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1 Laboratory Director’s Statement 
UT-B:iti:elle, TLC, a partnership between the Lniversity o f  Tennessee (U’Z’) and Battrlle, has made 

significant progress during its first year at Oak Ridge National Laboratory- (OWL) .  We have developed a 
Laboratory Agenda that captures the principal eletnents through which we will deliver on our commit- 
ment to simtiltaneous excellence in science and technology; 1,:itmratory operations and environment, 
safety, and health (ES&cl-I); and community service. In implementing this agenda, we have moved 
a,ggressively to sustain and enhance OKNL’s capibilities for science and technology. Six major Labora- 
tory initiatives are positioning us to deliver advances that support the missions of the llepartment of 
Energy (DOE) in science, energy, environmental quality, and natioid nuclcar security. W e  have also 
1:uinched major efforts to  modernize the Laboratory’s facilities, to enhance our operational dscipline, and 
to maximize our research effectiveness. In addtion, we are rcaching out to the community through 
activities in education, technology transfer, and economic development. These activities, described in 
detiiil in this Tnstitutioiial Plan, are summarized below. 

Much more remains to be done. W e  look forward to working closely with DOE, both at Head- 
quarters and in the Oak bdge Qperatioiis Office, as we strive to deliver on our coinrnitment to 
simultaneous excellence. We are working with other prime contractors across the Oak Ridge Reservation 
to develop partnerships that produce maxirnum synergy at this comples site. We are also working with 
other national laboratories to increase the value of the science and technology delivered to  DOE and 
other agencies. Our emphasis on partnerships extends to our re1:itioriships with our six “core” univer- 
sities and Oak Ridge Associated Universities (ORhlJ,  area schools and colleges, local and regional 
economic development agencies, and the state of ‘I‘ennessee. These partnerships will be a key roo1 in 
positioning ORNT., for the future, as documented in this Institutional Plan. 

Excellence in Science and Technology 
’I he scientific and technological capabilities of an) national laboratory are the essence of its 

character. l \ t  OKNL, we have an extraarchardy broad and deep suite of slillls that serve5 all of D 0 l ~ ’ s  
nussions We support these nussions through continued excellence in program execution for our DOE 
sponsors; through application of OLE capabiltties t o  the needs of other customers, le:i&ng to focused, 
nussion-driven growth; and through major mtlatives that sustain and enhance the X,al>oratory’s 
distinctive capabihixes. 

These initiatives build on OlWL‘s rich h t s t o r y  and address well-defined areas tied dlrectly to 
DOE’S Strategic Plan, research and development (RBI)) portfolios, and science and technology road- 
maps. We are focusing on SLY inapr  areas. 

Neutron sciences. New and uppided fidit ies,  expanding research progratns, And scient& contxi- 
butions from Laboratory s t a i r  atid partners promise to make OIWL the world’s prenuer research 
center for neutron sciences in the near future. Excellent progress has been made on the Spdlatlon 
Neutron Source (SNS), scheduled for completion in 1.Y 2006, atid on the upgradmg of the High Flux 
Tsotope Reactor (EIFTR). Compleaon of these tasks will provide some of the world’s best tools for 
neutron scattenng, thus advancing lIOT! mssions in broad :ireas of materials science, chemistry, 
biology, and engneenng. ’I’he Joint Tnsdtutt. for Neutron Sciences, to bc housed in a new facility 
funded by the state of Tennessee, will also enhance the development of the neutron scicnces through 
partnerdups, educatmnal activities, and user support infrastructiirc 
Compiex biological systems. Our Coniplcx Biological Systems Ttutiatwe takes advantage of revolu - 
noiiary advances in molccular biology, tmxinaly-td technologies, and coniputational science, 
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focusing thesc new capabilities and the information derived from compam tive genoinics on under- 
standing the complex interactions, pathways, balances. and control mechanisms of biologcal 
systems. We will apply our expertise and facilities to the challenges of observing and understanding 
the functioning of complex biological systems, exploring areas of critical interest to DOE such as the 
challenges posed by the Genomes to Life program, hioremelation, carbon sequestration, and renew- 
able and alternatirc energy sources. This initiative will benefit from our plans to dcvelop a new 
Center for Systems Biology at ORNI,. The anchor facility for this center is the ],ahoratory lor 
Comparative and Functional Genomics, which d l  provide a new home for OKNL’s mousc colony. 
Design work fur this building is under way, miell completion expected in early F“ 2003. Also planned 
is the construction of a facility, funded by the state of ’Tennessee, to house the Joint Tnsdtute for 
Biological Sciences. 
High-performance computing. Our Terascale Computing and Simulation Sciencc Initiative 
supports IIOE’s needs in unclassified high-performance computing, nehvorking, and simulation 
science. O W L  maintains one of the most powerful unclassified computing centers in the world, 
enabling researchers to solve problems o f  unprecedented complexity, leadmg to new scientific 
discoveries. This initiative involves continued development. integration, and application of advances 
in computer science, high-performance algorithms, software tools, and computational capabilities to 
solve challenging scientific and engneering problems. It also includes the construction of two new 
fachties: a privately funded Computational Scienccs Building and a building funded by the state of 
Tennessee to house the Joint Institute for Computational Sciences. 
Energy and environmental sciences. Our Energy and Environmental Systems of the !&hire 
(E’Sb] Iriitiative addresses the broad challenge, put forward in the Ilepartment’s mission statement, 
of fostering “a secure and reliable energy system that is envlroninrntally and economically 
sustainable.” The development of this system requires not only advances in science and technology 
but also new capabilities for evaluating and assessing thc economic and environmental consequences 
of new energy technologies and energy policy decisions. We are developiiig an approach that we call 
‘‘Ei.. to reflect the necessary integration of energy, economics, and environment. This initiative links 
ORNT.’s extensive capaliiliiies for R&D on energy production, distribution, and use with our 
research on the effects of energy technologies and decisions on the environment and society. We will 
build on our broad programs in energy science and technology, global climate science and carbon 
management, and analytical sciences and engineering and expand our expertise in integrated 
assessment, workmg with national and international research partners to accelerate the understanding 
of key energy issues. 
Advanced materials. Our Advanced Materials Iiiitiative is designed to sustain ORNL’s position as a 
world-class materials R&D laboratory supporting DOE missions. h key aspect of this initiative is the 
developnient of a program, supported by the focused invcstment of Laboratory Directed RCGD 
KDRD) funds, in nanoscale science, engineering, and technology. This program supports DOE’S 
continuing efforts to advance the fundamental understanding of nanoscale phenomena through 
experiment, theory, and simulation. The Advanced Materials Initiative comprises the development of 
new methods for predcting these phenomena and for extending the ability to design, syntlicskze, and 
characterize materials at the atomic level, leading to new and enhanced functionality. The Center for 
Nanophase Materials Sciences, to be constructed at the SNS site, is the centerpiece of this initiative. 
Also included is the construction of a new Xdvanced Materials Characterization Laboratory to 
provide the high-quality environment needed for the sophisticated characterization equipment that is 
essential to thc next generation of materials K&D. 
National security. In addtion to work that dlrectly supports the National Nuclear Security 
Administration, ORNI, is engaged in R&D that can lead to advances in scientific understandng and 
technology that address the security-related needs of other federal, state, and local agencies. Our 
National Security Initiative is designed to maintain and expand the Laboratory’s position as a key- 
resource in the development of national security and public safety technologies and expertise for 
federal, state, and local governments. It takes advantage of our proximity to the Y-12 National 
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Security Complex, hkit ig capabilities across OKNI, and the Y-12 Advanced Technologies organiza- 
tion to address such areas as enicrging nontraditiond threats (e.g., asymmetric warfare), weapons of 
mass destruction or  mass effects. commercial and mhtary logstics, public safety, and emergency 
plarlrliiig and imdnagenient. 

Excellence in Laboratory Operations and ES&H 
\XTc are proceehng with three initiatives to ensure the safe, secure, land cost-efficient operation of 

ORNL. Modernizing the Laboratory’s infr:istructure is essential to its future. We siinply cannof continue 
to conduct cuttingedge research in World War IT-era lmildlngs. ’I’he poor condtrioii of the physic:iI plant 
at ORNI, is a leading ES&H concern, complicates the approach to  access control, rand adds considerably 
to overhead costs in terms of energy consumption, m~titenancc, etc. The creation of a new “research 
campus” builds on support from DOE programs, the commitment by the state of ’I‘ennessee to h i l d  
€our new buildmgs at OWL,, *and the commitment of UT-Battelle to enable private-sector development 
of three new facilities during the planning period. 

In September 2000, DOE announced plans to invest $125 million in the new research campus. In 
combiiiation with 526 million in stxte funds and $50 million to $60 miIlion from private-sector investors, 
this itivestment will support the construction 
of 13 major facilities md the renovation of 
several others over the next 5 years. W’e 
expect to be&% construction of the three 
privately funded facilities in early FY 2002. 
When construction and renovation are 
completed in 2006, ORNL will have replaced 
1.8 inlllion square feet of agLtig and outdated 
space with about 600,000 square feet ol 
inodcrn, energy-efficient buildmgs that will 
support cutting-edge research programs, 
enhance our abhty to work with scieatists 
and engmeers from other institutions, 
improve safety, and reduce the cost of 
operations, thus contributing to our second 
niajor operational initiative: masimiziflg 
research effectiveness. 

Figure 1.1 
An artist’s conception of ORNL’s new campus 

We are committed to providing maximum R&D per dollar spent at OKNI, and are working to 
drive down the cost of doing business at OWL,  with a goal of reducing indirect costs by $30 million b y  
the end o f  FY 2003. Despite some notable challenges in this area, kcludmg increased u&ty costs, we are 
making gc~od progress. LVorkforce restructuring programs have reduced the iiurnber of staff positions by 
almost 400. At the same time, we art: working to attract and retain employees with critical skills for 
nlission execution. A new performace mxiagetnent and compensation program is being implementcd. 
Salaries for ORNL employees have been far below market value for several years. We have made good 
progress in closing this gap. We have conducted a ‘‘c~u,&ty of work life” survey and are analyzing the 
results. r i  review of employee benefits, identified as a priority issue, is under way. We are also taking 
actim to streamline our business oper:ttions. 

Ihhancing the discipliiie of our operations is the third initiative that we :ire undertaking in order to 
deliver on our commitment to excellence in operations and ES&H. W’e have implemented a chemical 
reuse program and begun a shift to a l;tndlord/tenant model for facility operations, and work is under 
way to deploy a St:md;+rds-Hased Management System. We are setting in place the necessary systems and 
manngernenr leadership to enhance overall ESPr1-I and operational performance. We are also srressing the 
iniportaiice of rigorous self-assessment to dm7e continuous improvement in all that we do. 
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Excellence in Community Service 
We are demonstrating our commitment to esccllcnce in community service b y  contriliutiiig to the 

community as a good neighbor, a resource for knowledge and technology, and a valued partner in educa- 
tion and economic development. UT-RatteUe has provided funds in excess o f  $1.3 million for community 
in-itiatives and educational, civic, and economic dcveloprnent activities. Communit! involvement is 
expected from members of the UT-Battelle Leadership Team and encouraged for all employees. The 
formation of “’1-eam UI’-Battelle” supports employee participation in community projects such as the 
construction of Hahitat for Humanity houses. We have established, in partnership with Technology 2020, 
a regional Center for Entrepreneurial Growth. We are also fostering local economic growth by estab- 
lishing innovative research partnerships and increasing our technical assistance to businesses and 
industry. Since .April 2000, 24 new companics based on ORXI, knowledge and technology have been 
established. We are expanding our partnerships with universities, with a focus on the six UI’-Battelle 
“core” universities (Virgma, V i r p i a  Tech, Duke, North Carolina State, Georgia Tech, and Florida 

Figure 1.2 
A designer’s conception oi  a new 
rowing tower on Melton Hill Lake, 
funded in part by UT-Battelle. 

State), to broaden access to OKNL’s rcsourccs. UT-Rattelle i s  

supportmg sciencc education by lullding the purchase of new 
equipment for science laboratones in area schools and 
mcreasing oppoicunities foi lcnnessec teachers at the 
Academy for Teachers of Science and Mathematics at U 1. We 
are also working with the community to secure the luture of 
the American Aluseum of Science and lhctgy. A long-term 
financial stabilic plan was presented to the Cit j  of Oak Rtdge 
in November 2000. The city’s response to the plan, issued in 
March 2001, has been favorablj reviewed by 1lOE’s Oak 
Rdge Operatmns Office, and a decision by the City Council is 
expected m December 2001. UT-Hattelle has agreed to help set 
UP an  endowment fund to cnsure contiiiued operatlon of the 
fachty. 

Partnerships 
Partnerships are both necessary and desirable for delivering on our commitments in science and 

technology, operations and ES&H, and communitj- service. The strong partnership between O W L  and 
DOE, both at Ileadquarters and at the local level, is a key to effectivc Laboratory operations. Our 
relationship with the state of Tennessee holds the potential for creating a fundamentally new federal-state 
partnership based around national laboratoiies. Through participation in the Tennessec Technology 
Dcvelopmcnt Corporation, espccially as a resource for the Technopreneurial Leadership Center, we are 
contributing to the growth of Tennessee’s technology businesses. The partnerships with our six “corc” 
universities and OKAU are raising national 1aboratory-unir.ersi~ relations to a new- level. With OILW, we 
have also created a summer research participation program for faculty from I-Iistorically Black Colleges 
and Uiiivcrsities and other Afmority Educational Institutions. Five Tennessee universities have created a 
coalition. funded by the National Science Foundation’s Partnerships for Innovation program, to foster 
innovation in the biotechndogT industry in Tennessee, drawing on ORNL science and 1 echnology. ‘Their 
efforts will help to translate the kriowledge created at the 1.aboratory into new products, businesses, and 
services that enrich the local economy. Finall); we are building partnerships with other prime contractors 
across thc Oak Ridge Kcscrvation to enhance safety and achieve maximum synergy at this complex site. 
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Outlook for the Planning Period 
We look fonvard to deliverkg on UI’-Rattelle’s 

commitment to simultaneous excellence in science and 
technology, Laboratory operations and ES&l I, and cornnunit); 
service as we support DOE in carrying out its missions. Our aim 
is to sustain and extend the 1,al)oratory’s status as a dynamic and 
efficient institution, comprising both the cutting-edge facilities and 
the sktlled and talented skiff that are essential to carrying out our 
mission as s i p n e n t  s. 

We are certain to face challenges, both expected and 
unexpected, in delivering on our commhient  to simultaneous 
excellence. We believe, however, that we are well equipped to 
meet these challenges, and we look forward to the opportunities 
that lie ahead. 

William J. Madia 
Director, 
Oak Ridge National Laboratory 
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2 Mission and Roles 

2.1 Mission Statement 
The Oak Ridge Natlonal 1aboratot-y (ORNL) IS a multlprogram science, technology, arid energy 

Inboratory mth  distn~ctivc capabiltties in materials scieiiw and eiigtieering, neutron science and 
technology, cnera  productloti and end-use techiiolog~es, marnmalian genetics, environmental science, 
~ n d  scientific computmg. In support o f  the rntssions of the U S .  Department of Energy (UOJS), ORNI, 
conducts basic and apphed research and development (K&D) to create scientific- knowledge and 
technological solutions that 

coiittlbute to national security. 
OKNL ts  managed for DOE by UT-Dattelle LLC, a partnerslp betwcen the I J r i iver~y  of Tennessee 

strengthen the nation’s leadership in key areas of science; 
increase the availabhty o f  clean, abunclmt energy; 
restore atid protect the environment; and 

and Bnttelle 

2.2 Mission Roles 
As a niultiprogram national laboratory, ORNL carncs out R&D in support of all four of DOE’S 

niajor missions: science, energy resources, cnvironmental quahty, and national nuclear security. i\s 
desciibed in the Shateglc h l m z t a t ~  n/ l z~~zon~ I’icn-Phe I (T.:iboratory Operations Board, US. 
Lkpartnient of Energy, July 1096), the Iaboratory plays <i principal role m fundamental sciencc and 
energy resources and has a specialized participatlng role ~fl eiivironinental quahq and national nuclear 
securq.  

2.2.1 Key R&D Activities 
2.2.1.1 Science 

ORNL’s K&lI in science supports the delivery of the scientific advances and technical innovations 
that enable IXIE. to carry out its missions. ’I’he Laboratory conducts K&D for  DOE in basic energy 
sciences, biological and environmental research, fusion energy sciences, advanced scient& computing 
research, and nuclear physics. Activities span thr following fields: 

Materials science and engineering, with emphasis on development of ceramics and composites, 
metals and alloys, carlion-based materials, surfaces and thin f in s ,  polymers, and high-temperature 
superconductors; nanoscale science and engineering; and new techniques €or materials synthesis, 
processing, and characterization 
Neutron science, with strengths in neutron scat.tering, isotope production, and design ar id  operation 
of  accelerator-based and reactor-based neutron sources 
Life sciences, with emphasis on functional genoinics and proteomics, liotechnol.ogy, bioengineering, 
computational biology, and bioinformatics 
High-performance computing, with emphasis on computer and computational science, distributed 
computing, nerivorhng, and intelligent systems 
Environmental sciences, spanning ecosys tem research and global change science, environmental 
processes science and technology, microbial ecology and getionlics, plant sciences and genomics, 
ecological management science and technology, renewable resources RBD, and environmental dxta 
syslelns 
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Separations and analytical chemistry, chemical sciences, and chemical engineering technology, with 
activities in separations science, hydrothermal solution chemistry and geochemistry, actinide science 
and radioactive materials characterization, isotope separations, computational chemistry and 
chemical engineering, integrated chemical and bioanalytical instrumentation, miniaturization of 
chemical reactions a d  separations, mass spectrometry, environmental monitoring and technology, 
materials chemistry, fundamental cheinistq of energy production and use, arid interface and surface 
science 
Fusion science and technology, spanning plasma theory, magnetic confinement experiments, plasma 
heating and fueling, atomic physics, and materials development 
S tudes of the fi-mdamental properties of matter at the atomic, nuclear, and subnuclear I c ~ d ,  focusing 
on (1) nuclear stnlchire physics and nuclear astrophysics with radioactive ion beams; (2) relativistic 
heavy-ion beam physics, aimed at the creation and characterization of the quark-gluon plasma; and 
(3)  atomic, molecular, and optical physics 
Ins trunientation and measurement science and technology 
Robotics and intelligent machines 
Social sciences, providing support for planning and policy decisions related to major energy and 
environmental issues 

DOE’S Office of Science (DOE-SC) is the largest single sponsor of 12&D at OKNL. The Labora- - - -  

tory carries out work for the Offices of Basic Energy Sciences, Biological and Environmental Research, 
ildvanced Scientific Computing Research, Fusion Energy- Sciences, and F figh Energy and Nuclear 
Physics. Other sponsors o f  R&D in science include thc National Aeronautics and Space Administration, 
the U S .  Department of Defense, the U.S. Department of Health and Human Services, and the National 
Science Foundation. 

2.2.1.2 Energy Resources 
OWL’S in-house energy programs, the largest and most broadly based among the DOE national 

laboratories, span basic and applied research, technology development, technical assistance, and manage- 
ment of energy-related information. These programs link the physical, engneering, environmental, eco- 
nomic, and social sciences to provide not only new science and technology- but also frameworks for 
improved performance in technology development and deployment, analyses of environmental 
externalities connected with energy production, and insights for planning and policy decisions related to 
major energy and environmental issues. Key focus areas are the following: 

Carbon sequestration R&D 

Nuclear technology- and safety 
Most of this work is sponsored by L>OE’s Offices of Energy Efficiency and Renewable Energy, 

Fossil Energy, and Nuclear Energy, Science and Technology. Other sponsors include the U.S. Depart- 
ment of Transportation, the 12,s. Department of llefense, the Nuclear Regulatory Commission, and the 
Environmental Protection Agency. 

Ehergy-efficient technologies for buildings, industrial, transportation, and uulity end-use 
Bioenergy, with a focus on sustainable biomass feedstock and conversion technologies 
Distributed energy resources, emphasizing integrated systems and utility reliability 

Fossil energy, emphasizing applied materials, fuel cells, and efficient turbine systems 

2.2.1.3 * Environmental Quality 
OKNL supports the cleanup of DOE’S environmental legacy through the integration of 

capabihties in analytical chemistry, biochemical engineering, bioremedlation, biotechnology, chemical 
separations, earth and ecological sciences, environmental chemistry and engineering, geological sciences, 
instrumentation and measurement science and technology, and robotics and intelligent machines. Key 
R&D activities include the following: 
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Environniental managenicnt science 
Environmental technology development 
Life-cycle analysis and health and eiivironmental risk assessment 

IX>li,’s Office of Environmental Management (IXlK<-EM) provides funhng to ORNI, for basic 
a n d  applied research, development, denionstration, and teclinical support to address environmental 
management problems, priiicipally at IIOE sites, with increasing einphasis on teclmology transfer. Work 
that supports waste management and remedial action projects at DOE’S Oak Ridge, Paducah ([<entuck!;), 
and Portsmouth (Ohio) sites is coordmated with Bechtel Jacobs Company LLC, which manages DOE’s 
O a k  Ridge environmental management program under a nianagenient and integration contract. Much of 
tlic RPrD, however, serves other DOE sites. DOE’S 8nvirontnetital Management- Science Program, a 
collaborative initiative of DOE-EM and DOE-SC, sponsors basic research to address long-term 
technical issues and solve challenging problems presented by DOE’s environmental legacy. Fundamental 
research on the biorernediation of metal and radionuclide conr.atninati ts is supported by DOE-SC, and 
ORNI, manages the Field Rese:ircli Center of die DOE-SC Natural and Accelerated Hioremediation 
Program, a focal poinr for field-scale research on hioremediation of metals and radionuclides. C)RNlj 
also perfm-ms work for the Environmental Protection Agency. 

2.2.1.4 National Nuclear Security 
OW-L contributes to LIOE’s mission o f  reducing the glolxil nuclear danger through national 

nuclear security, nuclear safety, and nonproliferation activities through efforts in three :ireas: 
Management and disposition of weapons-related nuclear material 
Promoting nonproliEeration and internatiorial nuclear safety, with a gowing emphasis on reducing 
the threat from biological, chemical, atid nuclear agents 
High-performance computing 

Futiding from the Office of the Deputy Administrator tor Defense Prograins (nOE--UP) in 
DOE’S National Nuclear Security Administration (NNSA) supports nuclear weapi is  R&D, high- 
performance computing, and facility transition. 

‘Ike NKSA Office o f  the Deputy Adrninistrator for Ikfense Nuclear Nonproliferation 
(no E-NN) supports K&D activities and technical assessments related to national security recluireineiits. 
Much of this worli is perforined through partnerships with the Y- 12 P\lational Security Complex The 
DOE-NN Office of Fissile Materials Disposition supports the development of nuclear-based tech- 
nologies for fissioning surplus plutonium in power reactors and efforts to dispose of surplus 2 W .  

Other sponsors of work related to  national security include the DOE Offices of Counter-- 
intelligence, Intelligence, and Security and Eniergency Operations; tlie US. 1)epartnieiit of Defense; the 
1J.S. Ilepartment of Justice; the Federal Aviation Administration; the Federal Emergency Management 
Agency; atid other government agencies with a focus on intelligence collection and analysis. 

2.2.2 Other Activities 
ORNI, produces isotopes for use in industry, nicdmne, and rescarch; provides technical leadership 

and field management to DOE programs; operates information analysis centers; servcs as a national 
repository for 2 W ;  and perEorms other tasks, frequently on an ad hoc basis, for DOII orguikations. 

OKNL rransfers the knowlcdgc arid technology that arc. the products of its R&I) to the private 
sector through a variety of mechanisms, including partnerships, personnel exchange>, and hceiising of 
ltitellectual property. 

OKNL actively supports the educatmn of the nest generation of scientists, enpeers ,  technicians, 
and educ:itors through a vanety of programs for studcnts and faculty at all acndemc levels. 
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2.2.3 9 Major Facilities 
An important part of IIOE’s science mission is conceiving, constructing, and operating large-scale, 

complex facilities for K&I>. OKNL is home to 18 designated national user facilities (more than any other 
national laboratory) that are available to laboratory, industrial, and academic users. It also operates a 
number of other facilities that are used in executing DOE missions. Major facilities are listed in 
Table 2.1. 

Table 2.1 
Major facilities at OKNL 

Designated user facilities 
Advanced Propulsion Technology Center 

Bioprocessing Research Facility 
Buildings Technology Center 

Californium User Facility for Neiitron Science 
Center for Structural hfolecular Biolog!- 

1 Iigh Flus Jsotope Reactor: Neutron Scattering Research Facilities 
High ‘l‘emperaturc Materials Laboratory 
tlolifield Radioactive lon Beam Facility 

hletals Processing Taboratoq User Center 
Metrology K&I) I~boratory 

Mouse Genetics Research Facility 
National Transportation Kesearch Center 
Oak liidge Electron Linear ilccelerator 

Oak kdge National Environmental Kcsearch Park 
Physical Properties Research Facility 

Power Electronics and Electric Machiieq Research Center 
Shared Kesearch Equipment Collaborative Research Center 

Surface Modification and Characterization Colhborative Research Center 

Other key facilities 
Center for Computational Sciences 

Center for lhginecring Science Advanced Research 
Center for Separations and Chemical Processing 
Ecological and Physical Sciences Study Center 

Irradiated Fuels fhiamination Laboratory 
Multicharsed Ion Kesearch 1;aclty 

Natural and Accelerated Rioremediatioii Ktxarch Program Field Research Center 
Radiochemical Engineering Development Center 

Radioisotope Development Facilrty 
Robotics Technology Assessment Facility 

Stxillation Neutron Source 

..~ ______ 

2.2.4 9 Major Partnerships and Collaborations 
ORNL uses partnerships as a means of conducting collaborative R&D and performirig work for 

customers other than DOE; of transferring technology to industry and assisting in its cornriiercia.alization; 
and of supporting the education of the next generation of scientists and engineers. 

K&r> partnerships and collaborations are described in detail in Sect. 6. Planned work for other 
sponsors, which helps ORNL to maintain the R&D expertise available to DOE and broadens the 
application of the Laboratory’s strengths to mission-related needs, is dcscribed in Sect. 5.6, with detailed 
descriptions of ongoing work provided in the Suppleniental Information appended to this report. 
Technology transfer and economic development activities are described in Sect. 8.1, and education 
partnerships are dscussed in Sect. 8.2. 
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3 laboratory Strategic Plan 
LT-Battellc’s plan for the Oak lhdge Nauonal Lalmratoq (OWL) IS guided lq a commitmetit to 

achieving simultaiicous escellence in the areas o l  science and technology; T h x a t o r y  operations and 
environnicnt, safety, and health (ESBF1); and communiq service, as indicated in Fig. 3 1. ’The 1,almratoi-y 
,Zgencla provides a structured fmmewcxk for the long-term mitiatlves, critical outconies, and near-terni 
actions through which UT-Battelle wdl dehver on this commitment 

I xpectations and assumption5 about the world in which the 1.abonitot-y operates are presented in 
Sect. 3.1, and the J,aboratoq Agenda is discussed in Sect. 3.2 Our major research initiatives are 
described in detail UI Sect 4, where we also show how they contribute tu the missions of the Department 
of Energy (DOE). Section 5 provide3 descnp’uons of the OIWl ,  research and development (R&D) 
programs that support DOF missions, and Sect. G discusses out use  of I<&D partnerships. Secttoii 7 
summarizes our 4trateg): for mamtaining arid operating the facdities and carrying out the support 
functions required for mission accomplishment, and Sect. 8 outhnes our plans for comniuiii5 service. 
Strategic issues are presented for DOE consideration 111 Sect. 9. 

Figure 3.1 
The UT-Battelle commitment to simultaneous excellence. 

3.1 Strategic View 
We envision expanding opportunities in “science at the boundaries”-the linbng of different 

disciplines to address scientific and technical challenges with far-reaching implications. For ORNL., many 
of rhese opportunities will be found in issues surrounding energ-its fundamental nature, its sources, its 
production and use, its effects on human health and the environment, and the economic impacts of 
energy technologies and policy decisions. 

We expect that OKNJ.. d l  remain a goveriitnent-owned, contL.actor-oper;ited multiprograni 
national laboratory, with DOE as its primary sponsor. Tn its work for IlC>E, CIRNL. d l  continue to play 
a principal role in science and energy resources and t o  apply specialized capabilities to support the 
Department’s needs in environmental quality and national nuclear security. ’I’he integration of 
cotnplemen tary capabilities distributed across DOE’S national laboratory system, through t.raciitiona1 
cokiborative arrangements and increasingly through advanced “collaboratories” that link distant 
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resources and support remote experimentation, will bc a key to the advances in science and technology 
needed to achieve DOE’S strategic goals. 

X’ork for other sponsors will continue to be a significant part of our portfolio. X’e w-ill actively 
seek new opportunities to apply ORN1,’s expertise and Capabilities to the needs of other federal agencies 
and other customers in both the public and the private sector as a means of increasing the transfer of 
knowledge and technologies to thc marketplace, improving the utilization of facilities and expertise, 
maintaining specialized capabilities, and broadening the Laboratory’s funding base. 

Partnerships with universities, private industt-y, state and local governments, and international 
organizations \ d 1  continue to strengthen and extend Laboratory programs while expandmg access to 
qualified users of ORNJ,’s resources and fachties. Collaborative relationships that extend across agencies 
and institutions will be a key to the efficient delivery of R&D that addresses emerging national priorities 
in such areas as computing and communications, environmental protection. health care, manufacturing, 
national safety and security, and transportation. 

We will maintain our focus on continually improving ORNL’s ability to operate safely, securely, 
and efficiently at reasonable cost while delivering on our mission assignments. Critical assets-including 
a diverse and talented staff, state-of-the-art research facilities, and specialized capabilities-will be 
protected and enhanced. Most of the Oak Ridge Reservation land area, which represents an irreplaceable 
resource, wdl continue to be retained by DOE to meet near-term and long-term programmatic needs. 
‘I’he Laboratory’s Integrated Safety Management System will ensure that safety considerations are fully 
integrated into t-he planning and execution of all research and support activities. The performance-based 
contract between DOE and UT-Dattelle provides explicit measures for assessing the quality of thc 
IJaboratoq’s work. 

Concerns about the performance and produciivity of the federal government, which gave rise to 
the Government Performance and Results i k t  of 1993 (GPRA), will continue. DOE’S Strategc Plan and 
Strategc Management System, which respond t o  GPKA requirements, as well as the strategic plans of 
DOE programs, the R&D portfolios for each of DOE’S business lines, and the roadmaps developed for 
critical technologes, wdl guide and dlrect our strategic planning. 

The increasing prominence of policy issues with a significant science and technology 
component-such as the threats posed by weapons of mass destiuction, the possible effects of human 
actions on the global climate, and rising demands for energy in developing nations-dl sustain the 
growing recognition that science and technology can boost economic growth, strengthen national 
security, and improve human health and the environnient. Despite support for K&D as a contributor to 
national well-being, how-ever, discretionary resources for federally funded R&D arc not expected to grow- 
substantially, and competition for these scarce resources will remain intense. 

Clearly, the availability and stability of funding for major initiatives and core programs will be the 
most importaiit factor in our ability to carry out our 1.aboratory :Igenda. Other external factors that will 
affect OWL’S future include the following: 

Explorations of the natural world at the level of the atom, the quantum, and the gene will produce 
dramatic advances in science and technology. 
Modeling and simulation will become increasingly important in many scientific fields, drawing on 
and driving advances in computational science and computing power. 
Growing evidence for changes in global climate as the result of human actions, coupled with 
increases in world population and energy demand, will create a major impetus for broadly based 
R&D programs to understand the effects of global climate change on ecosystems and society, 
increase energy efficiency, create new sources of clean energy, manage carbon emitted from the 
global energy sgs tem, and reduce greenhouse gas emissions. 
‘I’he national energy system is undergoing a significant transition in response to changes in regulatory 
frameworks, waste management requirements, alternative energy costs, and other factors. The 
transition to a deregulated electriciv industry offers opportunities for increased deployment of 
renewable energy technologies, nuclear power, and other clean energy systems, but it also heightens 
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concerns about the cost. rehabihty, safety, and enviroiitnentd impact of sys  terns for the production, 
transmission, and distribution o f  energy. 
‘1s technology bccvtnes mcreaslnglj ,wv;ulablc to organiLatioiis or countiies whose goals at id  iiitcrests 
confict with tliose of the IJriiled States, this tiailon must constantly irnprove 1 t s  caphhtws  t o  tleicct, 
degrade, defeat, and inibgate the impact of weapons o f  mass destruction or mass effect>. 
The nation’s increasmg dependence on intercotliiected cntical mfrastructurcs (e g., banking and 
fiance, energy, trlecommuillcanr>rls, transportation, water systems, a n d  essentd government 
services) tvdl create a dernand for new ;ind better forins o f  protection ;igaLtist physical arid c) her 
threats. 
Iri an iticreasingly techiiological society, lifelong learning about science, mathematlcs, engineering, 
and technology through formal arid inf(mna1 educntmn wdl be essential. 

3.2 laboratory Agenda 
The Laboratory Agenda (see Pig 3.2) IS focused on the most significaiit activ~ttes that UI’-Battelle 

must accomplish to deln er on its v i w r i  CJC simultaneoiis excellcmcr in science and technolog, 
Laboratory operatmiis and ES&H, and commutitty service The T .aboratory ,\genda uicludes clex 
statenicnis of the primary results that w1Il be d e h  ered to DOE over the next few years, as documented 
b&W. 

Strategic Objectives 

Critical Outcomes 
____--.-.-_._ll_._l.--.- 

. .. .. .. . . . . ................. . .. ......... . 
Laboratory 
Initiatives 

Figure 3.2 
Major elements of ORNL’s Laboratory Agenda. 
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Strategic Objective 1 : Excellence in Science and Technology 
To achieve excellence in science and technology, we will continue to deliver scientific adv-ances and 

technological innovations in support of IYJE’s missions through diverse and exteiisive R&D programs 
that anticipate aiid respond to our sponsors’ needs. In addition, we will pursue opportunities to apply our 
expertise aiid capabilities to the needs of other customers, leading to focused, mission-driven growth. 
Finallj-, we will prepare the Laboratory to address future national needs for science and technology 
through major initiatives that sustain and extend its Istinctivr capabilities. These initiatives represent the 
“critical few” areas that, because of thej, importance to the Laboratoil.., wd1 rcceive special attention 
tluririg thc planning period. 

1. Neutron Sciences. OKNL wdl become the world’s foremost center for neutron sciences by 
enhancing its capabilities and applying them to deliver new insights into the nature, structure, and 
behavior of materials. 

We are committed to the following actions. 
Deliver the Spallation Neutron Source (SNS) project on schedule and within budget. 
Upgrade the capabilities of the High Flux Isotope Reactor (HFIR). 
Develop innovative research programs that take advnritage of the unique capabilities afforded b y  
these facilities. 
Build a world-class user program that provides access to these capabilities. 
Construct a facility, fLinded by the state of ‘l’ennessee, for the Joint Institute for Neutron Sciences. 

2. Complex Biological Systems. ORNI. will be a center of excellence and a resource for understandmg 
complex biological systems, from the molecular level to the level of the organism, and the interactions of 
organisins with the environment. Innovative means for observing and understanding the functioning of 
complex biologlcal systems are developed and applied to meeting DOE’S needs in systems biology, 
carbon management, renewable energy, and environmcntal quality. 

We arc. committed to the follow-ing actions. 
Establish the Center for Systems Biology to consolidate the Laboratory’s life and environmerital 
sciences resources at the main ORNI, site. 
Advance structural biology by combining ORNL’s resources in neutron sciences, mass spectrometry, 
and computational biology through the Center for Structural hlolecular Biology. 
Address critical issues in functional genomics and proteomics, using ORNL’s mutant mouse 
resources and strengths in mutagenesis, phenotype screening, plant and microbial sciences, eco- 
system genomics, computational tools, and analytical technologies. 
Integrate and extend ORNL’s resources in computational biology and bioinformatics to advance the 
modeling of complex biological sys tems. 
Make use of molecular approaches to advance the science of  hioremechion, carhon seyues tration, 
renewable energy systems, and ecosystem genomics. 
Expand partnerships with other research institutions and with industry. 

3. Tetascale Computing and Simulation Science. ORNI, is developing the terascale computing and 
simulation science capahdities that mil1 enable it to become a premier high-performance computing 
laboratom for DOE’S science endeavors. 

We are committed to the following actions. 
Secure a multi-teraflops computational platform and infrastructure. 
Increase Laboratory expertise in modehng, simulation, numerical methods, and hture architectures. 
Enhance the accessibility of high-performance computing power, both within ORNL and for 
external partners. 
lixpand the scope of the Joint Institute for Computational Sciences. 
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4. Energy and Environmental Systems of the Future. ORNL d l  be a key provider o f  the scieiicc 
and technology needed to support DOE’S mission of fostering “a secure and reliable energy system that  
is environmentally and economically sustainable.” Its extensive resources for energy, ecoiiotnic, and 
environmental R&D will be integmted and focused on developing fuiure energy systems that are 
environnientally and nconoinically sustainable and espaiiclng the utiderstandmg of‘ the health, economic, 
and environmental impacts of energy choices. 

W e  are coinniitted to the following actions. 
Expand leadership in energy efficiency I<&D. 
hdvzance K&D u t i  clean power systems science and teclitiology. 
Deliver science and technology for unders tandmg carbon seyuesrration. 
Strengthen analytical capabilities for understanding, assessing, and niaii;iging the effect3 o f  energy 
production and use and for evaluating the health, economic, and etivlronmcntal impacts of energy 
options. 

5. Advanced Materials. CIRNI, wdl sustnin its position as a leader in ;idvanced materials science aiid 
technolojgy underpinning DOE’s energy resources mission. 

We are comniitted to the following actions. 
* 

* 
0 

F<xpand OKNL capabilities and prqgmrns in nanoscale science, engineering, and technology. 
Ihtablish the Center for Nanophase Materials Sciences as a DOE Naiioscience Research Center. 
Secure the next-generation rldvanced Materials Characterization Laboratory. 
Develop extraorchary tools for materials characterization. 
Extend the Laboratory’s synthesis aiid characterization capabilities. 

6. National Security. O W L  svdl maintain and expand its position as a key resource in the clevdopment 
of national security, law enforcement, and public safety technologics and expertise for federal, state and 
local governments. 

Cyie are committed to the f o l l ~ ~ k g  actions. 
D e h e ,  develop, and demonstrate technologies for countering terrorism and for detecting and 
defeatlng weapons of mass destruction or mass effects t o  revolutronlze U.S. homeland securig . 
Investigate novel scientific approaclies arid develop ncw technologes to combat asymmetric \-varEare 
and other emerging nontraditional threats. 
Design, develop, and integrate new technologies that respond to national needs in ~ W J  rnforcement, 
piblic safety, and emergency management 
Provide advanced commeraal and military logistics technologies and experuse. 
Crcate a vtable Training With Industry Prograni curnculum ulth the C I S .  , \ m y  Acquisition C o p  
arid similar programs with the other nuhtary services. 

* 

7. IJniversity Partnerships. ORNL wlll increase the value of its science and technology through active 
involvement of university faculty and students in Laboratory programs. 

We are committed to the following actions. 
Expand collaborative programs with the University o f  Tennessee in areas o f  mutual interest. 
Continue the joint hiring of scientists and engineers with UT-Rattelle core universities, and expand 
the program to iiiclude a wider set of universities. 
Work with Oak Ridge Associated IJiiiversities to f;icilitate research partilerships with its rneniber 
institutions. 
Develop and extend research partnerships with Tennessee colleges and universities, historically black 
colleges and universities (I TUCUs), and prominent universities across the country. 
Develop the Oak Ridge Center for Atfwnced Studies to encourage interactions between ORNL 
researchers and university faculty and students. 

* 

* 



Strategic Objective 2: Excellence in Operations and ES&H 
We will sustain and improve ORNL‘s ability to serve the needs of DOE and the nation through 

responsible stewardship of the resources entrusted to our care. 

1. Facilities Modernization. O W L  will construct new facilities and renovate and replace existing 
fachties to create a modern research campus that enables the conduct of leading-edge RHm. 

We arc committed to the following actions. 
Car? out a Facilities Revitalization Project to design and construct new facilities and renovate, 
replace, and dspose of existing fadt ies  in support of ORNL nlission assignments and objectives. 
Consolidate Laboratory operations at ORNL’s main site. 
Implement a new approach to physical security and facility operations to deliver enhanced 
performance and staff satisfaction. 
Complete the Uranium-233 Inspection and Repackaging Project. 

2. Enhanced Operational Discipline. ORNL will enhance its overall operational performance by 
improving the discipline and integration of its operations and realigning its sccuri ty posture to better 
support accomplishment of DOE’S missions. 

\\‘e are committed to the following actions. 
Upgrade thc Laboratory’s infrastructure. 

Demonstrate continual improvement in ES&H performance, building on the 1.aboratoq’s 
Enhance the Laboratory’s cyber security effectiveness. 

Integrated Safcty Management program. 
Ileploy an integrated set of “systems-based” management systems. 

3. Maximizing Research Effectiveness. OKNL udl drive down the cost of doing business, providing 
more resources for discretionary investments in capability development and infrastiucture revitalization, 
while establishing the Iaboraton; as an employer of choice in the region aiid in the research community. 

W’e are committed to the following actions. 

Streamline business operations. 
Reduce costs by $30 million by achieving a composite cost multiplier of 1.7 by the end of F17 2003. 

Attract and retain employees with critical skills for mission execution. 

Strategic Objective 3: Excellence in Community Service 
ORNL d l  bc vicwed by its neighbors as a highly valued partner in the region. We \Nil1 actively 

participate in improving the quality of science and mathema tics education, supporting the cotnmunity’s 
civic and cultural activities, and contributing to economic growth. 

1. Community Involvement. We d be recognized within the region as a good corporate citizen. 

&’e arc committed to the following actions. 
Work with stakeholders to ensure the long-term financial stability of the American Museum of 
Science and Energy. 
Enrich the community through a set of legacy investments. 
Manage a program of employee volunteerism in community activities. 
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2. Science and Mathematics Education. We will invest in efforts to improve science and mathematics 

We are comnlitted to the following actions. 

* 

education in Tennessee. 

Purchase state-of-the-art science laboratories for area high scho(31s and middle scliools. 
Become a prenier sponsor of science arid mathematics competitions in 'I'ennessee schools. 
Espand opportutdi.ies for 'l'ennessee teachers to participate in the Acaderny for Teachers o f  Science 
and Mathematics at the IJniversity o E  'Iennessee. 

3. Economic Development. We will encourage the formation and growth o f  businesses that enhance 
the regonal economy by drawing oii OKNI, resources it1 kncxvledge and technology and on UT-Battelle 
investments in economic development. 

W e  are committed t o  the fcollowing actions. 
Establish special terms and conditions in partnership agreements to favor formation o r  continuation 
of East 'I'eimessee companies. 
Jn p:irtnership with 'I'cchnology 2020, use the Center for J5ntrepreneurial Growth to support the 
creation and development of  businesses based o r 1  CllWI, knowledge and technology. 
Expand technical assistance to business and indust1-y. 
Foster the development of an entrepreneurial culture at OWL. 

* 
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4 Major Laboratory Initiatives 
’Io extend the nation’s cap:hilities in key xreas of science and technology, the Oak Ridge National 

IAaboratory (ORNL) proposes major initiatives in 
neutron sciences, 
complex biological systems, 

* 
advanced materials, and 
national security. 

These initiatives will enhance OKN1,’s abhty to support the missions of the Department o f  Ihergy 
(lIOE)), as indcated in T:tble 4.1. Research topics associated with these initiatives have been identified as 
target areas for Laboratory Directed Research and Zkvelopinent (LDKTI)) funding (see Sect. 5.7). 

These initiatives are provided for consideration by DOE. Inclusion of an initiative in this plan 
does not iniply DOE approval of‘ or intent to implement the initiative. 

ierascale computing and siinulation science, 
energy and environmental systems of the future, 

Table 4.1 
Support for DOE missions 

DOE mission area 
....... ___ .............................. ~~ ~ ~ ________ 

Energy Environmental National 
hIaior Laboratory Initiative Science Resources Quality Nuclear Security 

Neutron Sciences S nr ill h’r 
Complex Biological Systems S S X I  hI 
Terascale C:ornputing and S S S S 

Energy and Environmental S S &,I 
Simulation Science 

Systems o E  the Future 
.kh*anced hhterials S S hl R1 
National Security hi S ____ .... ~~~ ........______...... ~ ~~ ...................... ~~~~~~ ~~ ...._____._.._... _____._ 

s = SWOllg1)’ S l l [ 3 ~ 7 0 ~ 1 V ~ .  

AI=: Moderareiy supportive. 

4.1 Neutron Sciences 
Neutrons play a vital role in many areas of science and technology. They provide an ideal probe o f  

the structure and djmarmcs o f  condensed matter; they ;ire useful hi the study of inagnenettc structure and 
dynamics; they are uniquely sensitive to the hght atoms that make up much of the natural world; and, 
because thcy are highly penetrating, the) can be used to probe deep inside matenals nondestrucuvc~ly, an 
apphcauon o f  obvious interest to industry, mechcine, and the mihtary. In addmon, the abihty of neutrons 
to transmute matter leads to mvaluable applications such as the producuon of isotopes for use in 
medical, industnd, and military apphcauons, and neutron activation analysis Cor environmental, 
commercial, and forensic analyses. 

OIlru’L’s strengths in neutron sciences constitute an integrated capabhry that spans progrmis 
across the entire Laboratory This capability dates from the 1940s and has included inany facilities over 
the years. Two tnajor in-house facihties at present are the Ihgh Flux Isotope Keactor (HFIR) and the 
Oak Ridge Electron Linear Xccelerator (OKLXA) pulsed neutron source The HFTR supports world- 
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class research, production, and testing programs in neutron scattering, isotope production, materials 
irradation testing, and neutron actiration analysis. Research at 0EL-A concentrates on nuclcar 
astrophysics and basic neutron properties (e.g., neutron electric plarizability). ORELA is also used for 
measureiments that support 1lOE’s Nuclear Criticality Safety Program (see Sect. 5.3) and as a positron 
beam fachty. 

In addtion to neutron sources, facilities supporting ORNl ,’s broad neutron science programs 
include the Radiochemical Hngneering Lkvelopment Center, the Radioisotope lkvelopment 
Laboratory, the Transuranium Research Laboratoq, and the Irradiated Fuels Examination Laboratoq. 
Neutron activation analysis Capabilities are essential to a wide range of research (including medical and 
historical research) and operational projects (includmg pollutant detection and tracing) for customers 
inside and outside ORNJ,. 

ORNL is engaged in a Neutron Sciences Iiitiative to ens1xc that the Laboratnry continues i t s  
stewardship of neutron science in support of DOC’S missions. This iriitiiltive has two major elements: 
design and construction of the SNS, a nex t-generation spallat-ion neutron source facility, in collaboration 
with five other DOE national laboratories, as described in Sect. 41.1, and upgrades and refurbishment of 
the I IFIK, which will greatly enhance the neutron science capabilities of the world’s highest--power 
research reactor and extend its life well into the 21st century, as discussed in Sect. 4.1.2. 

In addition, ORNL is preparing to take adwntage of thesc new scientific tools and to integrate 
neutron science into research programs across the J,aboratory. ORNL is investing a portion of its LDRD 
budget to developing neutron science capablltties (see Sect. 5.7). 

4.1.1 Spallation Neutron Source 
‘l’he Spallation Neutron Source (SNS) is an accelerator-based, next-generation neutron scattering 

facility that is under construction on the Oak Ridge Reseivation. It will produce neutron beams that are 
12 times as intense as those available from any existing pulsed source, enabling researchers to “see?’ 
never-.before-obsen;ed details of physical and biologcal mateiials, ranging from high-temperature super- 
conductors to proteins. ’I’he SNS is the toppriortry project of 1X)H’s Office of Science (DOE-SC), 
which has committed nearly $565 million through m20O1 for its design and construction. It will play a 
key role in supporting DOES goals and strareges in science. 

Neutrons will be produced at the SNS by lxxxibarding a mercury target with 1-GeV protons. The 
protons will be produced by an accelerator system consisting of a hydrogen ion source, a linear 
accelerator (linac), and an accumulator ring that delivers pulsed proton beanis with an average power of 
up to 2 h W ,  at a frequency of GO pulses per second, to thc mercury target. Cinder these conditions, a 
typical proton wd1 release 20 to 30 neutrons through a nuclear reaction process called spallation. The 
neutrons wd1 be slowed to useful energies in water or supercritical hydrogen moderdtors and guided into 
experimental areas, where they will be used in iieutmii scattering experiments. 

When operational, the SNS wdl serve 1000 to 2000 users each vear; thus, its performance require- 
ments and instrumentation needs are being determined in close collaboratioii with the scientific user 
community. Workshops and meetings of researchers who use neutron scattering techniques provide 
valuable input. ,1 process for instrument selection and inclusion in the project baseline has been 
developed and implemctitcd. ‘l’he SNS Instrument Systems group has developed or is developing 
concepts for 13 different neutron scattering instruments to provide best-in-class capabilities. 

The SNS project began in FS 1996, when DOE’S Office of Energy Research (now LIOE-SC) 
drcected OKNL to initiate research and development (RCILD) and conceptual design studies. ’To carry out 
these studes, O W L  formed a collaborative arrangement with four other national laboratories: ,Irgonne, 
Brookhaven, Lawrence Berkeley, and Los AAlamos. This SNS collaboration, which will continue through 
the project’s construction and commissioning, accesses DOE’S best technical expertise and newest tech- 
nologies, as well as its vast experience with user programs involving scientists and engineers from 
universities, iiidus try, government laboratories, and institutions in o thrr nations. In hlarch 2000, the 
Thomas Jefferson Nationdl -kcelerator Facdty joined the SNS partnership. 

1 2 9 Oak hdge  Nauotial Laboratory Institutional Plan F3’ 2U02-FY 2006 



The SNS conceptual design report (CDK) was completed in Ala; 1997 Extensivc reviews of the 
CIJK cndorsed the SNS partnersllip, its reference design, technical scope, cost, schedule, n r d  collabora- 
tivc manageinenr approiicli. 

Title I design and construcuon actimixs bepati in October 1908. ‘llie final environmental impact 
statement (DOLi:/EIS-0247) analyzing the proposed OKNL site and ;dtertiative sites for thc SNS was 
completed in -3pl 1999, and a Kecord of Decision identifying Oak Ridge 2s the preferred site for the 
SNS was issued in June 1999. C;roundbreahng cc.remonies for the SNS were held in Deceniber 1799. L4 
contract for SNS excavation was awarded in ,lpril 2000, arid site inass excavauon and grading were 
completed in November 2000 uith approxlmately 1.2 d o i i  culm yards of earth removed and 
recoinpacted. Installation of 900 steel piltngs for the target building (sce Fig. 4.1) is coinplcte, and 
foundations are being constructed (see Fig. 4.2). At the end of FY 2000, approxlmately 60,000 hours of 
constmction had been cornpled without injury or environmental incidents. This outstanlng 
ent-ironmental and safcty perhrmance conunut*d in P3’ 2001 wit11 rio lost workday cases, three inirior 
record;tble incidents, and no eiiviroiiinental incidents in tnore than 325,000 hours of construction work. 
l3esign tasks we progressing on schedule, with 69 oniplete through September 2001. 

Figure 4.1 
Installation of steel pilings for the  Spallation Neutron Source. 

Open houses iti April 2000 and May 200 1 have provided information about the project to stake- 
holders. The May 200 1 event was attended bj Congressional representanves, I30€? officials, and 
members of local communities 

F?1’2003 funding for the SNS project is $291.4 nullion ($276.1 miLon for constniction and 
$15.1 inillion for related K&D and Pre-Operattons) ‘l’able 4.2 presents the SNS funding profilc. ’I’he 
project i s  on schedule for completion m June 2006. 

Table 4.2 
Funding profile for the Spallation Neutron Source by fiscal year 

@idget authority (BA) in rnilhons of acnial year dolliirs] 

I’rior 
vears 2000 200 1 2002 2003 2004 1005 2006 Total 
168.5 1’17.9 278.0 291.4 225.0 243.0 112.!) 75.0 1,411.7 

~~ ~ ~ ...... ~~~~~~ .............. ~~ ~.~ 



Figure 4.2 
Construction of foundations at t he  SNS site. 

4.1.2 High Flux Isotope Reactor Upgrades 
The High Flux Isotope Reactor (HFIR) is among the world’s best research reactor facilities. Its 

flexible design allows it to serve multiple missions-neutron scattering, isotope production, materials 
irradiation, and neutron activation analysis-and when operating at 85 hlW, I-IFIR produces the world’s 
highest peak thermal neutron flux, 2.3 X 10’5 neutrons per square centimeter per second. 

HFIR was shut down October 1, 2000, for a beryllium-reflector replacement. Thc outage provided 
an outstanding opportunity to install larger beam tubes and new and improved instrumentation for 
neutron scattering. O n  November 30, 2001, O W L  received DOE approval to restart HFIK, and 
currently, operations are resuming. 

Improvements to IIFIR’s research capabhties will continue dutlng F T  2002 and Fl’ 2003. The 
Office of Basic Energy Sciences has provided $3 million for the construction of the small-angle neutron 
scattering (S-iNS) guide hall and is also supplying siipport for the installation of the cold neutron source 
and instrumentation. These endeavors will be completed during 1 4 3 ’  2002 and 2003. ’l’he S14NS guide 
hall d l  provide the necessary space to support a new 20-m ShNS instrument and a new 16-m biological 
S;\NS instrument, w-hich will he dedicated to biological research. The cold neutron source will allow 
HFIR to support leading-edge cold neutron research that could result in key ncw &scoveries and 
applications involving polymers, plastics, alloys, and biochemical systems. 

The performance of the upgraded HFIK will be comparable to the best in the world for cold and 
thermal neutron scattering. It will have 15 state-of-the-art neutron scattering instruments with thermal or 
cold neutron beams. Its neutron scattering capabilities will complement those of the SNS and will help 
restore U S .  leadership in neutron science. In addltion, the upgraded HI’IR will maintain its exceptional 
capabilities for isotope production, materials irradiation, and neutron activation analysis. 
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,i large neutron guide hall that would extend the NB-I! bcarn line to as many as 15 instruments aiid 
would allow many inorc uscrs to be accorntnodated has been proposed. This guide hall would provide 
more space for instruinents in a low-background area outside the reactor Iddlng .  It would also prwide 
office and laboratory space for outside users and OIWI, researcherb. Other proposed changes would 
improw access for radloisotope prociucuon atid would enhance the neutron acuvatlon ati:ilysis mission. 

4.1.3 9 Joint Institute for Neutron Sciences 
The Joint Itistttute for Neutron Sciences (JTNS) has been established 1)) OIWL and the Umverstt) 

of I’etiticssee (Irq to serve ab ail intellectual center for the neuron sciences and to promote the use of 
neutron beam fachttes at SNS atid HI’IK. ’I‘he user conunutiii) has providcd input o t i  JINS sitice 1998, 
when the concept was introduced a t  the SNS Instrumentation \Workshop held in I<noxvde. JINS will be 
located in the SNS laboratoq/office complex arid i t i  a housing and conference facility to be constructed 
near SNS using funding from the state of  ’1 ennessee. ‘is the user community at I IFIK grows and the 
SNS begins operation, it is expected that ad&tlotial umvewsittes, government laboratories, and companies 
will become affiliates of JINS. 

JTNS will be an intellectual focus for the neutron scicmce cotninuniq and will enhance atid support 
research usmg SNS and f IFIK. JINS will foster joint faculty positions benveeii ORNL and its universitj 
partners and \vi11 assist multi-institutional resexch teams in developing new apphcattons involving 
neutron scattenng and other uqes of iieutron beams Fellowship and sabbaticd prograins wdl draw 
neutron scientists from iiistltutions all over the world for interactions xmth the residmt staff and user 
corninunities JTNS and its partners wdl organwe study teams that explore emerging scient& challenges 
that can be addressed using neutron scattemg and complemciitai-y tecliniyues and wl l  conduct 
workshops on iieutroii scattering apghcauons. JINS scienusts arid support staff -11 also collaborate wth 
tlielr counterparts at  the Center for Nsnophase Materials Saences. 

4.2 Complex Biological Systems 
OlWL is developing a significant program in coniplex biological systems that 1,uilds on estab- 

lished prograins and expertise in the life and environmentd sciences. ’I’he Coniplex Biological Systems 
Initiative incorporates itiiiovative applications of computational, physical, chemical, aiid engmeering 
science, as well as special facilities and resources in analytical technologes, to advance the understandmg 
o f  biological systems. ’I’his initiative engages organizations and disciplines across the Laboratory. 

Biological research has been revolutionized by advances in molecular biology, bioanalytical 
technologies, and computational science. ’Ihere is 11ow an inceeasing focus o r 1  taking advantage of these 
new capabilities, and the information derived from comparative genomics, to understand the cornplex 
interactions, pathways, balances, and control mechanisms of biological systems-from the molecular 
level through single-cell systenis to human biology and physiology to the complex in terdcpendences 
Ixtween living organisms and their environments. 

This initiative draws on programs in comparative and functional genomics, structural biology, and 
computational biology and bioinformatics. It focuses OIINL‘s distinctive expertise and facilities in 
niainnialian genetics, biochemistry, environmerital microbiology, plant genetics, gene expression, 
analytical technolops,  coniputational science and applied mathematics, physical sciences, aiid 
engineering on the challenges of observing and understandng the functionLtig of complex biologcal 
sys teins. 

Specific applications include areas of critical interest to DOE missions-such as human suscepti- 
bdity t o  low-dose radiation and other environmental exposures, bioremechation, carbon sequestra tion, 
and renewable and alternative energy sources-but also cover systeins issues related to human disease, 
which are of interest to the National Institutes of Health (NIM). 

The initiative is designed to establish a significant resource in support. o f  a new program, 
“Genomes to Life” (GTI,), proposed by the DOE-SC Ofkice o f  Biologicid aiid Environmental Research 
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(OBER) and the DOE-SC Office of -\dvanced Scientific Computing Research.' The GTI, RBLI pro- 
gram will define the direction of DOE contributions to the global life sciences enterprise for the next 
decade and beyond. l 'he GTL plan describes four goals: 

identify life's molecular machines, the multiprotein complexes that carry out the function of living 
sys tefns; 
characterize the gene regulatory networks and processes that control life's molecular machines; 
characterize tlie functional repertoire of complex microbial communities in their natural 
environments; and 
develop computcrs and other computational capabhties needed to model the complesity of 
biological systems. 

Five areas that are key to the success of the GTL program will be pursued through the Complex 
Biological Systems Initiative: cornpara-tive and functional gcnomics, proteomics and structural biology, 
the microbial cell, biological systems analysis, and p reddve  toxicology. 

Comparative and fuiictional genomics. hlolecular and genetic tools are employed to produce 
mutations in the mouse, and a battery of phenotype screens, computational tools, and analytical 
techiiologies are used to establish the function of the affected genes. Novel approachcs are being 
developed to screen animals for new phenotypes, enhance the information obtained, and increasc the 
throughput of phenotype screening. 'I'his activity is supported by the hlouse Genetics Research Facility, 
which includes a colony of approximately 70,000 animals with a large number of known mutations. 

Proteomics and structural biology. ORNL struclural biology and functional genomics resources 
are being employed to understand complex structure-function relationships of proteins in mammals, 
microbes, plants, and model organisms such as mice, zebrafish, and yeast. Particular emphasis is placed 
on the identification of mochfications in proteins that can affect the foririaiion of protein complexes that 
are critical to cell signaling processes. This activity is supported by a new user facility, the Center for 
Structural hlolecular Biology, which integrates OKNL's special expertise in biological mass spectrometry, 
computational biology, and small-angle neutron scattering of proteins and protein complexes. 

Microbial cell. [Jnderstanding gene function in microbial populations in J ~ U  integrates genomic 
approaches for analyzing complicated metabolic pathways, regulatoq networks, various cellular 
processes, and the relationship between microorganisms and their environments. Included in this area is 
the study of organisms functioning under extreme environmental conditions. Different organisms have 
unique strengths and weaknesses for stuches of dfferent aspects of complex but evolutionarily conserved 
pathways and systems; as a result, stiidies of a range of orgatiisms are iiecessary to understand the below 
ground and surface microbial ecosystems. In addition, the complex rrgulation of community activity 
requires studies of whole communities for understanding of microbial interactions. In z&o and whole- 
organism approaches to be used for complex pathway analysis include new experimental and 
computational methods to produce, exploit, compare, or iii tegrate itifonnation from several organisms to 
explain and understand complex shared pathways. 

Biological systems analysis. Biological systems analysis encompasses methods that support 
systems analysis approaches based on biological data, using genetic and molecular approaches to identify 
both interactions in networks and temporal changcs in the functional roles of specific gene products in 
cells. ,idvanced computational algorithms and databases developed over the past decade and new 
computational platforms that can be used to model organismal physiology and ecosystem dynamics are 
also of interest. The O W L  Laboratory for Comparative and Functional Genomics, cnvironrnental bio- 
technology capabhties, nlicroarray and gene expression capabhties, and computational biology includmg 
compreheiisivc comparative genome analyses and tools for protein classification and structure prediction 
will be used to advance tlie modeling and analysis of complex biologcal systems. The 'Terascale Com- 
puting and Simulation Science Initiative (see Sect. 4.3) will provide new capabilities to support this area. 

Predictive toxicology. Scientific advances from the Numan Genome Project, subsequent pro- 
grams in microbial and other genomes, and stnictural biology provide a foundation fur understanding 

'For more information. see (htcp:/ /dorgrnomestobfe.urg). 
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i:he genetic and tnolecular basis of toxicology. Predictive toxicology, for both hunmi and atiinial 
exposure t o  chemicals in The environment, can bc associated with specific gene systems. Marly o f  these 
aerie systems are evolutionarily conserved, and these gene systems are ubiquitous-thus permitting 
comparative. toxicology. 

The Complex Biological Systems Initiative builds on OliNL's strong progxms in function;il 
genomics and proteomics (see Sect. 4.2.1), structural biology (see Sect. 4 .24 ,  plant and microbial 
genoinics (see Sect. 4.2.3), and computational biology and iiifonnatics (see Sect. 4.2.4), and i t  involves 
significant collaboration with other DOE laborat-ories and (1 ther itistinitions. Additional components 
include the Center for Systems Biology (see Sect. 4.2.5), which is under developmetit with support from 
(.>BEI< and the University of Tennessee (U'Q-OKNL Joint Institute for Biological Sciences (see 
Sect. 4.2.6). Funding projections for the Complex Biologcal Systems Initiative are shown in 'Table 4.3. 
('I'hese projections do not include capital funding for the Center for Systems Biology, which is presented 
in Sect. 4.2.5.) 

Table 4.3 
Funding projections for Complex Biological Systems Initiative 

by fiscal year 
(in rtiillirms of dollars) 

2OlJ 1 2uo2 2003 2004 2005 2006 

Functional genotnics and proteonlics 6.0 9.0 10.0 11.0 11.0 11.0 
Center for Structural hlolecular Biology 1.1 2.0 2.5 3.0 3.0 3.0 
Plant and mcrobial genoinics 2.0 2.5 15.0 4.0 4.0 4.0 

3.0 4.0 5.0 6.0 6.5 6.5 
Total 12.1 17.5 20.5 24.0 24.5 24.5 

~ ...... ~ ~. ........ ..~ ........-- ~ ......... ............... Computational biology and bioitiformatics 

Note: 'l'hese projectioiis inclidc funding from IIOli a i d  Croni other sponsors. They do  not include capital funding for the 
Center for Systems Biology, wliich is presented in Sect. 4.2.3. 

4.2.1 9 Functional Genomics and Proteomics 
Biologists have studied gene function for many years, but much of this research has been slow, 

cosily, ;md directed at single gmes.  .iccess to the powerful reagents resulting from the Human Genome 
Project is changing this situatmn. In thls new era of biomcdical research, i t  is possible io perform expcri- 
ments in functional genomics-that is, LO d e t e m n e  the function of genes and systems of genes on a 
genome-wide scale. 

Researchers can study functional genctnucs in humans by using genome information from model 
organisms, which provide rich scenarios for experimental research. 'I'he mouse, wth its genetic snd 
physiological snnilantics to the human and its cxtensive cornparatme genettc ltnliage map, IS a IcaSng 
model organism for determining human gene function. h wide varlet>- of genetic and molecular 
maiupulations are po~sible in the mouse, m a h g  i t  a powerful research orginism for studies of 
funcuoiial genoinics. 

Other organisms are also being intensively smched. With completed DNA\ sequences for plants 
and trucrolxs (see Sect. 4.2.3), researchers have opportunitm to work on gene nctworks and gene 
interactions in systems where all the genes are hnown. Work on  other model organisms also opens 
related research areas that are important to L X ) E ,  such as the identification of  organisms in the 
envlrosimeiit and the genetic nianqxdation of organisins to help rmQgate envmtimental problems 

The availability of cornplcte DN-4 sequences for maiiy orgatusms also enablcs eiitirelv new hnes of 
scientific iiiqmry into the nature of the proteome, the proteins encoded b y  the genome. Thus, an 
important aspect of deterimning gene fiinctton is the characterization of the vast number of proteins 

d by the genome, iiicluditig the detemiiatioii o f  both the stnicture of a pa-rticular prutein and its 
rolc in the organism. Proteonucs resewch progmms are being planned b y  DOT:, under thc CXT, umbrella 
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and by other agencies, drawing on new high-throughput assays to identify normal and modified proteins 
by mass spectrometry and to determine the structures of proteins and protein complexes with X-ray 
ci-ystallography, nuclear magictic resonance (NhlR) spcctroscopy, mass spectrometry, neutron scattering 
techniques, and computational tools. 

OKNI, is combining the unique strengths of its research programs in mouse genetics and muta- 
genesis with its resources in structural biology and analytical tcchnologies (see Sect. 4.2.2), plant and 
microbial genomics (see Sect. 4.2.3), and computational biology and bioinformatics (see Sect. 4.2.1) to 
addrcss critical issues in functional genomics and proteomics. This approach is based on the conviction 
that genetics and protein studes should be viewed as integral components of an overall strategy to 
understand protein function in the contest of the whole organism and to define this function at the 
molecular level. 

The intent of the Functional Genomics and Proteomics Program is to maximize OWL’S ability to 
(1) assign both biochemical and orpnismal function to genes and proteins, (2) define interacting protein 
pathways at the molecular level, and (3) establish the role of proteins in the whole organism. In summary, 
thc goal of the program is to understand protein function in the contest of the whole organism and to 
define th~is function at the molecular level by combining advanced mcthods in mouse mutagenesis with 
the development of new concepts for functional genomics and proteomics technologies. ;ilthough the 
focus of this effort is not drrectly related to drug discoveq, the developed tools will be applicable to this 
field. By working with other research groups at universities and other national laboratories, ORNL will 
ensure complementarity with related programs in functional genomics and proteomics and \dl continue 
to make its resources and technologies available to the scientific community. 

ORNL will strengthen exisring collaborations, form new collaborations, and serve as a resource to 
research groups at other national laboratories and in academia and indusu-y. The l’ennessee Mouse 
Genome Consortium supports collaborations with hieharry hiedtcal College, St. Jude Children’s 
Research Hospital, the University of Memphis, the University of Tennessee (in Knoxvillc and Memphis), 
and Vanderbilt University Medical Center; a five-year, $12.7 million grant from the National Institutes of 
Health, announced in October 2000, will support the consortium’s neuromutagenesis program. ?‘he 
hierck Genome Research Institute has initiated a research project through the Joint Institute for 
Riologcal Sciences (see Sect. 4.2.6), and several new projects are being discussed. 

Activities are also under way to establish collaborative efforts with pharmaceutical and biotech- 
nology companies. R&D consortium involving several industry partners has been organized by the 
Gene Research Xccess Corporation (GENRAC), an organization established to facdltate private-sector 
investment in functional genomics research at O W L  and IJ1’. ‘The consortium will focus on identieing 
new mouse models for hiiman genetic diseases and novel methods to identify &sea.;e phenotypes for use 
in discovery research programs and other purposes of the partners. 

4.2.2 0 Structural Biology 
Structural biology is a rapidly growing field with a burgeoning impact on basic and applied biology. 

O W L  has combined its existing strengths in neutron sciences, mass spectrometry, and computational 
biology and is malung them available to a broad user community in the biologml sciences through the 
new Center for Structural hIolecular Biology (CSAB), which is funded by OBER. The CShm will be a 
key component of the proposed Center for Systems Biology (see Sect. 4.23). 

’I‘he cornerstone of the CShlR is a small-angle neut.ron scattering @INS) facility to be constructed 
at ORNL’s High I h s  Isotope Reactor (HFIR). S I N S  is an important tool for studying molecular 
conformations and interactions. It provides insight into the molecular basis of communication pathways 
that achieve coordmated function by identifying specific chemical groups that interact with the environ- 
ment and with molecular networks involved in bindng and activation sequences. It can also provide 
information on thc dynamics of a biomolecule in solution and complements high-resolution structural 
information from X-ray crystallographic and nuclear magnetic resonance data. S I N S  will be a key tool 
for understandmg the cellular-level communication that is the basis for protein function and, thus, gene 
function. 
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’1 he CSMR takes advantage of the opportunity afforded by the EiFLli u~~grade project (see 
Sect. 4. l.?), which includes the construction of the tiation’s “brightest” long-wavelength neutron sc)urce. 

S - W S  instrument and aisociated resources specifically designed for the study of biological systems r,in 
be ccononuca~~y developed ntid built part of this upgrade; Cl13FK ts providing nearly $6 11lllll(Jtl for 
suc 11 an instrument, clesignated Rio S INS. ‘I’he Dio-SANS, which should be operauonal b) Jiine 2002, 
w-dl incorporate both high flux and a large-area (1-mz) detector to collect data over a wider solid angle to 
enhance the study o f  biologd niolecules l’he resulting facihtv will providr the L1.S biological 
cwnmuniq with state-of-the-art capabihues in SI\NS, rivahng the world’s best l>ichgcal fiicilities at thc 
Jnsutut Laue Langevin in France. 

’The CSMB also lewrages O K N l ~ s  well-established biologicd mass spectrometry and conipu- 
tati(ma1 resources, providing the biologcnl coniinunity w t h  additional tools that complenicnt structural 
informahon obtained from %INS. For example, mod&atlons to proteins can profoundly xffect both 
the structure and the funct ton of biornolecules AIass spcctrometry can provide inforination on both the 
estent of these modtficatlons and the sites of attachment. Computational tnoclehng can support 
conformational changes observed w t h  SANS. In addinon, for uncliaracterized proteins, computaaonal 
nietliods can be used to dent+ fold hniihes aiid to bulld models from related known proteins before 
L2NS analysis. rapabilities within the CSMB \mil complcnieiit resources at other structural biology 
f a c h e s ,  such as S 7 j f l C ~ l ~ C J ~ O l l  x-ray crystahgraphj center\, to provide a more complete picture of thc 
structure of biological molecules and their interactions in complex systems. 

The CSMR will extend its capabihues to progmms within the I>OIi conununiq and to ( h e r  
goveriiineiit, acadeimc, and industrial laboratones -in advisory panel of dtstinguished scientists provides 
guidatice to the &rector ,and staff of the CShTH. Ll CSh.LT3 Iiser Group has been created to give advice on 
equipment and capabilitles to be included in the CShB and to establish guidehnes for operatioti. iin 
imporrant aspect of the CShB d . l  bc the training aiid educdtion o f  students and scieniists in the 
technologes witluii the CShIIB. -4 wide range of opportutiitles for scientists and students worktng in the 
field of structural btology smll be provided, Including extended visits for e?cperimental work, ihort 
courses, worhshops, and scientific meetings The Jomt Institute for Biological Sciences (see Sect. 4.2.6) 
wdl facditate many of these collaborative opporhmues. 

’lhe Rio-S 1NS facilities at the I IFIK wdl be located as far as posgible from other instruments to 
achieve rhe low background required for biologcal studes. .idjacent laboratory faahties MU b e  available 
f( )r final preparatlon o f  samples Data arcpisition and reduction capabihes w i l l  be integrated mto instru- 
ments, and ORNl. staff will be avadable to support users. 

CShlB users svdl also have access to the following resources: 
other neutron-based tools at the HFTR, includiiig another S,\NS mstrunient designed for studying 
imaterials wth higher resoluunn and a reflectometer that can be used to study bioinolecular 
monolayers and thin films; 
resource5 in biological mass spectrometry, includmg two high-performance Founer transform ion 
cyclotron resonance mass spectronieters and a number of other instruments equipped w t h  electro- 
spray and matrix-assisted laser &sorption sources; 
resources in computational biolog~7 and informatics (see Sect. 4.2.4), which can be used for modeling, 
prehction, ntid datxbnse use; 
s:imple preparation fachties t o  support SANS and ma55 spectrometry experiments; and 
support services through the Jotnt Institute for Neutroii Sciences. 

* 

* 

In the longer term, the capabhttes afforded bi the Spallatton Neutron Source (SNS; see Sect. 4.1) 
will create new opportunities in structural biology with improved techniques in neutron scattering. ’The 
CShlB will jointly sponsor a workshop with the Joint Instltutc for Neutron Scietices in mid 2002 to 
i l S S e S b  research opportunities in structural biology at SNS Structural biologists froni around the world 
wdl be intited to parttapate in this workshop. 

‘fie CShB fills an important niche in the spectrum of scientific tools required to perfom 
cornprehensivc structure-€tinction expertments. It is designed with specific interfaces to thc neutron 
crystallography center at Los Xlamos National Laboratory so as to jointly serve and grox the structural 
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biology community that takes advantage of thc unique features of neutron sources. It is unique in its 
combination of high-flus cold neutrons for S_-\NS, world-class resources in computational biolog)-, and a 
pioneering mass spectroinetq facility. 

4.2.3 * Plant and Microbial Genomics 
The availability of ncw genetic information and the development of new tools (e.g., sequencers and 

robotic systems) that allow for the gathering of this information on a large sa l e  are creating new oppor- 
tuiiitics in plant and microbial genomics at ORNT,. 

hlicrobial activities, sponsored by X>OE-SC, the DOR Office of Enrironmcntal hlanagement, and 
the Office of the Deputy ,Idministrator for Defense Nuclear Nonproliferation (DOE-NN) within the 
National Nuclear Security Administration, build on the T,aboratory’s long-term involvement in environ- 
mental monitoring and bacterial isolations. OKNJ,’s work in envkonmental inonitoring expanded to 
include biosensors, now- a kcy area of expertise. Efforts in bacterial isolations identified unique 
estremophile bacteria that represent resources for future projects and fostered the development of 
molecular expertise that supports new efforts in functional microbial genomics. Investment of capital 
resources in eqiiipinent for molecular-level explorations also supportcd the development of expertise and 
has set the stage for future projects and further expansion into functional gcnomics. 

The Natural and ,Iccelerated Bioremedation Research (NARIR) Field Research Center on the 
Oak Ridge Reservation (see Sect. 5.1 2.3) will provide new opportunities to understand the intcractions 
of microbes with groundwater and soil, complementing work on microbial genomics. It \dl also generate 
data chat can be incorporated into the matheniatically based numerical models that arc an important tool 
in prcdicting and planning groundwater management programs and remediation stratcges, and it will 
provide opportunities for comparing computational predictions of biorcmcdiation techniques with a c h d  
outcomes. 

NABIK investigators doing field work on FRC plots currently conduct their own site-specific 
modeling. ORNI, is assisting investigators with these modcling efforts by provichng data and 
information, such as model input parameters and grids from previous Oak Ridge modeling efforts. The 
E’KC is available to conduct larger scale modeling that covers and integrates data from several N;IBIK 
field plots as the need arises. 

-\rrays of DNA\ probes are expected to become a foundation for work on microbial pathways, 
gcne cxpression, and community structure analysis. ORNL d l  continue to play a significant role in the 
development of these DNA% arrays, which support work that addresscs fundamental qucstions related to 
DOE missions. For examplc, metal-reducing bacteria are of interest for rernedtation of waste sites, for 
carbon sequestration (e.g., production of carbonate minerals), and for production of novel materials (e.g., 
cobalt-doped magnetite). DNA$ arrays that monitor the expression of all of the genes of Shewnneh 
oneidemis hLIR-1, an important and vcrsatile strain of metal-reducing bacteria, are being constructed. 
Future applications include monitoring microbial communities, assaying background bacterial 
populations in the air (needed for work on chemical and biological agents in support of DOE-NN), and 
supporting the discovery and characterization of infectious agents. 

In plant genomics, the complexity of the interactions among metabolic pathways, integrative gene 
cxpression, and the environment currently limits our abllity to make predictions about individual plant 
growth and ecosystem responses to the environment. Characterizing gene function through functional 
genomics and Iffereiitial display technologies, in combination with conventional studes of planr 
physiology, ecosystem function, and landscape modeling, provides a means of understandmg complex 
plant-based biological systems. hIolecular dmection of complex traits will allow the isolation and use of 
genes that control environmentally and economically important characteristics. ,I proposal to initiate 
scoping studies and multi-institutional planning will be prepared and submitted to OBER during 
K 2 0 0 2 .  These areas will be developed and explored at  ORNI, under the sponsorship of DOE-SC and 
the DOE Officc of Energy Efficiency and Renewable Energy, drawing on the availability of state-of-the- 
art cquipment in the development of functional plant genomics. 
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OIWL is esploring ecosystem genomics, an emerging field of research that combines current 
expertise in ecosystem studies with the rapidly expanding databases on plant, animal, and microbial 
genoniics. The characterization and understanding of gene expression across trophic, temporal, and 
spatial boundaries will provide new insights into how organisms interact, how eco tenis function, and 
how physical, biological, and chenlical clisruptions affect ecosystem sthilit!; and ability to respond to 
environmental change. Real-hie surveys o f  gene expression, made possible by adlmnces in microarray 
tecli~iology, will be coupled with tradttional measures of energy flow, mineral cycling, and succession, 
providing the foundation for testing of hpotlieses. 

We will investipte trophic-level interactions among organisms, molecular tnechanisms that deter- 
mine the ability of orgariisms to adapt to environments, the molecular basis for ecosystem horneostasis, 
and the identification of basic suites of genes that are required in all healthy, functioning ecosystems. For 
example, rapid development of bioenergy and t e r r e s td  carbon sequestration technologies, two near- 
term solutions to mitigating greenhouse gas concentrations, will rely on our understancling o f  and abdity 
to manipulate the genetics and bioctienlistry of plants and microorganisms. liesearch on the genetic basis 
of carbon allocation in w o o d y  plants c:ould lwd t o  eiihanced production o f  wood from trees with a 
targeted chemical composition. Greater understandtng of microbial and molecular control of soil carbon 
quality and quantity will provide strategies for enhancing soil carbon sequestration. 

New tools and approaches in bicinformatics will be needed to deal with new DNA array data and 
1.>NA sequence data. One gromising approach involves the use of artificial neural networks for pattern 
recognition. The expansion of this :tpproach from biochemical markers (e.g., specific lipids) to DNA 
data o f  various kinds offers promise for increased understandmg of the complexity of plant and bacterial 
communities and their interactions with environmental factors. 

4.2.4 Computational Biology and Bioinformafics 
‘lhe recent report by IXIL’s Biologcd arid I:riv~onmental Research Advisory Lommittee 

(13 t+X.LiC), 7 3 n q z q y  the CTeiznme t o  I&.,’ refers to computation as a “great unifier” of bio1opc;ll rciearch 
because of its potential for modehng biological s? sterns; managing, an‘dyzing, and recognizing patterns in 
complex data, and complementmg expertmental approaches to biology Cornput ational biology 
represents a significant opportuntty because of DOE’S unique hgh  perforinance computmg resources 
and programmatic emphasis on screntific areas that rely heavlly on cotnputatioii ’l’he BER,lC report 
strongly emphasiies many different aspects of computational biologv and recogni/e:: the increasing need 
for investment in this area. Parucularlp strong themes in the report include computational and coinpara- 
uve genomics, proteln structure :ind function, and bioinformatics sjstenis in support of a variety of 
functional genomics acttvittes. Ilie GTL program domment, which is based on the l3hIL-IC report 
recommendations, includcs a significant compucauonal I~dog); component. 

O W L  has a dtstinguished history of providmg community tools and resources that ‘are well 
regarded cm an international level and has promoted to an unparalleled level of success in 
bioinformatics and computational biolog .? Laboratory actmties in computauonal atid cuinparativc 
genonucs build on a 1O-year record of success, and OliNL continues to provide the commrinity w t h  
advanced tools and resources, incluchng Web-accessible tools such 215 C ~ K U L  (Gene Iiecogniuon and  
Analysis Internet Imk),  and ( r ~ ~ i I L  ~ X P ,  1’KOSPl:CT (the Protein Structure Prerlicuon and haluation 
Toulht), Pfam, BL: i u  I>’, the Genonie Annotation Pipehne [extmslvely used by the Joint Genome 
Institute (JGI)], BLZS r, Genscan, repratmasher, tRNAacan, and others. The Genome Channel furnishes 
researchers with precomputed views oC genoines in a powerful environment for visualuatlon, query, and 
search of it> 30 genotnes A t  niore than 200,000 hits per month, i t  has found significant use by investi- 
pitors. ?‘he high Web hut rate reflects the importance of these resources to the research community 

(:omprehensive sequence-based views of completed microbid genomes ranpig from the full 
genome to the iiucleotide sequence level are included in the Genome Channel and Genome Catalog. \\’e 
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have developed tools for comparativ-e mnltiple-genome analysis that offer automated, regularly updated, 
comprehensive annotation of microbial genomes using consistent methodology for gene calling and 
feature recognition. l’he visual genome browser represents around 51.000 microbial <;K;\I~, and 45,000 
GcnBank gene models. Prccoinputed R l i  \UTI’ searches are included for all gene models, with links to 
original source material and addtional search engncs. Comprehensive representation of microbial 
genomes will require deeper annotation of structural features, including operon and regulon organization, 
promoter and ribosome binding-site recognition, repressor and activator binding-site calling, transcrip- 
tion terminators, and other functional elements. Sensor development is in progress to allow access to 
these features. Linkage and integration of the gene-protein-function catalog to phylogerietic, structural, 
and metabolic relationships also will be developed. 

A draft analysis pipeline has been constructed to provide annotation for the JGl’s Microbial 
Genome Program. The first five draft sequences in the pipeline, with many more to come, are the 
Nitrosonzanus europueii, Prochloromu~s mariniis, Khodopseudornonus puh4.stfi.r. iVosto‘. ptmc@me, and Ente?-o-oL.aciu.j. 
fueLigrn genomes. hlultiple gene callers (Generation, Glimmer, and Critica) are used to generate a 
candldate gene model set. The conceptual translations of these gene models generate similarity-search 
results a id  protein family relationships. From these results, a metabolic framework is constructed and 
fhnctional roles arc assigned. Simple and complex repeats. tRNA\ genes, and other structural RNA genes 
are also identified. .Annotation summaries are available through the JGI nllcrohial genomics Web site; in 
addition, draft results are being integrated into the interactive display schemes of the Genome Channel 
and Genome Catalog. ORNL staff members take a lead role in interacting with user groups for each 
organism being annotated. Ai streamlined, high-throughput version of the draft pipeline was designed to 
accommodate the data flood from JGI “Bug Months,” which average 2 to 3 megibytes (2000 to 
3000 gene models) a day for 30 days. 

High-performance computing has played a key role in genome annotation. GIST, the Genome 
Integrated Supercomputing Toolkit, which has been used to annotate liutnan and microbial genomes, is 
available on line to the scientific community. G I S T  is a fault-tolerant, massively parallel computational 
biology framework developed at OWL.  Key GIST analysis tools running on the 1Bhf SP3 and other 
ORNI, Center for Computational Sciences systems (see Sect. 4.3.1) include hIPP-R1,z\Sl‘ for sequence 
comparison, GR+~IL,-~:.xP for gene finding, and protein-structure and domain-classification systems, such 
as P w s P f i c r  and Hhfhl Pfam. Integration of these resources into the genome annotation system has 
allow-ed OKNI, to analyze, interpret, arid update JGI and other microbial genomes €or rapid 
dissemination to the community. This infrastructure w a s  pivotal in generating annotation for the human 
genome, especially the assembly and analysis of DOE draft chromosomes 19, 16, and 5. 

Bioinformatics provides support for functional genornics research in the manipulation of large, 
complex data sets and the integration of data across miiltiple laboratories, We prot-ick bioinfoimatics 
support for JGI human, mouse, and microbial genome sequencing and annotation and are devising 
systems for analyzing data arid managing information in the ORNL mouse genetics and genomics 
program, which includes activities within the Tennessee Mouse Genome Consortium. Bioinformatics 
tools are also being developed to support data storage, statis tical analysis, and presentation for KN;\ 
expression analysis and to follow mouse mutagenesis experiments. 

number of computational tools have been developed for calculating the structural properties of 
newly discovered proteins. One is PKuSPIJCr, a threading-based computer program. for protein-stnichre 
prediction. I’KoSPECT is unique in that (1) it rigorously solves the globally optimal threading problem, 
with sidechain-sidechain interactions considered, in an efficient manner (polynomial time); and (2) it 
facilltatcs the incorporation of partial experimental data as threadrng constraints. Work in the second area 
has included identilying active sites, disulfide bonds, partial distance restraints from nuclear magnetic 
resonance (with Michael Summers of the University of hlaryland-Baltimore County and Engin Serpersu 
of CT), and mass spectrometq (with Jim Stephenson of ORNL). PKC)SPECT was ranked among the top 
six performers in the C;\SP3 protein-structure prediction contest in both fold recogrlltion and ab i~~itio 
€old predction (using its ability to identify partial folds). 
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As emphasized by the BElLlC report, the availability of a large number of complete genomes and 
their gene content raises the possibility of systeniatically deriving a cell’s cotnplex internal structure. In a 
new research activity, we are addressing the critical need to develop an effective, robust, and potentially 
automatable methodology to obtain well-founded and well-understood causal descdprioiis of complex 
gene networks in tiological systenis. IJsing expert systems to provide a coniprchensive description of an 
organism’s gene networks, the method under development will integral-e gene and regulatory 
in forma tioti, results from expression-array experiments, arid partial pathway hiowledge from other 
orgirlisms and pathway databases. ‘I‘he description will include Ix)th ~ x t t h w t y  and regulatory relationships 
and provide I practical network model that can be used to predict behavior. As a proof of principle, the 
approach is being applied to (1) selected yeast pathways ;IS key eukaryotic models important for human 
and tnouse genomes atid (2) the prokaryotic cyanobacteria family being sequenced by 13OE because of 
its importance in photosynthesis and erivironniental cycles. 

4.2.5 Center for Systems Biology 
ORNL is developing a Center for Systems Biology (CSBj to fulfd important needs of the new 

Gl7, program proposed by OBER and the DOE-SC Office of Advanced Scientific Cotnputing 
Research. The ( 3 3  will place an emphasis on human susceptibkty to the consequences of energy 
production and use, and it will incorporate CXWL’s special facilities and resources in nianlma1i;in 
genetics and genomics, analytical technologies, and cotnputational biology. 

Planning for the CSB is under way, and an advisory board is being established. One goal of the 
CSB is to open the way for sipficatit ORNL participation in tlie GTL program by integrating and 
leveraging the Laboratory’s &s tinctive expertise and facilities in 

niouse models for human susceptibihty to understand health effects of environmental insults; 
environmental microbiology to  understand microbial diversity and to engineer mict-ol>ixl systems 
relevant to DOE missions; 
computational biology and specialized high-performance computing (MIX) for biological 
applications, such as the derivation of knowledge from genome sequences, high-throughput protein 
structure determination by combining HPC with experimental structural biology methods, and &s- 
section of the complexity of networks atid pathways in cells and organisms; 
liolo‘gical mass spectrometry, microarrays, bioseiisors, imaging, and other analytical technologies to 
perform high-throughput analyses o f  proteins, proteiii complexes, and processes in the cell; end 
structural biology, includmg neutron scattering and diffraction (FIFIK and SNS)? mass spectrometry, 
;md computing, through the CSMB (see Sect. 4.2.2). 

Our expectation is that the CSB will also become a systems biology resource for the NII-1, building 
011 current NTH investments in niotise hinctiorial gmotnics and o11 other programs under development 
in computational biology. In addition, the CSB will have a strong industrial research program, building 
on evolving partnerships, such as the GENILIC consortium. Table 4.4 provides funchng projections for 
the CSB. (iimounts are in adclition t o  those listed in Table 4.3.) 

ORNL received $2.5 n3llion in IT 2001 to begin construction of the Laboratory for Comparative 
and Fuiictional Cknomics (LCFG), which will be ati anchor f:icility for the CSB. The 
designlcotistniction contract fix this facility was awarded in August 2001, and construction will begin 
early in FY 2002. ‘Ihe LCFG is scheduled for cotnpletion in 2003. The funding profie for this line item 
includes an adQtiona1 $1 1.4 milhon in FY 2002 (not included in Table 4.4). 

4.2.6 Joint Institute for Biological Sciences 
7‘hrough the Joint Institute for Biological Sciences (JIBS), ORNL and UT’ promote and develop 

support for collaborative education atid research 111 biological sciences. CT organizations involved in this 
effort include tlie Medical Centers, the College o f  Veterinary hIeQcine, and the Tristinite o f  Agriculture. 

The focus of JIBS is to strengthen the partnership between ORNL atid UT and expand cc)llabora- 
tive efforts in functional genomics, structural biology, analytical technologies (see Sect. 5.1 2. l), and 
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Table 4.4 
Funding projections for the ORNL Center for Systems Biology 

by fiscal yeat 
(in mtlltons of  dollars) 

~- ~ ~ ~~ ~ 

2001 2003 2001 2005 2006 

Operaung" 2.0 6 0 12 0 15.0 15 0 

State of Tennessee funds" 8 0 0 0  0 0 0 0 0 0  

17.0 

~~ ~~ ~ __ ~ ~ ~ _ _ _  - 

Capital 1 0 3 0  2 0  3- 0 2 0  

____ ~- 

~~ 

Total 11.0 9.0 14.0 17.0 
- ~~ ~~ ~ 

'Indicate5 both new fundlng fur CSB and funding for on!goiiy research prolects 
"Includes hnth DO1 hnd5 and funds from other sponsor5 
DOL capital funds for equipment 
'For construction o f  facht\ to honsc. the Joint Institute for Biological Sciences, 5ee Sect 3 2 6 

computational biology and bioinformatics. Efforts include the integration of the OWL-UT Graduate 
Program for Genoine Scicnce and 'I'cchnology into JIBS. 

JIBS will provide new opportunities for applying the complementary capabilities of ORNI, and 
UT to emerging problems in thc biological sciences. It \yI11 also SUl3lKJrt the integration of research and 
education, exposing students to the multichsciplinary approaches needed to understand complex 
biological systems. strong interface with Lhe U'l' illedlcal Centers is envisioned to support the effectivc 
transfer of K&U results to clinical applications, and distance learning capabilities at ORNL and UT will 
enhance opportunities for national and international participation in research conducted under the 
auspices of JIBS. Funding from the State of Tennessee will be used to constnict a facility to house JIBS 
as part of the Om-L Center for Systems Biology (see Sect. 4.2.5). It is envisioned that the JIBS facility 
will house research laboratories, offices, and state-of-the art classrooms with distance learning resourccs. 
'I'hc laboratories d l  he equipped with emerging tcchnology tools for advanced biologcal research 
provided by aiid in support of ORER's GTI, program. X iiumbcr of thcsc laboratories d l  be made 
available to ORNL-CT research collaborators across the state and outside Tenncssee. It is envisioned 
that private companies will engage in cooperative .K&D agreemcnts (CR1D.k) with OWl.  and place 
incubator research in some of these laboratories as well. 

Workshops with stakeholders to determine desired features are being conducted, and requirements 
will he developed, reviewed, and documented. The $8 d o n  JIBS facility i s  scheduled to be constructed 
in T;I' 2003. 

4.3 9 Teraseale Computing and Simulation Science 
Drainauc advances in the power and performance of computers have opened a pathway to the 

modeling and simulation of physical situations, thus providing new insights into a host of complex 
sciencc and engineering problems. Innovative computers now under development are espected to be 
able to perform as many as 180 trillion arithmetic operations per second (teraflops) by 2004. As the 
developmcnt of more powerful supercomputers continues, advances in proccssing power must be 
complemented by a& ances in computing, communications, and information tools and technologies. 

In R 2001, DOE established tkc Scientific l)iscovciy through ;idvanced Computing (S~il9~1C) 
a five-year effort to develop the scientific computing software and hardware infrastructurc 

that the Department needs in ordcr to use terascale computers to advancc its research programs in basic 
energy sciences, biological and environmental research, fusion energy sciences, and high-energy and 
nuclear physics. 'The SciIIAC Program is focused on four key areas: 



creating a new gencration of scientific simulation codes thai take full advantage of the extr,ic)r&nary 
computing capabihes of terascale computers; 
creating the rnatheniatlcal arid cotnpuung systems softwxe that wd1 tnake i~ pobsible for these 
scientttic simulation codes tu cffecur ely and cfficiently use terascale coniputers; 
creatlng a  collaborator^ software enviroiiincnt that will enable geographicall\ sepasatcd scientists to 
effectmcly work together ab a team and that facilitates remote acce\s to both facihties and data; and 
ckvc-loping atid sustaliimg a scientific cornpang harAx7we infrastructure that IS tailored LO meet the 
needs of its resexch programs. 'I'his hardware infrastructure must be robust, to provide the 5 tablc 
computmng resources needed by tlir scientific applications; agle, to rcspond t o  innot atn-e advances 
111 computer technology that affect scientific computmg; and flexible, to allow the most a p p p i a t e  
and economcal use of resourccs to solve each class of problems 

Because o f  its programmatic diversity (see Sect. S), its comprehensive resources in compucatioiial and 
coniputer science, and its terascale computing fachties, ORNI, is uniquely positioned t o  provide support 
across all of these areas. 

'Through our Terascale Computing and Simulation Sciencc Tnitiative, we will develop and deploy 
leacling-edge computing capability and conduct state-of-the-art R&D in computer and coniputatioiial 
sciences in support of SciDAC and other DClD missions and programs. We will develop and operate 
experimental computing fachties to assess the promise of new computing technologes for scientific 
applications, arid we will apply our computing resources IC) specific scientific applic;itions, providing 
opportunities for optimizing ihe use of terascale computers to address critical science issues. 

The priinaiy source of funding for this initiative is the IIOE-SC Office of ,iclvanced Scientific 
Computing Kesearcli; soine fun&tig for scientific applications is expected t o  come from other DOE 
program offices. As described in Sect. 5.7, OKNJ., is investing a portion of its 1-3-  2002 T.,aboratory 
I')irected l<&D (LDRD) funds in advanced scientific computing, focusing on superscalable algorithms, 
petascale data analysis, and niathematks and algorithms. 

4.3.1 Terascale Infrastructure 
ORNI ,'s Center for Coinputational Sciences (CCS) is an advanced terascale compuung facility that 

provides state-of-the-art resources for high-performance computatlonal science and computmg science 
research, with addittonal resources in networking, visuahzatloti, and storage The CCS supports and 
integrates the developinelit of tools and so€tware to make high-performance computing mote effective 
and nccessible; the developnient and analysis of basic techruques and efficient numerical dgontlims for 
solving large-scale suentlfic and engineering problems on advaiiced computer architectures; and research 
in cluster computing, networhnig, and storage. 

The CCS provides a focal point for ORNT r ) ~  computational science research, bringing together 
theoieucal and coniputauonal scientlsts, computer scientists, and applted mathematicians who develop 
and refine the tools needed tu make optimum use of computing resources, as described in Sect. 4.3 2. In 
addition, the CCS coniputers 'ire increasiiiglj being used for scientlfic apphcations; collaborauve pro- 
granis to develop applications \oftware are discussed in Sect. 4.3.3 

With support from the SciDAC Program, tve will maintain the CCS as a leading center for 
unclassified scienufic computlng Currently, CCS operates a I -teraflops IURI Wmterhawk system and a 
0.4-teraflops Compaq --llphaServer SC system for leading-edge research ns part of Scill A C  atid other 
I X  )E apphcations. We are engaged in Installing a 4-teraflops, ncxt-generation IBAl Power4 Cheetah for 
early cvaluation and scalablhty research, as a fEst step in moving to 10-teraflops capabilig in F3' 2003. 
We are also explonng collaborations mtli our laboratory and industrial partners to dcvelop pet;iflops 
computers by 2006. This will requre substanttal advances in hardware technchgies, system software, and 
apphcations. '1 oward this end, we are working wth  Compaq atid 1B to obtain a 100-teraflcJps machine 
by FY 2004. 

ORNL's Facilitles Modernwaaon Initiative (see Sect. 7 3) includes the constructmn of a new 
100,000-ft2 Computational Sciences Buddtng to provide appropriate housmg for our state-of-the-nrt 
computing facihtles. Llesigti wnrk for this builciiiig has begun, arid it IS expected to be ready for occupa- 



uon in early 2003. -\lso being designed is a fachty to be constructed with funding from the state of 
1 eniiessee that wll house the Joint Institute for Computational Sciences (see Sect. 4.3.4). 

4.3.2 Mathematics and Computer Science 
1’0 further its broad programs in the development and application of innovative comput“tiona1 

systems and tools, ORNL will continue and expand its work in distributed and cluster computing tools, 
numerical software, applied mathematics and algorithin development, and application-specific tools. 

4.3.2.1 * Distributed and Cluster Computing 
-1 computer science research program will address the effective use of clustered computers and 

massively parallel computer systems composed of symmetric multiprocessing (SLIP) clusters linked with 
high-speed network fabrics. Research into numerical methods and programming environments will he 
aimed at resolving the software issues associated with using these systems in scientific applications. 
Collaborative technologes wlll be deployed to enhance atid enable interdivisional projects that use high- 
end computational resources. 

This effort will be of dvect benefit to a variety of DOE programs. In particular, these actions will 
support ongoing programs in materials research, computational chemistry, biology, environmental 
sciences, neutron science, and bioinformatics. 

ORNL will draw- on its experience in successfully implementing large multiprocessor machines and 
collaborating with other DOE laboratories and institutions with complementary resources and expertise. 
-4ctivities will also take advantage of ORNL’s ability to assemble interdisciplinary teams of computer 
scientists, mathematicians, and computational scientists to develop the new algorithms, tools, and 
sofhvare needed to take advantage of increases in computing power. 

4.3.2.2 Networking 
ORN1,’s network support strategy has two near-term thrusts. First, OKNL has been identified in 

the ISnet3 procurement as a major hub (along with the Ray ,\rea, Albuquerque, Chicago, and New 
York). As a result, the bandwidth of OKNL’s conneciioii to other DOE laboratories (and to the greater 
Internet) will increase from OC3 (155 hibps) to OC48 (2488 hlbps). In anticipation, the local backbone 
is being upgraded from a collection of shared 100-hlbps Fiber Distributed-Data Interhace (FDDI) rings 
to a hierarchical Switched Gigabit Ethernet lattice. Second, wireless networlilng will be made available in 
ORNL’s conference rooms and auditoriums. This wdl  enhance the Lahoratoq’s desirability as a venue 
for conferences and workshops, at which easy access to the Internet is increasingly expected, and will 
also give participants in meetings access to critical information through their laptop computers. During 
the next several months, we will plan and install advanced networking fachties to increase the internal 
connectivity at ORNL and to provide a higher level of connectivity with other DOE laboratories and 
collaborating ins ti tutions. 

4.3.2.3 Data Management and Storage 
New tools to support data-intensive computing will be created to manage the large data sets being 

acquired, for example, to support research in functional genomics and global clinia te changc. 
Developments in data storage and network peripherals d 1  be aimed at securing a balanced com- 

putational environment consistent with a multiple-teraflops system. ’l’he resulting increase in connectivity 
will strengthen collaboratioiis within ORN-L and across the DOE system of laboratories. OKNL will 
continue as a partner in the multilaborator?; I IPSS collaboration (see Sect. F~4.1)~ which is pursuing further 
improvements in the flexibility, performance, features, and usability of this sofhvare. Expertise gained 
through the 1995-97 ORNL-Sandia distributed high-performance computing partnership will be applied 
to thc development of networks operating in the range of 200 gigabytes per second (Gbps). 

distributed storage test bed, known as Probe, connects the National Energy Research Scientific 
Computing Center at the Lawrence Berkeley National Laboratory and ORNL. Probe is being used to 
evaluate new storage hardware and software technologies, to improve the performance of storage 
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systcrns, and to develop new techniques for distributed access to data over the Internet. OKNI, will 
extend its leadership position in dt\tributed storage resexcli by inviting NaUonal Science Foundation and 
Ikpartincnt o f  Ilefense supercampurer centers t o  participate in the Probe storage test bed 

4.3.2.4 Tools for Collaborution 
OllKL will conunue to work w i t h  universities and other naunnal laboratorics on research issues 

related to collaborative iinmersive visuali/ation environments. Issues being pursued include handling and 
viewing of large data s e ~  b, use of parallel and distributed computing to drive unmersive environment\, 
in~eractive steering of high-performance computations, access to remote xiis trunicntation in n virtual 
en\ ironment, v ~ t u a l  televisions and recordings, mapping force and tacnle feedback, desktop 3 D 
ent-ironments, use o f  holography, rapid development of synthcuc environments from sensor data, 
human interactions m virtual reahty, and computer vision. 

‘111e AccessCnd is a nationmde sys tem that uses the Internet to allow group videoconferencing, 
shamg of remote apphcattc )ns, and T. irtual environments. An hcccssGnd node will be installed at ORNL 
to facilitate collaborations moth universities and other national laboratories wvliere sltnilnr nodes are ixmg 
crlepl oyrd. 

4.3.3 Scientific Applications 
_Ipplied research projects in high-performance computing at OKNI, spati the Laboratory’s pro- 

grains, with actt\Tities under way in environmental systems, engineering apphcauons, physical and 
rhrmtcal sciences, experimental vahdation, compuratlonal biology and functional genomics, and nano- 
technolocg and neutron sciences. Key areas to be addressed durmg the planning period are described in 
Sects. 4.3.3 1-4.3.3.4. 

’lopicd centers provide an environment in which the hardware, software, and policies ()f  the 
compuung center can be tuned to the needs of  a particular science communitj In order to accelerate the 
process of scientific discovery. ,i prototype topical center, suppcrting ORNL‘s computational iiiaterlals 
scierice research, is undev development. By mid-F’k’ 2002, ORNL will be the focal point of t w o  addtttonal 
topical centers, one in c h a t e  pred~t lon  and one in computational biology. 

ORNL is also heavily itivolved in the development of four cnabhng technolog) centers to q p o r t  
the needs of SciDAiC applications and to promote the development of esperuse in simulanon a n d  
modrliog. The focus areas of these centers are scalnble systems software, common component 
architectures, large-scale data analysis, and performance monitonng. 

4.3.3.1 Climate Prediction 
Working within a multi-institutional research project, C)RNI, has advanced the use of massively 

parallel computers for climate modelmg through the development of nuinerical methods and par‘illel 
algonthtns and the implementation of ( AI, thc Community Chmate System hiode1 of the National 
Center for ‘Itmosphenc Research, on the IHhI RS/GOOO SP and the SG1 O r i p  2000. P ~ L I ,  the Parallel 
Climate Model, has also been developed and tmplemented on OKNL’s massively p;lrallel computers. and 
multiple runs have been completed, mahiig it possible ro more fully quantify the uncertanties 111 cllmate 
predictions 

Work to develop new clunate models that can take advantage of new lcvels of supercomputing 
power continues through ZX)’f-:’s Climate Change Prediction Program and related research projects. .\ 
collaborative project spantling four divisions (Energy, Linvlronniental Sciences, Computatlonal Sciences 
and T*kqp.rering, and Computer Sciencc and hiathematics) is auned at estabbshng a climate prediction 
center at OWL.  Plans include coupltng general circulahon models (GChLs) wth  interactive carbon and 
chemistry modules and creattng an inter&visional coinputauonal grid environment. 

4.3.3.2 Materials 
Insights gained koni simulation5 of the properties and behavior of materials, which cost less and 

take less time than laborator) experiments, are acceleraung the development of new, technologcallj 
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advanced materials that can improve the efficiency and economy of energy production and use, con- 
tribute to new technologies, and lead to new products. Scientists at OKNL are using massively parallel 
processors and newly developed computational methods to carry out a varieq of projccts: 

Accurate simulation of the properties o f  matcrials whose behavior depends on the elcctronic struc- 
ture of systems comprising hundreds to thousands of atoms. Until recently, such investigations were 
considered untenalde because of the large number of particles necessary for accuratc simulations. 
First-principles calculations of variations of electrical resistivity in layered magnetic alloys, which 
offer the pronllsc of improved magnetic storage sjTstems. 
Simulations of the collisions and transport of energetic ions in crystals. ’I’he combination of these 
simulations with experimental tools at ORNL. such as the Z-contrast scanning transnlission electron 
microscope, affords a unique opportunity to study the complex nature of surfaces and interfaces. 
&\nalysis of material performance in automotive applications, in an integrated effort that comprises 
developing detailed vehicle models, modeling lightweight materials (a high priority for automotive 
applications because they can improve fuel economy), and combining these models to analyze 
material performance during collisions, providing information that would othei-wise have to be 
obtained from expensive crash testing. 

Further advances in computational capability will extend the ability to predict and tailor the properties of 
materials, supporting the aims of the Advanced Materials Initiative (see Sect. 4.5). 

4.3.3.3 Fusion Energy Sciences 
The fusion research community pioneered the use of nationally networked supercomputing, and 

modcling and simulation continue to be key tools for developing the knowledge base to support the use 
of fusion as an energy source. Increased computational power is expectcd to open the way for detailed 
three-chmensional (3-D) simulations of a wide range of confinement schcmes and plasma phenomena. 

Through a new SciDLIC project on numerical computation of wave-plasma interactions in multi- 
dimensional systems, ORNL, will be collaborating with other members of the rf theory community and 
the computer science community to extend the physics generality of the theories and to attack major 
unsolved problems in wave-plasma interactions with immechate implications for ongoing experiments. ;i 
second SciD.iC project, led by ,-\uburn University, engages OKNI, researchers in terascale computational 
atomic physics for the edge regon in controlled fusion plasmas. 

4.3.3.4 Genomes to life 
Building on its recent success with the Human Genome Project, DOE has embarked on a new 

initiative, “Genomes to Jdfe” (GTL), with the mission of developing the capability of understanding and 
predicting the bchavior of singlc cells and multicellular organisms. This ambitious goal represents 
decades of biological research. Computational biology and the increased availability of terascale 
computational power played a key role in the mapping of the human genome, and computational biology 
will play an even more important role in the G’1Z initiative as high-performance computational codes are 
developed to modcl complex biolog~cal systems. More than 100 teraflops will be required to carry out 
protein structure prechction in one microbial genome, and multipetaflops computing capabdity and 
dedicated resources will be needed to model even the simplest of single-cell organisms. A coordinated 
community effort in structural genomics and computational biotechnology will create a demand €or 
additional high-performance computational tools to address detailed molecular structures and even more 
complex biologcal sysierns. 

,Is part of its strong and rapidly growing computational biology and bioinformatics effort (see 
Sect. 4.2.4), ORNL has developed DNA\ sequence analysis tools, other geriome informatics resources, 
and protein classification and structure prediction tools that are widely used by thc internathnal biology 
community. New tools and approaches are being created to address a variety of challenges. The focus is 
on extending the range of understanding of biologcal phenomena from molecules to systems to pheno- 
type and organism function. I’his undcrstandmg is critical to DOE’S science and environmental quality 
missions. 
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ORNI, has establislied a cooperative R&D agrceinerit (CR_1D A) with IBhI tu participate in the 
“Rluc Gene” petaflops computer project. Blue Gene will combine massive parallehsrn and new cotnputer 
architecture approaches with innovative software to  siinulat e protein folchng, providmg no1 only a 
breahihrough in cutting-edge computing but also an extraordtnary tool for esploring fundamental 
biological procesxs. .L part of this CRIDX, (IRNI, and 1Bhl wdl share postdoctoral positions and 
research staff. 

4.3.4 Joint institute for Computational Sciences 
The Joint Inbtitute for ~hmputadonal  Sc~ence UlCS) protnotes colla1)orative research behwen 

groups at ORNL, the Uiuversiv o t  I’ennessee (UT), and the UT-Battelle core universihes and eiicour- 
ages and facilitates the effective use of high-performance computing. JICS will focus on research arid 
educdtion that weave together aclvanced conipu tatioa w t h  expements in the pliy sical, l>lological, e n ~ r g ~ ,  
and environmental sciences. OliNL and U T  are initiating a new -1lhance for Computing and Communl- 
c-xions for hxcellencc in Simulation Science ( Z C C E S S )  to broadeii the mteucctual scope and research 
acuvitJ. at  both institutions 11) bulk~lng on exib titig collaboraucms arid cornplenientary strengths. p x t  
of this effort, we are worlimg to establish a Southeast Networh Research Center involving Le> 
universities and itistitutions 111 die sc~utheastern L‘nited States. JICS will allow p i i t  recruitment in areas 
of current stretigth and those expanding thc scope o f  the existlng activities. h new facihty, funded b y  the 
state of Tennessee, mll be constructed to house JJCS (see Sect. 1.3. I ) .  

4.4 Energy and Environmental Systems of the Future 

4.4.1 Introduction 
ORNL is developing a comprehensive and spstetnatic approach to meeting tlie growing global 

need €OK energy services. ‘This Energy and Envirorunental Systems OF the Future (EISF) Initiative 
addresses the broad challenge, put forward in IIOE’s missioii statement, of fostering “a secure and 
reliable energy system that is environmentally and economically sustainable.” 

?lie United States is well etidowed with a variety of energy sources, including substantial fossil fuel 
reserves, a considerable nuclear power industry, and significant renewable enexgp resources. 
Nevertheless, the nation imports about 58% of the petroleuni products that it CotisLlfnes. Moreover, 
there is concern about the environmenral impacts of nuclear and fossil energy and of future energ 
systems. 

The corresponding situation in inany parts o f  the world is far more challenging. Developing 
countries are experiencing rapid growth in population, energy demand, and the environmental degrada- 
tion that often results from iiidustrial developinent. The near-term depletion of fossil energy resources in 
response t o  this rapid growth is n o t  sustainable over the long term. 

In 100 years, the world population is projected to be at least 8 bLUlon. Meeting the energy needs of 
this population dl be a formidable challenge. Most forecasters are saying that total world energy sewices 
must increase by a factor of 3 to 4 in the next 100 years to meet global needs for energy services and 
eliininate inequities between more and less developed nations. 

Accompanying this growing demand for energy is an increasing awareness that the resources and 
technology systems meeting a very large proportion of current needs are not sustainable. Not only are 
fossil f~iel sources, especially cotivetitional oil and gas, lirnited in quantity and nonrenewable; it now 
appears that tlie issue of etnissions-particularly greenhouse gas emissions-may make the continuing 
use of fossil fuels nonsustainable even while coal remains pletitifd. Increasingly sophisticated models are 
predicting both global warming and iiicreased variation in cliniate as a result of energy-related actions. 
Nonsustainable resource use can also lead to widespread pollution, desertification, deforest.arion, and 
species estitictic)n. 

The combination of these two eletnents-increasing needs and notisus taitiable resources and 
sysi.ems--creates a treniendous challenge. Science and technology can play a major role in increasing the 
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availability of energy services, b i ~  decisions about cnergy resources and technology choices throughout 
the world will be governed largely by market forces and to a lesser extent by social concerns about the 
affordability of energy services and the impacts of energy production, distribution, and use on human 
health and the environment. The development and deployment of future energy systems with the 
characteristics listcd in Table 4.5 will thus require a thorough understanding of a broad range of scientific 
advances and technological solutions, economic drivers, aiid policj- issues. 

# Table 4.5 
Characteristics of future energy systems _____ .... ___ ~ _ _ _ .  

Charac teris tic Definition 
Clean 
Efficient 
;iffordable 
;\vailable ;iccessible throughout the world 
;ibundant Drawin:; on plentiful resource5 

Altnimal adversc effects on human health and the envlronrnrnt 
SiLpificantlv more efficient than today’s cnergl; s e r ~ ~ c e s  
N o  niore expensive than today’s energy services 

~ ~ - ~ _ _  ~- ~ ~ -~ 

O W L  is one of the world’s premier centers for R8cD on energy production, distribution, and use 
and on the effects of energ>- technologies and decisions on society and the environment. a priniaq- 
performer of environmental sciences for DOE, ORNL also has extensive resources for understanding 
and addressiiig the economic costs aiid benefits and the environmental effects of energy- production and 
use. -is a result, the Laboratory is uniquely positioiied to attack the long-term, large-scale, 
rnultiditiiensional problem of meeting national and global needs for energy systems that respect human 
health, are affordable, and have a minimal impact on the environment. 

?‘he E2SF Initiative provides a framework and a focus (sec Fig. 3.3) for the Laboratoq’s support 
of DOE’S geiicral goal for energy resources: “Promotc the development and deployment of energy 
systems and practices that will provide current and future generations with energy that i s  clean, efficient, 
reasonably priced, and reliable.” Through the E2SF Initiative, we will 

Energ Demand 
Tempered b y  
Continuous 
Eficmicy 

Irrprovement 
Provided by 

* Fission 
* Fossil 

Renewabks 
Fusion 

- _- 
Continuous 
Eff!cancy 

lmprovilments lo 
Enahle Ef!ective 

Provision of 
Needed EReQ 

Transportation 
Buildings 

Q Industry 
Utiiities 

--__ 

R8D Prioritized by 
lntqrated P.ssessment of 

Energy. EconMiiics, 
and Enwonmen: 
I^. .__i L 

ORNL CrossCutting Sclence and Technology 

c 

coordinate ORNL‘s comprehensive 
activities in energy science and tech- 
nology, economic analysis, atid 
environmental science and 
technology; 
define, select, arid support new 
energy development activities, with 
the aim of developing realistic path- 
ways to a sustainable and affordable 
energy future; and 
create and use partnerships to bring 
together complementary resouEces 
in addressing this problem. 

Funchng for the E’SF Initiative will 
be sought froin DOE-SC and the DOE 
Offices of Energy Efficiency and 

Conceptual model for the E2SF Initiative. Renewable Energy, Fossil Energy, and 
Nuclear Energy, Science, and Technology. 
Fundtng projections are being developed. 

.̂ .-I_ 

Figure 4.3 
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4.4.2 Approach 
Tlic R2SF Initiativc is envisioned as a focused program that comprises 

integrated I t i l l  to develop future energy systems that are cost-effective and <1EEordablr and that 
respect health and the environment; 
a targeted effort in fundammtal science to support iniproved understmcbng, assesrnetit, and 
nianagement of the hcalth, environmental, and cconotlz1c consequences of energy choices, wtli 
particular emphasis on how energy use affects econormc competiuveness and envirtrrmnental 
systems; and 
the developnieiil and apphcation o f  K&D capablltties to evaluate technological, environmental, and 
s(xioeconornic factors in the development and deployment of systems for the safe, rehablc, and 
efficient generation, storage, and distribution of eners .  

Partnerslups are a critical element o f  the I<.”St-’ liiiuative. ‘Ihe multidisciphnarq nature of the coin- 
plev probleins encompassed bj K2SF presents a number of opportunities for teamrig and collabomtion, 
both within the Laboratory ancl wth other orpanuations that possess complement- capablltues. 

* 

0 

4.4.3 Resources 
OKN’JA ha3 been a leader in K&D at the intersection of energy, economc, and environmental 

issues throughout its history. ’lhe I .aboratory’s assets include programs in nuclear energy, encrgy effi- 
ciency and renewable energ,  fossd energy, and fiision energy; cross-cuttmg programs (e.g., in chemical 
sciences and technologies, cngneenng scicnces, instrumcntation and measurement science, and materials 
sciences) that address fundamental questions about energv; cnviroiiinental research programs focusmg 
on global change, envlronmental processes and sysretns, the effects of mergj development and use, arid 
resource utduation: strengths in environmental management sciences and environmental technologj 
developmetit; and energy-related assessnient a i d  inforrriaricm acuviues characterized by disttncttve 
capabihties in the analysis of economic and policy factors. ’I’he strength and breddth of ORNL’s 
capabhties represent an important and defining charactenstic of the E2SF lnitianve. 

Other OKNL resources a r t  amdable to support the EZSF Initiative. The Oak Ridge National 
Environmental Research Park arid unique expenmental field facdities in the park support large-scale 
environmental process research (see Sect 5.12). Facdities such as the Advanced Propulsion Tcclinolop 
Cetirer, the Bioprocesstng R&D C,enter, the Buddtngs Technology Chiter, the High Temperature 
Materials T,aboratory, and the National Transportation Research Center support a broad range of energy- 
related IisrD. Strengths in separations science and chemical processing (see Sect. 5.24 reprcsen t a 
notable resource for enera  efficiency aiid pollutmn prevention. ORNL’s cornputattonal capabllities are a 
key ‘isset for s tulcs  o f  energy-related topics, such as climate variabdty and climate change, combustton, 
atid fumm energy sciences. 

The WSF Inittatme is also linked to other major Iaboratory initiatlvcs Enhancement of OKNL’s 
iicutrori science capabihttes (see Sect. 4.1) wdl support mvestqptions of  ncw materials for enerhy 
molecular-level studies of envlronnientd chemistry, ancl :inalysiS of protein structure in support of new 
means of energ production and evaluations of mer537 unpacts. The E2SF liiitlativr draws on ClRNT,’s 
Complex Biological Systems Initiattve (see Sect 4.2) fc )r information about the biological and 
enxwonmental impacts o f  energy choices, for new ways of  rernediattng envlronmental contamination, 
and for new resources for clean energy production. Idvances in terascale computing and simulation 
science (see Sect. 4.3) will support more accurate predictmiis of &mate vanatioii and provide insight into 
energy-related materials and processes. The ldvanced hlatcrlals Iniuamc (see Sect. 4.5) wdl improve the 
unders tancfinp of materials and materials-related phenomena that underpin enerm technologies. 

Collectlvely, ORNL’s resources make major conttlbutions to nieeting the challenges advanced in 
DOI:’s energj IUkD portfooho (see Sect. 4.4.4.1). The breadth of these resowces arid their integration of 
basic research, apphed research, and teclinolog development are important assets for the l?SF Initiauve. 



4.4.4 0 Planned Activities 
In R 2002, ORNL will 

develop a coordmated view of its capabilities in energy science and technology, global climate science 
and carbon managcment, and analytical methods and ensineering to provide an integrating focus for 
the E’SF Initiative; 
secure new capabilities by investing L D W  hinds to explore critical research needs in developing and 
analyzing the scientific underpinnings for new, cleaner energy technologes and in analyzing the 
socioeconomic and environmental consequences of new energy technologies; 
pursue the development of experimental facilities that \YrU extend our capabilities across the 
spectrum of E2SF activities; and 
build strategic partnerships, within and beyond the J,aboratoq, to leverage our capabilities and 
accelerate the understanding of key energy issues. 

‘The results of these tasks will be used in constmcdiig a long-term R&D program in E2W. 

4.4.4.1 integrating Activities in Energy, Economics, and Environment 
_Is a multiprogram science, technology, and energy laboratoq, ORNT, is engaged in a broad variety 

of DOE-sponsored programs that address the challenges presented in the Department’s energy R&D 
portfolio: producing clean fuels, developing advanced energy systems, enhancing u d t y  infrastructure, 
and providmg the energy base for clean, resource-efficient industries. 

DOE sponsors for energy aiid environmental science and technology include the Officc of Science 
(DOE-SC), the Office of Energy Efficiency arid Renewable Energy (DOE-EE), the Office of Fossil 
Energy (DOE-FE), and the Office of Nuclear Energy, Science and Technology (DOE-NE), as outlined 
in Sects. 5.1 and 5.2. AIuch of OWL’S work for other sponsors (see Sect. 5.6), such as the Nuclear 
Regulatory Commission (NKC) and the U.S. Department of ‘Transportation, is also kec ted  toward the 
solution of cnergj,-related problems. Partnerships with other national laboratories, other federal agencies, 
state governments, and industry (see Sect. 6 )  contribute to ORNL’s extensive foundation of expertise in 
energy and environmental science and technology. Complementing this foundation are diverse resources 
in analytical methods and engineering. 

The EZSF Initiative wdl leverage the results of these efforts in working to understand and 
minimize the health and environmental consequences of energy production and iuse, improve the 
efficiency of existing energy systems, and develop new options for energy services. ‘l’he integration of 
economic and environmental analyses into the development of energy technologes at ORNL udl add 
value to individual technology-specific programs by providing a perspective on market potentials, 
environmental implications, and other factors related to the success of longer term technology K&D. 

Energy Science and Technology 

OWL’S capabhties and expertise are applied to a diversity of tasks in energy production, energy 
storage, and energy efficiency, as outlined in Sect. 5.2. Several specific R&D programs are of particular 
importance to the development of clean energy systems. 

Nuclear Energy. Nuclear energy represents an important element of an integrated clean energy 
supply strategy, and ORNL‘s long-term involvement in nuclear technology and safety has provided the 
Laboratory with distinctive capabilities and fachties for the R&D needed to support this energy option. 
Current RBD activities (see Sect. 5.3.3) include work aimed at extending the life of currently operating 
reactors, developing and defining technology for advanced “Generation IV” reactors, developing 
enabling technology to lower the cost of future generations of nuclear power plants, and basic research 
on fuels and high-temperaiurc irradiated materials. O1WL is also working to ensure acceptable levels of 
safety for nuclear pow-er plants. 

Fossil Energy. The OKNL Fossil Energy Program (see Sect. 52.2) embodies a broad range of 
research, including advanced structural and functional matcrials, bioprocessing, comhus tion, carbon 
sequestration, gas production and utilization, and oil production aiid environmental technologies. 
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I ':spanding programs in he1 cells and hnctiotial materids; carbon scquestiatioti; arid nicthane 1-1) drates 
offer w l l  be important to the U S € ;  Initiative. 

Energy Efficiency and Renewable Energy. OKNL's czpabilit~es aiid expertise are applied to a 
chversity o f  tasks in energy efficiency and renewable energy for IXIE-EE, as described in Secr 5 2.1. 
Strengthhs In 1~111Jmg technologws, distributed cnergj systems, and transportation ;ire particularly 
apphcable to die F?SF Initmtivc. OlZNL will work to expand these strengths through the development o f  
new facilities, capabihtm, md partnerships. Kcsources will include: 

construction of a new Energy kfficienc) Research Laboratory (see Sect 4.3.1 3) aiid the Advanced 
illatends Characteruatton 1,aboratory (see Sect. 4 . 5 4 ,  
a growing progr;ini it1 carbon compositcs research, and 
partnerships drawng on the capabhties of the Natu mal Transportation Research Center. 

Laboratory resources iii hybrid sys terns, ach7anced etigmes, emissions, power electrotlics atid 
electric machinery, and materials technologies support the development of clean, efficient, and affordable 
transportatmii systems, adckessing die goals of the F?SF Initiative 

Fusion Energy. In the longer term, fusion energy could be .in attractive element o f  the globd 
energy system. Fusion produces no carbon emissions, and its basic fuels, deutenuni and htliium, are 
abundant and widely available As a complement to fission energy, fusion offers potcntd safe9 
advantages derivrng from the low stored energ3 of fusion power slstems, the rmnimal risk of 
proliferatmn, and su1)stanttally stnaller volumes o l  ra&oacuve wastes from the fusion fuel cycle. ORNL 
mmages a broad) based fusion energ7. sciences program (see Sect. 5.1.4) that supports DOI':'s am of 
demonstrating fusion's potentral to be an economical, environment ally acceptable energy source. 

Global Climate Science and Carbon Management 
With gromiig evidence that energy-related actmns are pring rise both to global w:irnniig and to 

increased varratton in climate and weather, the abihty to understand and predict changes in global chmate 
is critical to f k i r e  decisions about eners .  Clmate predictlon with acceptable levels o f  uncertamty is one 
of the majcjr goals of DOE's clunate research efforts. 

As part of the C h a t e  Change 'I'echnvlogy hitiatwe, the I3OE-SC Oftice of Btoloacal and 
Environmental Research (0RP;R) is undertalrlng several initlatives to understand the causes and effects 
of climate vanability and clmiate change and chinate prediction. In addition, the nsk of global climate 
change from greenhouse gas emissions, of which the most mportant component is carbon dioxide from 
combustlon of fossil fuels, has triggered efforts to utiderstand tlie effects of atmosphenc carbon dioxide 
coticeritrattons and develop acceptable opuons for carbon management, includmg carbon sequestration. 

ORNT, strongly supports these iiiitiattves and is developing a broad program m global c h a t e  
change science arid technology to assist 1X>T7 in determmtng appropriate responses to national chmate 
change issues (see Sect. 5.1.2). 'Ihis work Lncludes the development o f  a comprehensive carbon 
nianagenient RCLII program to analyie, evaluate, and understand opportunities to reduce carbon &oxide 
emissions. ' l h s  program i s  focused on the followng tasks. 

Grow carbon sequestration R&D through internal investments m and programmatic support of 
advanced chetnical, biological, and engineeruig technologies, capitallzing oii existing DOE support to 
understand the potential for carbon sequestration in terrestrial ecosystems, the oceans, geologic 
formations, and investigate advanced concepts in chemcal and biological s) stems 
Strengthen research and analytical capabilities for cvaluattng carbon manageniciit options through 
new terrestrial ecosystetn facilities and modeling studes. 

Cotnpletnenting these tasks :ire expanded cfforts ~1 energy efficiency l<&U (focusing on building 
technologies, distributed power systems of  combined heat and power, and transportation), whch \vould 
reduce carbon emssions by reducing the total amount of enera used, and clean power R&D (addressing 
fuel cells, gas turbines, and reciprocatmg engines; hydrogen productton and storage; methane hydrates; 
and the genetic basis for agricultural biomasb), which tvodd reduce carbon emissions bq reducing the 
carbon intensity of energy generation 



OKNL's carbon sequestration K&D portfolio comprises interdisciplinarq. efforts supporting 
several DOE offices. \'i'ithiii DOE-SC, OBElC is fundmg efforts that include use of the Seafloor Process 
Simulator facility to investigate methods of lowering the cost and reducing environmental impacts of 
du-ectly injecting CO2 into the deep ocean. Research on the terrestrial option ranges from the molecular 
and genetic controls on carbon in vegetation and soil to global-scale assessment of strateges to reduce 
greenhouse gas emissions. Kecogniziiig the importance of faster, more accurate measurements of carbon 
in soils, OKNL is developing new instruments that may make this capability available for extensive usc at 
a global scale. With fuiidmg from DOE-FE, scientists are exploring the use of fossil fuel by-products to 
enhance carbon sequestration during the reclamation of degraded lands; this project will also take an 
aggressive approach to transferring new science into industiial parttierships. New biological processing 
options supported by DOE-FE may aid in this area as well. ORNL's historical strength in materials and 
separation sciences are being used to develop technologies that may lower the cost of separating and 
capturing COz from point sources such as fossil fuel energy plants. ORNL scientists are also involved in 
the GEO-SUQ, a public-private consortium supported by DOE-FE that is studying ways of optimizing 
subsurface geologc formations for storing 0 2 .  Fundamental research on fluid-rock interactions, funded 
by DOE-SC's Office of Basic Energy Sciences, niay help to resolve key uncertainties. 

Analytical Methods and Engineering 

In addition to providing a focal point for most of ORNL's energy and environmental K&L> 
activities, the EXSF Initiative will engage Laboratory resources in determining the economic and 
environmental consequences of energy choices. 

ORNI> will bring to bear its unique resources for developing arid applying the tools and techniques 
needed to determine the social, economic, environmental, and security consequences of particular 
choices of energy technologes. These tools and techniques wdl support the selection of policies that will 
be most effective in bringing about a sustainable energy future. We will continue to apply Laboratory 
expertise in the natural sciences, economics, and social science to environmental impact assessments and 
to the development of e c o l o g d  and rcgional-scale risk analysis, regonal and global-scale modeling, 
uncertainty analysis, and radiological hazard assessments. 

OKNL also has unique resources for developing and applying assessnienr and prediction tools and 
techniques. Ongoing activities include applied research and integrated assessments of the engineering, 
environmental, and social impacr-s of a broad range of energy-related activities. drawing on expertise in 
the natural, social. engmeering, and computational sciences and in technology development. The follow- 
ing are key resources for the ElSF initiative. 

Integrated Assessment. Bindmg together O W L ' S  rich technical strengths in the development of 
clean energy systems is a widely recognized capabhty to carry out innovative, independent, integrated 
assessments that span energy, economics, and the environment. In recent years, the 1,aboratory has been 
actively involved in a host of national and international energy, economic, and environmental integrated 
assessments, both learning from and contributing to the collective body of knowledge and experience. 
€;or example, ORNL co-led an interlaborutory worhng group coniriiissioned by DOE to exalmine the 
potential for public policies and programs to foster clean and efficient energy technology solutions to a 
variety of energy-related  challenge^.^ Two current 1,DKD projects are aimed a t  expanding the science 
base for integrated assessments of carbon management issues. 

Measurement Sciences. ORNL's expertise in measurement sciences provides important enabling 
techtiologies to meet PSSF goals. For example, systems being dcveloped for the DOE-NE Nuclear 
Energy Research Initiative enhance controls strategies for advanced nuclear reactors. O W L  is also 
developing and using advanced diacgnostics to assess the operation of nuclear plants, to ensure that the 
original design requirements are continuously met over the lifetime of t-he plant. 

51nrerlabc1rato~ \\;'orlimg Group, Si.enu~o.ijbr a Chm Enwg Fuizrrr. OKNL/CON-476. CT-Ratrellr, ILC,  Oak Kidge, Tenn., 
and I.AN1.-14039, University of  California. Berkeley. Calif.. November 2000. 
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ORNL is developing a wide variety of “stnart sensors” that merge sensitive detection abhties with 
computing and signal transinission Capabilities. ’Ihese devices suppost detection, monitoring, arid 
tracking of environmental contaminants; prediction of the effects of climate change; improvements in 
measweineiit. arid inspection techniques that enhance t he  efficiency and competitiveness of 
manufacturing; and a host o f  other applications. 

Robotics and Intelligent Machines. ORNL’s cross-cutting capabilities in robotics and 
intelhgent machines (RIhl; see Sect. 5.3) :ire a notable resource for the E2SF Initiative. The need for 
operational efficiency iinprovements :ind worker protection in advanced nuclear fission atid fusion 
energy production facilities d l  mandate the widespread application of IiIh4 technologies in these 
faclltties. K M  technologies can also be used to reduce or eliminate worker hazards unique to fossil 
energy resource exploration, resc>urce extraction, ancl production operations. .\chances in manufacturing 
and production technologies founded on KIi’LI research d l  reduce the cost of producing reiiewalde 
energy technolops. KIM research wdl also play a role in enabling new avenues of m e r e  productir)~~ and 
distribution that arc both efficient arid safe for the worker and thc environment. 

Separation Sciences. Increasing the efficiency of separations processes in the most energy- 
intensive industries and developing separxtions processes for clean energy production will be among the 
keys to a sustainable energy future. As 130E’s principal latwxatory for chemical separations and analysis,” 
OKNI. plays a leading role in the developinelit of novel energy-efficient separations and energy-related 
processes. The C>KNI, Center for Separations and Chemical Processing (see Sect. 5.2.3) integrates funda- 
mental separations research with capabilities in characterization and measurement, terascale computing, 
materials development, =id sensors and controls for developmeiit of advanced energy technologies. 

4.4.4.2 Securing New Capabilities 
Innovative research that supports the goa1.s o f  the E2SF Tnitiative has been identified as a target 

area for OFCNL‘s Laboratory Ilirectcd K&I3 ( IDRl I )  funds (see Sect. 5.7). In F3’ 2002, OIWL will 
invest in building a strong E<&D portfolio in fixre R&D topic areas. 

Energy efficiency: R&L) that ad%-atices and increases energy efficiency through more efficient use 
of electricity, industrial resource recovcry and use and more efficient industrial processes, and 
increased transportation efficiency. 
Clean power: K&D that accelerates the implementatmn and use of energy sources with lower ()r  no 
emissions, such as nuclear, biomass, and ultra-low-emission transportation systems. 
Carbon sequestration: K&11 that advances the understanding of carbon scyuestration potential or 
increases the efficiency of separating carbon from other gases. 
Measurement sciences: New measurmg systems that can be integrated with new energy 
productron and energy ccmsemation technologies and that sipihcmtly advance the state of the art rn 
measurement science for understanding and r o n t r o h g  energy systems of the kture. 
Integrated assessment: KC(rI> that assesses environmental, econoinic, and SC)UR~ trade-offs o f  new 
energy technologes and evaluates alteriiatlve future energy sys tetns, takitig into account both near- 
ierni policy prionues an3 longer term strategies for thc natlon. 

4.4.4.3 Developing Experimental Facilities 

issuea. ORNL is planning four facihdcs rhat support the broad research agenda olE2SF. 

Terresfrial Ecosystems Research  Faci l i ty  

New research f a c h c s  wdl be required to advance the uadcrst;indmg of key energy development 

h s  descnbcd tn Sect. 5.1.2, ORNJ, wdl work with other national laboratories aiid the university 
community t o  integrate expertise in ecosystem research, the carbon cycle, carbon sequesuation, en’viroii- 
mental sciences, ecological process studies, landscape ecologi , and global carbon science w-ith capabilities 
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for measurement, modeling, and monitoring of the environment to define and create new approaches to 
ecosystem research. Ideveraging and enhancing current assets in large-scale ecosystem manipulation. 
integrated data management, ecological modeling, measurement science and sensor development, and 
computational science will provide capabilities to improve the understanding of large-scale 
environmental processes and the response of eco 

;i critical component of this new thrust will be the abilii? to address the effects of multiple factors 
(e.g., ternperamre and carbon &oxide) and determine the effects of multiple stresses on ccospstems. .3 
better understanding of environmental processes at multiple scales of resolution is critical to addressing 
the issues associated with developing clean energy systems. In FY 2000, ORNI, and Brookhaven 
National Laboratory brought together representativ-es of 7 DOE national laboratories and 16 universities 
to develop a science-driven requirements document for the development of one or more large-scale 
terrestrial ecosys tems research facilities. This report, 7>m.striu/ L:‘m.y.siem.r Keseanh Fmi&y: AdumLfnJ 
7erreJ&i/ Ezosy.stem S&we, will serve as the basis for development of a comprehensive program plan for 
evaluation by DOE. 

tems to energy-related stresses. 

Energy ffficiency Research Laboratory 

As described in Sect. 5.2.1, ORNL is proposing the Energy Efficiency Research 1dmrator-y as a 
line item for project engmeering and design in F“ 2003 and for construction in 2001 and PI’ 2005. 
This fachty will support the missions and goals of three program areas that are key to the E’SF Initiative: 
distributed energy resources, high-temperature superconductivity, and buildings research. The strategc 
importance of these research areas is highliglitctl in the 2001 ;“L’u~iunu/ E n e p  P o L g  report. The facility will 
also enable ORNL to move into emcrging research areas such as new cooling, heating, and power 
delivery strategies linked to electricity reliability and power quality. 

Bioenergy and Carbon Sequestration Systems 

l h e  Oak Ridge Resenration Bioenergy and Carbon Sequestration Systems activity (see Sect. 5.2.1) 
\ d l  use the Oak Ridge Reservation, including the ORNL campus, to create an integrated testbed for 
research and demonstration of terrestrial carbon sequestration technologies and bioenergy and bio- 
product systems and their impacts. It will provide opportunities for full-system research and analysis of 
both bioenergy and carbon sequestration technologies, includmg economic and environmental impacts. 

We envision the manipulation of ecosystems at the watershed scale to test carbon sequestration 
technologies and the creation of multiple-hectare stands of energy crops to support the development and 
testing of harvesting technologies and the evaluation of environmcntal and economic features of 
bioencrg systems. These manipulated watersheds and energy crop fields will senre as “facilities” both 
for ORNL and for outside researchers, much as the Oak Ridge National Environmental Kcsearch Park 
now functions as a user facility. The implementation of bioenergy as a component of the energy mix at 
the west end of the ORNL campus wdl likewise provide a “facility” for research on the economics and 
logstics of bioeiiergy systems. 

Q uasi-Poloidal Stellara tor 

L i s  described in Sect. 51.4, ORhL is proposing the Quasi-Poloidal Stellarator (QPS) experiment 
to (1) obtain new physics results on confinement of plasmas in an innovative magnetic confinement 
geometry and (2) explore the potential of this compact variant of the stellarator approach as a more 
attractive fusion power reactor. Physics results from the QPS will complement those from other 
experiments and broaden the understandmg of toroidal confinement, a main theme of the I.J.S. fusion 
program. In the long term, the QPS approach could lead to an attractive fusion reactor that combines the 
best features of stellarators and tokamaks. 

4.4.4.4 Building Strategic Partnerships 
’The E’SF Initiative will create integrated solutions for addressing global energy needs, bringing 

together “best-in-class’’ expertise in partnerships that span disciplines and institutions. hlost of ORNL’s 
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divisions atid progrmis will play key roles in developing F,%SF. In East ‘rerlnessec, the National 
Transportation Kesearch Center links the traiisportatic)n programs at OKNI, and the University o f  
T‘etinessee (UT), preseiitiiig opportunities to develop integrated solutions for management of etnissions 
associated with transportarioti, and the Joint Institute for Energy and Environment Eoouses the resources 
o f  ORNL, the Tennessee Valley Xuthority, and L J T  (xi firiditig solutions to key national and international 
issues of energy, economics, and the enviroiimrrit. ORNT., is parttierhg with Sandia National 
L.:iboratories to evaluate aiid propose ail advanced iiuclear reactor (see Sect. 5.23). The t-i)iir DOE 
laboratories managed 1)y Battelle businesses--OJiNI., Brookhaveil National Laboratory, Pacific 
Northwest National Laboratory and the National Renewable Eriergy Laboratory-are linkitlg their 
resources in the Battelle-1UC)E Carbon Management Nehvork. The platiried DOE l\;lulttlaboratory 
Kegional Climate Network will contribute to the understatidtng of carbon dynamics. Other partnerships 
that will be involved include the OICNL-NREI., National 13ioeriergy Center; C:S1’I’E; the GEO-SEQ team; 
the Oak Ridge Center for Advanced Studies (see Sect. 6.21, and tlie planned Terrestrial Ecology Kesearch 
Facility. Science education programs will promote both a broader awvareness of the problems to be 
solved and tlie development of slillls for solving them in a new generation of scientists arid engineers. 

4.5 Advanced Materials 
Our ,\dvanced 11aterials Initia!xe is almcd at sustaning OW1 ,’s posltlon as a wvotld-class 

ads-anced matenals R&D laboratory supporting DOT5’s nussmns. 1111s inittatme includes the 
development of a recognized capability in nanoscale scteticr, eiigiieentig, and techiiology; the 
vst:it)hohment of the Center for Nanopliase Materials Sciences; the cotistmct1oii of  the .klvanccd 
hhterials Charactenratmn T aboratory, arid the developinent of extraordmar) tools for materials 
characteii2atloii and the extension of ORNT>’s capabihtles for synthesis arid processmg. 

.3 

4.5.1 Nanoscale Science and Engineering 
X key aspect of the .idvaiiced Materials Initlati\-r 1s the devclopinriit of a prcygrain, supported by 

an investment of Laboratory Ducctcd K&L) (LDRD) funds (see Sect. 5.7), in natioscale science, 
engineering, and technology (NSbTlJ. ’T’hls program supports the Department’s continiung efforts to  
advance thc fuiidainental understandtng o f  nanoscale phenomena through expement, theory, and 
simulation; ro develop new methods for precbcuiig tliese phmomen nd to extend the :tbilitj to design, 
synthesize, and charactenze materials at the atomic level, leading to new aiid enhanced funcuotiahty. 

Nanosaence is concerned with discvvering, utiderstanding, charactenzing, atid fabncatmg 
matenals and systems tmth novel properties, phenomena, and processes that occur pnniardy because o f  
their small size. Structures having dmensions of 1 to 1uO nrn (1W1 to 10-7 m) can induce Important 
property changes that go well beyond those o f  their isolated component molecules (-1 nm). 
Xdditionallj , propert~es induced by such structures may not be predctable from those exltbited by larger 
structures. New behavmrs assoaated with the nanoscale are not merely the result of orders-of-magnitude 
reduction in S I L ~ ,  but are caused by the cmergence of eiituely new phenomena. These include the effects 
of  confinement on electronic structure, the dominance o E  lntcrfacial nnd surface phenomena (in contrast 
t o  bulk effects) with increasing surface-to-volutne r a ~ c  ). arid quantum effects. Consequently, modehiig 
and sitnuldtion plaj a i  important role, complementttig experimental chscovery, in developing a full :md 
fiindamental understanding of these effect\. 

Nanoengineertng and tianotechnc )logy are concerricd wmth deoelopmg structures and systems that 
use atid enhance the significantlj irnprnred properties of their nanosc:de compotients. By learning how 
to control feature size and to assemble appropriate “buil&ng blocks,” it should be posslble to enhance 
the properties of materials and to create f~~nct lonal  devtccs with greatly lmproved or entirely new 
futicttons. This goal, however, requires both dscoveritig the underlying prmciples arid developing the 
t o o l a  needed to apply them s )  stematxally. 



In recognition of the critical importance of this emergmg field, Congress provided an increase of 
$237 mdlion for research in NSEI’ in f l 2 0 0 1 .  The multiagency National Nanotechnology Initiati\,e 
(NhI) will strengthen scientific disciplines and create critical interdsciplinary opportunities. It is 
expected to lcad to breakthroughs in numerous fields, many of thcin central to DOE’S missions, 
including materials. manufacturing, energy, environmental quality, information technology, and national 
security. 

DOE is one of sis agencies participating in the NNI. Its portion of the I T  2001 increase in NSEI’ 
investment is $36 million. ‘l’he NNI  will build on DOE’S uniquc capabilities for visualizing, characteriz- 
ing, and controkng matter at the naiioscale and on a broad portfolio of K&T.I already under way at the 
Department’s laboratories. DOE resources include a &verse array of national user facilities, with unique 
capabdities for investigation of nanoscale materials and processes, and computational fachties to support 
the inodeling and simulation needed in developing a compreliensive understanding of the naiioworld. 

For FY2002. NSET has again been identified as a target area for OKNL’s LDRD funds (see 
Sect. 5.7). -1 one-day workshop on NSET-related R&D was held at ORNL on hlay 15, 2001, to corn- 
muiiicatc ORNL progress and opportunities in NSET to Laboratory staff. Nobel Laureate Richard 
Smalley was the keynote speaker for this cvent. 

The NSET component of the .\chanced hlaterials Initiative will position O W L  for the science 
and technology of the future, buillng on (1) a strong core materials science and engineering program, 
(2) a variety of capabdities and expertise to synthesize new materials and to process them into nanoscale 
configurations moleculc by molecule, (3) world-class characterization facilittes that can “see” new 
niaterials configurations at the atomic level and determine their properties, and (4) high-performance 
computer modeling and simulation capabilities to understand ilia terials properties and predict new 
configurations. 

4.5.2 0 Center for Nanophase Materials Sciences 
The Center for Nanophase &laterials Sciences will be a national faciliq for advancing the under- 

standing of nanoscale phenomena in materials. It will leverage the unprccedented opportunity for new 
research on the structure and dynaniics of nanoscale materials systems that will be afforded by the SNS 
and the upgraded HFIK. The focus d l  be on interdisciplinary research areas that benefit from access to 
neutron scattering, includtng soft materials, inter€aces, nanoscale magnetism, and other naiiophase 
systems. Research wd provide the foundation for new naiiot echnologes based on these materials 
systems and will optimize the use of the SNS and the upgraded I-IFIR for nanoscience-related research. 

Working through university and industry partiierships, the Center for Nanophase Slaterials 
Sciences will create an environment and provide facilities for rapid progress in interdxiplinary nanoscale 
science and engineering. It will also provide training for graduate students and postdoctoral associates in 
iiitcrlsciplinary nanoscalc science with particular emphasis on nanoscale materials synthcsis and charac- 
terization, assembly of nanomaterials systems, and fiindamental understandmg of nanoscalc phenomena. 

2001 and has been 
proposed as a line item construction project beginning in FY 3003 (see Table 4.6). It wlll be housed in a 
7,430-ml (80,000-ft2) laboratoiy/office complex to be constmcted adjacent to the SNS and the Joint 
Institute for Neutron Sciences. This fachty d l  include clean rooms and specialized equipment for 
nanoscience research that cannot be accommodated in cxisting space at ORNI,. 

The Center for Nanophase Materials Sciences responds to the recommendations of iYunmuke 
Siiena, Engineen+g, and T e c l h l o ~  Research Dimfions, a 1999 report prepared by members of the Office of 
Basic Energy Sciences NanosciencelNanoteclinology Group, and will provide a unique national resource 
in the nanoscienccs. Preliminary design activities for the facility werc initiated in FY 2001. A\ workshop to 
facilitate community involvement in the planning for the Center, held in October 2001, was attended by 
270 participants from 67 institutions. 

The Center for Nanophasc Materials Sciences was approved by BES in 
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Table 4.6 
Funding profile for the Center for Nanophase Materials Sciences 

t q  fiscal year 
(project engineering ;tnd design arid construction) 

FY 2002 Fl- 2003 b.1’ 2004 FS 2005 ‘l’ntal 

$1,500,900 $25,000,000 $20,000,000 S 17,250,000 863,750,000 

4.5.3 Advanced Materials Characterization Laboratory 
. I s  a leader in the development of techniques and instrumentation for analysis of materials at the 

atomic 1 ~ ~ 1 ,  OIWI, has one o f  the iiauoii’s s~roriges t and txoadcst materials sciences programs. This 
area is the focus of collaborative research with universi~es and indusrnes across the linited States. 51anj 
o f  these collaborations involve characteriLauon o f  materials at ORNI, user facihties and partlcipation in 
collaborative research centers. 

Approl>riate housing for the I~boratory ’s advanced analytical electron microscopes, atom probe 
held ion mcroscopes, and sindar instrumentation is a high priority. This equipment is now scattered 
across the ONNL campus in Idd ings  that either do not meet the manufacturers’ requir~meiits for 
optimuni operatlon or are rnargtnally adequate. These hdchngs wll not allow OIWL to maintain stxte- 
of-the-art instrumentation for the next generation of this equipment. 

ORNL, will construct an Aldvanced hlaterds Characterization Laboratory ( VLICl,) to address this 
issue. A new stixcture with 1,115 m2. (12,000 ftL) o f  space, the hhlCL w i l l  provide the hi$-quality 
environnient required to optu~lize the perfomlance of sophisticated characteri~atinn equipment essential 
for the next generaticm of advanced materials R&D. The -4hICL is included in OKNL’s Facilities 
AZodmmatlon Initlatme (see Sect. 7.3.3.1) as a Cqeneral Plant Project (GI’P) budget itetn with a cost o f  
$4.0 i d l i o n ,  to be completed in EY 2003. 

The ANCT, wrll foster state-of-the-art materials charactenzation that is essetiti;J for understandmg 
materials and materials-related processes and phenomena that underpin energ) technologies and 
industrial endeavors. Specifically, the fachty ivdl house equipment funded by several DOE: offices, 
prmiady the Office of Science [DOE-SC) arid the Officc of Energy Efficient) and Renewable Eiiergj 
(IX>T:-EE). Two o f  ORN1,’s major mer programs-the High Temperature Materials I,aboratoq, 
funded by DOE-EE, and the Shared Research Equipment hllaboratwe Research Center, funded by 
DOE,-SC,-tnclude a strong emphasis 011 electxon-beam characterization and related techniques that will 
be supported by this facdit) . 

4.5.4 Extraordinary Tools for Materials characterization 
As the complexity o f  materials and the requtrements on their performance have increased, 

demands for detailed descriptions of the interactlons among structure, coniposiuon, and properties of 
materials have soared. Major probes for charactrrizing materials include neutrons, X rays, and electrons. 
To answer critical questions about the nature of matter and to develop the advanced materials needed for 
morc efficient energy systems, DOE must maintain cuttmg-edge characteri;7ation tools in each of these 
;mas. 

The Spallation Neutron Source (SNS) and the upgrades to the ITigh Flus Isotope Reactor (IIFTR) 
and associated neutron scattering facihties (sec Sect. 4.1) will provide the world’s best capabhes  for 
probing materials with neutrons. OKNL’s investment of IIDKZ) funds in several he? areas of neutroti 
science (see Sect. 5.7) is suppcxung the development OF new tools, including novel instrumentation, 
advanced neuiron opt~cs, and data visualmation and analysis, for utiluing these capabhties. 

’I he need for advanced X-ray charactea/:itiun tools is being addressed by the development of 
beam lines 011 the AldvanceJ Photon Source (,4PS) at  the Xrgonne National Laboratory. Alicrolxatn 
capabilities arc extending the understanding of materials pheiiomena to mesoscale length scales, 
elucidating hey tnaterds problems such as stress-driven g a i n  growth, aging, arid materials failure ORNL 



is developing a dedcated microbeam facility directed toward 0.1 -prn resolution in collaboration with the 
University of Illinois, the National Institute of Standards and Technology (NIST), and UOP Research 
Inc. Funding provided through the DOE-SC Office of Basic Energy Sciences is beitig applied to develop 
a mesoscale materials program using microbeams at the AIPS. 

Future needs for electron characterization and related techniques will be supported by 
construction of the -1MCL, as described in Sect. 3.5.3, aiid by continuing efforts to expand ORNL’s 
resources for high-resolution characterization of the microstructure and microchemistry o f  materials, 
with the goal of acquiring thc world’s highest resolution electroii microscopes. Key areas of expertise 
include 

arialytical electron microscopy, includmg high-resolution imagng, convergent-beam electroii dffrac- 
tion, electron energyloss spectroscopy (EELS), energy-dispersive X-ray spectroscopy, spectrum 
imaging, and energyfiltered imaging; 
atomic-resolution scaiinitig transmission electron microscopy (S’EM), including Z-contrast imaging 
and atomic-resolulioti EELS; 
atom probe field-ion microscopy, including atomic-resolution imaging, high-resolution time-of-fight 
spectroscopy with singlc-atom sensitivity. and three-dimensional atom probe techniques; 
analytical scanning electron inicroscopy, including secondary and backscattered electron imaging, 
energy-dispersive and wavelerigth-disprrsive X-ray microanalysis, and electron backscattered pattern 
orientation measurements; and 
mechanical properties characterization with subenicrometer spatial resolution, including nano- 
indentation experiments at ambient and elevated temperatures; hardness, modulus, viscoelasticity, 
creep, scratch, and fracture toughness measurements; and atomic force microscopy. 

new aberration--corrected transnission electron microscope, funded by DOE-EE and scheduled for 
delivery in r;l’ 2003, will contribute to the needed expansion of ORNL‘s resources. In addition, DOE- 
SC is providmg support to upgrade OKNL’s STEhI facilities to sub-angstrom resolution. 

4.6 0 National Security 
’The thrust of our new initiative in natioiial security is to maintain and expand ORNL‘s position as 

a leader in the development of science and technology to solve the security and public safety challenges 
faced by federal, state, and local governments and the industries that build systems and components for 
these agencies. The elements of this initiative are designed to focus the distinctive capabilities of the Oak 
Kidge Comples on specific opportunities, leveraging the science and technology developed to meet 
DOE’S needs and broadening the customer base for securityrelated technologies and expertise. The 
ORNL National Security Directorate will take the lead in this initiative, but nearly all 1.Amratoi-y 
organizations are expected to partkipare in it at some level. 

Focus areas include counterterrorism: nonproliferat-ion of weapons of mass destruction ~ V A D )  or 
mass effect (TVhIE); combating asymmetric warfare or nontraditional threats to 1J.S. homelmd security; 
law enforcement, public safety, and einergenq management; logis tics applications; and specialized 
training for military personnel. 

OKNL will work with DOG, the Department of Defense (DOD), and or-her federal agencies with 
national securit?? missions to find more cost-effective means of developing and deploying security-related 
technologies, with an emphasis on elitniiiatitig redundancy, increasing efficiency, and delivering value. 
ORNL will also seek to revieu. possibilities with past cusi.omers, expand its work with present customers, 
and fitid opportunities with new customers by matching Laboratory technologies aiid expertise to needs. 
New- partnerships with industries and universities that supply science and technology innovations to 
national security organizations will be developed. 



4.6.1 Technologies for Counterterrorism and for Detection/Defeat of 
Nuclear, Chemical, and Biological Weapons 

Materials and substances that can cause widespread destiuction and loss of human life are 
becotning easier to obtain through a variety of means, both legal and illegal. OKNL is cngagecl in I<&U 
and engineeririg o f  technologies t o  better detect, locate, identify, characterize, arid attribute the prolifera- 
tion of \WMD through measurement and analysis of signatures gathered at close range by low-profile 
sensing and analysis devices ;tiid at long range by increasing the sensitivity and understanchg o f  tnore 
tradidrxial techniques. I h e  key components required to successfully- achieve the goals of  this activity 
include radiation detection technologies, micro technologies, nuclear materials analysis and forensics, and 
detection and defeat o f  chetnical and biological agents. 

’To expand its role in developing counterterrorism and cheniical/biological detection technologies, 
the T.,;iboratory will establish a program in FY 2002 to enpge ORNT., clirectorates and divisions in a n  
active partnership with Y-13’~ National Security Program Office. The initial focus mll be on two 
substantial technology needs that can be met by OnnjI, cotnpetencies: biological warfare agent defection 
standards atid a forensics capability to support investigation and prosecuticm of terrorists involved in 
chemical and bi(>logkid attacks. Also envisioned is the dwelopimmt of small pos-table power supplies to 
support DOD, the intelligence community, and law enforcenienr orgarlizations in their efforts to combat 
terrorism. 

4.6.2 Asymmetric Warfare Technoiogies 
Since the L, mted States cmrentlj has rio peer rmlitary force-on-force competitor, fiiture foes can 

be expected to challenge this country through the use of asymmetric, or “D;irricl-and-(;ohath,” 
approaclies. These foes will icek to avoid dxect attacks o n  I3 S strengths and concentrate instead on 
indirect methods and techniques to attack perceived vulnerabhties. In some instances, tllts could mean 
using \K7?y1D or weapons of mass effects \yrsCIh against the U.S. homeland; in others, it could mean 
disrupttng the mfoorrnatmn or elcctronic systems on which the Uruted States is increasinglj dependent. 

Thus challenge is difficult both to recogiiix and to combat, arid science and technology wdl play an 
important role vi defending the United States agaiiist this form of warfiire. Focuse4 for ttus activity 
include worhng w t h  the appropnatc government agencies  ti detectmg, monitoring, disarming, and 
rec) cling WMD; anticipating the types of nonlethal warfare SI steins (c.g, incapacitants) that foes wdl use 
and finhtig counternieasures to diem; cleveloping data miung and other pattern dctccting capabditm to 
deter or protect against data/image manipulation; arid creatlng technologies that organlie arid present 
data, informauon, or knowledge in nays that enable decision-makers to make better arid taster decisions 
than an asymmetric opponent. 

4.6.3 Technologies for l a w  Enforcement, Public Safety, and Emergency 
Management 

Buil~bng on a record of demonstrated success in support for law enforcement and public safety, 
OKNI, i b  establishing a Public Safety Technology ,ilhance that wdl proniote safe and secure communities 
by applq itig advanced technolo8 devcloped in Oak fidge to assist communities witti technological 
solutions (o  challencgtig pubhc safety problems. Potentla1 alliance partners include the JAW EnEorceinent 
Innovatlon Center (T,EIC), srate bureaus of investqauon, the National Iiistitute of Justice, and selected 
DOE programs [the Office of Nonproiifcration Research and bhigneenng (NN-20), the Specid ’I’ech- 
nologies Program, etc.]. 

The IXIC was created in F\i 2000 l q  a federal grant to the I<norndle (l’enncssee) Police Uepart- 
ment and the Universit) of Tennessee with the viiion of beconung the premier center Cor innovative law 
enforcement to serve ctty, county, and state law enforcernetit organraauons The ccnter’s goal is to foster 
innvvatiuns in law- enforcement-related technologies, forensic R&D, and other areas related to law 
enforcement and coniinunit). quality of life. ORNJ, supports the JXIC by pro~7ihng a qualified executive 

hhjor Laboratory Initiatives *:* 4 31 



to run the program. Actiritm include the Nauonal Forenw -\cadany, an tntensiw, 10-week tiaming 
program beginning in Sep ternber 2001. 

4.6.4 Technology for Logistics Applications 
ORNJ. is studying ways to apply science and technology to the logistical challenges currently 

confronting both d t a q  and commercial organizations. One  such effort is in total asset visibhty for 
hazardous materials (kL\ZhL1’1] trachng. Efforts to develop Xdvanced HAIZXIT Rapid Tdentification, 
Sorting, and Tracking (A\HKISl] will determine whether advanced identification technology and 
automatic data collection can be used to solve ongoing problems with the identification of HA\LhL41 at 
DOD logstics depots. Similarly, logistics management initiatives w d  improve IIOD’s logistics practices 
by ensuring a fully integrated supply chain, streamlined business processes, and identification of best- 
value competitive logistics pro\ 71 ‘d ers. 

OKNL will also participate in advanced technology demonstrations with a particular focus on 
partilering with commercial industries midi detailed knowledge of commercial logistics processes that 
have value to DOD. Finally, ORNL’s transportation modeling and simulation capabhties provide new 
approaches for information technology R&D that focus on s trategc transportation requirements, 
analysis, and collaborative decisioii-making. L\ll of these technology tools, once developed. are available 
for use by transportatioii/comrncrcial industries. 

4.6.5 Training With Industry Program 
ORNL is iindertalung the training and education of the U.S. Army’s future leaders by participating 

in the service’s ’Krainiiig With Industry (TTXI) Program. This program was established to train selected 
officers in d~sciplines, programs, and technologies that are important for the -\rrny to understand but 
that the hrmy cannot cost-effectively address on its owti because of the small number of personnel 
involved. The value of this program, and ORpu’L’s importance to it, is the relationship between 
technology and the .\rmy’s efforts to transform itself from what it is today to the capabillties it wdl need 
by the year 2020. 

The centerpiece of this transformation is the use of science and technology to design, prototype, 
build, and deploy the niachiiies and systems that will be used by soldiers in the fiuture. To ensure that it 
makes the right decisions for the long term, the ,Army has elected to develop a cadre of officers who 
have been educated on scientific processes and methodology, who understand the challenges of 
designing new technologes, and who have a thorough grasp of where to turn for answers once they 
leave the program atid rejoin the Arm);. Each inchidual spends 10 months in training; the program will 
be an ongoing collaboration between the Army and ORNI,. The U.S. Marine Corps is also interested in 
developing a sirmlar program with OWL.  
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5 Program Descriptions and Directions 

.Is a multiprograin national laboratoq , the Oak Rdge National Laboratory (OlWL) carries out 
research and developtnent (R&:U) m support of all four tnajor tnissi~ns of the Department of Energy 
(LNh): science, energy res( mrces, mvironmental quahw, and national nuclear security. OKNL also 
undertakes work that supports other Dot;, functions and work for other sponsors. ‘l’hrough its 
Labomtory Llirected RErD (IDKZ)) I’rogram, OKNL supp r i - s  itinovative R&D idcas that h a w  nc) direct 
programmatic fimdmg but can and do lead to prcxluctive new technical directions. 

Our commitment to excellence in science aiid techiiology, reflected iii the Laboratory Agenda (sce 
Sect. 3.2), includes the d c h  ery of scientific aclvaiiccs and techtiological mxiontions in support o f  IlOE’s 
missions through the R&II progratns clescribeti in this section. Table 5 1 outlines some specific program 
&ructions and thelr connections to DOII mission areas. 

Table 5.1 
Relevance of ORNL program directions to DOE missions 

I:)C)li nlission are2 
..................... ~ ..... ................................ . . ......................... 

Envkon- National 
Energy mental Nuclear 

Activity 
~ ............................. ~ 

Biomedical Engineering and Bioengineering S S S R l  
Large-Scale I-hvironniental Process and Effects Research S S S 

Carbon Sequestrxtiori Research S S 
Quasi- I’oloidal Stellarator S S 
Nuclear Physics with liadoactive Ion Beams 
Energy Efficiency K&D Facility AI S 
Distriibuted Energy Resources S 
Carbori Composites Research fur Transportation nr S 

S 

Oak Kidge Reservation Bioenergy arid 
( ,arbon Sequestration Systems 

hl S 

Separations Sdence and Chemical Processing S S S 42 
~ ~ ~~ ..................... .......................... ~ ............................... ~ ............. ~ . .  ..................... 

S := Su-ongly supportive. 
A I = Moderately supportive. 

5.1 Science 
DOE’S Office of Science (DOE-SC) is the largest single sponsor of research at ORNI,, supporting 

a broad range of science programs. 

5.1.1 Basic Energy Sciences-KC 
The DOE-SC Office of Basic Energy Science3 (BES) supports a broad spectrum of research in the 

physical sciences at OIWL through its subprograms in inatcrials sciences, chemical sciences, :ind engi - 
neering and geosciences. Major ORNL enclenvors supported b y  BKS uiclude the Spallation Neutron 
Sowce (SNS) and the FIigh Flux Isotope Reactor (IIFIR) upgrades, which are discussed in Sect. 4.1. 
ORNT,’s Advanced hlaterials Initiative (see Sect. 4.5) also draws on BJiS support. 



The BES Materials Scietices subprogram supports a comprehensive fuiidamental materials R&D 
effort in support of DOE’S missions. An integrated, interdisciplinary approach is emplmsizcd, including 
major research efforts in neutron scattering; sj,nthesis, processing, and characterization of advanced 
materials; hightemperature materials; soft materials; superconductivity; surfaces, intcrfaces, and thin 
films; synchrotron research; electron beam microcharacterization; ion beam and laser processing; and 
theoretical studes. ‘The program benefits from access to unique,  state^ of-the-art materials research facili- 
ties and from close interactions with materials-related energy technology programs. Major research 
initiatives comprise the SNS and the neutron scattering upgrades at HFIK (both described in Sect. 4.1) 
and the ildvanced hlaterials Tnitiative (see Sect. 4-.5), which includes the construction of the Center for 
Nanophasc Materials Sciences and the Advanced hIaterials Characterization Laboratory at ORNL and 
the development of synchrotron beam lines at the Advanced Photon Source at the Argonne National 
Laboratory. 

The Materials Sciences subprogram operates one national user faciliq, the I IF;IR, and two national 
collaborative research centers: the Surface Alodification and Characterization Collaborative Research 
Center (SRLIC) and the Shared Research Equipment Collaborative Kesearch Center (SHaRE). In addi- 
tion, through the Oak Ridge Institute for Science and Education (OKISE), DES supports the Oak Ridge 
Synchrotron Organization for ildvanced Research (ORSOXR) for access to tlic ORNL beam lines on 
the Advanced Photon Source. ‘I’hese facilities provide specialized research capabilities to hundreds of 
research scientists and graduate students from universities, industry, and government laboratories. 

ORNL is a leader in fundamental materials science and in the development of advanced materials, 
processes, and characterization technologies. New capabdities will extend ORNL’s contributions in these 
arcas. The SNS and the HFTK upgrades are addressing a long-term national need for improved neutron 
science facilities and will provide outs tandmg opportunities in many fields. The Advanced Materials 
Initiative will foster the development of new facihties, tools, and capabilities. New research directions 
include ultralii~h-temperatre intermetaulcs, ceramic surfaces and interfaces, soft materials, and the 
effects of reduced dimensionality and nanoscalc geometries on materials properties. 

The Materials Sciences subprogram also advances the understanding of materials and materials- 
related phenomena that underpin energy technologies. Basic research in materials sciences is integrated 
with the K&D efforts of DOE’S applied programs, especially the materials-related efforts funded by the 
DOE Office of Energy Efficiency and Renewable Energy, the DOE Office of Fossil Energy, and the 
fusion energy sciences program in DOE-SC. Key endeavors that benefit from materials R&D include the 
Industries of the Future initiative and environmental technology development programs. 

The I3ES Chemical Sciences subprogram supports the operation of the I IFIR/Radiochemical 
lingineering Development Center (I1EL)C) complex. The HFIK, which provides the highest steady-scate 
flux of thcrmal neutrons in the world, is used for neutron scattering KClcD, the production of isotopes, 
materials irradiation, and neutron activation anal Neutrons from the HFIR are vital to research in the 
materials sciences, chemical sciences, magnetic fusion, aiid life sciences programs at O W L  and for 
esr-ernal users and collaborators. Each year approximately 400 researchers use its facilities. Activities at 
the REDC involve the development and use of production processes and product forms for radio- 
isotopes, predonlinantly the isotopes of transuranium elements; the production of portable neutron 
sources using 2 5 X f  for applications in industry, medicine, and national securiry; and the operation of the 
Californium User Facility for Neutron Sciences. 

’I’he Chenical Sciences subprogram also supports programs in molecular processes, which feature 
particular strengths in mass spectrometry, properties of high-temperature aqueous electrolyte solutions, 
separations chemistry and chemical engineering, organic chemistry of energy resources, actinide science, 
and hydrothermal and isotopic geochemistry. Current research emphases include improving the under- 
standing of chemical conversions that underpin new or existing concepts for energy utilization and 
conversion; exploring the chemistry and physics required to conceptuakze new analytical methods; using 
molecular recognition concepts to design selective separations involving solvent extraction; developing a 
greater understandng of complex phenomena involved in multiphase separations; unraveling the 
systematics of the solid-state behavior of actinide elements and compounds; relating the thermodynamic 
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properties of aqueous sohi :hS at estreme C o n d i t i o n s  to inokc;ular stn~cture; c1eTreloping advaticed 
battery concepts; aiid yuantiQing fundamental geochemical processes that control matter and energy 
transport. 

The ORNL portfolio €or the Clietnical Sciences subprogram :ilso includes a program incorporating 
experimental and theoretical research in atomic, molecular, and optical sciences. This work is aimed at 
understanduig, atid u1tim:itely controlling, matter on the atonic scale through the investigation of the 
interaction of atomic particles scatteriiig from solid surfaces or penetrating matter. The program studies 
the basic physical and chemical processes occurring in atomic interactions and seeks the knowledge 
needed to purposefully manipulate surface/solid properties. Inelas tic processes in  plasmas, such :IS 

eleci+on-atoni/ioii/niolec~ile or ion--;ttom/molecule interactions, are studed because o f  their pervasive 
occurrence in a huge range o f  energyrelevant plasmas, such as those used in lighting, magnetic aiid 
inertial fusion energy. and technical plasma processing, again with the dual goals o f  fundamental under- 
standing and robust conttol of the processes. 

These investigations depend on the production of multicharged ions and the application o f  several 
highly advanced, unique experimental techniques to control and observe their interactions with other 
atomic-scale matter (surfaces, solitis, photons, electrons, ions, at.oms, molecules, :ind molecular ions), 
made possible through the resources of the Physics Division’s hlultichargcd Ton Research Facility and the 
Holifield Radioactive Ion Ream Facility (see Sect. 5.1.5). Intimately coupled with the experimental pro- 
grains, providing guidance and supporting existing liries of research, theoretical s tudes are focused on the 
clevelopment o f  new physical models based on novel mathematical and computatiun:~I techniques. 
‘I’ogether, theory and experiment continue the basic research needed to make new cliscoverics, support 
and drive energy-relevant applications, and pursue a pathway to esercising an extended abdity to 
manipulate and control processes and states of atomic-scale matter. 

The BES Engineering and Geosciences subprogram sponsors the Center for Engineering 
Science Advanced Research (CESAR). CESAK’s priniary mission is to develop, through inntmatke 
research, a core of  excellence in the area of intelhgeiit systems technology, supporting the needs of L)OE 
and other customers (see Fig. 5.1). CESAK is ;I 

collaborative rrsexch fachty providing access to state- 
of-the-art technology and equipment in a sumulatliig 
reseLirch envirotmeiit. Results aiid technology advmces 
are d ~ s  tnbuted through publications in the sciaiufic 
Lterature, workshops on selected topics, and the 
development of prototype systems. 

Thls subprogmm also supports studies of a variety 
oE fluid-rock interacuons md related hydrothermal 
processes with iinphcations for oil, gas, and geothermd 
resource forniatmn and cxploitauon; contmiinant 
migraaon and rernedtahoti, deep subsurface fluid-rock 
interacttons, atid a wide range of gcncral geocheinical m d  
inJus trial processes. OKNL orpnued an October 2000 
symposium, “From Atoms to Organisms (and Back): 
Kates and Mechanlsms of Geochemical Pr~.ocesscs,” in 
support of IXjl<’s Geosciences Kesearch Program. 

Figure 5.1 
Cooperative robots at ORNL’s Center for Engi- 
neering Science Advanced Research 
(CESAR). Teams of autonomous mobile robots 
cooperatively solve problems that cannot be 
addressed by single robots acting alone. 

5. I -2 * Biological and Environmental Researc h-KP 
The mission of the 01UVL Biological and Eiivirotimental Kesearcli (BERj Program is to advance 

science and technology in order to understand 
complex biological systems, rangng from single cells to ecosq stetns; 
the relationships of these coniplex biological systems to hutnil11 health and the environment; and 
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thc responses of the envitonment to regional and global change, environmental stresses, and 
resource use. 

’l’he ORNI, RER Program comprises distinguishing capabhtics in biologcal research. with a focus 
on genetics and molecular biology; ecologcal and enrironmental systeins; and environmental quality (see 
Table 5.2). ‘l’hese capabhties d l  be keys to achieving the overarching goal of DOE’S proposed 
Genomes to Life (GTL) Program: a fundamental, comprehensive, and systematic understanding of life, 
with a near-term emphasis on understandlng the susceptibility of human and environmental sys tenis to 
adverse consequences of energy production, development, and use. The breadth of these capabilities 
derives from ORNJ,’s role as a multiprogram laboratory. Partnerships with other organizations, both 
internal and external to the 1 &oratory, represent another key resource of the REK Program. 

Table 5.2 
Distinguishing capabilities of the ORNL BER Program 

__ ..... ___ .... ..... ....... ......... 
Genes to Ecological and Environmental 

Molecules Environmental Systems Quality 

Alouse genetics and genomics 
Mouse mutagenesis and 

phenotype screening 
Neutron structural biology 
Bioinformatics/compu ta tional 

Mass spectrometry 
Atomic force microscopy and 

nanotechnology 
Plant and microbial ph+ology, 

genetics, and genomics 
Dosimetry, toxicology, and risk 

analysis 
Biosensor development 

sciences 

Mouse Genetics Research 
Facilitj.”/Labora tory for 
Comparative and Functional 
Genomics 

Center for Structural Molecular 
Biologf’ 

Center for Cotnputational 
Scienccs 

Mass spectrometc- laboratories 
1 Iigh Flux Isotope Keactor“ 
Spallation Neutron Source 

Funciions and activities 
Ecosystem and global change 

Environmental process science 

Nicrobial biogeochernis tq- and 

Ecological management science 

Environmental data systems 
Kenewable resources K&D 

science 

and technology 

biotechnology 

atid technology 

Facilities 
Oak Ridge Keservation/National 

Environmental Kesearch Park” 
Walker Branch Watershed, hlelton 

Branch Watershed 
NABIK Field Kesearch Center 
Free Air Carbon Dioxide 

Enrichment facility 
Throughfall Displacement 

Experiment 
Seafloor Process Simulator 
Centcr for Computational Sciences 
Laser laboratory 
Flux tower .... @0AX) .. ..... 

“Designated user facility. 

Subsurface science 
Bioretnedia tion 
Kohotics nnd process slistems 
Chemical separations 
Geochemistry 
111 situ methods for measurement 

Biological monitoring and 

Sensor development 

and monitoring 

abatement 

Field scale R&l) test site5 
Lvsime ters 
hXBIK Field Research Center 
Kobotics development laboratory 
US0 detecuon system 
IIot cells 
Hioprocessmg Research I-acihty ‘ 
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1 he principal activittes of the BfiR Program include 
determining gcne function in human, other nianiinaltan, plant, , ~ n d  microbial systems 011 a geiiomc- 
wide scak, focusmg on systems relcvant to 1lOE’s fnissions. and performing comp,mtive analysis of 
genomes; 
advancing the undcrstaiidmg of s tlucturc-function relationships by  cxaniinirig the stmcture of  pro- 
teins ancl protein complexes and mahing specialrxd tools f o r  sauctural Imlogy (small-angle neutron 
scattering, mass spectrometiy, and computational biologvj available to the research community; 
enploring the interactions of energy-related chemical and physical ,rgents w i t h  living orgailisms and 
the envtronment, ii~clu&ng their transport, traiisforinatiotis, a i d  health ancl environmental effects 
and their ultimate consequences for humans and the environment, and devc-lopmg the scientific 
understanding needed for efkcttve bioremediation o f  metal and raciionuchde contamnation; 
inves tigatitig mcrobial processes to address environmental threats (c.R., from contarninatloti arid 
pathogens) and to harness the capabilities of microbial systems for biofuel production, environ- 
mental rernetliation, and o rher apphcations; 
underitaiidiiig and predtcting the dynamic response o F  ecosystems to global and rcgwnal change, 
environmental contarntnntlori, arid resource management, 
creating m c l  applying new methods to mormor, assess, and manage ccosystems and to detect ,ind 
tnirigate environmental stresses from gl(hi1 and regional chatigc, contamination, and resource use, 
developing renewable energy systems, especiaLly hoenergj , through R&D in plant genetlcs and 
l>iotcchnology and assessment of resource udzation, ciivuotimental impacts, and economics; 
carrying out basic and applied research and technology development to foster the tnventlon and 
refinement of advanced instrumentatmti that addresses issues in genormcs and proteomics, 
tiioniedical engineering, environmental protection, foreiisics, and natlotial security; 
designing and developing ussue-specific radiopharmaceuticals for diseasc diagnosis and therapy, 
contributulg to  DOE’S Nuclear illedmne Program and otlier beneficial applic‘itions by leveragmg 
wtth advances in molecular biology atid other rapidly developing fields; and 
developing and applying computatioiial tools and techniques to address fuiidamen tal questions in the 
bfe and environmental sciences and to provide information and analytical resources to the wder 
research community and &e public. 

Dunrig the planning periud, the BBR Program will continue and expand its work in these areas. 
‘i-lic major Laboratory initiative in complex biological systems (see Sect. 4.2) 6 ~ u s e s  the resources of thc 
OIZNId HEK T’rogram on the emerging field of “systems biology.” ’The t n a p  Lalmratory mitiatwe in 
energy and eiivlronmental systems o f  the future (see Sect. 4.4) also builds on these resources, wl~idi  will 
provide a deeper understanding of large-scale environinental processes and global climate that will 
underpin decisions about energy scrviccs. 

‘I’he followng strategic directions have been selected 
contributing to the emerging O B I X  Advanced MeQcal Instrumentation Prngram in key areas, 
inclulng btomechcal and medical tclesensors, efficiciit laser-based &agnostic and therapeutic pro- 
cedures, biocompatible materials, novel bioinstruinen tation development, and large-sc-& lnomedical 
systems modeling and simulation; 
sccunng new facihtm for large-scalc environmental process and effects research, in support o f  
DOH’S Terrestrial I=cosystems Research Facility effort; and 
prowhng a science-based understanchng of the carbon cycle, carbon sequestration, and carbon 
managernerit . 

a computatmtial I3iologq capability that builds (XI the high-performance computing resources of the 
OIWI, Center for Computatmnal Sciences (we Sect 4.3 1) and 
an  improved utiderstanclmg of water cycle dparmcs to allow better prediction of the cffects o f  global 
change on regional water resources 1 hrough the development of a water qc le  regional test bed 

Near-term actions to be taken in support of program goals include the development of 
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5.1 -2.1 * Life Sciences 
Kesearch in the lifc sciences addresses the understanding of complcs biological systems and 

includes comparative and functional genomics (involving modd systems such as the mouse, microbes, 
zebrafish, and plants), genetics, biochemistry, biophysics, toxicology and risk analysis, nuclear medicine, 
biomedical engineering, analytical technologies. and computational biology and bioin formatics. The 
Laboratory’s Complex Biologcal Systems Initiative, described in Sect. 3.3, is an integrated activity that 
draws on resources from these and other OKNL programs. This initiative includes the developrncnt of a 
new Center for Systems Biology, with a focus on understanding human susceptibility to low-dose rada- 
tion and to exposure to chemicals and mixtures of environmental insults. 

ORNL proposes to integrate its resources to develop a biomedical enginceiing program in support 
of the missions of OBER and other federal agencies. 

..--I .- 

Biomedical Engineering and Bioengineerin 
Biomedical engineering and bioengineering 

@ME) research comprises the development of 
innovative technologies that could have a signifi- 
cant impact on health a r c .  The Office of 
B i o l o g d  and Environmental Kesearch (OBER) 
within DOE’S Office of Science manages an 
Advanced h1edtcal Instrumentation (+.U) Pro- 
gram to bring the unique resources of DOE’S 
national laboratories to bear on RME, with a 
major focus during the next few years on the 
development of innovative imaging technologes 
for medical use. This program is linked with R L l F  
research at other federal agencics through the Bio- 
engneering Consortium (sECON), which spans 
all of the institutes of the National Institutes of 
Health (NIH), DOE, the National Science 
Foundation, thc Defense Advanced Research 
Projects Agency, and other federal agencies. 

ORNL has established a BLlE program to 
provide an integrating focus for a variety of efforts 
in such areas as medical telesensors, biosensors, 
medical diagnostics, nanoscience and nanotech- 
nology development, biological systems modeling, 
and analytical technologm. Many of these are 
being pursued in or led from thc ORNL Life 
Sciences Division. Other divisions, including the 
Chemical Sciences, Engineering Science and Tech- 
nology, and Metals and Ceramics divisions, have 
ongoing cfforts and strong interest in this area of 
research. A BhIE focus group includes researchers 
from across OWL,. The Laboratory’s capabilities 

are leveraged by its membership in the Teniiessec 
Biomedical Engineering Consortium. 

Principal investigators at ORNL are carry- 
ing out three projects funded by the Ah11 Program 
in June 2001. Work also continues on the integra- 
tion of microchannel glass and photosynthetic 
structures into photoelectrode array implants. wir-11 
the aim of developing a retinal prosthesis; on  the 
development of advanced fluorescence tcchniques 
for Zti Z ~ P O  diagnosis; and on the application of 
high-throughput mass spectrometry for diseasc 
screening. X program to develop nuclear imaging 
of small mammals is being conducted in 
collaboration with the Thomas Jefferson Natioiial 
Accelerator Facility (JLab). 

The O - W L  BME program also draws on 
support from NIH, which will be a key clement in 
attaining both the funding level and the scope 
envisioned for long-term success. The four focus 
areas of the NIH program---imaging, nanotech- 
nology, tissue engineering (biomaterials), and 
informatics---cover a broad spectrum of research 
aligned with work in progress at OKNI,. 

’ro ensure success in this effort, ORNI, wdl 
establish clear scientific goals, develop and expand 
strategc partnerships with academic centers of 
excellence and with medical centers (e.g., through 
the Joint Institute for Biologcal Sciences; see 
Sect. 4.3.6), and produce a program development 
plan that sets priorities and includes appropriate 
resources for proposal development. 
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5.1 -2.2 Environmental Sciences 
Environmental science research covers biogeochemistry, en\ ironmentd biotechnology, enmron- 

mental chernistry, eco tein \tucks, geosciences, h) drology, micrubiolog~ , aiid en~ironmental 
assessment. Through the Fnergy and Environnimtal Systems o f  the Future InitmtnTe (see Sect. 4.4), these 
capabilities will be applied tn the development ~f a deeper understand~ng of large scale envmmmental 
processes and global clunate change and t o  strategies for carbon managcnient and seques tranon. 

OKNI, will conhnuc its long and rich history of ecosystem rescarch, inamtaming its leadetslup role 
in the development of large-scale ecosystem manipulation expermerits aiid ecosystem- based modeling. 
Major field-scale tnanipllations include the Free r2U- Carbon lhoslde L~nrichtnetit (FACE) experiment 
and the 'I'hroughfall Displacement Experiment (TDl.:). Starting its fourth growing scason under elevated 
carbon dioxide, the Fh('E experiment integrates research on the response o f  both aboveground and 
belowground ecosystem processes to  elcvated carbon dioxidc. 'rile '1 DL: has charactenzed the complex 
forrst system response to precipitation changes. Fundamental processes (photosynthesis, I ree atid sod 
respiration, nutrient cycling, and carbohydrate storage) have been studied together to develop an inte- 
grated picture of the forest's response. A book synthesizing the research ar this experimental site will be 
published m 2002. Research on die Walker Branch Watershed contmues to elucidate the biogeochemistry 
of upland streanis atid the long-term vegetanori dynaimcs o f  upland southern hardwood forests. 

hlodelrng of global ecosystem rrspc m e  to chinate changes is an important componeiit of O K N I ~ s  
ecosystem research OKNL's 1,o'TEC and GTEC terrestnal biogeochemistq models are used fc )r analysis 
of global change itnpacts on terrestrial systems arid feedbacks LO the cltmatr system ,I modification of 
G'l'EC has been used in the Vegetatlon/Iicosystern Modeling and A'inalysis Projcct fiThlri1'). 

We are now workulg to couple the OIWL models to global circulauon models (GCAls) to capture 
the feedbacks between terrestnal systems and the atmosphere. In collaborauon with rhr ORNL Center 
€or Computational Sciences, we are ulitiaung a research program to create the next generatmn of coupled 
climate and carbon research models. This concept supports a new level of coordination in computer soft- 
ware engmeering and earth S J  stems model developinent. 'l'he plan is to hnk modeling and expenincntal 
rcsearch and applj hgh-ycrformance computation;tl capabiltues to the problem. We are also activelj 
lmxticipaunp, through the Biogeochen~istry Working Group, in the developinent of carbon cycle repre- 
sentalons of the terrestrd ecosystem for the Comniumty (%mate System model. Field research on soil 
carbon processes and global carbon emssion analysis continues to enhance the global carbon modeling 
worlr. 

Three new ecosystem projects began during FY 2001: a large-scale field expeament that wdl tease 
apart the cleconiposition pathways of aboveground and belowground litter by tahng ad-vati tage of an 
accidental eimssion of I C  th:it has dlfferenually labeled plant tissues; a seedling opeti-topped chamber 
experiment that wdl examne the multqde effects of increased warrntng on tree growth processes; and a 
project that wll use functtonal genomc approaches IO elucidate the roles o f  genes tn contrc)lling cell wall 
properttes in woody SJleCieS and thus the long-term capture of carbon In forest ecosystems. 

OlWI. is also working midi other DOE laboratories to  establtsh a new Water Cycle llynamcs 
Program to develop better predictions of regmnal water resources 2s affected by changes in cltmate and 
land use. A pilot study centered on the ARhl Southern Great Plains study area was funded by DOE: in 
FY 200 1. Program elements includc computer simulauon and visualtzation; regional testbeds in large 
river basins; tnnovattve applicauon ctf new environmental tracers, including stable tsotopes, development 
of advanced observational networks; and management and archiving of very large environmental 
databases. 

ORNI, performs key roles m tneettng DOE'S needs for environmental data systems. Key tasks 
inclucle developing integrated databases; collecting, analpng,  dstributlng, and archiving data; and 
perf(mning a wide range of  qualtty assurance functions. 

The Carbon I h l u d e  Infortnanoti Analysis Center (CDTAC), which inclucles the International 
Council o f  Scientific Unions-desipxated K'orld Data Center for Atmospheric 'Crace Gases, is DOE'S 
patnary global change data and information analysis center. CDIXC responds to data atid information 
requests from users worldwde who are concerned with tlic grecnhouse effect and global c h a t e  change. 
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CL)IXC’s data holdings includc records of thc concentrations of carbon dioxide and other radiatively 
active gases in the atmosphere; the rolc of the terrestrial biosphere aiid the oceans in the biogeochemical 
cycles of greenhouse gases; fossil fuels and land-use emissions of carbon &oxide to the atrnosphcre; long- 
term climate trends; the effects of elevated carbon dioxide on vegetation; and the vulnerabiliv of coastal 
areas to rising sea level. 

CDLlC has become a model for the development of other data management systems in the inter- 
national global change research program. The challenge for CDL\C is continued excellence in deliveiy of 
high-quality products. A recent example is OWL’S support, through CDIAC, of data management for 
the U.S. Xmerit’lus network, which is a component of the larger FJ2U,XNET Program, a multiagency 
effort aimed at integrating worldwide CO2 flus measurements. 

The Atmospheric Ihdiation Measurement (ARM) l’rogram sponsors a data archive that supports 
the program’s field experiments in near real time. These data are used to research atmospheric radation 
balance and cloud feedback processes that are critical to understandmg global climate change. To date, 
the archive has handled about 4.5 million files containing morc than 12 terabytes of data. 

01WL supports the N,IKS’TO partnerships whose mission is to plan, coordinate, and facilitate 
policyrelevant scientific research and assessment of primaq and secondary atmospheric pollutant species 
emitted, formed, transformed, and transported in the troposphere over the North American continent. 
A s  NXRS‘l’O’s Quality Systems Science Ccnter, ORNL provides quality assurance and data managcment 
assistance, data archival and chstribution, and data guidelines for NAKSTO research planncrs, project 
managers, aiid principal investigators. 

OlWL is continually seeking innovative and cost-effective ways to manage data for DOE and 
other agencies. hlercur:., a Web--based system developed at ORNI,, supports searches for metadata and 
rctrieval of associated data. Mercury invokes a new paradigm for managmg dynamic dtstributed scientific 
data and metadata, putting control in the hands of investiptors. All of the data, documentation, and 
metadata residc on the individual data proriders’ servers. Mercury uses the Internet to form a “virtual 
system” interconnecting those servers and its central system. 1-hrough such innovative approaches, 
OKNL can make tremendous amounts of data available in a cost-effective iriaiiner for diverse research 
atid modeling programs. 

OKNT, is also expanding research that focuses on harnessing microbial processes to remediate 
radionuclide and metals contamination in the subsurface in support of OBERs Natural and Accelerated 
Rioremediation Research Program (NABIR). OBERs first NABIK Field Research Center (E’KC) is 
located on the Oak Ridge Reservation in the Bear Creek Valley near the Y-12 National Security Complex. 

The FIIC, which comprises a 100-hectare (243-acre) contaminated area and a 164hectare 
(404-acre) uncontaminated area, \dl be used for long-term field stuchcs to advance both the 
understanding of microbial interactions with groundwater and soil and the mechanisms for immobilizing 
mctals and radionuclides or changmg contaminants to less toxic forms. ORNL operates the FIIC for 
OBEK, carrying out hydraulic testing, tracer testing, groundwater and sediment sampling, and other 
characterization activities. The results of the initial tasks will be used in identifriing areas for field srudes 
to be conducted by scientists from DOE laboratories (including OWL)  and universities during the next 
-5 to 10 years. Researchers will use the ERC to develop an understanding of the complex factors affecting 
bioremediation and innovative means of enhancing the reactions of microbes with radionuclides, mctals, 
and other contaminants. The FRC \vi11 also generate data that can be incorporated into the 
mathematically based numerical models that are an important tool in predicting and planning 
groundwater management programs and remcdiation s trateges, and it \ d l  provide opportuiltties for 
comparing computational predictions of bioremediation techniques with actual outcomes. l h i s  work 
directly supports DOE’S general goal for envlronmcntal quality (see Sect. 5.3). 

ORNL’s research on the microbial genome (see Sect. 4.2.3) emphasizes organisms important to 
global change, carbon sequestration, marine biotechnology, and biorcmediation, building on Laboratory 
expertise in analyzing gene expression and on the NXUIR FRC. VC’ork on microbial community structure 
and function should provide a basis for understanding potential impacts of a changing cliiriate on below- 
ground ecosystems. From this work, it may be possible to promote increased sequestration of carbon 
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below ground thrcmgli alteration of microbial communiues (e.g., b y  maiiipuhtioti of native communities, 
by alteration of‘ the community with orgamsms from other areas, or cven by geiieuc tnanipuhtion). Our 
research should also lead to applied research arid technology development on tlir processing of biomass 
for fuel and power. 

OKNL proposes to expand its programs in large-scale environmental proccss and effects research 
;is a means of devcloping new scientific approaches and facdities to understand the impacts of’ energy 
dcveloprnent and use on  he environmenr. 

Large-Scale Environmental Process and Effects Research 
The fundamental plant and sod processes 

that determine how terrestrial ecosystems respond 
to physical and chemcal changes in the eriviron- 
mcnt are hghli  dynamic and active st temporal 
scales from nanoseconds to imllennia and at  
spaunl scales from single niolccules to the global. 
ORNI, has made notable contributions to the 
undcrstandmg of these processes, and its hisronc 
strengths in ccosystem studies, plant phj siology, 
I~iogeocliem~try, and modchiig represent an 
unmatched rcsource for addrewng present and 
future environtnental questic )ns 

’!here is, however, an urgent need to 
complement arid extend these resources by estab- 
lishing an enhanced program of research that 
leverages and integrates emergmg ORNL capabili- 
ties in large-scale ecosystem manipulation, cfa ta 
management and retrieval, ecologcal modehiig 
and visualvation, measurement science and scnsor 
developmen t, computational science, and 
genomcs. 

tories, we are laying the foundation for what 1s 

expected to become a broad inItiatlve that brings 
together strengths from acrobs the DOE coinples 
in the developtnent of large-scale terrcsmal eco- 
systems research facilities (TERFs). The projected 
cnllecuoii of facilities ulll be of unprecedented 
scope in tertns of both sue and technology and 
will usher in a new era for monitoring, probing, 
and understanding the response of terrestrial 
ecosystems t o  rapid environmental change and 
liurnan-caused perturbauons While s t l l l  in the 
conceptual stage, the mtial TElW is viewed as a 
test bed for qunntdjmg the effects of energy b) - 
products on ecosystem hnction. It will be a DOE 
centerpiece for assessmg the impacts of global 
clunate change on the essentlal services provided 
to societ) 1,) ecosystems. atmospheric and climate 

In collaboration wlth other IIOI, laborit 

regulation, flood control, provisioii of clean water, 
and recychng o f  waste products. 

11 unique focus of the ’I’EKF ininanve wdl 
br the exposure of intact ecosys tetns to inultiplo 
factors, such as atmospheac carbon dicmde 
enrichment, rising tcmperature, and increased fre- 
quency of drought. Such mullifactor stud~es are 
cnacall) important because these chmatic forcings 
.~vlll ulttrnately govern changes in the delivery of 
ecosystem goods and semi( es, biogeochetnic;il 
cycles, and biodiversity. 

The DOE laboratories ulll integrate large- 
scale environmental process rcse:irch with leadltig- 
edge capabihttes for measurement, modehng, and 
nionitonng of the environment to  define atid 
create new approaches to ecosystem process 
research. This \ d l  provrde :L nexus for the revital- 
Mation of ecological sciences through the develop- 
ment of advanced instrumentation, modeling, 
visualization tools, and chstributed, cornmunq- 
based science. htrengths m uiformation and d:tta 
management will support the transfer of data from 
oti-he sensors to other institutions worldwide via 
the Internet. Intensive data collection capabilities 
will dlso enable near-real-Utne modeling of plant, 
sod, and ntmosphenc processcs and thus help to 
shape d new generation of high-perforniance 
computer inodels that can represent comnplex 
landscapes in unique cbmensiotis of space and 
time. The creation oE “mrrual ecosystems” \vi11 
benefit from and contribute to direct held rxpea- 
ments and open new avenues for cvnducting 
matiipulatn-e investiptions in a high-perforinance 
coinputlng env tronrnent. 

I’his emphasis on expenmental capabihties, 
instrurnentatlon, and ad1 anced simiilation is criti 
cal to meet the research challenges of die coniing 
decades and to fulfill DOE’s tnbndate to protect 
the environmenl and human health. 
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ORNL also proposes to extend its work in carbon sequestration research through the multi- 
laboratory Center for Research on Enhancing Carbon Sequestration in Terrestrial Ecosystems (CSiTE). 

Carbon Sequestration Researc 
The goal of DOE’S carbon sequestration 

research program is to provide science-based 
understandmg to support the development and 
assessment of s t ra teps  for enhanced carbon 
sequestration in terrestrial and ocean ecosystems. 
’l’lie objective of the research is to have this 
understandmg by 20251 so that new strategies (if 
deemed acceptable) could be implemented during 
the middle of the 21 st century. 

The Center for Research on Enhancing 
Carbon Sequestration in Terrestrial Ecosystems 
(CSiTE) performs fundamental research to dis- 
cover and characterize links betwcen critical 
pathways and mechanisms for creating larger, 
longer-lasting carbon pools in terrestrial eco- 
systems. Research is designed to establish the 
scientific basis for enhancing carbon capture and 
long-term sequestration in terrcstiial ecosystems 
by developing (1) scientific understanding of car- 
bon capture and sequestration mechanisms in 
terrestrial ecosystems across multiple scales from 
the molecular to the landscape, (2) concephial and 
simulation models for extrapolation of process 
understandmg across spatial and temporal scales, 
(3) estimates of national carbon seqiiestration 
potential, and (4) assessments of environmental 
impacts and economic implications of carbon 
s eques tra tion. 

During the first 24 months of research, field 
studies have been established in forests, grass- 
lands, agricultural systems, and degraded lands. 
Inquiries into microbial and molecular geo- 
chemical control on the quantity and quality of 
soil organic matter \vi111 suggest new strategxs for 
enhancing sequestration, In addition, methods for 
estimating the net impact on greenhouse gas 
emissions via drrect management for carbon 
sequestration have been developed. Models to 
assess both environmental and economic impacts 
resulting from energy -driven land managcmcnt are 
being developed, improved, and tested. X terres- 
trial project initiated in FI’2001, “Genetic and 
Environmental Controls on Carbon Allocation 
and Partitioning in \Voody Plants: 1mpl.icatioris for 
Ecosystem Carbon Sequestration.” will address 
aspects of carbon sequestration related to securely 
storing carbon in chemical forms that are resistant 
to microbial degradation and allocating carbon 
preferentially to roots, where it can better 

contribute to soil carbon sequestration. The 
research \will take advantage of a genetically weU- 
characterized population of hybrid poplars 
growing in the Pacific Northwest. For everj‘ 
individual in this population, the chemical 
composition of leaves and roots, and the fraction 
of total carbon allocated to roots, will be 
determined. ’lhese traits will be compared against 
a generic map that is being established for hybrid 
poplar, and genes important to carbon scques- 
tration will be identified. 

ORNL is also investigating the potential 
environmental consequences (and methods to 
reduce any such consequences) of direct injeci.ion 
of carbon &oxide into the ocean with another 
new r;7i 2001 project. This study uses a combina- 
tion of experiments and models to understand 
coupled hydrodynamic, geochemical, and biolog- 
cal processes in sinlung carbon dioxide particle 
plumcs in sea water, which are important in 
evaluation of deep ocean injection of carbon 
dioxide. This collaborative study with the hlassa- 
chusetts Institute of Technology aims to develop 
predctive models for simulating spatial struch-ire, 
physical and chemical dynamics, and responses of 
representative biota in the mixing zone of injected 
carbon &oxide particles and sea water. The 
ORNL Seafloor Process Simulator (temperature- 
controlled pressure chamber) will be used to 
measure physical and chemical changes in injected 
liquid carbon dioxide and surroutiding sea water 
under condtions representative of the deep ocean. 

’l’o support the Oak Ridge Reservalion Bio- 
energy and Carbon Sequestra tion Systems activiiy 
(see Sect. 5.2.1), we are beginning a process that 
wdl ultimately provide sites for testing terrestrial 
carlion sequestration technologies and evaluating 
their environniental and economic implications. 
Thcse sites will be coordmated with bioenergy 
feedstock research activities to leverage research 
and land resources. Test sites for evaluating 
carbon sequestration approaches for agricultural, 
pasture, forest, and urban land uses will be 
developed. ’I’hese sites will also be used for 
developing carbon measurement technologcs and 
testing approaches for carbon accounting. This 
activity will provide a framework for moving the 
findngs of the CSiTE to broader, more applied 
scales. 
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5.1.3 Advanced Scientific Computing Researc h-KJ 
The DO1<-SC Office o f  Advanced Scientific Computing Research (“SCR) supports ORNI. 

research in and application o f  mathematical, computational, computer, and communications sciences 
This lricludes operating the high-perlomiance computers at OKNI, arid conducting basic research 
through the i!pphed Irlat1icrn;itic;il Sciences (AhlS) subprogram. ?lie Terascale Coniputiiig and Simula- 
tmti Science Initiative described i n  Sect 4.3 will extend OKNL’s computational resources atid expertise 
to support 1X)E’s missions. 

‘I’he AblS subprogram supports research in three areas. 
The dcvelopnient of innovati\-e approaches for high-performance scieiitific simulations (xi advanced 
architecture computers. Examples of novel approaches include empuical optiinizauon of core linear 
algebra subpropams and parallel core numerical algonthms with reduced comniuruca tions 
requlreineiits. 
’lhe development of tools to facilitate the use of parallel and dlstnbuted computing system>. These 
include software tools to support chscretltation arid rrieshlrig for scientific siniulation, shared- 
memory progrramnuiig environmeri ts  for thstnbuted-memory archiiectures, and fast pxrallel 
tnput/output (I/()) for advanced computer architecture>. 
’The development o f  apphed mathematical, s tatistical, and computatiotial methods for use in areas 
requiring high-end computing, includmg sohd aiid fluid dynamics, chmate dynamics, astrophysics, 
fusim energy, cheirusrry, matenals sctetice, and biophysics. Examples include problem specific 
precondltioners for I(tY1ov-subsp;ice iterative methods; advanced boundary integral methods that 
incorporate fast multipole and level set methods; high-order discreuzation methods for fast, accurate 
simulations; arid imtnerscd boundary methods for biophysical models 

ORNL is participating in the DOE2000 tnltiative to create and apply new computatiorial tools and 
hbranes for “national collaboratones” atid advanced computational tcs titig and simulation (AL‘I S). 
Activities include the Materials hficrocharacterization Collaboratoqr (hlhlC); the ACTS Scientific Tem- 
plate I .ibrary; the Electronic Notebook project; and the Collaborative Management Environment project. 

Through the MNC, resources at OKNl,, die i\rgr>nne arid Lawrence Berkeley national lalmratories, 
the National Insutute of Standards and Technology (NIS’T), and the University of Illinois at Urbana- 
Champalp are available to a w d e  user cominuniq through electronic collaboration. ’l‘he h1hK is sup- 
ported 1)). X C R ,  BES, DOE’S Office ol Energy Rff iaenq  arid Kenewable Enexgj, NIST, aiid industry. 

@RNL,’s Collaborattve Technologies Research Center performs fundamental and apphed research 
in intelhgent softwarc agents, information integration, and software engineering. It w d  play a role in 
OKNF,’s cotnnutment to develop and integrate skills and facihues for computing, modeling, m d  simula- 
tion, as wdl the creation of a human simulation environment, the Virtual I Iuman, desct-tbed 111 

Sect. 5.6.23. 
ASCK also supports mnovative, lugh-nsk research that does not fall under the auspices of other 

DOF programs. The taboratory Technology Kesearch (T,TR) T’rogratn supports research that ititegmtes 
basic and apphed dsciphnes to promote substanual changes in technologies of strategic importance to 
DOE’S mssions and to American industry. ,lctivi~es include cooperative R&D agreements and 
collaborations with other national laboratories. 

0 

* 

5.1.4 Fusion Energy Sciences-AT 
(lRNIL’s h s i o n  Program is a strong and vital component o f  both the U.S. fusion propini arid die 

international fusion communtty. Fusion devices such as the l>IIJ-D tokamak at General Atomics in San 
Diego and the National Spherical ’I’orus Experiment (NSlX) at the Princeton Plasma Physics Laboratoiy 
(PPPT,) support a broadly collaborative program to establish the science base for the devclopnicnt of 
fusion as an energy source. ORNJJ researchers carry out  cross-cwtutig research in several topical :ireas on 
these fachties and on complementary fiidlities in other nations. ’T’heoretical research on high-temperature 
plasmas uses state-of-the-art computing methods (see Sect. 4.3.1.3) to address transport phenomem, 
magnetohydrodynamics (AWU) behavior, ra&o-frequency (rf) heating and current drive, arid plnstna 



edge effects. ORNL researchers also develop rf heating and current drive technology and high-speed, 
frozen pellet fueling technology for hsion research; apply technology in noiifusion areas and transfer 
technology to the private sector; and contribute to the development of advanced superconducting 
magnets for fusion and other applications. ORNL is a major contributor to the development of low- 
acllvation, radiation-resistant materials for fusion; studies atomic cohsions relevant to fusion processes 
and plasma dmpostics and provides numerical data on atomic and molecular processes rclerant to fusion 
IIC3rD; develops laser-based alpha particle chgnostics; and conducts a variety of R&II projects applying 
fusion-related technologies and expertise to other fields. Nonfusion applications address such areas as 
plasma processing and propulsion, high-temperature superconducting power transmission sys tems, and 
power grid reliabhty (buildmg on self-organized criticality theory). 

OlNL's  expertise is well matched to the increased emphasis being placed on innovative con- 
finement concepts by the U S .  fusion program. 'The U S .  spherical torus program, which originated at 
OlWL, is now ccntcred on the NSTS. ORNL is a major participant in the NSTX physics program. 

OKNL is also deeply involved in the growing national stellarator program. The Laboratory is 
partnering with PPPL to develop the National Compact Stellarator Experiment, to be constructed at 
PPlX, and is working with PPI'L. the University of 'I'ennessee, and other universities to build a 
complementary fachty, the Quasi-Poloidal Stellarator (QPS), at O W L .  

Quasi-Paloidal Stellarator 
The Quasi-l'oloidal Stellarator (QPS) is pro- 

posed as a means of obtaining ncw physics results 
on confinement of plasmas in an innovative 
geometry and exploring the potential of this com- 
pact variant of the stellarator approach as a more 
attractive fusion power reactor. In the long term, 
the QI'S approach could lead to a reactor that 
combines the best features of stellarators (low 
recirculating power, leadmg to higher efficiency 
and the absence of potential plasma dtsruptive 
events) and the mainline tokamaks (compactness 
and good plasma performance). 

The concept exploration (CE)--level QPS 
(see Fig. 5.2) can make unique contributions to the 
development of the compact stellarator, which has 
bcen identified as the U.S. focus for improvement 
of the stellarator concept. 'l'hese contributions 
include 

exploration of the keJ- issues for a compact 
stellarator reactor with high beta ((p) = lo"/,> 
and low aspect ratio (R/a  = 2.7) and 
exploration of the physics consequences of 
very low aspect ratio and quasi-poloidal 
symmetry for the optimization of compact 
steUarators. 

This information is needed within the next 
10 years to meet the objectives laid out b y  the 
Fusion Energy Sciences Advisory Committee 
(FESLZC) for the compact stellarator and to serve 
as input for decisions on the next step in the 
world stellarator program, following the Jargc 

Ilelical Device and Wendelstein VII-X (cV7-X). X 
large world stellarator program is focusing on the 
high-aspect-ratio, currentless approach to stellara- 
tor optimization, and a CE-level stellarator pro- 
gram is exploring unique aspects of stellarator 
research. hlissing, however, is work to optimize 
stellarators at low plasma aspect ratio that could 
lead to a more attractive fusion reactor than either 
the advanced tokamak or the conventional 
currentless stellarator. 

Figure 5.2 
Schematic of the QPS. 
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’l’he QPS will promde an expenmental data 
I~ase from w-hicli it should be possible to predict 
the behavior o f  a lowaspect-ratio, high-beta 
stell:irator. A CMevel csperunent, althouzh 
limited by hcatulg capability to rclauvcl) low beta 
(p < ?‘I 0)  comp;ired to the re:icLor embodimeiit, 
would allow the exploratmn of key physics issues 
relevant to transport (both neoclassical and anom- 
alous) and stabthy in a conf1guraticm with quasi 
poloidal symmetry. The study of the physics of 
quasi-poloidal symtneq at very low aspect rauo in 
a stellarator w t h  finite bootstrap current, at finite 
beta. uniquely dlffercntrates the QI’S from W7-X. 

The QPS could make unique contribuuons 
to some oi the key fusion sctence area outhned l q  

DOE’S Integrated Program Plannjng Activity: the 
physics of neoclassical confinement irnprtwement 
at very  low aspect ratlo, the robustness of flus 
surfaces :it (p} up to 2-3°~, in the presence o f  
strong toroidal/hehcal couplmg, the dependence 
of boots trap curreti t on configuration properties 
at  low aspect ram,  and the electnc potentla1 and 
Its iiifl uence on enhanced contincmeiit regimes. 

In sprmg 2001, successful DOE physics 
validation arid project valrdatmi reviews cstab- 
lished the rmssion need for the QPS. ii conceptual 
design, cost, aiid bchedule rewen is planned for 
Xprd 2003. I‘lrst plasma under the proposed 
schedule is projected to be produced near the end 
of E%’ 2006. 

fhc  OKNI, Fusion Program is also applying its strengths in collaboration and strategic ;ikances to 
the Virtual Laboratory for 1 echnology (VJ,l], established by the DOII-SC Office of Fwion Energy 
Sciences t o  unify and coordlnate the IJ S. effort to meet emerging needs in fusion technology. The WII’ 
lmks the geopphically chstributed experimental, computauonal, aiid it1 formation resources o f  the fusion 
community, drawng on high-performance research tools that allow sueiiusts :mcl engneers across the 
country to work together m iiew ways. 

Under the aegis of the VJ,T, OlWL 15 the lead laboratory in the areas of fueling arid rf technology. 
J’ropinis in both Areas consist of  basic development of new techniques, appkatlon of these new 
techniques to existing fusion experiments, and collaborations with both (3.S. and international labora- 
tories on esperments in these areas. In the f-uehng area, ORNI. researchers have developed improved 
pellet injectors and have installed them oil many major expenmental devices leg., the Tokamak ITusion 
Test Reactor, IIIII-D, the Joint Fhropean Toms (Jl;l’)J, and have carried out cxperfinents that have led 
to iniproved undcrstandtng of particle transport, ns well as achieving itnproved operating states oE the 
rnachines. In the rf technology area, OKNI, leads a research program to understand die factors h i t i n g  
the operatmi o f  rf antennas on present-day devices, and to develop iniproved rf systems for use on 
future machines. Collaboratwns are carned out w t h  DIII-L~, NS’LX, .ilcator C-Mod, .\SUEX-U, and 
other experiments. ORNL is build~tig a high-power prototype of an advanced rf anteiina for the JET 
experiment in a major mternatlonal collaborauon. 

1 hrough a new SciDAC project on nurnencal computation o f  wave-plasma 111 teractions in multi- 
thnensional systems, ORNL mi11 be collaboratmg with other members of the rf theory community and 
the computer science community t o  extend the physics generahty of the theories aiid to atrack major 
unsolved problems in wave-plasma interactmiis, with  mmechate imp1ic:tuons for ongoing experiments. 

11s part of ORNT.’s Fachues Modernization Initlauve (see Sect. 7.3), plans are being made to move 
the OKNL Fusion Energy l>ivision from the Y-12 N:itional Nuclear Secunty Complex to the main 
C.)WL campus. ( )KNL and DOES are worlang together to secuce a new mulupurpose research faclltty in 
the hlelton Valley area. Implementation of these plans d l  begn in €3- 2002, and the move should be 
complete by the end of  IT 2006. 

5.1.5 Nuclear Physics-KB 
The ORNL Nuclear Physics Program emphasizes basic nuclear physics research, both experi- 

mental and theoretical, and operates the IIolificld Radioactive Ion Beain Facility (€ IRIBI? and the Oak 
Ridge Electron J dnear Accelerator (ORRIA) for nuclear stnicture physics arid nuclear astrophysics. 



At higher energies, ORNL has a leadership role on PHENIX, one of the two major experiments at 
the Relativistic I~IemT Ion Collider at the Brookhaven National Laboratory, and is exploring involvement 
in the ALICE experiment under development at the European Laboratory for Particle Physics (CERN) 
in Geneva. 

Efforts in radioactive ion beam (RIB) phvsics drilw on the capabilities of the HRIBF, which is the 
only U S .  fachty that can produce and accelerate high-intensity, low-energy, tandem-quality beams of 
radioactive nuclei. 'I'he nuclear structure program on the IJRIRP wl11 extend the studies of nuclear 
properties to exotic nuclei not now accessible with stable beams. The nuclear astrophysics program will 
use 1UBs to make pioneering advances in the understanding of stellar explosions. 

A theoretical nuclear physics program provides support to both the nuclear astrophysics and 
nuclear structure programs. Research in nuclear structure theory takes advantage of the opportunities 
presented by the joint OWL-University of Tennessee ( U q  nuclear structure theory program. ORNL 
and UT are also working together, in collaboration ulth the National Center for Supercomputer Xpplica- 
tions and seven other universities, on a Scientific Discovery through Advanced Computing (SciDrZC) 
project to develop a standard mode for core collapse supernovae. 

71he OREIA is a unique, intense pulsed-neutron-source accelerator facility for reaction measure- 
ments by time-of-fight neutron spectrometry. The OREIA program is directed toward basic research in 
nuclear astrophysics and fundamental interactions. Measurements made on OKRLA also support DOE'S 
Nuclear Criticality Safety Program (see Sect. 5.4). 

Studies of the feasibility of using OKELI to test the performance of actinide targets designed for 
use in high-pow-er beams (e-g., at an advanced RIB fachty) and to produce radioactive species from the 
electron-induced fission of actinide targets yielded encouraging results and provide a basis for exploring 
the development of a high-power target test facility and a production facility for neutron-rich RIBS. 

To broaden the unders tanding of nuclear structure, nuclear astrophysics, and nuclei subjected to 
extreme temperatures, rotational frequencies, and pressures, ORNL proposes to continue and expand its 
support of DOE and national needs for nuclear physics with KIBs. 

.___ 

Nuclear Physics with Radioactive Ion Beams 
Kadmactive ion beams (KIBs) afford a range 

of scientific opportunities, including the ability to 
study such topics as 

the limits of nuclear stability and the evolution 
of nuclear shell structure, interactions, and 
collective modes at the limits of nuclear 
s tahility ; 
production of new heavy and superheavy 
nuclei; 
exotic transfers of nuclear matter; 
mechanisms of nucleosynthesis, stellar explo- 
sions, and galactic chemical evolution; 
new tests of fundamental symmetries; and 
tribological and biologcal studles associated 
with the implantation of radioactive nuclear 
species. 

'The Holifield Radioactive Ion Ream Facilip 
(IIRIBF) at ORNL, an isotope separator on-line 
(ISOL) facility for the production of accelerated 
beams of radioactive isotopes, is the first U.S. RIB 
fachty devoted to low-energy nuclear structure 

and nuclear astrophysics research. Kaloactive 
ions are produced when intense beams accelerated 
by the Oak .Ridge Isochronous Cyclotron (ORIC) 
are directed onto thick, refractory targets. The 
radioactive elements diffuse out of the target, are 
ionized, and are mass selected for injection into 
the 25-hN tandem accelerator, producing beams 
of 0.1-10 MeV per nucleon for light nuclei and up 
to 5 MeV per nucleon for mass 80. 'l'hese beams 
are ideal for research in nuclear astrophysics and 
nuclear structure. 

;In advanced ISOL facility for the produc- 
tion of accelerated beams of raloactive isotopes 
was identified in the 1996 Long-Range Plan for 
U.S. Nuclear Science, prepared by the uOE/ 
National Science Foundation (NSF) Nuclear 
Science Advisory Committee (NSAC), as the next 
major facility to be constructed for US.  nuclear 
science. This facility would provide the larger 
variety of more intense RIBS needed to take full 
advantage of the opportunities in this new inter- 
disciplinaq research field. 
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‘J’hc DOE Nuclexr Physics Program is now 
considering the design and construction of a rare- 
isotope accelerator (lUl\) facdity based on a liiglil~ 
flextble superconducting linear accelerator (linac) 
dnver, mtli the capability for fa5t in-fltght 
separated beams of rare isotopes. ’I’he projected 
coSt of the RIA facility, assumng the start of con- 
itruction in FY 2002, is about 9s800 mlkon, with 
operation begnning after 2010. 

At the request of thc DOE Nuclear Physics 
l’rogram, ORNT, has examined ways of upgra&ng 
the T IKIBF that would enhance the competitive 
posittoti of lZlH research in the lJniceci States until 
the new facility can be coinpletcd. number of 
upgrades, with costs ranging from $1 milhon to 
$30 tnilhon, have been identified. ORN1, will con- 
ttnue to work with the Nuclear Physics Program 
to determine appropriate options for expanding 
the use o f  RIIRs. 

In addition, OKNI, is developing, in collaboration with scienusts at  other national laboratories a n d  
several universities, a proposal for the construction :ind operatnon of a facdtty a t  the Spallation Neutron 
Source (SNS) for fundamental neutron physics studies. Thc current design is for t\vo beam lines. one for 
cold and the other for ultra-cold neutron euperiments. This approsmately $8 milhoti project wdl provide 
a user facdity for measurenicnts of such furidainental neutron properties as hfetimc, beta tfec:q, and 
electric dipole moment. ’l’he project has receix ed strong endorsement in the L o n g - f h g  P h i  Jur N~&ir 
SsmzLe, which was recently completed by the Nuclear Science LIdt.isoq- Committee for the DOI< ;uid die 
National Science Foundahon (NSF). X workshop hcld m September 2001 coveriiig science prospects at 
this facllity attracted over 7.5 sciennsts from axounct the world. 

ORNL also conttnues to behew that construction of the Oak Kidge Laborator). for Neuttino 
Detectors (OWaND) at tlie SNS would ofier the scient& conmiunit? a unique lacihty for the study of 
neutnno science. I lowever, currcnt community interest in other possible ncwtnnc:, projects has pu t  
OlU,aNl) on hold. It 1s anticipated that many of the collaborators on the project will coritlmie to refine 
its desigi and program in order t o  makc a stronger case for the project in future years. 

5.1.6 High Energy Physics-KA 
ORNI,’s Ihgh Energy Physics Program is focused tn threc areas: (1) the dcveloptnent of high- 

power targets for use m projects such as the neutrmo factory aiid the muon collider; (?) the del-dopmcnt 
of partide detectors, iticludlng theu: d e s t p  and construction; and (3) the devdopmcnt uf radi;ition 
trailsport codes and other codes that can be used in the design of particle detectors, shielhng, and higli- 
power tilrgets. Current activities mclude research on the iieutrint factory and inuuii collider with Fermi 
National iiccelerator J,aboratoiy, l’nnceton University, and Brookhaven National 1,aboratc)ry; target 
testing at J,os Alamos N ational Laboratory aiid Brookhaven National Laboratory; and development of 
the CiZLOROO code sysi em, a key tool for radiatton transport analysis. 

5.1.7 Energy Research Analyses-KD 
OKNT, assists tlie kherg7- Research Analyses program in technical reviews of DOE research pro- 

grams. This includes teclintcal support for peer review assessinetits and other studies and workshops as 
requested. 

5.2 Energy Resources 
5.2.1 Energy Efficiency a n d  Renewable Energy 

ORNT,’s Energy Efficieticy and Kcnewable Fhergy (EE/III”,) Program facditates RNcn on energy 
cfficicnq and renewable energy technvlogics. The major sourcr of program fimdfiig ts DOE’s Clffice of 
Energj7 Itfficiency and Renewable Energy (DOE-Ek;). The propam employs an integrated approach t o  
achieve its tnission: 
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It  combines applied research with technology development and deployment activities. 
It draws on the expertise of  multidisciplinary teams capable of tackling large and complex problems. 
It involves a wide array of industrial, academic, a i d  public-sector partners in the definition, cxecu- 
tion, and assessment of its activities. 

This integrated approach is a key clement for the Energy and 1hTironmental Systems of the Future 
Initiative (see Sect. 4.4j. 

Five DOE-designated national user facdities with unique collections of research equipment for 
energy 11&D are available: the Rioprocessing Kesearch Facility, the Buildings 'l'echnolog Center, the 
High Temperature Materials Laboratory, the Metals Processing Laboratoq User Center, and the National 
Transportation Research Center. 'These fachties and other resources at the Laboratoq enable the 
EE/RE program to address the encrgy R&D needs of the buildings, industry, power, and transportation 
sectors. OKNL proposes to expand its support for these needs by constructing a new Energy Efficient)- 
Research Laboratory. 

Energy Efficiency Research Laboratory 

A laboratory/office buildmg that will house 
R&D capabilities critical to the success of the 
Energy Efficiency and Renewable Energy 
(EB/KEj Program is being proposed for project 
engineering and design in Fl- 2003 and for 
construction in 2004-2005. The facility will 
provide expanded laboratory space, controlled 
testing, and analytical capabilities necessary to 
meet DOE programmatic and industry partncr- 
ship needs. In addition, the new facility udl enable 
O W L  to move into emergmg research areas and 
will provide new capacity for current laboratories 
now located in outdated facilities that do not pro- 
vide needed functionality and are expensive to 
occupy and maintain. 

The Energy lifficienq Research Laboratory 
will support the missions and goals of three 
strategically important areas of R&D: distributed 
energy resources, hgh-temperahire supercon- 
ductivity (HlS), and buildings research. Their 
strategc importance is highlighted in the 2001 
iUational Entry Policy report. 

'The facility wdl expand the buillng science 
R&D facdities at ORNL's Buildmgs 'l'echnology 
Center to take full advantage of partnering and 
cost-sharing opportunities in the areas of 
advanced appliance R&I> and thermal perfor- 
mance of integrated building subsystems. The 
facility will serve as the hub of HI'S research at 
the Laboratoq and will be critical to ORNI, 
success in DOE'S Accelerated Coated Conductor 

Initiative. HTS experimental laboratories are now 
scattered throughout 5 buildmgs at ORNL and the 
Y-12 National Security Complex. Many of these 
laboratories are in siibstandard space that is not 
easily accessible to outside collaborators. l 'he  new 
facdity will also serve as a technology development 
and demonstration site for building heating and 
cooling and for distributed energy technolops. 
With the new capal~ilities, we will be able to test, 
analyzc, modify and retest new technologies, com- 
ponents, and systems; formulate and validate 
models; and predict the effects of product 
improvements with a high degree of certainty. 

The facdity will be the cornerstone of the 
new north entrance to the OKl\iI, campus to be 
developed as part of our Facilities Modernization 
Initiative (see Sect. 7.3.3) and will be readdy 
accessible to industrial and university partners. 
'The 52,000-ft2 buillng will provide space for 
research staff (including visitins researchcrs); a 
conference room, including video conference 
capability; and state-of-the-art laboratories for 
material, component, and system development 
and testing. We are committed to achieving the 
highest Txadership in Energy and Environinental 
Design PEED) certification attainable witliin the 
constraints of project funding. We will also seek 
Federal Energy Management Program design 
assistance and a DOE/KPX Energy Star rating for 
the office portion of the fachty. 
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During the past several decades. electricity’s share of- C.S .  primary energy use has been steallily 
increasmg; in 1999, energy used to generate clectricity accounted for 4(J0i0 of the nation’s totnl energy 
coiisuinption. ‘1’0 support DClE’s work on power technologies, OKNI, IS helping tCJ find way$ of 
ensuring that electnciq is delivered effiucntly aiid safely and that cost-effective reiiewablc rewurce 
optloiis are ava~lable. Kesearch areas include distnbuted energy resources; superconduchvih;; power 
transmisston and cfistnbution; biopovrrer; hydrogen production, use, and storage; hydropower, and 
internatmnal energ) collaboratn-e progrxms 

Activities in high-tcniperature supercoriductivity (I lTS) are focused on development of 
superconducung wlres tliat are able to carry 100 unies the current of  comp;uable copper wire, \Tilth the 
key advantage of zero electrical resismnce (see big. 5.3). Research on second-generation “coated con- 

Figure 5.3 
Visitors to ORNL examine equipment 
used for sputtering buffer layers for 
high-temperature superconducting 
wire. Studying the equipment are, 
from left, Charles Cook of the House 
Science Committee staff and Debbie 
Haught and Roger Meyer of DOE-EE’s 
Office of Power Technologies. 

ductors” xmll lead ta cost-effective I ITS tapes. Tn 
collaboration SQth L.os Al,mnos Ndtional Laboratoq and key 
industrial and univxsltJI partners, (lRNT, ~ 1 1 1  iinprove its 
facilities and equipment tii order to accelerate the 
development of thcse wres usmg tcc1inoIog~- adapted from 
the semiconductor and film processing industries. 

lii addinon, precommercid prototype power systems 
such as underground transmission and distnbution cables, 
traiisformers, geiierators, and mdustnal-class motors are 
developed *and tested in col1:iborahoti Mrlth LIS.  industry and 
electncity supphers. ‘Ihis equipment a l l  help to iinprove the 
reliabilq- of the nation’s electncity system and iiicseaso the 
efficiency and producnvity of energy use. ORNL’s extensive 
resources in materials science aiid physical properties of  
superconductors; cryogtmics research and development; md 
superconducting equipment research will support the 
development of thc nest generaaoti of electric power 
equipmelit. 

Distributed Energy Resources 
Electricity demand ui the Unrred States 15 

projectcd to uicrease by more than 1 t&on kW’h 
over the next 20 years, requimg an addtttonal 
300 (3%’ of generating capacity Although larse, 
centrd power stations have historically been more 
efficient than smaller systems, teclinologcd 
advances are produuig small, modular equipment 
that is cleaner nnd mom efficient than large 
systems. These small-scale power systems 1oc:tted 
clow to the point of use are referred to a5 dis- 
tributed energy rebotirces (Dl IR) 

fhese systems mcorpomte the entire range 
of renewable energy sources, advanced tech- 
nologies such :is fuel cells and nucroturbmes, and 
more coiiveiitional elements such as energy 
storagc aiid reciprocating engines. In addition to 
power, DEI< systems can produce sp:ice heating, 
coohg, and dehumdificanon. The generated 
power aid space conditiomiig bte used by indus- 

mil or commeruxl concerns, and excess power 
can be fed into the centrd power supply grid. 

The development of DER is a strateg that 
accomplishes 5ever:tl objechves. For busmesscs, 
DEK can reduce peak dein;mtl charges, decrease 
overall energy use, prowde a hedge :igmist grid 
rehabllity problems, ensure power qu&ty, arid 
reduce enltssions. For large uthes--pover 
producers-DEK c m  augment overd system 
rehbilrty, avoid large mvestments m trmsrmssion 
sys tem upgrades, reduce transmission losses, 
closely match capacio increases to clernmd 
growth, and open markets in remote o r  environ- 
mentally constrmed areas. 

ORNL has strong K&D capabditles in 
combustion technology, emissions charactenza- 
tion and rmtigahon, and matends development 
for advanced reciprocating engines and turbine 
systems (see Fig. 5.4). We are extending this 
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expertise to smaller gas turbines. Both solid oxide 
and proton exchange membrane fuel cell systems 
and components are being developed (see 
Sect. 5.22). Many aspects of electric power 
systems are being investigated, including 
transmission and distribution, interconnection of 
DER resources, reliahility, restructuring, advanced 
control systems, and siinulation and modelmg. 

O W L  also has expertise in the base 
technology areas of power electronics, high- 
temperature superconductivity, sensors and con- 
trols, materials and manufacturing processes that 
support DER technologies. In October 2000, 
O W L  and EPRI PEAC Corporation hosted a 
workshop on power electronics for distributed 
energy resources, sponsored by the DOE Office 
of Energj- Efficiency and Renewable Energy and 
the DOE Office of Fossil Energy. 

ORN12’s extensive resources in materials 
science; combustion and emissions technologies; 
and heating, cooling, and ventilating equipment 
mill support the development of distributed 
energy resource technologies and systems. 

We are working to develop an expanded 
program in emissions characterization and control 
for DER generators. We are also developing a 
national communications network for the DOE 

Figure 5.4 
A microturbine at the Buildings 
Technology Center. Waste heat 
generated b y  the microturbine i s  
routed to a desiccant dehumid- 
ification unit and an absorption 
chiller via the ductwork above the 
microturbine. 

program. 

’l’he nine most energyintensive lndustiies-agriculture, aluminum, chemicals, forest products, 
glass, metalcasting, mining, petroleum refining, and steel-participate it1 DOE’S Industries of the Future 
(IOF) initiative, which assists these industries in cutting their nonproductive energy use and 
environmental costs. In support of DOE’S industrial technologies efforts, ORNL is workmg with all of 
these industries on projects that address science and technology barriers identified by industq in 
visioning and roadmapping processes. For example, the steel IOF program is supporting the 
development and demonstration of zn szttl quality monitoiing systems. One such project, the Galvanneal 
Temperature Measurement System, won an R&D 100 Award in 1999. Development of new materials 
that can better withstand the high temperatures and highly corrosive environments often found in 
industrial processes is a key area of research. Technology support to the DOE Motor, Steam, and 
Compressed Air Best Practices Program inclndes the development of measurement and validation tools 
and techniques. Kew equipment and processes are investigated, ranging from improvements in heat 
transfer equipment to “bioreactod’ that convert sugars (instead of today’s petroleum feedstocks) to 
industrial chemicals. 

The DOE-EE Office of Industrial Technologies also sponsors several ORNL programs in 
measurement science research. The Sensors and Controls Program is supporting the developmcnt and 
demonstration of distributed wlreless sensor systems, which allow for upgrades and retrofits of energy 
efficiency--enhancing technology into existing plants without the expense of rewiring these plants. X 
flexitile architecture to determine the optimal amount of intelligence and communication bandwidth 
between sensors and the dstributed enterprise control system is under development. The use of value 
derivative analysis to determine sensor system insertion in complex processes for optimal energy 
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eff-icieiicj 15 also being denionstratcd. These project\ arc focused on energy savings and productiviL> - 
enhancing applicauons in ciiergy-intensive itidus ti-ies. I he integration of OKNI, capabihes in 
separations, bicxngtneeniig and biosciences. and chemical prc r a s i n g  in the Center for Sepaiatlvtis aiid 
Chemical Prc )cessing, d e s c n l d  in Sect. 5.2.2, will support industrj needs in energj efficiency and 
pollution prevention. 

IS a keq resource for these efforts. hdvaiiced refrigeration and apphancc technologies are ekamiried to 
improve energy efficiency and ent~irontnmtal quality. ’Ihe search For viable ozone safe :ilteciiatwe\ to 
chlorofluoroc:~rbons (CFCs) has been an iniportaiir: part of both equipment arid tnatenals resrarch. 
hlarcrt,ils research focuses on technologes for high-efficieiiq, long-lived bullcling rtisulauori ClRNL’s 
bud&ng envelope research emmines how buil&ngs functlon as a 1 1  integrated whole-lion roofs, 
windows, walls, atid other budntng cleaients interact to affect energy efficicncy Resenrchers also conduct 
l<&l) on innomtivc walls, roofs, and foundatmiis and on enhancing indoor eiivironmenis through 
tnoisture control. Ketrofii s t o  improve energy efficiency iii existing buddngs are studied to deterinme 
how tu chtain the most cost-effective results. A rclated activity is R&D on unproved energy auchts and 
etiergy use monitoring techniques. Other research areas include manufactured housing, techiiical 
assistance with the incorpporafion of innovative materials and technologies ii i  billdings, and hybrid hgh t- 
iiig concepts WWL also provides technical assistance and evaluatmn support to DOE’S Wc,ithenzauon 
.Lsistance Progrdm. 

ORNI,  provides techiucal support to  the Federal Energy Management Propim m the demonstra- 
uoti of new technologes, eiiergy audits in federal buildings, and innovattve financing through the Super 
F,nergy Saving Performance Contract (FSPC) to €aditate energ-related iinprovcrtients tn federal 
buildings in the southeastern United Slates. OKIUI, also provides technical support for the technologj - 
spc-cific Geothermal ESPC atid for combined heat =id power projects at federal fncillties. 

In 1909, the transportation area accounted for about 28% of the 11auon’s energy use and about 
two-thirds of its oil consumptton. Imports of perroleum (almost $67 billion in 1999) and of autotnotlve 
vehicles, engines, and parts ($180 b a o n  iii 1999) account for 24”h of lJ.S. goods mmports, while motor 
vehicle aiid equipment inanufactunng is the largest L7.S. manutactumg industq . ’I ransportation IS also 
the source of about one-thlrd of the total U.S. carbon &oxide mhlssions. Improving the energy efficleticy 
of transportatron and lessening the environmental impacts of vehicle manufacturing and operation can 
plav a significant role in reducing polluttnn and improving the nation’s trade balance. 

OKNL’s broad transportation K8rD program, the largest ,md most &versified 111 the DOE system, 
supports not only the iieeds of DOE, but also those (if other federal agencies and mdustty IIie progmm 
addresses matenals, ignition and combustion, alternative fuels (including biofuelsj, transportation data 
and p o k y  analysts, and miiovatrve manufactumg and fiiushing processes hlos t of OIuVI~’s 
transportation research for DOh-EI; 1s perfomied rn support of the l’artnership tor a New < h e r a t i o n  
of Vehicles, the 21 st Century Truch Program, and the Rioeiiergy Initiative. Near-teim activities include 
the implementation of the 21st Century Truck Program and the refbcusing of- the Partnership for a New 
;e.nemtlon of Vehicles. ’These progranis are focused oti developuig efficient, clean, econormcally v1able 

technologies fur the tmnsportation mdustry, supportmg the goals o f  OIINL’s Energy and flnvironrnental 
Systems of the Future (P-SF) Itutlative (see Sect 4.4). ORNI. also carries out investipuons of trans- 
portauon energy and environmental issues, national transportatmn planiung and policy. military 
transportation and log~stics, and transportation systems engineering, focusing on multimodal national and 
international transportauon s j  steins, for the U.S. Ikpartment o f  Dcfense (DOD), the l J  S Department 
of ’I’rnsportatwn (DOT), the U S .  Department o f  Commerce, thc li:nvlronmental Protecuon Agency 
(ITA), the Bureau of ’I’ransportatlon Statisucs, atid other sponsors. 

During the pl.anmtig period, transportation 1<&D will capit&e on the ynerges of  multtple 
sponsors :md industrial partners, budding on the resources available through the National Transportattun 
Research Center Pl’Kc), as discussed in Sect 5.6.3.4. ’Ihe NTR(1, a partnership of I)OI., 0m1,, and 
thc University of ’I’ennessee VI’), provides a mechanism for promotmg and supporting research 
actmities Focused on major transportation R&D issues related co energy, environtneti t, and security fur 

, ,  

OliNl, rewarch in buildings technologies spans several areas. ?he  hddlngs 



Figure 5.5 
The National Transportation Research Center, December 2000. 

the nation and tlic world (see 
Fig. 5.5). It is located in a new 
facility in Knox County, 
between ORNL and 1JT’s 
Knoxville campus, that was 
constructed through a col- 
laborative effort involving 
IXIE, OWL,  CT, and the 
Development Corporation of 
Iclox County. ’l’he N’I’KC was 
formally designated a national 
user facility in Fs’ 2001. 

OIWL‘s expcrtise in materials, engines and emissions, power electronics and electric machines, 
and alternative fuels will be key to its delivery of transportation R&lI for DOE and other sponsors. An 
important element of this effort \vi11 be the development of expanded resources for carbon composites 
research. 

Carbon Composites Research for Transportation 
In F1’ 2001, ORNJ, and the Automotive 

Composites Consortium completed a design study 
to maximize the weight reduction of a vehicle 
through the use of carbon fiber-reinforced 
polymer composites rather than steel. This design 
study demonstrated the potential to reduce the 
weight of body and chassis components by 679’0, 

significantly increasing a vehicle’s fuel economy 
and reducing its emissions. Thermally conductive 
carbon foams are also of interest for other auto- 
motive applications, such as radiators. 

OKNL has extensive expertise in the 
developriient and application of these materials 
and is DOE’S coordinating laboratoi-y for research 
in carbon fiber-reinforced polymer composites 
for automotive applications. Currently funded 
research is addressing low--cost fiber precursor; 
precursor processing into carbon fiber; polymer 
composite processing, bonding, finishing, and 
repair; and durability of polymer composites in 
automotive environments. 

Partnerships have been established with all 
of the major players in the carbon composite, 
carbon fiber, and polymer composite industry. 
Work is under way to leverage these ind~vidual 
partnerships and create a consortium with a singlc 
vision to promote unified growth of the industry. 
ORNL has also worked with the automotive and 
truck industry to prepare plans for the develop- 

ment of carbon fiber-rein forced polymer com- 
posites and thermally conductive carbon foams. 
High -thcrmal-conductir~i~ graphite foam, which 
has a thermal conductivity equivalent to that of 
aluminum at one-fifth of its weight, has numerous 
potential commercial applications. Developed by 
ORNL and Poco Graphite, the material received 
an R&D 100 award in 2000. 

Most of ORNL’s carboil fiber polymer 
composites research is now housed in facilities at 
the Y-12 National Security Complex. OKNL is 
working to establish a new research facility 
focused on all phases of carbon fiber research. 
This facility would also house new equipment 
required to support work in fiber preforming and 
polymer composite moldtng and expanded R&D 
on thermally conductive carbon foam. The 
espcctation is that this fachty will bc constructed 
with third-party financing. ORNL staff will 
continue working with DOE program managers 
to ensure that appropriate budget requests are 
submitted to provide growth in the research 
program and procure capital equipmcnt. ORNL 
will also continue to develop and maintain 
strategic relationships at all appropriate levels of 
DOE, other federal agencies, the prime 
automotive, truck, and transportation companies, 
and their suppliers and collaborators. 
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Biomass energy systems use thc solar cnergy captwed by green plants in biomass to produce 
electricity, heat, liquid t rampordot i  fuels, and biobased chemicals. The OI<N I, Bioenergy P'eedstocli. 
Ilcveelopment programs conduct RCtD 1-0 increase the supply of low-cosi, sustainable biomass for the 
power and transportation sectors. Several ORNL divisions work with a large network of universities, U S .  
Departnient of iigricult~ire research fiicilities, industries, and other tuitional laboratories. Their goal is to  
integrate the plant science, eiivironinental, engineering, and economic elements of  bi.omass production in 
the developmetit of efficient atid environmentally acceptable biomass supply sysrerns. 'The research 
emphasizes integrated resource, economic, and envkoiiineiital analysis; the development of new energy 
crops; engineering stuhes and analysis, and environmental research. The I..;iIioratory also conclucts R&D 
in the rapidly advancing bioprocessing area. 'T'he hioprocessing efforts emphasize (1) systems that will 
ecoiioinically produce fuels atid cheniicals from renewable feedstocks and waste materials zinc1 
(2) technologies 1-0 deal with envlroninental concerns resulting from energy-related activities. 

'I'lie National Renewable Energy Laboratory (NKEL,) is a major partner in ORNL's bioenergy 
research, and OKNL and NREL are co-1e;tders of the National Bioenergy Center established in 
Novcmber 2000. This close working relationship assists bo~:ti laboratories in meeting the needs of DOE's 
hioeiiergy programs, which currently fund feedstock developinent work primarily through ORNL and 
conversion research primarily through NKEI ... Collaboration brnveen the two laboratories einph,i sues  . 

life cycle and economic analyses of entire bioeiiergy systems. Other joint efforts includr technical 
collaboration on issues at tlic interface of biomass production and biomass processing, such as standards 
for biomass feedstocks, arid a joint Laboratory Directed R&D (T.,DRD) project to map the genes that 
control carbon allocation atid partitioning above and below ground lii woody crop species. 

ORNT.. proposes to use the Oak Ridge Reservation, incluhiig the OIWI, campus, to create an  
integrated test bed for R&I> on carbon sequestration technologies and bioenergy ancl bioproduct sys terns 
and their impacts. This activity wdl be closely hiked to srrategc directions in large-scale environmental 
process and effects research and in carbon sequestration research (see Sect. 5.1.2.2). 

Oak Ridge Reservation Bioenergy and Carbon Sequestration Systems 
Biomergy systems and carbon sequestration 

systems share two fundamental attributes: both 
use land, and both reduce net carbon eniissioiis t o  
the atmosphere. ~~ccor&ngIy, there is much to be 
gained in researclung, analyzing, and demons trat- 
ing these systems in an integrated way, and 
certatnly the adopuon of either of these systems 
will mfluence the other. Both systems are affected 
by  soils, dunate, and existing patterns of land use 
and therefore by the associated envirvtimeiital 
concerns-maintenance or etihancemetit of sod 
productivity, biodiversiq-, hydrology, and water 
quality. .in understanding of the short-term :md 
long-term carbon benefits of both systems d l  be 
crucial to thew promotion and adopuon. 

The purpose of  the Oak Ridge Reservation 
Bioenergy and Carbon Sequestration Systems 
activity IS to make use of the Oak Rdge Keserva- 
tion, iticludtng the ORNL campus, to create an 

fuehig the west eiid of the ORUL campus 
with liioenergj denrved from locally produced 
feedstock; 
using both forested watersheds and agri- 
cultural land on the resematioii for research, 
demonstration, and envxonmental analysis of 
carbon sequestratioii and bioenergj feedstock 
productlcm; 
creating commercially vtable enermr crop pro- 
duction oii nearby private agriculntral land; 
performing a thorough carbon accountlng o f  
all actwtles on the Oak Ridge Keservauoii; 
and 
developmg outreach aciivities (e.g., tours, 
&splays, and brochures) to showcase an 
integrated wsion of bioenerg and carbon 
sequestration and the energy-dri.i-cn land 
management associated with these aims. 

'I'his actlvlti will provide needed opportu- _ -  
integrated test bed for K&D o n  terrestrlal carbon iiities for ftdl-system research and analysis of both 
sequestrauon technologes and bioenergy and bio- bioenergy and carbon seques tratinn teclinologies, 
product systems and their impacts. This actwity includmg thcir eumomc and environmeiital 
has five key elements. Impacts. I t  mll  provide opportutithes for identify- 
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ing and quantifying possible synergi- oms or com- 
plementarities of the two sets of technologies. 
Integrally linked to both the National Biocnergy 
Center and the Center for Research on Enhancing 
Carbon Sequestration in ?‘crrestrial Ecosystems 
(CSiTI’), it \vi11 showcase DOL; research and 
technologies in an accessible fashion, help to 
junipstart bioenergy industries in Tennessee, and 
provide a technology development blueprint for 
other regions. Finally, it d l  provide a structure 
for capturing and synthesizing bioenergy and 
carbon sequestration research across O W L  and, 
of necessity, ~ i l l  foster ties with universities and 
state and federal agencies that conduct land 
management research. 

We are beginning a process that will 
ultimately lead to the use of bioenergy from local 
feedstock to fuel the O W L  West Campus. We 
will work with the bioenergy industry to identify 
the commercial bioenergy conversion technology 
most appropriate for integration into the energy 

mix needed for this area. Feedstock for the 
conversion facility is expected to come from a 
variety of sources-primarily energy crops 
produced by local farmers, but also harvest from 
energy crop research plots and forest residues 
from forest management research plots on the 
Oak Ridge Resenrat-ion. 

Key to this activity will be economic and 
environmental rcsearch to clarifj and quanti5 the 
impact of the bioenergy technology, includmg the 
associated land management activities. A careful 
accounting of the energy and carbon flows of the 
complete bioenergy system d l  be kept. 

Partnerships with industry, other national 
laboratories, universities, state agencies, and U.S. 
Department of Agriculim-e and Environmental 
Protection Agency laboratories with be essential 
to making this vision a reality. Building and 
sustaining these partnerships wdl be a key task for 
this activity. 

5.2.2 Fossil Energy 
ORNL is engaged in R&D programs for DOE’s Office of Fossil Energy (DOE-FE) that address 

coal, oil (petroleum), and natural gas. OKNL also provides support for the Innovative Clean Coal 
Tcchnology (CCT) Program and for the Strategic Petroleum Reserve. 

’lhe ORNL Fossil Energy Program embodes a broad range of research, including advanced 
structural and functional materials, bioprocessing, combustion, carbon sequestration, gas production and 
udzation, and oil production and environmental technologies. 

The Fossil Energy Advanced Research Materials Program includes the developmen t of (1) coatings 
and protection of materials; (2) hgli-temperature corrosion-resistant alloys with unique properties; 
(3) functional materials such as hot-gas filters (alloys and ceramic composites), ion transport memhrancs, 
and activated carbon materials; and (4) ultrahigh-temperature (>100O‘C) materials includmg alloys and 
ceramic composites. ORNL has a major technical management role, with DOE’s National Energy l’ech- 
nology I >aboratory (NE’I-L), in the Advanced Research Materials Program. 

ORNL is a major participant in the Advanced Turbine Systems (A’1’S) Program, which has been 
jointly planned and executed by DOE-FE and DOE-EE. ORNL has worked with Howmet and I’CC 
Airfoils in the development of processes to fabricate single-crystal turbine blades for large land-based gas 
turbines. ORNL 1<&D has focused on materials and fabrication methods for theriilal barrier coatings and 
enviroiimental barrier coatings and on materials evaluation. In an effort involving Solar Turbines Inc. (an 
X’TS Program developer) and ORNL‘s Advanced Research Materials Program, a major advance was 
achieved in strengthening the alloy used in a high-temperature recuperator for Solar Turbines’ hlercury 
50 gas turbine and increasing its use temperature. Solar Turbincs also leads one of three projects, begun 
in July 2000, through which O W L  is worhng with industry partners to develop advanced material 
technologies that support the use of gas turbines in dstributed generation. 

ORNL has provided significant support to the CCT Program. ORNJ, led the environmental 
impact analysis activity for the total program, which resulted in publication of the Programmatic 
Environmental Impact Statement, and conducted environmental impact analyses for several indvidual 
CCT projects, notably the Healy, Alaska, project involving a coal-fircd power station on the border of the 
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Ileiiah National Park. hiaterials failure analyses h a w  also been conducted for the CC‘I’ Program. 
Significant and unanticipated materials issues 1i:tve been addressed aiid so1vc.J. 

The OlWL Fossil Energy Progr,lm is engaged in three tnajor initiatives fuel cells and fiinctional 
materials, carbon sequestrarioii, and methane hydrates. These areas were ideiiuhed as offering porentially 
significnnt opportunities €or new R&D that would take advantage of OKNT, talent5 and competencies. 
All three support tho I,nerg) and Environmental Systems ot the Puiure Initiative deicribed in Sect. 4.1. 

’l’he hie1 cells and functional materials iiiitlatwe is Eocused on matewals processing and fabricauon 
of (pr~tnartl~) solid oxlde fuel cell components arid ion transport membranes for oxygen and hydrogen 
generation. OKLiL‘s aun is to become a major participant in the lXl€i-FT. fuel cell program through the 
Sohd State Energy Conversion Xlhance (SI G 4 )  orgtnized by NETL and the Pacific Nortliwest National 
Laboratory. ORNI, has been identified ;IS :I core team member ~ f i  S h C 4  and expects to have niajc’r roles 
in materials processlrig and fabncation and in power electronics, particularly mvetter teclinology. An 
October 2009 workshop on power electronics for distributed enera systenis, lios ted by OIWL, included 
SEC:,\ activities that support the application of distributed energy resources (see Sect. 52.1). ’The 
initlative has led tco a noteworthy collaborallon betwren ORNL and Ze‘l’ek Power Comp:iny, a leader in 
alkahtie fuel cell technology. ORNL and %eTek are developing a fuel and cisidant processor based on 
ORN1,’s carbon fiber composite molecular sieve and electrical swing adsorption technolops. 

Carbon sequestration K&D IS a rapidly growing compciiient of the LXIE-FK 118iI) program. 
L\ppropriacions for !&’ 3901 were about $10 million. Three C)RNI, projects specifically related to carbon 
secpics tratioti are funded by IXIE-E’E. ’The Ihvironmental Sciences I3ivisirin and the Met& and 
Ceraimcs Division are collaboratiiig on a project lnvnlvmg biormneralvation for carlmi sequestration 
O l i N I ,  is also a team member of GlVJ-SFQ, a pubhc-pmate partncrshlp led hy the Lawrence l3erheley 
and Lawrencc Liverinore national laboratones. This prolecr is perfomng R&D to dehver in€oormation 
and technologies for the safe and cost-cffective geologc sequestration of carbon dioxide. The thud 
project involves R&l> to support optmial selection and dellvery strategies to maninwe carbori 
sequestratmn and reclamation o f  degraded land using fosstl fuel combustion byproducts. ’ l h s  project is it 

coinplrmeiit to the Center for Research on Carbon Sequestratwn m I’errestrd bmxystenis (CSi1.E) 
described in Sect 5.1 2. 

DOE-FE’s K&D progratn m methane hydrates is mtended to lead to  the safe and cnvironnientally 
acceptable production of methane troin this unconventmnal source. The prograin has four topic areas. 
resource cliaractenzatlon aiid cvaluadoti; seafloor stabihty and safety; chmate change irnphcatlons; and 
productmn. ORNL organized and 1s leading a natlonal labrat  or) council to coordulate research efforts 
and to prvmote mter1:tbor;ttory collaboration on methane hydrates K&D. OKNI, is :ilsci usmg Laboratory 
lhec ted  R&ID (J,DRD) funds to conduct several projects, mcludng the Seafloor Process Siinulator (. 
711-1, pressure vessel used for productton 2nd study of inethane hydrates), seismic reflection Imaging of 
methane hydrate deposits m the Arcttc, molecular dynamc simulations, and cornputauonal methods for 
visuajlzation. Two projects funded by 1X)F -FE have keen iinpleinented at CHWL. 

OlZNI, also proposes to integrate its extensive capabhtlcs m sepanttons, bioengmeering atid 
biosciences, and chemical processing to create a comprehensive and accessible mtcrnational resource for 
meeting needs in energy efficiency arid pcduuon preveiition. 

Separations Science and Chemical Processing 
Problem\ in separations and chemical 

proces5mg challenge industries \~orldwide. I’he 
recovery of chemicals used in industrial processes 
IS both enmmnmentally and econoimcally 
necessary. Tmprovernents in separauons can con- 
tribute to better industrial products arid effiaency 
and to maintaining the competitwencss of CJ.S. 
industry. Workable designs for new processes 

depend on accurate d e s p  and pilot plant data; 
with good data, it i s  also possible to mirumwe 
engineered overcompensation and ensure more 
efficient use of resources and energ). Stringent 
requirements for purity are being placed or1 
cheimcals, pharmaceuticals, food, and materials. 
Many of these problems and challenges for 
process itidustiies are also coiicerns for I >OI: 
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Oak Ridge expertise in separations and 
chemical processing was initially developed to 
meet the challenge of puri$ing crude uranium and 
separating isotopes. Work based on separations 
and chemical processing has continued througli- 
out the Laboratory’s history, with activities in 
solvcnt extraction, inorganic membranes, adsorp- 
tion, ion exchange, field-enhanced separations, 
and dilute solution chemistry. OKNL’s chemical 
processing capabilities include analysis of thermo- 
physical properties, computational chemistry and 
chemical enpeering, fluid mechanics, pilot-scale 
operations, process modeling, and life-cycle 
analysis. Other capabilities include equipment for 
testing most separations aiid chemical processes, 
extensive analytical expertise, advanced capabilities 
in process control and monitoring, and broad 
expertise in the managetnent and processing of 
hazardous and radioactive materials. 

Vi’ith the most comprehensive separations 
capabhties in the DOE tem, ORNL carries out 
programs ranging from fundamental research to 
demonstration projects, supporting programs in 
DOE’S Office of Science (DOE-SC); Office of 
Nuclear Encrg)., Science and ’Technology 
(l>OE-NE); Office of Environmental Manage- 
ment (DOE-Ehl); Office of Energy Efficiency 
and Renewable Energy (DOE-EE); and Office of 
Fossil Energy (DOE-FE). Activities involve 9 of 
ORNL’s 16 research &visions. Industrial, aca- 
demic, and government interest in ORNL separa- 
tions capabilities is evidenced by joint research 
projects and cooperative R&D agreements in 
areas such as field--enhanced separations, thermo- 
physical measurements, membrane separations of 
refinery gases, ultrapurification of water, computa- 
tional chemistry and cliemical engineering, bio- 
processing, and life-cycle analysis. 

O W L  is capitalizing on its assets and on 
indiustry interest in a national laboratory center for 
separations science and chemical processing by 
devcloping the Center for Separations and Chemi- 
cal Processing (CSCP). The CSCP will coordinate 
ORNL’s capabilities, establish collaborations with 
academia, and extend these capabilities to the 
industrial sector. ‘The CSC1’ will provide an 
integrated program and a user center to support 
tlie US .  chemical industry. 

The CSCP builds on ORVL efforts in sepa- 
rations and wdl coordmate expansion of these 

efforts by facilitating participation in new pro- 
grams proposed by DOE and by industrial firms 
or consortia. Opportunities include a program for 
measuring the physical properties of hydrocarbons 
and other materials important to separations in thc 
petroleum and petrochemical industries, a new 
effort to solve waste problems for DOE-FE, aiid 
other activities such as the DOE-EE Industries of 
the Future initiative. 

The CSCP will include a user center that 
will build on existing separations-related user 
facilities: the Bioprocessing Kcsearch Facility, the 
High Flux Isotope Reactor, and the Physical 
Properties Research Fachty. This effort will also 
expand ORNIJ’s involvement in related computa- 
tional research on chemical and physical 
properties and include new facilities for testing 
separation processes on both laboratory and pilot 
scales, buildmg on available equipment at ORNL 
(test loops aiid test stands) for testing processes, 
equipment, and instrumentation. These facilities, 
whicli will be available to government, university, 
and industrial users, will provide a platform for 
testing instrumentation and computer analyses of 
separation systems. 

Through these activities, the CSCP provides 
integration of diverse capabilities, creating a com- 
plete and accessible separations competency. The 
CSCP will maintain a DOE identity, with initial 
work on an environmental project for DOE-EM 
and DOE-FE. Subsequent initiatives will focus 
first on DOE-EE and then on encouraging indus- 
trial participation and support, both through 
collaborative R&D and through use of OWL 
user facilities by iiidividual companies to perform 
selected separations/processing R&D. The avail- 
abhty of OWL’S fachties, the CSCP focus on 
industrial interactions, and tlie closing of many 
industrial laboratories should combine to foster 
success in these efforts. 

ORNL will take the lead in tlie CSCP; 
fruitful cooperation is expected with industries, 
universities, and other DOG laboratories. Work- 
ing agreements in separations with leading univer- 
sities are being developed. A Memorandum of 
Understanding has been established with the Uni- 
versity of ‘l’exas, and discussions with the six 
U’I-Battelle core universities are under way. Net- 
working with other national laboratories is being 
pursued through the Battelle Technical Council. 
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I he follou-itig actions have been taken 
rhc Physical Propertics Research I+acdtt>, 
wdi equipment for meas unng i hermt-)pliysical 
propertle5, is CJperdtitlg as 3. 1>01i national 
user facility. 
N e w  capalxlitles nnd staff have been d d e d  to 
measure chemical and physical properties, 
expandmg OKNL's involvement in related 
computational research. 

0 (JRNI, has a leadership role ~tl DOIl's 
separations roadmapping activities atid the 
clienucal industry's Vision 2030 research 
planning efforts. 
The CSCP co-director has a DOE.: IIead- 
quarters assignmeiii, supportmg the Chemical 
lndusbies of the Future program in DOE- 
EE's Office of Industrial Technologies 

'1 o be cotnpletc, the CSCP will require addi- 
tiotial equipment and, eventually, a iiew buillng. 
'The eyuipnieni will be acquired or1 an incremctital 
basis, but sipificaiit capital equipment will 1x2 
required from tliiie to iiiiie The buil&ng will IX 
incorporated in OIiNIis plans for ~ L I I  ure site 
development (see Sect 7.3). I'rojected fLin&ng i s  
summarued in 'I able 5.7 Iicsources arc sought 
from 1 )OF -FF (Petroleuni-A4 ('), DO E-K I< 
(Industrial Energy Consen~aticm-ED), and 
IIOF-SC (Basic Pmerg Sciences-KC). Support 
.~vlll also be requested from DOE-NE (Nuclear 
T?nergy R&U-AF, T S O L O ~ C  Productlon and 
Distribution-SI] :ind DOE-Ehl, from other 
agencies, and from industry sponsors 

Table 5.3 
Funding projections for Separations Science and Chemical Processing 

by fiscal year 
(in millions o f  dollars) 

3001 3007 2007 2004 2005 2006 

1:)C)E 
Oftice of Fossil Energy 
Office of Energy Efficiency arid Kenewable 

Office of  Science 
Energy 

Industry 
Department of Defense 

Total 
. - 

2.0 2.0 2.0 2.0 2.0 2.0 
0.6 0.6 1 .o 1.2 1.2 1.4 

1.7 1.9 2.0 2.0 2.0 2.1 
0.7 1.0 I .5 2. (J 2.0 2.0 
0.0 0.2 0.4 0.4 0.6 0.6 

5.0 5.7 6.9 7.6 7.8 8.1 
~ ~ ~ . . .  ....... ~~ ........ 

5.2.3 Nuclear Energy, Science and Technology 
OKNL programs for the IIOE Office of Nuclear tlnergy, Science and Technolog (DOC-NE) 

include reactor technology KPrD, advanced materials science, uranium enrichment technology, space 
power systems, niid isotope producuon and cbsmbuuon. Significant gn )\&I in these programs is expected 
over the nest three years. 

5.2.3.1 Reactor Technology 
C)!XNI, supports 1IOE's iniuatlrres to matntiun nuclear energy as a component o f  the nauoii's 

future energy supply. 
ORNI, is participating in DOE-NE'S Generation Reactor roadmapping and in assessments o f  

gas-cooled reactor commerciahzatlon and sniall reactor ccoiiomcs. A s  a component of Generation I V 
react or evaluations, OIWL arid S a n l a  National Laboratories (SKI,) are parttiered to a-aluatc and pro- 
pose a salt-cooled, graphite matrix-fueled Advanced Fhgh Temperature Reactor (AI UK). LJstng the 
attributes of fluoride salt coolant, the AH'lR has the potentlal to acliieve very high lcvels o f  safety by 
operatlng at very low pressure, thus avoiding many of the cutisequences assoaatcd with loss-of-coolant 
accidents. The AIITR would produce high-temperature heat, >lC)OO"C at coolant outlet, which offers the 
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prospect of electricity production 
Reactor Heat Transfer Loop Generation Electricity and thermochemical hydrogen pro- 

duction at x ery high efficiencies. The 
superior heat transfer properties of 
low pressure salt (compared to high- 
pressure helium gas) are expected to 
allow the XIITR to operate at higher 
fission energy densti3 and thus he 
smaller and less costly than 
analogous gas-cooled reactor designs 
(see Fig. 5.6). Reestabhshment of 
molten salt testing fachtm, such as a 

Figure 5.6 high-temperaturc flow loop for 
Schematic of the Advanced I-ligh-Temperature Reactor. matenals testmg, is a near-term 

OWTI,  is also evaluattng potentla1 mvolvement m seveial industq -led advanced reactor concepts. 
The International Reactor Innovative and Secure ORIS) concept 1s a 100- to 300-hl\Y7(e) next-generation 
light water reactor designed to avoid most of the mtlators for seT-ere reactor accidents. Potentml ORNL 
roles include computational SI stem design, reactoi prcssure vessel evaluations, sensors and controls, 
remote maintenance, and design and testmg of mxed-oslde (MOX) fuel. It is possible that a first-of-a- 
kind IRIS could be constructed in East Tennessee, drawing on ORNL technical support. 

OKNL is the lead organlzation for six projects funded b j  DOE'S Nuclear Energ! Research 
Initiauve (NERI) and is partmpatmg in three NERI projects mvolvmg universities and industry. OFWL 
has also won four Xuclear Energy Production Optimization (NBPO) projects; two have been 
successfull) completed, one is awat~aig industry activity, and one is m progress. 

ORNL priority. 

5.2.3.2 Advanced Materials 
ORNL d l  continue its development of advanced high-temperature materials for nuclear reactors. 

Active fields of research include stainless steels (with a range of operating temperatures up to SOO'C), 
refractory metals (up to 1300°C) and nuclear-grade graphites (up to 3000°C). 

As  part of a DOE-iXE cooperative project with the laboratories of the Commissariat a I'Energ~e 
Atomique (CEL-l) in France, O W L  wdl develop and test nanocomposited oxide Ispersion-strengthened 
ferritic steels with the potential to operate in reactor environments at temperatures 200°C higher than 
currently available ferritic steels. If successfully developed, these steels could permit higher temperature 
operation and increased safety margins for advanced reactor concepts. 

Refractory metal alloy development is being performed for the Advanced Radioisotope Power Sys- 
tems Programs and for the Naval Nuclear Reactors Program. Newly developed fabrication methods for 
molybdenum-rhenium alloys have yielded a Mo-"Re alloy that is weldable and has excellent high- 
temperature strength properties. Future work on radation testing of hl0-43Re and development of  other, 
more d u d e  Mo-Re alloys with superior thermal conductivity properties should make these alloys morc 
useful to reactor designers. 

KEN is supporting tests of the irradiation properties of ORn'L's high-thermal conductivity 
graphite foam in order to evaluate its suitabhty as an in-core matrix material for high-temperature 
graphite reactors. Improving the thermal conductivity of nuclear grpraphites could allow graphite reactors 
to be more compact and have higher safety margins. 

O W L  contributes to the DOE-NE Ad~; l r l~ed  Fuel Cycle Program (fornierly the Accelerator 
AApplications Program) with roles in the areas of advanced spallation target materials and chemical separa- 
tions. OItuL's Radiochemical Enpeering Development Center (REDC) has been identified as the 
preferred facility for future pilot-scale demonstrations of fuel reprocessing technologies and other 
chemical separation processes being evaluated for partitioning and transmutation of radionuclides in 
spent fuel. 
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5.2.3.3 * Advanced Fuels Accelerator Applications 
Thc -\dvanced iicceleiator Llpplications (!\AI) I’rogram i\ supporttng the es tabhshment of a 

c onted-p:irticle fuel fiibnc:ition 1<&D f a c h h  at OKNL begnning in FY 2002 Tlus is envisioned :i\ the 
Erst step in a long-term research activity Gas-cooled reactors, such as the gas turbine tnoclular hehum 
rextor (G‘r-Mf IR) and the Pebble. Red hlodular Reactor, use ’RISO-coated particles a s  fuel. ’I’he initial 
objectives o f  the ORNT. facility will bc (1) to fabricate small quantities (i.e., gram quantities) of uraiuum- 
and plutonium based fuel, (2) to charactenze the fuel, and (3) to perform research on techmclucs for 
improving the performance and ckaracteri\tics of the coated fuel. 1 he long-tcrni program maj inrolve 
some irradiation o f  coated particles in 1 ITqK with post-irradatlon examination (PIE) in the Irradiated 
Fuels Examination 1,:iboratory (IFILL, 1Suilditig 3525) 

Fabrication of coated-partlclc fuel, inittally dcvdopecl at O W L ,  is a two-5tep process. First, the 
uranium or pluroruutn is formed iiito small (about 0.7-mm-&am) hernels using mternal gelation 
techniques Second, multiple carbide coatmgs are apphed to the kcriiels in a fluidued bed con figmition. 
?‘he first step, gelattoil preparation of uranium kernels, can be accomphshed in a Nuclear Science and 
7 echnology lhvision laboratory specifically designed for this purpose, located in the Kadioctieinistq 
J .aboratoQ (Budding 4SOl). The co:itmg of uranium parhcles is expected to involve the procurement and 
itistallatton of specialized sys terns in suitable spacca in the IFEI.. Research on fabncatton of plutonium 
bascd fuels svould take place in glove-box fidcihiies in the W I l C  

The 2~2.1. program will :dso comprise cheimcal separauons research, including tesung a t  
13iiilding 450 1 and the KEDC; irradiated materials research, iiicluduig potential x7ork a t  the Irradiated 
hlatenals Examiiiation and ’I’estmg (IhEI] hot cell facditj [Budding 302515); and computauonal physics 
research 

5.2.3.4 Advanced Gas Centrifuge 
G a s  centrifuge teclinology represents a major new strategic tlinist for OKNL. Kecent develop- 

tnents in the uranium enrichment markerplace have underscored the need for the United States to 
develop a domesix ennchment technology to replace gaseous diffusion plants. OWL, is performing 
engmeenng developinent and design on a n  advanced gas  centrifuge (A\GC) under ;1 CRIDll for USEC 
and is supporting the planning of a federally funded LIGC program for DOE-NF. Advances since 1985 
in lugh-s trength lightweight materials, coniputattonal saence, motor technology, and sensors appear to 
offer a low-risk path toward the development of a centrifuge machine capable of 325 separative work 
units (SVI’U) per year wth very attractlvc ccoriomics. Dunng the nest SCWXAI yexs, O W L  expects t o  be 
involved hi the refurbishment of ail existing Lest facility at the East Tennessee Technology Park and in 
the design, fabrication, and testing o f  full-scale productlon centrifuges. 

5.2.3.5 Advanced Radioisotope Power Systems 
ORs\ill supports the productton of parts for radioisotope power systems supphed to the National 

,\eronautics and Space Admimstratton (NASA) by providing the materials procebsiiig arid precision 
fabricatton required to produce the iridium clxl vent sets and the carbon-carbon holders. Tn a recent 
record of decision, DOE announced the selecuoti of the REDC and the IIlgh Flus Tsotope Reactor 
(IIFIR) for the domestic prcducuon of ~Y’u for future space mssions. Irrahation of U7Np targets to 
produce 2 to 5 kg per year of ZiKI)u will occur ui the Advanced ’fest Reactor (,iTR) at the Idaho National 
h p e e r m g  and Environmental T.aboratory and in the HFIR at OKNL. Fabrication of the 3’Np targets 
for both ‘ZTR and I-IFIK Irradiations would be carried out at  REDC Test machattons are bcirig 
completed, arid planiiiiig for the REDC faclJltp modlficattons has begun. T’roduction of 2iXPu could begin 
a4 euly as 2006, dependng on available funhng. 

5.2.3.6 Isotope-Related Programs 
OIWL’s Isotope Program supplies ennclied stable isotopes, selected radioisotopes, arid related 

technical services €or research, medical, and industrial applicatmns The program niission includes the 
det&jpment and evaluation of methods of isotope production and separatlon. ORNL also provides 
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specialized tcclinical services (c.g., preparation of high-purity isotopes and unique chemical and physical 
forms). 

The isotope zIiRi, a short-lived decay product of ‘iiU, has shown promise in the treatment of acute 
myeloid leukemia and is being evaluated for use in treating other cancers. Small amounts of the Lliiji prc- 
cursor 13SAc are being supplied by QRNL for clinical trials at Sloan-Kettcring hlcmorial Cancer Center in 
New York. To  meet a near-tcrm DOE commitment to double the supply of zIiBi, ORNL has begun 
additional extractions of Z?-Th from the ziiU inventories stored in Uuildmg 3019 (see Sect. 5.4). Natural 
decay of the 229Th generates 22SLAc, which is shippcd to medical research centcrs for the on-site generation 
of 21iBi. The separation of ”‘Th is conducted in the O W L  Radioactive Materials Analytical I .aboratory, 
and the 22sAc is estracted and purified in the Kadiocheiillcal Development Laboratory. DOE plans to 
work with the private sector to provide a large-scale source of ’”Bi and has issued a request for proposals 
for commercial processing of 2iiU to providc the 2?jAc/”3Bi supply for research and cancer therapy. 

ORNI also supporr-s IlOE’s Depleted Uranium Hexafluoride Program, which was transferred in 
f”i 2001 from DOE-NE to the DOE Office of Environmental Management (sec Sect. 5.3). 

5.3 0 Environmental Quality 
Fundmg for science and technology ( S B T )  actix4ties at  ORNL that directly support DOE’S 

environmental quality (EQ) goal-to “aggressively clean iup the environmental legacy of nuclear weapons 
and civilian nuclear research and development programs at the Departmenfs remaining sites, safely 
manage nuclear materials and spent nuclear fuel, and permanently dispose of the Nation’s radioactive 
waste”-is provided primarily b y  DOE’S Office of Environmental hlanagement (DOT<-KXI),’ mainly 
through the DOE-Ehl Office of Science and Technology (OST). Research supported by other DOE 
organizations also contributes to meeting DOE’s needs in EQ. 

5.3.1 Current Activities 
5.3.1.1 Focus Areas 
Tanks Focus Area 

ORNJ, support for the Tanks Focus Area (TFA) spans technical management; waste chemistry, 
retrieval, and pretreatment; tank closure; and tank integrity assessment. ORNL also provides the Pretreat- 
ment Technology Integration hlanager for the TFA and the End-User Steering Committee representative 
for Oak Ridge. 

Experience gained during the removal of wastes from the primaq Guillte and Associated Tanks 
(GiLAT) at O W L ,  using tcchnologies and systems developed with OST sponsorship, is being docu- 
mented and disseminated. ORNJ, is also assisting DOE’S Hanford Site in thc selection of systems for 
retrieval of wastes from single-shell tanks and developing enhanced grout formulation for tank closure in 
collaboration with the Savannah River Sitc (SRS). 

i ln  integrated systems approach developed at ORNL for managmg waste from the hlelton Valley 
Storage Tanks (hNS’l’s) incorporates state-of-the-art evaporators, a crystalline silicotitanatc ion cxchange 
system for removing cesium and strontium, and a cross-flow- filtration system with dual Coriolis monitor- 
ing. Experience gained from this activity is being applied to treatment studes for tank wastes at Hanford, 
SRS, and the Idaho National Enpeer ing  and Environmental Laboratoi-y (INEEL). ORNL is also 
involved in evaluating the hWST waste immobilization approach planned by the private vendor. 

ORNL played a major role in cvaluating pretreatment alternatives for the SKS Salt Processing 
Project (SPP), including testing and optimization of the three final alternatives. One  of these alternatives, 
caustic side solvent extraction (CSSX7, uses a novel solvent developed at O W L  with support from the 

‘The principal exception is activities related to accelerator-based systems, which are funded by DOE’s Office of 
Nuclear Energy, Science and Technology; see Sect. 5.2.3. 
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tlnvimiiniental hIaiiagement Science I’rogani and t lie DOI+L?AI IXlicietit Separation\ and Processing 
<,rosscutting Program. ’l’ebts of the final alternabves in ORNI ,’s stiiclded hot cells pro\ idcd data that 
were criticall! important to  the SPP technology selection process, ~ ~ h i c l i  was completed in June 2001 
with the selection o f  the CSSX proces4 as thc preferred cesium remox-a1 technology 

‘l’ank waste cheimstry work at ORNL supports I ianford and SRS. Acuvities include identification 
of waste conijmsitions and operating cnvelopes to optinux treatment efficient! and predict and prevent 
formation of solidi that can plug pipelines. ORN1 proposes to expand it:, interacaons with I Tanlord and 
INI!,l<L in developing arid demonstratmg solutions to tanh waste problems. 

Subsurface Contaminants focus Area 
OlWL supports the Subsurface Contarmnaiits Focus i1rea (SCE ‘1) by prox-idliig a product line 

tntegraror for the Ilense Non-Aqueous Phase Liquids JDNAPJ,) Product Jme. ’The 11N.WL I’roduct 
Line Integrator is cooperating with other agencies, including the Nauotial Aeronautics and Space Xdmm- 
istration (N11LI), the Department of Defense (l3013), and the Em-uonmental Protectmn ilgency (EI’A), 
to conduct c w  srtu remediation technology demonstrations at Cape ( h a v e r a l .  As a parrner laboratory of 
the SCFA I.ead Laboratory, OKNL provides expertisc to sites and focus area management as needed. 

OlLNL is studying the long-term performance of zn ~ t t z l  reactive barrtcrs for c( mtaimnant removal. 
ilctivities are conducted in collaboration with other federal agencles through the Federal Reinedmuoii 
’l’echnologies Roundtable arid the Remediation ‘l’echnologes Development Forum (R’lDF). 
objectives are to develop d pmom mung  requirements to predct barrier hfettme, monitoring merhods t o  
provide early warning of iiicipient lxirrier fiulure, long-term munitormg protocols to minimue operation 
and maintciiance costs, and sampling protocols md monitoring methods to evaluate barrier performance. 

ORNL also collaborates w t h  other federal ngencies through the RTDF Bioremedianon Consor- 
tium and the hI’A Em-ironmental Technology Verification Progrmi, which accelerates the ckveloprneiit 
and commerciahation uf improved technologies through independent testing, verificatmn, and 
reporting. hhcrobial monitoring technologies applicable to natural attenuation, bmstmdation, and 
bioauginentauon have been developed and apphed at RTDF test sites and several remediation sites in the 
Oak Ibdge area, including a cabon tetmchloride pluinc at the Y-12 National Sccunty Complex 

In conjunction with the Colorado School of A h e s ,  OKNI, has conducted estenstve work on In situ 
remcdiation of L)NAPLs in low-permeabhty meda. Fleld testlng arid demonstration activitws haw been 
conducted at the Portsmouth Gaseous Diffusion I’lant, Aber Road (Clncinnatl), and Sarma, Canada. 

OKNL and other DOE laboratories are working to  define a new kin1 initiative 011 subsurface and 
vadose mile science. This imtiati\~e is aimed at understanding basic subsurface processes, improving data 
collection and monitonng capabhes,  and developing improved computer models, prechcuve tools, ancl 
data visuakatlon techntclues. Work rn these areas tvdl betiefit from the Field Research (kilter estabhshed 
to support the Natural ancl Liccelerated Bioreme&afion Research @lABIK) Program (see Scct 5.1.2.2). 
( )RNL plans t o  etiliaiice cross-program and cross-agency collaboration and sharing of results through 
such initliltlves to improve 1XIk~’s capabdities for remediating its environmental lepcy. 

Nuclear Materials Focus Area 

OKNI, IS conducting alpha radiolysis s t u c k  for 2 ? T  oxides in support of the Nuclear hlaterials 
Focus Area (NMFA) OKNT, has been an actme host for NhIFA visits to the Oak Ridge site and has 
helped end users to define and document technology needs in this area. O W L  i s  wadable t o  contribute 
to the upconvng roadmapping activity for nuclear materials S&T. 

Deactivation and Decommissioning focus Area 

ORNJ, thus the Deactmatlon and Decommissioning (D&D) Focus Area (I)DFA) Lead 1,abor:i- 
toq,  whlch also includes the Florida Internatlonal University Henuspheric Center for Knvlronrnenral 
’CechtdogJ and the Electric Power Research Iiistihite. This lead laboratory role is espected to expand to 
iiiclude (1) increased techtucal assistance and outreach to n o r i - E A l  orginiations that are generattng 
relevant S&1 results and (2) possiblc support for roadniapping activities. 
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Transuranic and Mixed Waste Focus Area 

OlINL‘s primaq- role in the ’lransuranic and hlised Waste Focus Area has been leadership of the 
national h[ercury Worhng Group, which coorhnates DOE-EM’S mercury mixed waste treatment tech- 
nology development and demonstration. i s  a member of the national Waste Elimination ’l’eam, O W L  
is also conducting complex-widc projects to invcntoq and subcontract the lsposition of two trouble- 
some waste forms: radioactively contaminated pressiirjzed gas cylinders and uranium and thorium chips. 

5.3.1.2 Crosscutting Programs 
Characterization, Monitoring, and Sensor Technology Crosscutting Program 

For the Characterkzation, Monitoring, and Sensor Technology (CMSq Crosscutting Program, 
ORNI . is commercializing a chemical analysis automation system and deploying systems for monitoring 
tank waste slurries to prevent clogging of pipelines and processing equipment. ORNL is also supporting 
an initiative b y  end users at SRS and Oak Ridge to address long-term moiiitoring needs. The Lahoratoiy’s 
extensive capabilities in sensing and monitoring wd be engaged to benefit DOE-EM as OST increases its 
attention to applied research needs (e.g., comprchensive systems that include sensors, sensor packaging 
and media interface, and data management). As sites move beyond active remediation, optimizatioti of 
monitoring strategies to target site-specific needs and risks and to minimize the costs of long-term 
stewardship will become more important. ORNL’s strengths in biological monitoring and ecological risk 
assessment wdl he applied to developing cost -efficient approaches that can be used in long-term stew-ard- 
ship programs to assess the effectiveness of remedial actions. 

Efficient Separations and Processing Crosscutting Program 

Activities for the Efficient Separations and Proccssing Crosscutting Program include developing 
and testing a process for renioving mercury from organics and optimization of dmolution of aluminum 
from SRS and Hanford tank sludges. ORNL also acts as lead laboratory for this program. Witli OST’s 
new emphasis on fihng the applied rcsearch gap, this area is expected to grow. 

Robotics Crosscutting P rograrn 

OKNL manages the Kobotics Crosscutting Program (Rbx) D&L) and Tank Waste Retrieval (TWR) 
product lines, establishing the research agenda with the DDFX and the TFA, respectively., and coordmat- 
ing all Rbx DCGD and 7TWR activities. ORNL also acts as the information and communication lead for 
Kbs and provides senior technical advisory support to the Rbx Headquarters program manager. 

Research undertaken with Rbx sponsorship has led to significant follow-on fundtng of OKNL 
technologies from non-Ehl sponsors. Notably, development of technologes for advanced controls has 
led to work in human strength amplification, an area in which ORNL is now widely recognized as a 
world leader. Additional work in this area is projected. 

5.3.1.3 EM Science Program 
The Environmental hlanagernent Science Program (EAISP), a collaborative initiative of DOE-EM 

and DOE-SC, sponsors basic rcsearch to address DOE’S environmental legacy. ORNI, has coductecl or 
is conducting 29 EAISl’ research projects, 5 of which were reticwed for a second 3-year term. Several 
basic research projects have applied for the nest stage of support by Ehl’s applied research program. To 
facilitate the transfer of their results to field applications, priiicipal investigators for OKNL EhlSP 
projects wll expand one-on-one contacts with end users at  selected sites. 

EhISP projccts a t  O W L  address a wide range of topics, such as improvements in waste separa- 
tions and treatment, step-change improvements in contamityant sensing and monitoring, innovations in 
materials decontamination, and determination of the fate and transport o i  contaminants in subsurface 
media. EMSP investigators have been enlisted to assist the Oak Ridge cleanup program in better defini- 
tion of S&‘T needs and to provide specific technical assistance. Expansion of such technical support wiU 
be pursued. 
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5.3.1.4 Long-Term Stewardship Program 
A s  noted in Sect. 5.3.1.2, CIRNI, is supporting a CAIS’I‘ iniuatlve tu address the lotig-tern) environ- 

mental monitorttig needs of Oak Ridge arid SKS end iisers. OKN12 stands ready to assist rn preparation of 
a n  S&T roadniap and in hllow-on activities to implement the roadinap; our capnbditics in institut~onal 
c-untrols, nionitoring and sensors, subsurface scieiicc, and bio1ogc.d niotutonng and rish assessment 
should be valuable to these efforts. 

5.3.1.5 0 S&T for Organizations Other Than OST 
ORNL is participating in a inultiple-sire initiative itivolving a partnership betsveen the Pollution 

Prevention Program and OST that is bemg proposed for support in FTi 3002. ?’his Waste F:,ltmnauon 
Tniti;ttive mll harness the S8rT experuse of the national laboratories to find ways of ehminaung or drastic- 
ally reduaiig the aniount and/or toxicitJ of waste generated in the future. 

For thc- lX)E-T<hl Office of Site Closure, ORNI, coordinates (1) a program of trchriical support 
for the conversion of depleted uranium hexafluondc and (2) niultilal>oratoq R&D on safe disposition 
and beneficial reuse of depletcd urdmum, which includes projects h a t  address the ust of depleted I J O Z  in 
spent nuclear fuel repositories, properties of heavy concrete made with uranium o d e s ,  and catalq s t  and 
semiconductor applicauoiis of uraiuum oxides. 

OKNL’s Heavy Isotopt. Management Ciroup (f IIAIG) provides assistance and advice on the clis - 
position of DOE’S surplus nuclear materials lhis I;1’ 2001 pdot program (part of tlie Nuclear hlatenals 
Stew;irdship Initiative) matchea the heavy isotope nee& of DOE sites with surplus materials at various 
locations. Surplus caltforniurn, curturn, and certain ameriuum isotopes at the Lawrence r,ivermore arid 
1 ,awrence Berkeley nauonal laboratories will be transferred t o  OKN1, for programmatic use. A 
costlbetiefit analysts of I ilMG acttvittes during €5’ 2001 \Till support a ctectsion on coiitlnued fundmg. 

ORbll, also supports IXjE’s Nuclear Cnucaht) Safety Program (NCSI’), a cross-cuttltig, niulti 
laboratory program led by the Office of the Depuv Xdininistrator for Defense Programs with additional 
fLinding from other IXIE orgniuznhons. ORNI, efforts ‘ire prim;irdy funded by DOE-EM. ORNL 
(1) performs the lead role in the Nuclear Data Task of the NCSP by measuring neutron cross sections 
with the Oak Ridge Electron Linear Accelerator (OWA), evaluatlrig the measured data w t h  the s , L \ I ~ ~ -  
code, and testiiig the evaluations in conjunction with the Cross Sectloti Evaluauon W o r h g  Group; 
(2) coordmntes the work propam o f  the Aiialytical Methods ’I ask bj providng cal)abdity maintenance 
and trhtning and user assistance in the S< X l , t / l i l ~ N O  code system; and (3) performs another NCSP ‘l’ask, 
“Guidance for Apphcabi!q of Ruunditig (h-ves/l)ata.” 

F _  

5.3.1.6 Leadership Activities 
In addtion to their leadcrship rolcs in S&T activities descnbed in Sect .3.1.1-5.3 1.5, OIINI, 

staff engage in strategic planning efforts w t h  groups such as the DOE-EhI Senior hhnagenient Council 
Core Team (lX>f:,-T’,M K&D Program Plan, EQ R&l> Portfoho, I:Q Gap Analysis), the DOE Strategic 
T2aboratory Councd (uOE-Eh1 SNr’I Grand Challengeb, RAlSl’, pollution prevention), and the Ehl core 
laboratones (es tablishing a cmunon laboratory S&T agenda). These efforts support the Department ’s 
establishment of :L cotisistent, integrated Ehl-related S&T agenda and coordinate support fbr and 
implementation of the agenda 

5.3.2 Path Forward 
OIXNI.’s goal for EQ WI activities is to achieve modest growth despite the matunty of this 

program area and budget uncertainty. Key elements of our approach to achieving tliis goal are as follows: 
1. Expand involvement in key OST organizations. O W L  wll expand its acttvities in four areas: 

- ZXkll Focus Area. We -will fulfill our lead laboratory responsibility through t)roatlly based leader 
ship in SUrT planning and development of an interface to Sik I’ outside DOE-F.ILI. 
Nuclear hIaterials Focus Area. New work will result from the transfer of tlie depleted UF(, 
disposiuon program to IXI€<-J+3f and the need for an associated 5&1’ component. 

- 
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- Characterization, hlonitoring, and Sensor Technology Crosscutting Program. ORNI, has major 
capabilities for support o f  this growing program. 
Long-Term Stewardship Program. We will participate in the formative stages of this prograin. 
A n  SeCT roadmap to be prepared in F 1 ~  2002 should indcate a critical need for S811‘ in areas 
such as institutional controls, subsurface science, aiid information technology. 

ORNL ~7ill accomplish tliis goal while maintaining its present substantial involvemeiit in tanks, 
subsurface Contamination, e€ficient separations and robotics, and the EhlSP. 
Expand EQ-related S&T programs f o r  other organizations. DOE-Khl’s need for EQrelated 
science far exceeds its resources. One solution to meeting this need is to leverage EQ-related science 
for other orgaiiizations, such as DOE-SC, DOD, EPA, arid the National Science Foundation. 
ORNL will support this solution by sustaining and expanding its relationships with these and other 
organizations and by applying its strengths in the integration of basic and applied research. 
Contribute to the formiilation aiid execution of a strategic EQ S&T agenda. The DOE-EM 
core laboratories, includmg OKNL, are working to identi@ a few “grand challenges” that, if success- 
fully addressed, would reduce the cleanup/stewardship mortgage while meeting applicable risk limits. 
An effort to address subsurface scaling issues to support defensible, enduring decisions on the need 
for and priority of site cleanup has been launched, and other collaborative initiatives are expected. 

- 

2. 

3. 

5.4 0 National Nuclear Security 
ORNL’s National Security Directorate provides programmatic and organizational focus for 

Laboratory activities in support of DOE’S National Nuclear Security business line. During the planning 
period, ORNL will continue to focus on growirig rcsearch programs that support this vital area. 

Capabilities developed t o  support DOE’S needs are also applicable to the needs of other federal, 
regional, and local agencies whose responsibilities include national security, public safety, law enforce- 
ment, and other security-related issues. Efforts will be made to capitalize on synergies in these needs to 
expand the Laboratory’s opportunities, as described in Sect. 5.6.2. The Associate Laboratory Director for 
National Security at ORNL searches for opportunities to apply the distinctive capabilities of the Oak 
Ridge Complex to the needs of DOE and other government agencies with roles in national security. The 
partnership between OKNL and DOE’S Y-12 National Security Complex will also create a number of 
opportunities for combining the expertise of these two organizations to enhance the nation’s safety and 
security. 

5.4.1 Defense Programs 
ORNL‘s work for the Office of the Deputy :Idministrator for Defense Programs (IlOE-NA10) 

within the National Nuclear Security Administration (NNSA) includes support for nuclear weapons 
K&D, strategic computing, and facility transition. 

At the Radiochemical Engineering Development Center (KEDC), ORNL prcpares and encap- 
sulates 25Tf sources for skiipment to DOE’S Pantex site, where the sources are used for nondestructive 
evaluation of weapons parts. Another task is the recovery of txansuranium element isotopes from targets 
that were once irradiated at the Savannah River Site. These heavj~ isotopes arc purified and shipped to 
Los illainos National Laboratory for use in weapons diagnostics tests. 

OWL’S Kadochemical Development Facility (Buildmg DO1 9A) pro-vides shielded, safeguarded 
storage for the D(>E inventory of separated 217U. O W L  is supporting a D O E  process to seek private 
sector participation in processing the 233U inventory to expand the supply of 213Bi for medical 
applications (see Sect. 5.2.3). Program modificalions are under way to promote this commercialization 
initiative. Current activity at the facility involves enhancing the facility operational capabhty and material 
handling capabilities in accordance with an approved plan, l’ropm Munaxemeizt f‘hejbr the zriU Saje Storuse 
I’tyrum ut Oak: Kzdge Nutiom/ luhorutory (ORNL/?’hI-2000/ 103/R1, . l pd  2001). Security considerations 
associated with this project are discussed in Sect. 7.2.3.2. 
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, *  1 he goal o f  the IIigli-Performance Storage System (F IPSS) development project is a networL- 
centered system capable of parallel data trans fcrs at rates in the g~~abvtc-per-secoiid range. ’The pro~ect 
links Lawrencc Berkeley National I,aboratorj, Lawrence IAverniore Nattotial Laboratory, L o s  Alamos 
Nattcmal Laboratory, Sandia National Laboratoricx, and O f a T L  with indusmal partners. E II’SS is an 
essenttal component of DOF,’s ,kcelcrated Strategic Computmg Initiative, and O L W I  has a central 
responsibihty in the I IPSS Storage System Nanagement system. 

ORNl, supports DOl.-huX10 in the devclopinetit and use of models to check cost esttmatcs for 
major weapons complex fiw.dities and assists DO17 N A10 in independent evaluauons of new tritlum 
production alternatives. 

ORNI also provides k;S&tI support related to the cleanup of nuclear weapons manufacturing 
fachtieb and provides assistance as needed m t h  emcrgency preparedness activities. OlWL’s ltadiation 
Sdety Inforniatioii Computational Center (KSICC) provides information and techiiology that contribute 
to the solution of problcms occurring in programs for KCGD, nuhtary apphcatlon and stockpde support, 
and fachty transition and technical support. The KSTCC also receives funding from the LICIT< Clffice of 
Nuclear Energy, Science and Technology; the DOL: Office of Environmental Management; the Offices 
of Fusion Energy Sciences arid Basic EiierQgy Sciences within the DOE Office of Science; the IIOE 
Office of‘ Cit-khan Radoactir-e ’LYiaste Manqpnent,  tlie NNSA Office of‘ thc Deputy Xdtnmistrator for 
Tlefetisc Nuclear Nonprohferation, and thc Ilefense Special Weapons Agency. Its mtegrauori o f  
developments in the various programs supports the mf‘ormation and technology need3 of all scientists 
and e n p e e r s  doing radiauon transport calculations. 

5.4.2 Defense Nuclear Nonproliferation 
’llie NNSh Office of the Deputy Aclmuustrator for Ikfense Nuclear Nonprohferation 

(DOE-NA20) supports I<&D actmties and technical assessments related t o  national secung 
recpmements. h h c h  of this work is performed in partnership with the Y-12 Natlonal Security Complex. 
Activities Lnclude work related to chemical sciences a n d  technology, metals and ceramics, instrumentation 
and controls, engmeering technology, biology and health sciences, computational physics and 
mathematics, energy, roboucs and process systems, and sohd statc physics. 

For the Office of International Nuclear Security (NN-30), OKNL conducts acttvlttes Such as 
developing technology and provdng s j  stems for the verification of highly enriched uranium blend-down 
in Russian Federation faciliues. 

OKNl, and Y-12 participate in two efforts sponsored by the I>OF:-NX20 Office o f  Arms Control 
and Nonproliferation (NN-40): the Iiiittatives for Proliferatlon Prevention (IPP) and the Nuclear Cities 
Tnittative (NCI). ORNL ts working wtl i  scientlsts m ICatakhstaii, C.S. private industry, and the iigri- 
cultural Kcsearch Service of the U.S. Department of Agriculture to develop technologies for prevcntliig 
food contamination. 

Under the sponsorship of the II10E-NA20 Office o€ Fissile Materials Disposition (NN-69), 
ORNL is DOli’s lead laboratory for nuclear-l)ased technologes for fissioning surplus plutonium in 
exisung power reactors in the United States, Russia, and possibly Canada. Critical research at ORNJ, 
includes management of a multi-site effort to fabricate, irracllate and test plutoniuin-based (MOX) hght 
water reactor fuels. Postirradiation exammanon of these MOX fuels IS conducted at ORNT?s Irradiated 
Euels Examination Laboratory k i i  Rdding 3525. ORNI, was identified iii the . ~ ~ $ u J  ~ > h l o ~ z ~ z ~ n  ih@Jrtzon 
k ; m d  L:nvitwnmnfd fmpmt St&vwzt (lX)E,/~iIS-0283, November 1999) for future roles for poswradtation 
examination of commercial hIOX reactor fuels. 

ORNL is also inaiiagiig a multdaboratory, inulttnauonal lrradiatmn test program, named Parallns, 
to demonstrate the fciisibdiq of using CANDU (Canadan deuterium-uraniLim) reactors for the fissioniiig 
of L7.S. and Russian surplus plutoiiium. Co-irradiation of U.S.-ongin and Iiussian-origin fuel has been 
uiitiated in a Canadan test reactor. 

ORNL manages and conducts joint research with Russia wth tlie objective of developing ~ h r  
necessary technology to fabricate MOX fLds  for Kussian reactors, to support the fissioning of Russian 
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plutonium in Russian and Ukrainian VVEK-1000 pressurized water reactors. ORNJ, also performs design 
and safety analyses needed for convcrsioii of the Russian BN-600 liquid metzl-cooled reactor from a 
plutonium Ixeeder to a plutonium burner and participates in the design and developmcnt of a plutoniurn- 
burning gas turbine-modular helium reactor in Russia. 

Development of new technologies for detection of illicit proliferation of nuclear, chemical, and 
biological weapons and for domestic defense is carried out a t  ORNL with funding from the DOE-NA20 
Office of Nonproliferation Kesearch and Engineering (NN-20), which includes the Chemical and 
Biological National Security Program (CBNI’). 

OKNL is developing improved scintdlators and othcr radation-sensitivr ilia terials to increase sen- 
sitivit:? and enhancc fieldability through rescarch focused on new thin-film scintillation materials, doping 
of traditional semiconductor materials with rare earth elements to improve the electronic properties, and 
several other innovative approaches to detection of radiation. In the microtechnologes area, OKNL is 
developing “rniniat~~re’’ analogs of conventional chemical analysis laboraton: tools to perform field 
monitoring and surveillance functions, through projects such as tlir Lab-on-a-Chip and the m~icrochip 
mass spcctrometer. In addition, the Laboratory is exploring innovative O W 1  .-developed “micro” 
devices, such as microcantilevers and microcalorimetric spectroscopy, to determine their applicability to 
nonproliferation niissions. 

In the nuclear materials analysis area, ORNL is spearheading a “grand challenge” program in mass 
spectrometry with the goal of detecting the entire signal all the time. NN-20 also funds development of 
forensics technology to assist with attribution; projects include extraction of masinium information from 
lov,-quality sui-veillance video, improved incthods for collection and analysis of fingerprints, and 
determination of time since death (in collaboration with the University of ‘Tennessee’s forensic 
anthropology facilit-y, known as the “Body Farm”). The results from this work are cspected to find utility 
in monitoring for nuclear smuggling and terrorist activities and in monitoring for compliance with arms 
nuclear control treaties in international ~wiues .  

ORNL is also working on dcfcnsive measures relating to chemical and biologcal weapons. World- 
leading capabilities in mass spectrometry, Lab-on-a-Chip technology, and biobased assays are being 
applied to development of sensors to detect and identify chemical and biological warfare agents in order 
to trigger defensive action that will protect personnel and faciltties in domestic/civilian venues. Much of 
this technology is expected to be made available to law enforcement and other civilian fist-responder 
organizations for defense against domestic terrorist actions and for consequence management in 
decontaminating personnel and facilities. ORNL’s National Security Directorate collaborates with the 
1’-12 National Sccurity Program Office (NSI’O) to develop a comprehensive Oak Ridgc program in 
national security (see Sect. 4.6), including defense nonproliferation. The DOE program is complemented 
by work for other federal agencies (see Sect. 5.6) in nonproliferation and law enforcement through 
NSPO. 

5.4.3 Naval Nuclear Reactors 
ORNL supports the NNSA Deputy Administrator for Naval Nuclear Reactors through work for 

DOE’S Knolls Atomic Power Laboratory and Hcttis Atomic Power Laboratory. Activities include tes ring 
and characterization of advanced high-temperature structural materials and of molten fluoride salts. 
ORNJ, also performs chemical analyses of samples of irradiated fuels and develops specialized cornputa- 
tional physics methods. 

5.5 * Other DOE Programs 
ORNL provides support to other DOE offices and installations, including other DOE contractors 

and operations offices. 
O W L  provides support to the DOE Office of Environment, Safety and Health in the catcgories 

of oversight, policy and standards, technical assistance, health studes, and information resource manage-- 
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meti t. RBI) md techiucal support acuvities span several ORNJ, divisions and organizatlon5. ,\ctivities 
include technical standards, criticality safetj analysis, pcrforniaiice indicators, occurrence reporting 
cluahty, eiimroiimeiital pohc) and assibtance, Natmnal T;,nvironnient;il Policy ,lct (h 15 PA) compliance, 
orcupatiotial safety and health, facihty disposition safety and health support, epidcnidogv and health 
stim eillance, and business performance systenis 

U’orh fur the Office o f  Policy includes research on tratisl~ort~itioti, energy efficiency, altcrriatlve 
hels, fuel economy stand:irds for automobiles and hght rruchs, and energy options for developing 
nahoiis lidditional support IS provided in regulatory anal) ses for hydropower development and 
envlronnicntal compllance issues. ORNL also provides support to the Office of International Aftam, 
which is cngaged in lmlcbng coahuons in support of U.S foreign energy policy. 

OKNL coilducts K&L> for DOE’S Office of Tntelhgeiice through Memoranda o f  I-nderstanding 
(nlOUs) ulth the National Security Programs Office of the Y- 12 Nattotial Secunty Complex 

CIRNI, supports the Frderal Fnergy Regulatory Commission (FEKC) in (1) environmental, 
econormc, and engineering assessments that support hcenmig of notifederal hydroelectnc projects; 
(2) studles related to compltance with FEKC licciise condltions o r  other environmental regulations at 
existing projects; and (3) technical assistance XI other related areas, such a5 headwater benefits analysis 
and hydropower benefits in the control of greenhouse gas cinibsioiis Kchcensing of eusung projects has 
become a niajor effort for the FERC, and OKNL staff are working to define methods to enhance an  
eiivironment that may have been affected b! 50 years of hydropower operation. 

OKNL performs numerous small tasks, frequently on an  lid hoc basis, for a number of otlicr 
organi~atiotis wttlun LJOE These actwittes are &tributed among the varioub Laboratory programs atid 
make up about 5% of ORNJ.’s total funhng. 

5.6 Work for Other Sponsors 
5.6.1 Overview 

I’he ZXlE national laboratones can appl) tlielr resources and slulls to the specific needs of other 
€ederal agencies and other custotners (includtng publlc/pnvate corporauons, mclustry, atid colleges and 
universiues) through DOE’S ‘vVnrli for Others (TX’IO) Prograin. \VFX) projects are typically performed at 
a laboratoq on a fiill cost recovery basis, must support the nussions of DOE and the indivlclual 
laboratorq , and may not compete directly with capabilities a~atlable in the U.S. domestic private sector. 

OKNL carries out a number o E  projects for other sponsors, aicluditig &e US. Nuclear Kepla toq  
Commission (NRC), the US. Department of Defense (DOD), the U.S. DeTartnient of Transportation 
(DOT), the National Aeronautics and Space Administration (NASA), the U.S. Ihir~~roiiinctita1al Protection 
Agcnq (I*;I’A), the L7.S Department of Mcalth and Hutnan Senrlces (DHHS), the Federal Emergency 
Management lZgency (T;EhM), the Nauonal Science Foundation (J%F), and the Elcctnc Power Kese.nrcl.1 
Institute. Detailed dcscripuons of current projects are provided in the Supplemenral Information 
appeiidcd to thts report. In addition, LWO projects for a variety of riation:il security customers are 
performed through mechanisms estabhshed and ah rus t e red  by DOE’S Officc of TnteUlgetice 
(IIOE-TN). 

l h i s  work serves to broaden OKNL‘s customer base and provides opportututies for partnerships 
u d i  universities, industry, other DOE laboratones, other feclcral agencies, and state and regional 
organi/atmns. Tt also benefits the 1,;lboratory’s techmcal stafE by providing opportunities to understand 
the iieedb of OWL’S customers arid markets. Observation of the latest trends md lxenkthroughs from 
other techiiical organiLatrons and the lessons learned by others makes it possible for C ) W L  to improve 
i t a  own technologies and leverage its expertise with that o f  other instltutrons, integratrng pr:ic&cal 
expenence with the Laboratory’s demons traced Kclrll capabihues. 

W T O  projects often draw on the resources av-adable at other XXIK facthues, notably the ildvanced 
Technologies organuation of DOE’S ?;-12 National Security Complex through OI&L‘s Natlonal 
Security Directorate (see Sect. 5 4). Staff alsu work closely with the DOE Oak Kidge Operations Cjffice 
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(DOE-ORO) Office of Partnerships and Program Development and with DOE’S Y-12 Area Office 

Development of new YVFO programs is carried out by individual researchers, by program devclop- 
ment staff within ORNI, divisions and directorates, and by O W L  senior managers. The ’l’echnology 
l’ransfer and Economic Development Directorate (see Sect. 8.1) assists in thc dcrelopmcnt of new 
programs and provides key services dealing with intellectual property and partnerships. 

During the planning period, ORNL will seek to Ixoaden its work for non-DOE sponsors in 
several kej, areas. Efforts will focus on maintaining the K&D expertise available to DOE and on identj€y- 
ing and pursuing new opportunities to apply the Laboratory’s strengths to nlission-related needs, with an 
emphasis on emerging areas such as gene function and biotechnology and pressing national concerns 
such as national safety and security (with a particular focus on information operations and weapons of 
mass destruction or mass effect), transportation, and environmental protection. Areas of emphasis are 
dscussed in Sect. 5.6.2. 

pA0). 

5.6.2 * Areas of Emphasis 
5.6.2.1 Defense-Related Programs 

Our new National Security Initiative (see Sect. 4.6) outhnes the key areas in which we will move 
forward in the development of science and technology to address defense-related challenges. Effor1.s in 
defense-related WFO will complement our work for the National Nuclear Security Administration 
(NNSA) and other DOE organizations with roles in national safcty and security. 

The OKNI, National Security Directorate combines Laboraton resources with the capabilities of 
the AAdvanced Technologies organization (Xr> at the Y-12 National Security Complex. AT comprises 
several business units that apply the distinctive capabilities of the Oak Ridge Complex to the needs of 
DOE and other government agencies and organizations with roles in national security. AT also has estab- 
lished relationships with several Fortune 500 corporations that build systems and components for these 
agencies and organizations. 

Among the many unique characteristics of the Oak Ridge Complex is the ability to combine 
intellectual talent and expertise with advanced scientific and manufacturing cquiprnent and material in 
carrying out the basic and applied R&D needcd to design, manufacture, and build prototypes. Support 
for these efforts is provided through the Oak Ridge Centers for hIanufacturing ’Technology and the 
National Prototype Center, both of which are organizationally part of AT. Unique manufactuiing 
facilities can be used by sponsors to prototype or develop new systems and components; modify, 
miniaturize, or improve current systems and components; or solve problems and challenges associated 
with agtng but vital legacy systems. The ORNL National Security Directorate is iiniquely positioned and 
qualified to identify and integrate technologies and expertise in support of national, regional, and local 
agencies involved with public safety, law enforccmeiit, and other security-related issues. 

Partnerships with the National Transportation Research Center (see Sect. 5.2.1), the Tri-Lateral 
Ahance (see Sect. 5.6.2.2), the IAW Enforcement Innovation Center (see Sect. 4.6.3), and other 
organizations will support activities in these areas. ’l’he Minority Educational Institutions Technology 
Partnerships Program (&IEI‘l’I’), an element of AT, cultivates long-term, mutuallj- beneficial relationships 
with minority educational institutions (hIEIs) that result in cooperative research, educational, and 
economic ventures. 

U.S. Department of Defense 

OIWL’s work for the IJ.S. Department of Defense (DOD) focuses on the science and technology 
challenges involved in DOZYs work to envision, design, prototype, model, and build the systems, 
platforms, and machines rcquired to defend the nation’s vital interests and protect the lives of the 
members of its armed forces in the 21st century. The ORNL National Security Directorate is positioned 
to harness the capabdtties and expertise in Oak Ridge to that purpose. 
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Ongoing programs inclucle (1) asscssineiit ( ~ f  advanced technology apphcable to hiture conibat 
systems for the U S. Ariiiy and the 1T.S. hlarrne C o r p s ;  (2) development of xlvanced mntcnals for 
improving ihe structure, reducing the weight, aiid cnhancing thc protectic )n o f  crew and survirabdity of 
ground vehicles, helicopi ers, atid other aircraft; (3) development and refinement o f  instrumentauoti arid 
seiisors for dctecniig nuclear/biolo~cal/chernic~il agents and ma tcrial, unexploded ordnance FJXO), ;md 
cyber security and inforniatlon operations aiid for performing predictive Lliagiiostics o t i  weapons systems 
nnd vehiclcs, (4) annlysis to( ds, techiiiques, and practices for environmental compliance, cleanup, and 
management of inllitary installations and property and for safe dismaiithg atid Jecommssioning of 
weapons sys teins; (5) power sys terns for future velucles, facdiues, and weapons systems; (6) automotwe 
tcchnology for thc 21st Cmi-uiy Truck Partnership that hnks DOD, DOIi. the Department of 
‘I’ransportatmn, and the Environmental Protection Agency wlth truck and power train manufacturers and 
with colleges and unitrersittes: and (7) inodehng and smulatioa for transportation logiwcs, operational 
and contingency planning, information security, and the effects of weapons of mass tlestructioii. 

1)umg the planning period, we wdl I)uild on these existing programs and pursue the development 
of propanis in several new science and technology areas that present challenges to L301>: 

homeland security RCLD; 
advanced propulsion technologies for military systems/weapons, 

hamrdous matenals packaging for the nulitq;  
inforination techtiologies to detect, identify, track and address cyber/informatioia threats; 
asyminetnc warfare thrcats, systems, and practwes; 
nonlethal weapons technologtes and systems, 
logs tics modelulg and technology enhaticements/Lipgrades to reduce the logstlcs demand in mihtary 
operations; 
lij-bnd electric/&esel :ind hie1 cell technologies for mlttary and commercial velides, 
advanced medical devices and shelters; and 
sysiems and infrastructure architectures to support the Army’s development of the Interim Brigade 
Combat ’~’eam/~jbJectlve €:ace. 

%’e also plan to establtsh Oak Ridge as a location for the U.S. Xriny’s Tramiiig With Industry Pro- 
gram, mcrcase our role as a technology resource for senior I>OII officials; and assist the various 11013 
SKl’ offices in the preparation, cxecutwn, and analysis of expenments, techtiolo,gy demonstrat i t  ms, 
equipment performance, etc. Worhng through the U O R  Office of Intelligence, we wdl respond to the 
needs of the intehgence community. 

We wlll contuiue and expand our Needs Assessment Technology ,$plications l’eam (NATA73 
activity, which combines OKN1, atid Y-12 espertw rn project maiiagcment, infrastructure engineering, 
and S J  stems modeling to support d t a r y  installation conirnatiders and staff. By le~7eragng technology 
that has already been developed, NXTAT reviews provide mstalhtions w t h  the tools and capabhties tc) 
reduce or avoid costs and reclam the savings to iniprove tramulg resources and overall quality of bfe. 
This prograin also provides a conduit for the introduc.tton of new science and technology developments 
to the military ,md other gcmxnnient agencies. In support of this activity, the ORNL National Secrxiry 
IDirectorate is sponsoring the development of sensors for monitoring wells that provide continuous 
updates on any contamtnmts through meless  telemetry. These sensors are expected to significantly 
reduce inomtoring costs tliroughout DO13 when hl ly  developed. 

ind systems to support the BaUlstic hfissile Defense Organization; 
0 

* 

Defense Advanced Research Projecfs Agency 

The Defense Advanced Research Projects ,Igency (I3 AKPA) was estabhshed by Congress to focus 
on advanced research for the dcvelopnient o E  high-risk, high-payoff tcchnolops. IILZRP~l is recognzed 
as the DOD lead for inittatiiig new project:, that require the apphcatmn of cutting-edge technologies to 
solve the most difticult problems. 

’I’he organization is made up of seven offices: three that focus on the development of basic science 
and advanced technologies and four that addrcss sys tems development and the transitmn of technc )loges 



to 1)OD applications. The technology needs of these offices are well matched with OWL’S expertise 
and capabilities, spanning such areas as 

measurements and control systems, 
robotics and systems integrativn, 
biotechnology, 
computational mathematics and physics, 

design and manufacturing, and 

materials science and materials processing, 

information systems, data management, and analysis, 

energy and environmentally related technologies. 
X sustained five-year effort at ORNL to identi@ li&D program opportunities with DARPA has 

resulted in an average of nearly 20 different DARPX-funded projects at the Laboratory for each of the 
last two years. During the planning period, we d l  continue this effort by increasing OUT interactions and 
prcsence at DXRPX. Our objective is to provide ORTu’L researchers with timely, thorough information 
about future DARPX opportunities ,and to position ORNL for success w-ith these new opportunities. 

Army Transformation and Future Combat Systems 

The Secretary- of the llrmy is undertalung an 
aggressive plan to transform and modernize the 
Army to defend against rapidll- changing world 
threats. Future enemies will be increasingly 
sophisticated and ag~le, will make extensive use of 
information warfare and other advanced technol- 
o p s ,  and will choose to confront our forces in 
u r h n  and complex environments. In recognition of 
these trerids, the Army has initiated a major initiative 
to rapidly modernize existing forces while developiiig 
a revolutionary force called the Future Combat 
System (FCS) and the Objective Force Warrior that 
will be fielded in the next 8 to 12 years (see Fig. 5.7). 

Figure 5.7 
Elements of the Future Combat System. 

- .  
Oak h d g e  supports this initiative in several ways. X mudtilaboratory acrivity led by ORNL identi- 

fied DOE technologes of potential use in developing the FCS. DOE investments in advanced materials, 
robotics, power systems, communications, modeling and simulation, and other technologes were 
reviewed with Army and DXRPA representatives. Oak Rldge continues to support the FCS initiative by 
providmg technology reviews and updates for the Army Assistant Secretary for Research, Acquisition, 
and Logistics and the Deputy Chief of Staff for Programs. 

In related work, we are collaborating with other national laboratorics to develop and test modehg  
and simulaiion tools and techniques for helping DXRPA and the Army evaluate innovative concepts and 
conduct technology trade-offs for the FCS Program. Oak Ridge will continue to expand its support to 
the Army transformation initiatives during the planning period. We mll also seek to support the other 
services as they modernize their forces to meet changng world condltions. 

Land Mines and Unexploded Ordnance 

We continue to develop and test improved technologes and methods for safely detecting land 
mines and unexploded ordnance (lJX0). These programs support the military countermine, humani- 
tarian demining, and environmental remediation efforts of DOD, DOG, and other agencies. Oak Ridge 
has developed several novel methods for large-area land mine and LTXO detection. Work sponsored by 
the Strategc Environmental R&D Program/Environmental Security Technology Certification Program, 
the Army Corps of Engineers, the Defense Threat Reduction Agency, the Army Environmental Center, 
and other agencies has produced remote sensing systems that operate from aerial platforms (see Fig. 5.8). 
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'I'hese systems use high-resctlution inultispectral 
sensor arrays and data ,analysis techniques to idcmtify 
burictl orclnance. Othcr techniques include the use 
of  chemical and biologicd detection systems such as 
microcantilevers, mass spectrometry, o r  genetically 
engineered bacteria to locate mines, ordnance, or 
concealed explosives. These technologies show 
considerable promise for safer detection o€ haxard- 
ous inaterials commonly found on active or inactive 
mhta ry  ranges or at critical facdities in the U.S. and 
overseas. ORNL collaborates exterisively with other 
federal arid international agencies, universities, and 
industrq' in performing these programs. 

Cyber Security 

Figure 5.8 
Airborne magnetometer system for sensing of 
unexploded ordnance. 

Cyber security and mformation dssurance are of growuig concern throughout tlie p b h c  and 
private sectors. L I S  cybcr threats uicreases in both volume And sophistication, federd agencies ale 
challenged to mantain protection measures that keep pace mth  the rate of change. Information sysieins 
oil which orgmwations depend are vtiltierable to advances in technology and to act~ons by groups or 
ratifies with intcrests contrary to those o f  the United States. Incident inforinanon analysis and the 
development of countermeasures are needed to support detection arid response with minimal or no 
liunirm iiitemention and to reduce vulnerabihues to disrupaoiis, data tampering, fraud and inappropnate 
disclosure. (IRNI, will exparid it5 uivolvcment tn the development aiid apphccation of technolops to 
Lonibat these growing thre,its through its Nafirmal Secunty Im~at ive (see Sect 4.6) 

National Safety a n d  Security 
OILVIl continues t o  support the Natioiial Institute of justice, the tjederd Bureau of Invesngation, 

and law enforcement agencies with Its expertise in chemistry, biolcrgy, and computing. Apphed R&D for 
emergency planning capalxhnes arid products is conducted for 'agencies such AS the Federal Emergency 
Management Agmcy, the Department of the L \ r m j ,  die U.S. Rnr-ironmental Protectton Agency, and the 
Natioiial Weather Service. ORNL also has substaiiaal expertise m emergency management arid will 
continue working to mtegrate apply Oak hdge Complex capabilities for addressmg both natural and 
man-made disasters. 

5.6.2.2 Aerospace R8D and Technology 
OlWL's comnutment to secumg new roles in aerospace K&D and technology, buddmg on the 

ongoing prt,gr:ims descnbed m the Supplemental Information appended to this report, is Eacdttitted by 
Memoranda of Uiidcrstanding (MOUs) estabhshed by DOE-ORO, hnkmg DOE'S Oak Ridge f:ichtics to 
the Nationd Xeronauucs and Space Adnmiistratiori Q%\SA) George C. hl:trshall Space €hght Leiiter it1 

€ luntsvillc, Alalmna, and the U .S. Air Force "Irnold Iiiigmeemig Development Center near Tull;ihoma, 
'I'enoessee. Through this 'I'n-Lateral Alliance, collaborations w11 be puisucd m such areas as advanced 
rnatenals and matenal processes, environmental technology, remote sensmg, robotics, space-based global 
change observation, spa< e launch, and transportation. 

OKNI, is dlso workiig with the FIuman Exploration :md Development of Space (FIEDS) enter 
pnse (formerly, the Space Exploratmn Program) at the N L I S ~ l  Johnson Space Center m Houston, 'liesat. 
IIEDS is erig'iged ui planrung to define a techno log^ devclopmerit program for missions beyond low 
earth orbit that could be accomphsbed early in the 21 st century. l'hrougli ;t small program development 
initiative, ORNL is providuig support to €IUDs ui its assessineiit of technologd requlrements for a 
future space exploration program. Work is under way to identify apphcablc ORNI cnpabditics that meet 
NASA's needs (e.g., lightweight, high-s trength materials; power management systems, advanced 
computjng; advanced instrumentation; and robotics) arid to Ixdd relationships between key technical 
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staff members at the Johnson Space Center and OWL.  Over the nest two to thrce years, specific arcas 
of technical support will be identified and a program of SllppCJrt will be initiated. 

5.6.2,3 Health-Related Programs 
DOE’S mission needs include information about the health effects of legacy environmental wastes, 

futurc energy technologies, alid chemical and biological weapons. OKNL’s programs to address these 
needs, coupled with its extensive capabilities and expertise in biological and medcal science and 
technology, position the Laboratoq to expand its health-related work for other sponsors. 

’I‘wo emerging efforts, the biomedical engmcering and bioengineering program described in 
Sect. 5.1.2.1 and the Virtual Human 0’1-1) project, are espected to support the needs of federal agencies 
and the private sector. X number of ongoing programs and collaborations with other national 
laboratories, academic institutions, medcal centers, and industrial partners, includng those that support 
the Complex Biologcal Systems Initiative (see Sect. 4.2), also offer opportunities for new or expanded 
efforts to address health-related needs. 

VH is a human simulation tool. under development at ORNJ,, that provides a research/ testing 
environment comprising an integrated system of biophysical and other models, data and advanced 
computational algorithms, and a computational (engmeering) solid-body model of human anatomy. A 
Web-based interface supports easy, rapid access from several points of entry. VI-I will serve as a platform 
for investigating human biologcal and physical responses to b io logd ,  chemical, or physical stimuli. 

VH can provide multiple new capabilities to both &tar), and civilian sectors. For example, VH 
will support evaluations of the effectiveness and safety of nonlethal technologes and the effectiveness of 
advanced clothing and armor. VI3 wdl also make it possible to simulate training scenarios involving new 
equipment and methods and to test vehicle designs for safety. Potential biomedical applications includc 
prosthesis design, evaluation of microgravity effects, personal medical informatics for diagnosis, patient 
education, and therapeutics selection. 

ORNL is uniquely equipped to develop the VH because of its experience with anatomical and 
biohnetic models, its databases, its informatics and visualization capabilities, and its access to the 
supercomputers and massive data storage devices required to address this prolilem. Given the technical 
scope and multidisciplinary nature of this effort, however, other organizations have much to contribute 
to V€I development, from supplying user requirements to contributing technical development of 
physiologcal models, and ORNJ, has developed collaborations with a variety of other research 
institutions. 

Interest in VH has been espressed by the Department of Health and Human Services [through the 
National Library of Xledicine, the National Cancer Institute, and the National Institutes of Health 
(NTFI)], the Department of Defense, the Federal Bureau of Investigation, and the Department of 
’I’ransportation’s National I Iighway l‘raffic Safety Administration. A proposal has been submitted to the 
NIH Biomedical Information Science and Technology Initiative (l3IS’I’I). 

5.6.2.4 Transportation-Related Programs 
Challenges 

l ’he transportation sector presents a wide variety- of challenges that span energy resources, environ- 
mental quality, national security, economic growth, and quality of life. ’I’hese challenges include the 
following issues: 

In 1999, the transportation area accounted for about 28% of the nation’s energy use and about two- 
thirds of its oil consumption. More than 9716 of the fuel consumed by the U.S. transportation sector 
is petroleum-based. 
Imports of petroleum (almost $67 bdbon in 1999) and of automotive vehicles, engines, and parts 
($180 billion in 1999) account for 240~’0 of U.S. goods imports. 
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The General Accounting Office (GAO) estimates the nditary cost o f  U S .  dependence on imported 
billion per year. The tot;tl cost of this dependence since 1970 is estimated at $7 trillion 

(in 1998 dollars). 
'The demand for transportation energy is projected ti) grow at an annual rate of 1.8%, to 38.5 
quadrillton Btu in 2020, 1.0 quadrillion Rtu higher than in 2000. 
lransportation is the source of about one-third of the total U S .  carbon dioxide emissions, 
approaching 500 million metric tons of carbon in 'I 998. 
Despite major improvements in emission rates over the past two decades, trmsportation continues 
to be the primary sourcc of air pollutants such as carbon monoxide, nitrogen oxides, and volatile 
organic compounds (VOCsj. 
The average American household devotes 18 cents out: of every dollar t-o transportation. h h s t  
American families spend inore on h 7 i n g  than on health care, education, or food. Some poor 
fanlilies spend more than one-third of their income on transportation. 
In the last 30 years, there has been a 131%) increase in vehicle ndes traveled, but highway capacity 
has grown by only 5.7"h. Increased driving has crowded the roads with the equivalent of an 
additional 70 mikon drivers. As a result, Americans will spend 7 billion hours in traffic jams in 2005 
(more than 5 t imes the amount of time wasted in 198s). 
Aggressive driving incidents (in wllich an angry driver tried to kill or iiijure another driver after a 
traffic dispute) have risen by  51% since 1990. In  the [init-ed States, an average of 1,500 persoils are 
injured or killed each year as a result of awessive driving, which may be triggered by traffic 
conges tion. 
Congestion in air travel has also dramatically increased. During the first 9 months of 2000, 1 of every 
4 flights was cancded, delayed, or diverted, affccting 119 million passengers. A projected increase in 
the number of airline passengers from more than 600 nlillion in 2000 to more than 900 million in 
2010 wiLl further strain the nation's air transportation systems. 

- 3  

Resources 
ORNT, wdl contiiiuc to extend the apphcauon of its capabihties in transportation RCYCII and 

technology through activities that capitalwe on the synerges of multiple sponsors and industrial partners. 
'lhesc actlvities LVLU build on and  enhance our DOE-hinded transportation programs (see Scct. 5.2.1) 

The Nattonal Transportation Kesearch Center will be a key resource for expansion of 
traiisportatlon-related programs during the planning period. Thc NTRC was created to expand 
transportation R&D at O W L  and The University of Tennessee (XJT), w t h  a focus (xi responding IO the 
needs o f  industry as well as the Federal and state governments. It brings together a number of separate 
K&U efforts to achieve better synergy and ciperatlrlg efficiency for both sponsors and perfomiers. 
Particular emphasis is placed on establtshmg mutually beneficd partnerships between industq, 
universities, and government, and on provdng access to unique R&D facihes that are not readtly 
avdable to industqr { )r other organlzanons. I l ic NTRC is also an economic development effort iiivolvlng 
DOE, U'1 -Battelle, UT, atid the Development Corporation of Ktiolc County ('llX), as discussed in Sect. 
8.1.2 o f  the Tnstttutlonal Plan. 

'The NTRC, operated and staffed jointly by C)KNI, and the Unmxslq- of 'fennessee with special 
participation by private industry representatives, provides the pitihc and private sectors with state-of-the- 
art knowledge, understanding, faclltties, aiid technologes for the development and deployment of cost- 
effective, advanced transportation systems. To facilltate access by industry and other users, a 501 (c)(3) 
not-for-profit corporatton, called NTRC, Tric., has been forrnecl by U1'-Battelle, U'l, and TDC. Its major 
purposes are scient&, charitable, aiid educatlonal. Its goal is t o  stlmulate and promote K&LI of 
transpcirtatioii-related technulogy in support of industry and other sectors of the economy that depends 
heavily on affordable tratisportauon Tlie focus IS on miproving the safety, efficiency, and environmental 
quality of tramportabon systems that will help sustain ecotiotnic growth. 

The N'I'lZC faahty houses approximately 180 research and support personnel and comprises 11 
specialtzed transportatlon research laboratories: 
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Advanced Supply Chain Management Laboratory. Investigates the use of radio-frequency 
identification tags to aid in the traclilng and control of hazardous materials shipments. 
Commercial Vehicle Operations Laboratory. Analyzes equipment and technologies for making 
commercial vehicles safer and more efficient. 
Composite Materials Laboratory. Conducts controlled, programmable analysis of the deformation 
and failure response of composite automotive components in relation to  impact velocity. 
Defense Transportation and Logis tics Jdaboratory. Provides analytical and operational support to the 
defense transportation community through development of innovative, practical tools and 
techniques for the analysis and management of transportation and logs tics systems. 
Fuels, Engines, and IImissions Research Center. Analyzes power plant and vehicle performance and 
emissions reduction technologies. 
Geographic Information Systems Laboratory. Develops innovative ways to plan, manage, and 

Infrastnichire hlaterials Laboratory. Tests materials such as concrete and asphalt that are used in 
bridges, culverts, highways, and roadbeds. 
Intelligent Transportation Systems Laboratory. Provides an advanced real-world environment 
for evaluating and applying Intelligent Transportation Systems technologes to improve the 
efficiency, productivity, and safety of transportation facilities and to alleviate the impact of 
transportation on the environment. 
Packaging Research Laboratory. Helps clients develop safe, efficient, economical solutions for the 
shipment of hazardous and high-value materials. 
Photonics and Fiber Optics Laboratory. Conducts research on a wide range of applications, focusing 
primarily on remote sensing and weigh-in-motion, spcctroscopy, full-spectrum solar energy, and 
sensors. 
Power Electronics and Electric Machinery Research Center. Develops and prototypes the nest 
generation of cost-effective converters, adjustable-speed drives, electric utility and distributed- 
generation applications, motor controls, and efficient, compact electric: machines. 

Within the N’TRC facility, a new center-the Heavy Vehicle Safety Research Center (HVSRC)-is 

track information using geography-based decision support sy: >terns. 

being established. ‘The HVSRC is the first new major initiative to come-out of the NTRC. The HIVSRC 
will be a national asset for the study and resolution of issues associated with the safety of heavy vehicle 
transportation. I t  will serve as a research center in which government and industry can work closely 
together to enhance the safety of heavy vehicles operating on our nation’s highways and contribute to 
meeting national goals to reduce truck-related fatalities while maintaining and enhancing tlie economic 
viabhty of the U.S. trucking industry. Funding for I T  2002 for the HVSRC is coming as a $1 million 
grant from the Federal Highway Xdministration’s Office of Safety. Support from other sources includes 
capital equipment hinds from the N’I’KC and fundtng from DOE’S Office of Hemy Vehicle ‘I’echnologJi. 

‘I’he concept for a IWSRC was included as part of the proposal that UT-Battelle prepared for the 
management of OWL.  Since April 2000, ORNI, and Battelle Columbus have had significant interactivns 
with federal agencies (DOT, DOE, and DOL>) as well as private industry to refine the concept and to 
identify its initial thrust. Efforts duriiig the first year will focus on integrated brake syst-ems safety 
research. Other areas of interest, which may he addressed in the future as the II\’SRC grows, include 
Safev Impacts of Energy Efficiency ’I’echnologies (e.g., aerodynamics), Safety Impacts of Driver-in-the- 
Loop ‘lechnologes (e.g., driver work load/attention), and Safety Impacts of Infrastructure (e.g., work 
zone, congestion, regulation). During the first year, consideration will also be guen to building one or 
more new research capabilities at the NTRC. These capabilities include test cells for a four-wheel chassis 
dynamometer, a brake iriilterial characterization dynamometer, and an 80-Et flat-plate performance-based 
brake tester. 

The IWSKC will do the following: 
build on tlie significant heavy vehicle research expertise of the NTRC/ORNL, Battelle Columbus, 
and UT; 
draw on the expertise of other BatteUe family- laboratories @GEL, I’NNL, BNL); 

5 42 *:* Oak Rdgc National 1,aboratory Insututional Plan * f12002-F17 1006 



perform both basic and apphecl vehicle safety research tor goveminent, private industq, aiid joint 
government /indu s tq consortia; 
undertake research on heavy vehicle safety challenges ( d  riatiotial arid strategic Importance; 
provide unique research capabihties to solve critioal lieas? vchiclc safety problems; 
form strategic partnerships to bring together, udize, and coordinate existing research capabilities 
throughout the United btates; and 
conduct research that supports national program5 and init~:itit-es, such as the Intehgeiit Vehicle 
Tnttiative (TT’T), the 21.1 Century ’l’nlch Partnership (21ClI’), and the Ibture Combat SJ stem (FCS). 

* 

Funding for the HVSKC \vi11 increase to $5 million per year in F T  2005. 
The O W L  Centcr for Transportation ilnalysis (C‘l’A) conducts innovativ e, cost effectwe R&D on 

transportation energy and enmronnicnd issues, national transportation planning and pohcy, transporta- 
tion sys tems engineering, and mhtary transportation and logistics. C‘rA focuses on multimodnl national 
and internanonal transportation SJ stems. Sponsors include DO1 ’. D013, L)OT‘, the Environmcrital 
Protection Agency, the Department of Commerce, and the Bureau o f  the Census. 

Defense trmsportation 
Emergency mnnageineiit 
Tntelligetit transportation cystenis 

Statistics and data analysis 

Transportation materials 
* 

Programs conducted by the CTX spari eight broad areas. 

I q p t i c s  and supply chain management 

7 rarisportation cnerg! :ind environtneiital policy 

1 raiisportation planning and systems analysis ._ 

Focus Areas 

Ihring the planning penod, OKNL will continue to integrate its extensive capabllities in trans- 
portation R&D and technology and apply them to a varieq of challenges facing stakeholders in the 
rransporrauon sector. ’llirough the N l  KC, we d focus o n  four key a r e s  

Xdvanccd vehicle propulsion systems. ‘I’he nauon needs ;idvanced propulsion technology to replace 
petroleum-limed energy and elitmiate or mniniiye harniful emssions. &’e xvdi cinphasrze 
partnerships with industry that lead to thc development of alternative fuel vehicles including hybrid 
electric and fuel cell s; stems. We will also develop sys teins to make conventional propulsion 
technoloa , such as diesel systems, more environmentally acceptable. 
1 raffic congesuon mitigation. Congesuon of the nation’s tughways, airports, ;ind seaports not (ml) 
iiicreases e n e r g  consumption; it also threatens conunued economic growth. It can lead to cconomic 
loss (time in congestion), social problems (road rage, air rage), and clashes between coinpeung 
resource mers (eg., waterfront development vs port expansion). We will work mth govcnirnent atid 
prirate industry sponsors to develop solutions that increase traffic flow capactty, provide tmely 
congestion information to travelers, ;mcl optunizc the use of the nation’s arways, aqo r t s ,  watenvaj s, 
and seaports. 
’I’ransportation modeling and simulauon. Proposed teclitiology solutions should be assessed to 
determine thetr impact on transportation systems. ORNT, atid UT will apply their the long-term 
experience in modehng and simulation to work with private industrq in evnluating and preehcting 
how new technology svill relieve congesuon, improve fuel efficicnq , reduce pollution, or otherwise 
alleviate transportnuon problems. 
I leavy vehicle safety. 1Ie:ii-y vehicles of all types that travel the natton’s highways, rarlways, amvays, 
and watenva) s form the backbone of our economy. l l i c  use of our tran5portatton infrastructure b y  
these large and cunibcrsome vehicles and an even larger number of  personal vehicles raises a number 
( J f  safety coricerns. We plan to team with the commercial shipping industq and regulatoq agencies 
tc develop technologies that will lead to safer vehicles, fewer accidents, lower insurance and damage 
clams, and lower operating costs, as well as increasing public confidence in the safety of travel. 

. <  
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5.7 0 Laboratory Directed R&D Program 
Through its Laboratory Dircctcd R&D (LDKD) Program, OKNL provides financial support for 

innovative R&D idcas that, whilc within the gencral mission of the Laboratory, have no direct 
programmatic funding. Such idcas can and do lcad to productive new technical directions. 

The program operates under the authority of DOL Order -113.2A, “Laboratory Directed Research 
and Development” (ranuary 8, 2001). It is funded by DOE through an ovcrhcad charge to all other 
Laboratoq programs. The annual program plan for the IDRD Program, which is prepared and 
submitted to DOlLSC in accordance with D O E  Order 113.2, serves to request LDRD funding for the 
1.aboratoi-y and to provide a general description of and justification for the program. The O R N L  
Laboruto!F llirectd Kesemh and Dezdopnent Progrum: . - h m d  Rtpo);, to the DepaPfmfnt of Eneqy Summati;in: 
F7Z.rml > - e m  2000 (OKNL/PPA-2001/ 1, March 2001) provides a program overview, funding summaries, 
and project summaries for the LDRD Program. 

ORNL uses the LDRD Program as a means of funding activities that are expected to enhance the 
Laboratory’s capabilities for carrying out DOE missions. ’l’he program has two components: the Seed 
Money Fund, which supports small projects, and die Director’s R&D Fund, which supports larger 
projects that address specific research areas. In requesting proposals for r”r’ 2002 Director’s li&n funds, 
the Ll-Battelle 1,eadership Team selected research topics associated wit11 the major Laboratory initiatives 
(see Sect. 4). The selection of these topics reflects ORNL’s commitment to managing discretionary 
rcsources for strategc change. 

Advanced Scientific Computing. New computational tools and codes are needed to cnable the 
creation of realistic simulations of physical situations and to provide new insights into a host of scientific 
problems. Research, development, and deployment of mathematical models, comput“tiona1 methods, 
numerical libraries, and scientific codes are needed to take full advantage of the capabhties of OWL’S 
terascale computers for strategc or critical problems in materials sciences, chemistry, combus tion, 
accelerator design, high-energy physics, nuclear physics, fusion, biology, and global systems. In addition, 
within the next 5 to 10 years computers 1,000 as fast as today’s computers, comprising from 10,000 to 
1000,000 proccssors, will become available. There is little understanding of how to manage or run such 
large systems or of how applications can exploit such architectures. To ready ORNJ, for these large 
systems, we wdl develop the needed expertise and experience through early involvement in the design 
and developmelit process. Proposals are sought in the areas of supcrscalable algorithms, petascale data 
analysis, and mathematics and algorithms. 

Complex Biological Systems: Taking Genomics to the Next Level, O W L  is developing a 
significant program in complex biologcal systems that builds on established programs and expettise in 
the life and environmental sciences, chemical and analytical sciences, instrumentation sciences, and 
Computational sciences. This initiative uses innovative applications of computational, physical, chemical, 
and engneering sciences to biology and special fachties and resources in analytical technologes. It 
engages organizations and disciplines across the 1,aboratoi-y such as genetic modeling (of organisms 
including microbes, mice, and zebrafish), biologcal mass spectroscopy, structural biology, protein 
biochemistt;, computational bioloa, computer science, and toxicogenomics. Proposals to this initiative 
should address one or more of the following research areas, each of which relates directly to building a 
capability to address the new DOE initiative, Genomes To Life (GTI,): identifying the molccular 
machines of life, characterizing gene regulatory networks, characterizing and understanding the functional 
behavior of natural microbial communities, and developing computational capabhties to understand and 
predict the behavior of complex biologcal systcms. 

Energy and Environmental Systems of the Future. Demands for energy throughout the world 
are increasing, whilc there is a growing realization that the resources and technology systems meeting a 
very large proportion of current energy needs are nonsustainable. Thus, ways to increase the availability 
of energy, safely and affordably, while shifting to significantly different energy paths with minimal effects 
on human health and the environment, will be required. Making this shift will require a thorough under- 
standing of a broad range of science, technology, economic drivers, and policy issues that will drive the 
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development o f  future energy systems. C)K_NZ, seeks to  builcl tiew l8CD capabilities for tlie development 
of new energy services that arc environmentally responsible and ecotioinically competitive. Proposals are 
sought in four areas: energy efficiency; clean power; carbon sequestrarion and separation sciences; 
measuremeiit sciences, and itiregrated assessment. 

Nanoscale Science, Engineering, and Technology. Leadership in n:mc)scale science, 
engineeritig, and technology (NSELLJ is essential to the future conipctitiveness of OWL, in broad arcas 
of science and technology. NSE?' provides breakthrough opportunities in tnany fields central to DOE'S 
inissions, incluchng niaterials science, biotechnology, processing science, energy, envkonrnen tal 
technology, information technology, and national security. A high priority for NSKT investment xt 
ORNZ, is the development of capabilities for the controlled synthesis of nanomaterials and naiio-- 
structures, resulting in functionality for nanosystems. Proposals are sought in this area and in discovery 
and clevelopment of novel phenomena for nanotechnology; optical, magnetic, arid electrical transport and 
coupling phenoineim; nanoelectronics, quaiituni devices, and sensors; quantum computing and informa- 
tioii systems; computational nancxdence; nanomechanics and nanofluidics; tianobioen~tiee.tiri~ and 
biotechnology; and nanosensors atid applications 

Neutron Sciences. The Spallation Neutron Source (SNS) and the upgrades at the High Plux 
Isotope Reactor (HFTR) that \ d l  be completed as part of the major Laboratory initiative in tieutron 
sciences (see Sect. 4.1) offer a unique opportunity f o x  OK-NL and tlie nation to demonstrate world 
leadership in this area. The success of these projects (and their impact 011 OKNL) depends critically on 
the ability to develop the full potential o f  these new scientific tools and to integrate neutron sciences into 
research programs across the Laboratoiy. This target area focuses on five research themes that are 
essential to leadershp in neutron sciences: riovel applications of neutron scattering, neutron physics, 
advanced neutron optics, data visuakation and analysis, and novel iiistmmentation c:oncepts. 
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6 R&D Partnerships and Collaborations 
Research arid development (R&T>) partnerships u ith other 1:ibor:itories and -wrth univers~tres, 

industry, other govcrnment agenaes, and international research iiisfxtutions are camed out at the Oak 
Ridgc National Laboratory (OKNIJ) through traditional collaborative arrangements and incrcasitigly 
tlirough the development and Appltcation of c;ipabiiities that facihtate collaboration among grograp11 ically 
separated researchers, or “science at a distance.” These partnerships strengthen the tiatlon’b science base 
and ’arc a key eiernenr in the U’I -13attelle commitment to excellence in community semce. Table G 1 hsts 
a tiutnber of major partnerships and col1alx)ratlons. 

illtliough it is formal11 a nauonal laboratory, ORNL has a strong role as an uitemai‘zomd laboratory, 
routinely Iiostiiig guest researchers and visitors from other nations. ‘l‘hese kinds of partnershtps facllitate 
Access to facilities in other nations by 1J.S scientis1s and encourage the globahmuon o f  science. In addi- 
tion. guest scicntists are a valuable component of OIWL‘s research staff. Ibex assignments, which range 
from two weeks to two year\, broaden the Laboratoq’s base o f  expertise arid support goals 1n scienuhc 
coopcratmn and technology transfer. Tti bY 2000, ORNI, hosted approximatel), 4000 scientists and 
engineers from uimersities, industnes, and other research institutions. About 257” were iiidusmal guests. 
Many conddcted R&D at one of OKNl ’s dcs ipa ted  user facilities. 

LT-Hattelle is working to  expand the use o f  parulerships as a means for conducting collaborauve 
R&U, fachtatiiig access to OlWL’s dstincuve capabibtles, improving the uuhaation of it> scientific 
facilities, transferring teclitiologJ. to industry, and supporutig the education of the nest generation of 
scientists and engneers. U‘I -Trlattelle, itself a prtnership, cumpnses several key rt‘sourcrs for thus 
expansion. the University of Tennessce (U’l’), a Carnegie Research Level I institution that attracts nearly 
$80 million annually for sponsored research programs; si\ “core universities,” Duke Uni\rersit! , the 
Georga Institute of Technology, Flonda State University? North Carolina State University, the University 
of Virginia, and Virgma Polytcchnic Institute and Stare Unt-versiq (VEgitua Tech); and Oak Ridge 
Associated IJniversities (ORXbI, a consortium of 86 college> arid mversities that manages the Oak 
Ridge Insunite for Scimce  rid Educauon for the IS S. Department of Energy (DOE) arid promotes 
collaborative partnerships for the benefit of its member insurutions. 

These resources arc a key to the CTniversity Partnerships Inittatwe that is included ui the 
1,abnr;itory ’igenda (see Sect 3.2). Plans :ilso include the followng actions: 

Extend collaborative relationships with other DOE laboratories and facthues, integmting the comple- 
mentary capabhues distributed across the DOE complex in support of the Ilepartment’s missions. 
Build new educauonal, training, and rcsearch partnerslqx with other federal agencies, with educa- 
tional consorua and museums, both regionally and natlonally, and wtth pmate-sector mstitutions. 
Develop industry partnerships that bring the Laboratory’s resources to bear on industrial problems 
and S I  rengthen the ecctnornj by bruiging new technologies to tlie marketplace. 

* 

6.1 Laboratory Partnerships 
01WL actively supports the DOE “system of labs” approach atid is engaged in numcrous 

collaborative relationships with other national laboratories, as indicated in Table 6. I. Most nutable is tlie 
Spallation Neutron Source (SNS) collaboratim with the ,?\rgonne, Brookhaven, Lawrence Berkeley, and 
L,os Alamos national laboratones and the Thomas Jefferson National Accelerator Facihty (see Sect. 4.1.1). 
The SNS project has been cited by DOIi as an outstanding example of interlaboratory collaboration. 
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Table 6.1 
Major ORNL partnerships and collaborations 

~~ _ _ _ ~  

Activity and Partners 
~- ~~~~ 

Science 
S$dhii~i~ il‘eutron Some 

Xrgonne, Brookhaven, Lawrence Berkeley, 
1,os iylamos, Thomas Jefferson National 
Accelerator Facility; the neutron user 
cominunit). (universities and industry) 

Motends il/liL,~~C/3arril,icn~~ti*n Coihbor w t o r ~  
Xrgonne, Lawrence Berkeley; University of 
Illinois at  Urbana-Champaign; Natioiial 
Institute o f  Standards and Technology; many 
industrial partners 

Advancd  C~omnpzlational Tehg ond Szniukilioiow 
(ACTS) resmrLh 
hrgonne, Lawrence Berkeley, Lawrence 
Livermore, Los Alamos, Sanda; LJniversity of 
Soutliern California 

AtnzoqbePiL. lbzdiation 1Lfca.ruremen~ (ARM) Program 
Xrgonne, Brookhaven, Lawrence Berkeley, 
1,awrznce Livermore. Los Alamos, Pacific 
Northwest, Sandia; National Renewable 
Energy Laboratory; other government 
agencics, industry, universiiies, and inter- 
national organizations 

,Votionai Center jbr Raeurdi on E’nbanciq Cut*bon 
Scqucstrotion in T e m h d  Ecoytem (C-SzTE) 
hrpnne, Pacific Norrhwrst; universities; 
other research insumtioris 

Join1 Genome Iiistiiute 
I .awrence Berkeley, I.awrence I kennore, Los 
illamos; Stanford Human Genome Center 

Fu.riotr EnerD S&nces 
Xrgonne, Pacific Northwest, Sandia; 
Princeton Plasma Physics Laboratory; uni- 
ucrsities; General Atomics and other industry 
partners; international partners 

Design and  construction of a n  accelerator-based facdit>- (total 
cost: $1.4 billion) t o  provide the world’s most intense 
pulsed neutron beams. Each laboratory is responsible for a 
maim component or system and its inte<gration into the 
facktl-; this collahorative approach to designing and 
constructing a major research facLty provides a model for 
future 1X)E projects. 

partnerships on the synthesis and processing of advanced 
niaterials for energy technologies. OKNT, is engaged iri 
projects on Mechanically Reliable Surface Oxides for I Jigh 
Temperature Corrosion Resistance, Ultrahigh Temperature 
Intermetallics, Welding and Joining, hlagiiet Materials, 
hletnls Forming, hkcrostructural Engneering with 
Polymers: In-situ Composites, and Advanced Photovolraics. 

Interactive virtual laboratory to provide remote access to 
characterization tools used in materials research and 
interacth among researchers. Tasks include the definition, 
development, testing, and procurement of hardware and 
software for remote collaboration, focusing on microscopy 
and microanalysis. 

Packtation of fi.1hx-e collaboration across the 1lOE cornplex. 
Participants develop mechanisms. intcrfaces, and modules 
that enable flexible interoperability of tool kits, codes, and 
advanced computing resoiirces for mission-critical DOE 
problems. 

Data collection and analysis to enhance the understanding of 
global and regional climate change. This effort includes the 
development of methods of data management and infor- 
mation exchange t o  facditate future interlaboratory 
integration. 

Coordnated, cooperative multilaboratory research 

Distributed research center for studitics of carbon sequestra- 
tion in vegetation and soils. Researchers study ways to 
increase carbon storage, extend its duration, and verify and 
measure the amount of carbon stored. 

DOE-sponsorcd collaboration in functional genomics and 
bioinformatics. 

Broadly collaborative programs to establish the science base 
for development of fusion as an energy source. This effort 
spans collaborations on experiment design and operation 
(National Spherical ’Torus Experiment, National Compact 
Stellarator Experiment, Quasi--Poloidal Stellarator), tech- 
nology development and remote collaborations (Virtual 
Laboratory for Tcchnology), and high-performance 
computing. 
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Table 6.1 (continued) 
Major ORNL partnerships and collaborations 

Activity and Partners 
~. __ 

Science (continued) 

S O l 6 h F X  ~ p , b l h h ~ L W  h'f&?. L 4 d  [he Bi~~pherc 
Pederrll agencies; st;ltcs of Georgia, North 
Ckolina, and Tennessee; Xppalachmn 
Kegional Commission; Southeast Natural 
Kcsource Leaders Group 

li'nivcrsity of 'Tennessee, Vanderbilt 
University, Meharry Medical College, St. Jude 
Clddreti's Research I Ivspital, East Tennessee 
Stare LJniversity, IJniversity of Memphis 

I .  I eiinws~re Moust Genome (hsortiiinz 

Energy Resources 
Biooeneqyl! l'>te&ock Deudqbment F'rqyrzm 

National Renewable Enern Laboratory; U.S. 
b'orest Senice, C.S. Department o f  Agricul- 
ture, '1'etine.ssee Valley Authority; universities; 
research institutes; industry 

Argotine; Southwire Co. and  other indusrry 
partners; elcctrical utilities 

S'iq%wmdactiuip I'artfiers/t$ hitiufii*e 

P~i~~iwrxhz,$~,'br a Nem Gemration of l.~ehich- 
Other I N  I": laboratories; othec- federal 
agencies, universities; UaimlerChrysler, Ford, 
General Motors, and other industries 

Other DOE laboratories and faciliues; other 
federal agencies; universities; itidus try 

ilrgonne, Pacific Northwest; Natictnal 
Kenewable Energy Laboratory; ;$plied 
CarboChemicals 

Indu.rtrze.r ?f the Fuhm 

-4ppiitn CurhoChcrnicuh- CKA%lA 

Nitionai Trmsportuhn 1bsearL.h C:knfer 
University of Tennessee; Llevelopment 
Corporation of Knos Counl)i 

(IREEATTE 

h b h  Power I~rtzlute 

International Lkergy Agency; nietnber nations 

Tennessee Valley ,\uthorit)- 

Ilescription 

l'ubhc/priwte partnership prornolmg environmental health. 
suhtarnable ccononnc usc, and cultural values acrmb the 
Southern L2ppalac~ans, rl componcnt uf the Man and the 
hspherc  (WIB) Program established by IJhlIS( <I. 

,icceleration o f  the development and anal) \ i b  of  mouw 
models for bunmi dise~ses. 

Mission-oriented program of research and analysis with ;i goal 
o f  developing and denionstnititig envkonmentally 
acceptable crops and cropping systems for producing large 
quantities o f  low-cost, high-quality biomass feedstocks 

De? clopmerit, fxbric :ition, and use of high-temperature q e r  
conducttng (FTl SC) electric power b 
developed through thus initlatit e has been deplovtd at a 
Southxvlre tnanutactunng facktv 

eriwroninentCill~ friendly vehtcles with up to triple the fuel 
efficiency of today's tehicle= and compat able aftordabditj , 
performance, and safety 

process industries, mcludei development of road maps atid 
creatmn of broad R&I> partnrrships 

renewable resources 

erris, a power cable 

1 )etelopment of  technolog\ that can be used to create 

(:oordmatmn of  lZ&D for enerm -mteiisive niatertnls and 

De\ elopment of cos t-competitive dietnical feedstocks from 

Partnership between the public and private sectors to develop 
new transportation . tenis that are affordable and that 
address the needs o e public iri safety, security, and 
convenience. Specialized transportation research labor3 tory 

es provide tools for indust~y and other research 
partners. 

pliers of technologies that reduce grernhouse gas emissions. 

and deploy technoloj$es for efficient and envirotimentally 
berieficial renewable enersy productioti and use. 

Information network for distributing information on sup- 

Mutually beneficial collaborations to develop, denionstrate 
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Table 6.1 (continued) 
Major ORNL partnerships and collaborations 

~ 

Activity and Partners 
~~ ~ 

Environmental Quality 
Clonsorcio Edui~ativo para la Proiezcion Ambieritale 

Argonne, Sandia; two Mexican universities, 
three Chilean universities, C.S. universities 
serviiig Hispanic students; indust? 

Eiiiiirommental Mmupnent S~iena Prq,ormz 
Other I X ) I :  laboratories; universities 

Strdajt E~ii~ironmentd hmo”di and Developmen( 
l b w m  (SERDP) 
Pacific Northwest; other DOf‘ laboratories; 
L.S. Department of Defense, Environmental 
f’rotection Xgenq-, other federal agencies 

National Nuclear Security 
lntrr~luliomto!j, T..ik Fontjbr C’ne.ythded OrdnanGz 

14 I>OE laboratories and facilities 

Xudear Critidity S&y Pro<qram 
Argonne, 1 .awrcnce Livermore, 1,os Alatnos; 
Idaho; universities 

Intertiational Nudem Suteo ProAmm 
DOE laboratories and facilities; Russia and 
former Soviet Union nations; industry 

I T.S .  / FSU Progrmz ?fCoopera/ion OM iYutLedi- 
Mateiiul Protection, Conhvl, and clicountiig 
DOE: laboratories and fachties; Russia and 
former Soviet Union (PSU) nations; 
universities; industry 

DO1 3 laboratorics, facilities, and operations 
offices; industrial nuclear fuel cycle entities; 
nuclear power plant owner/operators; and 
nuclear safety regulators 

Joint US. / hssiuii  Plutonium Dipsitioiz Activities 
DOE laboratories and facilities, Russian 
research institutes. industrial nuclear fuel cyclt 
entities, nuclear power plant owner/oper- 
ators. and Kussian nuclear safeti, reEulators 

U. S. Plutonium lji3bosition Activilies 

Environmental partnership initiative that provides for joint 
research, student eschanges, faculty development, 
curriculum development, creation of bilingual educatimal 
materials, and other cooperative activities. 

Joint DOE-SC/IlOE-EM program to reduce the cost and 
risk of cleanup through targeted basic science research. 
Projects address a range of environmental problems and 
draw on expertise froin P variety o f  scientific disciplines. 

hlultiageiic!- program funded through the US. Department of 
Defense to identify, develop, demonstrate, and transition 
environmental technologies that relate directly to defense 
mission accomplishment. 

Support for U.S. Department of Defense and other national 
atid international entities concerned with the detection and 
disposition of land mines and other forms of unexplotled 
ordnance 

Development of an Lmproved and integrated DO1 capability 
to predict criticality in nuclear fission systems through new 
experiments, benchmarking against available U S .  and 
international data, refinement of Monte Carlo computer 
models, and processing of nuclear data into standard 
working forms. 

Identification and development of commercial opporturiitics 
for scientists and engineers f<Jrmedy involved in weapons 
programs (nuclear, chemical, and biological) of the former 
Soviet Union. In the Nuclear Cities Initiative, O W L  is 
paired with Sandia to serve the Russian city of Krasnoyarsk. 
1 he lnitiatives for Proliferation Prevention program focuses 
on the Newly Independent States. 

strengthening security and developing Material Protection, 
Control, and Accounting (I~fl’C&~l) systems a t  sites 
containing weapons-usable nuclear materials. 

,. 1 

Keduction of the risk of nuclear weapons proliferation by 

Definition, development, and demonstration of technologies 
required for the disposition of surplus weapons-grade 
plu tUnlUm. 

Development, demonstration, and licensing of technologies 
and facilities required to implement plutonium disposition 
in reactors. 

. ~- . . . . . <I 
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Other notable collaboranve efforts include 
the T’IIENIX’ detector for tlic Rehtix istic EEea17y Ion Colhder ilt Brookhaven; 
the Getiotne Annotauoii Consortluin, through ~vhich CIKNI, is wnrlnng with Argontie. 1,awrence 
Rerlielcy, Lawrence I.tverniorr, Tar  Xlatnos, several univcrsitlts, and other rese:irch tiistttutions to 
provide a comprehensive sequence-based view o f  genomes; and 
the Probe test bed for comparative evaluations of s tomgc-intensive applications, w-hich link5 cotnpu 
tational resources at OKNl, and tlie Natic mal Faergy Research Supercoinputiiig Ccnter 

The four national laboratories managed a i d  operated b? Rattelle--OKNL, Brookhaven Nauional 
Laboratoiy, the National Reiiew-able Energy I .:iboratnry, and Pacific Northwest National 1 ,aboratoq7-- 
are workng together to increase the value of science and technology delivered to DOE and rclated 
agencies by optmizing the performance of the “sys tctn” of tliese four laboratories, Key activities iriclude 
joint strategic planning, the production and maintenance of an inventory of the asset5 of this four- 
laboratory system, program integration as appropriate to capiialwe on the diverse strengths of the 
laboratones, development of work for otlicr federal agencies and other customers, and building rc1,ition- 
ships with other 1XlE contractors. This effort is promoted by regular nieetmgs of the chef research 
officers of the four hboratones and by O W L  participation in technical tiehvorks that hnk researchers at 
the tour laboratories by area of expertise. 

6.2 University Partnerships 
Our 1Sniversity Partnerships Initiative is almed a t  increasing the value of science and technology at 

O l W L  through active itivolvcinent of faculty aiid students in Laboraton programs. The initiative also 
supports DOh’s conimitrncnt t o  helping t o  educate the next gencrauon of scientists, e t ipeers ,  teclini- 
cians, and etlucators. 

The Universitf Pattnerships Initiative bullds on ORNJ,’s currcnt involvement in research 
partnerships with universities, inany o f  which also have a significant cducatlon component (see Sect 8.2). 
It mclude5 the followng elements: 

expanding collaborative programs with UT in areas of mutual interest; 
cotitmunig the joint hmng of scientists and engineers with the six LJT-Rattelle core universities and 
expaiidtng this program to mclude a .Ivlder set of universities: 
worh ig  wth O l U U  to facditate research parttierships w t h  its member mstitutions; 
developing aiid expanding research partnerships wth Tennessee colleges and universities, histoncall) 
black colleges arid universities (HBCUs) and other miiority cducauonal institutions (TvIEIs), and 
protrutient universities acros5 the country; and 
developing the Oak Ibdge Center for Ad~~anccd Studies to encourage interactions betweeti ORNL 
researchers and university faculty and students. 

The initiative is expected to support recruitment at die I .:iboratory, providc addltional opportuniues for 
graduate students to conduct research nt  ORNJ,, and offer outlets for OKNI, staff rtienibers for 
sabbaticals and research appointments. 

With roots m the Laboratory’s early history, the long-standtng pirtnersliip between OKNI, and V’I 
bpans a broad spectrum of l<&D and other activities, as tndxated in ’l’able 0 2. ORNL and IJT are 
partners i n  the Scieiice Alltmce, the state’s oldest and largest academic Center of Excellence. ’I he Science 
hlhmce sponsors the ORNL-UT Distinguished Scientist Progr:mi, which provides joint appointnicnts to 
tenured posiuons at UT Knoxville and reseuch po o n s  at ORNI.. Joint instltutes in biological sciences, 
computattonal scicticcs, energy and eiiwroiiment, heavy ion research, arid neutron sciences r ep rew~t  
addiuonal tc )c 11s for combmmg the resources of these institutions for research and educauon. As 
described in Sect. 7.3, the state of Tennessee h.ts plcdged funclllng to construct new fachties ,it OItNl, to 
house three of these institutes. The Joint Xiistitute for Heavy lon Iiecearch 15 already located in a 
CJT-tmned facihty at OKNL, and tlie Joint 1ns;tltute for Energy aiid Envlronment is eapected to remain 
a t  I K ’ s  Knox-vdle campus. 

* 
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Table 6.2 
Interactions between ORNL and IJT Knoxville 

Joint Institutes: 
Joint Institute for Biological Sricnces 
Joint lnstitute for Computational Sciences 
Joint Institute for Energy and Environment, with the Tennessee Vallej- 
Authority 
Joint Institute for I Ieavy Ion Research, with Vanderhilt llniversity 
joint Instihite for Neutron Sciences 

Distinguished Scientist Program 
Joint Faculty Program 

Universitj- Graduate Programs that draw on OKNL resources: 
Graduate School of Genome Science and Technology (based at ORNL) 
Graduate I'rogram in Ecology and Evolutionary Biology 
Joint Program in h,fixed-Signal VLSI and Monolithic Sensors 

Science l\ltiance, a Tennessee Accomplished Center of Ihxllence: 

Academy for Teachers of Science and Mathematics 
Xdvanced 'Thermal Xnal 
(:enter for Environmental Biotechnology 
Composite Materials Science and Processing 1,aboratory 
Measurement and Control Engineering Center 
National Transportation Research Center 
Netlib, a collection of mathematical software, papers, and databases 
Nuclear Structure Theory Program 
Project SEE (Satellite Energy Exchange), with NASX Marshall Space Flight 

Center, the University of Virginia, and the Russian Space Institute 
UT-OILUI, (;raduate Fellowshp in Theoretical Quark-Gluon Plasmas 
CTI'23KNL Select Graduate Fellowshp for the Outstanding Applicant in 

Sys tem Laboratory 

Condensed Matter I'hvsics 

Two collaborative activities link ORNL and U'I resources with those of other partners to address 
public and private sector needs in areas of growing importance, both regionally and nationally: trans- 
portation and human health. 

The National 'Transportation Kesearch Center (see Sect. 5.2.1) provides resources for the develop- 
ment of new transportation systems, including specialized transportation research laboratory facilities that 
are available to industry and other research partners. These resources are now housed in a modern 
facility, located in west I;riox County, that is readily accessible to the center's partners and customers. 

The Tennessee Mouse Geiiornics Consortium h k s  ORNL, C'T, East Tennessee State University. 
the University of Memphis, Vanderbilt University Medical Center, St. Jude Chiltken's Research t-Jospital, 
and Meharry hledlcal College (an I IBCU) for collaborative research in developing mouse models €or 
human diseases. This arrangement is the result of an initiative undertaken through the Joint Institute for 
Biological Sciences (see Sect. 3.2.6). 

ORNL is also an active partner in six of the nine centers of excellence established at til' in 2001. 
The Advanced Materials Laboratory, led by an ORNL-UT Distinguished Scientist, will create new 
materials using computer-intensive modeling and experiments. UT and O W L  scientists in materials 
science and cngineering, chemistry, chemical engineering, and physics will collaborate. 
At the Center for Environmental Biotechnology, UT and ORNL scientists will combine electronics 
and bioengineered organisms to develop technologes that offer real-time, on -site monitoring of 
hazardous materials, with an emphasis on moving research results into commercial applications. 
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At the LIT Food Safetj Center o f  llxcelleiice, UT aiid ORNT, spccidists in Imchcmistq, reproduc- 
tive biology, food-service management, parasitolog) , infectious &eases, and risk assessment are 
esv~bhshing research programs to investigate critical points in anim:il and platit product~on with the 
aim of controlling the spread of food-borne pathogens. 
The C;enomics and Bioinforinatics Center of Iihxlleiice conducts research on how genes function 
(focusing 011  DNA sequancing, aiialq sis of gene mutatioiis, and thc use o f  robotics and nanotech- 
nology to study gene patterns), and bioinEormaucs, the organi~atioii and analysis of genetic data. 
Il ie  Inforination 'l'echiiology Research Center builds oii OItT\J'J, and I r I  capabihties in sciciitific aiid 
high-performance network coniputing to create new types of infc miation technology, cmpower 
research through new technology, and study the effects of its use. 
'the U? Center of Excellence for Structural Biolog) will expand the frontiers of lmosvledge in 
inomolecular structure and €unction, in partiicrship with O R N L ' s  (k i te r  for Structural hiolccular 
Biology (see Sect. 4.2.2). 
-1 new educational activity promotes ecoiioinic development in the regon. OWL and TJT have 

partnered with tlic 'l'ennessee 'Technology Development Corporation to launch the 'I'echiiopreneunal 
T,eadership Center, a graduate program that is designed to give students the opporturuty to launch nctv 
techiiology companies. The progrm: includes an agreement for access to And liccmsing o f  hcy OKNL 
technolog pateiits to the student teams/compantes that complete the 'I'echnopreneunal Leadership 
Center program. 

I he six I iT-Rattelle core universlties have made major commitments of resources to vxrious pro- 
gr;inis of collaboration w t h  OWL, including joint f;icult)i, shared research programs, and development 
nt new joint institutes. As part of the University Partnerships Initlafive, I JT-Bartelle plans to estabhsk 
additional relationships with m a p  research universlties to generate more joint :ippvintmcnts, 
cc )llaboratme research, graduate student opportunities, and regional support for OWL.  

The Laboratory d contmuc its interactions tvitli Tennessee's Centers o f  lkxl lence program for 
public higher education, which supports 26 Centers of Excellence and a number of Chairs o f  Excellence 
at 'I'eiinessee Doard of Regents ('I'HR) Institutions. ORNL is ~ l s o  a member of a coahon that unite> 
several TBK schools, the 'I'ennessee Biotechnology ,-\ssouation, 'L'ennesSeed, and Cumberland hmergng 
Technologies in a project desqgned to connect the linotvledge at Tennessee universities :mcl laboratories 
with the development of new products and services. The coahtlon d l  use a grant from the National 
Saerice Foundation to promote and support innovation and cconol~iic development. 

OlLIIJ has formed an EPSCUK China1 to develop partnerships between the T,at)oratory and 
uiik crsities from states puticipattng in the t'spcrimetital Program to Stimulate Coinpetitir-e Keseerch 
O;,PSCoR). OTCiU has also led the formation o f  an IIBCU/hLDI:T Council t o  work with the Laboratory 
on the development o f  more K&D partnerships between OlWI, and EIBCUs and other MEIS. 

At OKNL, an IIRCU/MEI Senior hlanagement 'I'eain, championed by the Deputy Ihrector for 
Sctetice arid '1'Pchnology, is load~ng an f IBCU/T\.IRT Outreach Jrutiative with three niajcir c~x72poneiirs: a 
summer research program fur ~iBC~Lr/rVlI?I facti19 , internships for students From I IRCUs and XLEIs, and 
outreach to I1H(;Us and ILIEls, inclidmg cainpus visits by ORNI, staff and other interactions. The first 
sutnnier faculty research appointment began in EcI:iy 2001. OWL has exteiidcd offers to seven faculty 
menilxrs from six HTKUs/hIF',Ts. Through the Nauonal Urban I,e;~gue's Black Executives Tlxcharige 
I'rogram (BEEP), one OltNL researcher is teachmg at an €IBCU/MI{I campus, and two more are 
scheduled to do so  in the near future. The SNS project sponsors a sunliner mtern prograin in Oak R d g e  
through the Natloiial Science FounJation's Allrance for hlmority Parttapatmi (,Zh/lF). 

Through its National Securiv Directorate, ORNL 45 hiked to the hhiiorit) Educatiorial 
Institutmns Technology Partnerships P r o p m i  (MEI'IT) adtninisrered b j  the Advanced '1 echnologes 
orgmuatiori at the Y- 12 National Security Complex. The hlEITI) cultivates long-term, niutually bene- 
ficial relationships with MEIs that result in cooperative research, educational, and economic ventures 

.. 
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OKNI, and O R \ U  have established the Oak Ridge Centcr for Advanced Studies (ORCXS) to 
scn-e as a center of intellectual inquiry and a place of interaction betwcen Laboratory staff atid university 
facultv and students. T’he statc of ‘lcnnessce has pledged $1 million for construction of a facility to house 
<>RC,\S, which will provide courses to advance the professional coinpetencies of ORNL staff, on-site 
graduate courses taught by UT‘ and core university faculty, and a “think taiik“ where OIWL and outside 
esperts can carq out intensive studies of special topics in science and technology. Construction of this 
facility, which will also house the Joint Institute for Computational Scienccs. is espccted to begin in 
1 7 1 ’  2002. 

ORNL is a collaborator on 6 of 13 university-lcd projects funded through DOE’S Energy Effi- 
c ienq Science Initiative. Academic outreach is also reflected in subcontracted R&D with university 
partncrs, which was estimated at $28 million in FY 2000. This included about 10 subcontracts with 
FIHClJs and MEIs, representing funding of about $600,000. 

6.3 0 Industry Partnerships 
As a DOE laboratory, ORNL establishes relationships with a variety of industry partners cngagcd 

in technology iiinoratioti and dwovcry. Approximately one -quarter of ORNL’s research guests each year 
are from industry. 

ORNL is an active partner in several industry consortia. including the Partnership for a New 
Generation of Vehicles (PNGV), which supports cooperative projects involving programs in DOE’S 
Office of Science and Office of Energy Efficiency and Renewable Energy (DOE-EE) and in the 
Natioiial Nuclear Sccurity Administration’s Office of the Deputy Administrator for Defetisc Programs. 
ORNI, also coniiiiuts to pursue the implementation of partnerships with companies and consortia 
representing the industries participating in the DOE-EE Industrics of the F’uture initiative. In January 
2001, OKNL was named as a partner in four new cost-shared projects that support the aluminum 
industry arid one that supports the steel industiy. 

Partnerships to transfer ORNT ,’s knowledge and technology to the private sector support the 
creation of new businesses and strengthen the economy. The 1,ahoratory’s activities in technology trans- 
fer are described in Sect. 8.1. 
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7 0 Operations and infrastructure 
‘I’hc Oak Ridge National 1,aboratory (OIWI~) is managed for the U.S. Departinent of Jlnergy 

(DOE) ly 121 -Hattelle, a partnership between the Universttj of ‘I ennessee (UlJ and Rattelle I’he 
c1 -Battelle Leadership Team comprises the 1,aaboratorj Zhector; the IUeput) fc )r Science and Teclinol- 
ogy a n d  the Uepuq for Operations; six Associate Laborator?. Dwectors jlULD5) with line responsibihty 
for ORNL’s research and development (K&D) tnissions, and seven support &rectors, who are respotisi- 
ble for establishing the policq and tools and tn;lttitamiq the subject matter cqwrtlse that cnablc the 
_ZT,lls to execute thclr operational responsibilities in dehvenng on the L,aborator)’s mission assignments. 

LTl -Hattelle is comrnti ted to sitnultaiieous excellence m science atid technology; laboratoq oper- 
ations and environment, safery, and health O;,S&H); :tnd community service. 1his  commitment guides 
ou approach to cotitinuing the safe, seaire, and cost-efficient operation of OtWL Tlie Laboratory 
Agenda (see Sect. 3.2) outlines how we wdl sustain and miprove OKNL’s abdiq to serve the needs of 
DOE and the nation through responsible stewardship of the resources entrusted to our cart.. Specific 
plans for dehvemg improvements in 1,aboratnry operations and ES&I I are d~scusscd in this sectti In. 

7.1 Environment, Safety, and Health 
T J T  Battelle is cominltted to protecting C)IWL’s workers, the public, and the envrnnment. ’1’0 this 

end, OUT philosophy is to embed KS&H practices in thc work process, so that outstandwig lS%H 
performance IS achieved as an integral element o f  doing the work o f  the Labor:itory. ‘I’hts will be 
mmnplished by clearly assigning line accountability for J-!S&I-1; enablmg h ie  management and workers 
wtli effecuve, efficient processes and tools; and providmg field-deph q7ed ESKtIJ subject matter experts 
to support the work. This approach incorporates our commitment t o  the core functions arid guiding 
pmiciples of integral ed safety management (ISM). 

7.1.1 Goals and 0 bjectives 
O u r  priniarq goal is to estabhsh efficient work processes and instill cultural behavior that produce 

o u t s i  ancling ES&H perforniance as a natural parr of doing work. W e  xvdl achleve this goal by buildlng on 
the successes o f  the past. Through our Enhanced Operational Z)iscipltne Inltvative, me wtll enliarice 
C)IINJ,’c overall operational performance b y  improving the chscipline and ititegratlon of our operations. 

0 budding on the Laboratory’s IShl prograin to extend lmplenientatloii to the benchtop, Incorporatmg 
comprehensive work plaiiriing with tailored hazard controls; 
estabhshing aggrcssiw self-assessment, on-hne lessons learned, and robust management of corrective 
actions to  drive cotitliiuous improvement at the work acuvity lwel; and 
emphasizmg environnmital protection 111 ISM to reducc envlronmeiital vulnerabilities, enhance 
waste mninmatmn, and empower waste generators to assume responstbdity for the mal e r d s  that 
they use and the waste that they produce. 

I<ey ObJectlVeS are 

e 

7.1.2 Current Conditions 
Federal and state regulations, pemiits, applicable DOE requlrements, and a Federal Facility Agree- 

ment (1TA) among DOE, the state oE Tennessee, and the Environmental Protection Agency provide a 
framework for actions to protect human health and the environment, achieve cc )mphance with environ- 
mental regulations, aiid meet public expectations. 
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Established in 1943 as an element of the hlanhattan Project’s Clinton Engiiieer Works, O W L  has 
one of the oldest physical plants in the DOE laboraton system, with a substantial legacy of ES&H 
problems that need correction. Several hundred sites at ORNL are contaminated with radionuclides and 
hazardous chemicals. Contamination of surface water, groundwater, and biota has also been detected and 
reported. Reinediation and waste management activities relating to these issues have been under way for 
several years. 111 1998, responsibility for these activities was transferred to Bechtel J acoh  Company LLC 
as part of the managemeiit and integration (hl8rI) contract for DOE’S environmental management (F;>hq 
programs in Oak Ridge. 

ORNL is engaged in basic and applied RBD in all of L)C)E’s major businesses. The Laboratoi-y 
operates several accelerators and a variety of facilities for biological, energy, materials science, and 
neutron science R&D. Radiation protection for workers and the public is required and maintained for 
accelerators, X-ray units, sealed radiation sources, and radioisotope production, handling, and use. Non- 
ralological hazards include electrical systems, hoisting and rigging operations, chemicals, biohazards, 
moving machinery, moving vehicles, construction activities, and natural phenomena such as severe 
weather. 

ORNI. also operates one reactor, the IIigh Flux Isotope Reactor. Several other reactors have been 
permanently shut down and are awaiting deactivation and decommissioning. Several isotope production 
facilities have also been shut down because of changing missions, and removal of radioactive materials 
from these facilities is in progress. Current operating missions include the processing of such radio- 
isotopes as 2slCf and ’‘% and the storage of 21W.  More than 35 facilities at ORNL arc used by Bechtel 
Jacobs for the temporary processing and storage of radioactive, chemical, and mixed hazardous wastes in 
gaseous, liquid, a i d  solid forms. These facilities include burial grounds, storage buildings, surface 
impoundments (ponds or lagoons), surplus facilities, and underground storage tanks. 

OWL‘S ISM system (ISMS) requires each line organization to have at least one ISMS plan to 
customize the ISMS principles and core functions to its operations. Organizations with complex or 
special-hazard situations have additional ISMS plans tailored to specific programs or facililies. 
Implementation of the Laboratory’s ISMS was verified in September 2000. The ISMS d l  transition to a 
systcms-based program next fiscal year consistent with the Standards-Rased Management System (SBMS) 
currently under development at O W L  (Sect. 7.1.3). 

7.1.3 e Plans 
Through our Enhanced Operational Discipline Initiative (see Sect. 7.2.1), we are developing an 

integrated SBMS covering all aspects of Laboratoi-y business. The SRMS translates laws, DOE orders, 
and regulatory requirements into Laboratory-wide subject area documents (procedures and guidelines) 
that are current, accurate, and relevant to the work being performed by staff. SBhlS information is based 
on an  evaluation of external requirements (i.e., dwectivcs and Federal, state, and local laws), corporate 
policies, and best management practices that have been determined to be applicable to ORNI, operations 
and processes. While the SBhfS does not deliver fachty,  organization-, or program-specific operating 
procedures, guidance, and requirements, it does provide the ORNI, baseline requiremcnts to be 
maintained in the development, delivery, and control of such internal operating procedures and 
documents. ’[’he SBhlS facilitates integration of the Laboratory’s business and operating processes 
through an integrated set of nianagement system descriptions. To date, 23 management system 
descriptions have been approved and approximately 359’0 of planned subject area documents have been 
issued (as of December 31, 2001). 

part of this effort, we are developing systems a t d  1-001s tliat support the embedding of 
environment, safety, health, and quality (ESHtkQ) practices and principles into the benchtop work 
planning and execution process, so that ESEI&Q becomes a natural element of doing work. Field- 
deployed subject matter experts provide support LO customers through a “purchased service” model. 
‘I’his system is expected to reduce costs, improve customer senrice, and enhance the Laboratory’s ES&H 
performance. 



,In Operations Improvement Program (OH’) instituted in PIS’ 2001 supports strategic investments 
in OKWl,’s work processes, such as the development and deployment of SBMS. _idditionalOlP projects 
that ul l l  he carried OUI dunng FY 2002 include the follotang 

T=nhancement of operations in nonreac-1 or nuclear facilities This includes configuration 
management, cross-tramng, and ehtending the facility management model discussed m Section 
7.3.3.2 to tionreactor nuclear facihues. 
Contmued operation of the Chemical Managenient Center, which pro\ ides a centralued collectloti of 
usable commercial chemical products and facilitates the redistributmn of these products. 
Completion of a Facihty tinvironmcntal Vulnerabillty Assessment [FWL\) begun t n  FY 2001” 

,hnual  Ii,S&FI, quahq , and infrastructure (ESFIQ&I) budget formulation plans and submissions 

Revitaltzauon of the 1,aboratory’s facihtm to reduce the safety and health risks created I)! outdated 
providc deraded docuinentatlon of plans for ensuring ES&II compllance. 

inhstructure .Ivil be carrted out through the Fachtles Modernization 1niti.ative described in Sect. 7.3. 

7.1.4 Environmental Management Activities 
EM acuvities at OKNL are managed by Bechtel Jacobs. ‘2 Record of Decision (ROD) tor cleanup 

of the Melton Valley Watershed was signed 111 September 2000. The ROD on future remedial actions in 
die Bethel Valley \Vatershed is being finahLcd. OKNL has partxipated as 21 stakeholtler in these decision 
processes. Environmental restoration activities in the Retbel Valley LY.’atershed, which includes the 
OIWL %am campus,” could have a sigiificant impact on Laboratory operations 

The Laboratory’s ESM&Q Dueclorate will contmue to work with Uechtel Jacobs and DOE’S Oak 
fidge Operations Office yUOE-ORO) to ensure effectwe retnekahon of legacy contamnation. ’I’he 
ltlr-ironmental Protection nnd Waste Service\ (EPVC’S) organuatlon in the ):SI I&Q Directorate is 
responsible for a variety of- regulatory progratns to ensure ORNL comphancc. 

The decommissioning o f  expensive and aging infrasuucture (see Sect. 7 5.5 2) ts critlcal to oiir 

Pacilities Modernization Initiative. It is essential to ORN1,’s future that the CM mission at O W L  
continue to receive priority support and attention. 

7.1.5 Waste Management Activities 
Waste management activities at ORNL are managed by Bechtel Jacobs. M’WS provides waste 

management support services to ORNL researchers to assure that fully characterited and cerhfied waste 
is dehvered to Hechtel Jacobs and its contractors while properly balancing cost and risk. 

The Rechtel Jacobs approach to M&I iniplemmtatton Cocuses on low-cost, filed-pnce contractliig 
of  E M  work scope to yualified vendors. This approach brings m t h  it a number of issues that c-ould have 
significant effects on OWL, such as vendors’ ab 7 to operate die complex ORN1, waste management 
infrAstructure m a safe and compliant manner, respond to our waste gentrators, and be flexible enough 
co accommodate the changu’g waste nerds of  a multiprogram laboratory. 

Responstbilq for management of newly generated sohd waste may be transferxed from DOE’S 
Office of Entwonmeiital Management to the Office. of Science (DOE-SC) m the f.3’ 2003 time frame. 
OlWL is planning for execution of the responsilxhties associated with this transfer. 

7.2 Management Practices 
7.2.1 Performance-Based Management 

The management and operation (M&O) contract between L30E and UT-Hattelle provides for the 
use of performance measurement to proinote continuous improvement and provides a basis for evaluat- 
ing contractor performance. OKNI, and DOE-OR0 work together to develop an aiinual Performance 
F.:.valuauon Plan, which links the strategic objectwes and critical outcomes c ~f the I .at>oratory ,4gtmd;i with 
L3OR’s performance expectations through a set of performance goals, tneasurcs, and indtcators. ’lhe 
I’erformance Evaluation Plan is incorporated uito the M&O contract. 
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OIWL is committed to self-assessment of all business activities as a mechanism for evaluating the 
ovcrall effectiveness of L,aboratory organizations and promoting continuous improvement. In addition, 
DOE-OR0 views the Laboratory’s self-asscssment program as a primary tool for performance measure- 
ment. i\s required by the 19-  200 1 Pcrformance Evaluation Plan, a J.,aboratory-ievel self-assessment plan 
was delivered to DOE’S ORkL Site Office and DOE-SC during the fust quarter of FIT 2001. Regular 
updates on performance and a formal status briefing at midyear were provided, and a formal self- 
evaluation report was dclivcred to the OKNL Site Office at year’s end. Self-assessment plans are also 
maintained at the division and lrectorate lcvcl, and year--end self-evaluation reports from &visions and 
directorates were used in comphng the 1,aboratory-level report, as were the results of external 
assessments, internal audt  reports, independent oversight, and customer survey data. 

O W L  is impletneiiting a Performance-Based hlanagement System (PBMS) to expand the existing 
sclf-assessment program beyond ESI J&Q compliance to an integrated sys tem that provides for the 
assessment of all aspects of ORNI, business. The PRMS will provide a means to 

interface with customers and stakeholders to determine the direction of the Laboratory through the 
development of performance objectives and inlcators, 
develop methods to monitor performance against those objectives and indcators through crcation 
of assessment plans, 
compare performance with expectations using tools defined in the various elements of the I’BMS, 
and 
implement improvements identified through the performance assessment process. 

The PBhlS is a key element of the integrated set of management systems collectively known as the 
Standards-Based Management System (SBMS), which is being developed and deployed as part of our 
Enhanced Operational Discipline Initiative. The end result will be an integratcd system for monitoring, 
assessment, and improvement of the Laboratory’s performance. 

7.2.2 Human Resources 
ORNL‘s Human Kesources and Diversity Programs (I-IR&DP) Directorate provides consultation, 

advice, and support to line organizations in several areas of human resources, including recruitment and 
staffing, compensation and performance management, personnel arid labor relations, benefit 
management, employee and organizational development, human resource idormation systems, work 
force diversity, quality of work lifc, and ad hoc consulting services. The Directorate is committed to 
delivering value-added, customer -focused, and cost-efiective services to all Laboratory organizations. Its 
goal is to devclop and maintain systems, programs, and policies that best enable ORNL to achieve its 
vision of simultaneous excellence in science and technology; laboratory operations and FS&N; and 
community service. 

The Directorate continually reviews and evaluates its programs and approaches to ensurc that 
efforts are appropriately aligned with and achievins results consis tent with current initiatives, near-term 
critical outcomes, and longcr range strategic objectives. X number of activities have been or are being 
undertaken to establish ORNL as an employer of choice in the research community and the region, in 
support of the Laboratory Agenda. Special emphasis is placcd on enhancing the abdity to attract and 
retain employees with strategic skills, enhancing the diversity of the work force, and identifying and 
implementing progrcssive work-life programs. 

Within the I-IR&DP Directorate, the Staffing Management and Diversity Programs Division is 
charged with ensuring a coordinated effort to provide the Laboratory with a diverse pool of canilldates 
for employment, thus supporting ORNL in addressing strategic s M s  needs and increasing the prcsence 
of minorities and women in senior management and senior individual contributor and researcher roles, a 
key TJT-Sattelle commitment. 

X human resources information system (HRIS) developcd as part of OWL’S SAP R/3 entcrpnse 
information sys tem is now the primary platform for processing employee transactions and maititailling 
records. HRIS will also serve as a management information platform to givc line organizations ready 
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acccss to employee dernographic ;incl labor cost information, supporting management drctsions. Near- 
term efforts will be focused on transfermig histcmcal data aiid aiicillnq processing actilititfs into SX1). 

1 lumm resources challenges for the planning period include the increasinglj coinpetiti-ve market 
for workers with strategic skills. Sigiiilicnnt numbers of employees are eligible to retire in rhe next several 
years, talilng with them vast amounts of technical knowledge and corporatc memory ’l‘hese challenges 
mil be met through a cumprehensivc staffing manageimnt approach that includcs 

identi€ving strategic skills and Lnowledgc requnernents, evaluating turnover pattern< to idenu+ 
vulnerabilities, providing approaches to ensure a transfer of kiiotvleclge from our eqxxienced 
contributors to those who WIU take on the challenges of the future, ensuruig the implementation of 
competltive strategies to retain, attract, and reward those w t h  strategc shlls (sec Sect. 7.2.2.1); 
providing an effective performance management component (see Sect. 7.2.2.2); and 
addressing employee “quality of work life” issues (see Sect. 7 2.2 3) 

OKNL w~ll continue working to recruit, retain, and develop ‘1 diverse work force; to  promote 
understandng and valuing of differences; to create xn environment that accommodates the Future work 
force; aiid to ensure that the required skill sets :md employee resources are available to support the 
1,aboratory’s business and research objectives. 

7.2.2.1 Securing and Maintaining Strategic Skills 
The Staffing bfailagement and Diversity Programs Division, with the active support of. the h e  

organimtions, has developed an approach to ensuring rhe avallablltty of strategic skdls. l-lach functional 
organization has identlfied skd  requirements and developed s t rarcps to secure the required skills. ’I’he 
process ensures a review of  internal skill resources as well ;is those potentially a~atlable at other Hattelle- 
affiliated laborat ories. 

’l‘he 1Amratoi-y undertook a comprehensive needs assessment to provide a conrempnmry v1cw of 
needs in emplojee and orgaruzatloiial development. Analysis of the results was cotnpleted in June 3001, 
and an implemeiitauon plan has been drafted. The plan idetitifiies tasks to be undertaken duniig the next 
three years to meet top-priority training needs, improve succession planning and inchidual development 
plannmg, and support a tnentoringlcoaching process for high-potentd employees. 

7.2.2.2 Performance Management and compensation 
ORNL has implemented a new performance management arid compensation system. ‘The need for 

changes in OIWJ,’s compensatlon system was recogwed and reported in the late 1990s The new 
system responds to this need and i s  desigmed to support the I ~ l x x a t o r y  Agenda and DOE’S missions by 
enhancing ORNIA’s ability to successfully attract, retain, arid motivate staff. 

The ne\v system is ;I broadband hybrid that better responds to the contemporary needs of the 
1 .;iboratorJi. ’lhe system provides appropnate controls vchle allowing for f-lexibility in responding to 
market pressures. In adhaon, this more contemporary system better accommodates staff dcvelopmetit 
issues and can be readily adapted in response to organizational changes. 

Continuing attention to the coinpetltlveness of OKNL‘s salaries wvdl bc r e c p e d  during the 
plaiirling period. X threeyear program, t o  be completed 111 FY 2002, has brought ORNL’s K&D salaries 
in line with the competittve market. This effort has also been extended on a targeted basis to address the 
cotnpetitiveness of sonie non-I<&D salartes. \%’e must condnuc to evaluate our pay prograins and 
implement approachcs that ensure the competihveiiess of our salaries and at the same time support our 
commitment to drive down costs. 

7.2.2.3 Quality of Work Life 
Tlie I%I<&L>P Ikrectorate regards ORNT, employees as Its customers and places R premium on 

understanding their needs. .ittenuon to employee issues and concerns is reklected in the development 
and impletneritatron of prograins and processes rhat support efforts to make ORNL an “miployer of 
clioice,” thus ensuring that we maintain a highly motivated and poductlve work force. 
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Employee Benefit Programs 

In April 2000, O W L  entered into a formal agreement under which Lockheed Martin E n e r g  
Systems, Inc., then the hZ&O contractor for the Oak Ridge Y-12 Plant, essentially served as a third-party 
administrator for OKNT, hcaltli benefits and welfare and retirrment savings plans. This approach best 
cnsurcd a smooth and uninterrupted transition of benefits under UT-Battclle and provided an 
opportunity to review OWL’S benefit plan requirements and develop benefit plans that provide the 
most efficient and cost-effective delivery of benefits to employees. 

The third-party administrator responsibility passed to IJW’XT 1’-12 in November 2000 with the 
transition of the hf&O contract for Y-12 (now known as the Y-12 National Security Complex). The 
Laboratory is fully and equally represented on the benefit administration and investrrient committees to 
ensure that OKNL’s interests and assets are given appropriate consideration. 

A comprehensive review of the benefit program in FI‘2001 included a review of benefit plan 
designs, program administration, and communication strategies to ensure that our benefit strategies are 
ali‘gned with the Laboratory Agenda. We urll continue to review the benefit program on an ongoing basis 
to ensure that it is achieving desired results. 

Work Force Diversity 

’i’he 1,aboratory is committed to achieving its strategc lrusincss objectives by capitalizing on the 
diversity of its work force. The Office of Federal Contract Compliance Programs (OFCCP) conducted a 
compliance rcview of ORNL in F1’ 2001 and took note of ORNL’s model policies and procedures 
designed to prevent sexual and racial harassment in the workplace. In recognition of these efforts, 
OKNL has been placed on the OFCCP Region IV Racial/Sexual Harassment IIonor Roll. ORNL has 
also received a DOE Award for Progress in Equal hmploymcnt Opportunity/Diversity. 

In  adltion to its annual XffKmative Action Plan, which assesses progress toward meeting annual 
objectives, ORNI, has established a Diversity Plan (updated in December 2000) that outlines a means for 
promoting a high-performance, diverse, and inclusive organization. This approach ensures development 
of clear objectives. establishes roles and accountability, and provides for a critical assessment of results. 

A11 Laboratory &visions have Work Force Diversity (WFD) representatives appointed by division 
managers and dwectors to assist them in developing, implementing, monitoring, and reporting 
affirmative action. Each year, OWL celebrates Martin Luther King, Jr., in Januai-y, Hack History Month 
in February, [Vomen’s I-Iistory Month in March, Asian Pacific American I Ieritage Month in May, 
I Iispanic fieritage Month in September and October, Disabilities Awareness Month in October, and 
Veterans’ Day and Native American Heritage Month in November. 

Employee Concerns 

ORNT,’s Employee Concerns Program provides a mc-ans for management to learn about and 
understand employee concerns. The program also serves to ensure that all employees know that their 
concerns and suggestions will be taken seriously and feel free to voice them. Key aspects of the program 
include an easy process for submitting su‘ggestions and concerns, a specified time frame in which the 
employee’s concern should be addressed, a two-step appeal process, and an alternative dlspute resolution 
process. 

Quality of Work LifelWork Environment Surveys and Actions 

An initial “quality of work life” survey, to which 66041 of salaried employees responded. provided 
information on a number of high-priority issues. We have taken action to address many of the top items 
that were identified. Efforts include the development of an on-site fitness center, financial planning 
programs, arid improvements in physical fachties. X follow-on “quality of work environment” survey, 
with a 60% response rate, provided flirther information about employee perceptions of work 
organization, working conditions, supervision, communication, job satisfaction, and other topics. 
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7.2.3 Security, Intelligence, and Nonproliferation 
OKNI is conitnitted to protcctliig cuttmg-edge resewch, national security interests, prvprieta? 

inforniatic )n, personnel, properq , and the geiicral pubhc. ’I’lie Laboratory fully supports DOE’S efforts to 
strengthen counterintelhgencc and securj t? at its f‘ichtlc5. Safepards and security ineasures are focused 
o t i  producing an overall secunty posture that is appropriate to ORNL’s research nussion’i and activities 

X graded approach that incorporates threat analyses, risk assessments, and cost /benetit an:ilyses is 
apphed t o  ensure apprctpriat e protection of all sccurit! arid safcguards interests, incluchiig classified and 
unclassified material and information, specd  iiuclear inaterial (SNM), and other L .S gorernment 
property. ’lhreats to these assets and interests include compromise, loss, theft, diversion, espion.ige, 
sabotage, subversion, and other rnalevolent or inadvertent acts that may cause unacceptable n 
natlonal security, econoinic advantage, worker or pubhc health ;tnJ safety, or the eiivironinetir. 

OKNL has a Site Safeguards and Security Plan (SSSP) and specialved security plans to address 
both routme operations atid contingenctes. Prograins are in place to ensure physical securit-) , propertj 
protection, nuclear material control anti accountabhty, personnel sccunty, mformauon security, and 
coinputer and network security. Strategies developed and implemented to ensure tlie protection of site 
security interests are desigied to assure tht, reyured levels o f  protection, whle accommndsting the 
multqxirpose K&D missions of the L.;tburatc~ry. Progratns are also developed as needed to assess the 
potential for radlological or toxlcologicd sabotage and niitigate die potential consequences of such 
evenis. 

Under a pnme cotitract with DOI.;-OKO, LY’ackenhut Services, 1nc.-Oak Ridge fi\’SI-Ol<) pro- 
\ idcs sclected protective security services fc )r the Labor,itq. Overall programtnauc responsibhty for 
man;igemcnt of most major security programs remains \mth ORNL, wtli the notable exception of the 
protective force situated at the 1,aboratory ‘lhe purpose of the WSI-OK prme contract with DOE,- 
0110 is to provide the appropriate numbers of qualified personnel to support selected protective 
services actn-ittes at OKNL. 

OW’J, works ui concert w t h  WSI-OK to eiisurc proper protection of DOE interests at the 
1,aboratory. 7he ORNI , Security Dcpartmcmt, part of the Laboratory l’rotecuon Ilivisioti of ORNL‘s 
Fiacdities and Operation:. Directorate, also partners with ORNI, line orgamzations, customers, arid DC)E 
to develop and malntaln appropriate, cost-effectme security systems and procedures for addressing 
protectton issues. 

LA June 2000 safeguards and secunty inspection o f  ORNI, conducted b j  DOE’S Office of  
Independent Oversight and l’erformancc Assurance led to several findmgs. hIost of these concerriecl the 
protection o f  tnformation. \Ye have completed all o f  the conecttvc acttons atid opportunities idenufied 
in the mspectlon report. 

Although relatively IIttle work that must be shielded or protected for reasons of national secunty is 
conducted at OKNI,, the events of September 11, 2001, changcd the Laboratory’s security environment. 
Iiecommmdattons from the “open campus” reconfiguration study coinpleted in I;Y 200 1 are bemg 
implemented as appropriate given the need for enhanced security. We have tnovcd ahead wlth the 
transition to a buildmg-based secunty permeter, but we are also worhing with DOE and \iX’ST-OK to 
control access to the J,aboratoq by estsbhshmg checkpoints at the east and west ends of Bethel Valley 
Road This is viewed 21s a n e c e s s q  and prudent step in protectltig OKNL employees and assets. 

l lunng the planning period, we wvill continue worlilng to ensure that safeguards atid security 
tneasures are focused where appropnate and to configure the security perimeter of the site so that 
requued levels of protectloti are provided t o  security interests with the minimum hndrance to the flow 
of people, equipment, and material through( )ut the site 

7.2.3.1 Intelligence and Counterintelligence 
Measures are in place to deter and neutraltze foreigii industrial or Intelligence activities dvected at 

or inrolwng DOE programs, fiacihtles, technolo#, personnel, atid classified and unclassified iiifortnation 
at ORNL. ’lhe OiWI,-based Office of Countemtelllgence provides support to the D C  Oak Ktdgc 
cotnplex. The office tracks probes for classified, sensitive, or proprietq information by unauttionzed 

Operations and Infrastrucrure *:e 7-7 



personnel; personnel seeking unauthorizcd access; and compromising behavior on the part of sitc 
personnel. ’lhis office also handlcs briefing and dcbriefing of ORSU’J, staff who are traveling to other 
nations, w-ith an emphasis on travel to sensitive countrics. and provides training to ORNL hosts for 
foreign national visits and guest assignments to the sitc to ensurc that hosts are fully copizaiit of thcir 
responsibilities with respect to thesc visitors and temporary assignees to the Laboratory. 

7.2.3.2 Integrated Safeguards and Security Management (ISSM) Program 
’The Laboratory is in the process o f  instituting an Integrated Safeguards and Seciirity Management 

(ISShq program designed to improve the efficiency and sccurity of the work being conducted at ORNI,. 
’l’he ORNI, ISSM program will include all levels of activity and \vi11 requirc the direct involvement of all 
O W L  staff. Line management w d  be held both responsible and accountable for ensuring that securit). 
issues arc addressed in all operations and research activities. Safeguards and security suhject matter 
experts will work in conjunction with line niaiiagers and researchers to ensure that work at O W L  is 
performed securely and that the ISSM program is inipleniented successfully. An ISSM program 
coordmator/steward has been appointed, an ISSM program descript:ion has bccn included in the ORNI. 
Standards-Rased Management System (SBMS), and an ISSM implementation plan is in the execution 
phasc. Implementation plans for ISSM during FI’ 2002 include the cstablishment of an ORNI, ISSM 
Senior hlanagement Council, to be chaired by a senior management ISSM champion; cstablishment of an 
ISSM working group chaired by the program coordlriatorlsteward; development o f  an ISSM web site; 
deployment of a formal ISShl awareness program; and training of O W L  staff in ISSM program 
objectivcs, guidmg principles, and core functions. Full ISShl program implementation at ORNJ. is 
planned for completion by the end of W 2002. 

7.2.3.3 Physical Security 
ProtectiPe force operations at ORNJ. are provided by WSI-OR under a prime contract with DOE- 

OKO. Operations for OKNL are designed to keep the facility, its employees and visitors, and all 
government property safe and secure while maintaining a “user-friendly” atmosphere with minimal 
impact to operations. The physical security team in the ORNL Security Department provides a11 
integrated, site-specific safeguards and security program that includes programs for protecting critical 
infrastructure, SNhl, and other government assets, includmg classified matter, controlled substances, 
prccious metals, and other sensitive items. 

Protection of DOE propcrty and unclassified facilities is provided by policies, strategm, and 
physical protection measures detailed in the l’t-opei.!y Pmtectian I’uligy Guide .for the Oak Ridfe National 
I l r l?omtui~~ (ORNL-LS-G3, December 1998). The protection of SNM and classified matter security 
interests is addressed in both the Site Safeguards and Security Plan and a Site Security Plan. Elements 
such as access controls, protective forces, barriers, and the Property Management System are integrated 
in a graded program that provides appropriate levels of protection for facilities and property. The 
Lalxmntorj- Protection Division assists organizations in developing protection elements tailored to fit tbe 
needs of their operations while providmg protection in accordance with DOE and ORNL requirements 
and guidance. 

As describcd in Sect. 5.4.1, Building 3019 at ORNL provides shielded, safcguarded storage of 133U. 
Defense Nuclear Facility Safety Board Recommendation 97-1, “Uranium-233 Storage Safcty at Depart- 
ment of Energy Facilities,” is being implemented through the 2 . W  Inspcction and Repackaging Projcct 
(IRI’), which provides for the inventory, inspection, and rcpackaging (as needed) of materials stored in 
Buildtng 3019. Additional protective Lorce staffing d be required during the project to ensure that 
securic requirements are met. 

The ORNL Security Department, WSI-OR representatives, and the ORNI. Chemical Technology 
Division have developed contingency security planning for the phased implementation of this project. 
During the early stages of the IRP, Category I11 quantities of SNM stored in Building 3019 \vi11 be 
accessed, and some addltional security measures will be applied with available resources. Later. Category 
I quantities of SNM will be accessed, and additional protective force staffing \hiill be required. The 



National Nuclear Security Administration’s Deputy Administrator for llefense l’rograrns (DOIi-I>P) will 
fund the costs associated with both addtive security requirements and operational issues involving the 

1 tie transition to a builhng-based security perimeter, using technology (e.g., electronic card 
readers) to control access, as appropriate, is under way. l’his action should reduce the cost of physical 
security, improve access for guests and .visitors, cnhance the protection o f  in forination, arid simplit’y and 
strengthen processes suppcrting foreign national visits and assignments. The new state-iiinded and 
privately owned buildings scheduled for construction as part of the OlWL Facilities lievitalizaticm 
Program (Sect. 7.3.3.1) will iticorporat:e these security features. Specifically, these new- facilities will 
include automated access controls (using proximity card reader technology) a t  building perimeters, a key- 
atid-lock program designed to provide appropriate levels of protection for dfferent areas o f  the 
buildings, and intrusion detection systetn equipment and closed-circuit television (CclY) coverage for 
sensitive areas such as conlrnunications rooms and classified work areas. The T.,aboratory Protcction 
Division has also established a procedure within the SUMS that requires safeguards and secuity subject 
matter experts in the OKNL Security Departnient to work with €acility managers for all ORNI., buuldngs 
to develop formal, written Facility Protection Agreements. These agreements will es ta1disl-i the security 
operation practices for each fachty. 

23.3CT IRP. 
* -  

7.2.3.4 Information Security 
Protection and control of classified and sensitive information includes the following elements: 

Operations security (OPSEC) 
Classified matter protection and control (CMPC) 
Technical surrdlance countermeasures (TSChl) 
Classification and information control 

.All o i  these elements are addressed in I.,aboratc:)ry directives. 
The Security Department manages the CLPC and TSCM functions tco ensure appropriate levels o f  

protection against unauthorized access, loss, or compromise of classified matter under the purview of the 
L,abor:itory. The physical protection of itifonnation includes a n  integrated sys tetn o f  inforination security 
activities, programs, systems, and policies to assure the protection of sensitive technologcal and 
proprietary data as well as classified inforina tion. This system includes the OKNI., OPSI.<C program. 

’Identification and handling of classified and other sensitive inforination is overseen by the O W L  
OEfice of Technical Tn formation and Classification, which provides guidance aid consulting in this area 
to Laboratory staff. ’llie ORNL Technology Transfer and Economic Development Directorate and the 
General Patent Counsel within the OIUXL Legal Directorate also contribute to ensuring the protection 
and effective management of the I~aboratory’s intellectual property. 

7.2.3.5 Cyber Security 
The Computer and Network Security (CNS) group in OKNL’s Networking and Computing 

‘I’cchnologes Division is responsible for both unclassified and classified cyber security programs at 
OIWL. This group provides a dedicated ORN’I., resource for responding to die challenges of cyber 
sccurity, drawing on a long history of effective and aggressive q b e r  security at OIWL. The Laboratory’s 
teclinical expertise is a key resource in staying ahead of the technical challenges in this area. 

The CNS mission is to protect infcrmadoii on OKNl., automated information systems (AIS), 
commensurate with the risk of loss and hwm, 2nd to protect access to and from ,ITS on the Oak Ridge 
Network. CNS staff work with personnel in the Networking and Computing ’I’echnolo$es Division, 
with the Integrated Operaticxis Support Division, and with the designated division computer security 
officers (DCSOs) within each ORNI, division to ensure effective implementation o f  the 12al~oratory’s 
computer security program. 

To optimize q b e r  security, ORNL must balance the need t o  protect resources and information 
from unintended use or mcxbfication atid the requirement for openness of resources and infomiation for 
authorized public and collaborator access. 



An integrated security feature on OKNI,’s internal Web sei-vcr, "Doorkeeper," reduces the irsk of 
unauthorized access to access-controlled pages. Intrusion attempts are reported to DOE‘S Computer 
Incident ildvisorv Capability (CIAC), with “cease and desist” messages sent to offenders. Users of the 
central electronic mail system are aggressively protected from viruses at the server level. This saves 
computer users a great deal of effort compared to the esperience at other iristitutions. 

Remote access to the 1,aboratory’s user facdtties is an essential element in the “v-irtual laboratory” 
concept. This access supports OKN1,’s science mission and is esscntial to the ability to work with sub- 
contractors and other partners over the Internet. An cnterprise-scale Virtual Private Network (N) 
capability allows partners and collaborators to use their existing Internet coniiectioiis to access the 
IJaboratory’s resources securely over the Internet. Other cyber-related technological enhancements will 
be installed; these include a network perimeter (firewall), other secure remote access tools, and internal 
in formation segregation. 

Employees and subcontractors who send or personally carry computer hardware and software 
outside the United States must follow requirements in accordance with U S .  export control laws and 
regulations. The Contracts Division within the OKNL Business and Information Services Directorate 
provides guidance and assistance in export compliance. 

7.2.3.6 Foreign National Visits and Assignments 
‘Ihe O W L  Security- Department manages the Laboratory’s 1;oreig-n National Visits and Llssigt- 

meiits (FNV&A) Program. ‘l~he program, which is conducted in accordance with DOE Notice 142.1, 
“Cnclassified Foreign National Visits and Assignments Program,” July 1 4, 1999, DOE Notice 205.2, 
“Foreign National riccess to DOE Cyber Systenis,” November 1, 1999, is applicable whenever a 
“presence” at the I~bora tory  is requested for a foreign natiotlal. 

All requests for foreign national visits or guest assignments to the 1,aboratory are processed by the 
Laboratory Protection Division. Integrated within the formal approval process are a requirement for visit 
and/or assignment hosts to receive recurring training from the Office of Counterintelligence (see 
Sect. 7.2.3.1), a requirement for hosts to formally acknowledge personal acceptance of responsibility for 
adherence to an applicable security plan for the visit or assignment, and, when necessary (e.g,, for visitors 
or  assignees from sensitive countries), documentation of assurance that a required Indices Check has 
been completed. C>nly when all requisite actions have been completed is visit or assignment approval 
referred to the Laboratory Director or authorized delegates for approval. Also, when questions or issues 
arise with respect to a particular visit or assignment, the J,aboratoi-y’s Non-Citizen Access Review Com- 
mittee is convened to evaluate issues and to make a final recommendation to the authorkzed approval 
authority on whether (1) the visit or assignment should be allowed to proceed, (2) supplementary security 
measures should be applied, or (3)  the visit or assignment should be denied. 

7.2.4 Information Resource Management 
ORNL is committed to mmagmg and using its technical and administrative inforination as both 

an institutional and a multinational asset. The goal is to create an environment in which access to and use 
of information is a noiiintivsive enabler of acheving the R&D missions of O w l d  while protecting 
valuable assets. 

The Networking and Computing Technologies Division and the Integrated Operations Support 
Division work together to provide the strategc framework for information resource management for the 
Laboratory. These organizations also work with the OKNL Security Department to ensure information 
security (see Sect. 7.2.3.1) and cytier security (see Sect. 7.2.3.5). Outsourcing has been used to augment 
serviccs and to provide access to capabilities not available at OKNL. 

ORNL uses its information management expertise and estensix,e investments in computing and 
networking techiiology to enable thc conduct of R&D. The Infomution I$?aitrtC~;tttw Strutegii Plan @eLi. I )  
identifies four major focus areas that require strategc planning to meet the needs of ORNL staff in thc 
future: 
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Mo1)ili ty/universal access-telecoznniutiilg, remote research, etc. 
Collaborative environmetii-mullipro~ra~n and multiclisci.pliixiry projects 
Intelligent tools for leveraging litiowledge--itnyroved interfaces and intelligent agents 
Integration of O K N L  inforination eiiterprise-infortnation architecture for more efficient use o f  
systems 

Implementation teanis develop roadmaps for achieving improved user experiences in all of these areas. 
Cost-benefit analyses will he perforined to ensure that cost- savings are a key driver in irnplemerita tioti. 

Other priority activities include iinphnentation of a managed hardware atid software program and 
development of core sofhvarc standards t o  s trengtlien management support for information as a 
corporate asset. 

’l’lie growth arid popularity of the Internet have allowed 01WL to share more in fortriation that1 
ever before with a global audence. ’I’he ORNT., public Web site provides a means for the public to 
submit information, inake comments, and request information. Web servers are the principal chstribution 
point for information products from ORNL’s information centers and databases. 

Web access to key electronic infortnation sources tna,ubnizes the xvailability of information to 
ORNL staff. Enhanced access to such information has been effected by a consortium of Libraries at 
DOE labimatories. The Laboratory’s Research Libraries have added half a million dollars worth of  elec- 
tronic joumds, at no additional cost to OKNIL, effectively tripling the size o f  the electronic journal 
collection. 

7.2.4.1 Scientific and Technical Information 
Scientific and technical information (S‘I’T) is a prirnary producr of ORNT,’s R 8 m  efforts Unless 

specified otherwise by the sponsor, CIRNJ, research activities culminate in STI  that is s h a r d  with 
researchers and die general pubhc worldwide. Many of these pubhcations are forwarded to DOE’S Office 
of Scientific and ’I’eclinical Informalion (OS’I’T), wlierc they arc made available for downloadng on the 
Information Bridge Ol~: / /” \~~.doe.go~~/bridgc) .  ORNI, is now using an electronic dcmiment 
clearance process that enables documents t o  g o  electronically from the aurlior’s desktop into DOE’S 
Information Bridge. Since January 2001, all of CIRNL’s submissiotis to OS’I’T have been electronic In 
addmon, much of the 1,aboratory’s STI is now avadable through Ltiternal and external Web sites. 

OKNI, is home to one of  the most extensive and authoritative complexes of scientific data and 
information analysis ceiitcrs in the United Stat e5, w t l i  several information analysis centers and more than 
200 textual and/or nunieric databases covering various technical disciplines in support of DOE aiid 
other customers (e-g., the Nattonal Acronautlcs and Space i\dmnistratmii, the U S .  T<nvlronnimtal 
Protection -4genq, the Department of Health arid I luman Services). 01W1, expccts t o  contmue its work 
to support national needs for scientrfic. and technical information. Programs wdl be structured to take 
advantage of emergig information management technologies. 

7.2.4.2 Administrative information 
Most of ORNL’s core business apphcations-including tnost aspects of payroll, benefits, aiid 

hunian resources-are handled by a single business software system, SAP K/3 (see Sect. 7.2.5). Studies 
continue to evaluate implementation of adchtiotial functions supported by the SAP software suite. 
Internal and external interfaces are also being evaluated for replacement or elimination. 

OKNL and the Pl&O cvntractor for the 1’-12 National Security Complex previously shared 
several business systems (software, hardware, and related data) More than 90 shared systems were 
separated before Llprd 1, 2000, and ORNT, is aggressively separating tlie remaning non-LW systems, 
creating an independent systems environment far the first time. ’l‘his mll become the baselme for all 
future activities. 

OKNL continues ti:, improve employee access t o  information needed in tlie dally conduct of 
operations. \Web technologies are applied to increase desktop access co information, with an emphasis on 
rcducing costs and increasing end-user efficiency. hcuvitles include 
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encouraging use of the Web as the preferred intcrfacc for forms and business applications; 
supporting \Y,'indows, MacOS, and CNIX client platforms; 
upgrading operating sys tei-ns and telecommunications; and 
initiating a hlanaged I Iardwarr Program (implemented in July 2001). 

The \Veb has become the interface of choice for the Laboratory's internal administrative 
information and business applications and is the preferred interface for all strategic business applications. 
Information is distributed to staff through the Web, and most business processes have Web interfaces 
for staff input. The Managed Hardware Program provides staff members with an efficient arid cost- 
effective way to acquire or upgrade to desktop computing resources that are preconfigurcd wit11 the 
labor at oil;'^ standard tools. 

7.2.5 9 Business Management 
O W L  is dedicated to continuously improving its management practices and operations, nialiing it 

a more effective and efficient organization that is prepared to meet future operational challenges. The 
business management organization provides comprehensive financial experhe and support to all Level 1 
managers. 'l'he UT-Rattelle Leadership Team addresses decisions affccting the Laboratory to ensure that 
business decisions enhance and support the future direction of the T,aboratory. Laboratotylevel financial 
decisions are reviewed and approved by the Leadership Team prior to implemcntation. 

Our Maximizing Kesearch Effectiveness Initiative enlists all staff in a commitment to achicve 
indirect cost rcductions that wdl deliver more R&D per dollar spent and provide more resources for dis- 
cretionary investments in capability development and infrastructure revitalization. ORNI, is committed 
to achieving a composite multiplier of 1.7 by the end of FJr 2003. Business management processes 
(travel, payroll, procurement, etc.) d 1  be evaluated for possible process improvements and cost 
efficiencies. ORNJ, wdl also implement an integrated planning and budgeting process that ensures a 
structured, lsciplined process for the allocation of the Laboratory's dtscretionaq- resources. 

ORNI, continues to optimize the SAP K/3  enterprise information system. SAP K/3 is a fully 
integrated information system that eliminates the need to maintain and update multiple databases, thus 
reducing the costs required to maintain a number of nonintegratrd business systems. SAP also supports 
all client platforms (Windows, Mac, UNIX) and provides an aggressive Web interface strategy. 

ORNI. is providmg additional enhancements (e-g., custom reports) to the current SAP system in 
an effort to further meet the needs of end users. Basic cost and procurement data and the Internal 
Approval Level process have been added to the SAP Web application to improve employee access to 
information. Adltional systems and processes (such as travel and the Payroll, Absence, and 1,abor 
System) are curreridy being evaluated and may be absorbed into SAP in the future. 

A new Laboratory organizational structure was implemented on October 1, 2001. This 
reorganization was undertaken to better align ORNL's capabilities with anticipated business 
opportunities, to eliminate a layer of management, and to reduce the cost of doing business. The number 
of research divisions was reduced from 19 to 16, a new- Computing and Computational Sciences 
Directorate was established, and the section head level of management was eliminated. 

Other changes in ORNL's business operations includc the establishment of a structured process 
for reviewing and approving all inlrect  budgets, particularly &vision organization burden, program 
office costs, and other service centers. An Indirect Budget Review Committee is being established to 
ensure that w-e maintain a far more uniform and consistent treatment of indirect costs across the 
Iaboratory. These management changes will play a major contributing role in the planned reduction of 
indirect costs. 

7.3 * Site and Facilities Management 
OKNL is committed to good stewardship of its resources, both in management of existing 

facilities and in planning for future needs. In addition to management and maintenance of buildings and 
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facihties at the main Jdmratoi? site, UT-Dattelle is responsible for (1) site and facility p1:inning for 
OKNL a i d  (4 tnanagement and plamiiiig for most of tlie undeveloped land area of the -14,OOO-Iia 
(34,424-acre) O a k  Ridge Reservation. 

Prograins at OIWL require a variety of buildings and equipnxri t, including specialized rxperi- 
m e n d  laboratories, a large compleineiit of office space, ;ind major utility and waste &sposal facilities. 
ORNI, has one of the oldest physical plants in the DOE laboratory system, and continuing efforts will 
be required during the planning period to renovate and rehaliili ta1.e general-purpose l~uildings :ind ut&? 
systems that have cieterior:ited owing to insufficient capital improvement ftinding for modernization and 
adaptation to changing program needs. 

’Ihe U1’-Rattelle Leadership Team has undertaken the revitalization of the OKNT. campus. The 
scope of the revitahation effort includes the construction of new research and admiiiistration/support 
facilities, the reriovation of existing facilities, and the cotisdidation of OKNL’s w-ork at the main 
1,aboratory site in order to build an integrated research cainpus for the 21st century. This Facilities 
Modernization Initiative is a key element of tlie Laboratcxy Agenda (see Sect. 3.2). 

‘The O R N L  1Lind and Fb~z;lities l’km (updated annually; the current version is available on the World 
Wide Web at littp://www-.oml.go~~/-dmsi/landUse/plan.htn~) provides information on latid arid facil- 
ties use and planning for the 1,aboratory. Compr.ehen.rim Inteyuterl I’hnn+< 1’rorol.e.i.ifor the Oak 1 W f e  0pcrafion.s 
S ~ J -  (OI<NL/M-G?17, September 1999; http://~w.~)rnl.~~)v/-dinsi/cip/cip.httn) is a planning refer- 
ence that identifies primary issues regarding major changes in land and facility use for three DOE sites, 
including the Oak fidge Reservation. O W L  developed a SlratqiL, F”dihr Piun (ORNI,/’I’~,1-2000/238) 
to support LXIE-SC in preparation of an Infrastructure Needs Assessment Report to address the issue 
of tnodernizing its laboratories. The Oak Ridy ililtionui L h o w t o r ~  F d i t i ~ ~  Reuita/iy&w I’rqject-Pry>i.t 
Muw~yment P h n  (C)RNZ,/’T‘~I-2000/174) provides fiirtlier detds on OKNL‘s plans. 

7.3.1 laboratory Description 
ORNI.’s main site encompasses approximately 450 ha (1,100 acres) in the Bethel and Melton 

valleys, approximately 16 km (10 miles) southwest o f  the center of the city of Oak Ridge, Tennessee, 
with adlticmal facilities located on the adjacent Copper Ridge. ORlVL also occupies space at the Y-12 
National Security Complex (formerly the Oak Ridge Y-12 Plant) and leases some space off site. 

The OKNL site has many fuiictions and requirements similar t o  those of a sinall city. It is sup- 
ported by a dedicated h e  department, a tnedicnl center, a security force, and a steam plant. Amenities 
include 290 km (1 80 miles) of roads, 55 km (34 i d e s )  of overhead power lines, 8,230 111 (27,000 ftj of 
steam lines, 30,480 m (100,000 ft) of treated water piping, and -90 ha (225 acres) of mowed grounds. 

As indcated in Table 7.1, builciings at the Melton Valley and Bethel Valley sites and Copper Ridge 
comprise -316,000 square meters (3.4 tnfion gross square feet) of building space; at ’17-12, OKNI, use 
accounts for -88,000 square meters (0.95 million gross square feet) of building space. 

Facilities accepted into DOE’s E M  program aiid those that are part of the waste management sys- 
tems man:1ged by Hechtel Jacobs under the M&I contract have been transferred to Bechtel Jacobs to 
facilitate the accomplishment of contractual responsibilities. With the exception of these facdities, ORNI, 
has full responsibility for irs Bethel Valley and Melton Valley sites and surrounding areas. OKNL is also 
responsible for tnanageinent of ati 8,530-ha (21,0?6-:icre) portion o f  the -14,000-ha (34,424-acre) Oak 
Kidge Keservation, includng ORNL, facditics and most of the --8,000-ha (-20,000-acre) Oak Ridge 
National F.nvironrnrnta1 Research Park. At the Y-12 National Security Complex, ORNT., has responsi-- 
bility for building maintenance and E.SH&Q functions as approved by Memoranda of Unders tancltng 
with Y-12. OWL has identified 129 fiacilities as surplus to its needs. O f  these facilities, 89 are not con- 
taininated and do not appear to meet criteria for transfer to the EbI program. 
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Table 7.1 
ORNL space distribution 

~ 

Ihddingz 1 railers 
~ __  __ 

J,ocation Number Space, ft2 Number Space, ft? Total space, ft2 
~ ~~ _ _  ___ _ _ _ ~  ~~ __ 

OKNI, main site 
UT-Battelle (IIOI- -SC) 330 ?,991 ,876 5- 51,983 1,044,859 
UT-Battell? (I)OF-I)PJ) 1 37,191 37.1 9 1 
Hcchtel Jacobs ~ 130 115,482 31 26,662 42,144 

_ _ _ _ _ _ _ _ _ _ _ _ ~  ~ _ _ _  
Subtotal, OKNL main site 16 1 3,4-4,549 89 '9,645 3,554,191 
OKN 1, off site. American 

Museum of Science and hncrgr 3 56,583 1 552 j7,135 

L e a d  off site 5 29'7.06 1 ~ 297,064 
Total 485 4,751,084 91 80,877 4,831,961 

m e  National Nuclear Secuiir\ Administration's llepun Administrator for Defense Programs O\L ns Bmlding 3019X 

OKNI, at k--l? 16 922,888 1 680 921,568 
- - 

~~ 

OKNL actively uses the Condition rlssessment Information System (L'IIS) to document facility 
condition. A full-time condition assessnient survey team performs assessments of O W L  facilities on a 
periodic basis, with each facility inspected at least once every three years. Replacement plant value (RPV) 
is presented in Table 7.2. The overall cotidition of the spacc is shown in Fig. 7.1, with details on use of 
spacc in Fig. 7.2 and a summary of building age in Fig. 7.3. 

Table 7.2 
Estimated replacement plant value 

(in rmllions of W 1997 dollars) 
-~ ~ 

I+acllltv ti pe Keplacement cost 
Buildings and stmcmrcs 
Utility systems 
All other 

3,494 
650 
300 

Total 4,444 

7.3.2 Laboratory Site and Facility Trends 
Trends in ORN12's site and fachties management and planning wd  reflect the aims of die Fachties 

Modernization Initiative: construction of new facilities, renovation and upgrading of existing facdities, 
disposition of excess facilities, and consolidation of operations at the main 1,aboratory site to establish an 
integrated research campus for the 21st century. 

The Enhanced Operational Discipline Initiative will provide for more effective management of all 
Laboratory facilities. The space charge system will be used to promote more effective and efficient use of 
O W L  buildings and to provide a more equitable distxibution of building maintenance costs. 

'The transfer of contaminated facilities to the EM program will continue to reduce the amount of 
square footage and the number of buildings for which UT-Battelle is responsible. In FY 2000, two filter 
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I 
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Fail (60% of RPV) 

(2-<5X of RPV) -.J 
0% 

Figure 7.1 
Condition of ORNL space at main ORNL site (top) and at Y-12 (bottom), based on cost of modification 
or repair as a percentage of replacement value. Adequate: cost i 10%. Minor rehabilitation: cost 10% 
to 25%. Major rehabilitation: cost >25% to 60%. Replacement: cost > 60%. 

pits and a greenhouse associated with facihties previously transferred to the jib1 program were also trans- 
ferred to the Ehl progr;ini. A containiriatcd laboratory facility at 7;-12, Building 9735, and a “storage 
garden” at OKNL, Building ’3597, wdl be transferred to the Ehf program in FY 2002. 

plans for consolidation of operatinns at OKNL proceed, thc number of C)KNI, staff housccl at 
tlie Y-12 National Secunq b m p l e s  wdl decltne. A sqiiiicant reduction in OKNI. space at Y-I2 was 
achicvcd in F17 2001 wth  the transfer o f  sevcn facihues (totahng appromnattly 220,000 square feet) to 
tlie National Nuclear Security Administration’s Deputy rldrmnis trator for Defense Programs 
(DOLDP). 

I w c  facilines at Y-12 that were fornierly occupied b y  OKNTA staff, primarily in the Hiology Com- 
plex. have been completely vacated. ’I’he retnninder of the Rnology Coniplex fiaciltties, appromnatelp 
80,000 square feet, a l l  be vacated by €9‘ 200.1- foIlowiiig constructmn of the new 1,abor;itorq fbr 
Comparative and Functional Genomics at OIWJ, (see Sect. 4.2.5). 

13)ung 143’ 2001, 18 noncontamnated facdities were added to the surplus fxctltty list. New f a c h e s  
added in FY 2001 include the Environmental and 1,ife Sciences Labor:itory and a 1,500,000-gal water 
tank on Chestnut Ridge. 
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Figure 7.2 
Ownership and use of ORNL space. 

7.3.3 Site and Facilities Plans 
7.3.3.1 Facilities Modernization 

ORNL has established a dedlcated project team, the Faciltties Revitahzation Project (FKP), to carry 
out the task of providmg OWT, staff with world-class facilities, consolidated at the main Laborator)- site, 
with die first phase of construction to be completed within five years. ’I’he project will use a combination 
of DOE, statc of Tennessee, and private-sector funds to accomplish this task. 

A project management plan was developed to provide the framework for conducting the FRP. The 
FRP is managed as a programmatic office, with primail: resources for execution of the project to be 
obtained from the responsible organizations within ORNL (Engineering, Procureinent, Infrastruciure 
Planning, etc.). ’I’he project management plan includes a definition of the project scope, the organiza- 
tional responsibilities, and the project approach, including a detailed Work Breakdown Structure (WBS) 
d h  three main elements: project planning basis, facility deactivation and consolidation, and new 
facilities developmcnt. FRP responsibhties include 

preparing the ORNL Jtmtegi. Fudifies P h ,  which outlined the overall approach of the facilities 
developmcnt and reuse strateg); and defined the unifying architectural and best energy management 
practices for the new facilitics; 
developing and implementing a n  exit strategy for nonstrategic ORNL facilities, placing those 
facilities in a “cheap-to-keep” mode, and transferring those facilities to 1 lie appropriate IXIE 
program for final dispusi tion; 

7-16 0:. Oak Kidggc Nauonal Laboratory Instituuonal Plan PI’ 3002-PY 3006 



Figure 7.3 
Age of ORNL buildings. 

constructing new facilities that leverage investments from DOE and the state of ’I’cnnessee; and 
acquiring new facilities through innovative approaches, using private-sector funding for constructioii, 
followed by 0 ~ 1 ,  leasing of that new space. 

The overall approach to project execution is to apply a structured, but graded, process to the two 
mxjor compotients of the FRP: consolidation of existing facilities and cotistniction of new facilities. 
Cirrreiit approved policies and procedures are applied for the DOE-funded portions of the project (both 
faciltty transfers and capital construction), with tnodifications of those processes impleinented for the 
private-sector and state of Tennessee-f~iaiiced facilities improvements, as appropriate. 

O W L  has developed a Master Plan for site development that supports the Laboratory’s expected 
mission needs during the planning period; establishes a safe, high-quality, energy-efficient work 
environment for research and support staff in a research campus setting; and addresses the long-term 
maintenance and ultimate disposition of “retired” facilities in an etiviroimentdy :icceptAble m:iiiner. 
This plan will result in the consolidation of ORNT, space from the current occupied levels of more than 
4.8 d o n  square feet to just over 3.2 millton square feet, wiah the consolidated staff residlng almost 
exclusively at the main ORNL si1.e. ’The Master Plan outltnes a phased approach to facilities 
tnoclernization, with the primary emphasis during the planning period placed on establishing the East 
Campus infrastructure, constructing and refurbishing critical mission-oriented research facilities, and 
moving staff from Y-12 to the main OlWI, site. ?lie secoiid phase will include coinpletioii of the East 
Catnpus core construction, continuing consolidation of off-site staff at  the main OKNL site, and prirnary 
development of the OKNI, West Campus for life and environmental sciences research. 

ii hot cell facilities assessment conducted hi F Y  2001 identified a number of options for 
addressing OlWL’s continuing needs for hot cell capabilities. ’Z’hese options include continuiiig 
operation of existing hot cells with necessary uppades implemented, consolidation of operations into 
fewer facilities, and consmctiori of new purpose-built Eacllities. The feasibility of these options continues 
to be addressed. 
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Accomplishing the Facilities hfodernization Initiative in the proposed time frame d 1  require 
resources lxyond those normall! provided by DOE capital construction programs. Therefore, the 
integrated construction plan includes both private-sector funding and illvestments by the state of 
Tennessee in addition to available line-item and Gencral Plant Project (GPl’) funds. An upper-level 
schedule outlining the major construction activities to be conducted during implementation of the 
Master Plan is presented in Fig. 7.4. This schedule wdl be refined as funding profiles, project scope, and 
method of accomplishment are defined by DOE. 

7.3.3.2 Facilities Management 
The Enhanced Operational 1)iscipline Initiative includes the task of upgrading the I,aboratoq’s 

infrastructure and providing effective stewardship of facilities and operations resources. We have 
initiated the development of a management process to enhance research and support operations through 
facility use agreements (PUAs), building manager and facility core teams, and integrated operatioiis. The 
system will define work processes and ownership, establish responsibilities arid authorities, and develop 
continuous improvement targets for work processes. 

To facilitate this initiative, FUAs are being developed and will be used to define the scope of work 
supported by each facility’s design and operating boundaries, establish the setvice levels that can be 
expected by occupants from building service providers, and link occupant work activities withn the 
facility to applicable policies and procedures. The link between FUAs and work control establishes a 
documented basis for facilitylevel controls tailored to level of hazard and acceptable risk, provides a 
basis on which to evaluate the conduct of proposed activities in terms of the recognilixed building work 
scope and operating boundaries, and drives the implementation of a documented review and change 
control process when work activities have the potential to exceed the operating boundary. A facihty 
management pilot project implemeiited in the 4500 complex during F” 2001 provided input to the 
development of tlie facility management model and to the definition of the path forward. 

The Enhanced Operational Discipline Initiative is also expected to improve OKNL maintenance 
requirements planning by promoting a more comprehensive, uniform approach to identifying 
maintenance needs. In the new ORNL facility operations model, facilities are grouped into eight 
cornplexes. A complex manager d be responsible for facility operations and maintenance in each 
complex. Currently, required and deferred maintenance requirments are taken from the CXIS database 
system. Requircd maintenance includes those deficiencies identified as “repair within one year” in the 
CXIS system. Condition assessment system inspections are nonintnisive and could m i s s  deficiencies that 
are “hidden.” The complex manager’s complex team will be responsible for I lie day-to-day operatioti of 
facilities in its complex and will hxve a greater familiarity with facility conditions and maintenance 
requirements. This should enhance maintenance planning in each complex. 

Maintenance costs in FY 2001 were approximately $10.9 million or 0.24?’0 of RPV. Maintenance 
expenditures in F3’ 2002 are projected to increase to approximately $14 million or 0.31!/0 of RPV. These 
costs are funded through space charges as an element of Laboratory overhead. The primary constraints 
on increasing maintenance funding are continuing pressure to reduce overhead rates coupled with 
relatively stable Laboratory base budgets. 

7.3.4 0 Detailed General-Purpose Facilities Plans and 
Facilities Resource Requirements 

. -  I he key- general-purpose facility issues at ORNJ, include (1) relocation of ORNL organizations at 
Y-12 to the main O W L  site, (2) upgrades and modifications to existing laboratory and experimental 
space to better facilitate R&D activities, (3) upgrades and replacement of site atid facility utlllty systems, 
and (4) dsposition of inactive/sui-plus facilities. These issues are being addressed through the Fachties 
Modernization Initiative and tlie Enhanced Operational Discipline Initiative (see Sect. 7.3.3). 

1 radtional funding sources for infrastructure modernization include GPP and general-purpose 
equipment (GPE) budgets, programmatic line items, and DOE’S Multiprogram Energy Laboratory 
Facility Support (hEI,-FS) Program. To meet ORNL‘s needs for modernization, innovative arrange- 
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Figure 7.4 
Preliminary schedule for ORNL site development. 



ments have been established t o  add funding from the state of Tennessee and private sector funds to 
these soiwces. 

Table 7.3 shows currently funded construction projects. The OfiVL LAnd and Fmi/itie.s P / m  
provides a comprehensire list of proposed construction and renovation projects. A list of projects 
proposed for DOE capital funding to achieve LX3E-SC's vision of a 21st Century Laboratory at ORNL 
is prcsented in Table 7.3.  Rased on a comprehensive assessment of necds performed for thc OKNL 
Strut@ Fdit ie .< P/un in October 2000, an annual requirement of $20 mihon for landlord GPP and GI'E 
is projected through 2010. MEI,/FS line item rcquirements vary between $20 m a o n  and $35 million 
annually over the same period. 

Table 7.3 
Major construction projects: funded construction" 

TECb 

Research Program Line Item Projects 
Accelerator and Reactor Improvements and 

Spallation Neutron Source 
Laboratory for Comparative and Functional 

General Purpose Facility Line Item Projects 

illoclifica tions 

Genomics 

Electrical systems upgrade 
Fire protection system upgrade 
Laboratoq facilities I-IV,IC upgrades 
Research Support Center 

General Plant Projects-Landlord 
Bethel Valley Koad entrances 
III;IK cooling tower replacement 
Buildng 7602 high bay upgrade 
7600 Area High Bay Building 
Fire protection upgrades 
East campus infrastructure improverrierit projects 
Electrical system upgrades 
13iulding 1061 modification 
Advanced Materials Characterization Laboraton. 
Chemical Management Center, Building 70 13 
Greenhouse renovation, Buildmgs 1503 and 1506 
Rebuild steam station '7920 
Nanoscience Metrology and Instrumentation 

Labora tory 

9.00 

1,411.70 
13.90 

5.90 
5.92 
7.10 

16.10 

2.60 
4.05 
0.85 
4.50 
3.60 
'7.22 
0.57 
0.21 
4.80 
0.10 
1.55 
0.75 
1.50 

Total funded coiistriiction 1,501.92 
dCotistrucnon data as of November 3001. 

~ 

~ E C  = total estimated cost hfay include funding from prior year; 

~ ~~ 

2001 

1.99 

258.93 
3.50 

5.5 1- 
0.58 
0.50 
- 

- 
2.25 
0.30 

0 58 
1.53 
044 
0.20 
0.56 
0.10 

__ 

- 
.._ 

0.60 

276.50 

1002 
~. . 

2003 

4.21 

276.30 
10.00 

- 

3.12 
3.00 
1.50 

2.60 

0.65 
0.10 
0.05 
1.77 
0.13 
0.01 
2.00 

- 

- 
0.15 
0.60 

1.40 

210.57 
1.40 

...... 

3 79 

3.60 
5.00 

- 

- 
2.10 
0.80 
3.46 
- 

- 
2.34 

0.20 
0.60 

- 

- 

306.49 232.89 140.11 

7.3.5 0 Space Management and Inactive Surplus Facilities 
7.3.5.1 Space Management 

ORNL's space charge system promotes effective and efficient iise o f  O W L  buildings and 
equitable distribution of the costs associated with maintaining these buildings. Space charge components 
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Table 7.4 
DOE resources needed for achieving a “21st Century Laboratory” 

($ in m~llions-BA) 

Programmatic Line Item Projects 
Center for Nanophase Materials Science 
Energy Efficiency R&I) 1;acility 
C)tlicr Programmatic 1,ine Items 

J.,aboratory upgmdes arid renovations, 4500 area 
Other Idlie 1 tern Projects 

Programmatic General Plant Projects 
Plutonium-338 t :acility Modification 
Other Progzammatic GlT 

Landlord General Plant Projects 
East  Campus Service Building 
Central Campus Kesearch Budding 
7900 Area Projeccs 
Building 5500 Kenovation 

Landlord Line Item Projects 

Other GPP/GPE 

63.5 1.5 
12.0 - 
20.0 - 

147.7 I 

49.2 I 

3.1 3.0 
27.0 10.6 

.- 3.4 
4.5 I 

5.6 - 
4.5 - 

181.5 __ -- 

1003 .~ - 

15.0 
12.0 
- 

- 
I 

0.1 
5.7 

- 
I 

- 
- 

11 .o 

Fiscal year 
~ ..1 .... 

2004 . . . . . . .. .. . . . . 

36.0 
- 
- 

1.7 
0.7 

5.0 

- 

0.3 
1.5 

18.0 

2005 . . . . . - . 

11.0 

2.0 

14.3 
9.5 

1 .0 

0.4 
2.5 
3.0 

23.2 

2006 . . . . . . . . . . . . . . . 

__ 

14.0 

15.7 
1s.o 

2.0 

0.4 
1.1 
- 
__ 

20.7 
Total 523.0 15.1 43.8 03.4 67.5 72.1 
(‘1 EC = totd estimated cost 

include fiacility planning and adnllillstration, nonprogram line item/GPP construction design, space 
relocation (forced), lease costs, janitors, asbestos abatement (management), building inaintmance/ 
services, HVAC maintenance, grounds maintenance, utilities on returned space, activity data sheet (ADS) 
requirements, Tn-House Energy Management, and fire protection eiigneering. The Space Allocation 
Management System (SAMS), wlllch contains data associating a specific employee and organization with 
occupied space, is used for allocation of space charges. ‘I’he space charge system will continue to be 
refined to drive greater efficiency in the use of space, supporting the aims o f  the Enhancing Operational 
Discipline Initiative. Organiiiations are assessed space charges based on two categories of space: (1) con- 
ditioned space at $21.60 per square foot and (2) unconditioned space at $7.20 per square foot. 

As a result of space charge implementation, more than 600,000 square feet of’ marginal space has 
been vacated. Approximately 350,000 square feet of this space has been completely deactivated. Seven 
buildings, totaling 220,000 square feet, have bcen transferred to the Y-12 National Security Cornplex; 
15,000 square feet is contaminated and will be proposed for inclusion in the EM program in FY 2002. 

7.3.5.2 Facilities Consolidation and Deactivation 
The PRP is responsible for developing and implementing ail exit strategy for nonstrategic OKNI., 

facilities; transferring nonstrxtegic, mieconomical, or underutilized fiacilities that no longer support the 
Laboratory’s mission to other parties; and placing facilities that cannot be transferred in a “cheap-to- 
keep” mode @e., a stare of iniiiimum cost, with the minimum uultties, maintenance, and sun7eillance) 
until ultimate disposition can be funded. These tasks are addressed in the FRP VC’BS by a Facility 
Consolidation and Deactivation Element. 

’I’he FKI’ completed a n  inventory of existing f a d t i e s  use and condltions and developed a list o f  
nonstrategic facilities. TWO disposition paths will be used to handle fiachties determined to be surplus: 
facility transfer and fiacility deactivation. Facilities on the trans f a  path d l  be transferred to  another 
contractor for alternate use or to a n  entity such as the Community Reuse Organization of East 
Tennessee (CROCI’). Facilities on the deactivation path will be placed in “cheap-to-keep” mode and put 
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under a routine surveillance and maintenance (SSLhr) program. ’l’hose that mcct the criteria for DOE’S 
Envin mmental hfanagement Program (DOE-EM) d l  be transferred to DOE-Ehl as soon as possible. 

ORNI, faces an enormous challenge in the deactivation and disposition of its nonstrategic 
facilities. hhny of these facilities are large and comples, and some contain multiple hazards. Wc have 
identified 10 facilities, representing more than 1.1 million square feet, as candidates for disposition 
through DOE-Ehl, and 89 facilities, including a number of trailers, that would remain the responsibility 
of DOESC. The estimated cost of facilities consolidation and S&M during the time frame o f  the ORih’l, 
Strutqi Fudf ie j .  P h n  (K 2001-l;’i 201 1) is $1 13 million. ‘lhe estimated cost for ultimate I)&D of 
ORNI,’s nonstrategic facjliiies is $126 million; under the present schedule, most D&D activities wdl be 
conducted after 201 1. 

7.3.6 Energy Management 
ORNL’s 111-House Energy Management (IHEM) program is directed toward saving energy, 

reducing energy costs, protecting the environment, enhancing the workplace environment, improving 
operations, and providing leadership in the adoption of new energy technologies. ’I‘he program has 
yielded a 2O0;O reducGon in energy use per square foot of occupied space since 1985. 

Several energy management initiatives are under way, and positive results are being realized. Key 
activities include the followinE: 

v 

About 139,000 fluorescent lamps have been replaced with more efficient lamps; almost 21,000 ballasts 
have been replaced with more efficient units that do not contain polychlorinated biphenyls (PCBs); 
and about 900 occupancy sensors have been installed to switch off lights in empty rooms. Energy 
usage and costs have been reduced by 30 to ?0”)6 in tlie affected areas. 
ORNL continues to retire CFC chillers or replace them with high-efficiency, non-Cb’C chders. To 
date, 16 chdlers totaling 8,200 tons in cooling capacity have been replaced. As a result, chiller energy 
use has dropped an average of 219’0 for annual savings of $280,000, and CFC emissions have been 
cut by 5000 lb per year, saving another $76,000 annually. 
Energy management control systems have been installed in 13 buildings; this includes the installation 
of 19 variable-speed drives on supply and exhaust fail motors. 
Following an assessment of the energy efficiency of 16 office buddmgs at ORNL, 1 b u i l d q  has 
been officially designated as an Environmental Protection Agency (EPll) Energy Star@ budding. 
Documentation of the performance of the Bujldtngs ’l‘echnology Center headquarters building was 
submitted to the EPA, and the certification was subsequently awarded. This was one of the first 
DOE buildings to achieve t h s  rating and only the second buildmg in the state of Tennessee to do 
so. Electric metering is being added to 11 other c a d d a t e  buildings so that they can also be evaluated 
for Energy Star@ awards. 

In addition, the conversion of the ORNT, steam plant from coal to natural gas is expected to save 
about $1 nlLUton per year in operating costs and $8 nillion in capital funding over 10 years, while avoid- 
ing emissions from coal combustion. 

ORNL is also pursuing energy savings performance contracting (ESPC) as a way to implement 
projects using the funding and support of an energy service company (ESCO). When a ~miject is com- 
plete, the ESCO is paid back from the energy savings. Once the ESCO is paid in full, the infrastructure 
improvements atid future energy savings belong to ORNI,. The first ESPC project is nearing the con- 
struction phase, and a second, sitewide ESPC project is nearing the proposal stage. 

O W L  was the first industrial participant in the Green Power Switch program established by the 
’1-ennessee Valley Authority- (TL’A). The program offers power produced using renewable energy sources 
such as sunlight, wind, and landfdl gas. Although this “green power” costs more than power from 
traditional energy sources, it is expected to improve regional air and water quality by reduciiig waste and 
pollution. In addtion, increased demand should lead to expanded power production capacity and 
eventually tu lower costs. 
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8 * Community Service 
Uf ’-Battelle’s coinnlitmcnt to  escellmce in community sei-vice includes thrce lJaboratory-level 

initiatives (see Sect. 3.2) designed to broaden access to the extcnsive scientific and technological assets of 
the Oak liidge National Laboratory [OWL) and t o  leverage these resources to the benefit of the region. 
This commitment udl be demonstrated through partnerships with the region’s business community; 
schools, colleges, and universities; and economic development groups and though a public awxrrness 
program focused on local and regional stakeholders. 

8.1 Technology Transfer and Economic Development 
Our Economic Development Initiattve supports the crcatmn and growth of businesses that smll 

enhance the local and regional economy by drawing on OKNI, resuurces in knowledge and technology 
and on UI’-l3attelle itivestmciits in economic development. 

The ORNI ,  Technology Transfer and I<connmic Development organbation comprises the Office 
of ‘I’echnology Transfer and the Office of Economic Developmamt. 

8.1.1 Technology Transfer 
The Office of Technology Transfer is responsible for managing collaborations and access to 

ORNL resources and personnel through cooperative research and development agreements (CRADAs), 
technology licensing, and user facility programs. This office also manages and protects OKNL’s iritellec- 
tual property, leveragmg this resource to increase its value through privale-sector p,artnerships to 
promote the commercialization of innovations based on programmatic research and development 
(RPrD) funded by  the Department o f  Energy (DOE). More than 70%~ of this commercialization has been 
undertaken by small businesses. ,Ibout one-third of the commercialization has resulted in the creation of 
start-up conipanies, more than 65% of which are located in Easr Tennessee. 

CKADAs, licenses, and Work for Others (WFCl) agreements are the main vehicles by which 
OIWL establishes partnerships with the private sector. These mechanisms enable transfer of 1Ax)ratory 
technology for commercialization and leverage ll(3fF programmatic hndmg witti funds in from the pri- 
vate sector. During FY 2000, 24 new C R i l l ~ h s  were established, 7 option :tgreernents were executed, 
and 21 licenses were executed. 

A s  DOE fundmg for CRAD.As has decreased over thc past five years, the iiuinber o f  private 
partners directly fundmg collaborative K&D has increased. Private-sector partners provide significant 
support to leverage progratnniatic fundmg for technology transfer, with more than $22 million in funds 
in to ORNI.. 

ZeTek, a leading international manufacturer of fuel cells, is stating up a production facility in East 
Tennessee, liuilding on technology developed at ORNI,. At the heart of ZeTek‘s alkaline hiel cell system 
will tie OWL’S carbon fiber molecular sieve, enabling robust systems that are inexpensir;e to operat.e. 
ZeTek d l  also use ORNL‘s electrical swing adsorption, a technique that involves passing an electric 
current through the carbon fiber base material to rid it of the carbon dioxide captured from the fuel or 
oxidant. ZeTek will target the power generation industry, which can use fiiel cells to help replace fossil 
fuels, which are less envircmmeiitally friendly. Ze lek  expects to be able to show that its systems are 
competitive with gas-firecl generation o f  electricity. 

Some partnerships involve both licenses and ClUDXs. ORNL’s patented nonlinear condition 
monitoring technology has been licensed to Nicolet Biomeckd, Inc., o f  Madson, Wisconsin, for 
application in a product t o  detect and predict the onset of epileptic seizures in humans. Under a related 
CXADA between OKNL and Nicolet Biomedical, researchers are developing a 



provide an S- to 50-minute warning before an epileptic seizure, giving a person time to take appropriatc 
action. Graviton, Inc., of Sail Diego, California, has licensed microcantilever technology and radio- 
frequency wireless communications technology to produce sensors for use in drug d~scovcry, clinical 
diagnostics, chemical detection, and physical sensing. Under a 100” 6 funds-in CRADA, Graviton is 
expected to provide more than $4 million of 1<&D funding to ORNI, over a period of three years. 

User facilit) programs support access to ORNL’s dlstinctivc capabilities. User agreements bctween 
ORNL and outside organizations stipulate terms and conditions for use of the Ldaboratory’s designated 
user facilities. More than 600 agrcements are in place with universities, private companies, and other 
research institutions. In €?I’ 2000, 50 new academic and industrial user agreements wcrc signed, and 139 
new projects were initiated under existing agreements. 

Opportunities for industry have been expanded with the designation of two national user facilities: 
the Power Electronics and Electric Machinery Center (PEEMRCj and the National Transportation 
Research Ccnter (NTRCj. ’l‘he PEEMRC is a broad-based research center for power electronic inverters 
and electric machinery development. It has dramatically advanced the technology of soft-switched 
inverters, multilevel inverters, motor control techniques, and efficient, compact electric machines. The 
N? KC (see Sect. 5.2.1) provides the public and private sectors with state--of-the-art knowledge, fachties, 
and technologies for the development and deploynient of cost-effective transportation systems. 

ORNI, is an active partner in several consortia, including the Partnership for a New Geiiemtion of 
Vchicles (PNGV), which supports cooperative projects involving programs in the DOE Office of 
Energy Efficiency and Renewable Energy (DOE-EE), the DOE Office of Science, and the Office of the 
Deputy Administrator for Defense Programs within DOE’S National Nuclear Security Administration. 
O W L  is also pursuing the implementation of partnerships with companies and consortia representing 
the industries participating in the DOE-EE Industries of thc hihire initiative. 

Research staff members at ORNL generated 97 new invention disclosures, and the Office of 
Technology Transfer elected to request patent rights from DOE on 62 of these disclosures. ’The Office 
of TechnologT; ’i’ransfer fded 71 patent applications during FY 2000. 

8.1.2 0 Economic Development 
OKNL supports DOE’S efforts to advance the nation’s economic security by encouragmg the use 

of DOE resources to address mmufacturing problems and promote the creation of new businesses. In 
pursuit of this goal, thc Laboratory is strengthening its partnerships with state and regional. economic 
development groups. 
e ORNL is promoting a broader program of technology transfer through the Center for Entre-- 

preneurial Growth, a partnership with Technology 2021) of Oak Ridge. 
ORNL is broadening its role in industrial outreach through closer partnerships with the Tennessee 
Department of Economic and Community Development, Technology 2020, and the chambers of 
commerce in Oak Kidge, Anderson County, Roam County, arid Knox County. 
ORNL’s Small Busincss Program Office serves as the focal point for procurement opportunities and 
projects supporting small businesses (includiiig minority-owned, women-owned, and v-eteraii-owned 
concerns). Among these efforts is DOE’S Mentor-Protegi. Program. 

I he National Transportation Research Center (see Sect. 5.2.1 of the Institutional Plan) represents 
a rcgonal economic development effort involving DOE, UT-Rattelle, the University of Tennessee (UT), 
and the Development Coipxation of Io lox  County (TDC). Each party brings important assets to the 
relationship. ORNL, as a DOE national laboratory managcd by UT-Battelle, has extensive scientific and 
technical capabilities plus a funding base of nearly $30 miUiori in transportation R&II from multiple 
sponsors. UT brings nationally recognized R&D programs in transportation logistics and advanced 
vehicle technologies with a fundng base approaching $20 d o n .  TDC assisted in helping to build the 
facility, provided the site for the Center, and will assist in identiking cornpanics wishing to access the 
advanced user fachtics and the collective R&I.I expcrtise. 

Approximately $SOO,O00 of UT-Battelle’s annual corporate fee is directed to fund techtiology 
transfer, venture capital, and industry recruitment programs. In addtion, UT-Rattelle is promoting 

e 

e 

,- . 
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expanded corporate investment by providng access to ii $100 tndlioti vcnhire capital fund nehvork to 
assist start-up companies. 

During the first half of F’Y 2001, 8 new businesses based (in OKPU’I, I-echnology have been created, 
and the Technology Transfer and Economic Development Directorate has provided assistance to 
12 busincsses, including 10 stnall businesses. 

DCE’s Mentor-ProtPgC Program provides a mechanism for contractors to enter into integfiltcd 
\Trorlilng relationships with and provide nonfinancial assistmce t o  energy-related small, disadvantaged, 
an3 wometi-owned businesses to enhance their Iiusiness and technical capabhties. In February 1998, 
O€WJJ became the first DOE national laboratory to participate in this progratn by signing a ment-or- 
prottgC agreement with Advanced Ttitegrated Management Services, Inc. (L4TMSlj. Under the tesms of 
rhe ;ygwemeiit, ORNT., nieiifors AIMST iii a number of areas. Subcontracting activities are provided by 
ORNL’s Chcmical Sciences and Engineering divisions for project tnanag-einent support. T’raitlltig is 
provided as needed to enhance and strengthen AII\/ISI’s technical and business capabdities. 

UT-Battelle is also worhng to encourage more interaction with small businesses. Much of this 
activity is expected to occur in the technical assistance area, with support froin DOE’S ILaboratory Tech- 
nology Research assistance program. 

At the request: of DOE, the Small Business Program Office served as co-lead for the second 
annual tiatiotial DOE: Small Business Conference, held in Las Vegas in June 2001. On-site briefings have 
been provided to 15 highly technical small businesses, and a briefing package, “Doitig Business with 
ORNI..,” has beeti prepared. A Web-based listing of prociiremetit opportunities is now available, and the 
Historically Black Colleges :md 1Jniversities/~~iiiorit-c. Educational Institutions (I-BCLJ/MEI) Outreach 
Tnitiative described in Sect. 8.2.2 includes an emphasis on subcontracting with these institutions. In 
August 2001, OKNL received a Tennessee Small Business Aclvocacy .Award. 

ORNL is worktng witli other Rattelle partner 1;tbor;ttories to share small business supplier 
databases. The subcontract for the new managed hardware and software program (see Sect. 7.2.4) will be 
a small business set-aside, and Accelerated Vendor Inventory Delivery (AVID) subcontracts arc being 
targeted for small businesses. 

8.2 Education Partnerships 
ORNL’s education partnerships support DOE’S commitment to effective programs for science 

education. ’I’he focus is on improving science and m:ithematics teaching sldls and providing learning 
oplxmmities for faculty and students. 

Through its Communications arid Community Outreach (CCkCOj &rectorate, OlWL coordinates 
and Funds a variety of programs that engage students and faculty in research, training, and collaborqt‘ ‘ 1011. 
As these programs expose participants to quality science and mathematics teaching and learning, they 
increase the number and diversity of high-achieving students introduced to research opportunities and 
potential careers at OKNI,. 

Several programs support our Science and Mathematics Educaiion Initiative. The programs are 
designed to identi‘ji ORNL and DOE with the state of ’Ietinessee’s emphasis on improving mathematics 
and science learning among the state’s K-12 students. In €3’ 2001, VI-Battelle provided five area 
schools with state-of-the-art science laboratories valued at $lO,C)iOO each. U’T-Hattelle has also 1)ecome the 
primary sponsor of the U1’ Academy foor Teachers of Science and Mathematics, implementing an 
emphasis on training larger numbers o f  Tennessee middle school teachers. New scholarships have been 
funded for minority students in the LJ’I’ College o f  Engineering and for high-achieving children of 
OKNJ., employees who attend T X  and major in science or mathematics. ORNL’s support of science and 
mathematics education has been further strengthened through the underwriting o f  regional, state, and 
national science and engineering competitions. 

OKNL annually Iios ts several thousand students for educational experiences. Statistics on program 
participation are included in the Suppletncntal Information appended to this report. Some participate in 
short programs, such as those avdable for E=-1 2 students through the Ecological and 1’hysic;il Sciences 



Study Center. Other students spend longer periods conducting research through programs such as thc 
DOE Energy Research Laboratory Undergraduate Fellowships, the Great I d e s  Colleges Association 
Oak Ridge Science Scmester, or postdoctoral fcllowships sponsored by ORNL or DOE. In FY 2001, 
ORNL partnered with the Oak Ridge Institute for Science and Education (ORISE) to coordinate many 
of these educational experiences. 

8.2.1 * Pre-College Partnerships 
In its I<-12 education programs, ORNJ, cinphasizes hands-on, engaged learning activities for both 

students and teachers. Proganx are designed to develop scientific habits and help prepare students and 
teachers to be proache  in science, math, and technology education. 

The Ecological and Physical Scienccs Study Center, one of ORNL’s most visible activitics, 
prcsents 37 instructional modules. Classes can be presented either at the historic Freels Bend cabin on 
the Oak Ridge Reseivation or at schools or other locations. ‘lhe Study Ccnter now operates year-round, 
including summer science camps for middle school students and teacher workshops that transfer course 
content for classroom use. The ECOEDge program enables middle school and high school students to 
conduct research on parts of the Oak Ridge National Environmental Research Park. X continuing effort 
is made to reach students with physical and/or sensory drsabilities. Classes and presentations are also 
offered to groups outside the academic arena (e-g., garden clubs, senior citizen groups, and Scouting 
groups). 

8.2.2 Higher Education Partnerships 
In addltioii ti> the educational opportunities afforded by its research partnerships with universities 

(see Sect. 6.3, ORNI, develops partnerships with colleges and universities that complement and extend 
the resoiirces available in an academic setting. 

The UT-ORNL Graduate School in Genomc Sciencc and Technology offers a unique and multi-- 
dsciplina? program for full-time graduate study leadng to a 1’h.D. or M.S. degree in this emerging field. 
The program takes advantage of interaction and collaboration among scientists a t  O W L  and faculty at 
UT. in conjunction with the Joint Institutc of Biologcal Scicnces (see Sect. 4.2.6). Courses and research 
opportunities are available at both locations, and research projects arc mentored by a UT faculty member 
and an ORNL staff member. Other U T  programs that draw on ORNL resources include the Graduate 
Program in Ecology and the Joint Program in hfixcd-Signal \TST and Monolithic Scnsors. The U T  
Department of Physics and Astronomy also maintains close research relationships wil-h OKN-L; a new 
collaboration is creating enrichment materials in astronomy for use in I<-1 2 classrooms. 

ORNL is one of six rnultiprogram laboratories participating in the DOE Institute of Biotecli- 
nology, Environrncntal Science, and Computing for Communii-y Colleges. The program provides 
educational training and rescarch experience for highly motivated communitj- colleges students through a 
summer institute for selected students. 

ORNL is w-orliing to increase its interactions with historically black colleges and universit-ies 
(MRCUs) and other minority educational institutions (MEIS) through mechanisms such as the DOE 
Science and Technology Alliance, the Waste Management Consortium, the National Consortium for 
Graduate Degrees for Minorities in Engineering, Inc. (GEM Consortium), the Consorcio Educativo para 
la l’roteccion Arnbiental (CEPX), arid the Advanced Industrial Concepts Materials Fellowship Program. 
The Laboratory has established a formal HBCU/MEI outreach initiative that includes the following 
components: 

student internships. 

an F-IRCU/hfEI ORNT> Senior Management Tcam, 
an I-IBCU/MRT summer research program (see Sect. 6.3), 
outreach programs that encourage visits to I-IBCI.J/MEI campuses, and 
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8.3 Public Awareness and Community Outreach 
OK^NI,’s Cc)nimunity Involvement Initiative drives an outreach program guided by the desire to be 

vieu7ed b y  our iicigh1x)rs as a highly valued member of the community arid the region. ’Ihe progrratn 
includes kinancia1 coiitribu tioris to a variety o f  educatioiial, civic, cultural, and economic development 
activities. In addition, tlie UP’-Uattelle J ,eadership Team participates in a number of voluriteer :ictivities 
and :ictively encourages the participation o f  I.,aboratory employees. Outreach initiatives, as well as issues 
affecting the Laboratory’s scientific clirection, are incorporated into a communications s tt-ate‘gy for 
employees arid external stakeholders. Communications activities are designed to provide a sense of iiiclu- 
sion to employees about the Laboratory’s goals and activities. For extermid stakeholders, the goal is 
increased visibility and understandkig of ORNL’s mission, leading to a similar incrwse in public support 
for the Laboratory’s role as a trusted regional asset. 

8.3.1 Outreach Activities 
Community outreach activities provide opportunities to support DOE’S comrnitnient LO building 

arid i?iaintaining pul ik  trust. Such activities also offer the chance to increase OR.NL‘s visibility, broaden 
ilie unclrrstatiding of the 1,aboratory’s scieti tihc programs and direction, and cfeinonstrate ORNI.’s value 
to tlie community and tlie regon. Many of OIWL’s outreach activities are built around the themes of 
educational, civic, cul turd, and economic development part nership s. 

Twin UT-Battelle has beeti created to provide coordmation and funditig for employee volunteer 
activities, iiicluditig participation in Habitat for Humanity builds. Five projects have been launched, 
and several more are being organized. 
Contributions froim employees :incl UT-Battelle represent a large share o f  funds collected in die 
region’s annual United Way campaigns. hlany employees volunteer their time to United W a y  and to 
other ch;uitable and &ic programs. 
ORNL works closely with the American hfuseuin o f  Science and Energy, providing haticia1 and 
management assistance for a variety of educational and cultural programs at this iniportant regional 
attraction. 
‘The ORNL Speakers Uureari provides opportunities for leading researchers to share iiifoanation 
about DOE’S missions with civic, educational and business goups  throughout Tennessee. 
[IT-Battelle is a leadng spotisor of civic and cultural activities in the Oak Ktdge area, including the 
Oak Ridge Symphony and the Oak Ridge Arts Council, the League of Women Voters, and the 
National Association for the Advancement of Colored People. 

01WL’s historic Graphite Reactor and the New Betliel Cliurcli Interpretive Center are open to 
the public as part of a self-guided driving tour. Rot11 facilities are featured on the Tennessee Heritage 
Trail listing developed by the state’s Ikpartinent of Tourist Uevelopment. ORNL C&CO staff helped 
initinte the use of tlie “Touch c3r Go’’ interactive information screens usecl at six Teiinessee welcome 
centers to help inform travelers about ORNI, visitor attractions. The Gmphite Reactor hosted inorc than 
9,100 visitors in t“i 2000. 

C&CO staff also provided 30 special orientation tours or customized tours for 1,293 visitors to the 
Idxxatory and supported the Oak Ridge ORNI.,/Y-l?. Plant I-’ublic Tour. This tour, which originates at 
the American Museum of Science and Energy in the city of Oak Ridge, is available from Much through 
October. In FY 20C)O, it served 1,838 visitors. hkJre than 12,000 visitors from all 50 states and 58 other 
tiatioiis have visited OKNI, through the public tour, which is included on the ’I’etiiiessee Heritage ‘I’rail. 

These activities serve to educate local, regional and national groups about DOE activities in the 
Oak Ridge area. They are also expected to help increase science literacy and to provide feedback o t i  how- 
OKNL is perceived by  the public. 

TnEormation about the envirnntnent of the Oak Ridge R e s e n d o n  is disseminated to the public, 
and the public is involved in dccisions concerning management OF the reservation. Public education 
activities at the Oak Krdge National Environmental Research Park include special events, such as 
wildflower hikes and bird walks, and “hands-on” experiences for precollege students. 
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ORNJ,’s scope of work includes the management of the American Museum of Science and Energy 
(AAAISE). Thc Laboratory works with DOE and Enterprise Advisory Systems, Inc., which operates the 
museum under subcontract to UT-Battelle, to strengthen public awareiiess of DOE programs and 
activities. 

A plan to ensure the financial stability of thc museum was completed early in €9’ 2001 and 
submitted to DOE. With support from UT-Battelle, legislation that makcs it possible for XMSE to 
charge admission fees, accept private donations, and implement other revenue-generating mechanisms 
has been enacted by Congress. The museum’s hours of operation have been reduced to lower the cost of 
operations while stdl serving the maximum number of visitors, and admission fees are now being 
collcctcd. Discussions are under way to effect the transfer of the AMSE facility and property to the City 
of Oak Ridge as a key step in ensuring the viability of this important resource. 

C&CO staff provide support a i d  planning for community activities and special events. At ORNJ,, 
thc Protocol Office hosted or provided support for visitors including the Sccretary o f  Energy; Don 
Sundquist, governor of Tennesscc; Gcn. Henry 13. Shelton, chairman of the Joint Chiefs of Staff; several 
members of Congress; the Ral tcllc Memorial Institute Board of ’lrustees; and numerous otlier 
dignitaries. 

’I’he new visitor center in Building 5002 provides visitors to ORNL with an appropriate intro- 
duction to the l,aboratoiy, its history, and its programs. Plans are bcing made to broaden ORNJ.’s 
community outreach activities and continue to improve the flow of information to employees. 

8.3.2 Communication Activities 
UT-Rattcllc’s efforts to have the public view ORNL as a highly valued asset include a variety of 

communicatioii initiatives with internal and external stakeholders. The goal of the ORNJ, C&CO 
directorate is to provide stakeholders with a better understanding of what O W L  does and the positive 
impact of the Laboratory Agenda. 
0 The O W L  Todq daily updatc on the I~boratory’s internal VYeb server is viewed by employccs morc 

than 5,000 times each week. 
The OKNL Reporter, a newsletter that highlights 1,aboratoi-y activities, is dclivered monthly to 
employees and retirees and is available on the external Web scmer. 
The O h W ,  Reiiezv, an illustrated in-depth look at some of OWL‘S efforts in scientific research, is 
published three times a year and distributed to employees and others with an interest in thc 1.abora- 
tory’s activities. In 2001, the Rezliew received an award of excellence in the International Technical 
I’ublications Competition sponsored by the Society for Technical Communication. The Review is also 
available on the external Web server. 

These communication vehicles, combined with all-hands meetings, senior staff meetings, and a system of 
Laboratorywide electronic mail, provide frequcnt, timely information about the nature and purpose of 
ORNL policies and programs. 

The Laboratory’s external relations program is designed to enhancc ORNL’s visibhty among the 
public, medla representatives, elected officials, and other stakeholders. In I T  2001, the Laboratory 
Director provided interviews to CNN, Azuiness W e e k  NeivJweek:, and the :ltiuntu Joumai-ConJ.tittltn. 
Information about ORNJ, activities and their significance is provided to media representatives through 
the lstribution of news releases, through telephone and face-to-face contacts made by O W L  C&CO 
staff, and through regular updates of OKNL’s home page and news page on the World Wide Web. 
Awaruncss of ORNL and its missions is further enhanced in Knoxville, Nashville, and Chattanooga 
through the purchase of radio spots that reach an audience of approximately 130,000 persons. 

More tliaii 300 contacts w-ith medla reprcscntatives were made in FTi 2000, and some 30 news 
relcascs were produced during this period. National and international meda outlets publishing or brt lad- 
casting stories allout ORNL included Blr.rine.sx Week, Chemi‘ni Engineeriq, Nritionui Geograpluii: CiSd4 
TOIl:lI7, the ;Yew Ibrk Tzmes, the Londorz Muii, the Associated Press, CNN, and National Public Kadlo. 

0 

e 
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9 Resource Projections 
Kesource projections are presented in the following t:tbles: 

l'able 92,1,aborAtory personnel summary, 
Table 9.1, Laboratoiy funding summary, 

Table 9.3, funding by  assistant secretarial level office, and 
'Table 9.3, personnel by assistant secretarial level office. 

These projections are based on funding requested in the I;y 2002 budget submission documents, 
with some adjustments for subsequent guidmce. Tbey iticlude some furitliiig for const:tuction that 
supports the major hboratory initiatives proposed in Sect. 4. In particular, capital equipment and con- 
struction fiincliiig estimates are provided for the Spallation Neutron Source (SNS). 

In Tables 9.1 and 9.3, resource projections for future years are presented in terms of new budget 
authority (HAj funding in millions of dollars. New BA requests are calculated by addlng estimates of 
fiscal year-end outs tandlng comnlltmetits (institutional, programmatic, and continued operationj to the 
total cost and then subtracting the prior-year uncosted budget. 

Personnel projections in 'I'ables 9.2 and 9.4 are given as the number of full-time equivalent (FTE) 
employees. 

Additional detail is provided in the Supplemental Information appended to this report:. 
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Table 9.9 
Laboratory funding summary by fiscal year 

($ in milhons-B1l) 
- ~~ ~~ ~- - -  ~ 

2000 100 1 ?002 2003 
~ ~ ~ ~~ ~ ~~ -~ 

UOh effort 461 4 5110 1’18 505’ 
\\ o i k  for other5 80 1 84’ 8- 0 88 8 

1 otal operaung 5-41 5 59.5- 561 8 5945 
C apital equipment (excludng SNS) 160 1 5 -  10- 121 
Capital cqiupment, SrVS 0 2  0 1  0 1 
Capital equipment, 1,andloid GI%‘ 3 3  1 9  1 4  4 0 
Construcuon (cxcluding ShS)  3 9  11 1 260 168  
Conc.trucuon, 1,andbrd GPP 4 1  5 8  6 4  120 
SNS constiucuon 

Total ORNL 669 3 889.2 8216 8500 
- 26 3 

Total projected funding 8216 8763 
% P I  = General I’lant fquipmcnt 
G1’P General Plant Project 

__ I’ropowd construction _ _  

~- ~ ~ __ - 

Table 9.2 
Laboratory personnel summary by fiscal year 

[Full-time equivalent (F’l’E) employees] 

2000 1001 ?002 2003 
~ ~ _ _ _ _  ~ ~~ 

1 echnical personncl, direct DOIl effort 1601.5 1909 6 1683.’ 1670.8 
1 echnical personnel, \X ork for Others 306.8 189.5 184- 161.1 

Total technical direct personnel 
Other direct 

Total direct personnel 

1908.3 2099.1 1868.3 1831.9 
300.1 352.0 355.7 355.3 

2208.4 2451.2 3214.1 2187.2 

~ ~~ 

2004 

513.3 
79.8 

603.1 
11.7 
0.0 
5.0 
8.6 

15.0 
121.6 
768.0 
50.3 

818.3 

200‘1 

1670.8 
159.3 

1830.2 
355.3 

2185.5 

~~~ 

2005 1006 

554.8 5-12.7 
7‘1.8 79.8 

634.6 672.5 
11.8 11.8 
0.0 0.0 
5.0 5.0 
3.0 1.5 

15.0 1.5.0 
79.8 11.1 

‘30.2. 699.9 
36.5 31.9 

786.7 732.8 

~ ~ 

- -  

2005 2006 

1670.8 1670.8 
159.4 159.4 

1830.2 1830.2 
355.3 355.3 

2185.5 2285.5 
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Table 9.3 
Funding by assistant secretarial level office by fiscal year 

($ in millions-EA) 

2000 2001 2002 
- ___ 

undersecretary for Energy, Science, and the Environment 
Office of Science 

Opcratiiig expense 173.1 
Capital equipment 11.5 
Capital equipment, Idandlord GPE" 3.3 
Capital equipment, SNS 0.2 
Construction (cxcluding SNS) 3.9 
Construction, Landlord GPPh 4.4 

Proposed construction 0.0 
Total program 296.4 

Operaling expense 110.1 
Capitill cyuiptnent 5.1 

'l'otal program 115.2 

Capital equipment (0.3) 

SNS construction 100.0 

Office of F.:nergy Efficiency and Renewable Energy 

Cons tniction 0.0 

Office of Nuclear Energy, Science aiid 'I'echnology 
Operating expense 17.7 

cons tructi011 0.0 
'I'otal program 17.4 

Office of Fossil Energy 

Energ17 Information Administration 

Office of Environmental Management 

Total operatirig 11.4 

'I'cital operating 0.0 

Capital equipment (0.2) 
Tota l  propi"' 24.9 

Total operating 0.0 

Total operrating 25.1 

Office of Civllian lbdioactive Waste hlanageinent 

Undersecretary for National Nuclear Security 
L3eputy Ildmninistrator for Ilefense Programs 

Total operating 18.6 
Capital equipment (0.1) 
Proposed cotis tniction 0.0 

Total  prcpani 18.5 

195.0 
10.1 
1.9 
0.1 

11.1 
5.8 

258.9 
0.0 

182.9 

118.6 
5.2 
0.0 

123.8 

19.0 
0. I 

19.1 

12.3 

0.1 

32.2 
0.2 

32.4 

0.0 

0.0 

18.7 
0.0 
0.0 

18.7 
Deputy Admiriistrator €or Defense Nuclear Nonproliferation 

Total operating 10.7 2.5.6 

10.7 25.7 
Capital equipmetit 0.0 0.1 

, *  1 otal prograin 

Departmental Staff and Support Offices 
Office of Environment, Safety and Health 

Office of Counteriritelligeiice 
2.2 2.0 ,* 1 or-a1 operating 

Total operating 1.8 1.3 

__ 

180.2 
4 9  
1 .I 
0.1 

23 0 
6.4 

718.2 
0.0 

$34.2 

124.8 
2.2 
0.0 

127.0 

19.5 
0.1 
3.0 

22.6 

10.0 

(0.1) 

28.7 
0.2 

28.9 

0.0 

21.2 
3.3 
0.0 
21 4 

8.0 
0.0 
8.0 

2.1 

1 .I. 

2003 

190.8 
8.2 
4.0 
0 0  

16 7 
12 0 

210.6 
13.6 

455.3 

115 0 
0 6  

12.0 
127.6 

40.1 
0.1 
0.1 

40.7 

11.4 

0.0 

29.2 
0.2 

29.4 

0.0 

22.9 
3.0 
0.7 

26.6 

12.5 
0.0 

12.5 

1.5 

1.4 

2004 
. . . . . .~ 

1995 
7.8 
5.0 
0.0 
8.6 

15.0 
124.6 
50.3 

410.8 

115.0 
0.6 
0.0 

113.6 

58.2 
0.1 
0.0 

58.3 

11.8 

0.0 

28.7 
0.2 

28.9 

0.0 

23.6 
3.0 
0.0 

26.6 

11.0 
0.0 

11.0 

1.4 

1 .I 

2005 2006 

219.3 
7.9 
5.0 
0.0 
4.0 

15.0 
79.8 
36.5 

367.5 

I 15.0 
0.6 
0.0 

11 5.6 

67.0 
0.1 
0.0 

68.0 

11.7 

0.0 

28.7 
0.2 

28.9 

0.0 

24.3 
3.0 
0.0 

27.3 

12.0 
0.0 

12.0 

1.5 

1.4 

223.5 
7.9 
.5.0 
0.0 
4.5 

1.5.0 
11.1 
32.9 

329.9 

215.0 
0.6 
0 0  

113.6 

51.6 
0.1 
0.0 

51.7 

11.7 

0.0 

28.7 
0.2 

28.9 

0.0 

25.1 
3.0 
0.0 

28.1 

11.0 
0.0 

11.0 

1.1 

1.4 



Table 9.3 (continued) 
Funding by assistant secretarial level office by fiscal yeat 

($in d o n s  HA) 
~~ ~ 

2000 200 1 
~ -~ ~~ ~~ 

Office of Security and I'mcrgencv Operations 

Office of International 14ffafalrs 
1 otal operating 0 1 3 0  

'Total operating 0.0 0.2 

Total operaurig (0 1) 0 1 

Total operattng 0 6 0 0 

Total operaung 3 'F 2 2  

Total operatiiig 0.1 0.0 

Office of I'ohc! 

Office of Chief I inancial Officer 

Office of CVorker and Communiiv Transition 

l'ederal Energ\ Krgulator! Commission 

Environmental Management (Bechtel Jacobs Company LLC) 
Total operating 

Subtotal DOE Programs 
'lotal operating 
Capital equipment (excluding SNS) 
Capital equipment, Landlord GPE 
Capital equipment, SNS 
Construction (excluding SNS) 
Construction, Idandlord GPP 
SNS constiiiction 
Proposed construction 

Total 
DOE Contractors and Operations Offices 

Cooperative R&D Agreements 

Total DOE Programs 

Total operatiiig 

Total operating 

Total operatins 
Capital cquipmcnt (excluding SNS) 
Capital equipment, Landlord GPE 
Capital equipment, SNS 
Construction (excluding SNS) 
Construction, Landlord GPI' 
SNS construction 
Proposed construction 

Total 
Work for Others 
Nuclear Regulatory Commission 

Department of Defense 
Operating expense 

Operating expense 

26.1 

400.9 
16.0 
3.3 
0.2 
3.9 
3.4 

100.0 
0.0 

528.7 

53.5 

7.0 

461 1 
16.0 
3.3 
0.2 
3.9 
4.1 

100.0 
0.0 

589.? 

8.1 

33.5 
National Aeronautics and Space Administration 

Opcrating expenqe 1.8 

20.0 

1-50.3 
15.7 
1.9 
0.1 

11.1 
5.8 

258.9 
0.0 

743.8 

51 .y 

9.0 

511.0 
15.7 
1.9 
0.1 

11.1 
5.8 

258.9 
0.0 

804.5 

7.8 

31.4 

4.0 

6.7 

0.1 

0.0 

0.1 

(0.4) 

0.0 

18.0 

420.2 
10.7 
1.4 
0.1 

26.0 
6.4 

31 8.2 
0.0 

683.0 

48.5 

6.1 

471.8 
10.7 
1 .4 
0.1 

26.0 
6.4 

318.3 
0.0 

73'7.6 

7.3 

31.2 

6.4 

7003 2001 2005 

8.1 

0.2 

0.0 

0.0 

0.0 

0.0 

18.0 

151.1 
12.1 
-1.0 
0.0 

16.8 
12.0 

210.6 
26.3 

732.9 

18.5 

6.1 

505.7 
13.1 
4.0 
0.0 

16.8 
12.0 

210.6 
26.3 

787.i 

6.8 

31.3 

6.6 

8.4 

0.2 

0.0 

0.0 

0.0 

0.0 

18.0 

477.2 
11.7 
5.0 
0.0 
8.6 

15.0 
124.6 
50.3 

692.4 

40.0 

6.1 

523.3 
11.7 
5.0 
0.0 
8.6 

15.0 
123.6 
50.3 

738.5 

6.5 

20.4 

3.6 

8.7 

0.2 

0.0 

0.0 

0.0 

0.0 

18.0 

11.8 
5.0 
0.0 
4.0 

15.0 
79.8 
36.5 

660.8 

40.0 

6.1 

554.8 
11.8 
5.0 
0. 0 
4.0 

15.0 
79.8 
36.5 

706.9 

6.5 

30.6 

3.6 

2006 

9.0 

0.2 

0.0 

0.0 

0.0 

0.0 

18.0 

496.6 
11.8 
5.0 
0.0 
4.5 

15.0 
41.1 
32.9 

606.9 

40.0 

6.1 

542.7 
11.8 
5.0 
0.0 
4.5 

15.0 
41.1 
32.3 

653.0 

6.5 

19.0 

3.6 
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Table 9.3 (continued) 
Funding by assistant secretarial level office by fiscal year 

($ in tniUioiis---E3A) 
.................... ~. ......... ..... ~ . 

~~~~ . . . . . . . . . .. . . . . . . . . . . . . . 

Department of Health and Human Services 

Environmental Protection Agency 

National Science Foundation 

Operating expense 

Operating expense 

Operating expensc 

Federal Emergency Management Agency 
Operating expense 

Department of Transportation 
Operating expense 

Other Federal agencies 
Oprating expenses 

Electric Power Research Institute 
Operating expense 

Other nonfederal agencies 
Operating c-spense 

Total Work for Others 
Oprating expense 

Operating expense 
Capital equipment (excluding SNS) 
Capital equipment, SNS 
Capital equipment-, J.,andlortl GPE 
Construction (excluding SNS) 
Construction, Landlord GPP 
SNS constmction 
Proposed construction 

Total ORNL 

Total 

. . . . .. .. . .- 

2000 

2.1 

4.2 

0.0 

0.4 

7.1 

4.9 

1 .0 

14.0 

80.1 

541.5 
16.0 
0.2 
3.3 
3.9 
4.4 

100.0 
0.0 

669.1 

200 I 

1.6 

5.1 

0.0 

0.8 

5.6 

3.2 

0.7 

24.5 

84.7 

595.7 
15.7 
0.1 
1.9 

11.1 
5.8 

258.9 
0.0 

889.2 
. . . . . . . . .. . . 

..... 

..... 

2002 

0.8 

4.0 

0.0 

0.8 

7.4 

7.1 

1.4 

20.6 

87.0 

561.8 
10.7 
0.1 
1.4 

26.0 
6.4 

218.2 
0.0 

824.6 

2003 2004 
-~~ 

1 .0 

3.9 

0.0 

0.8 

7.4 

7.2 

1.4 

22.4 

88.8 

594.5 
12.1 
0.0 
4.0 

16.8 
12.0 

210.6 
26.3 

876.3 

_ _  

1 .0 

3.1 

0.0 

0.8 

4.6 

25.0 

0.1 

14.7 

79.8 

603 1 
11.7 
0.0 
5.0 
8.6 

15.0 
123.6 
50.3 

818.3 
- 

200.5 2006 

0.8 

3.2 

0.0 

0.8 

4.6 

24.9 

0.1 

14.7 

79.8 

634.6 
11.8 
0.0 
5.0 
4.0 

15.0 
79.8 
36.5 

780.7 

0.8 

3.4 

0.0 

0.8 

4.6 

26.3 

0.1 

14.7 

79.8 

622.5 
11.8 
0.0 
5.0 
4.5 

15.0 
42.1 
32.9 

732.8 
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Table 9.4 
Personnel by assistant secretarial level office by fiscal year 

(Full-time equivaleiit (FTE) employees] 

2000 200 1 

Undersecretary for Energy, Science, and Environment 
~~ 

Office of  Science 
Technical personnel 576.2 
Other direct personnel 132.1 

'l'otal direct personnel 708.6 

'l'echnical personnel 307.8 

Total direct personnel 328.1 

Office of Encrgy Efficienq and Renewable Energy 

Other direct personnel 20.3 

Technical personnel 53.0 
Other direct personnel 9.3 

Technical personnel 17.3 
Other dtrect personnel 12.2 

Total dtrect personnel .59.? 

'l'echnical personnel 0.1 
Other direct personnel 0.0 
Total direct personnel 0.1 

Office of Nuclear Energ>-, Science and Technolog!- 

Total dlrect personnel 62.1 
Office of Fossil Energy 

Energy Information Administration 

Office of Environmental hianageinent 
Technical persoiinel 86.4 
Other direct personnel 1'7.5 

Total dlrect personnel 103.9 
Office of Civilian Radioactive \Vaste Alanagement 

l'echnical personnel 0.3 
Other direct personnel 0.0 

'l'otal direct personnel 0.3 

Undersecretary for National Nuclear Security 
Deputy Administrator for Defense Programs 

Technical personnel 70.8 
Other direct personnel 22.8 

Total direct personnel 93.6 

668.9 
132.9 
801.8 

320.7 
24.7 

315.4 

61.9 
12.9 
74.8 

118.4 
14.9 

133.3 

0.1 
0.0 
0.1 

94.1 
16.8 

111.0 

0.0 
0.0 
0.0 

57.2 
22.6 
79.8 

Ileputy Administrator for Defense Nuclear Nonproliferation 
Technical personncl 19.4 196.1 

Total direct personnel 19.4 199.0 
Other direct personnel 0.0 2.9 

Departmental Staff and Support Offices 
Office o f  Environment. Safeet). and Health 

-1echnical personncl 23.8 9.7 
Other direct personnel 0.2 0.1 

Total direct personnel 24.0 9.8 

_. 

2002 

617.7 
121.5 
742.2 

321.9 
21.5 

346.4 

86.1 
11.9 
98.3 

45.5 
10.2 
55.7 

0.0 
0.0 

0.0 

83.9 
15.0 
98.9 

0.0 
0.0 
0.0 

64.5 
25.5 
90.0 

66.7 
1 .o 

67.7 

9.5 
0.1 
9.6 

~~~ ~ 

2003 

610.5 
127.2 
717.7 

306.8 
20.2 

327.0 

100.8 
13.1 

114.2 

38.6 
5.7 

44.3 

0.0 
0.0 
0.0 

86.0 
12.6 
98.6 

0.0 

0.0 
0.0 

76.4 
27.2 

103.6 

63.6 
1.0 

64.6 

7.7 
0.1 
7.8 

2004 

610.5 
127.2 
737.7 

306.8 
10.2 

327.0 

100.8 
13.1 

11 -1.2 

38.6 
5.7 

44.3 

0.0 
0.0 
0.0 

86.0 
12.6 
98.6 

0.0 
0.0 
0.0 

76.4 
27.2 

103.6 

63.6 
1 .o 

64.6 

7.7 
0.1 
7.8 

~~ 

200.5 

610.5 
127.2 
737.7 

306.8 
20.2 

337.0 

100.8 
13.1 

114.2 

38.6 
5.7 

44.3 

0.0 
0.0 
0.0 

86.0 
12.6 
98.6 

0.0 
0.0 
0.0 

76.4 
27.2 

103.6 

63.6 
1 .o 

64.6 

7.7 
0.1 
7.8 

.- ~~ 

2006 
~ 

610.5 
117.2 
737.7 

306.8 
20.2 

327.0 

100.8 
13.4 

114.2 

38.6 
5.7 

44.3 

0.0 
0.0 
0.0 

86.0 
12.6 
98.6 

0.0 
0.0 
0.0 

76.4 
27.2 

103.6 

63.6 
1 .0 

64.6 

7 ,., 
I . !  

0.1 
7.8 
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Table 9.4 (continued) 
Personnel by assistant secretarial level office by fiscal year 

[Full-time equivalent (F17 :) employees] 

2000 
Offifice of ~,,ounterititclhgerice 

l'echnical perwnnel 11.7 

Total dlrect personnel 11.7 
Other hrect peiminel 0 0  

I'echnic'd personnel 0.3 
Other direct personnel 0 0  

Total d v e c t  perwnnel 0 3 

Iechnical personnel 1 .0 
Other direct personnel 0 0  

Uffice of Securtty and Frnergency Opernuons 

O f f i L C  of Pohcl, 

I otal direct personnel 1 .0 

rechrlical perwnnel 0 8  
Office of Chief hiancia1 Otfictr 

Other dlrect personnel 0 0  
rota1 krect personnel 0.8 

Tcchnicnl per5onnel 0 0  
Other direct perhonnel 0.0 

Total direct persoiiriel 0 0  

I echnical permnnel 0 0  
Other &rect personnel 0 0  

Total Arect personnel 0 0  

Office of  Worker arid Community T ransitlo11 

t.edera1 Fnergy Regulatory Cotntntssion 

Environmental hianagement (Hechtel Jacobs Company T J L )  
Technical personnel 138 2 
Other direct pcrsoniiel 14 7 

I'otal direct personnel 152 9 
Subtotal DOE Progtams 

Technical personnel 
Other dlrect personnel 

Total dvect personnel 
13OR Contractors and Operations Office 

'I'echmcal personnel 
Other direct personnel 

Total h - e c t  personnel 
(:ooperative K&D Agreements 

Technical perionnel 
( 3ther direct personnel 

'1 otal direct pcrsonnel 
rota1 IIOb Programs 

*I echrud personncl 
Other direct personnel 

Total direct personnel 

2001 2002 2003 2004 

1337.3 
229.5 

1566.8 

225.6 
24.6 

2513.2 

38.6 
0.0 

38.6 

160 1.5 
254.1 

1855.6 

9.2 
0.0 
9.2 

0.3 
0.0 
0.3 

1 .0 
0.0 
1 .0 

0 8  
0.0 
0.8 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

119.6 
11.3 

130.9 

1657.9 
239.3 

1897.1 

212.7 
11.7 

244.4 

19.0 
15.5 
34.5 

1909.6 
266.4 

2176.0 

9.9 
0.0 
9.9 

38.0 
2.5 

40.5 

0.9 
0.0 
0.3 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

107.6 
10.2 

117.8 

1452.5 
225.4 

1677.9 

218.3 
11.0 

229.3 

13.9 
16.6 
29.5 

1683.7 
253.0 

1936.7 

10.1 
0.0 

10.1 

37.8 
2.5 

40.3 

0.8 
0.0 
0.8 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

108.0 
9.8 

11 7.8 

1447.1 
219.7 

1666.8 

215.8 
8.6 

224.4 

7.9 
22.6 
30.5 

1670.8 
250.5, 

1921.7 

10.1 
0.0 

10.1 

37.8 
2.5 

40.3 

0.8 
0.0 
0.8 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 

0.0 
0.0 
0.0 

108.0 
3.8 

117.8 

1447.1 
219.7 

1666.8 

215.8 
8.6 

224.4 

7.9 
22.6 
30.5 

1670.8 
2.50.9 

1921.7 

.... 

2005 
. .. - 

10.1 
0.0 

10.1 

07.8 
2.5 

30.3 

0.8 
0.0 
0.8 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

108.0 
9.8 

117.8 

1447.1 
219.7 

1666.8 

215.8 
8.6 

224.4 

7.9 
22.6 
30.5 

1670.8 
2.50.9 

1921.7 

2006 

10.1 
0.0 

10.1 

37.8 
2.5 

40.3 

0.8 
0.0 
0.8 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

108.0 
9.8 

117.8 

1147.1 
219.7 

1666.8 

215.8 
8.6 

224.4 

7.9 
22.6 
30.5 

1670.8 
250.9 

1921.7 
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Table 9.4 [continued) 
Personnel by assistant secretarial lcvel office by fiscal year 

[Full-time equivalent (FTE) employees1 
~ ~ ~~~ ~~~~~~~~~ ~~ ~~~ ~ 

_____ ~~~ ~ ~~ ~ ~~ 

Work for Others 
Nuclear Regulatory Commission 

Technical personnel 
O h r r  direct personnel ~. 1 otal direct persolinel 

Department of I k f e n s e  
I echnical personnel 
Other direct personnel 

- .  

Total direct personnel 
National Aeronautics and Space Xdministratioi2 

Technical personnel 
Other direct personnel 

Total direct personnel 
Department of Health and I-Iuman Services 

Technical personnel 
Other direct personnel 

~1 I otal dlrect personnel 
Rnvironmen tal Protection Xgenc>- 

'lechnical personnel 
Other direct personnel 

National Science Foundation 
Technical personnel 
Other direct personnel 

Total direct personnel 

Total dlrect personnel 
Federal Emcrgenc!- Alanagement Xgenq 

Technical personnel 
Other direct personnel 

-1otal direct personnel 
Department o f  Transportation 

Technical personnel 
Other direct personnel 

Total direct personnel 
Other bederal agencies 

Technical personnel 
Other l rect  personnel 

Total direct personnel 
Electric Power liesearch Institute 

Technical personnel 
Other direct personnel 

Total direct personnel 
Other nonfederal agencies 

Technical personnel 
Other direct personnel 

Total direct personnel 

3001 

27.1 
1.3 

28.5 

127.3 
23.4 

150.7 

14.7 
4.9 

19.6 

24.7 
0.0 

24.7 

17.3 
0.0 

17.3 

0.2 
0.0 
0.2 

3.9 
0.0 
3.9 

28.4 
0.0 

28.1 

1.6 
6.5 
8.1 

3.0 
0.0 
3.0 

58.5 
9.9 

68.4 

20.2 
0.2 

20.4 

66.8 
35.6 

101.4 

7.9 
3.3 

11.3 

8.2 
0.0 
8.2 

19.4 
0.0 

19.4 

0.2 
0.0 
0.2 

3.9 
0.0 
3.9 

17.5 
0.0 

17.5 

1.6 
14.4 
16.0 

0.9 
0.0 
0.9 

42.9 
32.1 
75.0 

~ ~ ~~~ 

2.002 
~~~~ 

18.9 
0.2 

19.1 

66.4 
38.2 

1U4.6 

12.7 
5.3 

18.0 

4.1 
0.0 

4.1 

15.2 
0.0 

15.2 

0.0 
0.0 
0.0 

2.9 
0.0 
2.9 

23.1 
0.0 

23.1 

3.5 
32.0 
35.5 

1.8 
0.0 
1.8 

36.1 
27.0 
63.1 

~~ 

2004 

14.0 
0.2 

14.3- 

63.3 
38.2 

101.5 

11.4 
6.0 

17.4 

7.5 
0.0 
2.5 

12.9 
0.0 

12.9 

0.0 
0.0 
0.0 

1.5 
0.0 
1.5 

23.1 
0.0 

23.1 

3.7 
32.0 
35.7 

1.8 
0 . 0  
1.8 

26.9 
28.0 
54.9 

14.0 
0.2 

14.2 

63.3 
38.2 

ini.5 

11.4 
6.0 

1'7.4 

2.5 
0.0 
2.5 

12.9 

12.9 

0.0 
0.0 
0.0 

1.5 
0.0 
1.5 

23.1 
0.0 

23.1 

3.7 
32.0 
35.7 

0.1 
0.0 
0.1 

26.9 
28.0 
54.9 

0.0 

2005 

14.0 
0.2. 

14.2 

63 3 
38.2 

101.5 

11.4 
6.0 

17 4 

2 5  
0.0 
2.5 

12 9 
0 0 

12 9 

0.0 
0.0 
0.0 

1.5 
0.0 
1.5 

23.1 
0.0 

23 1 

3.7 
32.0 
35.7 

0. 1 
0.0 
0.1 

26.9 
28.0 
54.9 

3006 
~~~ 

14.0 
0.2 

14.2 

63.3 
38.3 

101.5 

11.4 
6.0 

17.4 

2.5 
0.0 
2.5 

12.9 
0.0 

12.9 

0.0 
0.0 
0.0 

1.5 
0.0 
1..5 

23.1 
0.0 

23.1 

3.7 
32.0 
35.7 

0.1 
0.0 
0.1 

26.9 
28.0 
54.9 
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Table 9.4 (continued) 
Personnel by assistant secretarial level office by fiscal year 

[Full-timc equivaleiit (FIT) rtnployees] 

2000 2001 2002 2003 2004 2005 2006 
. . . . . . . . . . ..... ... ~~~ ............ _ _ ~ ~  ................ ~. ~. ~~- -~~ ~ 

Tota l  Work for Others 
‘Iechnical personnel 306.8 189.5 184.7 161.1 159.4 159.3 159.4 
0 tlier direct personnel 46.0 8-56 102.7 104.4 104.4 104.4 104.4 

Total direct personlie1 352.8 345.‘) 287.4 265.5 263.8 203.8 263.8 
Total ORNL 

‘I‘echnical personnel 
( hher direct personnel 

1908.7 2099.1 1868.4 1831.9 1830.2 1830.2 1830.2 
300.1 332.0 355.7 355.3 355.3 355.3 355.3 

2208.4 2451.1 2224.1 2187.2 2185.5 2185.5 2185.5 
~~~.~~~~~~ ~ ~ ..... ..... ~ 

Total direct personnel (FTE) 
____ ~.. ~~ 
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Work for Other Sponsors 

Federal Organizations 

Nuclear Regulatory Commission 
ORNL supports the Nuclear Regulatory Cornmission (NRC) in nuclear safety, safepards, and 

etiviroimental protection activities and by providing a technical basis for the NKC 's licensvlg and 
regulatory actions and clecisions. Approsirnately 25 projects are adinitiistered through the Nuclear 
'I'echnology Programs Office; work is performed by 5 OKNL divisions and 1 BLVXT Y-12, LLC, 
organization. Yliese projects are carried out in agreement with the Meinorariduni of Understanding 
established between the Department of  Energy (DOE;) ,and NKC hi 1'978 and revised iri 1998, and the 
work is conducted primarily for the NRC Offices of .huclear Regulatory Research (RES), Xuclear 
Material Safety and Safeguards (NMSS), and Nuclear R.eactor Regulation (NRR). 

Kesearch :we:is for RES include storage and transport of hgh-burnup spent hel, reactor pressure 
vessel (W'ir) integrity (irradiation eintxittlement, fracture tnechanics assessment methodology, 
pressurized thermal-shock assessments, annealirig s t u c h ,  etc.), nuclear plant agng atid license renewal 
issues, and instrumentation and coiitrols technology. OWTI, is a leader in the development and 
application of fracture mechanics technology for nuclear KPVs, iii radiation csperiments and 
emhittlement assessments in b o h g  water reactor ( B U R )  core melt progression analysis, in testing 
techniques to assess component agiig, ,and in microstructural examination methods. Some of this work is 
carried out in collaboration with other LXIE laboratories aid with researchers in other countries. 

Another area of emphasis for RES is the collection, review, analysis, md ewiluation of plant safety 
perfortnance data. O W L  supports RES with the resolution of operational performance issues, 
Benchmarking the operating records of power plants for diagnostic assessments, trending events, 
providing technicd assistance, and responding to inquiries from NIZC staff on operarional and safer);- 
related issues. ORXL operates and nuin t ins  the Sequence Coduig and Search System (SCSS), the NRC's 
official database of reportable operational events at commercial nuclear power plants. 

New areas of support for W:S include assistance with pre-application review activities for modular 
high-temperature gas-cooled reactors. Activities include the evaluation of experimental data on the high- 
teniperature thermd and mechanical properties of irradated graphite and inodekg arid performing 
pebble bed modular reactor accident simulations. In uesponse to recent national events, OILYJ.. is also 
providulg vulnerabhty assessments of nuclear facxhties certified by the NKC. 

Research areas for NMSS inchide criticality safety, slliel&ng and thermal analyses of nuclear he1 
fadities and cask designs, erivironmental review of licensee hcilities, and review o f  terminated materials 
handhng license files. The ORAL-developed computer code SCALE h:ts been extended for NMSS use as 
this organization's reference code for criticality safety, shieldmg, and thermal ailalyses. 

'I'echnical assistance is provided to NRlZ in the areas o f  fuel stabhty andyses; ecoiioinic analyses; 
component assessments; reviews of safetyrelated sy-srems; nuclear plant license renewal issues; nuclear 
reactor licensing actions relative to design basis :md severe reactor accident source terms; a id  fission 
product chemistry, iodine evolution, arid p1-I control. 
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U S .  Department of Defense 
O R N ,  provides R&D support to the defense and national security community in areas where its 

capabilitics are applicable to the mission of the Department of Defense (Don) and related security 
agencies. Programs are conducted in close cooperation and coordination with B\VXT Y-12, LLC, and 
other research partners and include basic and applied research, development, technology demonstration 
programs, and prototyping. 

ORNL provides special high-strength, lightweight materials for advanced armor for protection of 
civilian and military personnel, armored vehicles, satellites, and other high-value assets. Advanced 
material processing also supports development of new penetrators and penetration systems, high- 
temperature nose cones, and related weapon components. OFWL also performs research on advanced 
materials and processing for microelectronics. 

Work continues to develop miniaturized sensors, intelhgcnt scnsoxs on a chip, and the latest 
generation of battlefield-portable mass spectrometers for point contact and stand-off detection of 
chemical and biological agents. New instrumentation, sensors, and data processing technologies are also 
being developed to improve detection of unexploded ordnance (C'XO) and mines from land-, air-, and 
marine-based systems. This work is conducted in collaboration with DOL), academia, the private sector, 
and other DOE national laboratories. 

Improved diagnostic and prognostic systems support the manufacture, life extension, and 
maintenance of weapon systems. Sovel approaches to mobile communications and cyber security are 
being developed for the information assurance and protection of national security and business data and 
information. Joint Vircual Analysis Centers are being developed to collect, explore, and represent the 
information and know-ledge contained in intelligence data sources. Common situational awareness tools 
are being developed to visualize tlic battle space for certain special mditarj- operations. 

Autonomous and telcoperated robotic systems are developed for remote navigation in hazardous 
environments for site characterization and restoration and for safe handhg  of hazardous materials. 
Remote handling technologes are also used to rearin ammunition for rmlitary ground coinbat vehicles, 
aircraft. and air defense missile systems. 

Work continues to develop the next generation of transportation and logistics models for defense 
customers, including trailsportation planning and traclung for rapid mhtary response planning and 
execution for international contingencies. biovcl applications of autonomous intelligent software are 
being developed to characterize, understand, and predct elements of the defense supply chain. 

Environmental research is conducted for the Strategic Environmental R&D Program and the 
Environmental Security Technology Certification Program. These programs support the research, 
development. demonstration, validation, and evaluation of technology to better manage military base 
operations and legacy waste (e.g., UXO) and to support the closing, restructuring, and modernization of 
rnilitan- bases and fachties. New technology is developed and evaluated to avoid or reduce pollution 
from DOD manufacturing programs. Energy research supports new energy conservation technoIogy for 
d t a r y  housing and power supply systems, as well as more efficient vehicle and transportation systems. 
Work continues to provide demographic and economic modeling support for planning, recruiting, and 
retention of &tar), personnel. 

Toxicologists and health professionals at O W L  contrillute technical advice, assessments, hearing 
testimony, and critiques to ensure scientifically supported and health-based exposure ctiteria for chemical 
warfare agents. This work has provided the basis for military and civilian chemical warfare agent dsposal 
determinations, military installation restoration programs, and chemical weapons treaty compliance. 
OKNL, staff also develop and implement independent assessments of programs to ensure, monitor, and 
evaluate the quality of data used by DOD for making decisions in environmental remediation and risk 
assessment prograins. 

U.S. Department of Transportation 
ORn'J, assists the Departmcnt of Transportation's Federal I-IighmJ; Administration, the National 

Highway 'Traffic Safety Administration, the Office of Pipeline Safety, the Federal 'l'ransit Administration, 
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the Federal Aviation Administration, and tlie Bure:iu of Transportation Statistics in research areas that 
include developmetit of freight and passenger deinaiid models; assessment of data quality and data 
consistency of higliway statistics; development of data collection methods and adxuiced data 
management systems to improve data integrity and awil;il:)ility; analysis of nationwide sutveys tci address 
issues in current or fiiturc national transportation policies; development of methods to statistically link 
data sources to st-udy iiitermodal traffic; and research oii iiitckgent transportation systems. ORNL also 
provides technical assessment of oil and gas pipeline systems throughout the United States for com- 
pliaiice with regulatory standards. This work is part of a broad transportation T<&D and technology 
program (see Sect.. 5.6.2.4). 

National Aeronautics and Space Administration 
OKNL serves :is N,ISX’s Distxilmted Active Archive Center (DhAC) for Biogeochemical 

Dynamics for the Earth Observing System Data and Information System (EOSDIS). I<OSUIS is part of 
NASA’s contribution to the US.  Global Change Research Progrnn1’s effort to develop a predictive 
understanding of &e global enx4roninrrit. Data from NASA and other sources archived ;it h e  ORNT.. 
DAAC are used to calibrnte and verify remote sensing dah  and to parameterize and validate models of 
local, regional, and global-scale processes for projecting changes isi the Earth’s ecosys tems. OIWL’s 
Walker Rrancli Watersbed on the Oak Ridge Kesenatioii is one o f  the 24 core land validation sites 
selected to represent biomes globally. NASA se1ecte.d the ORICB, site because of the long history of these 
tneasurements coupled with extensive remote sensing data for the Oak Ridge Reservation. ’T’he OWL 
IlA.XC is also working closely with DOE’S Carbon Ilioxide Information i1ii:ilysis Center to archive and 
distribute data froin ineasurenient towers throughout tlie world. In order to promote thc sharing of data 
and information, ORNI, developed a modern W’eb-lxised sys tern, Mercury (http://niercury.oriil.gt,v), 
which assists investigators in documenting data and making them available to users throughout thc world, 
regardless of discipline. The ORNL IlAAC: uses Mercury for field activities in South America, for 
validating remote sensing products, arid for making available a variety of earth sciences data from NASA- 
funded centers across North America. ORNT., is a l s o  supplying NASA with rack)-frequency technology 
and espertise in hgh-temperature superconductoxs for ai1 advanced rocket engine; supporting NASA 
progrixns in aviation safety; assisting iu data compilatioii (xi the growth of vegetation; and ptovicling daca 
and informatioil support to a large NASA field campaign to study the tropical forest ecosystem in the 
Amazon h v e r  basin. 

U.S. Environmental Protection Agency 
OIWL’s work for the EPA addresses numerous health and environmental problems and issues. 

Activities include evaluation of the cost-effectiveness of reducing nitrogeii oxide emissions as ;I ineatis of 
ozone control; involvement wit17 EPA air quahty research and niodelulg programs through the NARSlO 
Quality Systems Science Center la Carbon Dioxide Information Analysis Center (CDLAC) program; see 
Sect. 5.1 2.21; activities in quality assurance and archiving of atmospheric chemistry atid particulate matter 
data; support for ecologcal risk activities; guidtince on inhcators of landscape pattern and regional 
vulnerability studies of the biogeochemical cycling of mercury; collaboration with EPA scientists on the 
Desigri for the Environnient Progriii; research on decent-ralized wastewater management concepts; 
evaluation of physiologIcdlly based ph:irmacoktnetic models in risk assessment; continuing work on the 
Environmental Mutagen Inforniation Center database; preparation of literature reviews and chemical 
hazard information profiles for selected topics aiid chemicals; field validation of analysis methods under 
the Environmental Technology Verification Program; and development of reference dose and reportable 
quantity profiles to reduce uncertainty in risk assessments. For the Office of Pesticide Programs, critical 
evaluations of health, chemistry, and ecological data are performed hi support of the registration and 
reregstration of pesticides. For the Office of Pollution Prevention ;md TOX~CS, Acute Exposure 
Guideline Levels are derived to provide ,&dance to anergency planners in the event of accidental 
releases of chemicals, rand assistance is provided to die High Production Chemical Volume Program, 
which is part of an  intermatioiial effort to better characterize the potential hazards of these chemicals. 
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U S .  Department of Health and Human Services 
'I'hc US. Department of I Iealth and Human Services supports research in protein crystallography, 

bioanalytical chemistry, genetics, functional genomics, and toxicology through vaiioiis institutes of the 
National Institiites of Health. Research into the genetics of obesity is supported through a grant from the 
National Institute for Iliabetes and Digestive and Kidney Diseases. Investigations of the genetics of germ 
cell susceptibility to environmental mutagenesis are supported l q  an interagency agreement with the 
National Institute of Environmental Health Sciences. ORXI, also conducts research for the Sational 
I kart, Lung, and Blood Institute; the National Institute on Agmg; the National Tnstitute Human 
Genome Research Institute; the National Institute for Mental I iealth; and the National Institute of 
General Medicine. Genetic, reproductive, and general toxicologr databases are developed, analyxed, and 
evaluated for the Food and Divg Administration (FDll), the Kational Library of Medicine, and the 
National Toxicology Program, with support from the Environmental Protection Agency (EPX). ORNL 
staff also provide the FDA Center for Food Safety and Applied Nutrition with ciitical evaluations of 
toxicology data for food additives. 

A National AIIX/Cancer Match Registry developed at ORNL has been used throughout the 
world to identifi. tumor types developed in immunocompromised indniduals. The project is being 
repeated to determine the efficacy of AIDS-related drugs and to gain further insights in tumorigenesis. 

The NIIJ Natioiial Cancer Institute has published the > . l t h J .  o j  G m w  M o ~ l i l l i ~ y  . .  fb the United Stu&..r, 
1950-1994. The atlas shows the geographic patterns of cancer, opening the door for spatial analyses and 
research on cancer epidemiology and etiology. Establishing correlative spatial and temporal h k s  behveen 
cancer incidence and mortality patterns is a critical task in establishing cancer etiology and enhancing 
cancer prevention. Kesearch at O W L  d l  focus on developing spatial statistical methods and using 
geographical information systems to detcrnline correlation among cancer types and a series of social, eco- 
nomic, and environmental factors at various spatial scales. 

Federal Emergency Management Agency 
ORNL programs for the Federal Emergency Management Agenci- include a range of R&D and 

technical assistance activities that support national preparedness for dsasters and emergencies. OKWL 
serves as an independent center of expertise in areas that include engmeering assistance, analysis and 
assessment, and emergency evacuation procedures. 

National Science Foundation 
The National Science Foundation (NSF) supports studies of nitrogen uptake, cycling, and retention 

in stream ecosystems using 15N tracer addtion experiments. The results will contribute to a better 
understandmg of the mechanism responsible for and controls on ammonium and nitrate uptake and 
cpcling and the effects of increased nitrogen inputs to streams. The NSF also supports free-air carbon 
dioxide enrichment (F,ZCE) studles of a closed-canopy deciduous forest at the ORNL FL;,lCE Fachty in 
the Oak Ibdge National Environmental Research Park. 

Other Federal Agencies 
ORNL provides technical support to a variety of other federal agencies, including the 

US.  Department of Agriculture, the U.S. Department of Commerce, the U.S. Department of Education, 
the U S .  Department of the Interior, and thc U.S. Department of State. 

The State Department provides support for work performed for the International Atomic Energy 
Agency and the United Nations Educational, Scientific, and Cdtural Organkation (UNESCO). 
OlUSL assists the US .  country studies program in support of the Intergovernmental Panel on 
Chnate Change. 
Projects for the Department of Education include the development of a learning module to teach 
elcmentary physical principles as they apply to the construction and testing of a stran7-hale wall and 
the design and programming of an automated decision-makmg software package for assessing data 
on secondaq education schools and institutions. 
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ORNL is collaborating with the US. Department of Agriculture (US1l.A) Officc of Eiiergy Policy 
and hTew Uses to incorporate data oii potential encrgp crops ini-o models of the ;igricultiird sector 
used b y  TJSDA for economic arid policy analyses. 'This work focuses on the PC)LYSYS r~iodel 
developed ant1 inaiiitained for USIIX L q ,  the University of 'I'ermessee. 
ORNI, sen-es the U.S. Agency for international I>evelopnient as a center of expertise on energy- 
pkannkg, policy developmen 1, and renewable energy applications. ~\ctivities hclude research; 
analysis; techiiical assistance; project development, impleineiitatioii, and evalimtion; and itifmiation 
dissemiiiatioii. 
OKNI, scientists conduct environmental research in the Great Smoky Mountains National Park for 
the National Park Service. 
Support is provided to the Bureau o f  Labor Sratistics in artificial intelligence systems to provide 
estimates of consumer prices index and survey ;tutornation. 
ORNL provides support in environmental nmqgeinent of water resources to several federal 
agencies. For example, ORNL staff' serve as technical advisors to the U.S. Army Corps of Engineers 
on environmental issues such :is hydropower impacts on fish and d d l i f e  and instream flow policies 
and to the Nort-hwest Power Planning Comicil and the Office o f  Science and 'I'echnology J'olicy on 
restoration of Pacific salnion. 
Under the sponsorship o f  the interageiicy Strategic F,nvironincmtal R&D Prograni/Em.lronmental 
Security Technology Certification Program, ORNL staff are involved in an iiiteragency group 
including DOE, DOD, the Agency for Toxic Substances and Disease Registry, axid the f3". 'The 
group's purpose is to improve the scientific methods and models for the performance a id  
application of risk assessments. Ecological models developed at ORNL are used to address land 
management issues. 
The US.  Geologid Survey supports the development of regional %id national data nianagenient and 
analysis tools as part of the National Biological Information 1nfr:utructure program. 

Nonfederal Organizations 
OKNI, performs research for :md in collaboration with many nonfederal entities, both public and 

private. 'I'hese efforts support DOE'S a i m s  in developing partnersl3ps and applykg the resources of the 
national laboratoties to issues a id  probleins of national importance. 

Electric Power Research Institute 
The Electric Power Research Institute (EPRT) fiinds research at ORVT., in areas related to the 

generation and efficient use of environmentally acceptable electric energy. ' I l k  research includes evalua- 
tion of the e c o l o g d  affects associated with water use for power generation; a project co-funded by 
IIOE and EPKI to develop and demonstrate iritelligent control systems for nuclear power plants; tech- 
nology development in high-teinpemture structural desigri methods and fracture assessment procedures 
for advaiiccd reactors arid other high-temperature power plant conipoiients, the results of which support 
DOE'S reactor programs; and physical chemistry studies related to power-plant steam cycles, which draw 
on fundamental work supported 1)y the Office of Dasic Eiwrgy Sciences in DOE'S Office of Science. 
Associated wirh EPKT research is work funded by Bahcock and Wilcox (H&\V) to develop a control algo- 
rithm that will be implemented by the B&W Chvtiers Group on new &gtal control hardware. 

Other Nonfederal Organizations 
Private industry interacts with ORYL, throush cooperative RKrD agreements, user agreements, 

licensing agreements, and other mechanisms. For example, OKNL supports the Tdahho Power Company 
with environmental studies of how hydroelectric projects affect fish populations, an activity that coni- 
plements other work for DOI:.'s E-Iydropower Progranl. ORNI, also interacts with many other tionfederal 
enrities, including SEMATECH, the Japan .Atonuc Eiierg): Research Institute, the Korea Atomic Eiiergy 
Research Institute, the Uiuted Kingdom Atoinic Energy Agency, the 1nternation:il .Atomic Energy 
Agency, and Oak Ridge Associated Ciiiversities. States make usc of OIWL eqxrtise through agreements 
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such a\ thosc ni th  the State of Florda to study the enruonmental behavior of mercury; tlirough the Statc 
Partnerships Program; a i d  through user facihty agreements, cooperative R&D agreements, and other 
mechanisms. 

Supplemental Tables 
Taldc S. 1 presents projected resources (funding and direct personnel) by program. 'I'he projections 

in 'Table S.1 arc based on funding rcquested in the 2002 h d g c t  submission documcnts, with some 
adjustments for subsequent guidance. 'l'he projections include seine funding for construction that 
supports the major laborator)- initiatives proposed in Sect. 4 of the Institutional Plan. 

Resource projections for future years are prcsented in terms of new budget authority (ELI) funding 
in milhons of dollars. New BA requests arc calculated by  adding estimates of fiscal year-end outstanding 
commitments (institutional, programmatic, and continued operation) to the total cost and then 
subtracting the prior-year uncosted budgct. Personnel projections are qven as the number of full-time 
equivalent (FTE) employees. 

Tables S.3 and S.3 present information about ORNJ,'s staff. Table S.4 presents estimates for sub- 
contracting and procurement, reportcd as total obligated funds for each fiscal year, and Table S.5 
presents estimates for small and disadvantaged business procurement. 

'l'alde S.6 provides details on the use of ORNL's designated user fachties during €9'3000. 
Table S.? provides detarls on participation in ORNl .'s universi5- and science education programs. 
Table S.8 provides projected estimates of Laboratory Directed Research and Development (LDRD) 
funding. 
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Table S . l  
Resources by program by fiscal year 

($ in millions) 

Undersecretary for Energy, Science, and Environment 
Office of Science 
Magnetic Fusion-AT 

'Topdl Operafklg 18.2 
Capital equipment 0.1 

Total program 1 S.6 
Totd direct personnel (f 70.8 

Capital equipment 0.0 
Total progrxm 0.5 

Tots1 direct persotinel (FIX) 2.3 

I Iigh I~lnergy Physics--ICI 
Total operatirig 0.5 

h'uclear Physics-KB 
Topal operating 14.1 
Capital equipment 1.7 
Cons truc tiun 0.4 

Total program 16.2 
Total direct personnel (FTfi) 62.8 

Basic Energy Sciences-KC 
Operating espense (esclnding SNS) 80.1 
Operating expense, SYS 17.7 

Total operatill$ 07.8 
Capital equipment (excluding SNS) 6.8 
Capital equipment, GPE" Landlord 3.3 
Capital equipnient, SNS 0.2 

Constnicdon, G P P  Landlord 4.4 
Construction, SNS 100.0 
Proposed construction 0.0 

Construction (excluding SNS) 2.4 

214.9 
'rotdl direct persoimei (FTE) 419.7 

1 1 otal progr:im 

Energy Research dnalyses-I<D 
Total operating 0.1 
Total direct persomiel (TTE) 0.2 

Total operating 0.0 
Capid equipment 0.0 
Constmction, MGPF 1.1 
Proposed construc tictn 0.0 

'l'otal program 1.1 
'Total citrect personnel (FIE) 0.0 

Capital equipment 0.1 

'Total direct personnel (FlX) 53.0 

Multiprogrmi Energy I,aborator!.-I;acility Suppoi-t-KG 

Computational and Technology Kesearch-KJ 
Totd operating 12.3 

Total p r o p m  12.4 

16.7 
0.3 

17.0 
64.9 

0.8 
0.0 
0.8 
1.3 

14.0 
1.4 
0.4 

15.8 
64.4 

82.9 
19.0 

101.9 
1.2 
1 .!I 
0.1 
1.6 
5.8 

258.9 
0.0 

374.4 
459.9 

0.0 
0.2 

0.0 
0.0 
6.6 
0.0 
6.6 
0.1 

22.2 
0.3 

22.5 
52.4 

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

2002 
...~ ........ 

17.6 
0.2 

17.8 
68.5 

0.6 
0.0 
0.6 
1 .o 

12.9 
1.2 
0.4 

14.5 
65.3 

81 .0 
15.0 
96.0 

1.5 
1 .I 
0.1 

6.4 
218.2 

0.0 
328.6 
434.0 

0.0 
0.2 

0.0 
0.0 
7.6 
0.0 
7.6 
0.0 

21.2 
0.1 

21.6 
50.0 

5x1 

...... 
2003 

~ 

22.0 
0.2 

22.2 
48.6 

0.7 
0.0 
0.7 
1 .0 

14.3 
1.4 
0.4 

16.1 
65.3 

81.8 
14.4 
96.2 
5.0 
4.0 
0.0 
1.1 

12.0 
210.6 
11.0 

339.9 
444.4 

0.0 
0.2 

0.0 
0.0 

13.8 
2.6 

16.4 
0.0 

23.5 
0.4 

23.9 
50.6 

2001 
. ... . . . . . . . 

23.6 
0.2 

23.8 
-3.6 

0.7 
0.0 
0.7 
1.0 

14.6 
1.4 
0.9 

16.9 
65.3 

83.0 
18.4 

101.4 
5.0 
5.0 
0.0 
1.1 

15.0 
124-.6 
27.0 

279.9 
444.1 

0.0 
0.2 

0.0 
0.0 
6.6 

23.3 
29.9 
0.0 

25.5 
0.5 

26.0 
50.6 

2005 2006 

23.9 
0.2 

24.1 
58.6 

0.7 
0.0 
0.7 
1 .0 

15.1 
1.4 
2.9 

19.4 
65.3 

84.3 
33.1 

117.4 
5.0 
5.0 
0.0 
1.1 

15.0 
79.8 
15.1 

238.4 
444.4 

0.0 
0.2 

0.0 
0.0 
0.0 

21.4 
21 . I  
0.o 

27.5 
0.5 

28.0 
50.6 

24.0 
0.2 

21.2 
58.6 

0.7 
0.0 
0.7 
1 .o 

15.4 
1.4 
3.4 

20.2 
65.3 

84 8 
33.8 

118.6 
5.0 
5.0 
0.0 
1.1 

15.0 
41.2 
0.0 

183.8 
441.4 

0.0 
0.2 

0.0 
0.0 
0.0 

32.9 
32.9 
0.0 

29.5 
0.5 

30.0 
50.6 
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Table S . l  
Resources by program by fiscal year (continued) 

($ in rnihons) 
~~ 

2000 

Biological and Environmental Research-ID 
Total operating 29.2 
Capital equipment 2.5 

lotd direct personnel (F 99.7 

Total operating 0.9 
Total direct pcrsonncl (FTE) 0.0 

Construction 0.0 
Total program 3 1.7 

Office of Science Program Direction-ILX 

T o t a l  Office of Science 
Operating expense 173.1 
Capital equipment 11.5 
Capital equipment, GPE Landlord 3.3 
Capital equipment, SNS 0.2 
Construction (escludmg SNS) 3.9 
Construction, GPP Landlord 4.4 
SXS construction 100.0 
Proposed construction 0.0 

Total program 296.4 
'Total direct personnel (FTE) 708.6 

Office of Energy Efficiency and Renewable Energy 
Solar and Renewdde Resource Technologies-----EB 

'l'otd operating 19.6 

Total program 19.9 
lotal  direct personnel (PTE) 86.0 

l'otal operating 19.3 

'rota1 program 19.8 
Total direct personnel (FTE) 10.7 

Capital equipment 0.3 

Bwldings Sector--EC 

Capital equipment 0.5 

Industrial Sector-MJ ~. 1 oval operating 28.3 
Capital equipment 0.4 
Proposed construction 0.0 

28.7 
Total direct personnel (FTE) 92.2 

rota1 Opt%d&lg 39.6 

- .  I oval program 

Trailsportation Sector-----EB 

Capital equipment 3.9 
Total program 43.5 

Total operating 0.9 
Total direct personnel (FIT) 2.1 

Total operating 0.0 
Total direct personnel (FrE) 0.0 

Total direct personnel (FI-E) 129.5 
Policy and Management-----IS1 I 

Utility Sector-EI< 

-. . . . . . . 

200 1 
-. ~~~ 

39.4 
3.9 
2.5 

45.8 
153.3 

0.0 
0.0 

195.0 
10.1 
1.9 
0.1 

11.1 
5.8 

258.9 
0.0 

482.9 
801.8 

2 4.2 
1 .4 

25.6 
98.5 

19:7 
1.8 

21.5 
7.1 

24.8 
0.6 
0.0 

25.4 
68.2 

45.0 
1.4 

46.4 
162.4 

0.8 
1.9 

0.0 
0.0 

2002 

31.9 
1 .6 

10.0 
43.5 

124.1 

0.0 
0.0 

180.2 
4.9 
1.4 
0.1 

23.0 
6.4 

218.2 
0.0 

134.2 
712.2 

26.0 
0.9 

26.9 
105.8 

24.3 
0.4 

21.7 
8.8 

30.4 
0.1 
0.0 

30.5 
83.5 

37.8 
0.8 

38.6 
136.4 

0.8 
1.9 

0.0 
0.0 

~~ ~ ~ 

200.3 
~ .. 

34.1 
1.2 
1.4 

36.7 
11'7.6 

0.0 
0.0 

190.8 
8.2 
4.0 
0.0 

16.7 
12.0 

210.6 
13.6 

455.9 
737.7 

24.1 
0.1 

24.2 
104.0 

20.5 
0.2 

20.7 
7.0 

24.7 
0.0 

12.0 
36.7 
66.7 

40.8 
0.3 

41.1 
140.1 

0.8 
1.9 

0.0 
0.0 

2004 
~ 

33.7 
0.7 
0.0 

33.4 
11 7.6 

0.0 
0.0 

199.5 
7.8 
5.0 
0.0 
8.6 

15.0 
124 6 
50.3 

410.8 
737.7 

24.1 
0.1 

21.2 
104.0 

20.5 
0.2 

20 7 
7.0 

24.7 
0.0 
0.0 

24.7 
66.7 

40.8 
0.3 

41.1 
110.1 

0.8 
1.9 

0 0  
0.0 

~ 

2005 
~ 

34.7 
0.8 
0.0 

35.5 
117.6 

0.0 
0.0 

219.3 
7.9 
5.0 
0.0 
4.0 

15.0 
79.8 
36.5 

367.5 
737.7 

24.1 
0.1 

24.2 
104.0 

20.5 
0.2 

20.7 
7.0 

24.7 
0.0 
0.0 

24.7 
66.7 

40.8 
0.3 

41.1 
140.1 

0.8 
1.9 

0.0 
0.0 

- 

2006 
- 

353 
0.8 
0.0 

36.1 
117.0 

0.0 
0.0 

227.5 
7.9 
5.0 
0.0 
4.5 

15.0 
41.1 
32.9 

329.9 
737.7 

24.1 
0.1 

24.2 
104.0 

20. i 
0.2 

20.7 
7.0 

21.7 
0.0 
0.0 

24.7 
66.7 

40.8 
0.3 

41.1 
140.1 

0.8 
1.9 

0.0 
0.0 
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Table S . l  
Resoiitces by program hy  fiscal year (continued) 

~~ ~~ . ~~~ ....... ~~ 

~~ ~ 

I'e troleuin-'-1 C 
Toral operating 
l'otal direct personnel (FIB) 

Total operating 
Total direct personnel (Fl'E) 

Total operating 
Total direct personnel (FTE) 

Strategc Petroleum Reserve-SA 
Total operating 
Total direct personnel (FIE) 

Fossil Energ? Environmental Restoratioii-Ll\S~ 

Innovative Clean Coal TechnoloF--i\Z 

'iota1 Office of Fossil Energj- 
Total operating 
Total direct personnel (FI'E) 

Energy Information Administration 
National Energy Information System.----.Tll 

Total operating 
'l'otal dnect personnel (FTE) 

Total operating 
'l'otal l rect  personnel (FTE) 

Total E n e r s  Information Administration 

Office of Environmental Management 

($ in d o n s )  
~ 

~ 

2000 

2.6 
11.8 

0.0 
0.0 

0.3 
0.9 

0.1 
0.6 

11.4 
59.8 

0.0 
0.1 

0.0 
0.1 

Enxironmental Management-EM (ORNL Financial Plan) 
'l'otal operating 23.1 

Total program 24.9 
Total direct personnel (FTE) 103.9 

Total operating 25.1 

l'otal program 21.9 
Total direct personnel (YE)  103.9 

Capital equipment (0.2) 

Total Office of Environmental Management 

Capital equipment (0.2) 

Office of Civilian Radioactive Waste Management 
Nuclear Fund----DF 

Total operating 0.0 
Total direct personnel (FI'E) 0.3 

Total operating 0.0 
Total direct personnel (FTE) 0.3 

'lotal Office of Civilian Radioactive \K:aste Management 

Undersecretary for National Nucleat Security 

- 

200 1 

9.7 
17.0 

0.0 
0.0 

0.3 
2.1 

0.1 
0.6 

12.3 
133.3 

0.1 
0.1 

0.1 
0.1 

32.2 
0.2 

32.4 
111.0 

32.2 
0.2 

32.4 
111.0 

0.0 
0.0 

0.0 
0.0 

Office of the Deputy- Administrator for Defense Programs 
Weapons Activities-DP 

Total operating 18.6 18.7 
Capital equipment (0.1) 0.0 
Proposed consti-uction 0.0 0.0 

Total program 18.5 18.7 
Total direct personnel (FI'E) 93.6 79.8 

2002 

3.8 
13.6 

0.0 
0.0 

0.1 
0.8 

0.1 
0.6 

10.0 
55.7 

(0.1) 
0.0 

(0.1) 
0.0 

28.7 
0.2 

28.9 
98.9 

28.7 
0.2 

28.9 
98.9 

0.0 
0.0 

0.0 
0.0 

21.1 
3.3 
0.0 

24.4 
90.0 

2003 

5.1 
10.6 

0.0 
0.0 

0.2 
0.0 

0.1 
0.6 

11.1 
14.3 

0.0 
0.0 

0.0 
0.0 

29.2 
0.2 

29.4 
98.6 

29.2 
0.2 

29.4 
98.6 

0.0 
0.0 

0.0 
0.0 

22.9 
3.0 
0.7 

26.6 
103.6 

~~ 

1004 2005 

5.3 
10.6 

0.0 
0.0 

0.2 
0.0 

0.1 
0.6 

11.8 
14.3 

0.0 
0.0 

0.0 
0.0 

28.7 
0.2 

28.9 
98.6 

28.7 
0.2 

28.9 
98.6 

0.0 
0.0 

0.0 
0.0 

23.6 
3.0 
0.0 

26 6 
103.6 

5.2 
10.6 

0.0 
0.0 

0.2 
0.0 

0.1 
0.6 

11.7 
44.3 

0.0 
0.0 

0.0 
0.0 

28.3 
0.2 

28.9 
98.6 

28.7 
0.2 

28.9 
98.6 

0.0 
0.0 

0.0 
0.0 

24.7 
3.0 
0.0 

27.3 
103.6 

2006 _ _  

5.2 
10.6 

0.0 
0.0 

0.2 
0.0 

0.1 
0.6 

11.7 
44.3 

0.0 
0.0 

0.0 
0.0 

28.7 
0.2 

28.9 
98.6 

28.7 
0.2 

28.9 
98.6 

0 0  
0.0 

0.0 
0.0 

25 1 
3.0 
0.0 

28.1 
103.6 
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Table S.1 
Resources by program by fiscal year (continued) 

($ in millions) 

2000 2001 2002 
_ *  1 otal Deputy Administrator for Defense I'rogranis 

'I'otal operating 18.6 18.7 

Construction 0.0 0.0 
'I'otal program 18.5 18.7 

Total direct personnel (FIE) 93.6 79.8 

Capital equupnient (0.1) 0.0 

Deputy Administrator for Defense Nuclear Nonproliferation 
Fissile Materials Disposition-GA 

Total operating 10.6 24.4 
Total direct personnel ( fW3)  19.4 199.0 

Nuclear Safeguards and Security-GD 
Total operating 0.1 1.2 
Capital equipment 0.0 0.1 

'I'otal direct personnel (FIE) 0.0 0.0 

Total operating 0.0 0.0 
Total direct personnel (F?'E) 0.0 0.0 

Total program 0.1 1.3 

Amis Control and Nonproliferatioii-GJ 

?'otal Ikputy .hiministrator for Klefense Nuclear Noiiprohferauon 
10.7 

Total progr:im 10.7 
19 5 

/. I otal operaring 
Capitd eqtupinent 0.0 

Total direct personnel (FIE) 

Departmental Staff and Support Ofices 
Oflice of Environment, Safety and Health 
lir~v~rontnent, Safety, and I Iealth (Non I)efense)--I I(; 

Total operating 
Total direct personnel (FIX) 

Total operatkg 
Total direct personnel (I;?'E) 

Total operating 
Total direct personnel (FIT?) 

Office of Counterintelligence 
CounterinteUigence~N 

Environment, Safety, and I-Iealtli (Defeiise)--HI) 

Total Office of Environment, Safety and Health 

Tota l  operdtillg 
,. 1 I otal direct personnel (FTE) 

T o ~ a l  Office of Counterintelligiice 
Totill operating 
Total direct personnel (FIX) 

Office of Security and Emergency Operations 
Security and Emergency Operations-S<7 

Total operaring 
Total direct personnel (FTI?,) 

Field Security-FS 
Toral operating 
Total direct persotinel (FP'E) 

1.8 
22.3 

0.4 
1.8 

2.2 
24.0 

1.8 
11.7 

1.8 
11.7 

0.1 
0.3 

0.0 
0.0 

25.6 
0.1 

25.7 
199.0 

2.3 
8.1 

0.7 
1.6 

2.0 
9.8 

1.3 
9.2 

1.3 
9.2 

0.0 

0.3 

2.9 
0.0 

21.1 
3.3 
0.0 

21.4 
90.0 

8.3 
67.7 

(0 I?) 

(0.3) 
0.0 

0.0 

0.0 
0.0 

8.0 
0.0 
8.0 

67.7 

1.2 
7.5 

0.9 
2.1 

2.1 
9.6 

1 .I 
9.9 

1.4 
9.9 

0.0 
0.3 

6.7 
40.2 

___ 2003 

22.9 
3.0 
0.7 

26.6 
103.6 

12.5 
61.6 

0 .0 
0.0 
0.0 
0.0 

0.0 
0.0 

12.5 
0.0 

12.5 
64.6 

1.2 
7.1 

0.3 
0.7 

1.5 
7.8 

1.4 
10.1 

1 .I 
10.1 

0.0 
0.3 

8.1 
40.0 

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

2004 
. . . . 

23.6 
3.0 
0.0 

26.6 
103.6 

11.0 
64.6 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

11.0 
0.0 

11.0 
64.6 

1.2 
7.1 

0.2 
0.7 

2 .4 
7.8 

1.4 
10.1 

1.4 
l U . 1  

0.0 
0.3 

8.4 
40.0 

2005 2006 

24.3 
3.0 
0.0 

27.3 
103.6 

12.0 
64.6 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

12.0 
0.0 

12.0 
64.6 

1.3 
7.1 

0.2 
0.7 

1.5 
7.8 

1 .I 
10.1 

1.4 
10.1 

0.0 
0.3 

87  
40.0 

25.1 
3.0 
0.0 

28 1 
103.6 

11.0 
64.6 

0.0 
0.0 
0.0 
0 0  

0 0  
0 0  

11.0 
0.0 

11.0 
64.6 

1.2 
7.1 

0.2 
0.7 

1.4 
7.8 

1 . I  
20.1 

1 .4 
10.1 

U.O 
0.3 

9.0 
40.0 



Table S,1 
Resources by program by fiscal year (continued) 

($ U i  millions) 
~ 

2000 
~ ~ ~~~ 

Total Office of SecuriG- and Emergency Operations 
Total operating 
Total direct personnel (FIE) 

Office of Policy 
flmergency Planning-NC 

Total operating 
Total direct personnel (FTB) 

Total operatin3 
Total dlrect personnel (FTE) 

Total Office of 1’olic~- 
Total  operating 
-local direct personnel (FTE) 

Office of Chief Financial Officer 
Pollution l’reventioii-86 

Policy, Analysis, and Systems Studes---PE 

Total operating 
Total direct personnel (FIE) 

Total operating 
Total direct personnel ( I ~ ~ l X )  

‘lotal operating 
Total direct personnel (1;l’fi) 

1 otal operatins 
Total direct personnel (F’lE) 

Oak Ridge Landlord-AI I (Museum) 

General r\dministration Program Ihrection---\X?I\ 

Total  Office of Chief Financial Officer 
,~ 

Office of Worker and Community Transition 
Worker and Cornmunit). Transition Program--GG 

‘l‘otal operating 
Total direct personnel (FTE) 

Total operating 
Total direct personnel (FTE) 

Total Office of \\;’orker and Community ‘Transition 

Federal Energy Regulatory Commission 
Federal t’nergy Regiilatoi~ Commission-T‘R 

Total operating 
Total dlrect personnel (FTE) 

Total operatkg 
Total direct personnel (FTE) 

Office of International Affairs 
International Policy Shidies-IA 

Total operating 
‘l‘otal direct personnel (FTE) 

Total operatiiig 
Total direct personnel (FTE) 

Total Federal Energy Regulator!- Commission 

Total Office of International Affairs 

____ 

0.1 
0.3 

0.0 
0.0 

(0.1) 
1 .0 

(0.1) 
1 .n 

0.0 
0.0 

0.4 
0.0 

0.2 
0.8 

0.6 
0.8 

3.4 
0.0 

3.1 
0.0 

0.1 
0.0 

0.1 
0.0 

0.0 
0.0 

0.0 
0.0 

~ 

2.00 1 

2.9 
0.0 

0.0 
0.0 

0.1 
1 .o 

0.1 
1 .0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.8 

0.0 
0.8 

2.2 
0.0 

2.2 
0.0 

0.0 
0.0 

0.0 
0.0 

0.2 
0.0 

0.2 
0.0 

2002 

6.7 
40.5 

0.0 
0.0 

0.0 
0.9 

0.0 
0.9 

0.0 
0.0 

0.0 
0.0 

0.1 
0.0 

0.1 
0.0 

(0.4) 
0.0 

(0.4) 
0.0 

0.0 
0.0 

0.0 
0.0 

0.1 
0.0 

0.1 
0.0 

2004 2005 

8.1 
10.3 

0.0 
0.0 

0.0 
0.8 

0.0 
0.8 

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 
0.0 

0.2 
0.0 

0.2 
0.0 

8.4 
40.3 

0.0 
0.0 

0.0 
0.8 

0.0 
0.8 

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 
0.0 

0.2 
0.0 

0.2 
0.0 

8.7 
40.3 

0.0 
0.0 

0.0 
0.8 

0.0 
0.8 

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 
0.0 

0.2 
0.0 

0.2 
0.0 

~ 

1006 

9.0 
40.3 

0.0 
0.0 

0.0 
0.8 

0.0 
0.8 

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 
0.0 

0.2 
0.0 

0.2 
0.0 

S-1 k *> O a k  Ridgc National Lahratory Insntutmial Plan * 1.1’ 2002-F1’ 2006 



Table S.l  
Resources by program by fiscal year (continued) 

($ 111 n l i l l i o n s )  

3000 2001 2002 1003 2004 2005 2006 
Environmental Management (Bechtel Jacobs Company LLC) 

'I'OtAl OpeVdtillg 
Tosill direct personnel (FTEj 

1 otal operating 
Capital equipment (excluding SNSj 
Capital equipment, SNS 
Capital equipment, GPE Laiidlord 
Construction (escluding SNSj 
Construction, (1; 1'1' laandlord 
SNS construction 
Proposed construction 

Total direct personnel (FTE) 

Subtotal DOE Progtams 
,. I 

'Total 

DOE Contrdctots and Operations Offices 
'l-'(>tal Operddng 
Total direct pcrsonnel (!?"E) 

Cooperative R&D Agreements 
I~otal operating 
Total direct personiiel (FTE) 

'Total operating 
Capital equipment (excluding SNS) 
Capital equipment, GPE Landlord 
Capital equipment, SNS 
Constmction (excluchrig SNSj 
Construction, G 1'1' 1,andlord 
SXS construction 
Proposed constructiori 

Total direct persontiel (FIE) 

Total DOE Programs 

'l'otal 

Work for Others 
Nuclear Regulatory Commission 

Operating expense 
'Total direct personnel (FTEj 

Operating expense 
Total direct personnel (FI'ti} 

Department of Defense 

26.1 
152.9 

400.7 
16.0 
0.2 
3.3 
3.7 
4.4 

100.0 
0.0 

528.7 
1566.8 

53.5 
250.2 

7.0 
38.6 

461 4 
16 0 
3.3 
0.2 
3.9 
4.1 

100.0 
0.0 

587.2 
1855.8 

8.3 
28.5 

33.5 
150.7 

National Aeronautics and Space Administration 
Operating expense 4.8 
Total direct personnel ( F W j  17.7 

Department of Health and Human Services 
Operating expense 2.1 
Totll direct persormel (FT'E) 24.7 

0pe r :hg  expense 4.2 
Total direct personnel (FTIi) 17.3 

Environmental Protection Agency 

20.0 
130.7 

450.3 
15.7 
0.1 
1.9 

11.1 
5.8 

258.9 
0.0 

743.8 
1897.1 

51.7 
241.4 

9.0 
34.5 

51 1 .0 
15.7 
1.7 
0.1 

11.1 
5.8 

258.9 
0.0 

804.5 
2176.0 

7.8 
20.4 

31.4 
102.4 

4.0 
11.3 

1.6 
8.2 

5.1 
19.4 

18.0 
117.8 

420.2 
10.7 
0.1 
1.4 

26.0 
6.4 

21 8.3 
0.0 

683.0 
1677.9 

48.5 
229.3 

6.1 
29.5 

474.8 
10.7 
1.4 
0.1 

26.0 
6.4 

218.2 
0.0 

737.6 
1936.7 

7.3 
19.1 

31.2 
101.6 

6.4 
18.0 

0.8 
4.1 

4.0 
15.2 

18.0 
117.8 

451.1 
12.1 
0.0 
4.0 

16.8 
12.0 

210.6 
26.3 

732.9 
1666.8 

48.5 
224.4 

6.1 
30.5 

50.3.7 
12.1 
4.0 
0.0 

16.8 
12.0 

210.6 
26.3 

787.5 
1921.7 

6.8 
14.2 

31.3 
101.5 

6.6 
17.4 

1 .0 
2.5 

3.7 
12.9 

18.0 
117.8 

477.2 
11.7 
0.0 
5.0 
8.6 

15.0 
124.6 
50.3 

692.4 
1666.8 

40.0 
224.4 

6.1 
30.5 

523.3 
11.7 
5.0 
0.0 
8.6 

15.0 
124.6 
30.3 

738.5 
1921.7 

6.5 
14.2 

20.4 
101.5 

3.6 
17.4 

1 .0 
2.5 

3.1 
12.7 

18.0 
117.8 

508.7 
11.8 
0.0 
5.0 
4.0 

15.0 
77.8 
16.5 

660.8 
1066.8 

40 0 
224.4 

6 1  
30.5 

551.8 
11.8 
5.0 
0.0 
4.0 

15.0 
70.8 
36.5 

706.9 
1721.7 

6.5 
14.2 

20.6 
101.5 

3.6 
7.4 

0.8 
2.5 

3.2 
2.9 

18.0 
117.8 

436.6 
11.8 
0.0 
5.0 
4.5 

15.0 
41.1 
32.9 

606.9 
1666.8 

40.0 
224.4 

6.1 
30.5 

542.7 
11.8 
5.0 
0.0 
4.5 

15.0 
41.1 
32.9 

653 0 
1721.7 

6.5 
14.2 

17.0 
101.5 

3.6 
17.4 

0.8 
2.5 

3.4 
12.9 
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Table S,1 
Resources by program by fiscal year (continued) 

2000 
~ ~~ ~~~~ 

National Science Foundation 
Operating expense 
Total direct personnel (1;1 E,) 

Operating espcnse 
Total &rect personnel (FIE) 

Department of Transportation 
Operating expeiise 
Total  direct personnel (PTE) 

Federal Emergency Management Agency 

Other Federal agencies 
Operating expeiises 
Total direct personnel (FTE) 

Electric Power Research Institute 
Operating expense 
Total dircct personnel (FTE) 

Other nonfederal agencies 
Operating expense 
Total direct personnel (FTE) 

Total Work for Others 
Operating expense 
Total dlrect personnel (FTE) 

Total Program Resources 
Operating expense 
Capital equipment (escludmg SNS) 
Capital equipment, SNS 
Capital equipment, GI'E Idandlord 
Construction (excludmg SNS) 
Construction, GPP Landlord 
SNS construction 
Proposed construction 

Total 
Total direct personnel (FTE) 

"GPL = General Plant 1-quipmenr 
"GPP = General Plant Project. 

0.0 
O.? 

0.4 
3.9 

7.1 
28.1 

4.9 
8.1 

1 .0 
3.0 

14.0 
68.4 

80.1 
352.8 

541.5 
16.0 
0.2 
3.3 
3.9 
4.4 

100.0 
0.0 

669.3 
2208.4 

~~~ 

300 1 
~~~ 

0.0 
0.0 

0.8 
3.9 

5.6 
17.5 

3.2 
16.0 

0.7 
0.9 

24.5 
75.0 

84.7 
375.0 

595.7 
15.7 
0.1 
1.9 

11.1 
5.8 

258.9 
0.0 

889.2 
24.51.2 

~~ 

2002 
~ 

0.0 
0.0 

0.8 
2.9 

7.4 
23.1 

7.1 
35.5 

1.4 
1.8 

20.6 
63.1 

87.0 
287.4 

561.8 
10.7 
0.1 
1.4 

26.0 
6.4 

218.3 
0.0 

82 4.6 
2224.1 
~- ~-~ 

2003 

0.0 
0.0 

0.8 
1.5 

7.4 
21.1 

7.2 
35.7 

1.4 
1.8 

22.4 
54.9 

88.8 
265.5 

594.5 
12.1 
0.0 
4.0 

16.8 
12.0 

210.6 
26.3 

876.3 
21 87.2 

2001 

0.0 
0.0 

0.8 
1.5 

4.6 
21 1 

25 0 
35.7 

0.1 
0.1 

11.7 
54.9 

79.8 
263 8 

603.1 
11.7 
0.0 
5.0 
8.6 

15.0 
124.6 
50.3 

81 8.3 
2185.5 

2005 

0.0 
0.0 

0.8 
1.5 

4.6 
23.1 

21.9 
35.7 

0.1 
0.1 

14.7 
54.9 

79.8 
263.8 

634.6 
11.8 
0.0 
5.0 
4.0 

15.0 
'79.8 
36.5 

786.7 
21 85.5 

2006 

0.0 
0.0 

0.8 
1.5 

1.6 
23.1 

26.3 
35.7 

0.1 
0.1 

14.7 
54.9 

77.8 
263.8 

622.3 
11.8 
0.0 
5.0 
4.5 

15.0 
41.1 
32.9 

732.8 
2185.5 

S 16 *:* Oak Ridge rational Laboratory Instltuuonal Plan f l 2 0 0 2 - F ~ ~  2006 



Table S.2 
Equal Employment Opportunity statistics for 2000 

~- 

Total Mmont) total White Black I-llspaluc S,itive Arnetican/ ,\cian/Pmfic 
Alaska Native PO) Islmder (YO) - _ _  - - (%) Po) ("/I,) p 0 )  e'.) 

) (16.3) (5.5) (1.7) (14.6) (1.2) i0.U) (00) (0.0) (0.0) (0 7; (0 5 )  

(78 1) (21.9) (8.3) (2 6) (69 8) (193) (2 1) (1.2) (1.4) (02) (0 1) (0.1) (4 7; (1.2) 

0ccup.ltion.il 
code ,216 F' hi P nr F hI F 341 F 11 F hl F 

Officials and 330 68 23 7 327 61 30 5 0 0 0 0 3 2 

416 161 50 376 23 25 3 2 1 91 23 

Technicians 214 108 14 9 200 99 8 7 5 1 0 0 1 1 

~ 

~~ 

(06.3) (33.5) (4.3) (2 8) (62.1) (30.7) (2.5) (2.2) c1.6) (0 3) (0.0) (0.0) (0.3) (0.3) 
Office/clencd 14 472 3 59 11 413 3 51 0 2 0 1 0 5 

(2.9) (97.1: (0.6) (12.1) (2.3) (8511) (0.6j (10.3) (0.0) (04) (0.0) 10.2; (0.0) (1.0) 

laborers (89.6) (10 4) (100) (2.6) (79.6) (7.51 (9.7) (2.4) (0.0) (00) (0.0) (U 2) (0.4) (0 0) 

tvotkers (74.4) (25.6) (9.4) (1 1.1) (63 0) (14 5) (9.0) (5.3) (0.0) (0 0) (0.0) (0 9) (0.0) (1 7) 

Crafts/ 482 56 34 14 428 42 52 13 0 0 0 1 2 0 

Sen ice 87 30 11 13 76 17 11 10 0 U 0 1 0 2 

Total ll6U 266 152 1008 109 33 6 2 4 97 33 
(30.3,) (7.0)) (4.0) (26.4) (2.8) (0.9) (0 2) (0.1) (0.1) (2.5) (0.9) 

+'elcentage of torn1 iiunihcr of employees in occuptition.d ategoq. 
hl = male. 
b = femnle. 

dA\9 defined on Standard Form 100 (ELO-l), as iequiied by 41 CFR 60 1.7(a). 

I '  



Table S.3 
ORNL staff composition (as of December 31,2000)a 

~- ~~~ ~ ._ ~~ ~~ 

Scientists 
Fliigirieers 
Management/adiTlinistrati~e 

hf.5 H S./R.X. Other rota1 
~ ~~~~ 

Ph.D. 

Professional staff 
-I 463 148 111 30 132 

272 222 168 68 690 
100 244 317 259 920 

Support staff 

Table S.4 
Estimated subcontracting and procurement by fiscal year 

($ in mdlions-abhgated) 
- ~ ~~ _ _  ~~ 

2002 
~ ~~~ 

2000“ 2001 
~- _ _ _ _  ~ ~~ 

Universities 
SNS 
O W L  escludtng SNS 

A11 others 
SNS 
ORNI, excluding SNS 

SNS 
ORNL excluding SNS 
’iota1 external sul~contracts and procurements 

l’ransfers to other DOE fachties 

0.1 0.0 0.0 
22 7 25.0 2.5.0 

55.7 120.0 125.0 
135.3 134.0 134.0 

0.0 0.0 0.0 
0.8 1 .0 1 .0 

SNS 55.8 120.0 125 0 
160.0 160.0 ORNL excluding SNS 

“*A c tllbl 

~- 
158 8 

~~~- 

Table s.5 
Estimated small and disadvantaged business procurement 

by fiscal year 
__ ~ ~ ____ ~~ 

2000” 2001 

Total small and disadvantaged busmess procurement, 
in milhons of dollars 
SNS 
OKNL excluding ShS 

as a percentage of total procurement 
SNS 
O W L  excludmg SNS 

Small and &sad\ antaged business procurement, 

- _. ~ - 

hid 

6.2 48.0 
63.3 73.6 

11.0 40.0 
39.9 46.0 

S-18 *:* Oak Ridg,e National Laboratory Institutional Plan * l d l ’  2002-Fl’ 2006 



Table S.6 
Experimenters at ORNL's designated user fhcilities in FY 2000. 

!%iopmcessing Research and Lkvelopment Ceiiter 
ORNL 
Other U.S. government 1nl)oratoiies 
1J.S universities 
U.S. industry 
Iiiternational organizations 

Buildings Technology Center 
Total 

ORLUL 
Other US.  government laboratories 
ITS. universities 
U S .  hidustry 
International orgaiiizations 

Total 
Californium lJser Facility €or Neutron Sciences 

(:)KNI., 
@l-her U.S. goveriiment laboratories 
[J.S. universities 
17,s. industiy 
In ternational organizations 

Total 
High Flux Isotope Reactorb 

@RArL 
Other [~T.S. government laboratories 
U.S. universities 

Interrladonal organizations 
U.S. ifldustiy 

'Total 
High Temperature blaterials Laboratory 

O W L  
Other US.  government laboratories 
U.S. universities 
U.S. industry 
Inrermitional organizations 

Total 
I-Iolifield RiJioactive lull Beam Facdity 

O W L  
Other C.S. government laboratories 
U.S. universities 
U.S. industry 
International organizations 

Total 
Metals Processing Labomtory User Facility (MPLUS) 

OKNL 
Other C.S. government laboratories 
U.S. universities 
U.S. industry 
Iriteniational orginizations 

Total 

humber of 
experimenters 

~ 

I 
0 
3 
5 
0 
12 

0 
0 

0 
120 
12 
I32 

55 
IO 
51 
17 
15 

148 

9 
17 

116 
168 

0 
310 

25 
1 

37 
2 
5 

71 

35 
0 
5 

33 
0 

74 

- 
0 
3 
3 
0 
6 

_. 

0 
0 

28 
2 

30 

- 
1 
1 
0 
0 
2 

- 
1 

26 
5 

15 
50 

- 
7 

52 
65 
0 

124 

._ 

1 
11 
1 
3 
17 

0 
1 

27 
0 

31 
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Table S.6 (continued) 
Experimenters at ORNL’s designated user facilities in Fy 2OO@ 

~ ~ ~. 

Oak Rdge Elcctron Linear Accelerator 
ORNL 
Other U.S. government laboratories 
US. uiiiversities 
I~’.S. indus tq  
International organizations 

‘Total 
Oak Ridge N auonal Environmental Research Park 

OKNI. 
Other US. government laboratorics 
U.S. universities 

International organizations 
State and educational agencies 

us. rndust*S. 

Total 
Shared Kescarch Equipment (SI-IaRE) F a c d q  

OKI\iJ. 
Other  U.S. government laboratories 
L.S. universities 
C.S. indus tq  
International organizations 

Total 
Surface Modification and Characrcrization Rescarch F a d ?  

O W L  

i n  
11 
1 
0 

27 
3 
I 

33 
47 

131 
0 
3 

38 
245 

38 
3 

33 
0 

organizations 

- 
29 
26 
0 
3 
7 

65 

- 
2 

22 
0 

4 4 
78 28 

31 -- 
Other U.S. government laboratories 2 2 

C.S. industry x 6 
International organizations 5 5 

C.S. universities 45 24 

37 
~_ 

91 
~. ~~~ 

Total 
. .  ~~ 

“Four designated user facilities are not included: the hlousr ( h e t i c s  Research Facdi3- and the Physical Properties Research 
Center. which were not fully operational in R 2000; the Conipuvational Center for Industrid Innovation. which was inactive in 
K 2000; and the hletrology RKrD Lahoratorj-, which is used almost exclusivel!- to  support the cahbration traceahility programs 
carried out for DOE’S Oak Ridge Complcs (ORKL, the Y-12 National Secunty Coniples. and the Last Tennessee Technology 
Park). 

’Statistics do not include 131 users who sent samples to OlWL staff (for neutron scattering siudies, neutron activation 
:milysis, or materials irradiation) or who purchased radioisotopcs. 

&Totds do not include approximately 8,700 individuals who participated in the Iicologcal and Physical Sciences Siudy 
Center and the High School Honors l’rogrm. 

S 20 *3 Oak Ridge National 1,aboratol-J. Instltutlonal Plan Fl- 2002-t.Y LO06 



Table S.7 
University and science education statistics 

El '  2000 
. . . . . . . . 

Precollege student programs 
Adventures in Supercomputing 
Appalachian Regional Commission Honors ;\cadeiny 
Project SEED/Hispanic SERI) 
Special Honors Study 
SciCops Cainp 
Science Explorers Cainp 
Ecological and Physical Sciences Study Center 
Women in Science and Technology 
EI'S(kR 
October Science Ilay Camp 
RoboCamp 

Adventures in Supercomputing 
Appalachian Kegional Chrnmission Teacher Leadership Institute 

Teacher Research Participation 
Women in Science and Technology 

Undergraduate programs 
Energy Research Undergraduate T-almratory Fellowships 
Great Lakes Colleges Associationliissociated Colleges of the Midwest 

Professional Internship Progmni 
Community College Initiatiw 
I-IIiRE@ORNL 

Precollege teachet programs 

Elementaiy Science Leadershp Institute 

Science Semester 

Graduate programs 
Graduate Student Liesearch Participation Program 
Professional Iiiteriiship Prograins 
I-IERE@OfibII, 

Postgraduate programs 
DOE Postdoctoral Programs 
Postgraduate Research Tr~ining Program 

Faculty Research Pilrticipation 
Great Lakes Colleges AssociationliSssociated Colleges of the hlidwest 
HBCU Faculty Research 

Faculty programs 

~ . . ~  ......................... .............. ~.. ...~. ...... ~~~ ~~ .............................. 

"Not tracked. 

-. . . . . . . . . . . 
Total 

442 
36 
5 

26 
26 
29 

8,692 
35 
4 

29 
26 

35 
18 
6 
1 
7 

110 
18 

30 
33 
21 

1 
13 
6 

114 
24 

5 
2 
2 

Women 

94 
7 
1 
1 
1 
2 

555 

4 
0 
1 

a 

2 
4 
0 
0 
a 

45 
I 

8 
10 

7 

0 
2 
2 

4 
2 

2 
0 
2 

21 
11 
4 
5 
5 
9 

4,247 
35 
3 

11 
4 

21 
14 
4 
0 
7 

45 
7 

11 
7 

12 

1 
5 
1 

24 
8 

0 
1 
0 
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This report has been reproduced directly 
from the best available copy. 

Available to DOE and DOE contractors from 

The Office of Scientific and Technical Information 
P.O. Box 62 
Oak Ridge, TN 3783 1 
Prices available from 
(865) 576-8401 

Available to the public from 

The National Technical Information Service 
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