleges of those consortia of midwestern liberal arts institutions. 
A 10-year survey indicated a pronounced effecl of the Oak Ridge experience on piirsiiit of 
graduate studies and career choices in the technical fields The SEW Program has 
completed its fifth annual cycle at OWL and five other national laboratories. At OWL, the 
experience has been modeled after the pioneering GLCNACM Program. SEKS attracts 
students from colleges and universities across the United States,with about 70 participants 
each year at ORNL. The long-standing Student Rcsearcli Participation Program offer.; 
10-week summer appointments in OWL research divisions for 30 or more undergraduates 
Other programs providing extended term appointnienLs for undergraduatcs include the 
Professional Internship Program in which appointew can do research at the Laboratory for 
up to 12 months consecutively and for a total maximi im term of 18 months. The Technology 
Internship Program, developed to enhance training for technical students at 2-year colle@s, 
is similarly structured to allow longer and more flexible terms of appointmcnt and has 
become the source of several permanent technical employees at O M , .  

Summer educational programs make it possible for students to work in the QFCWL 
research laboratories for about 10 wecks. These terms are generally open for most students 
and are a popdm avenue for many who wish to experience reseirreh at a national laboratory. 
The Service Academies Research Associates (SARA) ProBana, another relatively new 
program, provides summer rcsearch opportunities for rising seniors from the U S .  military 
academie.; 

Prethcsis master’s degi ee and Ph.D candidates, other students perfoi-ming thesis or 
dissertation research, and postdoctoral applicants are appointed t o  ORNL througln various 
graduate and post&aduate education pro&xmx The goal is to enhance the educational 
cxperiences of these students by providiing opportunities to woi k iri laboratory situations 
and with advanced equipment not readily available on their school campuses i\. major 
consideration in the selection of these students i s  the compatibility of their background and 
interests with research projects in O W L  divisions. Postdoctoral and laboratory graduate 
participation (thesis research) participants must be accepted by ORNL’s Graduate Fellow 
Selection Panel or through national panels e.;wblished by OHER and Office of Fusion 
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Energy. Quritig FY 1951 OHER introduced two new programs in parallel with the Alexander 
IIollaencler Distinguished Postdoctoral Fellowships, now in their fifth year These programs 
support work in the areas of human genome research and global cnvironmcntal change. A 
total of 102 postdoctoral fellows and 12 doctoral candidates performing thesis rcsearch werc 
in residence during FY 1992. In :&lition, O W L  makes scvcral postdoctoral appointments 
annually through its own Eugene P \Tifiner postdoctoral fcllowships administered by the 
H u m i n  Resources Division and is a participant in the newly established DOE Distinguished 
Postdoctoral Rescarch Program. 

Early in 1992, OICNL announced a new and expandcd Postdoctoral Research 
Program. This action further strengthens the Laboratory’s long-standing commitment to 
excellence in research while coiitnbuting to the developnient of the new Ph.U. scientists and 
engineers on whom the future of the Nation’s R&D enterprise depends. Gods are to 

*advance scientific and technical training in areas of critical national need, 
*provide research opportunities for outstanding scientists and enginecrs, 
*promote the influs of new itferls a i d  skills into die laboratory, and 
*enhance interactions with the wider academic arid research communities. 

Postdoctoral appointees ibeconie integral mcmbers of ORNL K&l) teams, gain 
exposure to current national issues in science and tcchnoloky, have an opportunity to share 
and exchaii~c inriovative ideas arid techniques, make sigriificant contributions to OIWI, 
programs, and enhance their own professional clevelopment. 

Graduate degree candidates, performing researelm for theses or dissertations, work 
under the supervision of :I graduate committee composed of reprcsexitatives frorn thcir 
school ,tad from OlWl,. 

Students who have not yet completed the required course work can participate in 
the Professional Internship Program for graduate students or the Graduate Student 
Research Ekrticipation Program. These programs arc structured to provide prcthesis 
research cxpcriences for students aspiring to degree candiclwy. Many of these participants 
are selccteci later for the higher levcl progranis. 

Ipaculty research appointments at ORM, arc madc through various programs for 
terms of a few (fays, 10 weeks to 3 months in the summer, or up to 6 nioriths or a year for 
sabbaticals. These appointrnents include short-term visits, collaiimrative o r  student-faculty 
team projects, shitred research equipmcnt, participation at one of 11 officially designated 
OlWL user facilit ies, anclprr$,ranis that emphasize ~tnderrcprescntednii1iorityp;irticipation 
b u c l i  as 1 hose deireloped specifically for faculty members of Ill3CUs arid other MEIS. 

Goals for faculty research participation programs prioritize tcchnolugy transfer, the 
university’s owti cnergy-related research intcrests, and eii1~;iricementofcurrieuliim offerings. 
Faculty are selected for appropriate backgrounds m d  iiitcrests that will best contribute to 
the achievement of natirmilly important missions of DOE and other federal sponsors of 
ORNI, RlSrD OIWL facull y appointments also result in improved recruitment of students in 
the areas of science, mithcmatics, cornputcr science, and cn@nccririg through faculty 
naentoring and ORNI, staff contacts and interactions. 

navity Educa tisna I Ins titu tiom 
ORNL 1i:is continucd to expand the nundm and dollar valuc of its prograni 

interactions with HBCXJs and with other MEIs. Thc main thrust continues to he on 
~ermcratiiig collaborativc opportunities through intend and extend interactions. Intcmally, 
the program emphasizes communication of BierFS)I Syststcnis’ ME1 program objectives; 
externally, attempts are madc to encourage ME1 participation in research through workshops, 
established cont:ict networks, mutud visitations, and professional assistance. Program 
activities and initiatives arc under way with :i nuniber of institutions toward the overall goal 
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of increasing the number of scientists and engineers to help contribute to the manpower 
needs projected for the future. 

Twenty-six subcontracts with a total value of more than $4.5 million are currently 
in place with minority institutions. Under these agreements, FY 1991 costs totaled more 
than $1 million. Six of these subcontracts support customized internship programs for 
student training, primarily in technical-support areas. 

The memorandum of understanding (MOU) with the University uf her to  Kco 
(UPR) established in Fk' 1988, aims to increase intcractions with IIispmic institutions. 
During FY 1992 the MOU provided a niechanism to support one faculty member for research 
at ORNL. 

As part of the historic memorandum of understanding and intent that provides 
support through DOE'S Office of Energy Research for the Science and Technology Alliance, 
OKNL continued collaborations with the three Alliance educational institutions: North 
Carolina A&T State University (NCA&TSU), New Mexico IIighlands [Jniversity, and the 
Ana G. Mkndez University Systcm in Puesto Rico. Undcr its primary relationship uxrdcr the 
Alliance, OWL for the fourth year provided funding toNCA&TSU in the amount of $372,200 
to support program administration, student and faculty development, curriciilum 
development, and special precollege programs to help encourage science and engineering 
students. 

FY 1992 also included extensive interaction between ORNI. andiVliance faculty and 
students from the Mkndez University System in Puerto Rico. And, for the third year, ORNJ, 
provided support to New Mexico IIighlands University in the establishment of a library to 
support their efforts to achieve and maintain Accrediting Board for Engineering Technology 
(ABET) accreditation for their School of Enginsexing'I'echnolo~y. ORNJ,suppoPtcdprecollege 
students and faculty through a special initiative that was developed last year. In addition eo 
existing subcontracts in materials science with NCABrTSU, which have been ongoing for 
scveral years and funded to the sum of over 81.5 million, this period saw an expansion of 
these R&D collaborative efforts between ORNI,andNCA&TSUimJ a new area: mathcrnatical 
modcling (symbolic inodeling of mechanical manipulators). A subcontract was let for 
620 thousand to the school's Mechanical Engineering Dcpartinent. The OWL Information 
Sei-vices Division also supported a subconrract with the NCh&TSU Mass Communications 
Department. The purpose of the subcontract is for OlWL to develop an internship program 
with an MEi that wi l l  produce a cadre of trained professional technical inforniation 
specialists for ORNL. The initial cost ofthe subcontract is 525 t,liousand. Eight students and 
one faculty member from NCA&TSU participated in summer internship expclicnces. 

Eleven outstanding Puerto Kcan high school students and ~ W Q  supervising teachers 
sclected hy the Mkndez TJniversity System were brought to Oak Ridge for 8-weclr Summer 
1992 research appointments. Each carried out his or her own independent research project 
and prepared a summary research report on the cxperiencc, which was reviewed arid 
approved by the staff mentor. The students also took part in a \~eeHy scminar with 11 other 
students appointed from schools in the East Tennessee area. At these sessions, students 
heard informal talks on various ORNI, research programs, including fusion energy, genetic 
engineering, neutron activation analysis, and robotics, as well as sharing the progress oftheir 
individual projects. These very high-aliility students and teachers selected by the Mkndez 
Foundation for this experience proved to be not only highly capable and mature in 
approaching and cai-lying out their research assignments hut also very positive and 
disciplined in adapting to their new laboratory work and living environments. 

ORNL and EneIgy Systems have MOUs with three other MEls including Soiitlhcrn 
University, Clark Atlanta University, and Tuskegee Institute. In addition to faculty and 
student appointments, subcontracts totaling more than 8490,000 with these institutions 
support mission-related rescarch. 

The Uniwemity of Tennessee, 
Because of its geographic proximity to UT'S Knoxvillc campus, ORNI, has long 

enjoyed a close and mutually beneficial relationship. Many UTI( faculty members have 
served as consultants and research participants at OIh'L. ORNI, staff, in turn, have sewed 
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as adjunct faculty and on UTK advisory committees. Many ORNL staff have taken advantage 
of the U’I‘K Resident Graduate Program in Oak Ridge, which offers evening courses to those 
pursuing an advanced dcgrce in :I variety of scientific and enginecring disciplines. 

A significant new joint venture is co-publication of the quarterly journal, ForumSr,r 
Applied Reseurch undPuhlic PoZLy. Two special FY 1992 issues contain articles by national 
academic and govenimental leaders on cducation reform and achievement of national 
education goals. The history and current vigorous development of the overall UT-OM, 
partnership was the sub.ject of a 24-page special section in the quarterly O W L  tctmitxre, 
(Vd 24, No. 2, 1991). 

Science Alliance With UTK 
CPRNL is a partner with UTK in thc Science Alliance, the state of Tcnnessee’s oldest 

and largest academic center of excellence. This activity, funded by the state of Tennessec, 
ORNL, and DOE under the state’s Cutnprehensivc Fducation Reform Act, is a prinic 
example of univcrsity-laboratory collaboration in the planning and conduct of frontier 
research The Science Alliance encourages joint projects bctwcen OIzIy1, and UTK, thus 
fostering a unique environment for research training. 

The most visible activity under this unibrella organization is thc llistinguished 
Scientist Program, which has attractcd 11 scientists and engineers of high national and 
international stature to tenured positions as full professors at IJTK and to appointments as 
scnior rcsearch scicntists at the 1,aboratory. ORNL and IJ’L‘K share these costs equally. 
Substantial impacts are evident in the number of personnel and contract awards that have 
accumulated since the start of these appointments. The new Collaborating Scientist 
Agreement, modeled after the Distinguished Scientist Program, is expected to further 
expand interactions at all lcvcls between the two institutions. 

The Science Allianee also sponsors a summer research program at ORNL fur 
undergraduates and the development of a joint graduate program, including a Master of 
Science program in biotechnology and a graduate program in measurement i d  control 
enginecri ng. 

e UTK Gruduate Programs ut O W L  
Perhaps thc least known but strongcst ORNL-UTK joint programs are thc two UTK 

graduate schools located at ORVL. The Oak Ridge Graduate School of Rionzcdical Sciences 
(OI9GSBS) is more than 20 years old, and the Craduatc Program in Ecology is in its second 
dee:de. Both programs at OWT, provide a home for sevcral UTK faculty. 

Housed in the Biology Division at ORNL, ORGSBS offers full-time graduate study for 
M.S arid Ph.11 dcgrees and for postdoctoral training. Student support is provided by UTK 
through research assistantships and federal jiramts. Most of the school’s teaching and 
rcsearch training is provided by Riology Division staff Current enrollment stands at 20 
graduate students and postdoctoral appointees. 

Similarly, the Graduate Program in Ecology, located within the Knvironmental 
Scicrices Division, offers full-time graduate study for M.S., Ph 1) , and postdoctoral students 
and is largely supported by ESD programmatic funds. ilhout 20% of thc research training is  
provided by ESI> staff, who also teach courses undcr adjunct appointments. b;nroUr?ticnt 
totals ;ibc jut I 5  graduate axid postgraduate students. 

The Office of Science Education and ICxternal Relations projects strong growth arid 
development over the 5-year planning pcriod as ORNL’s Science Education Center 
continues to serve as a ~nodcl for other federal laboratorics and corporate entities in their 
efforts to enhance the mathematics and science skills of the nation’s youth. OKNI, has 
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demonstrated a commitment to innovative preeollcge educational activities for both 
students and teachers and to increasing the involvcnienie of university personnel in its R&1) 
activities These programs assist DOE in achieving its enlarged educational mandate both 
by providingopportunitics for students of all ages to receive training and to perform research 
and by encouraging students to consider advanced studies in energy-related disciplines 
College arid university internetinns contribute importaiitly to technical manpower 
development and eo academic science and technology capabilities, both through sponsorship 
of student and faculty research participation and visits at ORNL and through reciprocal on- 
campus visitsand lectures by O W L  staff. Collaboiative rescarch programs with college and 
university personnel continue to be a highly cost-effective mcthod to help achieve lBOE and 
national education goals while benefiting from the strong contributions that academic 
participants make toward fulfi.ilBing the Laboratory's important national I W )  missions 
(Table 7.5). 

Participation in science and math edascntisn program 

FY 1531 
.................................................... ................................................. 

US3dM" Under- 
~~~~~ 

...... 
~~~~~~~~~~~ 

. . . . . . . . . - 
........ ~ ....... 

.... . . . . 
. .. .. .. .. 

...... .. . 
. .. ..... . 

... . . .... . .- 

Special Honors Study 
DOE Honors Workshop 
Ecological and Physical Sciencrs 

Study Center 
Clinch River Environmental 

Studies Organization 
Summer Science Expericnce 
Project SMARTMath Quest 
CSrcslcyan College Spectacles 
Project SEED 
Hispanic SEED (Science and 

ARC Science Academy 
Saturdayrlcademy of Compuej ng 

Technology Alliance) 

Precollege Student PI ograrns 
8 0 4 

59 11 35 
19,700 1,430 10,200 

30 2 17 

SO 5 25 
68 10 37 
34 9 3 a 
18 5 6 
11 1 1  6 

32 0 19 
74 7 32 

Total 

NSF Workshop 
DOE Honors Workshop 
Appalachian Regional Commission 
DOE Teacher Research Associates 
DOE Lyndhurst Fellows 
Project SMART Workshops 
Hands-Or1 Science Workshop 
Adventures in Supcrcoinputing 
Tulsa Science Enrichment 
Saturday ilcadeitiy of Computing 

and Mathematics (SACiM) 
Science and Technology Nliance 
UT Tcacher Academy 
New Explorers Workshop 
Puurto Kco Institute 

Prccollcgc Teacher Programs 
4s 2 38 
6 1 3 

1 8 
26 

10 
55 3 
10 1 5 
7 %  7 40 
3 0 3 17 

r 

- - - 

- - 

18 0 12 

2 2 2 
73 5 42 
50 3 29 

Total 373 30 222 

6 
61 

24,333 

18 

50 

63 
7 

11 

35 
96 

45 
'4 

11 
5 4 
11 

102 
56 
19 
20 
22 

2 
72 

22 
- 

0 
4 

z7876 

1 

3 

12 
2 

11 

3 
3 

- 

2,915 

7 
0 
1 
5 
2 
20 
1 0 
3 
2 
1 

2 
11 

22 
- 

...... 
~. . . . . . . . . . - 

1 
36 

12,306) 

12 

16 

63 
5 
5 

15 
4 3 

12,4QB 

4 2 
2 
6 

26 
8 

9 0 
5 0 
13 
15 
15 

2 
46 

17 

332 

... 
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FY 1991 FY 1992 

Under. Under- 
Total represented Women Total represented Women 

mirrorities minorities 

.................................................. ................................................. 

1Jndergraduate Program 
GLCNACM 25 1 
Research Semester (SERS) 60 8 
Summer Technical Internship 49 49 

Professional Internship Program 2 5 0 
Technology Internship I'rogram 25 
IIUCIJ Nuclear Energy Training 17 17 
Scrvice Academies Research Assoc. 4 0 
DOE Scholarship Practicums 0 0 
Cooperative Education 20 20 
Science and Technology Nliancc 2 2 
Student Research Participation 31 0 
Spceial Summer Program (SEIL") 15 1 
Customized Internships 10 
1Jnivcrsity of Puerto Rico 2 2 
Environmental Management (EMCOM) - 

(IIlXXJ) 

- 

Service Academy Research 
Professional Intcrnship Program 
Laboratory Graduate Participation 
Graduate Student Research 
Nuclear Engi tiecring Research 
Law Internship Program 
Graduate Education for Minorities 
DOE Fellowship Practicums 
Research Travel Visits 
Materials Research (AIC) 

Total 

O W L  Pastgraduate Research 
Hollaender Podoctoral Progr:im 
Postgradiaitc Research Training 

Fusion Energy Postdoctoral 

Wigner Postdoctoral Fellows 
Iluman Getiotne 
Glohal Ckange 

Program (Lab co-op) 

Program 

Total 

Faculty Research Participation 
Minority Institution Travel 

8 
20 
23 

6 
6 
6 
0 
0 
7 
0 

10 
11 

2 
- 

285 3 0 1  100 

Graduate Programs 
2 0 

23 1 
12 0 
21 1 
13 1 
5 0 
2 2 
S 0 
I I 

0 
5 
4 

11 
11 
1 
0 
4 
- 

86 5 36 

Postgraduate Programs 
24 0 5 
6 0 0 

29 1 6 

3 0 0 

2 0 0 
- - .._ 

64 1 11 

Faculty Programs 
31 3 3 

5 5 1 

1s 
59 
85 

34 
19 
6 
1 
3 

104 
1 

37 
27 

7 
3 
4 

419 

0 
25 
11 
31 
3 

11 
6 
4 

1s 
1 

110 

42 
5 

48 

4 

2 
0 
1 

102 

42 
7 

0 
11 
10 

3 
0 
6 
0 
0 

19 
1 
5 
G 
7 
3 
4 

10 
27 
31 

9 
6 
2 
0 
2 

24 
0 
9 

13 
4 
2 
1 

75 140 

0 0 
1 5 
0 3 
3 14 
3 1 
1 5 
6 0 
0 1 
0 2 
I 0 

15 31 

1 4 
0 0 
1 8 

0 0 

1 1 
0 0 
0 0 

3 13 

1 4 
7 4 
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(continued) 

BY 1991 
.................................................... ................................................. 

Research 'l'ravcl Visits 50 3 10 80 0 6 
1IBC:U Faculty 11 11 3 13 13 2 
University of Puerto Rico 1 1 1 1 1 1 
Science and Technology Alliance - 

Grcat Lakes Collcges 3 0 1 2 0 0 
Environmental Management (EMCOM) - 

1 1 1 

- 3 3 0 

Total 101 2 19 17 

The Of€ice of Guest and 1.Jser Interactions (OGUI) is the focal p i n t  for cooperative 
interactions between OlWE and outside groups. OGUI functions inelude development and 
execution ofagreements with all eiserfacilities; irnp1ement;ntion ofguest research assignments; 
foreign national visit/assignmcnt approvals for all Energy Systems facilities; provision of on- 
and off-site guest sewices; and coordination of ORNI, cooperative research activities. OGUI 
is also responsihle for oversight of DOE-ERprojects h nnded throigh the Technology Transfer 
I'rogram. 

user Facilities 
ORNL has 11 designated user facilities designed to serve both the technical 

comrnnrity and DOE missions by making unique facilities and equipment available EO 

outside organizations (Figs.7 2 a d  7.3). Because nonproprietary research can be conducted 
without cost to the user, these facilities constitute a rcsoiwce that is increasingly attractive 
to scientists from both academia and the private sector (Fig 7 4). In FY 1991,534 iiriwrsity 
and industrial scicmtists, 479 g ~ ~ e ~ ~ ~ n i e f i t  laboratory i eseamhers, and 77 foreign guests 
conducted expennmnts at ORNL user facilities This t 1 of 1990 experimenters repaesetnts 
a 22% increase over the prei7ious year (Table 7.6). 

Traditionally, more than one-half of the O W L  mer community represents 
univcrsities. In 1991, 39% of the total wcrc university scientists Industrial scientists 
represent a growing segment of the user population alth 107' experimenters reprtwnting 50 
companaiespartIciya$2rSdurinll thelast fiscal year --z 2i%increaseovcrPk 1990 (Table '1.7). 

Thc II 'ML, the focus for research on IPCW ceramics and metallic alloys foi high- 
temperature applications, expanded its program hy adding two ncv~ user centers. (1) the 
Ceramic Specimen Preparation Yhnratory that houses sevei a1 instrumenes for machining 
andsurface~eommctPychaah.lcte~zat~on iwasuiements and (2) the Residual Stress Laboratory, 
which features an integrated system consisting of an 18-k\+' rotating anode generator and 
a stresdtexture goniometer. The system incliides extensive, ''user friendly?" computer 
control and analysis software. The X-ray residual stress system is thr: Brst stresshexlure 
system cseapled to a high-klux rotating anode generator in the United States. 

A proposal has been submitted to DOE: for approval to designate thc Productivity 
Validation 'Test Bed (Test Bed) within the Engineering 'l'echndogy Division as a national 
user facility. The Test Bed i s  associated with the Survivable Optics Manufacturing 
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Operations Development and Integration Laboratory (MODIL). The objective of the Test Red 
is to involve industries, universities, and other federal laboratories in the process of 
developing and validating new, emerging, and enabling manufacturing tcchnologies. The 
approval of this facilily would expand the scope of the USCY program and would provide 
additional opportunities for private-sector participation in Iihoratory programs. 

Fifty-two new ORNLiisera~reementswere signedduring FY 1991 with 32ianiversitics 
and 20 compaiiies. 

Guest Research 
Guest scientist sarc ava1uablccompone:it of ORNI,'s researchstaft'. Theirassignments, 

which range from 2 weeks to 2 years, broaden the J,aboratory's basc of expertisc and support 
its mission of scientific cooperation and teehnnlogy transfer. In FY 1991 the Laboratory 
population was augmented by3690 guest assignments (Fig 7.S), an increase of250% over the 
number of assignments 5 years ago. Oftliis number, 1408 were industrialguests, an increase 
of 45% over the number assigned in I'Y 1990 (Tablc 7.8). 

eratiwe Research 
Since the ORNE High Temperature Superconductivity Pilot Center Program was 

initiated in 1989, an increasing number of companies have rccognized that a cooperative 
partnership with the Laboratory can provide access to the significant scientific resoiirces and 
skills that exist here and that leveraging of research dollars through cost-sharing can be 
beneficial to both parties. When Energy Systems gained the aiithority to enter into O A s  
in 1990, the momentum toward joint rt:search projects increased. To date, OWL has 
become involved with 32 ChWAs representing commiernents of more than $19 million, 
more than half from the private sector (Table 7.9). 
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Table 7.6 
Experimenters at desigmted user research facilities in FY 1991 

W.S. Govt. Lab. University Industry Foreign Total 
.......................... .......................... .......................... .......................... .................................... 

% % % 96 User 
Exp." Org.* Use Exp. Org. Use Exp. Org. Use Exp. Or& Use Exp. Org. days 

Holifield Heavy Ion Research 32 
Facility (HHlW) 

National Environmental Research 69 
Park' 

High Temperature Materials 91 
Laboratory (HTML) 

Surface Modification and 40 
Characterization Laboratory 
(ShlAWCRC) 

Shared Research Equipment @Nard)  39 

National Center for Small-Angle 102 
Scattering Research (SCSASK) 

EN Tandem Van de Graaff 31 

Oak Ridge Electron Linear 27 
Accelerator (ORELA) 

Bioprocessing Research Facility 5 

Roof Research Center 10 

Neutron Scattering Facility 33 

Totals (Experimenters % Use) 4 7 9  

4 46 

5 55 

2 58 

6 62 

2 50 

3 49 

1 16 

2 90 

1 55 

2 44 

3 43 

4 4 d  

95 28 50 

58 29 37 

40 19 7 

40 21 26 

27 15 1s 

70 19 35 

74 6 79 

1 1 0  

3 2 43 

2 2 18 

17 8 23 

7 

12 

47 

4 

1 

13 

0 

0 

1 

22 

0 

427 39 107 

2 

4 

26 

4 

1 

5 

0 

0 

1 

7 

0 

0 

8 

35 

3 

0 

5 

0 

0 

2 

38 

0 

10 

17 

2 

2 

11 

2 

15 

3 

4 

0 

0 

21 

77 

11 4 

2 0  

2 0  

8 9  

1 5  

15 11 

2 5  

1 10 

0 0  

0 0  

10 34 

151 

141' 

180 

95 

69 

200 

108 

32 

9 

32 

71 

7 1,090 

45 4,976 

4@ 4,658 

49 9,184 

39 1,809 

19 924 

32 2,972 

11 3,972 

4 836 

4 157 

11 1,005 

21 1,833 

32,136 

"Experimenters. 
bOrganieations. 
OThe totals for thc research park do not include more than 19,000 individuals who participated in the Ecological and Physical Sciences Study Ccnter and the High School 

dIncludes 416 O W L  users (38% of use). 
HonorsProyam for a total of 5,337 user days in FY 1991. 



Research ire OR\% userfncilities" 

F l s d  year 
......................................................................................................... 

Research sector 1985 198 1987 19 1989 

University 286 320 264 29 I 324 337 427 
Industry 70 114 41 37 66 84 107 
Other government 

laboratories 64 62 57 51 51 68 77 
Foreign Institutions 62 5 5 47 30 43 69 63 
Other 5 10 16 8 1 0 

~ 

Total 487 581 425 417 
.................... 

"During 1987, 1988, and 1989 several facilities wcre impactcd by the shutdowii of OKNL's research reactors. 
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Table 7.8 
Number ofguest ussignrnents ut OWLa 

Fiscal Year 

1984. 1985 1986 1987 1988 1989 1990 I_.__.-- 1991 ___- 
~ ....... . Research sector 

University 628 920 967 1378 1428 1395 1551 1696 
inclus t ry  260‘ 3 4 4 b  39gb 617 689 736 972 1408 

Foreign institutions 97 83 77 62 59 48 84 72 
Other 49 59 191 77 88 113 256 436 

Federal agencies 39 40 52 52 7s 

Total 1034 1406 1633 2173 2304 2344 2915 3690 
Increase (%) 36 16 33 6 2 24 27 

.- ......... 

”( hes t3  are nonemployees who come on site to conduct research, to consult, or to perform other services Users are includcd 

hIncludes federal atencies 
in the totals; for example, in FY 1991, 6 i 4  of thc 3690 guests were users. 

Table 7.9 
Exuinples of Clt4DA work ut ORYrL 

......... Technology 
.................. - ............. ~ __ OFWL division 

___ - ~_ __._ C M D A  partner 
~ 

DOW Chemical Analytical Chemistry Development of analytical 
in-line sensors for coinrncrcial 
magnesium electrolysis cell 

Uiii ted Technologies Engineering Technology Determination of optimum 
Optical Systems, Inc fabrication parameters for 

silicon-cladded silicon carbide 
substrates for the production of 
figured optical burfaces 

Electric Power Research Energy 
Tnstitutc, National Institute 
of Standards and Technology, 
Ontario Hydro 

Study of the production and 
mitigation of S2F,,,, a toxic 
by-product formed in clectrical 
discharges in the insulating gas 
SF, 

Eaton Clnrporntion Metals and Ceramics T)evelopment of a high transition 
;fob nson Controls tempcrature nickel-aluminum shape 

memory alloy m:itcrial 

Society of Plastics 
Industry and 

Energy Detcrmine t11e thermal performance 
of cxpcrrinieiatal, prototypical foam 



.. 'L'echnobgy 
............ .... 

CIWI)A partner O W L  division 
~ .. ................... .... ............. 

Polyisocyanurate Insulation 
Manufacturers Association 

Cellulose Industry 
Standards Enforcement 
Program 

Encrgy 

Science Policy Associates Energy 

Garrett (Allied-Signal) 

Norton Company 

Korton Company 

General Electric 

Appliance Research 
Consortium, Inc. 

Poamscal. Inc. 

Appliance Iiesearch 
(hnsortium 

Metals and Cer:rimics 

Metals and (kramics 

Metals and Ceramics 

Chemical Technology 

Metals and Ceramics 

Energy 

Metals and Ceramics 

insulation tmardstock produced by 
U.S. insulation manufacturers 

Test the thermal performance of 
various densities of blown-in 
cellulose insulation 

Nternat ive fluorocarbon 
environmental acceptability 
s tutl y 

Microwave annealing of silicon 
nitride to produce material of 
improved strength and toiighiess 

Development of technology for 
fabrication of heat engine components 
by reaction-bonded and sintered 
reaction-bonded silicon nitride 
processes 

To irnprove strength and tou&ness 
of silicon nitride heat cngine 
components via microwave 
annealing technology 

Hiorcmediation of soils and/or 
sediments contaminated by 
polychlorinatcd biphenyls 

Improve the energy efficiency of 
residential refrigerator-freezers 
manufactured by member 
cornpanics of Appliancc Research 
Consortium. Inc. 

Measure thc thermal performance 
of ceiling panels that use a 
polyurethane adhesive 
manufacturcd by Foamseal and 
used in the construction of 
manuflactured housing 

Development of a procedure to 
predict the lifetime of a powder 
evacuated panel in dry air 

Polyisocyanurate Insulation Energy Viability uf alternative hyrochloro- 
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Table 7.9 
(continueti) 

CK;\UA t)artner OIINL division Technologv 

Manufacturers Association, 
1J.S I)epartmcnt of Energy, 
a i d  the 1J.S. Eiiviroiiniental 
I’rotection Agency 

Microwave Labs 

AVX Tantalum Corp. 

Exergy, h e .  

Pcllissippi International 

Evcready Battery Co. 

Gencral Motors 

Metals and Ceramics 

fluorocarbon blowing agents 

Develop wideband microwave 
processing equipment for 
sintering and other heat 
treatments 

Metals and Ceramics Dcvelop a method for microwavc 
sintering tantalum capacitors 

Energy Test NH3/H20 mixtures 

1 1 4 t h  and Safety Research Optical detection of charged- 
particle tracks 

Solid State Packaging for thin - film 
lithium micruhatterics 

Metals and Ceramics Developing improved, longer 
life, heat resistant, assemblies 
for heat treating furnaces; work 
focused on Ni,N 
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The OMNI, Iluman Resources Division provides human resources direction, leadership, 
and support in the functional areas of staffing, compensation, training and development, 
equal employment opportunityhffimative action (EECYAA), benefit plans, complaint 
resolution programs, and personnel relations to Laboratoiy managers and employees. This 
is accomplished by being responsive to the policy directives and guidance of Energy 
Systems, DOE orders, federal regulations, and best man,?gemcnt practices. 

The divcrse nature of thc work performed at OWL requires a high-quality, 
multidisciplinary technical staff and an equally skilled technical and administrative 
support staff. The Laboratory’s professional staff is composed primarily of scientists and 
engineers, which reprcsent about 66.6% of the total number (Table 8.1). Of the 732 
professional scientists, 468 (64%) hold Ph.D.s; 256 of thc 819 engineers on staff (31%) hold 
P1i.D.s. Master’s degrees are hcld by 551 (24%) of thc total professional population at OIWL. 
About 87% of the total professional staff hold at least a bachelor’s degree. 

Chemical, mechanical, and nuclear engineers rcprescnt the greatest proportion of 
the professional engineering staff. There are also 32 mathematicians, 410 other physical 
scientists, 236 life scientists (biomedical and environmental), arid 26 social scientists. 
OWL is supported by Energy Systems central organizations, including Engineering; 
C&TD; and Information Resources and ,4dministration, which is composed of library, 
technicdl publications, gaphic arts, and printing support; and Procurement. 

The average age of all ORNL employees is 43.8 years (Fig. 8.1); the average length 
of company service is 14.3 years. While the average ,age has remained relatively stable since 
1986 at 43.2 years, an increasing rate of retirement among the total population has caused 
the average length of service to decrease from 15.4 years. In 1991,s 19 new employees were 
added to the staff while there were only 422 separations, resultingin an addition rate of 9.5% 
and a separation rate of 7.8% The 1990 addition rate was 8.8%, and the separation rate was 
9.090. 

The Laboratory had a 77.3% acceptance rate for employment offers made to Yh.D. 
applicants during 1991, an increase from 76.6% in 1990. The competition for outstanding 
scientists and engineers continues to increase. As a result, an increased emphasis has been 
placed on recruiting at 1c:rding colleges and universities, job fairs, and professional 
meetings. The Laboratory is also using educational “seed” programs, increasing its targeted 
print advertising in professional journals and magazines, and has enhanced its marketing 
efforts to attract women and minorities. Further, every effort is employed to offcr 
competitive salaries and benefit packages. To ensure the continued high caliber of those 
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P 
ORNL stuff composition (CY 19913” 

AS 

Professional staff 

Scientists 468 133 113 
Engineers 256 241 251 

Other 30 77 117 
Management/administrative 118 100 12% 

Total professional staff 72 55% 60 

Support staff 

Technicians 0 4 84 
Union employees (includes crafts, 0 1 8 

Adniinistrativdclerical 0 1 66 
laborers, etc.) 

Other (Le., supervisors of union 0 0 4 
employees) 

Total support staff 0 6 1162 

Laboratory total staff 72 557 738 
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being hired, thc Laboratory has established hiring guidelines that define the academic 2nd 
professional characteristics being so@t in new hires. An ad hoc review process has been 
reinstituted for prospective employees having Ph.I).s and for experienced B.S. and M.S. 
technical candidates. 

To cnsure continuity in both staff quality and capability, the Laboratory recognizes 
that it is ncccssary not only to attract and hire outstanding personnel but also to retain them 
(Table 8 2) ORNI, strives to provide a suitable environment for research, to provide 
opportunity for growth, and to reward excellent performance. Several financial and 
nonfinancial incentive and recogni tion programs have been established to rewardoutstanding 
contributions arid significant aichievements The Special Achievement Awards Program is 
a finam4al incentivc program that recognizes employee contributions at two levels in the 
organimtion. 

TaMe 8.2 
Affimtiwe Action and Equal Employment Opportunity 

Full-timc regular and Calendar year 1986 Calendar year 1991 
continuing par&-time .................................................... ................................................. 

eniplo yecs Male Female Total % Male Female Total % 

White 

Black 
Hispanic 
Asian or Pacific Island 
American Indian or 

Alaskan native 

Total minorities 

Total employees 

Foreign Nationals" 

2977 1062 4039 

202 149 351 
22 5 27 
72 19 91 
3 2 5 

299 175 474 

3276 1237 4513 

73 

89.5 2978 1148 4126 89.7 

7.8 201 134 335 7.3 
0.6 25 6 31  0.7 
2 .0 77 25 102 2.2 
0.1 2 4 6 0.1 

10.5 

100 

305 169 474 10.3 

3283 1317 4600 100 

57 

%eludes full-time regular and temporary employees. 

At the division level, individuals are rewarded for overall quality of sustained 
perfomiance; and at the facility or major organization level, employees are selected based 
on the achievement of special goals, milcstoncs, and/or assignnments of substantial impact 
on or&mizational programs. Another program pays Energy Systems inventors for technology 
developed, patented, and transferred to private industry. 

OKNL participates in the Energy Systems annual awards night, which recognizes 
outstanding performance in various categories. These include publications, technical 
achievement, management support service, inventions, operational performance, and 
administrative/technical support. Special achievements arid accomplishments of O W L  
employees are also recognizcd through announcements in avariety of in-house publications 
(Energy Systems News, Lab Notes, Inside Line). Other incentives include participation in 
professional organizations and meetings, sabbatical leave, arid other work-related travel. 
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Numerous studies have addressed the changingdemographics of the country's work 
force, especially as it relates to those being trained in the sciences, and have suggested that 
a miore culturally diverse work force is on the horizon. As more of tliese workers enter the 
job market, it will be necessary for personnel mangers to adopt less traditional approaches. 
Projections show that by the year 2000, ovcr one-half of those entering the work force will 
be women, minorities, and the disabled. The Laboratory and Energy Systems are already 
instituting changes in personnel policies that will be required to meet the different demands 
of this changing work force. For example, the company's part-time policy and the concept 
of employee convenience time both allow employees greater flexibility in scheduling work 
hours. 

Expansion of management slulls is being addressed through a formal cultural 
diversity training program, increased accountability for equal crnploymcnt opportunity 
(EEO) and affirmative action (M) program components, and responsibility for employee 
development plans for minorities. ORNI, has established a managernent/employee-oriented 
EEO Strategic Plan Implementation Committee to develop strategies for O R h l  to meet i t s  
own and other Energy Systems EEO/ilil challenges. Additional work force issucs are also 
being identified and considered by an Energy Systems and hlartin Marietta Corporatc task 
force. 

As access barriers fall and technology evolves, disabled ,hericans are expected to  
assume a greater role in the future work force of ORNL (Fig. 8.2). The Laboratory will 
continue its heightened emphasis on recruiting and hiring qualified disabled candidates 
Plans for recruiting and hiring the handicapped and disabled and Vietnam-era veterans are 
developed and iniplemented anniially from the EEWAA officc at ORNL. 

Energy Systcnis President Clyde Hophiis has appointed a specid assistant to serve 
on the Executive Committee of the (U.S.) President's Committee on the I.>mployment of 

People with Disabilities to 
provide leadelship in this area 
Eneqgy Systenis recognizes the 
potential for significant overall 
char@ inowclisahityprogmm 
relativcx to passage of the 1990 
Americ;ms with Dis3biiticsit 
'The OFQJL Disability Program 
Oven sight Committ, De was 
formed in 1991 to implement 
rquisenicnts ofthehmenieans 
with DisaMitics Act aid to 
ensure compliance with new 
polirimmdprocedures  elating 
to the legislation. 

*\iZ is an integral pam t 
of all persolillel functions arid 
activities for the J,abomtory. 
The O W L  At1 office is a 
department within the 
Riirnan Resources Division, 
and the iM program site 
manager r e p ~ t s  directly to 



the ORVL human resources director. A primary responsibility for the AA program site 
manager is to monitor A4 activities and to inform Laboratory management about progress 
made in hiring, promoting, and developing minorities, women, peoplc with ctisahilities, and 
\iietnam--era and disahledvctcrans. The site manager also monitors and keeps management 
aware of .areas of concern relative to the program, such as the inability to rncet a hiring goal 
or to maintain on-staff represen.t*?tion of ininorities or of wornen at the calculated 
availability. The ilA site manager i s  responsible for creating and promoting a variety of 
programs and events to recognize iniiiority@oups and individuals, including Martin Luther 
Ki rig, Jr., birthday observances; Asian Pacific Heritage Week, Ul;icli IIistory Month; and 
Ilispanic I-Ieritagc Month. The manager is also responsible for promoting. the importance, 
bcnefits, and economic advantages of having a culturally diverse work force. Also as part 
of the EEO/AA office, ORNI, employs a full-time salaried employee coniplaint counselor. 
The counselor works with staff and management to resolvc a variety of employee issues and 
complaints, incltidiiig allegations of discrimination and sexual harassment. Overall, tlic 
Laboratory's representation of minorities has remained fairly constant (Tables 8 3 and 8.4). 
The representation of women on staff has continued to increase with a concomitmt 
increase in upward mobility, the number of women being promoted to higher levels and into 
management is growing. 

Upward mobility for minorities is receiving special attcntion from Laboratory 
management. The Laboratory has undertaken additional recruiting efforts to increase the 
size of the pool from which niinority candidates for rnariagemcrit openings can hc dr:rwn. 
Plans are being prepared for salaried minorities in an effort to identify areas for firowth and 
development. Also, the formal mentnr program, although it niakes no guarantees of 
promotion, call provide increased visibility for an employee, either within his or her own 
area of work or outside of it, deperidiiig on the mentor selected. In 1992, at least 20 O W L  
cmployees, primarily women and minorities, will participate in tlic program, which 
provides an opportunity for cach participant to becomc better acquainted with the larger 
Energy Systems organization. Further, it is hoped that through the interactions ncccssitatcd 
by these mentorships, eniployces will gain additional insights that will be useful in 
dcvelopiiig their own career plans. 

Among the the spccial personnel programs sponsored by the T,aboratory, thc 
Gducatimal Assistance Program reniains an effective tool for helping employees achieve 
their academic andcareer goals. In 1991, over 434 cniployees participated in this program. 
The program helps ctisure the proper avaihtiility, optimum utilization, and continuing 
welfare of Lalxx-atory employecs 

The Laboratory also provides in-house development programs designed to tncet thc 
specific education and training needs of its current pQpUIiit.ion. Fui-ther, the 1,akioratnry is 
responding to a heiglitcned emphasis on ES&H issues as well as other cultural axid social 
issues affecting employees and management by expantling specialized training programs 
such as sexual harassment training and nonsmoking clinics. Finally, the cwrrieulum of 
COUTSCS offered as a part of OWL'S niamagemcnt training is bcing expanded to include 
courses that present strategies for cormmunieating acrossculturalbarriers and for appreciating 
cadturd diversity. This area of management training is erricial in preparing managers for the 
chan&irrg work force of the 1990s. 





Table 8.4 
ORYL equal employment opportunity statistics (CY 1991) 

Male Fernalc 
Minority Native Native 

total \$'bite Black IIispanic iherican Asian Mrhite Black Hispanic Amcrican Asian 
Occupational codes ‘rota1 (”/.> (?6) (%, (“w (“6, (Ob) (”/., (“/.I (”.I (%I (96) 

Officials and managers 

Professionals 

Technicians 

Office and clericals 

Craft workers 

Operators 

Laborers 

Service workers 

Total 

Foreign nationals* 

501 

1896 

524 

697 

554 

178 

54 

166 

4600 

57 

25 44 1 
(4.9) (88.0) 

(8.8) (74.9) 
166 1420 

44 342 
(8.4) (65.3) 

88 1s 
(12.6) (2.6) 

35 505 
(6.3) (91.1) 

48 112 
(27.0) (62.9) 

24 4 5 
(25.6) (53.6) 

44 95 
(26.5) (57.2) 

474 2978 
(10.3) (64.7) 

19 
(3.8) 

(2.1) 

(4.4) 

(0.5) 

40 

23 

4 

31 
(5.6) 

39 
(21.9) 

1s 
(21.4) 

27 
(16.3) 

20 1 
(4.4) 

4 35 
(0.8) (7.0) 

70 310 
(3.7) (16.4) 

0 138 
(0.0) (26.3) 

0 59 1 
(0.0) (84.8) 

2 14 
(0.4) (2.5) 

1 18 
(0.6) (10.1) 

0 15 
(0.0j (17.9) 

0 27 
(0.0) (16.3) 

77 1148 
(1.7) (25.0) 

1 0 
(0.2) (0.0) 

23 1 
(1.2) (0.05) 

11 0 
(2.1) (0.0) 

73 5 
(10.5) (0.7) 

(0.0) (0.0) 

(3.9) (0.0) 

0 0 

7 0 

6 0 
(7.1) (0.0) 

13 0 
(7.8) (0.0) 

134 6 
(2.9) (0.1) 

so 
CB 

“Includes full-time regular and temporary employees. 









Laboratory Description 
OIWL is a large, multiprogram energy research laboratory with projects that cover diverse 
scientific and engineering disciplines. These programs create demands for a variety of 
building and equipment needs, including specialized experimental laboratories and a large 
complement of office space. Along with these are needs for major utility and waste-disposal 
facilities. In addition, the ever changing description and set of programs that result from the 
nature of developmental research and evolving national energy prioritics require a high 
degree of flexibility in the use of the Laboratory’s facilities 

Currently, the Laboratory occupies -2.6 million ft2 of building space at the main 
Bethel Valley site and the Melton Valley site to the south. In addition, over 1 million ft2 of 
building space at the Oak Ridge Y-12 Sitc are allocated to the Laboratory, and -200,000 ft2 
of space arc occupied by OKNI, personnel at the Oak liidge K-25 Site. 

ORNL has full responsibility for facilities at its main site and in the surrounding 
areas. However, for the facilities at the Y-12 and K-25 sites, ORNL has full responsibility for 
building maintenance but only limited responsibility for supporting utilities. 

In recent years, continued growth in OKNL staff, visiting researchers, and guests, 
along with the transfer of a number of DOE personnel to the Laboratory site, has forced the 
use of many temporary trailer facilities (-50,000 ft2) as well as the use of local off-site rentaJ 
space (-60,000 ft’). 

Recause the Laboratory site and facilities were originally developed as part of the 
Manhattan Project and have evolved to the present under insufficient facility modernization 
budgets to permit needed building replacement, the average age of Laboratory buildings has 
bcen steadily increasing, and the condition of building space and supporting utilities has 
been declining. Figures 9.1 through9.6 illustrate thecurrent distribution, use age, condition, 
and size of OWL buildings. Table 9.1 lists estimated facility replacement values. The 
replacement estimates are basedon currentlyactive functions anddonot include replacement 
of obsolete facilities or costs associated with decontamination and decommissioning (L)&L)) 
of existing facilitics. 

Although past funding limitations have not permitted major upgrades over largc 
portions of the Laboratory sitc, some of the least dcsirable space has been replaced through 
construction projects supported by GPP funds. Also, past approval of a limited number of 
major linc-item requests has permitted construction of some important new research 
buildings and significant restoration of utility systems. Ongoing projects to upgrade waste 
management capabilities and DOE=-budgeted projects for a new office building and re-roofing 
work to begin in FY 1993 wll provide much-needed improvements. However, more must 
be accomplished to provide the kind of facilitics conducive to producing the highest quality 
research programs. 
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ORNL Main Site 
2,630,142 GSF (65.8%) 1,095,305 GSF (27.4%) 

K-25 Sit8 
209,645 GSF (5.2%) 
Leased Space (off site) 
63,625 GSF (1.6%) 

Adequate 
Space 

pBrm?ak?agf! 42.8% 

7 I 

1 'Total gross square feet (GSF) 3,998,717 
Amount of GSF over 30 years old - 2,505,078 (62.7% of total GSF) 
Average age of total GSF - 33.7 years 

$ 400 
0 
U a 200 

0 
Less than 10 11-20 21-30 31-40 Over 40 

BUILDING AGES (YEARS) 
'IN THOUSANDS 
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In addition, over the ycars ORNL has cmployed a number of major experiinerital 
facilities to conduct its programs. Nuclear rcactors, radioisotope production facilities, and 
eent&ige cnrichnient facilities have supported many important aspects in the development 
of this nation's nuclear cnergy, nuclear medicine, and rcsearch capabilities. Now that the 
useful life of some of thcse facilities has been expended, the Laboratory is faced with 
significant expense for current suweillance activities and eventnial I)&T). A major funding 
commitment will be required to propcrly dispose of these inactive facilities. 

A major concern is that LJOE funding support for all forms of nonenvironnienhl 
capital projects and equipment has declined significantly ovcr the last several years. 
Figure 9,7 shows that funding for nonenvironmental capital improvements at OKNL has 
declitieJ by 48% between FY 1984 and FY 1992. 
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Table 9.1 
Estimated facilities replacement values 

Replacement cost range" 
........................................ 

Facilitics type Lower Upper .... 
~ 

~. 
................... ~. ..... 

Buildings and structures 
Reactors 
Process facilities 
Accelerators 
Utility systems 
Roads, bridges, and parking 
Security facilities 
Automatic data-processing equipment 
hfotor vehicles 
Heavy equipment 
Other equipment and facilities 

'730 
1,300 

480 
285 
240 
143 

6 
66 
11 
6 

33 

1,032 
1,650 

725 
430 
3 50 
176 
11 
93 
17 
11 
55 

Subtotal, fixed price construction 

Engineering (35%) 1,163 1,593 
Construction support services (20%) 660 910 

Construction manager (15%) 495 683 
Operation readiness review (2.5%) 82  111 

Subtotal 5,700 

Contingency (40%) 2,300 3,150 

Total 8,000 
................... 

"In Inillions of FY 1992 dollars 
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53.49 

40.46 40.29 

General Purpose 

Research 

G P EIG P P I t  l 

EquipmonVLl 

44.00 

32.13 32.53 32.75 31 .O 

The objectives of OWL’S site and facilities development plans are to provide high- 
quality space, reliable utility support, and the additional necessary infrastructure required 
to produce the appropriate environnient for conducting outstanding research on DOE 
programs. To achieve this goal, it is crucial that capital assets planning be closely coupled 
to the Laboratory’s technical program objectives and plans as described in this document. 

In response to recognized national needs, the Laboratory’s strategic directions have 
been set to address three primary themes: 

energy R&D, 
environmental studies, and 
improved competitiveness of the IJnited States in the international niarketplacc. 

In support of both energy R&D activities and improved U.S. competitiveness, three 
major programmatic facilities are required: 

the ANS to serve as the world’s most powerful neutron research facility; 
the Center for Biological Sciences to establish an efficient, consolidated research 

the MS&E Complex to provide state-of-the-art research facilities for materials 

All three of these facilities will include a strong focus on technology transfer through 
establishment of user facilities anid educational activities through joint progranis with 
universities. 

Another major facility required for cnvironmental protection purposes is the Waste 
Handling and Packaging Want. This facility will conduct radioactive waste solidification 
operations and packaging for shipment to the national disposal site. 

The Laboratory has placcd high priority on two other new building projects: a 
Center for Computational Science to provide a first-class computing capability to support 
research programs and a Center for Education and Technology Tr<msfer to establish 
iniprovedlinks with both educational institutions and private industry while sirnultarieously 
providing training facilities for ORNL staff. 

Finally, a major new projcct is proposed to allow extensivc renovations and 
rehabilitation ofgeneral-purpose buildings :md utility systenis that have gradually deteriorated 

center for biology programs; ,and 

programs. 
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for more than 40 years. ’The multiprogram, general-purpose facilities section of Table 9.2 
shows specific line-item requests supporting this initiative. This initiative must be 
supplemented with a vigorous program to dispose of inactive experimental facilities that 
have exceeded their useful life and that currently rcquire continual surveillance to ensure 
safe shutdown. These inactive facilities include obsolete research reactors, former isotope 
production facilities, and former biolo@cal research facilities We anticipate eventual D&D 
of the reactor and isotope facilities as part of DOE’S Surplus Facilities Program. Several 
options are being studied for deposition of biological research facilities, including transfer 
for use as part of Y-12 Plant weapons programs, potential use for other expanded weapons 
activities at Oak Ridgc, or demolition under DOE’S proposed facilities modernization 
initiative. 

Siting of all ORNL’s proposed construction projects is  described in the O W L  Site 
Development Plan. In broad terms, this plan adheres to a concept that locates new buildings 
with existing structures in ways that Icad to functional groupings like the Life Sciences 
Complex and the Materials Science and Engineering Complcx. 

The l,aboratory’s general-purpose facilities plans are reflected in proposals for 
( 1) multiprogram general-purpose facility line items, (2) general plant projects, and 
(3) general-purpose equipment As is  described in the previous section entitled “Facilities 
Plans and Options,” a major new project is proposed f ~ r  restoration of general-purpose 
infrastructure. The proposed line-item constniction projects supporting this projcet are 
listed in Table 9.2 The associated requirements for general plant projects and general- 
purpose equipmelit (GPE) are given below. 

Funding for GPPs plays a key rcle ill allowing the Laboratory to implement small 
construction projects (less than 81.2 million each) required tosuppoPt Laboratory o~senations. 
These projects arc of a gcneral-purpose nature and include alterations, renovations, and new 
construction. They arc extremely important to continuing opcratiorns whw long-term 
hudgcting requirements cannot bb: fool eseeii. ORN 1, is requesting funds from landlord 
programs undcr the ,assistant Secretary for Environmental. Restoration arid Waste 
Management and the DOE: Office of Energy Research, which total thc lev& shown in 
TaMc 9.3. 

GPE support is the only source of hracls for supplying the Laboratory support and 
service divisions with badly needed capitd resources (Table 9 4). For many years, the GPE 
h id ing  level has been insufficient to maintain a modern research facility. OWL has relied 
heavily on receipt of these hinds to provide critical replacements ORNL is currendy 
experiencing an equipment request backlog exceeding 813 million for FY 1992 kcwas not 
fiinded in FY 1992 ~Mll still be required and thus added to FY 1993 funding requirements. 
OR?& receives about $3 million annually fon GPE of ahoeit $8 million to 9 million required 
for maintenance of continuing needs. Typical types of capital equipment procured with GPE 
hnds include the replacement of underground storage tanks, vehiclcs, shop rind maintenance 
equipment, personnel- and enviroiimental-monitoring equipment, computers, test 
equipment, security and fire protection nccds, and other itenas related to the general 
operation and upkeep of OWL. Table 9.5 provides a descr‘iption of ORNL’s capital 
equipment investment and its associated annual replacement requirements. 
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Table 9.2 
hlajor construction projects" 

($ in millions) 

FISCAL YEAR 

Funded Budgeted 
construction construction Proposed construction Total 
...................... ..................... ..................................................... estimated 
1991 1992 1993 1994 1995 1996 1997 1998 cost 

~- ___ ___._____ 

Research program line-item projectsb 

Solid State Research Facility 3.0 
Upgrade neutron-scattering 

Advanced Neutron Source (design only) 
Advanced Neutron Source (construction) 
Center for Biolo@cal Sciences 
LJpgrade I<adiochemical 

Development Facility 
ventilation arid containment 

instrumentation 

Earth Systems Facility 
Center for Study of 

Advanced Materials 
Biological Imaging and Photonics 

Laboratory 
Center for i\dvanced 

Microstructural 
Analysis 

Composite Materials Laboratory 
Solid State Research and 

Processing Science Center 

3.3 4.8 4.4 

43.2 56.4 

16.0 41.0 39.5 
32.2 168.5 359.5 600.2 

8.0 14.0 12.0 

2.0 10.0 7.0 
2.0 8.0 7.0 

1.5 6.5 

5.0 14.0 

C C 

C C 

Environmental restoration and waste management projects 

Bethel Vdley LLW-CAT 7.1 1.0 0.0 

IJpgrade process waste 4.7 
system upgrade (WBS 3.37) 

treatment system 

system upgrade (WIJS 3.45) 
Melton Valley LLW-CAT 4.5 15.9 

Upgrade sanitary sewer systcm 2.0 
Bethel Valley FFA Upgrades 
Waste Cliaracterization 

and Certification 
Facility (W3S 4.48) 

MVST Capacity Increase (WBS 3.46) 
Process Waste-Treatment Facility 
Retrievable Cask Storage Bunker 
Waste Handling and Packaging Plant 

6.5 17.0 6.0 5.0 

1.3 

11.5 9.1 

7.0 7.0 
6.0 6.5 6.5 1.5 
2.0 5.5 8.5 2.0 

9.4 22.0 11.0 5.6 
2.0 13.0 10.0 
1.5 4.5 

11.5 45.3 

3.0 
12.5 

99.6 
2119.6 

96.5 
42.0 

19.0 
17.0 

8.0 

41.0 

30.0 

28.0 

65.0 

6.0 

41.0 

16.0 
20.5 
18.0 

48.0 
25.0 
6.0 

270.0 
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Table 9.2 (continued) 

FISCAL YEAR 

Funded Budgeted 
construction construction Proposed construction 'Total estimated ................................................................................................ 
1991 1992 1993 1994 1995 1996 1997 1998 cost 

................... ................... 
~ 

.......... .................. ~~~~ 

~ ........... .................... 

Multiprogram general-purpose facilities (KG) 

Buildings facilitieshevitalization 

A.  Replace substandard 
housing 

Measurements and Controls 3.1 0.3 0.S 

Central Research and 4.4 7.0 1 0 

Environmental, Safety, and 5.2 6.4 

Support Facility 

Support Building 

IIealtli Compliance and 
Training Facility 

Quality Testing Facility 

Laundry 

Building 

Central Maintenance Support and 

Decontamination 

Safeguards and Security 

€3. Renovate serviceable 
structures 

Replace deteriorated roofing, 

Replace deteriorated roofing, 

Replace deteriorated roofing, 

Upgrade building IIVAC 

priority 1 

priority 2 

priority 3 

systems, ORNL at thc Y-12 
Plant 

systems, east end 

systems, west end 

Complex 

Upgrade building IIVAC 

Upgrade building HVAC 

Rcstore Central Research 

S.0 

4.73 

12.4 

11.6 

3.0 9.0 18.0 

2.0 10.0 

3.0 16.0 

6.0 4.0 15.0 

4.0 8.0 6.0 18.0 

4.0 7.0 16.5 

4.0 2.0 6.0 

5.0 20.0 

15.0 

80.0 
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Table 9.2 (continued) 

FISCAL YEAR 

Funded Budgeted 
construction construction Proposed construction Total 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . estimated 
1991 1992 1993 1994 1995 1996 1997 1998 cost 

C. New capabilities 

Advanced Computing 
Technology Center 

Center for Education and 
Technology Transfer 

Environmental, safety, and 
health protection 

A. Environmental protection 

Steam plant environmental 
improvements 

B. Safety 

Fire protection upgrade 
OSIIA compliance facility 

upgrades 

2.0 1.4 
2.2 4.5 3.8 

3.0 8.0 17.0 

4.0 21.0 

4.0 9.0 19.0 

4.7 
10.5 

IJtility restorations 

IJpgradcx electrical system 1.45 0.01 2.3 
IJpgradc steam distribution 1.08 5.61 2.31 9.0 

Upgrade water system 4.0 12.0 12.0 30.0 
Upgrade primary electrical 3.0 8.0 18.0 

system, west end 

distribution system 
aCotntruction data as of September 1992 
bL~ocs not include accelerator and reactor improvemctits and modifications projects or Ncw Production Reactor constniction 

=To be determincd 
funding 
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Funding 7.7 7.0 12.5 20.0 20.0 20.0 20.0 

F1BGAL YEAR 
.. ................................................................. 

...... 
95 

-. 

Funding 3.0 8.6 10.6 10.0 10.0 7.0 7 . 0  

E IS Current .2verage Estimated annual 
asset aSSCt  valuc‘‘ 0, /o uscful life replzeernen t 
code Asset eodc description S( 000) Depr cciated (years) expense” P(OO0) 

Cominunication System 
Fire Al:xm System 
IIcavy Mobilc Eqiiiprncnt 
IIospital 8r Medical 
Lab Equipment 
Motor Vehicles & Aircraft 
Office Furniture 
I’roccss Equipment 
Railroad Kolling Stock 
Security & Protection 1Squip. 
Shop Equipment 
I<escl-vt. Construction Equip, 
i?utonl:ited Data Proccssirlg 
hliscellanrous Erluipment 

(hi-remt GPE Funding 1,evcl: 
Proposed GPE Funding Jic2.vel: 

3,633 
03 1 

3,681 
422 

112,381 
8,434 
3,174 

2 , h 9  1 
0 

30 1 
18,733 

0 
35,339 

3,004 
2.3.3 .()90 

3,000 
8,623 

27 
1 0 0  

7 3 
41 
4 9 
t i 3  
.5 7 
19 

0 
3 5 
52 
0 

6 4 
48 

12 
2.5 
10 
I O  
30 
1 0  
IO 
2 5 
0 

I 5 

0 
7 

1 0  

- r \  LLJ 

“Total, uni nflatetl orginal cost. 
“Total inflated orginal cost divided by ;ivera,tp useful life. 



A significant numhcr of facilities a t  ORNL are currently iiiactivc or are expected to 
become inactive in the next scvcrd years Tlaese facilities are either no 1on&r necded for 
tlmei r original purpose or arc old and deteriorating to the point that contiaiucd irplreep a9 
operational facilities is not cost-cffcctive. A large nurnlxr of these fd i t i c s  are also 
contaminated with radioactive or hazardoans materials and have no p r ~ ~ ~ r n ~ a t ~ c  siipp-9rt 
from DUE:. At the present time, the expense of sprlkl for these suqahw facilities i s  Im-oe hy 
division or 1,ahoratory overhead. As a result, rescarch programs arc indirectly finarrcing the 
cost of ensuring adequate containment, and mission-oricnted RSrD activities are cut hack 
proport itrr lately to provide thc necessary funding. 

A Lahoratory-wide survey W:IS condllctecl in late 14‘Y 1999 to scope the ouoiher of 
facilities expected to beconic surplus in the lacar tcrm and to determine the estimated annual 
enst lor S8:M. ‘rhc number of facilities in this category arid the cstima~ed annual cxpeense are 
shown in Tables 9.6 and 9.7 respectively. These results indicate that some SO individual 
facilities are expected to Ix surppkus by FY 1395, with a conserwitive estimate of annual 
expenditure for S&M of S6.S million in that  year^ These costs do not include the cost of 
eventual D&D, which is expeetcd to be orders of magnitude higher. 

Many of the facilities identified in the survey e m  bc prepred for and sidmiteed to 
the I,OE Environmental Rcstsration (EM) D&D Program. Once accepted and translferred, 
that program then assumes the costs for continued S&l as \vel1 as firialD&D. Il~wever,  a 
significant number of facilities will not bc eligible for that program by virtue of not being able 

of the EM acceptance criteria Currently, discussions and infomation trammirtds 

Number of facilities 

Currently 
inactive 

.... ... . . . . ... . . . . . ... . , . , . ... . . . . ... . . . . . ... , . . . .. .. .._..” .. ;... .. . .. . , 

Itcsearch-reactor and 10 5 
rclntcc? facilitics 

9 21 

Hot-ccll facilities 1 11 2 1 4  

3 

1 

22 

3 11 

9 

Total 40 22 4 0 14 80 

(hmulative total 40 62 66 66 $0 

‘zIbcilities not part of tbc DOE Envrionmcntnl kstnration Drconi:rinination and 
i)eeommissioning Program 



Projected resource requirements for annual surveillance and 
maintenance (S&W) of ORML surplus facilities" 

S a l  cost ($ in thousands) ............................................................................................... 

...................................................................... 
Current 1992 1993 1994 1995 

Research-reactor and 753 1301 1301 1301 2116 

.- ._._____ _ ...... ......... 

rclated facilities 

I Iot-cell facilities 100 127.5 1275 1275 2605 

K&D laboratories 1268 1688 176.3 1763 1763 

Support facilities 4 0 45 61 61 71 

Miscellaneous facilities 9 9 9 9 9 

Total annual S&M 
cost 

UE'acilities not part of the DOE Environmental Restoration Decontamination and 
Decommissioning Program. 

are taking place with EK to ensure awareness of this large and diverse inventory of surplus 
facilities. The goal of this effort is to have a cornprchensive program at OWL to manage 
surplus facilities through EM and ER hnds and to limit future impacts to the R&D mission 
through burdens to division and Laboratory overhead. 

Table 9.2 lists ORNL's currently proposed major construction projects along with 
the estimated funding requirenieiits to implement these plans. 

The computing strategy for O W L  is laid out in a strategic plan that is updated 
yearly.' The overall objective, as endorsed by Laboratory management, is to "provide a 
computing environment that is among the best in the country." Increasingly, the missions 
of OWL are dependent on computing resources and computing expertise. Consequently, 
the plan i s  designed both to remedy shortcomings and to step out aggressively to provide 
ORNL researchers with a competitive advantage in computing resources. 

'Ofice of Laboratory Cornpiitin& Stiutegtc Plan for Cornputzng at Oak K d g c  hhttonal 
Laborutory, FY 1991 1995, ORNL/PPA/INT-90/3, August 1990, Ofire of Laboratory Computzng, 
Strategic Plan for Cornputzng at Oak Ridge Nmttonal Ifihoratoq, FY 1992-1996, ORNIJF'PIVINT- 
91J2, to be published 
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The Center for Computational Science described in the “Major Initiatives” section 
is the centerpiece of the ORM, strategy for scientific computing. However, there are other 
elements to the strategy. O M ,  and the Energy Systems C&TD are exploring approaches 
to giving OFWL greater management control over the production computing resources on 
which ORNL depends. Many of these resources are operated by C&TD. 

Despite the existing fiber-distributed daLi interface (FDDI) fiber-optic network 
joiningsi?rOKNLbuildings, anextensiveEthernetnetwork, andTl(1SMbps) access towide 
area research networks, networking speed is still an impediment to distributed computing 
for many users. Consequently, network improvement will be a high priority until distributed 
computing is no longer limited to a network. 

In temis of computing resources, ORNL will maintain a flexible stance--not tied to 
a particular vendor but built on open system and open network principles and conforming 
to widely accepted industry standards. To achieve this, any growth incapacitywill be in open 
systems platforms rather than proprietary environments. 
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Oak Ridge National Laboratory’s resource projections are presented in the following tables: 
* Table 10.1, Laboratory funding summary, 

Table 10.2, Laboratory personnel summary, 
6 Table 10.3, Fiinding by assistant secretarial lcvel office, 

Table 10.4, Personnel by assistant secretarial lcvel office, 
* Tablc 10.5, Resources by program, 
* Table 10.6, Subcontracting and procurement, and 
* Tablc 10.7, Small and disadvantaged business procurement. 
Tables 10.1,10.3,10.5, and 10.7 rcport resourcc projections for fundingin millions 

of dollars budget authorization (BA) These resource projections reflect ncw 13A funding 
requested in the FY 1994 budget submission document adjusted to incorporate any interim 
guidance. New BA rcqucsts are calculatcd by adding estimates of outstanding commitments 
and prefinancing to the total cost and thcn subtracting the prior-year uncosted budget The 
inflation escalation factor in BA funding dollars for both FY 19% and FY 1994 is 4 0% HA 
fiindirig dollars for FY 1995 through FY 1998 are reported in constant FY 1994 dollars. 

Subcontracting and procuiremcnt funding is reported in Table 10.6 as total dollars 
obligated funds for each fiscal year. 

l’ersonnel statistics are reported as the number of full-timc equivalent (FTE) 
employees in Tables 10.2 and 10.4. 
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Table 10.1 
Laboratory funding summary 

@ in rnillions-BA)' 

............................................................................................................. 
1991 1992 1993 1994 1995 1996 1997 a998 

DOE effort 

Work for Others" 

'Total operating 

Capital equipment 

Construction 

General-purpose facilities 
funded/budge ted 

General plant projects 

General-purpose equipment 

Total Laboratory 

Proposed construction 

Total projected funding 

385.6 

100.0 

485.6 

20.4 

21.4 

6.5 

6.1 

3.0 

543.0 

543.0 

483.46 

70.8 

554.2 

28.0 

11.1 

2.8 

7.7 

3.4 

607.2 

607.2 

7 14.3b 

87.9 

802.2 

31.5 

0.0 

14.9 

7 .0 

18.7 

874.3 

10.1 

84.4 

789.2b 788.1 

100.9 100.8 

8.9 

35.4 33.7 

0.0 0.0 

23.3 21.3 

11.4 11.4 

17.9 17.9 

70.6 134.6 

796.2 

100.8 

97.0 

34.1 

0.0 

26.6 

11.4 

17.9 

987.6 

208.5 

1.195.5 

804.3 812.3 

100.8 100.8 

34.5 34.6 

0.0 0.0 

52.0 66.0 

11.4 11.4 

17.9 17.9 

371.5 608.2 

'llnflation escalation factor for FY 1993 and FY 1994 is 4.0%. Figures for FY 1995 through FY 1998 are in constant FY 1994 
dollars. B h  in table is new H A  requirement as requested in the FY 1994 budget submission adjusted to incorporate any interim 
guidance. New BA is calculated by adding estimates of outstanding commitments and prefinancing to the total cost and then 
subtracting the prior-year uncostcd budget. 

Administration and other safety and health compliance needs. 

principal investigators, but part of the funding is reported through the Y-12 and K-25 financial plans. 

hIncludes several field-work proposals proposed in 1991 budget submission to cover Occupational Safcty and Health 

"Includes Nuclear Regulatory Commission. In addition, tlierc are a few Work for Others (U'FO) projects that have OKNJ, staff as 
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Table 10.2 
Laboratory personnel sz~rnmury 

[Full-time equivalents (FTEs)] 

FISCAL YEAR 

1991 1992 1993 1994 1995 1996 1997 1998 

............................................................................................................... 

Direct DOE effort 1361 1643 2088 2153 2168 2168 2169 2170 

Work for Othersa 303 346 325 350 350 350 350 350 

Total technical direct 1664 1989 2413 2503 2518 2518 2519 2520 

Other dircct 158 280 411 392 392 392 392 392 

Totaldirectpersonnel 1822 2270 2824 2895 2910 2910 2911 2912 

Indirect personnel 2650 2650 2650 2700 2700 2700 2700 2700 

Total Laboratory 4472 4920 5474 5595 5610 5610 5611 5612 

"Itncludes Nuclear Regulatory Commission 
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Table 10.3 
Funding by assistant secretarial level office 

($ in millions-BA)" 

............................................................................................................................... 
1991 1992 1993 1994. 199s 1996 1997 1998 

Office of Energy Researchb*' 

Operating expense 158.0 205.2 290.2 
Capital equipment' 10.6 17.2 36.0 
Construction' 9.7 5.1 0.0 

330.7 
37.0 

0.0 

330.8 
38.7 

0.0 

330.9 
37.0 

0.0 

331.0 331.0 
37.0 37.0 
0.0 0.0 

Proposed constructiond 16.0 97.3 159.3 238.5 426.9 677.6 

Total' 178.3 227.5 342.2 465.0 528.8 606.4 794.9 1045. 

Assistant Secretary for Nuclear Energy 

Operating expense 38.8 34.9 67.7 
Capital equipment 0.5 0.4 1.1 

65.8 
2.1 

65.8 
2.1 

65.8 
2.1 

65.8 65.8 
2.1 2, I 

Total 39.3 35.3 68.8 67.9 67.9 67.9 87.9 67.9 

Office of New Production Reactors' 

Operating expense (0.8) 0.5 0.5 
Capital equipment 2.2 1.1 0.5 
Construction 8.7 8.8 0.0 

0.3 
0.3 
0.0 

0.3 
0.3 
0.0 

0.3 
0.3 
0.0 

0.3 0.3 
0.3 0.3 
0.0 0.0 

Proposed constructiond 7.9 8.0 S.0 8.0 8.0 8.0 

Total 10.1 10.4 8.9 8.6 8.6 8.6 8.6 -6 

Office of Civilian Radioactive Waste Management 

Operating expense 8.6 0.5 1.6 1.2 1.2 1.2 1.2 1.2 

Assistant Secretary for Defense Programs' 

Operating expense 7.1 10.9 12.4 
Capital eqiiipmerit 0.4 0.4 1.8 

11.5 
2.0 

11.5 
2.1 

11.5 
2.2 

11.5 11.5 
2.3 2.4 

Proposed constructiond 1.1 0.0 0.0 0.0 0.0 0.0 

Totalc 7.5 11.3 15.3 13.5 13.6 13.7 13. 13.9 

Assistant Secretary for Conservation and Renewable Energy 

Operating expense 60.5 61.8 72.4 
Capital equipment 2.7 3.7 4.0 

86.2 
4.8 

85.0 
4.6 

93.0 
4.9 

101.0 109.9 
5.2 5.2 

Total 63.2 65.5 76.4 91.0 9.6 97. 

10-6 11 Oak Ridge National Labomtory Institutional Plan FY 1993-FY 1998 



~~ - ~~ 

Table 10.3 
(continued) 

FISCAL YEAR 

1991 1992 1993 1994 1995 1996 1997 1998 

.................................................................................................................................... "......... 

Assistant Secretary for Fossil Energy 

Operating expense 6.8 6.9 6.9 11.7 11.7 11.7 11.7 11.7 
Capital equipment 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

ToLil 6.8 7.0 7.0 11.8 11.8 11.8 11.8 11.8 

Assistant Secretary for Envirotiment, Safety, and Health 

Operating expense 7.8 7.2 7.5 7.6 7.6 7.6 7.6 7.6 
Capital equipment 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 

Total 7.8 7.2 7.6 7.7 7.7 7.7 7.7 7.7 

Office of Environmental Restoration and Waste Managementb 

Operating expense 13.8 12.5 0.0 0.0 0.0 0.0 0.0 0.0 
Capital equipment 4.2 5.0 0.0 0.0 0.0 0.0 0.0 0.0 
Construction 6.1 7.7 0.0 0.0 0.0 0.0 0.0 0.0 

Proposed constructiond 7.0 0.0 0.0 0.0 0.0 0.0 

Total 24.1 25.2 7.0 0.0 0.0 0.0 0.0 0.0 

Energy Information Administration 

Operating expense 0.9 0.8 0.8 0.9 0.9 0.9 0.9 0.9 

Office of Administration and Human Resource Management 

Operating expense 0.4 0.1 0.2 0.2 0.2 0.2 0.2 0.2 
Construction" 1 .o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 1.4 0.1 0.2 0.2 0.2 0.2 0.2 0.2 

Office o f  Policy, Planning, and Analysis 

Operating expense 2.1 2.5 2.4 2.7 2.7 2.7 2.7 2.7 

Federal Energy Regulatory Comniission 

Operating expense 0.6 2.1 2.4 1.6 1.6 1.6 1.6 1.6 

Assistant Secretary for International Affairs and Energy Emergencies 

Operating expense 0.1 0.1 0.3 0.3 0.3 0.3 0.3 0.3 
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Office of Nuclear Safety 

Operating expense 0.1 0.2 0.3 0.3 0.3 0.3 0.3 0.3 

DOE Funding from Energy Systems Central Organizations 

Operating expense 58.2 116.2 219.0 238.9 238.9 238.9 2.38.9 238.9 
Capital equipment" 0.0 0.2 0.3 0.0 0.0 0.0 0.0 0.0 
Construction 8.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 662 116" 

Subtotal DOE Programs 

Operating expense 363.0 442.4 6M.O 759.9 758.8 766.9 775.0 783.0 
Capital equipment 20.6 28.1 43.9 46.4 '48.0 46.7 47.1 47.2 
Construction 34.0 2 1 .6  0.0 0.0 0.0 0.0 0 .0 0.0 

Proposed construction" 32.0 105.3 767.3 246.5 434.9 685.6 

Total' 437.6 512.1 76 .5 961.6  974.1. 10 

I)OE Contractors and Operations (Iffice 

Operating expense 22.6 21.0 2'1.7 20.3 29 3 29.3 29.3 29.3 
Capital equipment 0.0 0.2 3.0 2.0 2.0 2.0 2.0 2.0 

Total 22.6 21.2 32.7 31.3 31.3 31.3 31.3 31. 

Total 1)OE Programs",' 

Operating expense 385.6 483.1 714.3 7892 78N.1 796.2 804.3 812.3 
Capital equipment' 20.6 28.3 46.9 48.4 50.0 48.7 49.1 49.2 
Construction' 34.0 21.6 0.0 0.0 0.0 0.0 0.0 0.0 

Proposed constructjon" 32 0 105.3 167.3 24h.S 434.9 685.6 

Total DOE programs' 440.2 533.3 793.2 

Nuclear Kcgulatory Commission 

Operating expensc 18.3 20.4 19.7 19.7 19.7 19.7 19.7 19.7 
Capital equipment 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

Total 18.5 28.7 20.0 
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Table 10.3 
(continued) 

FISCAL YEAR 

1991 1992 1993 1994 1995 1996 1997 1998 

Department of Defense 

Operating expense 51.2 32.2 
Capital equipment 2.1 2.1 

40.8 
2.2 

48.3 48.3 48.3 48.3 48.3 
2.2 2.2 2.2 2.2 2.2 

Total 53.3 34.3 43.0 50.5 50.5 50.5 50.5 50.5 

National Aeronautics and Space Administration 

Operating expense 5.5 5.9 5 .O 13.0 13.0 13.0 13.0 13.0 

Department of Health and IIuman Services 

Operating expense 5.1 4.8 
Captail equipment 0.1 0.1 

6.6 
0.1 

6.7 6.7 6.7 6.7 6.7 
0.1 0.1 0.1 0.1 0.1 

Total 5.2 4.9 6.7 6.8 6.8 6.8 6.8 6.8 

Environmental Protection Agency 

Operating expense 2.4 1.2 2.9 3.1 3.1 3.1 3.1 3.1 

National Science Foundation 

Operating expense 1.1 0.8 0.2 0.2 0.2 0.2 0.2 0.2 

Fedcral Emergency Managcment Agency 

Operating expense 2.5 3.5 4.2 3.4 3.4 3.4 3.4 3.4 

Agency for International Ucvelopment 

Operating expense 0.8 0.7 0.8 0.8 0.8 0.8 0.8 0.8 

Other Federal Agencies 

Operating expense 4.6 ( 2 . W  
Capital equipment 0.4 0.6 

Total 5.0 C1.6V 

3.2 
0.7 

2.6 2.6 2.6 2.6 2.6 
0.7 0.7 0.7 0.7 0.7 

3.9 3.3 3.3 3.3 3.3 3.3 

Electric Power Research Institute 

Operating expense 2.7 1.1 2.0 1.8 1.8 1.8 1.8 1.8 
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Table 10.3 
(continued] 

19 11997 1998 __ ___ ...... ........... .... 1991 11992 1993 ........... .......... ___ 
.___ ___ ____ __-...I_ _ ............ ........... ............ 

Other Nonfederal Agencies 

Operating expense 

Total Work for Others 

Operating expense 
Capital equipment 

Total 

Total Laboratoryh.' 

Operating expense 
Capital equiprnentz 
Constructionh 

Proposed constructiond 

Total 

5.8 2.4 2.5 1.1 1.2 1.2 1.2 1.2 

100.0 
2.8 

102. 

485.6 
23.4 
34.0 

70.8 87.9 
3.1 3.3 

73.8 91.2 

554.2 802.2 
31.4 50.2 
24.6 0.0 

32.0 

7.2 52.4 

100.7 
3.3 

889.9 
51.7 
0.0 

105.3 

I 

100.8 
3.3 

888.c) 
53.3 
0.0 

167.3 

100.8 
3.3 

897.0 
52.0 
0.0 

246.5 

100.8 
3.3 

905. I 
52.4 
0.0 

434.9 

a3 

100.8 
3.3 

913.1 
52.5 
0.0 

685.4 

"Inflation escalation factor for FY 1993 and VI '  1994 is 4.09'u. Figures for FY 1995 ?hrcmgh FY 1998 are in constant FY 1994 dollars. BA 
in table is new BA requirement as requested in the FY 1994 budget submission adjusted tn incorporate any interim guidance. New 5A is 
calciilated by adding estimates of outstanding commitments and prefinancing to the total cost and then subtracting the prior-year 
uncosted budget. 

Administration and other safety and health compliance needs. 
'FY 1994 data include several field work proposals included in the 1994 budget submission to fund Occupational Safety and Health 

'Includes some general plant projects and/or general-purpose eqiiiprnent funding. 
dProposed construction lists budgeted amounts for FY 1993-1998 and includes multipurpose general-purpose facilities and general 

'Does not include DOE new production reactor (DOE-NP) funding via transfers from other DUE laboratories. 
'Parentheses contain negative amounts, indicating a budgetary deobligation. 
Wapital equipment includes general-purposc equipment. 
*Constrnction lists funded amounts for FY 1991 and 1992 and includes multiprogram general-purpose facilities and general plant 

plant projects. 

projects. 
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Table 10.4 
Personnel by assistant secretarial level osfice 

[Fu LL- tirne equivalents (FTEs)] 

FISCAL YEAR 

1991 1992 1993 1994 1995 1996 1997 1998 

.................................... ......................................................................................................... 

Office of Energy Research 

Technical personnel 662.2 751.5 1035.2 
Other dircct personnel 72.3 108.9 149.4 

1061.7 
140.2 

1062.1 1062.4 1062.9 1063.3 
140.2 140.2 140.3 140.3 

Total direct personnel 734.5 860.4 1184.6 1201.9 1202.3 1202.6 1203.2 1203.6 

Assistant Secretary for Nuclear Energy 

Technical personnel 162.1 148.2 262.9 
Other direct personnel 29.1 44.2 73.5 

251.6 
73.1 

25 I .6 
73.1 

251.6 251.6 251.6 
73.1 73.1 73.1 

Total direct personnel f81.2 192.4 336.4 324.7 324.7 324.7 324.7 324.7 

Office of New Production Reactors 

Technical personnel 2 .o 2.5 2.6 
Other direct personnel 0.2 0.0 0.0 

1.5 
0.0 

1.5 1.5 1.5 1 5  
0.0 0.0 0.0 0.0 

Total direct persoilriel 2.2 2.5 2.6 1.5 1 .s 1.5 1.5 1.5 

Office of Civilian Radioactive Waste Management 

'Technical personnel 10.7 8.7 s.1 
Other direct personnel 3.7 3.4 2.8 

3.9 
1.6 

18.0 18.2 18.4 18.6 
1.6 1.6 1.6 1.6 

Total direct personnel 14.4 12.1 7.9 5.5 19.6 19.8 20.0 20.2 

Assistant Secretary for Defense Programs 

Technical personnel 40.6 58.2 68.3 
Other direct personriel 0.5 3.5 2.8 

61 .0 
3.8 

61.0 61.0 61.0 61.0 
3.8 3.8 3.8 3.8 

Total direct personnel 41.1 61.7 71.1 64.8 64.8 64.8 64.8 64.8 

Rssistaat Secretary for Conservation and Renewable Energy 

Technical personriel 127.9 171.1 188.9 
Other direct personnel 3.4 2.3 1.8 

205.0 
2.0 

205.0 205.0 205.0 205.0 
2.0 2.1) 2.0 2.0 

Total direct personnel 131.3 173.4 190.7 207.0 201.0 207.0 207.0 207.0 

Resource Prqiections I I IO- 1 1 



Table 10.4 
(continued) 

FISCAL YEA 

1991 1992 1993 
.~ ............. __ ...... ............. __ ~ .... 

Assistant Secretary for Fossil Energy 

19 1995 199 

Technical personnel 17.1 23.9 24.0 
Other direct personnel 0.3 0.0 0.1 

27.9 27.9 27.9 27.9 27.9 
0.1 0.1 0.1 0.1 0.1 

Total direct personnel 17.4 23.9 24.1 28. .a 213.0 28.8 28. 

Assistant Secretary for Environment, Safety, and IIealth 

Technical personnel 25.1 28.8 26.3 
Other direct personnel 0.7 0.7 0.8 

23.7 23.7 23.7 23.7 23.7 
0.7 0.7 0.7 0.7 0.7 

Total direct personnel 25.8 29.5 27. x 24.4 24.4 24.4 24. 24. 

Office of Environmental Restoration and Waste Managemcnt 

Technical personnel 27.2 29.3 0.0 
Other direct personnel 1 .0 1.5 0.0 

0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 

0.0 Q.0 8.Q 8.9 8.0 Total direct personnel 28.2 30. a 0  

Energy Information Administration 

Technical personnel 2.4 2.8 2.8 
Other direct personnel 0.0 0.0 0.0 

2.7 2.7 2.7 2.7 2,7 
0.0 0.0 0.0 0.0 0.0 

2.7 2.7 2.7 2.7 2.9 Total direct personnel 2.4 2. 

Office of Administration and IIuman Resource Mariagenient 

Technical personnel 0.0 0.0 0.0 
Other direct pcrsonncl 0 . 2  1.3 0.3 

0.0 0.0 0.0 0.0 0.0 
0.3 0.3 0.3 0.3 0.3 

Total direct personnel 0.2 1.3 0.3 0.3 0.3 .3 6.3 0.3 

Office of Policy, Planning, and Analysis 

Technical personnel 6.8 7.0 8.6 
Other direct pcrsonncl 0.0 0.0 0.0 

8.2 8.2 8.2 8.2 8.2 
0.0 0.0 0.0 0.0 0.0 

Total direct perstrriiiel 6. 9.0 8.2 8.2 
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Table 10.4 
(continued) 

FISCAL YEAR ........................................... .................................................................................................... 
1992 1993 1994 1995 1996 1997 1998 

_. 
1991 _____i.-- 

-. 

Federal Energy Regulatory Commission 

Technical personnel 2.4 9.2 11.6 7.9 7.9 7.9 7.9 7.9 
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total direct personnel 2.4 9.2 11.6 7.9 7.9 7.9 7.9 7.9 

Assistant Secretary for International Affairs and Energy Emergencies 

Technical personnel 0.2 0.6 1.1 1.2 1.2 1.2 1.2 I .2 
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total direct personnel 0.2 0.6 1.1 1.2 1.2 1.2 1.2 1.2 

Officc of Nuclear Safety 

Technical personnel 0.0 1.1 1.7 2.7 1.7 1.7 1.7 1.7 
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total direct personnel 0.0 1.1 1.7 1.7 1.7 1.7 1.7 1.7 

DOE Funding from Energy Systems Central Organizations 

Technical personnel 274.6 310.5 359.6 412.4 412.4 412.4 412.4 412.4 
Other direct personnel 24.7 58.4 117.8 125.3 125.3 125.3 125.3 125.3 

Total direct pcrsonncl 299.3 368.9 477.4 537.7 537.7 537.7 537.7 537.7 

Subtotal DOE Programs 

Technical personnel 1367.3 1553.4 1998.7 2070.4 2084.9 2085.4 2086.1 2086.7 
Other direct personnel 126.1 224.2 349.3 347.1 347.1 347.1 347.2 347.2 

Total direct personnel 1487.4 1777.6 2348.0 2417.5 2432.0 2432.5 2433.3 2433.9 

DOE Clontractors and Operations Office 

Technical personnel 
Other direct personnel 

89.4 89.2 82.6 82.6 82.6 82.6 82.6 
11.8 14.4 14.3 14.3 14.3 14.3 14.3 

Total direct personnel 0.0 101.2 103.6 96.9 96.9 96.9 96.9 96.9 



(continued) 

....................................................... ............................................................... ........................ 
1991 

Total DOE Programs 

Technical personnel 1361.3 1642 8 2087.9 2153 0 2167.5 2168.0 2268.7 
Other dircct personnel 126.1 236.0 363.7 361.4 361.4 361.4 361.5 

2169.3 
361.5 

Total direct pcrsonnel 14 .6 25a4.4 252 -9 2529.4 253 

Work for Others 
Nuclear Kogulatory Commission 

Technical personnel 56.1 68.7 60.7 59.5 59.5 59.5 59.5 
Other direct personnel 14.9 10.3 9.5 9.1 ?. 1 9.1 9.1 

59.5 
9.1 

Total direct personnel 71.0 19.0 78.2 

Department of Defense 

Tcchn ical personnel 139.3 151.3 137.7 165.4 165.4 165.4 165.4 
Other direct personnel 11.2 20.3 13.2 12 1 12.1 12.1 12.1 

165.4 
12.1 

Total direct personnel 15 -9 177.5 177.5 177.5 177.5 

Kational Aeronautics and Space Administratioil 

Technical personnel 13.7 18.5 19.1 34.0 34.0 34.0 33.0 
Other direct personnel 0.3 8.5 20.0 5.2 5.2 5.2 5.2 

34.0 
5.2 

Total direct personnel 14.0 27.Q 39-1 39,2 392 39.2 39.2 

Tec1nlnic:rl personnel 21 2 29.4 2'7 5 26.3 26 3 26.3 26.3 
Othet direct personnel 0.3 0 . 2  0.2 0.2 0.2 0.2 0.2 

25 3 
0.2 

Eiivironmentipl Protection A@ncy 

Technical personnel 12.9 14.0 16.5 14.4  16.4 16.4 16.4 
Othec. tlirect pcrsonncl 0.8 0.4 0.6 0.6 0.6 0.6 0.6 

16.4 
0.6 

Total direct personnel 13.7 14.4 17.2. 17.0 17"O 17,O 17.0 17.0 



Tabk 10.4 
(continued) 

FISCAL YEAR 

1997 1998 ..-____ 1995 1996 .. ._ 
1992 1993 1994 

..........____I .......... ....... 
a 9 9 1  

.__ _ _ _ . _ _ . _ _ ~  
-. . 

National Science Foundation 

Technical personnel 1.5 1.3 1.4 0.9 0.9 0.9 0.9 0.9 
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total dircct personnel 1.5 1.3 1 .4 0.9 0.9 0.9 8.9 0.9 

Federal Emergency Management Agency 

Technical personnel 6.1 13.5 16.0 18.3 18.3 18.3 18.3 18 3 
Other direct personncl 0.8 1.0 0.9 0.9 0.9 0.9 0.9 0.9 

Tut.nl direct personnel 6. 14.5 16. 19.2 19.2 19.2 19.2 19.2 

Agency for International Development 

Techtnical personnel 2.8 5.2 3.8 3.6 3.6 3.6 3.6 3.6 
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total direct pcrsonnel 2.8 5.2 3. 3.6 3.6 3.6 3.6 

Other Federal Agencies 

Technical personnel 26.2 18.0 21.5 12.3 12.3 12.3 12.3 12.3 
Other direct personnel 1.2 1.8 2.2 2.2 2.2 2.2 2.2 2.2 

Total direct personnel 2 .5 14.8 P 

Electric Power Research Institute 

Technical personnel 9.2 9.9 8.1 6.1 6.1 6.1 6.1 6.1 
Other direct personriel 0.8 1.3 0.4 0.3 0.3 0.3 0.3 0.3 

Total direct personnel 10.0 P 1.2 .4 

O t h c ~  Nonfederd Agencies 

Teclanical personnel 14.0 16.4 12.6 7.5 7.5 7.5 7.5 7.5 
Other direct personriel 1.4 0.6 0.0 0.0 0.0 0.0 0.0 0.0 

'l'0ta1 direct personnel 15.4 19. 12. 7.5 7.5 7. 7.5 7.5 



Tabb 1 
(continued) 

.............................................................................................................................................. 
1997 199% 

... .- .................... ................. 1991 1992 1993 
........-I___ - - ____ ___ ..... 

Total Work for Others 

Technical personnel 
Other direct personnel 

Total direct personnel 

Total Laboratory Personnel 

Technical personnel" 
Other direct personnel 

Total Laboratory 
direct personnel 

Total Laboratory 
indirect personnel 

'Totdl Laboratory 
personnel 

-. .. .... ..___ 

303.0 346.4 
31.7 44.4 

334.7 39 

1664.3 1989.2 
157.8 280.4 

1822.1 2269.6 

2650 2650 

324.9 350.3 350.3 350.3 350.3 350.3 
47.0 30.6 30.6 30.6 30.6 30.6 

3'41.9 3 0.9 .9 

2442.8 2503.3 2517.8 2518.3 2519.0 2519.6 
410.7 392.0 392.0 392.0 392.1 392.1 

265 27 

5610 % a  
- 

"Includes sevcral field-work proposals included in FY 1994 budget submission to fund Occupational Saleety and Health Administration 
and other safety and health compliance needs. 
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Table 10.5 
Resources by major program 

[J3 in millions-BA;" personnel in&dl-tinie equivalents (FTEs)] 

FISCAL YEAR 

1991 1992 1993 1994 1995 1996 1997 1998 __ - 

Office of Energy Research 

AT-Magnetic Fusion 

Operating expense 
Capital equipment 
Construction 

Total program funding 

Technical personnel 
Other direct personnel 

Total direct personnel 

K4-ITigli Energy Physics 

Operating expense 

Technical personnel 
Other direct personnel 

Total direct personnel 

KB-Nuclear Physics 

Operating expense 
Capital equipment 
Construction 

Total program funding 

Technical personnel 
Other dircct personnel 

Total direct personnel 

KC-Basic Energy Sciences 

Operating expense 
Capital equipment 
Chnstmction 

Total program funding 

25.0 27.7 38.2 48.3 48.3 48.3 48.3 
1.2 2.6 2.9 2.1 2.1 2.1 2.1 
0.2 (2.8y 0.0 0.0 0.0 0.0 0.0 

26.4 27.5 41.1 50.4 50.4 50.4 50.4 

82.4 83.7 95.0 124.3 124.3 124.3 124.3 
38.0 35.5 50.6 61.2 61.2 61.2 61.2 

120.4 119.2 145.6 185.5 185.5 185.5 185.5 

0.4 0.5 1.3 1.6 1.6 1.6 1.6 

2.0 2.1 5.3 6.3 6.3 6.3 6.3 
0.2 0.0 0.4 0.4 0.4 0.4 0.4 

2.2 2.1 5.7 6.7 6.7 6.7 6.7 

12.7 14.2 12.0 13.1 13.1 13.1 13.1 
1.0 0.9 0.9 1.1 1.1 1.1 1.1 
0.1 0.2 0.0 0.0 0.0 0.0 0.0 

13.8 15.3 12.9 14.2 14.2 14.2 14.2 

64.1 60.9 53.5 57.0 57.0 57.0 57.0 
0.8 1.5 1.5 1.5 1.5 1.5 1.5 

84.9 62.4 55.Q 58.5 58.5 58.5 58.5 

89.7 115.9 129.7 130.5 130.5 130.5 130.5 
6.7 7.8 11.0 12.0 13.7 12.0 12.0 
2.8 4.9 0.0 0.0 0.0 0.0 0.0 

99.2 128.6 140.7 142.5 144.2 142.5 142.5 

48.3 
2.1 
0.0 

50.4 

124.3 
61.2 

185.5 

1.6 

6.3 
0.4 

6.7 

13.1 
1.1 
0.0 

14.2 

57.0 
1.5 

58.5 

130.5 
12.0 
0.0 

142.5 
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11991 11993 
.... . ... . . . . . . . . . . . . . . . . . . .. ............... __ ~ 

Proposed construction 1.1 

19 
. -. 

46.6 

i s s  

168.5 

__ ............. .. --___ 
1 

600.2 

___.._ . . . . . . . . . . 

359.5 

Technical personnel 398.1 429.1 489.1 
Oelier dircct personnel 32.2 58.3 58.8 

468.8 
12.2 

468.8 
12.2 

468.8 
12.2 

468.8 
12.2 

468.8 
12.2 

4%31"6 Total direct personnel 430.3 4 4 

w--Energy Research :lnalyses 

Operating expense 0.6 1.1 1.5 1 .s 
2.2 
0.0 

2.2 

1.5 1.5 1.5 1.5 

'Technical personnel 3.2 3.1 2.8 
Other direct personnel 0.0 0.0 0.0 

2.2 
0.0 

2.2 
0.0 

2.2 
0.0 

2.2 
0.0 

2.2 Total direct personriel 3 2  a, 1 2. 

K(:---h.lultiprogra~n Energy Lahornt-ory---Facili ty Support 

Operating expense 0.0 0.0 0.0 
Capital equipment 0.0 0.0 
Construction' 6.5 2.8 

2.2 
0.0 

2.2 
0.0 

2.2 
0.0 

2 2  
0.0 

2.2 
0.0 

2.2 

23.3 

2.2 2.2 2.2 2.2 Total program funding 6.5 0.0 

Proposed construction 14.9 21,3 26.6 52.0 66.0 

Technical personnel 0.0 0.0 0.0 
Othcr direct personnel 0.0 0.0 0.0 

0.0 
6.0 

0.0 
6.0 

0.0 
6.0 

0.0 
6.0 

0.0 
6.0 

Total direct personnel 6.0 0.0 ed.0 6.8 6.0 6.0 6.1) 

-U'-----Biological and Environmental Research 

Operating cxpcnse 27.3 31.3 38.1 
Capital equipment 1.4 2.4 2.5 

40.7 
3.9 

40.7 
3.9 

40.7 
3.0 

40.7 
3.9 

40.7 
3.9 

44.6 Total program funding 2 4 

Proposed construction 0.0 0.0 16.0 38.0 32.0 4.0 0.0 

Technical personnel 108.3 113.7 139.0 
Othcr direct personnel 1.1 4.8 6.5 

140.6 
4.4 

140.6 
4.6 

140.6 
4.6 

140.6 
4.6 

140.6 
4.6 

Total direct personriel 169.4 1 i 14%. 14 



Table 10.5 
(continued) 

FISCAL YEAR 

1991 
-. 

1992 1993 1994 1995 1996 1997 1998 

KS-Superconducting Super Collider 

Operating expense 0.8 
Capital equipment 0.3 

0.1 0.5 
0.0 0.0 

0.5 
0.0 

0.5 0.6 0.6 
0.0 0.0 0.0 

0.6 
0.0 

Total program funding 1.1 0.1 0.5 0.5 0.5 0.6 0.6 0.6 

Technical personnel 1.8 
Other direct persome1 0.0 

1.0 2.2 
3.1 0.4 

2.3 
0.4 

2.4 2.5 2.7 
0.4 0.4 0.5 

2.8 
0.5 

Total direct personnel 1.8 4.1 2.6 2.7 2.8 2.9 3.2 3.3 

KT-[Jniversity and Science Education 

Operating expense 1.5 1.3 1.6 1.7 1.7 1.7 1.7 1.7 

Technical personnel 2.3 
Other direct personnel 0.0 

4.1 4.2 
0.1 0.3 

4.2 
0.3 

4.2 4.2 4.2 
0.3 0.3 0.3 

4.2 
0.3 

Total direct persomiel 2.3 4.2 4.5 4.5 4.5 4.5 4.5 4.5 

KIJ-Technology Transfer 

Operating expense 0.0 
Capital equipment 0.0 

2 .0 1.8 
0.3 0.0 

1.0 
0.0 

1.1 1.1 1.2 
0.0 0.0 0.0 

1.2 
0.0 

Total program funding 0.0 2.1 1.8 1.0 1.1 1.1 1.2 1.2 

Technical personnel 0.0 
Other direct personnel 0.0 

8.7 8.9 
0.1 0.1 

5.2 
0.0 

5.5 5.7 6.0 
0.0 0.0 0.0 

6.3 
0.0 

Total direct personncl 0.0 8.8 9.0 5.2 5.5 5.7 6.0 6.3 

KV-University and Science Education 

Operating expense 0.0 0.3 0.4 0.4 0.4 0.4 0.4 0.4 

Technical personnel 0.0 
Other direct personnel 0.0 

0.0 0.0 
0.0 0.0 

0.0 
0.0 

0.0 0.0 0.0 
0.0 0.0 0.0 

0.0 
0.0 

Total direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Table 10.5 
(continued) 

.............................................................................................................................................. 
1991 ..... 1992 1993 19 1995 1996 1997 1998 ___ ._ ............. ___ ............... ....... ~. ___ _ ___ ................. 

Landlord 

Operating expense 0.0 10.8d 65.1d 89.2d 89.2 83.2 89.2 89.2 
General-purpose cquipmeiil 0.0 3.4 18.7 17.9 17.9 17.9 17.9 17.9 
General plant projects 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

construction 

Total program funding 0.1 14.2 107.1 107,1 807.1 107.1 107.1 

Proposed general plant 0.0 0.0 0.0 11.4 11.4 11.4 11.4 11.4 
projects construction 

Technical persormel 0.0 45.1 235.2 2.50.8 250.8 250.8 250.8 250.8 
Other direct personnel 0.0 5.5 30.8 53.6 53.6 53.6 63.6 53.6 

Total direct personnel 0.0 50.6 26 .O 304.4 3 

Total Office of Energy Research 

Operating expense 
Capital equipnient 
Construction 

Total program funding 

Proposed construction 

Technical personiiel 
Other dircct persolinel 

Total direct personnel 

158.0 205.2d 290.2' 330.7d 330.8 
10.6 17.2 36.0 37.0 38.7 
9.7 5.1 0.0 0.0 0.0 

178.3 227Sd 326.2" 367.7" 369.5 

0.0 0.0 16.0 97.3 159.3 

662.2 751.5 1035.2 1061.7 1062.1 
72.3 108.9 149.4 140.2 140.2 

.6 1281.9 1202.3 

Assistant Secretay for Nuclear Energy 

330.9 331.0 
37.0 37.0 

0.0 0.0 

238.5 426.9 

1062.4 1062.9 
140.2 140.3 

33 1 .0 
37.0 

0.0 

368. 

677.6 

1063.3 
140.3 

1263.6 

AF-Nuclear Energy Research and Development 

48.1 Operating expense 32.3 24.2 50.0 48.1 48.1 48.1 48.1 
Capital equipment 0.5 0.4 1.1 2.1 2 1  2.1 2.1 2.1 

Total program funding 32.8 24. 51.1 50.2 .2 58.2 SO. 

Technical personnel 126.3 106.3 213.2 199.2 199.2 199.2 1992 199.2 
Other direct personnel 13.4 23.4 32.9 34.9 34.3 34.9 34.9 34.9 

Total direct personnel 139.7 129.7 24 "1 234.1 234. 
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Table 10.5 
(continued) 

FISCAL YEAR 

1991 1992 1993 1994 1995 1996 1997 1998 

............................................................................................................................................... 

AJ---Naval Reactors 

0.1 0.1 0.1 0.1 0.1 Operating expense 0.0 0.1 0.1 

0.3 0.3 0.3 0.3 0.3 
0.0 0.0 0.0 0.0 0.0 

Technical personnel 0.3 0.3 
Other direct personnel 0.0 0.0 

0.3 
0.0 

0.3 0.3 0.3 0.3 0.3 Total direct personnel 0.3 0.3 0.3 

CD-Uranium Enrichment 

0.5 0.5 0.5 0.5 0.5 0.5 Operating expense 0.6 0.5 

Technical personnel 1.3 2.8 
Other direct personnel 0.0 2.2 

1.4 
0.1 

1.4 1.4 1.4 1.4 1.4 
0.0 0.0 0.0 0.0 0.0 

Total direct personnel 1.3 5.0 1.5 1.4 1.4 1.4 1.4 1.4 

KK--Policy and Management-Nuclear Energy 

3.1 3.1 3.1 3.1 3.1 Operating expense 2.9 2.2 3.1 

12.2 12.2 12.2 12.2 12.2 
2.4 2.4 2.4 2.4 2.4 

Technical personnel 2.6 9.7 
Other dircct personnel 2.7 3.3 

9.4 
3.3 

Total direct personnel 5.3 13.0 12.7 14.6 14.6 14.6 14.6 14.6 

ST-Isotope Production and Distribution Program' 

Operating expense 3.0 7.9 14.0 14.0 14.0 14.0 14.0 14.0 

38.5 38.5 38.5 38.5 38.5 
35.8 35.8 35.8 35.8 35.8 

Technical personnel 31.6 29.1 
Othcr direct personnel 3.0 15.3 

38.6 
37.2 

74.3 74.3 74.3 74.3 74.3 Total direct personnel 34.6 44.4 75.8 

Total Assistant Secretary for Nuclear Energy 

6.5.8 65.8 65.8 65.8 65.8 
2.1 2.1 2.1 2.1 2.1 

Operating expense 38.8 34.9 
Capital equipment 0.5 0.4 

67.7 
1.1 

Total program funding 39.3 35.3 68.8 67.9 67.9 67.9 67.9 67.9 

Technical personnel 162.1 148.2 
Other direct personnel 19.1 44.2 

262.9 
73.5 

251.6 251.6 251.6 251.6 251.6 
73.1 73.1 73.1 73.1 73.1 

Total direct personnel 181.2 192.4 336.4 324.7 324.7 324.7 324.7 324.7 
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Table 10.5 
(continued) 

FISCAL YEA .............................................................................................................................................. 
199'8 1998 

~ 

~ .................. 1994 1 9 s  1996 1992 1993 1991 
...... ............ ................. ... .............. _ ____ ..... 

.._......-.....__I _____ ___ ..._ _ _____ _____ 

Office of New Production Reactors 

NP.-New Production Reactors' 

Operating expense (0.8)b 0.5 0.5 0.3 0.3 0.3 0.3 0.3 
Capital equipment 2.2 1.1 0.5 0.3 0.3 0.3 0.3 0.3 
Construction 8.7 8.8 0.0 0.0 0.0 0.0 0.0 0.0 

Total program funding 10.1 10.4 1 .o 0.6 6.6 0.6 0.6 

Proposed construction 0.0 0.0 7.9 8.0 8.0 8.0 8.0 8.0 

Teclrnical personnel 2.0 2.5 2.6 1.5 1.5 1.5 1.5 1.5 
Other direct personnel 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total direct personnel 2.2 2.5 2.6 1 .5 1 .5 1.5 1.5 1. 

Total Office of New Production Reactors/ 

Opernting expense 
Capital equipment 
Construction 

Total program funding 

Proposed constniction 

Technical personnel 
Other direct personnel 

Total direct personnel 

(0.8)h 0.5 0.5 0.3 0.3 0.3 0.3 0.3 
2.2 1.1 0.5 0.3 0.3 0.3 0.3 0.3 
8.7 8.8 0.0 0.0 0.0 0.0 0.0 0.0 

10.1 10.4- I .O 0.6 0.6 0.6 0. 0.6 

0.0 0.0 7.9 8.0 8.0 8.0 8.0 8.0 

2.0 2.5 2.6 1.5 1.5 1.5 1.5 1.5 
0.2 0 .o 0.0 0 .0 0.0 0.0 0.0 0.0 

2.2 2.5 2. 1. 1 .li 1 .5 i .5 I .5 

Office of Civilian Radioactive Waste Management 

DR-Nuclear Waste Fund 

Operating expensc 

Technical personnel 
Other direct personnel 

Total direct personnel 

8.6 0.5 1.6 1.2 1.2 1.2 1.2 1.2 

10.7 8.7 5.1 3.9 18.0 18.2 18.4 18.6 
3.7 3.4 2.8 1 .G 1.6 1.6 1.6 1.6 

14.4 12.1 7.9 5.5 19.6 19.8 2 20.2 

Total Office of Civilian Radioactive Waste Management 

Operating cx pense 8.6 0.5 1.6 1.2 1.2 1.2 1.2 1.2 
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Table 10.5 
(continued) 

FISCAL YEAR 

1991 1992 1993 1994 1995 1996 1997 1398 

Technical personnel 10.7 8.7 5.1 3.9 18.0 18.2 18.4 18.6 
Other direct personnel 3.7 3.4 2.8 1.6 1.6 1.6 1.6 1.6 

Total direct personnel 114.4 12.1 7.9 5.5 19.6 19.8 20.0 20.2 

Assistant Secretary for Defense Programs 

GB-Weapons Activities 

Operating expense 0.0 0.2 

Technical personnel 1.3 1.2 
Other direct personnel 0.0 0.0 

Total direct personnel 1.3 1.2 

GI)-Nuclear Safeguards and Security 

Operating expense 0.5 0.3 
Capital equipment 0.1 0.1 

Total program funding 0.6 0.4 

Technical personnel 2.4 2.0 
Other direct personnel 0.0 0.0 

Total direct personnel 2.4 2.0 

0.5 0.5 0.5 0.5 0.5 0.5 

2.6 2.7 2.7 2.7 2.7 2.7 
0.0 0.0 0.0 0.0 0.0 0.0 

2.6 2.7 2.7 2.7 2.7 2.7 

0.4 0.4 0.4 0.4 0.4 0.4 
0.1 0.1 0.1 0.1 0.1 0.1 

0.5 0.5 0.5 0.5 0.5 0.5 

2.2 2.0 2.0 2.0 2.0 2.0 
0.0 0.0 0.0 0.0 0.0 0.0 

2.2 2.0 2.0 2 .o 2.0 2.0 

GE-Materials Production 

Operating expense 6.6 10.4 11.5 10.6 10.6 10.6 10.6 10.6 
Capital equipment 0.3 0.3 1.7 1.9 2.0 2.1 2.2 2.3 

Total program funding 6.9 10.7 13.2 12.5 12.6 12.7 12.8 12.9 

Proposed construction 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0 

Technical personnel 36.9 55.0 63.5 56.3 56.3 56.3 56.3 56.3 
Other direct personnel 0.5 3.5 2.8 3.8 3.8 3.5 3.8 3.8 

Total direct personnel 37.4 58.5 66.3 60.1 60.1 60.1 60.1 60.1 

Total Assistant Secretary for Defense Programs 

Operating expense 7.1 10.9 12.4 11.5 11.5 11.5 11.5 11.5 
Capital equipment 0.4 0.4 1.8 2.0 2.1 2.2 2.3 2.4 

Total program funding 7.5 11.3 14.2 13.5 13.6 13.7 13.8 13.9 
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Table 10.5 
(continued) 

............................................................................................................................. 
1997 -. 1992 1993 ....................... ....................... 

............................... 

1991 
~ ......................... .-. 

Proposed construction 0.0 0.0 1.1 0.0 0.0 0.0 0.0 

Technical personnel 40.6 58.2 68.3 61.0 61.0 61.0 61.0 
Other direct personnel 0.5 3.5 2.8 3.8 3.8 3.8 3.8 

Total direct personnel 41.1 61.7 71.1 64. 4. 

Assistant Secretary for Conservation a i d  Renewable Energy 

AK-Electric Energy Systems 

Operating expense 7.2 9.8 11.0 12.6 12.6 12.6 12.6 
Capital equipment 0.3 0.3 0.5 0.3 0.3 0.3 0.3 

Total program funding 7.5 10.1 11.5 1%. 12.9 12.9 12. 

Technical personnel 17.7 24.7 28.4 31.2 31.2 31.2 31.2 
Othcr ciircct personnel 0.9 0.1 0.4 0.4 0.4 0.4 0.4 

Total direct personnel 1 28. 31. 31,6 31. 31. 

AL-Energy Storage Systems 

Operating expense 1.2 0.8 0.2 0.0 0.0 0.0 0.0 

Technical pcrsonncl 1.6 1.8 0.7 0.0 0 .o 0 .0 0.0 
Other direct personnel 0.0 0 . 7  0.0 0.0 0.0 0.0 0.0 

Total direct personnel 1. 2.5 0.7 0.0 0.0 0.0 0.0 

i\hl---Ge o t h e rma 1 Energy 

Operating expense 4.7 0.4 0.4 0.4 0.4 0.4 0.4 

Tcchiiical personnel 1.7 3.7 4.1 2.4 2 .a 2.4 2.4 
Other direct personnel 0.0 0.1 0.0 0.0 0.0 0.0 0.0 

Total direct personnel 1.7 3.8 4.1 2.4 2,4 2.4 

CE--I Iytlropower 

Operating expense 0.2 0.3 0.3 0.3 0.3 0.3 0.3 

Technical personnel 0.6 0.6 1 .o 1.0 1 .o 1 .o 1 .o 
0 t h -  direct personnel 0.0 0.2 0.2 0.2 0.2 0.2 0 . 2  

Total direct personnel 0.6 0.8 1.2 1.2 1-2 1.2 %,a 

1998 

0.0 

61.0 
3.8 

12.6 
0.3 

12.9 

31.2 
0.4 

31.6 

0.0 

0.0 
0.0 

0.8 

0.4 

2.4 
0.0 

2.4 

0.3 

1.0 
0.2 

1.2 
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Table 10.5 
(continued] 

FISCAL YEAR 

1991 1992 1993 1994 1995 1 9 s  1997 1998 
~ 

.. . 

EB-Solar Energy 

Operating expense 
Capital equipment 

Total program funding 

Technical personnel 
Other direct personnel 

Total direct personnel 

EC-Buildings Sector 

Operating expense 
Capital equipment 

Total prograni funding 

Tcchnical personnel 
Other direct personnel 

Total direct personnel 

El)-Industrial Sector 

Operating expense 
Capital equipment 

Total program funding 

Technical personnel 
Other direct personnel 

Total direct personnicl 

EE-Transportation Sector 

Operating expense 
Capital equipment 

Total program funding 

Technical personnel 
Other direct personnel 

Total direct personnel 

4.5 
0.1 

4.6 

10.6 
0.2 

10.8 

14.1 
0.3 

14.4 

29.0 
1.1 

30.1 

1.9 
0.0 

1.9 

6.8 
0.0 

6.8 

18.9 
1.7 

20.6 

39.9 
0.7 

40.6 

4.5 
0.1 

4.6 

10.7 
0.1 

10.8 

11.1 
0.9 

12.0 

35.4 
1.0 

36.4 

s.5 
0.4 

8.9 

31.4 
0.0 

31.4 

22.3 
2.0 

24.9 

55.2 
0.1 

55.3 

6.0 
0.1 

6.1 

11.1 
0.4 

P 1.5 

12.6 
0.7 

13.3 

39.4 
0.6 

40.0 

11.5 
0.8 

612.3 

37.7 
0.0 

37.7 

28.5 
1.9 

30.4 

59.4 
0.2 

$9.6 

6.3 
0.1 

6.4 

10.5 
0.5 

11.0 

17.0 
0.9 

17.9 

45.9 
0.7 

46.6 

12.5 
0.9 

13.4 

38.9 
0.0 

38.9 

35.2 
2.6 

37.8 

68.8 
0.2 

69.0 

6.3 
0.1 

6.4 

10.5 
0.5 

11,o 

17.0 
0.9 

17.9 

45.9 
0.7 

46.6 

12.5 
0.9 

13.4 

38.9 
0.0 

38.9 

34.0 
2.4 

36.4 

68.8 
0.2 

69.0 

6.3 
0.1 

6.4 

10.5 
0.5 

11.0 

17.0 
0.9 

17.9 

45.9 
0.7 

46.6 

12.5 
0.9 

13.4 

38.9 
0.0 

38.9 

42.0 
2.7 

44.7 

68.8 
0.2 

69.0 

6.3 
0.1 

6.4 

10.5 
0.5 

11.0 

17.0 
0.9 

17.9 

45.9 
0.7 

46.6 

12.5 
0.9 

13.4 

38.9 
0.0 

38.9 

50.0 
3.0 

53.0 

68.8 
0.2 

69.0 

6.3 
0.1 

6.4 

10.5 
0.5 

11.0 

17.0 
0.9 

17.9 

45.9 
0.7 

46.6 

12.5 
0.9 

13.4 

38.9 
0.0 

38.9 

58.0 
3.0 

61.0 

68.8 
0.2 

69.0 
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Table 10.5 
(continued) 

FISCAL YEAR 

1991 1992 1993 1994 199s 1996 
..... . . . . . . . .. . ... . ... . . . . . . . . 

...... ~. 
........ ~ ...... ~.~ 

EF-Technical and Financial Assistance 

Operating expense 2.0 2.4 1.0 1 .0 1.0 1.0 

Technical personnel 4.5 3.6 3.4 3.1 3.1 3.1 
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 

Total direct personnel 4.5 3.6 3. 3. f 3.1 3.1. 

EG-Multi-Sector 

Operating expensc 5.8 0.0 0.0 0.0 0.0 0.0 
Capital equipment 0.3 0.0 0.0 0.0 0.0 0.0 

Total program funding 0.0 0.8 9.6 0.8 0.0 

Technical personnel 15.5 0.0 0.0 0.0 0.0 0.0 
Other direct personnel 0.5 0.0 0.0 0.0 0.0 0.0 

Total direct personnel 16.0 0.9 0. 8.0 6.4) 6.0 

EK----Utility Sector 

Operating expense 0.0 1.1 0.9 0.9 0.9 0.9 

Total personnel 0.0 4.0 3.7 3.2 3.2 3.2 
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 

Total direct personnel 0.Q 4. 3.7 3.2 3. 3.2 

Total Assistant Secretary for Conservation and Kencwable Energy 

Operating expense 60.5 61.8 72.4 86.2 85.0 93.0 
Capital equipment 2.7 3.7 4.0 4.8 4.6 4.9 

Total program funding 63.2 65.5 76.4 91.0 "6 97.9 

Technical personnel 127.9 171.1 188.9 20.5.0 205.0 205.0 
Other direct personnel 3.4 2.3 1.8 2.0 2.0 2.0 

Total direct pcrsonnel 131.3 173.4 190.7 207.0 287.0 2 

1997 1998 

1.0 

3.1 
0.0 

3.1 

0.0 
0.0 

0.0 

0.0 
0.0 

0.8 

0.9 

3.2 
0.0 

3.2 

101.0 
5.2 

205.0 
2.0 

207.8 

1.0 

3.1 
0.0 

3.1 

0.0 
0.0 

0.0 
0.0 

0.0 

0.9 

3.2 
0.0 

3. 

109.0 
5.2 

1 f4.2 

205.0 
2.0 

207.6 
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Table 10.5 
(continued) 

FISCAL YEAR ................................................................................................................................................ 
I991 1992 1993 1994 1995 1996 1997 1998 

_____- 

Assistant Secretary for Fossil Energy 

AA--COd 

Operating expense 
Capital equipment 

Tot.al program funding 

Technical personnel 
Other direct personnel 

Total direct personnel 

AC-Petroleum 

Operating expense 

Technical personnel 
Other direct personnel 

Total direct personnel 

5.9 6.1 5.8 10.5 10.5 10.5 10.5 
0.0 0.1 0.1 0.1 0.1 0.1 0.1 

5.9 10.6 10.6 10.6 10.6 5.9 6.2 

13.4 17.3 17.4 22.6 22.6 22.6 22.6 
0.3 0.0 0.1 0.1 0.1 0.1 0.1 

13.7 17.3 17.5 22.7 22.7 22.7 22.7 

0.1 0.0 0.1 0.1 0.1 0.1 0.1 

0.0 0.4 0.3 0.3 0.3 0.3 0.3 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.4 0.3 0.3 0.3 0.3 0.3 

AZ-Innovative Clean Coal Technology 

Operating expense 0.5 

Technical personnel 2.2 
Other direct personnel 0.0 

Total direct personnel 2.2 

SA-Strategic Petroleum Reserve 

Operating expense 0.3 

Technical personnel 1.5 
Other direct personnel 0.0 

Total direct personnel 1.5 

0.4 

3.8 
0.0 

3.0 

0.4 

2.4 
0.0 

2.4 

0.6 

4.1 
0.0 

4.1 

0.4 

2.2 
0.0 

2.2 

10.5 
0.1 

10.6 

22.6 
0.1 

22.7 

0.1 

0.3 
0.0 

0.3 

0.7 0.7 0.7 0.7 0.7 

2.9 2.9 2.9 2.9 2.9 
0.0 0.0 0.0 0.0 0.0 

2.9 2.9 2.9 2.9 2.9 

0.4 0.4 0.4 0.4 0.4 

2.1 2.1 2.1 2.1 2.1 
0.0 0.0 0.0 0.0 0.0 

2.1 2.1 2.1 2.1 2.1 
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(contirtued) 

........................................................... .................................................................................... 

.... .... . . . . . . . . . . . . . . . . . . 
.. . ....... . . .. . . . . . . .. . . - 

Total Assistant Secretary for Fossil Eiiergy 

0per;iting expense 6 8  6.9 6.9 11.7 11.7 
Capital equipment 0.0 0.1 0.1 0.1 0.1 

Total program funding 6. 9.6 7.0 a x .  11. 

Technical personnel 17.1 23.9 24.0 27.9 27 9 
Other direct personnel 0.3 0.0 0.1 0.1 0.1 

Total direct personnel 17.4 23. 

Assistant Secretary for Environment, Safety, and IIealth 

IlA-Environrnen tal Research and Development 

Operating expense 
Capital equipmcnt 

Total program funding 

'Technical pcrsonnel 
Other direct personnel 

Total dircct personnel 

I IR-hpidcniialogic i\ctivitics 

Operating expense 

reehnieal personnel 
Other direct personncl 

Total t i i r w t  personncl 

7.5 
0.0 

7.5 

24.9 
0.3 

25.2 

0 . 2  

0 . 2  
0.0 

0.2 

11S-Off"iee of Security Evaluations 

Operating expense 0.1 

Technical personnel 0.0 
Other direct personnel 0.4 

Total direct personnel 111, -4 

7.1 
0.0 

7.1 

28.4 
0.2 

0.0 

0.4 
0.0 

0.4 

0.1 

0.0 
0.5 

8. 

7.4 
0.1 

7 5  

26.3 
0.2 

0.0 

0.0 
0.0 

8.8 

0.1 

0.0 
0.6 

a6 

7.5 
0.1 

7.6 

23.7 
0 . 2  

23.9 

0.0 

0.0 
0.0 

Om8 

0.1 

0.0 
0.5 

0.5 

7.5 
0.1 

7.6 

23 7 
0 .2  

2&9 

0.0 

0.0 
0.0 

QA 

0.1 

0.0 
0 .5  

Om% 

11.7 
0.1 

11. 

27.9 
0.1 

28.6 

7.5 
0.1 

7.6 

23.7 
0.2 

23.9 

0.0 

0.0 
0.0 

0.6 

0.1 

0.0 
0.5 

0.5 

11.7 
0.1 

27.9 
0.1 

7.5 
0.1 

1.6 

23.7 
0.2 

23, 

0.0 

0.0 
0.0 

0.0 

0.1 

0.0 
0.5 

8.5 

11.7 
0.1 

a1J3 

27.9 
0.1 

7.5 
0.1 

7.6 

23.7 
0.2 

23.9 

0.0 

0.0 
0.0 

0-0 

0.1 

0.0 
0.5 

8.5 



Table 10.5 
(continued) 

FISCAL YEAR 

1995 1996 
I.-.__. __  1994 

..... 1992 1993 
._______ 

1991 
_. 

... 

Total hssistant Secretary for Environment, Safety, and Ilealth 

___ 1997 1998 

Operating expense 7.8 7.2 7.5 7.6 7.6 7.6 
Capital equipment 0.0 0.0 0.1 0.1 0.1 0.1 

7.6 7.6 
0.1 0.1 

Total program funding 7.8 7.2 7.6 7.7 7.7 7.7 7.7 7.7 

Technical personnel 25.1 28.8 26.3 23.7 23.7 23.7 
Other direct personnel 0.7 0.7 0.8 0.7 0.7 0.7 

23.7 23.7 
0.7 0.7 

Total direct personnel 25.8 29.5 27.1 24.4 24.4 24.4 24.4 24.4 

National Energy Information System 

Til-National Energy Informat ion System 

Operating expense 0.9 0.8 0.8 0.9 0.9 0.9 0.9 0.9 

Technical personnel 2.4 2.8 2.8 2.7 2.7 2.7 
Othcr direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 

2.7 2.7 
0.0 0.0 

Total direct personnel 2.4 2.8 2.8 2.7 2.1 2.7 2.7 2.7 

Total Energy Information Adniinistration 

Operating expense 0.9 0.8 0.8 0.9 0.9 0.9 0.9 0.9 

Tcchnicnl personnel 2.4 2.8 2.8 2.7 2.7 2.7 
Othcr direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 

2.7 2.7 
0.0 0.0 

Total direct personnel 2.4 2.8 2.8 2.7 2.7 2.7 2.7 2.7 

Office of Administration and Ilumnu Resource Management 

WILIu-House Encrgy Managetnent 

Operating expc nse 0.4 0.1 0.2 0.2 0.2 0.2 
Construction 1.0 0.0 0.0 0.0 0.0 0.0 

0.2 0.2 
0.0 0.0 

Total program funding 1.4 0.1 0.2 0.2 0.2 0.2 0.2 0.2 

Technical personnel 0.0 0.0 0.0 0.0 0.0 0.0 
Other direct personnel 0.2 1.3 0.3 0.3 0.3 0.3 

0.0 0.0 
0.3 0.3 

Total direct pcrsonncl 0.2 1.3 0.3 0.3 0.3 0.3 0.3 0.3 
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- - - - - 
Table 10. 

(continued) 

FISCAL YEAR 

1991 1992 1993 1994 1995 1996 1997 1998 

.................... ........................................................................................................................... 

Total Office of Administration and Human Resource Management 

Operating expense 0.4 0.1 0.2 0.2 0.2 0.2 0.2 
Construction 1.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.2 
0.0 

0.2 Total program funding 1.4 0.1 0.2 0.2 0.2 0.2 .2 

Technical personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Other direct personnel 0.2 1.3 0.3 0.3 0.3 0.3 0.3 

0.0 
0.3 

Total direct personnel 0.2 1.3 0.3 0.3 0.3 0.3 0.3 0.3 

Office of Policy, Planning, and Analysis 

PE----Policy, Planning, and Analysis 

Operating expense 2.1 2.5 2.4 2.7 2.7 2.7 2.7 2.7 

Technical personnel 6.8 7.0 8.6 8.2 8.2 8.2 8.2 
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

8.2 
0.0 

Total direct personnel 6.8 7.0 8.6 8.2 8.2 8.2 8.2 .2 

Total Office of Policy, Planning, and Analysis 

Operating expense 2.1 2.5 2.4 2.7 2.7 2.7 2.7 2.7 

Technical personnel 6.8 7.0 8.6 8.2 8.2 8.2 8.2 
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

8.2 
0.0 

8.2 Total direct personnel 6.8 7.0 B.6 8.2 8.2 

Federal Energy Regulatory Commission 

VK-Federal Energy Regulatory Commission 

Operating expense 0.6 2.1 2.4 1.6 1.6 1.6 1.6 1.6 

Technical personnel 2.4 9.2 11.6 7.9 7.9 7.9 7.9 
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

7.9 
0.0 

Total direct personnel 2.4 9.2 11.8 7.9 7.9 7.9 7.9 7.9 

Total Federal Energy Regulatory Commissiori 

Operating expense 0.6 2.1 2.4 1.6 1.6 1.6 1.6 1.6 
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TaMe 10.5 
(continued) 

FISCAL YEAR 

1991 1992 1993 1994 1995 1996 1997 1998 
.... ........................................................................................................................................... 

-. 

Technical personnel 2.4 9.2 11.6 7.9 7.9 7.9 7.9 7.9 
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total direct personnel 2.4 9.2 11.6 7.9 7.9 7.9 7.9 7.9 

Assistant Secretary for International Affairs and Energy Emergencies 

NR-Emergency Preparedness 

Operating expense 0.1 0.1 0.3 0.3 0.3 0.3 0.3 0.3 

Technical personnel 0.2 0.6 1.1 1.2 1.2 1.2 1.2 1.2 
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total direct personnel 0.2 0.6 1.1 1.2 1.2 1.2 1.2 1.2 

Total Assistant Secretary for International Affairs and Energy Emergencies 

Operating expense 

Technical personnel 
Other direct personnel 

Total direct personnel 

NS-Office of Nuclear Safety 

Operating expense 

Technical personnel 
Other direct personnel 

Total direct personnel 

Total Office of Nuclear Safety 

Operating expense 

Technical personnel 
Other direct personnel 

Total direct personnel 

0.1 

0.2 
0.0 

0.2 

0.1 

0.0 
0.0 

0.0 

0.1 

0.0 
0.0 

0.0 

0.1 0.3 0.3 

0.6 1.1 1.2 
0.0 0.0 0.0 

0.6 1.1 1.2 

Office of Nuclear Safety 

0.2 0.3 0.3 

1.1 1.7 1.7 
0.0 0.0 0.0 

1.1 1.7 1.7 

0.2 0.3 0.3 

1.1 2.7 1.7 
0.0 0.0 0.0 

1.1 1.7 1.7 

0.3 0.3 0.3 0.3 

1.2 1.2 1.2 1.2 
0.0 0.0 0.0 0.0 

1.2 1.2 1.2 1.2 

0.3 0.3 0.3 0.3 

1.7 1.7 1.7 1.7 
0.0 0.0 0.0 0.0 

1.7 1.7 1.7 1.7 

0.3 0.3 0.3 0.3 

1.7 1.7 1.7 1.7 
0.0 0.0 0.0 0.0 

1.7 1.7 1.7 1.7 
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(continued) 

...................................................... ......................................................................................... 
J. 1992 1 

Office of Environmental Restoration and Waste Management 

ELl'---Environmental Restoration and Waste Mana$ement-----H)e~~~se 

Operating expense 8.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Capital equipment 0.7 3.5 0.0 0.0 0.0 0.0 0.0 0.0 

i'otal program funding 9.3 4 5  orno 6.6 0,QJ 8.8 0.0 0.0 

Technical personnel. 24.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Other direct personnel 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total direct personncl. 24. 0.0 6.0 0,o 8,O 0.0 0.0 0.6 

EX- -Environimeiital Restoration and Waste Management-Nondefense 

Operating expense 5.2 12 5 0.0 0.0 0.0 0.0 0.0 0.0 
Capital equipment 0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 

Total program funding 5.7 13.0 0.0 0.6 0.0 0.0 0.0 0.0 

Technical personnel 3.0 29.3 0.0 0.0 0.0 0.0 0.0 0.0 
Other direct personnel 0 . 3  1.5 0.0 0.0 0.0 0.0 0.0 0.0 

Total direct personnel 3.4 3 0.0 0.19SI 0.0 0.0 8.8 8.6 

Landlord 

Operating expense 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
General-purpose equipment 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
(kncral plant projects 6.1 7.7 0.0 0.0 0.0 0.0 0.0 0.0 

construction 

Total program funding 9.1 7.9 6.0 a0 0.0 6.0 0.0 

Proposed construction 0.0 0.0 7.0 0.0 0.0 0.0 0.0 0.0 

Technical personnel 
Other direct personnel 

'Total direct personnel 6.0 6,8 0.8 6Dg6 8.8 0.0 8.0 0.0 
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Table 10.5 
(continued) 

FISCAL YEAR 

1991 1992 1993 1994 1995 1996 
..... ~ . .. .. . . .. 

Total Office of Environmental Rcstoration and Waiastc Management 

1997 
.... 

1998 

Operating expense 13.5 12.5 0.0 0.0 0.0 0.0 
Capital equipment 4.2 S.O 0.0 0.0 0.0 0.0 
Construction 6.1 7.7 0.0 0.0 0.0 0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

Total program funding 24.1 25.2 0.0 0.0 0.0 0.0 0.0 0.0 

Proposed construction 0.0 0.0 7.0 0.0 0.0 0.0 0.0 0.0 

Teelinicnl personnel 27.2 29.3 0.0 0.0 0.0 0.0 
Other direct personnel 1.0 1.5 0.0 0.0 0.0 0.0 

0.0 
0.0 

0.0 
0.0 

Total direct personnel 28.2 30.8 0.0 0.0 0.0 0.0 0.0 0.0 

DOE Funding, from Energy Systems (:cntr;il Organizations 

CD-IJranium Enrichment 

Operating expense 2.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Technical personnel 5.5 0.0 0.0 0.0 0.0 0.0 
Other direct personnel 2.1 0.0 0.0 0.0 0.0 0.0 

0.0 
0.0 

0.0 
0.0 

0.0 0.0 Total dircct personnel 7.6 0.0 .o 0.0 0.0 0.0 

E~ri-Environmental Restoration and Waste Mana~cment----13efecnse 

Operating expense 43.0 35.7 128.4 117.5 117.5 117.5 
Capital equipment 0.0 0.2 0.3 0.0 0.0 0.0 

117.5 
0.0 

117.5 
0.0 

117.5 117.5 Total program futiding 43. .7 1173 117.5 117.5 

Technical personnel 167.8 184.2 270.4 284.8 284.8 284.8 
Other direct personnel 18.3 44.1 30.4 109.7 109.7 109.7 

284.5 
109.7 

284.8 
109.7 

394.5 394.5 Total direct personnel 186.1 22 3 394. .5 394.5 

EX-Environmental Restoration a i d  Wasre: Mana~~!emcnt-NoIidefense 

Operating, expense 12.7 20.5 90.6 121.4 121.4 121.4 
Construction 8.5 0.0 0.0 0.0 0.0 0.0 

121.4 
0.0 

121.4 
0.0 

Toral program funding 25.2 20.5 90.6 321.4 121.4 121.4 121.4 121.4 



Table 10.5 
(continued) 

1993 1998 
. . . . . . . .. ... ... .... ..._____ 

1992 1993 19 199s 1996 
~ 

~~ . . ........... . ... 1991 
~ 

___ 

Techtiical personnel 101.3 126.3 89.2 127.6 127.6 127.6 123.6 127.6 
Other direct personnel 4.3 14.3 27.4 15.6 15.6 15.6 15.4 15.6 

Total direct personnel 105.6 140.6 116.6 143.2 143.2 143.2 143.2 143.2 

Total DOE Funding from Energy Systems Central Organizations 

Operating expense 
Capital equipment 
Construction 

Total program funding 

Technical personnel 
Other direct personnel 

Total direct personnel 

Subtotal-DOE Programs 

Operating expense 
C a p i d  equipment 
Construction 

Total program funding 

Proposed construction 

Technical personnel 
Other direct personnel 

Total direct personnel 

58.2 
0.0 
8.5 

66.7 

274.6 
24.7 

299.3 

363.0 
20.6 
34.0 

417.6 

0.0 

1361.3 
126.1 

1487.4 

116.2 
0.2 
0.0 

116. 

310.5 
58.4 

36 

462.4 
28.1 
21.6 

512.1 

0.0 

1553.4 
224.2 

1777.6 

DOE Contractors and Operations Office 

Operating expense 22.6 21.0 
Capital equipment 0.0 0.2 

Total program funding 22.6 21.2 

Technical personnel 
Other direct personnel 

89.4 
11.8 

Total direct personnel 0.0 101.2 

219.0 
0.3 
0.0 

219.3 

359.6 
117.8 

477.4 

684.6 
43.9 

0.0 

32.0 

1998.7 
349.3 

29.7 
3.0 

32.7 

89.2 
14.4 

103.6 

238.9 238.9 238.9 238.9 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

23 

412.4 412.4 412.4 412.4 
125.3 125.3 125.3 125.3 

37.7 537.7 

759.9 758.8 766.9 775.0 
46.4 48.0 46.7 47.1 
0.0 0.0 0.0 0.0 

105.3 167.3 246.5 434.9 

2070.4 2084.9 2085.4 2086.1 
347.1 347.1 347.1 347.2 

24 2433.3 

29.3 29.3 29.3 29.3 
2.0 2.0 2.0 2.0 

31.3 3f.3 311.3 31.3 

82.6 52.6 82.6 82.6 
14.3 14.3 14.3 14.3 

96. 6.9 96.9 9 

238.9 
0.0 
0.0 

.9 

412.4 
125.3 

37.7 

753.0 
41.2 
0.0 

838.2 

685.6 

2086.7 
347.2 

2433.3 

29.3 
2.0 

31.3 

82.6 
14.3 

.9 
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Table 10.5 
(continued) 

FISCAL YEAR .............................................................................................................................................. 
1997 1998 1991 1992 1993 1994 1995 1996 . 

.__.___I- 
.___ I...____ ....... 

Total DOE Programs 

Operating expense 385.6 
C.2pital equipment 20.6 
Construction 34.0 

Total program funding 440.2 

Proposed construction 0.0 

Technical personnel 1361.3 
Other direct personnel 126.1 

Total direct personnel 1487.4 

483.4d 714.3d 7 8 9 2  788.1 796.2 804.3 
28.3 46.9 48.4 50.0 48.7 49.1 
21.6 0.0 0.0 0.0 0.0 0.0 

533.3d 7’61.2d 837.Sd 838.1 844.9 853.4 

0.0 32.0 105.3 167.3 246.5 434.9 

1642.5 2087.9 2153.0 2167.5 2168.0 2168.7 
236.0 363.7 361.4 361.4 361.4 361.5 

1878.8 2451.6 2514.4 2528.9 2529.4 2530.2 

Work for Othcrs 
Fccleral Organizations 
Nuclear Regulatory Commission 

Operating expense 
Capital equipment 

Total Program 

Technical personnel 
Other direct personnel 

Total direct personnel 

Departnncnt of Defense 

Opcr ating expensc 
Capital equipnient 

Total prograni funding 

‘l’echnical personnel 
Other direct personnel 

Total direct personnel 

18.3 
0.2 

18.5 

56.1 
14.9 

71.0 

51.2 
2.1 

53.3 

139.3 
11.2 

150.5 

20.4 19.7 19.7 19.7 19.7 19.7 
0.3 0.3 0.3 0.3 0.3 0.3 

20.7 20.0 20.0 20.0 20.0 20.0 

68.7 60.7 53.5 59.5 59.5 59.5 
10.3 9.5 9.1 9.7 9.1 9.1 

79.0 70.2 68.6 68.6 68.6 68.6 

32.2 40.8 48.0 48.3 48.3 48.3 
2.1 2.2 2.2 2.2 2.2 2.2 

34.3 43.0 50.5 50.5 50.5 50.5 

151.3 137.7 165.4 165.4 165.4 165.4 
20.3 13.2 12.1 12.1 12.1 12.1 

171.6 150.9 177.5 177.5 177.5 177.5 

812.3 
49.2 
0.0 

861.5 

68S.6 

2169.3 
361.5 

2530.8 

19.7 
0.3 

2a.0 

59.5 
9.1 

68.6 

48.3 
2.2 

50.5 

165.4 
12.1 

177.5 
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Table 10.5 
(continued) 

FECAL YEA .............................................................................................................................................. 
... 1991 1992 1993 1994 1995 1996 1997 1998 ..... ............ ____.._ .--__I ...... ........ ___ ............ ~ 

____ 

National Aeronautics and Space Administration 

Operating expense 5.5 5.9 5.0 13.0 13.0 13.0 13.0 13.0 

Technical personnel 13.7 18.5 19.1 34.0 34.0 34.0 34.0 34.0 
Other direct personnel 0.3 8.5 20.0 5.2 5.2 5.2 5.2 5.2 

Total direct personnel 14.0 27.0 39.1 39.2 39.2 39.2 39.2 39.2 

Department of Health and Human Services 

Operating expense 5.1 4.8 6.6 6.7 6.7 6.7 6.7 6.7 
Capital equipment 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Total program 5.2 4.9 6.7 6.8 6.8 6.8 6.8 6.8 

Technical personnel 21.2 29.6 27.5 26.3 26.3 26.3 26.3 26.3 
Other direct personnel 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Total direct personnel 21.5 29.8 27.7 26.5 -5 26.5 26.5 26.5 

Environmental Protection Agency 

Operating expense 2.4 1.2 2.9 3.1 3.1 3.1 3.1 3.1 

Technical personnel 12.9 14.0 16.5 16.4 16.4 16.4 16.4 16.4 
Other direct personnel 0.8 0.4 0.5 0.6 0.6 0.6 0.6 0.6 

Total direct personnel 13.7 14.4 19.1 17.0 17.0 17.0 17.0 17-0 

National Science Foundation 

Operating expense 1.1 0.8 0.2 0.2 0.2 0.2 0.2 0.2 

Technical personnel 1.5 1.3 1 .a 0.9 0.9 0.9 0.9 0.9 
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total direct personnel 1 .s 1.3 1 .4 0.9 0.9 0.9 0.9 0.9 

Federal Emergency Management Agency 

Operating expense 2.5 3.5 4.2 3.4 3.4 3.4 3.4 3.4 

Technical personnel 6.1 13.5 16.0 18.3 18.3 18.3 18.3 18.3 
Other direct personnel 0.8 1.0 0.9 0.9 0.9 0.9 0.9 0.9 

Total direct personnel 6.9 14.5 16.9 19.2 19.2 19.2 19.2 19.2 
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Table 10.5 
(continued) 

FISCAL YEAR 

1991 1992 1993 1994 1995 1996 1997 1998 
- 

Agency for International Development 

Operating expense 0.8 

Technical personnel 2.8 
Other direct personnel 0.0 

Total direct personnel 2.8 

Other Federal Agencies 

Operating expense 4.6 
Capi t a1 equipment 0.4 

Total program funding 5.0 

Other direct personnel 1.2 
Technical personnel 26.2 

Total direct personnel 27.4 

Nonfederal Organizations 
Electric Power Research Institutc 

Operating expense 

Teclznical personnel 
Other direct personnel 

Total direct personnel 

Other Nonfederal Agencies 

Operating expense 

Technical personnel 
Other direct personnel 

Total direct personilel 

Total Work for Other# 

Operating expcnse 
Capital equipment 

Total program funding 

2.7 

9.2 
0.8 

10.0 

5.8 

14.0 
1.4 

15.4 

100.0 
2.8 

102.8 

0.7 

5.2 
0.0 

5.2 

(2.2)b 
0.6 

(1.6)' 

18.0 
1.8 

19.8 

1.1 

9.9 
1.3 

11.2 

2.4 

16.4 
0.6 

17.0 

70.8 
3.1 

73.9 

0.8 

3.8 
0.0 

3.8 

3.2 
0.7 

3.9 

21.5 
2.2 

23.7 

2.0 

8.1 
0.4 

8.5 

2.5 

12.6 
0.0 

12.6 

87.9 
3.3 

91.2 

0.8 

3.6 
0.0 

3.6 

2.6 
0.7 

3.3 

12.3 
2.2 

14.5 

1.8 

6.1 
0.3 

6.4 

1.1 

7.5 
0.0 

7.5 

100.7 
3.3 

104.0 

0.8 

3.6 
0.0 

3.6 

2.6 
0.7 

3.3 

12.3 
2.2 

14.5 

1.8 

6.1 
0.3 

6.4 

1.2 

7.5 
0.0 

7.5 

100.8 
3.3 

104.1 

0.8 

3.6 
0.0 

3.6 

2.6 
0.7 

3.3 

12.3 
2.2 

14.5 

1 .s 

6.1 
0.3 

6.4 

1.2 

7.5 
0.0 

7.5 

100.8 
3.3 

104.1 

0.8 

3.6 
0.0 

3.6 

2.6 
0.7 

3.3 

12.3 
2.2 

14.5 

1.8 

6.1 
0.3 

6.4 

1.2 

7.5 
0.0 

7.5 

100.8 
s.3 

104.1 

0.8 

3.6 
0.0 

3.6 

2.6 
0.7 

3.3 

12.3 
2.2 

14.5 

1.8 

6.1 
0.3 

6.4 

1.2 

7.5 
0.0 

7.5 

100.8 
3.3 

104.1 
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1993 2995 1 

’l’echnical. personnel 
Other direct personnel 

Total direct personnel 

Total Program Resources 

Operating, expense 
Capital equipment 
Construction 

Total program funding 

Proposed construction 

Technical personnel 
Other direct personnel 

Total direct personnel 

303.0 346.4 324.9 350.3 350.3 350.3 350.3 350.3 
31.7 44.4 47.0 30.6 30.6 30.6 30.6 30.6 

371.9 3 0.9 3 

485.6 554.2 802.2 889.9 888.9 897.0 905.1 913.1 
2.1.4 31.4 50.2 51.7 53.3 52.0 52.4 52.5 
34.0 21.6 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 32.0 105.3 167.3 216.5 434.9 685.6 

1661.3 1989.2 2412 8 2.503.3 2.517.8 2518.3 2519.0 2519.6 
157.8 280.4 410.7 392.0 392.0 392.0 392.1 392.1 

“Inflation escalation factor for FY 1993 and FY 1994 is 1.0%. Figures for FY 1905 through FY 1998 are in constant FY 1994 dollars. 
BA in tahlcs is new BA requirenients as requested in the FY 1994 budget submission adjustcd to incorporate any interim guidance. Ncw 
RA is calculated by adding estimates of outstanding commitments and prefinancing to the t ~ t d  cost and ihcri suhtraciiug the prior-year 
uncosted hutlp,i:t. 

~rwuld h a w  hem 84.4 million. 
‘Parentheses contain negative aninunts; indicating a budgetary deobligation. Without the deobligation of $6 million, the amount of RA 

cIncluties general-purpose equipment or general plant projects hiding El-n~n K U  Program. 
dl)ata include sevcral field-work proposal proposed in 1994 budget submission to (:over Occupational Safety and Health 

‘Budget and manpowcr projections arc dependent on sales and revenues. 
-9oes not include 1X)E new production reactor (DOE-NP) funding via transfers from other DOE laboratories. 
CIncludcs Nuclear Kcgulatory Conimission. I n  addition, there are a few Work for Others projects that have ORNL stdf as principal 

Administration and other safety and health compliance needs. 

investigators, but part of tho funding i s  reported through the Y-12 and K-25 financial plans. 



Table 10.6 

(8 an rriillions-obliguted) 
Subcontracting and procuremat by ficul year 

1991 1992 1993 1994 

Universities 35.5 36.6 38.6 40.2 
All others 178.6 192.0 200.0 208.0 
Transfers to other 2.5 3.7 3.0 3.1 

DOE facilities 

Total external 216.6 232.3 241.6 25 1.3 
subcontracts 
and procurements 

Table 10.7 
Small and disadvuntaged business procurement 

by fiscal year 

1991 1992 

Total (,$ in millions-BA) 8.0 8.4 

Annual procurement (%) 5.2 5.2 
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AA 
ABET 
ADS 
AEOD 
AFM 
AIC 
AID 
ALERT 
ANT, 
ANS 
ART, 
ARM 
ATD 
ATF 
ATSDR 
€3&W 
BA 
BE8 
EPX 
BTESM 
BWIt 
C&TD 
C M  
CANDU 
CANS 
CUS 
C:-ClW 
CCS 
CCTP 
CDIAC 
CD-NS\VC 
CEF 
CERCLA 

CERN 
CERR 
CESAR 
CFC 
c; FRP 
CI IAMAAP 
CIS 
ClzlC 

affirmative action 
Accrediting b a r d  for Enginecring Technology 
activity data sheet 
Officc for Analysis and Evaluation of Operational Data 
atomic force microscope 
Advanced Industrial Concepts 
Agency for Intcrnational Development 
Associated Laboratories for Excellence in Radiation Technology 
Argorine National Laboratory 
Adv,ulced Neutron Source 
Army Research Laboratory 
atmosphcric radiation measurement 
Applied Technology Division 
Advanced Toroidal Facility 
Agency for Toxic Substmces and Uiscase Registry 
Babcock and Wilcox 
budget autlaorization 
Basic Energy Sciericcs 
Burning Plasma Experiment 
Building Thermal Envelope Systems and Materials 
boiling water reactor 
Computing and Telecominunications Division 
Center for Advanced Microstructural Analysis 
Canadian Deuterium-Uranium Keactor 
combination area neutron spectrometer 
Center for Uiological Sciences 
Coast Watch Change Analysis System 
Center for Computational Science 
Clean Coal Technology Program 
Carbon Dioxide Information Analysis Center 
Cardcrock Division-Naval Surface Warfare Center 
Critical Experiments Facility 
Comprehensive Environmental Response, Compensation, and 
Liability Act 
Conscil Europeen pour Recherche Nuclkaire 
Center for Excellence in Research Reactors 
Center for Enginecring Systems Advanced Research 
chlorinated fluorocarbon or chlorofluorocarbon 
Consolidated Fuel Reprocessing Program 
Chniputer IIardware, Advanced Matliernaties, and Model Physics 
Commonwealth of Independent States 
Ceramic Manufacturability Center 

A-5 



CORJXT 
C RADA 
CRAF 
CSAM 
c SPP 
CURE 
D&D 
D-T 
DAAC 
DARPA 
DC 
DNA 
DOD 
DOE 
D 0 E - €3 E S 
DOE-EM 

DOE-ER 
DOE-HQ 
DOE-ID 
DOE-NE 
DOE-NP 
DOE-OK 
L)OSrlR 
DOT 
ECA 

EDP 
EEO 
EEOIAA 
EGF 
EIA 
EIS 
ELSS 
EhlIC 
EPA 
EPRI 
ER 
ERLE 
ES&H 
ES&HC 
ESD 
ET1 
FC C SET 
F E U  
FHWA 
FIS 
W E  
FUSlWP 
FWP 
FY 
GDR 
GEM 
GEM 
GI,C NACM 
GPE 

ECAO-CIN 

Committee on Renewable Energy Commerce and Trade 
cooperative research and developnient agreement 
Comet Rendezvous Asteroid Flyby 
Center for Study of Advanced Materials 
Computer Systems Policy Project 
chemical unit record estimates 
decontamination and decommissioning 
deuterium-tritium 
data center for atmospheric trace gas cycling 
Defense Advanced Research Projects Agency 
direct cycle 
deoxyribonucleic acid 
U.S. Department of Defense 
U.S. Department of Energy 
U.S. Department of Energy, Office of Basic Energy Sciences 
U.S. Department of Energy, Office of Environmental Restoration arid 
Waste Managenlent 
U.S. Department of Energy, Energy Research 
U.S. Department of Energy Headquarters 
U.S. Department of Energy, Idaho Falls Field Office 
U.S. Department of Energy, Office of Nuclear Energy 
U.S. Department of Energy, New Production Reactors 
U S .  Department of Energy, Oak Ridge Field Office 
Dosimetry Applications Research 
U.S. Department of Transportation 
energy conversion area 
Environinental Criteria and hssessment Office in Cincinnati 
engineering development plan 
Equal Eniployment Cbpportuni ty 
Equal employment opportunity/affinnative action 
epidermal growth factor 
Energy Information Administration 
environmental impact statement 
environmental, life, and social sciences 
Environmental Mutagen Information Center 
U.S. Environmental Protection Agency 
Electric Power Research Institute 
environmental restoration 
Excess Research Laboratory Equipment 
environmental, safety, and health 
environmental, safety, and health compliance 
Environmental Sciences Division 
Education Technology Institute 
Federal Coordinating Council for Science, Energy, and Technology 
Federal Emergcncy Managenlent Agency 
Federal IIighway Administration 
fluoroimrnunosensor 
full-time equivalent 
Formerly Utilized Sites Remedial Action Project 
field-work proposal 
fiscal year 
giant dipole resonance 
gamma, electron, and muon 
Graduate Degrees for Minorities in Engineering, Inc. 
Great Lakes Colleges Associatiodhsociated Colleges of the Midwest 
general-purpose equipment 
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GPP 
GSF 
GWPO 
HASRI) 
HBCTJ 
HEAST 
HERMIES 
HFIK 
HGMIS 
HEIlKF 
HPRR 
HTGR 
HTMI, 
WAC 
IIWK 
LAC 
ICM 
INEL 
IN 
IW 
ITER 
JASPER 
JET 
LANI, 
LBL 
LDC 
LDRD 
LI 
LLLW 
LMK 
LWR 
M&O 
MAC 
MAPTIC 
ME1 
MHTGR 
MIKT 

MOT J 
MS&E 
MSC 
MTMC 

NASA 
NCA&TSU 
NCAR 
NCIIGR 
NCI 
NCMS 
NEPA 
NERC 
NGB 
NIC 
NICHHD 
NIEHS 
NIGMS 

MODII, 

m s r - c i P  

general plant project 
gross square feet 
Groundwater Program Office 
Health and Safety Research Division 
historically black colleges and universities 
Health Effects Assessnient Summary Tables 
Hostile Environment RoboticMachine Intelligence Experiment Series 
Hi#$ Flux Isotope Reactor 
Human Genome Man@ement Information System 
Holifield Heavy Ion Research Facility 
Health Physics Research Reactor 
high-temperature gas-cooled reactor 
High Temperature Materials Laboratory 
heating, ventilation, and air conditioning 
heavy-water reactor 
Information Analysis Center 
interim corrective mcasure 
Idaho National Engineering Laboratory 
Industrial Research Institute 
Installation Restoration Program 
International Thermonuclear Experimental Keactor 
Japanesdhcrican Shielding Program of Experimental Research 
Joint European Torus 
Los Namos National Laboratory 
Lawrence Berkeley Laboratory 
lesser developing countries 
Laboratory-Directed Research and Development 
line item 
liquid low-level waste 
liquid-metal reactor 
light-water reactor 
management and operating 
Military Airlift Command 
Manufacturing and Processing Technology Inteeation Center 
minority education institution 
modular high-temperature gas-cooled reactor 
minority institution research travel 
Manufacturing Operations Development and Integration Laboratory 
memorandum of understanding 
Materials Science and Engineering 
Military Sealift Command 
Military Traffic Mangenient Command 
Melton Valley Stor;@e Tank Capacity Incrcase Project 
National Aeronautics and Space Administration 
North Carolina A&T State University 
National Center for Atmospheric Research 
National Center for Human Genome Research 
National Cancer Institute 
National Center for Manufacturing Science 
National Environmental Policy Act 
NEPA Environmental Review and Compliance 
National Guard Bureau 
newly industrialized countries 
National Institute of Child Health and Human Development 
National Institute of Environmental Health Sciences 
National Institute of General Medical. Sciences 



NIII 
NIST 
NMR 
NMSS 
NPR 
NRC 
NRR 
NSF 
OCRWM 
OEA 
OGUI 
OHEA 
OHER 
ORAU 
ORDC 
OREIS 
ORELA 
OREN 
ORGSBS 
ORIC 
ORISE 
ORNL 
ORSOAR 
OKTA 
OSHA 
OTD 
OTT 
PALS 
PCA 
PCB 
PENDOS 
PEP 
PHENIX 
PICS 
PM-AMMOLOG 
PNC 
PPPL 
PSTM 
QA 
R&D 
RilDCAL 
Riw 
&WIC 
RCRA 

REUC 
RES 
RETF 
rf 
RMIC 
RI 
RIB 
RISP 
RMS 
ROW 
RSIC 
RTC 
S&H 

wKr 

National Institutes of Health 
National Institute for Standards and Technology 
nuclear magnetic resonance 
Nuclear Material Safety and Safeguards 
New Production Reactors 
Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
National Science Foundation 
Office of Civilian Rrzdioactive Waste Management 
Office of Eiivironmental Analysis 
Office of Guest and User Interactions 
EPA's Office of Health and Fnvirorirnental Assessment 
Office of Health and Environmental Research 
Oak Ridge Associated Universities 
Oak Ridge Detcctor Center 
Oak Ridge Environmental Information System 
Oak Ridge Electron Linear Accelerator 
Oak Ridge Educational Network 
Oak Ridgc Graduate School of Biomedical Sciences 
Oak Ridgc Isosynchronous Cyclotron 
Oak Ridgc Institute for Science and Education 
Oak Ridgc National Laboratory 
Oak Ridgc Synchrotron Organization for Aclvariced Research 
Office of Research and Technology Applications 
Occupational Safety and Health Administration 
Office of Technology Development 
Office of Technology Transfer 
Partners at the Laboratory in Science 
Pool Critical Assembly 
polychlorinated biphenyl 
personnel neutron dosimetedspectrometer 
powder evacuated panel 
Photon Electron New Heavy Ion Experiment 
Partnership in Computational Science 
Program manager, Offiet: for Ammunition Logistics 
Power Reactor and Nuclear Fuel Development Corporation (Japan) 
Princeton Plasma Physics Laboratory 
photon scanning tunneling microscope 
quality assurance 
research and development 
Radiation Calibration Laboratory 
Remedial Action Program 
Remedial Action Program Information Center 
Resource Consewation and Recovery Act 
renewable energy applications and training 
Radiochemical Engineering Development Center 
NRC Office of Nuclear Regulatory Research 
Kecyck Equipnient Test Facility 
radio frequency 
Relativistic I-Ieavy-Ion Collider 
remedial investigation 
radioactive ion beams 
Robotics and Intelligent Systems Program 
Recoil Mass Spcctrometer 
the rest of the world 
Radiation Shielding Information Center 
radioisotope thermoelectric generator 
safety and health 



S&M 
SACAM 
SAIIEI’ 
SARA 
SAS 
sc 
scss 
SDC 
SDI 
SDIO 

SEER 
SEI 
SEPFIR 
SEW 
SEKS 
SFMP 

SFUP 
SIIaKE 
SMACYCRC 

Smr) 

s i r  

S W T  
ssc 
STAR 
STEM 
STM 
STRIVE 
SUKA 
TAB 
TFTR 
TJRC 
TOP0 
TQM 
TRA 
TRU 
TSNT 
TSR 
TST 
TVA 
U M T W  
W l > A  
U. s. s. R. 
USTRANSCOM 
UT 
UTK 
W-13 
WAG 
wo 
WlYY 
WPP 
\yna 
WM RAD 
WIW 
WVNs 

surveillance and maintenance 
Saturday Academy of Computing and Mathematics 
Southern Association of High-Energy Physics 
Service Academies Research Associates 
Surveillance Data Base, Analysis, and Standardization 
steam cycle 
Sequence Coding arid Search System 
Solcnoidal Detector Collaboration 
Strategic Defensc Initiative 
Space Defense Initiative Organization 
Summer Educational Expericnce for the Disadvantaged 
Science Fducation and External Relations 
Space Exploration Initiative 
Science Education Programs and External Relations 
Sciencc and Engineering Research Scmestcr 
Surface-enhanced Ranian spectroscopy 
Surplus Facilities Management Project 
Super Fixed Target 
Strategic Facilities IJtilization Program 
Shared Research Equipment 
Surface Modification and CharaeterizaQion/CaUlaboratjve 
Research Center 
Science/Math Action for Revitalized Teachers 
Superconducting Super Collider 
Summer Teachers as Resources 
scanning transmission electron microscope 
scanning tunneling microscope 
Science Teachers’ Research for Vital Involvement 
Southeastern Univcrsities Research Association 
technology applications bulletin 
Tokmak Fusion Test Reactor 
Toxicology Information Response Center 
Transportation Operations Projcct Office 
Total Quality Management 
Teacher Research Associates 
transuranic 
steady-state ncutron tokamak 
Tower Shielding Reactor 
steady-state tokamak 
Tennessee Valley Authority 
Uranium MiU Tailings Remedial Action Project 
US. Department of Agriculture 
Union of Soviet Socialist Republics 
United States Transportation tr om mat id 
The University of Tennessee 
The University of Tennessee, Knoxville 
ultraviolet-B 
waste area grouping 
Work for Others 
Waste Handling arid Packaging Plant 
Waste halation Pilot Plant 
waste management 
Waste Management and Remedial Action Division 
Waste Reduction I’rogram 
West Valley Nuclear Services 
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