Science

Proposed Appropriation Language

For Department of Energy expenses including the purchase, construction and acquisition of plant and
capital equipment, and other expenses necessary for science activities in carrying out the purposes of the
Department of Energy Organization Act (42 U.S.C. 7101 et seq.), including the acquisition or
condemnation of any real property or facility or for plant or facility acquisition, construction, or
expansion, and purchase of not to exceed [forty-seven| forty-nine passenger motor vehicles for
replacement only, including not to exceed one ambulance and two buses, [$3,632,718,000]
$4,101,710,000, to remain available until expended. (Energy and Water Development Appropriations
Act, 2006.)

Explanation of Change

Changes are proposed to reflect the FY 2007 funding and vehicle request.
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Science
Office of Science

Overview

Appropriation Summary by Program

(dollars in thousands)

FY 2005 FY 2006 FY 2006
Current Original FY 2006 Current FY 2007
Appropriation | Appropriation | Adjustments | Appropriation Request

Science

Basic Energy Sciences..........ccocceerueennne 1,083,616 1,146,017 -11,460% 1,134,557 1,420,980

Advanced Scientific Computing

Research......coceoveeieeienereeecceeeeeee 226,180 237,055 -2,371° 234,684 318,654

Biological and Environmental

Research.......occeovevieviinininicnincnceccee 566,597 585,688 -5,857° 579,831 510,263

High Energy Physics ........cccccevvevveienene. 722,906 723,933 -7,239* 716,694 775,099

Nuclear Physics ......ccccoveveverenineeienens 394,549 370,741 -3,707° 367,034 454,060

Fusion Energy Sciences...........ccccccc....... 266,947 290,550 -2,906% 287,644 318,950

Science Laboratories Infrastructure....... 37,498 42,105 -421% 41,684 50,888

Science Program Direction.................... 154,031 160,725 -1,607" 159,118 170,877

Workforce Development for Teachers

and Scientists........ccoceeereeieieieieeene 7,599 7,192 -72° 7,120 10,952

Safeguards and Security ...........cc.cocuenee 72,773 74,317 -687° 73,630 76,592

Small Business Innovation Research/

Small Business Technology Transfer.... 113,621° —_— —_— —_ —_—
Subtotal, Science........cccceeeevverenenirennennee 3,646,317 3,638,323 -36,327 3,601,996 4,107,315

Less use of prior year balances.............. -5,062 — — — —

Less security charge for reimbursable

WOTK ettt -5,605 -5,605 e -5,605 -5,605
Total, SCIENCe ....cceevveeiereieieieieeeeie e 3,635,650 3,632,718 -36,327 3,596,391 4,101,710
Preface

As part of the President’s American Competitiveness Initiative, the Office of Science (SC) request for
Fiscal Year (FY) 2007 is $4,101,710,000; an increase of $505,319,000, or 14.1%, from the FY 2006
appropriation. The request funds investments in basic research that are critical to both the future
economic competitiveness of the United States and to the success of Department of Energy (DOE)
missions in national security and energy security; advancement of the frontiers of knowledge in the
physical sciences and areas of biological, environmental, and computational sciences; and provision of
world-class research facilities for the Nation’s science enterprise.

SC provides the basic research that underpins the Department’s technically complex missions. Part of
this support is in the form of large-scale scientific user facilities that form the backbone of modern
research. The suite of forefront facilities includes the world’s highest energy proton accelerator—Fermi
National Accelerator Laboratory’s (Fermilab’s) Tevatron—and the soon to be operational Spallation

? Reflects a rescission in accordance with P.L. 109-148, the Emergency Supplemental Appropriations Act to Address
Hurricanes in the Gulf of Mexico and Pandemic Influenza, 2006.
® Includes $77,842,000 reprogrammed within SC and $35,779,000 transferred from other DOE programs.
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Neutron Source (SNS). SC facilities represent a continuum of unique capabilities that meet the needs of
a diverse set of nearly 20,000 researchers each year. For example, the National Synchrotron Light
Source (NSLS) began ultraviolet operations in 1982 and, initially, primarily enabled physical science
research. However, through the 1990’s the numbers of researchers from the life sciences rapidly grew as
the characteristics of this facility better suited the needs of researchers who study protein structure.
Today, the NSLS is playing a major role in the Protein Structure Initiative, a national effort to find the
three-dimensional shapes of a wide range of proteins, while also providing a suite of beamlines to the
soon to be available Center for Functional Nanomaterials and a host of other research efforts.

Within the Science appropriation, SC has 10 programs: Basic Energy Sciences (BES), Advanced
Scientific Computing Research (ASCR), Biological and Environmental Research (BER), High Energy
Physics (HEP), Nuclear Physics (NP), Fusion Energy Sciences (FES), Science Laboratories
Infrastructure (SLI), Science Program Direction (SCPD), Workforce Development for Teachers and
Scientists (WDTS), and Safeguards and Security (S&S).

This Overview will describe Strategic Context, Mission, Benefits, Strategic Goals, and Funding by
General Goal. These items together put the appropriation request in perspective. The Annual
Performance Results and Targets, Means and Strategies, and Validation and Verification sections
address how the goals will be achieved and how performance will be measured. Finally, this Overview
will address the Research and Development (R&D) Investment Criteria, Program Assessment Rating
Tool (PART), and Significant Program Shifts.

Strategic Context

Following publication of the Administration’s National Energy Policy, the Department developed a
Strategic Plan that defines its mission, four strategic goals for accomplishing that mission, and seven
general goals to support the strategic goals. Each appropriation has developed quantifiable goals to
support the general goals. Thus, the “goal cascade” is the following:

Department Mission # Strategic Goal (25 yrs) # General Goal (10—15 yrs) ®» Program Goal
(Government Performance and Results Act [GPRA] Unit) (10-15 yrs).

To provide a concrete link between budget, performance, and reporting, the Department developed a
“GPRA Unit” concept. Within DOE, a GPRA Unit defines a major activity or group of activities that
support the core mission and aligns resources with specific goals. Each GPRA Unit has completed or
will complete a PART. A unique program goal was developed for each GPRA unit. A numbering
scheme has been established for tracking performance and reporting.

The goal cascade accomplishes two things. First, it ties major activities for each program to successive
goals and, ultimately, to DOE’s mission. This helps ensure the Department focuses its resources on
fulfilling its mission. Second, the cascade allows DOE to track progress against quantifiable goals and to
tie resources to each goal at any level in the cascade. Thus, the cascade facilitates the integration of
budget and performance information in support of the GPRA and the President’s Management Agenda
(PMA).

Another important component of our strategic planning—and the PMA—is use of the Administration’s
R&D investment criteria to plan and assess programs and projects. The criteria were developed in 2001
and further refined with input from agencies, Congressional staff, the National Academy of Sciences,
and numerous private sector and nonprofit stakeholders.

The chief elements of the R&D investment criteria are quality, relevance, and performance. Programs
must demonstrate fulfillment of these elements. For example, to demonstrate relevance, programs are
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expected to have complete plans with clear goals and priorities. To demonstrate quality, programs are
expected to commission periodic independent expert reviews. There are several other requirements,
many of which R&D programs have and continue to undertake.

An additional set of criteria were established for R&D programs developing technologies that address
industry issues. Some key elements of the criteria include: the ability of the programs to articulate the
appropriateness and need for Federal assistance; relevance to the industry and the marketplace;
identification of a transition point to industry commercialization (or of an off-ramp if progress does not
meet expectations); and the potential public benefits, compared to alternative investments, that may
accrue if the technology is successfully deployed.

The Office of Management and Budget (OMB)-Office of Science and Technology Policy (OSTP)
guidance memorandum to agencies (http://www.ostp.gov/html/budget/2007/
ostp_omb_guidancememo FYO07.pdf) describes the R&D investment criteria and identifies steps
agencies should take to fulfill them. Where appropriate, throughout these justification materials, specific
R&D investment criteria and requirements are cited to explain the Department’s allocation of resources.

Mission

SC’s mission is to deliver the discoveries and scientific tools that transform our understanding of energy
and matter and advance the national, economic, and energy security of the United States.

Benefits

Developments at the nanoscale are expected to make major contributions to meeting DOE’s applied
mission needs such as strong, tough, ductile, lightweight materials with low failure rates that will
improve the fuel efficiency and safety of ground and air transportation; smart materials that will range
from paints that change color with temperature to windows that respond to thermal inputs and improve
energy efficiency; nanostructured catalysts that will lead to cleaner, less expensive, more
environmentally friendly petroleum refining; better batteries and fuel cells; improved chemical and
product manufacturing; and innovative systems for harvesting light and storing energy that will
dramatically improve solar energy conversion.

The knowledge developed from the Genomics: GTL program on understanding microbial genes and
protein complexes, their regulation, and their functional roles in an ecosystem can lead both to greater
energy security and a stabilization of net atmospheric CO, emissions. Currently, petroleum refineries
“crack” raw oil through heat and catalysis to create gasoline and other petroleum products. In the future,
we envision biorefineries that, in a one-step process, use microbial cellulase enzymes to crack the
complex cellulose and hemicellulose in plant walls into simple sugars and microbially ferment those
sugars into ethanol and other biobased products. Genomics: GTL research findings can accelerate this
vision by improving the understanding of both plant cell-wall construction and the microbial enzymes
necessary to deconstruct those walls. Microbes could also enable the inexpensive production of
hydrogen by consuming a hydrogenated feedstock and releasing hydrogen. In addition, plants use the
sun’s energy to convert atmospheric carbon dioxide to biomass (e.g., leaves, roots, stems, and seeds)
composed mainly of cellulose and lignin. Some biomass ultimately becomes incorporated into the soil
where its carbon may be sequestered for hundreds of years. Understanding plant genes, their regulation
and the role of microbes in the plant’s root zone ultimately will enable manipulation of their carbon
storage processes. Specialized, large-scale user facilities are needed to achieve the necessary economies
of scale and output of molecular data associated with the Genomes: GTL effort.
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Through investments in HEP and NP, SC has historically provided the Nation with fundamental
knowledge about the laws of nature as they apply to the basic constituents of matter, and the forces
between them. This knowledge rapidly travels from scientific journals to textbooks where it informs the
creative vision of scientists, engineers, and entrepreneurs. This final path is neither linear nor overt, but
we know that understanding the laws of nature is the key to technological progress. With this request,
SC will focus efforts in these areas to places of world leadership and experiments with the greatest
potential for radical discovery. The Relativistic Heavy Ion Collider (RHIC) will continue to explore new
states of matter recently discovered there, providing a direct probe of the conditions found in exotic
locations of the universe and at the first moments of the birth of the universe. Significant advances will
be made in nuclear structure and nuclear astrophysics with the study of energy production in stars, the
formation of heavy elements, and explosive stellar events. The Continuous Electron Beam Accelerator
Facility (CEBAF) at the Thomas Jefferson National Accelerator Facility (TINAF) provides unique
world-wide capabilities in polarized electron beam studies of the quark structure of the nucleon—it is
the world’s most powerful electron “microscope” for studying the nucleus with unprecedented resolving
power. The Fermilab Tevatron, the world’s highest energy accelerator, is turning its powerful beams to
solve the mystery of the existence of mass, to find the first evidence of a supersymmetric universe, and
to explore the distinct possibility of finding extra dimensions of space and time in which we live. The
B-factory at the Stanford Linear Accelerator Center (SLAC) is providing precision measurements of
how matter and antimatter behave differently in the decays of short-lived exotic particles known as
B-mesons, considered by physicists to be vital to understanding why the whole universe appears to be
predominantly matter, rather than an equal quantity of matter and antimatter. There is also a broad
program of experiments that studies those aspects of the fundamental nature of particles, forces, and the
universe that cannot be determined solely through the use of accelerators, including the search for or
measurement of dark matter and dark energy. A recent example is the unexpected and significant finding
that neutrinos have mass, discovered by studying solar and cosmic ray neutrinos.

Strategic, General, and Program Goals

The Department’s Strategic Plan identifies four strategic goals (one each for defense, energy, science,
and environmental aspects of the mission) plus seven general goals that tie to the strategic goals. The
Science appropriation supports the following goal:

Science Strategic Goal: To protect our national and economic security by providing world-class
scientific research capacity and advancing scientific knowledge.

General Goal 5, World-Class Scientific Research Capacity: Provide world-class scientific research
capacity needed to: ensure the success of Department missions in national and energy security; advance
the frontiers of knowledge in physical sciences and areas of biological, medical, environmental, and
computational sciences; or provide world-class research facilities for the Nation’s science enterprise.

The programs funded by the Science appropriation have the following six Program Goals which
contribute to General Goal 5 in the “goal cascade™:

Program Goal 05.22.00.00: Advance the Basic Science for Energy Independence—Provide the scientific
knowledge and tools to achieve energy independence, securing U.S. leadership and essential
breakthroughs in basic energy sciences.

Program Goal 05.23.00.00: Deliver Computing for Accelerated Progress in Science—Deliver forefront
computational and networking capabilities to scientists nationwide that enable them to extend the
frontiers of science, answering critical questions that range from the function of living cells to the power
of fusion energy.
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Program Goal 05.21.00.00: Harness the Power of Our Living World—Provide the biological and
environmental discoveries necessary to clean and protect our environment, offer new energy
alternatives, and fundamentally change the nature of medical care to improve human health.

Program Goal 05.19.00.00: Explore the Fundamental Interactions of Energy, Matter, Time, and Space—
Understand the unification of fundamental particles and forces and the mysterious forms of unseen
energy and matter that dominate the universe, search for possible new dimensions of space, and
investigate the nature of time itself.

Program Goal 05.20.00.00: Explore Nuclear Matter, from Quarks to Stars—Understand the evolution
and structure of nuclear matter, from the smallest building blocks, quarks, and gluons; to the stable
elements in the Universe created by stars; to unique isotopes created in the laboratory that exist at the
limits of stability and possess radically different properties from known matter.

Program Goal 05.24.00.00: Bring the Power of the Stars to Earth—Answer the key scientific questions
and overcome enormous technical challenges to harness the power that fuels our sun.

Contribution to General Goals
Six of the programs within the Science appropriation directly contribute to General Goal 5 as follows:

BES contributes to General Goal 5 by advancing science through atomic- and molecular-level studies in
materials sciences and engineering, chemistry, geosciences, and energy biosciences. BES also provides
the Nation’s researchers with world-class research facilities, including reactor and accelerator-based
neutron sources, light sources including the X-ray free electron laser currently under construction, and
micro-characterization centers. These facilities provide outstanding capabilities for imaging and
characterizing materials of all kinds from metals, alloys, and ceramics to fragile biological samples.
Construction of the Spallation Neutron Source will be completed during the 3™ quarter of FY 2006 and
will join the suite of BES scientific user facilities. Four Nanoscale Science Research Centers will begin
their first full year of operation in FY 2007—the Center for Nanophase Materials Sciences at Oak Ridge
National Laboratory, the Molecular Foundry at Lawrence Berkeley National Laboratory, the Center for
Nanoscale Materials at Argonne National Laboratory, and the Center for Integrated Nanotechnologies at
Sandia National Laboratories and Los Alamos National Laboratory. A fifth Center, the Center for
Functional Nanomaterials at Brookhaven National Laboratory, will be in its final year of construction.
The Linac Coherent Light Source (LCLS) at Stanford Linear Accelerator Center is fully funded in

FY 2007, including partial support for the SLAC linac. The Transmission Electron Aberration Corrected
Microscope project continues as a Major Item of Equipment (MIE). Support is provided for R&D and
project engineering and design (PED) activities for the National Synchrotron Light Source—II (NSLS-II)
to enable the study of material properties and functions, particularly materials at the nanoscale, at a level
of detail and precision never before possible. BES will increase support for basic research for the
President’s Hydrogen Fuel Initiative and will continue ongoing Scientific Discovery through Advanced
Computing (SciDAC) efforts.

The ASCR program contributes to General Goal 5 by advancing mathematics and computer science, and
developing the specialized algorithms, the scientific software tools, and the software libraries needed by
DOE researchers to effectively use high-performance computing and networking hardware for scientific
discovery. The ASCR program has been a leader in the computational sciences for several decades and
has been acknowledged for pioneering accomplishments. The Leadership Computing activity will be
expanded to Argonne National Laboratory to provide up to 100 teraflops of high performance computing
capability with low electrical power needs to advance scientific understanding in areas that include
materials science, biology, and advanced designs of nuclear reactors. The Leadership Computing
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Facility at Oak Ridge National Laboratory will be upgraded to deliver 250 teraflops of peak capability in
FY 2007. In FY 2007, the Energy Science Network (ESnet) will deliver a backbone network with two to
four times the capability of today’s network, to support the science mission of the Department. A
procurement is planned in FY 2006 for the next generation of high performance resources at the
National Energy Research Scientific Computing Center (NERSC) to be delivered in early FY 2007. This
NERSC-5 system is expected to provide 100—150 teraflops of peak computing capacity. Corresponding
investments in research and evaluation prototypes will help prepare scientists for petascale computing.
ASCR will also continue core research efforts in applied mathematics and computer science and expand
efforts in the SciDAC program and institutes.

BER contributes to General Goal 5 by advancing energy-related biological and environmental research
in genomics and our understanding of complete biological systems, such as microbes that produce
ethanol from cellulose or make hydrogen; by developing models to predict climate over decades to
centuries; by developing science-based methods for cleaning up environmental contaminants; by
providing regulators with a stronger scientific basis for developing future radiation protection standards;
and by conducting limited research in medical imaging, radiopharmaceuticals, and development of an
artificial retina. In FY 2007, BER will continue the Genomics: GTL program as a top priority,
employing a systems approach to biology at the interface of the biological, physical, and computational
sciences for DOE’s energy security and environmental mission needs. Structural Biology infrastructure
and innovative research on the biological effects of low dose radiation needed for future radiation
protection standards will be sustained. BER continues as a pivotal partner in the interagency Climate
Change Science Program focusing on the principal uncertainties of the causes and effects of climate
change, the global carbon cycle, developing of predictive models for climate change over decades to
centuries, and basic research for biological sequestration of carbon. Basic research in Environmental
Remediation continues, at a reduced level, supporting fundamental research at the interfaces of biology,
chemistry, geology, hydrology, and physics for solutions to environmental contamination challenges and
terminating high level waste research. The Medical Sciences research program continues its principal
focus on the artificial retina and medical imaging, including radiopharmaceuticals for imaging, at

FY 2006 levels. Support for user facilities increases to meet growing scientific and technical demands
for users of the Environmental Molecular Sciences Laboratory (EMSL), Production Genomics Facility
(PGF), Atmospheric Radiation Measurement (ARM) sites, and Free Air Carbon Dioxide Enrichment
(FACE) sites.

HEP contributes to General Goal 5 by advancing understanding of the basic constituents of matter, dark
energy and dark matter, the lack of symmetry between matter and antimatter in the current universe, and
the possible existence of other dimensions, collectively revealing key secrets of the universe. The

FY 2007 budget request also contributes to this program goal by placing high priority on operations,
upgrades, and infrastructure for the three major HEP user facilities (the Tevatron Collider and Neutrinos
at the Main Injector [NuMI] at Fermilab and the B-factory at SLAC), to produce maximum scientific
data. HEP and BES will jointly support accelerator operations at SLAC through the construction of the
LCLS. The U.S. HEP program in FY 2007 will continue to lead the world with these forefront user
facilities at Fermilab and SLAC, but these facilities will complete their scientific missions by the end of
the decade. Thus the longer-term HEP program supported by this request begins to develop new cutting-
edge facilities in targeted areas (for example, neutrino physics) that will establish U.S. leadership in
these areas (see Significant Shifts) in the next decade, when the centerpiece of the world HEP program
will reside at CERN. The FY 2007 budget also provides support for final installation, commissioning,
and initial operations of the U.S.-supplied components of the Large Hadron Collider (LHC) at the
European Organization for Nuclear Research (CERN) Laboratory.
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NP contributes to General Goal 5 by supporting innovative, peer-reviewed scientific research to advance
knowledge and provide insights into the nature of energy and matter, and, in particular, to investigate the
fundamental forces which hold the nucleus together and determine the detailed structure and behavior of
the atomic nuclei. The program builds and supports world-leading scientific facilities and state-of-the-art
instruments necessary to carry out its basic research agenda. NP also supports an effort in nuclear data
that collects, evaluates, and disseminates nuclear physics data for basic nuclear research and for applied
nuclear technologies, such as the design of reactors and national and homeland security. World-leading
efforts on studies of hot dense nuclear matter and the origin of the proton spin with beams at the
Relativistic Heavy Ion Collider (RHIC) will continue, including implementation of required
instrumentation to realize scientific goals. A new Electron Beam Ion Source (EBIS) begins construction
together with the National Aeronautics and Space Administration (NASA) to provide RHIC with more
cost-effective, reliable operations. In addition to RHIC efforts, the High Energy Density Physics
activities include NP contributions to enhance heavy ion capabilities of existing LHC experiments and
the accompanying research program at universities and laboratories. Operations of the Continuous
Electron Beam Accelerator Facility (CEBAF) are supported to provide high-energy electron beams to
investigate a unique property called “confinement” that binds together the fundamental constituents of
protons and neutrons, particles called quarks and gluons. At the FY 2007 level of funding, the
accelerator provides beams simultaneously to all three experimental halls to better understand the
structure of the nucleon. PED begins on a significant upgrade of the facility, the 12 GeV CEBAF
Upgrade project. NP also continues efforts in nuclear structure/astrophysics, fundamental interactions,
and neutrinos. Efforts at the Argonne Tandem Linear Accelerator System (ATLAS) and the Holifield
Radioactive lon Beam Facility (HRIBF) will be supported to focus on investigating new regions of
nuclear structure, studying interactions in nuclear matter like those occurring in neutron stars, and
determining the reactions that created the nuclei of the chemical elements inside stars and supernovae.
Generic R&D in radioactive ion beam development, relevant for next-generation facilities in nuclear
structure and astrophysics, is supported in FY 2007. The GRETINA gamma-ray tracking array, currently
under fabrication, revolutionizes gamma ray detection technology and offers dramatically improved
capabilities to study the structure of nuclei at ATLAS and HRIBF. The Fundamental Neutron Physics
Beamline (FNPB) under fabrication at SNS will provide a world-class capability to study the neutron
decay properties, leading to a refined characterization of the weak force. Investments are made to initiate
the fabrication of a neutron Electric Dipole Moment experiment in the search for new physics beyond
the Standard Model, for fabrication of instrumentation that will provide opportunities for U.S.
involvement in the heavy-ion program at the CERN Large Hadron Collider, and for design and R&D
associated with a Double Beta Decay experiment that will measure the absolute mass of the neutrino.

FES contributes to General Goal 5 by advancing the theoretical and experimental understanding of
plasma and fusion science through our domestic activities and a close collaboration with international
partners on specialized facilities abroad. FES also contributes to General Goal 5 through participation in
ITER, an experiment to study and demonstrate the scientific and technical feasibility of fusion power.
ITER is a multi-billion dollar international research project that will, if successful, advance progress
towards developing fusion’s potential as a commercially viable and clean source of energy near the
middle of the century. The FY 2006 Appropriation provided for a slower start for the U.S. Contributions
to the ITER project. The FY 2007 request provides for the continuation of the U.S. Contributions to the
ITER MIE project. In FY 2007, the overall Total Project Cost remains unchanged from FY 2006, but the
funding requested in FY 2007 is lower than shown in the profile in the FY 2006 budget, and slightly
adjusted between the Total Estimated Cost (TEC) and Other Project Cost (OPC) categories to address
domestic and international project priorities. The U.S. contributions to the ITER project provides for the
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U.S. “in-kind” equipment contributions, U.S. personnel to work at the ITER site, and cash for the U.S.
share of common expenses such as infrastructure, hardware assembly, and installation.

Experimental research on tokamaks is continued in FY 2007, with increasing emphasis on physics issues
of interest to the ITER project. Operations at the largest facility, the DIII-D tokamak at General Atomics
(a private company), will increase from 7 weeks in FY 2006 to 12 weeks in FY 2007, while operations at
C-Mod at MIT will increase from 14 to 15 weeks, and operations at the National Spherical Torus
Experiment (NSTX) at PPPL will increase from 11 to 12 weeks. Fabrication of the National Compact
Stellarator Experiment (NCSX) will continue along the new baseline established in July 2005 with
completion expected in July 2009. The General Plasma Science program continues at approximately

FY 2006 levels.

Funding by General and Program Goal

(dollars in thousands)
| FY2005 | FY2006 | FY2007 |

General Goal 5, World-Class Scientific Research Capacity

Program Goal 05.22.00.00, Basic Energy Sciences.........c.ccceeveveeeieneenieeceeneennen. 1,083,616 1,134,557 1,420,980
Program Goal 05.23.00.00, Advanced Scientific Computing Research................ 226,180 234,684 318,654
Program Goal 05.21.00.00, Biological and Environmental Research .................. 566,597 579,831 510,263
Program Goal 05.19.00.00, High Energy Physics .......ccccovoerenireneninieieieiene 722,906 716,694 775,099
Program Goal 05.20.00.00, Nuclear PhySics..........cccocvevrieviinienienieieeieeee e 394,549 367,034 454,060
Program Goal 05.24.00.00, Fusion Energy Sciences..........ccccceeeerieneeneeneennnne. 266,947 287,644 318,950
Subtotal, General Goal 5, World-Class Scientific Research Capacity......................... 3,260,795 3,320,444 3,798,006
All Other
Science Laboratories INfrastrUCtUre .........ooovvviiiiiieeiiieie e 37,498 41,684 50,888
Program DIr€CHION .......ccuivieiieciieiieie ettt snees 154,031 159,118 170,877
Workforce Development for Teachers and Scientists..........cccceevereeevienceneenennee. 7,599 7,120 10,952
Safeguards and SECULILY .......cccveeviieieiiiriieie et sbe e eeas 72,773 73,630 76,592
Small Business Innovation Research/Small Business Technology Transfer ........ 113,621 —_ —_—
Total, Al OtRET.....ocuiiiiiiecieeie ettt sreebeesaeereesaeenseenes 385,622 281,552 309,309
Total, General GOal 5 (SCIBNCE).......ecuieriieriieieeieriete et et eee sttt see e sseeeeeneees 3,646,317 3,601,996 4,107,315

Major FY 2005 Accomplishments

An incident solar photon striking a semiconductor solar cell normally produces a single electron-hole
pair (exciton) and some excess heat. Experimentalists have recently demonstrated that two or more
excitons can be created by absorption of a single photon in an array of lead-selenide nanocrystals. This
process is called “impact ionization” and is observed when the photon energy is greater than three times
the band gap of the nanocrystal. Multiple excitons from a single photon are formed on the picosecond
time scale, and the process occurs with up to 100% efficiency depending on the excess energy of the
absorbed photon. If this process could be translated into an operational solar cell, the gain in efficiency
for converting light to electrical current would be greater than 35%.

Diatoms are simple single-celled algae, covered with elegant and often very beautiful casings sculpted
from silica. They share biochemical features of both plants and animals and are related to the organisms
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that make up the well known White Cliffs of Dover in England. Scientists have taken a big step toward
resolving the paradoxical nature of these odd microbes by sequencing the genome of the marine diatom
Thalassiosira pseudonana. Analyses of these genes and the proteins they encode confirm that diatoms,
in their evolutionary history, apparently acquired new genes by engulfing microbial neighbors including,
possibly, genes that provided the diatom with all the machinery necessary for photosynthesis. Diatoms
occupy vast swaths of ocean and fresh water, where they play a key role in the global carbon cycle.
Diatom photosynthesis yields 19 billion tons of organic carbon—about 40% of the marine carbon
produced each year—and thus represent one of nature’s key defenses against global warming. Progress
in analyzing the diatom genome is also shedding light on how a diatom constructs its intricately
patterned glass shell, progress that could benefit both materials and climate change scientists.

The universe may have begun as a “perfect” liquid, not a gas. In April 2005, nuclear physicists working
on the four experiments at RHIC presented “White Papers” documenting details and summarizing the
evidence for an extraordinary new state of matter obtained from the first three years of RHIC operations.
These latest results show that a new state of hot, dense matter was created out of quarks and gluons, but
quite different and even more remarkable than had been previously predicted. The matter created in
heavy-ion collisions appears to behave like a near “perfect” liquid rather than a fiery gas of free quarks
and gluons. The word “perfect” refers to the liquid’s viscosity—a friction like property that impedes a
fluid’s ability to flow. A perfect liquid has no viscosity. The RHIC results are consistent with “ideal”
hydrodynamic calculations suggesting that the lowest viscosity possible in a “Quark-Gluon Plasma
(QGP) fluid” may be achieved— a stunning discovery that could revise physicists’ conception of the
earliest moments of the universe.

Program Assessment Rating Tool (PART)

The Department implemented a tool to evaluate selected programs. PART was developed by the Office
of Management and Budget (OMB) to provide a standardized way to assess the effectiveness of the
Federal Government’s portfolio of programs. The structured framework of the PART provides a means
through which programs can assess their activities differently than through traditional reviews.

The current focus is to establish outcome- and output-oriented goals, the successful completion of which
will lead to benefits to the public, such as increased national security and energy security, and improved
environmental conditions. DOE has incorporated feedback from OMB into the FY 2006 Budget
Request, and the Department will take the necessary steps to continue to improve performance.

SC did not complete PARTs for the FY 2007 Budget. In the FY 2005 PART review, OMB assessed six
SC programs: ASCR, BES, BER, FES, HEP, and NP. Program scores ranged from 82-93%. Three
programs—BES, BER, and NP—were assessed “Effective.” Three programs—ASCR, FES, and HEP—
were assessed “Moderately Effective.” The full PARTSs are available on the OMB website at
http://www.whitehouse.gov/omb/budget/fy2005/part.html. SC expects to stagger updated PART reviews
in the future.

SC has taken steps to enhance public understanding of our revised performance measures. The PART
website (http://www.science.doe.gov/measures/) has been improved to better explain what each
scientific measure means, why it is important to the Department and/or the research community, and
how progress will be measured. Roadmaps with more detailed information on tracking progress toward
the long-term measures have been developed with the Scientific Advisory Committees and are posted to
this PART website. The Advisory Committees will review progress toward those measures vis-a-vis the
roadmaps every three to five years. The first reviews will be conducted in FY 2006. The results of these
reviews will be published on the PART website as they become available.
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For the FY 2007 budget, OMB has developed PARTWeb—a new interface for PART that facilitates
collaboration between agencies and OMB. PARTWeb will link to the new http://ExpectMore.gov
website and will improve public access to PART assessments and follow up actions. New actions for
Science in 2006 include:

¢ Implementing the recommendations of past and new external assessment panels, as appropriate;

¢ Engaging the Advanced Scientific Computing Advisory Committee and other outside groups in
regular, thorough scientific assessments of the quality, relevance, and performance of its research
portfolio and computing/network facilities;

¢ A detailed corporate solution for managing and operating the High Flux Isotope Reactor;

+ Engaging the National Academies in an independent assessment of the scientific basis and business
case for microbial genomics research efforts;

+ Developing strategic and implementation plans in response to multiple Congressional requirements
for ITER and Fusion Energy Sciences;

¢ Re-engaging the Fusion Energy Sciences Advisory Committee in a study of the how the program
could best evolve over the coming decade to take into account new and upgraded international
facilities;

+ Developing a strategy and implementation plan for particle accelerator research and development,
including a potential international linear collider;

+ Engaging the National Academies to help develop a realistic long term plan for High Energy Physics
that is based on prioritized scientific opportunities and input from across the scientific community;

+ Engaging the National Academies, including experts outside of nuclear physics, to study the
scientific capabilities of a proposed rare isotope accelerator in an international context; and

+ Maximizing operational efficiency of major Nuclear Physics experimental facilities in response to
increasing power costs.

Significant Policy or Program Shifts

Basic Energy Sciences—Over the next two to three years, the Spallation Neutron Source (SNS) will
fabricate and commission instruments and increase power to full levels. A new major item of equipment
is funded that will allow the fabrication of four to five additional instruments for the SNS, thus nearly
completing the initial suite of twenty four instruments that can be accommodated in the high-power
target station. BES also supports energy security through basic research for effective solar energy
utilization, basic research for the hydrogen economy, and basic research underpinning advanced nuclear
energy power.

Advanced Scientific Computing Research— In FY 2007, ASCR supports increases in SciDAC
activities, the initiation of new university based competition for SciDAC Institutes, and enhancements to
SciDAC that develop leadership class computing simulations for petaflop-scale computers. Increases in
funding for both production and leadership computing facilities will enable continued scientific
leadership through high performance computing. The success of this effort is built on the enhancements
to the research and evaluation prototype and computer science research activities. The Research and
Evaluation Prototypes activity will prepare users for the next generations of scientific computers and
reduce the risk of major procurements. Increases in funding would also enable ESnet to evolve to
manage the increased data flows from petascale computers and the experimental facilities that are
critical to the Nation’s future.
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Biological and Environmental Research—Development of a global biotechnology-based energy
infrastructure requires a science base that enables scientists to redesign specific proteins, biochemical
pathways, and even entire plants or microbes. Studies have suggested that, by 2100, biotechnology-
based energy use could equal all global fossil energy use today. Two examples of biofuels are ethanol
derived from the cellulose in plant cell walls (cellulosic ethanol) and hydrogen produced from water
using energy from the sun (biophotolytic hydrogen). Within the Genomics: GTL program, BER will
develop the understanding needed to advance biotechnology-based strategies for biofuel production. In
addition, the FY 2007 budget includes funds for the continued expansion of the Genomics: GTL
program—a program at the forefront of the biological revolution. Funding reductions are initiated in the
Environmental Remediation Research and in the Climate Change Research Subprograms. High level
waste, ocean sciences, and ocean carbon sequestration research are terminated within these two
subprograms.

High Energy Physics—Our highest priority HEP R&D effort is the development of an International
Linear Collider (ILC), and this request significantly advances the ILC R&D program. Pre-conceptual
R&D for the ILC is doubled to enable a strong U.S. leadership role as a part of a comprehensive,
coordinated international R&D program. In addition, R&D for other accelerator and detector
technologies will continue at an increased level relative to FY 2006. Project engineering and design
(PED) will begin on a new detector optimized to detect electron neutrinos, the Electron Neutrino
Appearance (EvA) Detector, which will utilize the existing NuMI beam. Participation will begin in a
reactor-based neutrino experiment, and R&D for a high-intensity neutrino super beam facility and a
double beta decay experiment will continue. These efforts are part of a coordinated neutrino program
developed from an American Physical Society study and a joint High Energy Physics Advisory
Panel/Nuclear Science Advisory Committee review. In order to explore the nature of dark energy,
conceptual R&D for the Super Nova/Acceleration Probe (SNAP) mission concept will continue in
FY 2007. SNAP is expected to be a mission concept proposed for a potential interagency-sponsored
experiment with NASA, the Joint Dark Energy Mission (JDEM). In addition, to fully determine the
nature of dark energy, independent and complementary measurements are scientifically advisable. In
FY 2007, additional R&D will be done for ground facilities and/or space-based facilities which could
provide these measurements.

Nuclear Physics—The FY 2007 budget request increases support for operations and research by
approximately 21% compared to FY 2006. At this level, operations of the four NP National User
Facilities allow researchers to make effective progress towards the program’s scientific goals and
milestones. This budget request supports initiation of research efforts in the CERN LHC heavy ion
program and starts PED activities for the 12 GeV CEBAF Upgrade project. NP also supports increases
for research relevant to advanced nuclear fuel cycles. While we have a relatively good understanding of
the origin of the chemical elements in the cosmos lighter than iron, the production of the elements from
iron to uranium remains a puzzle. A next-generation exotic beam facility would allow the U.S. to play a
leading role in nuclear structure and astrophysics studies in the next decade. Modest funding for generic
R&D in exotic beam development is supported in FY 2007.

Fusion Energy Sciences—The FY 2007 budget continues the redirection of the fusion program to
prepare for and participate in the international ITER project. The redirection will require modest
reductions in several program elements not directly related to ITER. The FY 2007 request for the U.S.
Contributions to ITER MIE project reflects a more modest first two years than was contained in the

FY 2006 President’s Budget, but maintains the overall Total Project Cost funding cap of $1,122,000,000.
The reductions allow for the U.S. to be more consistent with the other ITER parties in the pace of
starting the long lead procurements, in providing increased numbers of personnel to the ITER
Organization, and in providing cash for common expenses. The profile is preliminary until the baseline
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scope, cost, and schedule for the MIE project are established, and the Director General Nominee and
ITER Organization have achieved a standard mode of operation. SciDAC efforts will increase and will
continue development of collaboratory tools to facilitate international fusion collaborations and initiate
development of an integrated software environment that can accommodate the wide range of space and
time scales and the multiple physical phenomena that are encountered in simulations of fusion systems.
The Fusion Simulation Project is a major initiative involving plasma physicists, applied mathematicians,
and computer scientists to create a comprehensive set of models of fusion systems, combined with the
algorithms required to implement the models and the computational infrastructure to enable them to
work together. High Energy Density Physics, Plasma Technology and Materials Research, Experimental
Plasma Research, and Fusion Theory will be reduced.

Scientific Laboratory Infrastructure—In FY 2007, SLI will initiate funding for four construction
projects: the Seismic Safety Upgrade of Buildings, Phase I, at the Lawrence Berkeley National
Laboratory; the Modernization of Building 4500N, Wing 4, Phase I, at the Oak Ridge National
Laboratory; the Building Electrical Services Upgrade, Phase II, at the Argonne National Laboratory; and
Renovate Science Lab, Phase I, at the Brookhaven National Laboratory. Funding for the Pacific
Northwest National Laboratory Physical Sciences Facility is requested in the National Nuclear Security
Administration’s (NNSA’s) Nuclear Non-Proliferation R&D program for FY 2007. This project is co-
funded by SC, NNSA, and the Department of Homeland Security. The SLI program will continue full
funding for demolition of the Bevatron at Lawrence Berkeley National Laboratory. General plant project
(GPP) funding is terminated in FY 2007 because it is supported in other SC programs’ budgets in

FY 2007.

Science Program Direction—Program direction funding increases by 7.4%, with most of the increase to
support an additional 25 FTEs planned to be hired in support of the overall Science program, which is
increased by 14.1% in the FY 2007 request. The increase also supports a 2.2% pay raise; an increased
cap for SES basic pay; other pay related costs such as the government’s contributions for employee
health insurance and Federal Employees’ Retirement System (FERS); escalation of non-pay categories,
such as travel, training, and contracts; and increased e-Gov assessments and other fixed operating
requirements across the SC complex. Finally, the increase will cover requirements not requested in
previous SCPD budget requests, including travel expenses of SC Advisory Committee members and
requirements related to Appendix A of OMB Circular A-123, Management’s Responsibility for Internal
Control.

Workforce Development for Teachers and Scientists—The Laboratory Science Teacher Professional
Development (LSTPD) program increases to expand participation from 108 teachers in FY 2006 to 300
in FY 2007. The Faculty Sabbatical activity was initiated in FY 2005 for faculty from Minority Serving
Institutions (MSI) and reduced in FY 2006 due to feedback from MSI faculty who expressed their
inability to participate in sabbatical programs and a preference for shorter fellowship-type opportunities.
FY 2007 participation will be reduced to two faculty members. The Science Undergraduate Laboratory
Internship (SULI) programs will be increased to add approximately 55 students. The Albert Einstein
Distinguished Educator Fellowship and the National and Middle School Science Bowls will all continue.

Safeguards and Security—The FY 2007 budget will ensure adequate security posture for SC facilities by
protecting fundamental science, national security, and the health and safety of DOE and contractor
employees, the public and the environment. FY 2007 funding will cover the implementation of the 2003
Design Basis Threat (DBT). In FY 2007, an increase in funding for the Cyber Security program element
is being requested to begin to address the promulgation of new National Institute of Standards and
Technology (NIST) requirements which are statutorily required by the Federal Information Security
Management Act (FISMA) to improve the Federal and SC laboratory cyber security posture.
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Indirect Costs and Other Items of Interest

Institutional General Plant Projects

Institutional General Plant Projects (IGPPs) are miscellaneous construction projects that are each less
than $5,000,000 in TEC and are of a general nature (cannot be allocated to a specific program). IGPPs
support multi-programmatic and/or inter-disciplinary programs and are funded through site overhead.
Examples of acceptable IGPPs include site-wide maintenance facilities and utilities, such as roads and
grounds outside the plant fences or a telephone switch that serves the entire facility.

Examples of current year projects are:

* Quadrangle Common Area design and construction at Oak Ridge National Laboratory. This FY 2004
and FY 2005 effort includes lawn, landscaping, sidewalks, lighting, and street improvements to an
area of approximately 71,000 square feet. TEC: $2,697,000.

= East Campus Storm Water Upgrades at Oak Ridge National Laboratory. This FY 2005 project will
upgrade the East Campus storm water drainage system to prevent flooding of new East Campus
facilities. Recent storm modeling of the East Campus watershed has determined that a 500-year
storm could produce substantial flooding in the Oak Ridge East Campus. TEC: $750,000

= East Campus Parking Expansion design and construction at Oak Ridge National Laboratory. This
project, scheduled for completion in FY 2006, will provide expanded parking capacity for the
recently completed Third Party Buildings, Joint Institute for Computational Science/Oak Ridge
Center for Advanced Studies, and Research Support Center, as well as the Multiprogram Research
Facility. TEC: $3,500,000.

The following displays IGPP funding by site:

(dollars in thousands)
| FY 2005 | FY 2006 | FY 2007 |

Oak Ridge National Laboratory .................. 9,000 10,000 8,000
Pacific Northwest National Laboratory....... 2,000 2,000 5,000
Argonne National Laboratory ..................... — — 2,000
Total, IGPP.....c.ooeiieeeeeeeeeeeee 11,000 12,000 15,000

Facilities Maintenance and Repair

The Department’s facilities maintenance and repair activities are tied to its programmatic missions,
goals, and objectives. Facilities Maintenance and Repair activities funded by the Office of Science or at
SC laboratories are displayed in the following tables. SC has set maintenance targets for each of its
laboratories to achieve overall facilities maintenance and repair levels consistent with the National
Academy of Science recommendation of 2%-4% of replacement plant value for the SC laboratory
complex.

Indirect-Funded Maintenance and Repair

Facilities maintenance and repair activities funded indirectly through overhead charges at SC
laboratories are displayed below. Since this funding is allocated to all work done at each laboratory,
these activities are paid for using funds from SC and other DOE organizations, as well other Federal
agencies and other entities doing work at SC laboratories. Maintenance reported to SC for non-SC
laboratories is also shown.
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(dollars in thousands)

FY 2005 FY 2006 FY 2007
AMES LabOTatOrY ...cvieiieiieieiie ettt 1,023 915 858
Argonne National Laboratory ..........cceceeeeierieiieniineie e 26,413 26,327 28,332
Brookhaven National Laboratory ...........cccceceeeverieneenieniesieseeee e 21,511 22,925 23,098
Fermi National Accelerator Laboratory...........ccecceceerenienenencnieieeese e 6,033 8,893 6,738
Lawrence Berkeley National Laboratory...........cccevevevieiieienieniieieeieseeieans 11,175 13,000 15,440
Lawrence Livermore National Laboratory .........c.ccoeceeveevieenienieneeeeeee. 2,735 2,767 2,822
Massachusetts Institute of Technology........cceevveeiieierienieiiciesieeee e 569 — —
Oak Ridge Institute for Science and Education ............ccceeevevierivenieniennennen. 546 475 380
Oak Ridge National Laboratory ..........ccccceeereeierienieniesieeese et e 23,372 23,080 23,075
Oak Ridge National Laboratory facilities at Y-12......c.cccccocevveninenienncnnienene. 738 500 500
Pacific Northwest National Laboratory ..........ccecceeeereerieneenene e 1,868 1,895 1,476
Princeton Physics Plasma Laboratory.........ccccceeveevieiinienieniieieeieeeeeeeeeene 4,387 5,045 5,300
Sandia National Laboratory ............ccocoeeiieierieiieniee e 1,905 1,960 1,999
Stanford Linear Accelerator CENET ..........ccuvvevvuiiiiieieeeeeee e eeeeee e 5,837 5,278 5,140
Thomas Jefferson National Accelerator Facility .........c.ccccovvevievivecieniennennen. 2,676 3,440 2,518
Total, Indirect-Funded Maintenance and Repair ...........ccccoooevenineneeineenene 110,788 116,500 117,676

Direct-Funded Maintenance and Repair

Generally, facilities maintenance and repair expenses are funded through an indirect overhead charge. In
some cases, however, a laboratory may charge maintenance directly to a specific program. An example
of this might be if the maintenance were performed in a building used only by a single program. These
direct-funded charges are nonetheless in the nature of indirect charges, and are not directly budgeted.
The maintenance work for the Oak Ridge Office is direct funded and direct budgeted by the Science
Laboratories Infrastructure program. A portion of the direct-funded maintenance and repair expenses
reflects charges to non-SC programs performing work at SC laboratories.

(dollars in thousands)

| FY2005 | FY2006 | FY2007
Brookhaven National Laboratory .............cceeeeveierieniienieeieeieseeeee e 2,290 2,974 2,974
Fermilab National Accelerator Facility .........ccoccoeviriinieiieicecieeeeeen 3,028 3,628 3,628
Notre Dame Radiation Laboratory...........ccceeeveveieriiniieciieieeieseeieeveeee e 172 145 150
Oak Ridge National Laboratory........ccccoueveereeiiiieiiereeie e 15,842 13,748 13,929
Oak Ridge National Laboratory facilities at Y-12 .......ccccceoereiininiienieneene, 79 — —
Oak Ridge OFfICe......eoueiuieiiiiiiiniiiree et 1,771 1,891 2,019
Stanford Linear Accelerator CENLET ..........c.ueveveuviiiiiieeeieieeeeeeeee e eeeee e 1,079 2,520 3,480
Thomas Jefferson National Accelerator Facility ..........ccocvevveciiecienieneeneenne. 44 50 52
Total, Direct-Funded Maintenance and Repair............ccocceevirienienieincens 24,305 24,956 26,232

Deferred Maintenance Backlog Reduction

SC is planning an increased focus on reducing the backlog of deferred maintenance activities. SC will
set targets for each of its laboratories for activities specifically focused on reduction of the backlog of
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these activities. The current deferred maintenance backlog at SC laboratories is estimated to be
$660,000,000 and this amount will be our deferred maintenance baseline from which we will measure
improvement. Deferred maintenance activities are primarily funded by the laboratories as overhead,
charged to all uses of the laboratory facilities. The overall target for deferred maintenance at SC
laboratories will be $19,800,000 in FY 2007. These deferred maintenance estimates are in addition to
funding of day-to-day maintenance and repair amounts shown in the tables above. In order to assure that
new maintenance requirements are not added to the backlog, SC has set targets for our laboratories that,
overall, exceed 2% of the SC laboratory complex replacement plant value, commensurate with the
industry standard funding level recommended by the National Academy of Sciences of 2—4% of the
replacement plant value. The tables below show the targets planned for funding of deferred maintenance
backlog reduction.

(dollars in thousands)

FY2005 | FY2006 | FY 2007
Argonne National Laboratory ..........cccceevieiieiirienienieeee e — — 2,574
Brookhaven National Laboratory ..........ccccceevvveeiieienienieieeieeieseese e — — 5,940
Fermi National Accelerator Laboratory..........cccceeeeveiieiieiesienieseee e — — 1,980
Lawrence Berkeley National Laboratory..........coccoeeieieoeiieneneseeceeee — — 2,178
Oak Ridge National Laboratory..........c.ccceveerieerireienienieneeseeee e — — 5,544
Princeton Physics Plasma Laboratory.........cccceeeeeeirieniinieseeeeeee e — — 396
Stanford Linear Accelerator Center...........c.ecevererirereeierienienenesesieeeeeene — — 792
Thomas Jefferson National Accelerator Facility ...........ccccooeevieiieiincenenen. — — 396
Total, Deferred Maintenance Backlog Reduction............cccceeeeieiieicncncnnenne. — — 19,800

Selected Administration Priorities

(dollars in thousands)

| FY2005 | FY2006 | FY2007
Hydrogen Fuel INTHAIVE .......cc.ooiiiiiiieieieeee e 29,183 32,500 50,000
Climate Change Science Program ............ccecceveeeviereeneeiesieneenie e eeeseeeens 126,985 130,646 126,187
Networking and Information Technology Research and Development.......... 246,846 255,830 344,672
National Nanotechnology INitiative..........c.ecveeuirierienieniieie et 207,837 206,404 256,914
ITER (TPO) oottt et ettt ettt ettt —_— 19,315 60,000
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Science
Office of Science

Funding by Site by Program

(dollars in thousands)

| FY2005 | FY2006 | FY 2007

Ames Laboratory

Basic ENergy SCICNCES.......ecueriieiieiieiiesiieie ettt eeees 23,538 20,410 20,857
Advanced Scientific Computing Research ...........cccoooeiiiiiiiinininens 1,681 1,450 562
Biological and Environmental Research.............cocceveverininininiiinciennens 800 — —
Science Laboratories Infrastructure............cocceevveoiieiinienieieeeeeeee 210 150 —_—
Workforce Development for Teachers and Scientists...........cccceeeveeerennen. 65 65 227
Safeguards and SECULILY ......ccceeierieiieiiee e 505 507 570
Total, AmMes LabOratory ........ccceeieieieiieieieeese ettt 26,799 22,582 22,216

Ames Site Office
Science Program DiIreCtion........c.cccveveerieerieiienieseeneesieeieereeeveeenesseeseees 470 453 520

Argonne National Laboratory

Basic ENergy SCICNCES.......ecuieiirieiieiieieeie sttt ettt 180,613 171,629 190,810
Advanced Scientific Computing Research ...........ccocooceviiiiiiiinininns 13,145 9,918 28,174
Biological and Environmental Research............cccccevveeiieciinieneeiennenen. 26,291 27,297 27,713
High Energy PRYSICS .....ccoviiiiiieiieiieieieeie et 10,829 8,939 9,748
INUCIEAr PRYSICS ..ovviviiiieiieiecie sttt 23,158 18,762 23,682
Fusion ENergy SCICNCES........cevvieriiriieieiieieeie ettt 971 990 960
Science Laboratories INfrastructure ..........ooevvviiveeieiieiieeeeeee e 2,457 1,246 3,697
Workforce Development for Teachers and Scientists............ccoccvervrenenne. 1,833 298 2,056
Safeguards and SECUTILY .........cevierierieiieieeeeee e 8,671 8,570 8,462
Total, Argonne National Laboratory...........ccceeevieeiiiierieniieiieieeiesieeveeveeenns 267,968 247,649 295,302

Argonne Site Office

Science Program DireCtion ..........ccvevieriieniiesieecieeieeiesieeieeie e eee e eeees 3,413 3,677 3,813
Berkeley Site Office

Science Program DiIreCtion ..........ccoeereereereenieeiieeieeiesieeieeie e 3,361 3,675 4,241
Science/Funding by Site FY 2007 Congressional Budget
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(dollars in thousands)

FY2005 | FY2006 | FY2007

Brookhaven National Laboratory

Basic ENergy SCIBNCES.......evuiiiuiiiieieiieeieeie ettt 89,876 101,633 133,783
Advanced Scientific Computing Research ............cccocvvveviiiciiieneennne. 1,000 673  —
Biological and Environmental Research............cccoceviiiiniinieicenceeee, 23,620 20,172 18,074
High Energy PRYSICS .....ccuoiiiiiiieii et 30,648 26,542 30,193
NUCIEAr PRYSICS ...evveiieiieiiciieeiettee ettt 158,441 146,832 183,255
Science Laboratories InfrastrucCture ...........ooovevveiiveiiiiiiiee e 7,706 4,996 5,100
Workforce Development for Teachers and Scientists...........cccccverveennnnen. 734 436 1,013
Safeguards and SECUTILY .........cevierieiieieeeee e 11,335 11,229 10,967
Total, Brookhaven National Laboratory ...........ccccceevvieevieienieneeieeieseesieeenns 323,360 312,513 382,385

Brookhaven Site Office

Science Program Dir€Ction ..........ecveveerierieesieecieeieeiesieieeie e ene e 3,267 3,537 3,643
Chicago Office
Basic ENergy SCICNCES......ueiuieriirieeieiiieieeie ettt 180,295 130,276 130,351
Advanced Scientific Computing Research ............cccocoiiiiiiiiiinn, 41,556 24,853 18,164
Biological and Environmental Research............ccocevieciinienienieieenenen. 220,252 109,654 75,868
High Energy PRYSICS .....ccoiiiiiiiieieeee et 127,944 117,772 120,152
INUCIEAr PRYSICS ..uvvivieiiieieciieciteie ettt 73,339 59,258 61,664
Fusion ENergy SCIENCES .........covuieriiriieiieiieieeieee it 135,356 134,241 129,817
Science Laboratories Infrastructure ...........coooevvvvveeiiiiiicieeeceeeeeeee e 1,848 —_ 1,520
Science Program DireCtion ............ccevveriieiieienieniieieeieeeeseee e e 25,306 24,719 26,162
Workforce Development for Teachers and Scientists...........ccceoeeeeeeenees 36 —_— —_—
Safeguards and SECUTILY .........ceecvieciieierieriieeee e 185 825 3,400
SBIR/STTR ..ottt ettt et sse s s ene e eneennens 113,621 —— e
Total, Chica0 OFfICE ....eovviiiieiieiecieteeeee e 919,738 601,598 567,098

Fermi National Accelerator Laboratory

Advanced Scientific Computing Research ..........ccoccveevvienieiincienien. 646 1,215 —
High Energy PRYSICS .....couiiiiiiiiieiieieeeeeeeee e 318,316 298,533 320,367
INUCIEAT PRYSICS ..uvviiieiieieiiie ittt ettt saa e 33  — —
Fusion Energy SCIENCES........eeiuieiiieiieiieiecieesie et —_— 3 —_—
Science Laboratories Infrastructure............cocceceeeeeienienencneneniceieeene 662 491  —
Workforce Development for Teachers and Scientists............ccoeverveenenee. 62 50 308
Safeguards and SECUTILY ......ccvevierieiiiiii e 3,015 2,893 3,221
Total, Fermi National Accelerator Laboratory ............cceccveevevverveniiecienieinens 322,734 303,185 323,896
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Fermi Site Office

Science Program Direction.............cc.c......

Golden Field Office
Basic Energy Sciences..........cccoceeeienieneene.
Advanced Scientific Computing Research
Biological and Environmental Research....
High Energy PhysSics .......cccoevevveniieiinnns
Nuclear PhySics .....cccoeeveiivienieiieeeeee,
Workforce Development for Teachers and

Total, Golden Field Office.......ccccovvvvvvvvvinnnnnnn.

Idaho National Laboratory
Basic Energy Sciences..........cccoeeveeneeenenne.
Biological and Environmental Research....
Fusion Energy Sciences..........c.ccoecveveennens
Workforce Development for Teachers and
Total, Idaho National Laboratory .....................

Idaho Operations Office

Biological and Environmental Research....

Lawrence Berkeley National Laboratory
Basic Energy Sciences.........cccccceverenenene.
Advanced Scientific Computing Research
Biological and Environmental Research....
High Energy PhysSics ......cccooveviieieniiennene.
Nuclear Physics ........cccovveriieviirienieiieenns
Fusion Energy Sciences.........cc.ccoeceeveruenne
Science Laboratories Infrastructure...........
Workforce Development for Teachers and
Safeguards and Security ..........cccveevenennne.

Total, Lawrence Berkeley National Laboratory

Science/Funding by Site

ScientistS....cccoeeevveeeeenneeenen.

ScientistS.....covvvvvveeeeiiieeeennns

SCIENtISTS. ..oeeeeieeiiiieeeeeieeanes
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(dollars in thousands)

FY2005 | FY2006 | FY2007

2,185 2,235 2,346
S 4 4
S 3 -
- 3 -
- 4 -
- 3 -
622 250 835
622 267 839
353 225 225
3,670 1,566 1,190
2,499 2,380 2,334
75 70 340
6,597 4,241 4,089
1,113 — S—
135,564 110,437 125,497
71,546 65,408 77,559
71,818 71,517 72,671
43,101 40,834 44,812
18,784 18,399 20,706
6,048 5,653 4911
8,199 15,009 21,500
799 379 885
5,733 4,723 4,981
361,592 332,359 373,522
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(dollars in thousands)

FY2005 | FY2006 | FY2007

Lawrence Livermore National Laboratory

Basic ENergy SCIBNCES. ....c.eeiuiiriiiiiiiieiieriieie ettt 3,405 2,819 2,854
Advanced Scientific Computing Research .............cccocvevvinieneeciiciennens 6,734 4,743 1,800
Biological and Environmental Research............ccocevieiiniiniinienieee, 26,149 24,224 25,209
High Energy PRYSICS .....ccoiiiiiiiieieeeee e 2,140 1,951 2,196
NUCIEAr PRYSICS ..ottt sneens 1,084 643 905
Fusion ENergy SCIENCES .......cceriiirieiieieieie ettt 13,751 13,282 12,025
Science Laboratories Infrastructure............cocceceeeveieneneninencnceieeene, 150 150  —
Workforce Development for Teachers and Scientists..........ccccecvevueenennne. 50 —_— 78
Total, Lawrence Livermore National Laboratory ..............cccoevvevvenieecreevennnnns 53,463 47,812 45,067

Los Alamos National Laboratory

Basic ENergy SCICNCES.......ecuveriieieeieiieeieeie e ste et ee e eeees 27,624 22,753 21,993
Advanced Scientific Computing Research ............c.ccooevieiiiiiieinninnnnn. 3,879 2,832 2,075
Biological and Environmental Research............ccccceeveviieciinieneenreenenen. 20,825 17,675 15,479
High Energy PRySICS .....cccuviiiiiiiieieee et 809 540 590
NUCIEAr PRYSICS ...veviiiiiiiieiieieee et 9,647 8,008 10,515
Fusion ENergy SCICNCES........ccevieriieiieieeiieieeieeie et 3,831 3,946 3,356
Workforce Development for Teachers and Scientists...........ccccceereeeeneens 50 50 361
Total, Los Alamos National Laboratory ............cccceeveeeiereierieneenieeieeieniieiens 66,665 55,804 54,369

National Energy Technology Laboratory

Basic ENergy SCICNCES......eeveiieriieriieieeie sttt 82 100 —
Biological and Environmental Research............coccooeviioiiiniieiiiiinees 31 e o
High Energy PRYSICS .....cccviiiiiiieiieiecie et 81 —  —
NUCIEAr PRYSICS «..veeiiieiiieiieeiiecieee et 16 100 —_—
Fusion ENergy SCIENCES.........ccvveriieriieiiiieceesieeieete et 81 3  —
Science Laboratories Infrastructure............cocceceeeeevenienencnenenceeneennn — 275 —
Workforce Development for Teachers and Scientists...........ccccoverenenens 127 263 500
Total, National Energy Technology Laboratory 418 741 500

National Renewable Energy Laboratory

Basic ENergy SCICNCES. ....c.eeiuiiiiiierieeiiesiteie ettt 8,043 7,197 7,403
Advanced Scientific Computing Research .........c.ccooooiiiiiiiiiiiiniens 150 150 150
Biological and Environmental Research.............ccoccoevieiiiieiinnienieee 400 569 875
Workforce Development for Teachers and Scientists...........ccceoeereeeneens 52 —_— —_—
Total, National Renewable Energy Laboratory ..........cccceevevvenienieenieecnennenne. 8,645 7,916 8,428

NNSA Service Center/Albuquerque

Biological and Environmental Research.............ccoccevieviiniicienieneee 850 800 —
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(dollars in thousands)

FY2005 | FY2006 | FY2007

Oak Ridge Institute for Science and Education

Basic ENergy SCICNCES......ccveiieriieiieiieie sttt ettt eere e sreese e esee e 3,455 810 810
Advanced Scientific Computing Research ...........ccoccoeoiiiiniiiiiiiiinien. 315 600 —_
Biological and Environmental Research............ccccoocoiiniiiiiiiiiiniien, 5,557 4,088 4,159
High Energy PRYSICS .....occveeiieiiieiieiecee ettt 278 50 —
NUCIEar PRYSICS ...couviiiiiiiiiiieiieieceee et 1,067 590 703
Fusion ENergy SCIENCES.......c.iivviiierieriieiieiieeeeieesieeieere e sreene e 1,186 1,215 788
Science Laboratories Infrastructure...........ccocceevveeieiinienieieeeeee. 565 768 —_—
Science Program DireCtion ...........ccvevvieiieienieniieieeieeeeeeeseere e ene e 39  — —
Workforce Development for Teachers and Scientists............ccceceevueeneenne. 1,470 853 1,545
Safeguards and SECUTILY ........cccooiriiiriiieieeee e 1,403 1,359 1,489
Total, Oak Ridge Institute for Science and Education............cccecevverivriennnns 15,335 10,333 9,494

Oak Ridge National Laboratory

Basic ENergy SCICNCES.......evuieruiiiieieiiierieeie ettt 263,802 276,351 322,480
Advanced Scientific Computing Research ............cccocovvniiiiiiininns 68,786 61,098 82,822
Biological and Environmental Research............ccoceevveviecieniencenieeeen. 45,408 39,746 36,266
High Energy PRYSICS ....oouoiiiiiieieieeese e 836 180 182
INUCIEAT PRYSICS ..ouvviiiiiiieiiciieciieie ettt 20,941 19,668 23,349
Fusion ENergy SCIENCES .........covieriiiiiieieriieiieieee et 22,340 20,560 18,650
Science Laboratories Infrastructure..........cooovvveivvveeiicieeeeeeeeeeeeee e 2,188 1,283 8,047
Safeguards and SECUTILY ........cceevieriiiiieiieriereee e 11,891 9,461 8,396
Total, Oak Ridge National Laboratory ..........cccceverererenenieieeeeeeeeene 436,192 428,347 500,192
Oak Ridge Office
Basic ENergy SCICNCES.....c.ecviiieriieiiiieiiesieerte ettt sreeseeese e seee e 106 80 80
Advanced Scientific Computing Research ..........ccoccveevvienienincienien, 200 80
Biological and Environmental Research.............ccooooiiiiiinniiiine, 694 677 373
High Energy PRYSICS .....cccvvvieiiieiieieee ettt 108 16 80
NUCIEar PRYSICS ...couviiiiiiiiiiieiieieceeee et 106 80 —_—
Fusion ENergy SCIENCES........ccevvieriiiiirieiicieeeeeieeteeie e 106 80
Science Laboratories Infrastructure............ccooeeeeeeeiiiieeeeecieeeeeeee e 5,039 5,028 5,079
Science Program DiIreCtion ........c.cccveveeriieriiiiesieniieie e eeesreeseeeneesaesaeens 42,422 42,534 44,252
Workforce Development for Teachers and Scientists............ccoccvervvenenne. 90 90 90
Safeguards and SECULILY ......cccuerieririiriiiieretec e 12,862 16,107 17,975
Total, Oak Ridge OffiCe......cceiriirieiriiieiirieeicie et 61,733 64,772 67,929
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Pacific Northwest National Laboratory

Basic ENergy SCIBNCES.......evuiiiuiiiieieiieeieeie ettt 15,149 14,763 15,182
Advanced Scientific Computing Research ............cccoevvviivienieciieiennennn, 3,408 6,690 350
Biological and Environmental Research............cccoceviiiiniinieicenceeee, 86,647 80,203 85,695
Fusion ENergy SCIENCES.......ccueriirieririieiieiieiieieie ettt 1,330 1,285 815
Science Laboratories Infrastructure...........cooveeeeeveeeieieeeeeeeeeeeeee e 4,960 4,950 —
Workforce Development for Teachers and Scientists...........cccccoerereeens 917 514 1,035
Safeguards and SECULILY .......cceevverieriiiieiiereere et es 11,133 10,044 10,993
Total, Pacific Northwest National Laboratory..........cccceeveeerienieneeienieens 123,544 118,449 114,070

Pacific Northwest Site Office
Science Program DireCtion ............cecueveierireiieieiee e 5,277 5,438 5,553

Princeton Plasma Physics Laboratory

Advanced Scientific Computing Research .............ccocevieviiciinieneennne. 573 1,143 —
High Energy PRySICS .....cccueiiiiiiiieie et 225 225 249
Fusion ENergy SCIENCES .......cceruiriiieeieiieiieieieiese ettt 74,999 90,953 129,956
Science Laboratories Infrastructure............occeceeceeienencnincncnceeecenenn 239 119 —
Workforce Development for Teachers and Scientists...........cccccverenenens 135 115 392
Safeguards and SECUTILY .........cevvierieriieiieieeiere et e 1,938 1,819 1,953
Total, Princeton Plasma Physics Laboratory ...........ccocceevieinienieiceieeceee 78,109 94,374 132,550

Princeton Site Office
Science Program DireCtion ............cecuevererirenieieieee e 1,554 1,618 1,668

Sandia National Laboratories

Basic ENergy SCICNCES.......ecviriieiiiieiierieete e cttesie e eeeeseeereessessneseees 54,225 38,808 43,822
Advanced Scientific Computing Research ..............ccoeevevieniicencieniennns 10,693 4,122 2,595
Biological and Environmental Research............ccccoooiiiiiiiniiiiinieens 7,125 4,631 4,213
Fusion ENergy SCIENCES........c.evvveriieriieiieieeieeiieieee ettt 3,454 2,022 1,655
Workforce Development for Teachers and Scientists...........ccceceereeeenens —_— 258
Total, Sandia National Laboratories ..........cccccooevvviiiiieveeiiieeeieee e 75,497 49,583 52,543

Savannah River National Laboratory

Basic ENergy SCICNCES......eeviruieiieiieieeie ettt 200 200 200
Biological and Environmental Research..............coocooiiiiiinniiiininn, 873 804 691
Fusion ENergy SCIENCES......cccvieriiiriiiieiieniieie ettt 37 10 —
Workforce Development for Teachers and Scientists............ccoeeeeveeeneenee. —_— —_ 258
Total, Savannah River National Laboratory ............ccccceevevierierieesieeneenennn. 1,110 1,014 1,149
Science/Funding by Site FY 2007 Congressional Budget
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Savannah River Operations Office

Biological and Environmental Research.............ccoccoviiiiiiiiiiiiniee 7,748 1,000 —_—

Stanford Linear Accelerator Center

Basic Energy SCIENCES......c.coouirieiiiiiiieetieiteeie e 95,232 150,763 215,469
Advanced Scientific Computing Research ...........ccccoeeverienieiincieniens 485 57
Biological and Environmental Research............ccccoocoiiiiiiniiiiniens 4,150 4,350 4311
High Energy PhySICS ...cvoiviiiiiiieiiciecieeie ettt 169,036 144,574 145,964
Science Laboratories Infrastructure ..........ooeeuveveiiiiiviiiieeeeeeeeeeeieeeeee e 3,275 5,539 5,770
Workforce Development for Teachers and Scientists...........cccceveeveenenne. 150 135 150
Safeguards and SECUTILY ........cceeviiriiiieiiee e 2,335 2,377 2,437
Total, Stanford Linear Accelerator CENter...........ooovvuveeiivvieieeeie e eeieeeeans 274,663 307,795 374,101
Stanford Site Office
Science Program DiIreCtion........c.cccueveerierieeriieieeieeieseesieesieere e enesenes 1,647 1,670 2,134

Thomas Jefferson National Accelerator Facility

Advanced Scientific Computing Research ..........cccccoevvrviviiencienieneennns 50 — —
Biological and Environmental Research..............coocoooiiiiiniiiiiniin, 810 400 400
High Energy PRySICS .....cccvieiiiiieiieiieiccee et 50 480 927
NUCIEAr PRYSICS ..ieiiiieiieieee ettt 86,815 78,127 96,371
Science Laboratories Infrastructure............cccoeceecievienenencncncnceieeene — 175 —
Workforce Development for Teachers and Scientists............ccoeverveenenee. 332 95 502
Safeguards and SECUTILY .........ccooiiiiiriiieieeee e 1,468 1,231 1,311
Total, Thomas Jefferson National Accelerator Facility ..........ccccvevvecivniennns 89,525 80,508 99,511

Thomas Jefferson Site Office
Science Program Dir€Ction ..........cccvevveriieriiesieeiieeieeiesieeieeie e eeees 1,407 1,457 1,500
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FY2005 | FY2006 | FY2007
Washington Headquarters
Basic ENergy SCIBNCES......uevuiiiuieriieiiiie ettt 2,054 85,299 189,160
Advanced Scientific Computing Research .............ccocvevvvvvieicieneenennnne. 1,333 49,649 104,403
Biological and Environmental Research............ccooceevieiiniinieninceen. 11,766 170,455 137,076
High Energy PRYSICS .....ccuoiiiiiiiiie e 18,505 76,054 99,639
NUCIEAr PRYSICS ...evviiieiieiieiieieeieieee ettt 1,118 16,564 32,910
Fusion ENergy SCIENCES......c..covuiiiiiiiniieiieieeieiceceeee e 958 11,021 13,683
Science Laboratories Infrastructure..........cooovveiveeveeiieiieeeiieeeeeeee e —_— 1,505 175
Science Program Dir€Ction ..........cceeveerieerirriesieneeie e 63,683 68,105 75,045
Workforce Development for Teachers and Scientists...........cccccverveeennnen. — 3,457 119
Safeguards and SECULILY ......cccueeierieiieiee e 299 2,485 437
Total, Washington Headquarters ............ccccovereiiiieiniieieeee e 99,716 484,594 652,647
TOtal, SCIETICE ....eveeuieiiiiiierieeteeiete ettt 3,646,317 3,601,996 4,107,315

Major Changes or Shifts by Site

Argonne National Laboratory
Basic Energy Sciences

= The Center for Nanoscale Materials, one of five DOE Nanoscale Science Research Centers, will
be fully operational in FY 2007.

Advanced Scientific Computing Research

» The Leadership Computing activity will be initiated to provide up to 100 teraflops of high-
performance computing capability with low electrical power consumption to enable scientific
advances.

Science Laboratories Infrastructure

= The Argonne National Laboratory (ANL) Building Electrical Services Upgrade, Phase II project is
initiated to upgrade critical portions of the electrical power distribution system in twelve research
buildings and support facilities, including the Canal Water Plant supplying cooling water for site
experiments.

Lawrence Berkeley National Laboratory

Basic Energy Sciences

= The Molecular Foundry, one of five DOE Nanoscale Science Research Centers, will be fully
operational in FY 2007.

= Advanced Light Source (ALS) User Support Building (USB) will begin design in FY 2007. The
USB will provide user support space to accommodate the growth in the number of users and future
expansion of the ALS.
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Advanced Scientific Computing Research

= Funding for the National Energy Research Scientific Computing Center (NERSC) and the Energy
Science Network (ESnet) is increased from FY 2006. This will enable significant increases in the
high performance production computing capacity and network capacity to meet SC’s needs.

Science Laboratories Infrastructure

= The Seismic Safety Upgrade of Buildings, Phase I project is initiated to address the seismic upgrade
of laboratory buildings where high life-safety risks have been identified.

= Demolition of the Bevatron is fully funded to free-up about 7.5% of the total building space for
future missions.

Brookhaven National Laboratory
Basic Energy Sciences

= The Center for Functional Nanomaterials, one of five DOE Nanoscale Science Research Centers,
is in its final year of construction in FY 2007.

= Support is provided for Project Engineering Design and Other Project Costs for the National
Synchrotron Light Source-II (NSLS-II), which will be built as a replacement for NSLS-I, to enable
the study of material properties and functions, particularly materials at the nanoscale, at a level of
detail and precision never before possible. NSLS-II will provide the world’s finest capabilities for
X-ray imaging.

Science Laboratories Infrastructure

= The Renovate Science Laboratory, Phase I project is initiated to upgrade and rehabilitate existing

obsolete and unsuitable laboratory facilities into modern, efficient facilities compatible with
world-class scientific research.

Los Alamos National Laboratory
Basic Energy Sciences

= The Center for Integrated Nanotechnologies, one of five DOE Nanoscale Science Research
Centers, will be fully operational in FY 2007.

Oak Ridge National Laboratory
Basic Energy Sciences

= Construction of the Spallation Neutron Source (SNS) will be completed during the 3" quarter of
FY 2006. Over the next two to three years, the facility will continue to fabricate and commission
instruments, funded both as part of the SNS project and from other sources including non-DOE
sources, and will increase power to full levels. A new Major Item of Equipment is funded in
FY 2007 that will allow the fabrication of approximately four to five additional instruments for the
SNS, thus nearly completing the initial suite of 24 instruments that can be accommodated in the
high-power target station. Support also is provided for research and development (R&D) for a
power upgrade to the SNS.

= The Center for Nanophase Materials Sciences, one of five DOE Nanoscale Science Research
Centers, will be fully operational in FY 2007.
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Advanced Scientific Computing Research

= The Leadership Computing Facility (LCF) at the Oak Ridge National Laboratory (ORNL) will be
enhanced to deliver 250 teraflops of peak capability in FY 2007 for scientific applications.

Fusion Energy Sciences

= ORNL, in partnership with Princeton Plasma Physics Laboratory (PPPL), shares the responsibility
for managing the U.S. contributions to the ITER project by further engaging the U.S. fusion
community and industry to provide the U.S. hardware contributions and the U.S. secondees to be
assigned to the ITER Organization abroad. There will be significant international cooperation
between the U.S. ITER Project Office (a partnership between PPPL and ORNL), the international
ITER Organization, and the other ITER parties.

Science Laboratories Infrastructure

= The Modernization of Building 4500N, Wing 4, Phase I, project is initiated to rehabilitate a facility
housing many of the laboratory's chemical laboratory facilities, as well as administrative offices and
the medical clinic.

Princeton Plasma Physics Laboratory
Fusion Energy Sciences

= PPPL, in partnership with ORNL, will continue to manage the U.S. contributions to the ITER project
by further engaging the U.S. fusion community and industry to provide the U.S. hardware
contributions and the U.S. secondees to be assigned to the ITER Organization abroad. There will be
significant international cooperation and coordination between the U.S. ITER Project Office (a
partnership between PPPL and ORNL), the international ITER Organization, and the other ITER
parties.

Sandia National Laboratories

Basic Energy Sciences

= The Center for Integrated Nanotechnologies, one of five DOE Nanoscale Science Research
Centers, will be fully operational in FY 2007.

Fusion Energy Sciences

= Research in plasma-facing components and plasma materials interactions for the base program will
be reduced; however, Sandia is expected to play a major role in the first wall and shield area of the
ITER project.

Stanford Linear Accelerator Center

Basic Energy Sciences

* The Linac Coherent Light Source (LCLS) will continue Project Engineering Design and
construction. Funding is provided separately for preconceptual design and fabrication of instruments
for the facility. Funding is also provided to partially support operation of the SLAC linac. This
marks the second year of the transition to LCLS operations at SLAC.
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Site Description

Ames Laboratory
Introduction

The Ames Laboratory is a program dedicated laboratory (Basic Energy Sciences). The laboratory is
located on the campus of the lowa State University, in Ames, lowa, and consists of 12 buildings
(327,664 gross square feet of space) with the average age of the buildings being 37 years. DOE does not
own the land. Ames conducts fundamental research in the physical, chemical, and mathematical sciences
associated with energy generation and storage and is a national center for the synthesis, analysis, and
engineering of rare-earth metals and their compounds.

Basic Energy Sciences

Ames supports experimental and theoretical research on rare earth elements in novel mechanical,
magnetic, and superconducting materials. Ames scientists are experts on magnets, superconductors, and
quasicrystals that incorporate rare earth elements. Ames also supports theoretical studies for the
prediction of molecular energetics and chemical reaction rates and provides leadership in analytical and
separations chemistry.

Ames is home to the Materials Preparation Center (MPC), which is dedicated to the preparation,
purification, and characterization of rare-earth, alkaline-earth, and refractory metal and oxide materials.
Established in 1981, the MPC is a one-of-a-kind resource that provides scientists at university,
industrial, and government laboratories with research and developmental quantities of high purity
materials and unique analytical and characterization services that are not available from commercial
suppliers. The MPC is renowned for its technical expertise in alloy design and for creating materials that
exhibit ultrafine microstructures, high strength, magnetism, and high conductivity.

Advanced Scientific Computing Research

Ames conducts research in computer science and participates on SciDAC teams. Ames also participates
in Integrated Software Infrastructure Center (ISIC) activities that focus on specific software challenges
confronting users of terascale computers.

Science Laboratories Infrastructure

The Science Laboratories Infrastructure (SLI) program enables Departmental research missions at the
laboratory by funding line item construction to maintain the general purpose infrastructure, and the
cleanup and removal of excess facilities.

Safeguards and Security

This program coordinates planning, policy, implementation, and oversight in the areas of security
systems, protective forces, personnel security, program management, material control and accountability,
and cyber security. A protective force is maintained to provide protection of personnel, equipment, and
property from acts of theft, vandalism, and sabotage through facility walk-through, monitoring of
electronic alarm systems, and emergency communications.

Ames Site Office
Introduction

The Ames Site Office provides the single federal presence with responsibility for contract performance
at the Ames Laboratory. This site office provides an on-site Office of Science (SC) presence with
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authority encompassing contract management, program and project implementation, federal
stewardship, and internal operations.

Argonne National Laboratory
Introduction

The Argonne National Laboratory (ANL) in Argonne, Illinois, is a multiprogram laboratory located on
1,508 acres in suburban Chicago. The laboratory consists of 99 buildings (4.5 million gross square feet
of space) with an average building age of 34 years.

Basic Energy Sciences

ANL is home to research activities in broad areas of materials and chemical sciences. It is also the site of
four user facilities—the Advanced Photon Source (APS), the Intense Pulsed Neutron Source (IPNS), the
Center for Nanoscale Materials (CNM), and the Electron Microscopy Center (EMC) for Materials
Research.

The Advanced Photon Source is one of only three third-generation, hard x-ray synchrotron radiation
light sources in the world. The 1,104-meter circumference facility—large enough to house a baseball
park in its center—includes 34 bending magnets and 34 insertion devices, which generate a capacity of
68 beamlines for experimental research. Instruments on these beamlines attract researchers to study the
structure and properties of materials in a variety of disciplines, including condensed matter physics,
materials sciences, chemistry, geosciences, structural biology, medical imaging, and environmental
sciences. The high-quality, reliable x-ray beams at the APS have already brought about new discoveries
in materials structure.

The Intense Pulsed Neutron Source is a short-pulsed spallation neutron source that first operated all of
its instruments in the user mode in 1981. Twelve neutron beam lines serve 14 instruments.
Distinguishing characteristics of IPNS include its innovative instrumentation and source technology and
its dedication to serving the users. The first generation of virtually every pulsed source neutron
scattering instrument was developed at IPNS. In addition, the source and moderator technologies
developed at IPNS, including uranium targets, liquid hydrogen and methane moderators, solid methane
moderators, and decoupled reflectors, have impacted spallation sources worldwide. Research at IPNS is
conducted on the structure of high-temperature superconductors, alloys, composites, polymers, catalysts,
liquids and non-crystalline materials, materials for advanced energy technologies, and biological
materials.

The Electron Microscopy Center for Materials Research provides in-situ, high-voltage and
intermediate voltage, high-spatial resolution electron microscope capabilities for direct observation of
ion-solid interactions during irradiation of samples with high-energy ion beams. The EMC employs both
a tandem accelerator and an ion implanter in conjunction with a transmission electron microscope for
simultaneous ion irradiation and electron beam microcharacterization. It is the only instrumentation of
its type in the western hemisphere. The unique combination of two ion accelerators and an electron
microscope permits direct, real-time, in-situ observation of the effects of ion bombardment of materials
and consequently attracts users from around the world. Research at EMC includes microscopy based
studies on high-temperature superconducting materials, irradiation effects in metals and semiconductors,
phase transformations, and processing related structure and chemistry of interfaces in thin films.

The Center for Nanoscale Materials provides capabilities for developing new methods for self
assembly of nanostructures, exploring the nanoscale physics and chemistry of nontraditional electronic
materials, and creating new probes for exploring nanoscale phenomena. The CNM is organized around
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six scientific themes: nanomagnetism, bio-inorganic hybrids, nanocarbon, complex oxides,
nanophotonics, and theory and simulation.

Advanced Scientific Computing Research

ANL conducts basic research in mathematics and computer science, as well as research in advanced
computing software tools. ANL also participates in scientific application partnerships and participates on
a number of the SciDAC teams. Further, it participates in ISIC activities that focus on specific software
challenges confronting users of terascale computers. As part of the Leadership Computing Facility
(LCF) activity, ANL will acquire up to 100 teraflops of high-performance computing with low electrical
power consumption to advance science and will continue to focus on testing and evaluating leading edge
computers.

Biological and Environmental Research

ANL operates a high-throughput national user facility for protein crystallography at APS that also
supports a growing environmental science community. In support of climate change research, it
coordinates the operation and development of the Southern Great Plains, Tropical Western Pacific, and
North Slope of Alaska Atmospheric Radiation Measurement (ARM) sites. ANL also conducts research
on aerosol processes and properties and to develop and apply software to enable efficient long-term
climate simulations on distributed-memory multiprocessor computing platforms. Research is conducted
to understand the molecular control of genes and gene pathways in microbes. In conjunction with the
ORNL and the Pacific Northwest National Laboratory (PNNL) and six universities, ANL is a
participating lab in the Carbon Sequestration in Terrestrial Ecosystems (CSiTE) consortium, focusing on
research to understand the processes controlling the rate of soil carbon accretion. APS supports
environmental remediation sciences researchers and ANL conducts environmental remediation sciences
research.

High Energy Physics

The High Energy Physics (HEP) program supports physics research and technology R&D at ANL, using
unique capabilities of the laboratory in the areas of engineering and detector technology and advanced
accelerator and computing techniques.

Nuclear Physics

The major ANL activity is the operation and R&D program at the Argonne Tandem Linac Accelerator
System (ATLAS) National User Facility. Other activities include an on-site program of research using
laser techniques (Atom Trap Trace Analysis); research programs at the Thomas Jefferson National
Accelerator Facility (TINAF), Fermi National Laboratory (Fermilab), Relativistic Heavy lon Collider
(RHIC), and DESY in Germany investigating the structure of the nucleon; generic R&D in rare isotope
beam development relevant for a next generation facility in nuclear structure and astrophysics, such as
the proposed Rare Isotope Accelerator (RIA) facility; theoretical calculations and investigations in
subjects supporting the experimental research programs in Medium Energy and Low Energy physics;
and data compilation and evaluation activities as part of the National Nuclear Data Program.

The Argonne Tandem Linac Accelerator System facility provides variable energy, precision beams of
stable 1ons from protons through uranium, at energies near the Coulomb barrier (up to 10 MeV per
nucleon) using a superconducting linear accelerator. Most work is performed with stable heavy-ion
beams; however, about 10% of the beams are exotic (radioactive) beams. The ATLAS facility features a
wide array of experimental instrumentation, including a world-leading ion-trap apparatus, the Advanced
Penning Trap. The Gammasphere detector, coupled with the Fragment Mass Analyzer, is a unique world
facility for measurement of nuclei at the limits of angular momentum (high-spin states). ATLAS staff are
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world leaders in superconducting linear accelerator technology, with particular application in exotic
beam facilities. The combination of versatile beams and powerful instruments enables ~200 users
annually at ATLAS to conduct research in a broad program in nuclear structure and dynamics, nuclear
astrophysics, and fundamental interaction studies. The capabilities of ATLAS are being augmented by
the fabrication of a Californium source to provide new capabilities in neutron-rich radioactive beams.

Fusion Energy Sciences

Argonne contributes to the plasma facing components area of the enabling R&D program activities,
focusing on modeling of plasma-materials interaction phenomena of interest for ITER and current
plasma experiments.

Science Laboratories Infrastructure

The SLI program enables Departmental research missions at the laboratory by funding line item
construction to maintain the general purpose infrastructure, and the cleanup and removal of excess
facilities.

Safeguards and Security

This program provides protection of nuclear materials, classified matter, government property, and other
vital assets from unauthorized access, theft, diversion, sabotage, espionage, and other hostile acts that
may cause risks to national security, the health and safety of DOE and contractor employees, the public,
or the environment. Program activities include security systems, material control and accountability,
information and cyber security, program management, and personnel security. In addition, a protective
force 1s maintained. These activities ensure that the facility, personnel, and assets remain safe from
potential threats.

Argonne Site Office
Introduction

The Argonne Site Office provides the single federal presence with responsibility for contract
performance at the Argonne National Laboratory (ANL). This site office provides an on-site SC
presence with authority encompassing contract management, program and project implementation,
federal stewardship, and internal operations.

Berkeley Site Office
Introduction

The Berkeley Site Office provides the single federal presence with responsibility for contract
performance at the Lawrence Berkeley National Laboratory (LBNL). This site office provides an on-site
SC presence with authority encompassing contract management, program and project implementation,
federal stewardship, and internal operations.

Brookhaven National Laboratory
Introduction

The Brookhaven National Laboratory is a multiprogram laboratory located on 5,300 acres in Upton,
New York. The laboratory consists of 345 SC buildings (3.9 million gross square feet of space) with an
average building age of 36 years. BNL creates and operates major facilities available to university,
industrial, and government personnel for basic and applied research in the physical, biomedical, and
environmental sciences, and in selected energy technologies.
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Basic Energy Sciences

BNL conducts research efforts in materials and chemical sciences as well as to efforts in geosciences
and biosciences. It is also the site of one BES supported user facilities—the National Synchrotron Light
Source (NSLS).The National Synchrotron Light Source is among the largest and most diverse
scientific user facilities in the world. The NSLS, commissioned in 1982, has consistently operated at
>95% reliability 24 hours a day, 7 days a week, with scheduled periods for maintenance and machine
studies. Adding to its breadth is the fact that the NSLS consists of two distinct electron storage rings.
The x-ray storage ring is 170 meters in circumference and can accommodate 60 beamlines or
experimental stations, and the vacuum-ultraviolet (VUV) storage ring can provide 25 additional
beamlines around its circumference of 51 meters. Synchrotron light from the x-ray ring is used to
determine the atomic structure of materials using diffraction, absorption, and imaging techniques.
Experiments at the VUV ring help solve the atomic and electronic structure as well as the magnetic
properties of a wide array of materials. These data are fundamentally important to virtually all of the
physical and life sciences as well as providing immensely useful information for practical applications.
The petroleum industry, for example, uses the NSLS to develop new catalysts for refining crude oil and
making by-products like plastics.

Advanced Scientific Computing Research

BNL conducts basic research in applied mathematics and participates on SciDAC teams. It also
participates in ISIC activities that focus on specific software challenges confronting users of terascale
computers.

Biological and Environmental Research

BNL operates beam lines for protein crystallography at the NSLS for use by the national biological
research community, research in biological structure determination, and research into new
instrumentation for detecting x-rays and neutrons. BNL conducts research into new instrumentation for
detecting x-rays and neutrons. Research is also conducted on the molecular mechanisms of cell
responses to low doses of radiation. BNL conducts molecular nuclear medicine research developing
advanced medical imaging technologies including radiopharmaceuticals for medical imaging. The 2005
BER Distinguished Scientist for Medical Sciences is at BNL.

Climate change research includes the operation of the ARM External Data resource that provides ARM
investigators with data from non-ARM sources, including satellite and ground-based systems. BNL
scientists form an important part of the science team in the Atmospheric Sciences program (ASP),
including providing special expertise in atmospheric field campaigns and aerosol research to the
program. The ASP chief scientist is at BNL. BNL scientists play a leadership role in the operation of the
Free-Air Carbon Dioxide Enrichment (FACE) facility at the Duke Forest used to understand how plants
respond to elevated carbon dioxide concentrations in the atmosphere.

BNL supports environmental remediation sciences research and is participating in the National Science
Foundation (NSF)/DOE Environmental Molecular Sciences Institute at State University of New York-
Stony Brook and has instituted a new internal initiative EnviroSuite to support a growing community of
environmental users at NSLS.

High Energy Physics

The HEP program supports physics research and technology R&D at BNL, using unique resources of
the laboratory, including engineering and technology for future accelerators and detectors,
computational resources, and the Accelerator Test Facility.
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Nuclear Physics

Research activities include use of relativistic heavy-ion beams and polarized protons in the Relativistic
Heavy Ion Collider (RHIC) to investigate hot, dense nuclear matter and to understand the internal “spin”
structure of the proton, respectively—parts of which are coordinated with the RIKEN BNL Research
Center funded by Japan; development of future detectors for RHIC; a smaller R&D activity directed
towards the ATLAS detector within the heavy-ion program at the LHC at CERN; research on the
properties of neutrinos at the Sudbury Neutrino Observatory (SNO); a theory program emphasizing
RHIC heavy ion and “spin” physics; and data compilation and evaluation at the National Nuclear Data
Center (NNDC) that is the central U.S. site for these national and international efforts.

The Relativistic Heavy Ion Collider Facility, completed in 1999, is a major unique international facility
currently used by about 1,000 scientists from 19 countries. RHIC uses Tandem Van de Graaft, Booster
Synchrotron, and Alternating Gradient Synchrotron (AGS) accelerators in combination to inject beams
into two rings of superconducting magnets of almost 4 kilometers circumference with 6 intersection
regions where the beams can collide. It can accelerate and collide a variety of heavy ions, including gold
beams, up to an energy of 100 GeV per nucleon. RHIC is being used to search for the predicted “quark-
gluon plasma,” a form of nuclear matter thought to have existed microseconds after the “Big Bang.” It
can also collide polarized protons with beams of energy up to 250 GeV per nucleon: a unique capability.
Four detectors have been fabricated to provide complementary measurements, with some overlap in
order to cross-calibrate the measurements. (1) The core of the Solenoidal Tracker at RHIC (STAR)
detector is a large Time Projection Chamber (TPC) located inside a solenoidal magnet that tracks
thousands of charged particles emanating from a single head-on gold-gold collision. A large modular
barrel Electro-Magnetic Calorimeter (EMCal) and end-cap calorimeter measure deposited energy for
high-energy charged and neutral particles and contain particle-photon discrimination capability. Other
ancillary detector systems include a Silicon Vertex Tracker and forward particle tracking capabilities. A
barrel Time of Flight detector upgrade (STAR TOF) is being added to significantly extend the particle
identification capability of STAR detector. (2) The Pioneering High-Energy Nuclear Interacting
eXperiment (PHENIX) detector has a particular focus on the measurement of rare probes at high event
detection rate. It consists of two transverse spectrometer arms that can track charged particles within a
magnetic field, especially to higher momentum: it provides excellent discrimination among photons,
electrons, and hadrons. There are also two large muon tracking and identification systems in the forward
and backward directions as well as ancillary tracker systems. Scientists using the other two smaller
detectors, Phobos and Broad RAnge Hadron Magnetic Spectrometer (BRAHMS), have or are expected
to complete their research programs and focus on data analysis in the near future. International
participation has been essential in the implementation of all four detector systems.

The Alternating Gradient Synchrotron provides high intensity pulsed proton beams up to 33 GeV on
fixed targets and secondary beams of kaons, muons, pions, and anti-protons. The AGS is the injector of
(polarized) proton and heavy-ion beams into RHIC, and its operations are supported by the Heavy Ion
subprogram as part of the RHIC facility. The AGS is also utilized for radiation damage studies of
electronic systems for NASA supported work, among a variety of uses, with the support for these
activities being provided by the relevant agencies.

The Booster Synchrotron, part of the RHIC injector, is providing heavy-ion beams to a dedicated beam
line (NASA Space Radiation Laboratory) for biological and electronic systems radiation studies funded
by NASA. The incremental costs for these studies are provided by NASA.

The Tandem Van de Graaff accelerators which serve as injectors for the Booster Synchrotron will be
replaced by a modern, compact Electron Beam lon Source (EBIS) and linac system which promises
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greater efficiency, greater reliability, and lower maintenance costs as well as the potential for future
upgrades. The EBIS is a joint DOE/NASA project.

The National Nuclear Data Center (NNDC) is the central U.S. site for national and international
nuclear data and compilation efforts. The U.S. Nuclear Data program is the United States’ repository for
information generated in low- and intermediate-energy nuclear physics research worldwide. This
information consists of both bibliographic and numeric data. The NNDC is a resource for a very broad
user community in all aspects of nuclear technology, with relevance to homeland security. Nuclear Data
program-funded scientists at U.S. national laboratories and universities contribute to the activities and
responsibilities of the NNDC.

Science Laboratories Infrastructure

The SLI program enables Departmental research missions at the laboratory by funding line item
construction to maintain the general purpose infrastructure, and the cleanup and removal of excess
facilities.

Safeguards and Security

The Safeguards and Security (S&S) program activities are focused on protective forces, cyber security,
personnel security, security systems, information security, program management, and material control
and accountability. BNL operates a transportation division to move special nuclear materials around the
site. Material control and accountability efforts focus on accurately accounting for and protecting the
site’s special nuclear materials.

Brookhaven Site Office
Introduction

The Brookhaven Site Office provides the single federal presence with responsibility for contract
performance at the Brookhaven National Laboratory (BNL). This site office provides an on-site SC
presence with authority encompassing contract management, program and project implementation,
federal stewardship, and internal operations.

Chicago Office
Introduction

The Chicago Office supports the Department’s programmatic missions in Science and Technology,
National Nuclear Security, Energy Resources, and Environmental Quality by providing expertise and
assistance in such areas as contract management, procurement, project management, engineering,
facilities and infrastructure, property management, construction, human resources, financial
management, general and patent law, environmental protection, quality assurance, integrated safety
management, integrated safeguards and security management, nuclear material control and
accountability, and emergency management. Chicago directly supports site offices responsible for
program management oversight of seven major management and operating laboratories—Ames
Laboratory, Argonne National Laboratory, Lawrence Berkeley National Laboratory, Brookhaven
National Laboratory, Fermi National Accelerator Laboratory, Princeton Plasma Physics Laboratory, and
Stanford Linear Accelerator Center—and one government-owned and government-operated Federal
laboratory, New Brunswick Laboratory. Additionally, the administrative, business and technical
expertise of Chicago is shared SC-wide through the Integrated Support Center concept. Chicago serves
as SC’s grant center, administering grants to 272 colleges/universities in all 50 states, Washington, D.C.,
and Puerto Rico, as determined by the DOE-SC program offices as well as non-SC offices.
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Basic Energy Sciences
The BES program funds research at 190 academic institutions located in 48 states.
Advanced Scientific Computing Research

The Advanced Scientific Computing Research (ASCR) program funds research at over 70 colleges/
universities located in 24 states supporting approximately 126 principal investigators.

Biological and Environmental Research

The Biological and Environmental Research (BER) program funds research at some 220 institutions,
including colleges/universities, private industry, and other federal and private research institutions
located in 44 states.

High Energy Physics

The HEP program supports about 260 research groups at more than 100 colleges and universities located
in 36 states, Washington, D.C., and Puerto Rico. The strength and effectiveness of the university-based
program is critically important to the success of the program as a whole.

Nuclear Physics

The Nuclear Physics (NP) program funds 185 research grants at 90 colleges/universities located in 35
states and the District of Columbia. Among these are grants with the Triangle Universities Nuclear
Laboratory (TUNL) which includes the High Intensity Gamma Source (HIGS) at the Duke Free Electron
Laser Laboratory; Texas A&M (TAMU) Cyclotron; the Yale Tandem Van de Graaff; University of
Washington Tandem Van de Graaff and Center for Experimental Nuclear and Particle Astrophysics
(CENPA); and the newly established Research and Engineering Center at the Massachusetts Institute for
Technology. These accelerator facilities offer niche capabilities and opportunities not available at the
national user facilities, or many foreign low-energy laboratories, such as specialized sources and targets,
opportunities for extended experiments, and specialized instrumentation. Also supported is the Institute
for Nuclear Theory (INT) at the University of Washington, a premier international center for new
initiatives and collaborations in nuclear theory research.

Fusion Energy Sciences

The Fusion Energy Sciences (FES) program funds research at more than 50 colleges and universities
located in approximately 30 states. FES also funds the DIII-D tokamak experiment and related programs
at General Atomics, an industrial firm located in San Diego, California.

Fermi National Accelerator Laboratory
Introduction

Fermi National Accelerator Laboratory is a program-dedicated laboratory (High Energy Physics) located
on a 6,800-acre site in Batavia, Illinois. The laboratory consists of 358 buildings (2.3 million gross
square feet of space) with an average building age of 39 years. Fermilab is the largest U.S. laboratory for
research in high-energy physics and is second only to CERN, the European Laboratory for Particle
Physics. About 2,500 scientific users, scientists from universities and laboratories throughout the U.S.
and around the world, use Fermilab for their research. Fermilab’s mission is the goal of high-energy
physics: to understand matter at its deepest level, to identify its fundamental building blocks, and to
understand how the laws of nature determine their interactions.
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Advanced Scientific Computing Research
Fermilab participates in some SciDAC teams.
High Energy Physics

Fermilab operates the Tevatron accelerator and colliding beam facility, which consists of a four-mile
ring of superconducting magnets and two large multi-purpose detectors, and is capable of accelerating
protons and antiprotons to an energy of one trillion electron volts (1 TeV). The Tevatron is the highest
energy proton accelerator in the world, and will remain so until the LHC begins commissioning at
CERN in 2007. With the shutdown of the Large Electron-Positron (LEP) collider at CERN in 2000, the
Tevatron became the only operating particle accelerator at the energy frontier. The Tevatron complex
also includes the Booster and the Main Injector, pre-accelerators to the Tevatron. The Main Injector,
which is used for the pre-acceleration of protons and production of antiprotons as a part of the Tevatron
complex, is also used independently of the Tevatron for a 120 GeV fixed target program, including the
Neutrinos at the Main Injector (NuMI) beamline which started operation in 2005. Fermilab is the
principal experimental facility for HEP. The HEP program also supports physics research and
technology R&D at Fermilab, using unique resources of the laboratory, including state-of-the-art
engineering and technology for future generations of accelerators and detectors and computational
resources.

Science Laboratories Infrastructure

The SLI program enables Departmental research missions at the laboratory by funding line item
construction to maintain the general purpose infrastructure, and the cleanup and removal of excess
facilities.

Safeguards and Security

S&S program efforts are directed at maintaining protective force staffing and operations to protect
personnel and the facility, and toward continuing the cyber security, program management, security
systems, and material control and accountability programs to accurately account for and protect the
facility’s special nuclear materials. Limited funding increases would be applied to security systems and
the Foreign Visits and Assignments program.

Fermi Site Office

Introduction

The Fermi Site Office provides the single federal presence with responsibility for contract performance
at the Fermi National Accelerator Laboratory (Fermilab). This site office provides an on-site SC
presence with authority encompassing contract management, program and project implementation,
federal stewardship, and internal operations.

Idaho National Laboratory

Introduction

Idaho National Laboratory (INL) is a multiprogram laboratory located on 572,000 acres in Idaho Falls,
Idaho. Within the laboratory complex are nine major applied engineering, interim storage, and research
and development facilities.
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Basic Energy Sciences

INL supports studies to understand and improve the life expectancy of material systems used in
engineering.

Biological and Environmental Research

INL is conducting research in subsurface science relating to clean up of the nuclear weapons complex
with an emphasis on subsurface science.

Fusion Energy Sciences

Since 1978, INL has been the lead laboratory for fusion safety. As such, it has helped to develop the
fusion safety database that will demonstrate the environmental and safety characteristics of both nearer
term fusion devices and future fusion power plants. Research at INL focuses on the safety aspects of
magnetic fusion concepts for existing and future machines, such as a burning plasma experiment, and
further developing our domestic safety database using existing collaborative arrangements to conduct
work on international facilities. In addition, INL has expanded their research and facilities capabilities to
include tritium science activities. INL has completed fabrication of the Safety and Tritium Applied
Research (STAR) Facility, which is a small tritium laboratory where the fusion program can conduct
tritium material science, chemistry, and safety experiments. The STAR Facility has been declared a
National User Facility. INL also coordinates codes and standards within the ITER program.

Lawrence Berkeley National Laboratory
Introduction

The Lawrence Berkeley National Laboratory is a multiprogram laboratory located in Berkeley,
California, on a 200-acre site adjacent to the Berkeley campus of the University of California. The
laboratory consists of 106 buildings (1.6 million gross square feet of space) with an average building age
of 36 years. LBNL is dedicated to performing leading-edge research in the biological, physical,
materials, chemical, energy, and computer sciences. The land is leased from the University of California.

Basic Energy Sciences

LBNL is home to major research efforts in materials and chemical sciences as well as to efforts in
geosciences, engineering, and biosciences. Collocated with the University of California at Berkeley, the
Laboratory benefits from regular collaborations and joint appointments with numerous outstanding
faculty members. The Laboratory is the home to the research of many students and postdoctoral
appointees. It is also the site of three Basic Energy Sciences (BES) supported user facilities—the
Advanced Light Source (ALS), the Molecular Foundry, and the National Center for Electron
Microscopy (NCEM).

The Advanced Light Source provides vacuum-ultraviolet light and x-rays for probing the electronic
and magnetic structure of atoms, molecules, and solids, such as those for high-temperature
superconductors. The high brightness and coherence of the ALS light are particularly suited for soft
x-ray imaging of biological structures, environmental samples, polymers, magnetic nanostructures, and
other inhomogeneous materials. Other uses of the ALS include holography, interferometry, and the study
of molecules adsorbed on solid surfaces. The pulsed nature of the ALS light offers special opportunities
for time resolved research, such as the dynamics of chemical reactions. Shorter wavelength x-rays are
also used at structural biology experimental stations for x-ray crystallography and x-ray spectroscopy of
proteins and other important biological macromolecules. The ALS is a growing facility with a
lengthening portfolio of beamlines that has already been applied to make important discoveries in a wide
variety of scientific disciplines. An ALS User Support Building (USB) will begin design in FY 2007.
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The USB will provide high-quality user support space in sufficient quantity to accommodate the very
rapid growth in the number of ALS users and to accommodate projected future expansion. The USB
will contain staging areas for ALS experiments, space for a long beamline that will extend from the floor
of the ALS into the USB, and temporary office space for visiting users.

The National Center for Electron Microscopy provides instrumentation for high-resolution, electron-
optical microcharacterization of atomic structure and composition of metals, ceramics, semiconductors,
superconductors, and magnetic materials. This facility contains one of the highest resolution electron
microscopes in the U.S.

The Molecular Foundry provides users with instruments, techniques, and collaborators to enhance the
study of the synthesis, characterization, and theory of nanoscale materials. Its focus is on the
multidisciplinary development and understanding of both “soft” (biological and polymer) and “hard”
(inorganic and microfabricated) nanostructured building blocks and the integration of these building
blocks into complex functional assemblies. Scientific themes include inorganic nanostructures;
nanofabrication; organic, polymer, and biopolymer nanostructures; biological nanostructures; imaging
and manipulation of nanostructures; and theory of nanostructures. The facility offers expertise in a
variety of techniques for the study of nanostructures, including electronic structure and excited-state
methods, ab initio and classical molecular dynamics, quantum transport, and classical and quantum
Monte Carlo approaches. Several research laboratories at LBNL with capabilities that complement those
at the facilities also are open to Foundry users.

Advanced Scientific Computing Research

LBNL conducts basic research in the mathematics and computer science, as well as research in
advanced computing software tools. It participates in several scientific application partnerships,
including the partnership with the BES program in nanoscale science, and participates on a number of
the SciDAC teams. LBNL manages the ESnet. ESnet is one of the worlds most effective and progressive
science-related computer networks that provides worldwide access and communications to Department
of Energy facilities. LBNL is also the site of the NERSC, which provides a range of high-performance,
state-of-the-art computing resources that are a critical element in the success of many SC research
programs. LBNL participates in ISIC activities that focus on specific software challenges confronting
users of terascale computers.

Biological and Environmental Research

LBNL is one of the major national laboratory partners forming the Joint Genome Institute (JGI) whose
principal goals are high-throughput DNA sequencing techniques and studies on the biological functions
associated with the newly sequenced human DNA. The laboratory also conducts research on the
molecular mechanisms of cell responses to low doses of radiation, on the use of model organisms to
understand and characterize the human genome, and on microbial systems biology research as part of
Genomics:GTL. The Chief Scientist for the Low Dose Radiation Research program and the 2005 BER
Distinguished Scientists for Environmental Remediation and for Life Sciences are at LBNL. LBNL
operates beam lines for determination of protein structure at the ALS for use by the national and
international biological research community. The ALS is also used by a growing environmental science
community. LBNL also supports the environmental remediation sciences research and the geophysical
and biophysical and biochemical research capabilities for field sites in that program.

LBNL conducts research on carbon cycling and carbon sequestration on terrestrial ecosystems. It also
conducts research on biological and ecological responses to climatic and atmospheric changes.
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LBNL conducts research into new technologies for the detailed characterization of complex
environmental contamination. It also develops scalable implementation technologies that allow widely
used climate models to run effectively and efficiently on massively parallel processing supercomputers.
LBNL also conducts research on terrestrial carbon cycling to understand the processes controlling the
exchange of CO, between terrestrial ecosystems and the atmosphere.

High Energy Physics

The HEP program supports physics research and technology R&D at LBNL, using unique capabilities of
the laboratory in the areas of superconducting magnet R&D, engineering and detector technology,
world-forefront expertise in laser driven particle acceleration, expertise in design of advanced electronic
devices, computational resources, and design of modern, complex software codes for HEP experiments.

Nuclear Physics

The Low Energy subprogram has supported operations and the research program of the 88-Inch
Cyclotron, whose operations transitioned in FY 2004 from a national user facility to a dedicated in-
house facility with partial operational support from other federal agencies to carry out their programs.
Other activities include fabrication of a next-generation gamma-ray detector system, GRETINA;
research with the STAR detector located at Brookhaven’s RHIC facility; development of future detector
systems for RHIC; operation of the Parallel Distributed Systems Facility aimed at heavy-ion and low
energy physics computation; R&D and conceptual design activities directed towards a detector upgrade
for the ALICE detector heavy-ion program at the Large Hadron Collider (LHC) at Organisation
Européanne pour la Recherche Nucléaire (CERN); operation of the Sudbury Neutrino Observatory
(SNO) detector in Canada and the KamLAND detector in Japan that are performing neutrino studies;
development of next generation neutrino detectors; a theory program with an emphasis on relativistic
heavy-ion physics; data compilation and evaluation activities supporting the National Nuclear Data
Center at BNL; and a technical effort in generic R&D of rare isotope beam development with the
development of electron-cyclotron resonance (ECR) ion sources.

Fusion Energy Sciences

LBNL has been conducting research in developing ion beams for applications to high energy density
physics in the near term (4 to 10 years) and inertial fusion energy in the long term. Currently the
laboratory has two major experimental systems for doing this research: the Neutralized Drift
Compression Experiment (NDCX) and the High Current Experiment (HCX). Both experiments are
directed at answering the question of how ion beams can be produced with the intensity required for
research in high energy density physics and inertial fusion. LBNL conducts this research together with
the Lawrence Livermore National Laboratory and Princeton Plasma Physics Laboratory through the
Heavy lon Fusion Virtual National Laboratory.

Science Laboratories Infrastructure

The SLI program enables Departmental research missions at the laboratory by funding line item
construction to maintain the general purpose infrastructure, and the cleanup and removal of excess
facilities.

Safeguards and Security

This program provides physical protection of personnel and laboratory facilities. This is accomplished
with protective forces, security systems, cyber security, program management, personnel security, and
material control and accountability of special nuclear material.
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Lawrence Livermore National Laboratory
Introduction

Lawrence Livermore National Laboratory (LLNL) is a multiprogram laboratory located on 821 acres in
Livermore, California. This laboratory was built in Livermore as a weapons laboratory 42 miles from the
campus of the University of California at Berkeley to take advantage of the expertise of the university in
the physical sciences.

Basic Energy Sciences

LLNL supports research in materials sciences and in geosciences research on the sources of
electromagnetic responses in crustal rocks, seismology theory and modeling, the mechanisms and
kinetics of low-temperature geochemical processes and the relationships among reactive fluid flow,
geochemical transport, and fracture permeability.

Advanced Scientific Computing Research

LLNL participates in base applied mathematics and computer science research and SciDAC efforts. It
also participates in ISIC activities that focus on specific software challenges confronting users of
terascale computers.

Biological and Environmental Research

LLNL is one of the major national laboratory partners that comprise the Joint Genome Institute (JGI)
whose principal goals are high-throughput DNA sequencing and studies on the biological functions
associated with newly sequenced human DNA. LLNL is developing new biocompatible materials and
microelectronics for the artificial retina project. It also conducts research on the molecular mechanisms
of cell responses to low doses of radiation, and on the use of model organisms to understand and
characterize the human genome.

Through the program for Climate Model Diagnosis and Intercomparison, LLNL provides the
international leadership to develop and apply diagnostic tools to evaluate the performance of climate
models and to improve them. Virtually every climate modeling center in the world participates in this
unique program. It also conducts research to improve understanding of the climate system, particularly
the climate effect of clouds and aerosol properties and processes and climate change feedbacks on
carbon cycling. The 2005 BER Distinguished Scientist for Climate Change Research is at LLNL.

High Energy Physics

The HEP program supports physics research and technology R&D at LLNL, using unique capabilities of
the laboratory primarily in the areas of engineering and detector technology and advanced accelerator
R&D.

Nuclear Physics

The LLNL program supports research in relativistic heavy-ion physics as part of the PHENIX
collaboration at RHIC and the ALICE experiment at the CERN LHC, in nuclear data and compilation
activities, on theoretical nuclear structure studies, and a technical effort involved in generic R&D of rare
isotope beam development.

Fusion Energy Sciences

LLNL works with LBNL and PPPL through the Heavy-Ion Fusion Virtual National Laboratory in
advancing the physics of heavy ion beams as a driver for inertial fusion energy in the long term and high
energy density physics in the near term. It also conducts research in the concept of Fast Ignition for
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applications in high energy density physics and inertial fusion energy. The LLNL program also includes
collaborations with General Atomics on the DIII-D tokamak, operation of an innovative concept
experiment, the Sustained Spheromak Physics Experiment at LLNL, and benchmarking of fusion
physics computer models with experiments such as DIII-D. It carries out research in the simulation of
turbulence and its effect on transport of heat and particles in magnetically confined plasmas. In addition,
LLNL carries out research in support of magnets and plasma chamber and plasma-material interactions.

Science Laboratories Infrastructure

The SLI program enables the cleanup and removal of excess SC facilities at LLNL.

Los Alamos National Laboratory
Introduction

Los Alamos National Laboratory (LANL) is a multiprogram laboratory located on 27,000 acres in
Los Alamos, New Mexico.

Basic Energy Sciences

LANL is home to a few efforts in materials sciences, chemical sciences, geosciences, and engineering.
LANL supports research on strongly correlated electronic materials, high-magnetic fields,
microstructures, deformation, alloys, bulk ferromagnetic glasses, mechanical properties, ion enhanced
synthesis of materials, metastable phases and microstructures, and mixtures of particles in liquids.

Research is also supported to understand the electronic structure and reactivity of actinides through the
study of organometallic compounds. Also supported is work to understand the chemistry of plutonium
and other light actinides in both near-neutral pH conditions and under strongly alkaline conditions
relevant to radioactive wastes and research in physical electrochemistry fundamental to energy storage
systems. In the areas of geosciences, experimental and theoretical research is supported on rock physics,
seismic imaging, the physics of the earth’s magnetic field, fundamental geochemical studies of isotopic
equilibrium/disequilibrium, and mineral-fluid-microbial interactions.

LANL is also the site of two BES supported user facilities: the Manuel Lujan Jr. Neutron Scattering
Center (Lujan Center) and the Center for Integrated Nanotechnologies (CINT).

The Manuel Lujan Jr. Neutron Scattering Center provides an intense pulsed source of neutrons to a
variety of spectrometers for neutron scattering studies. The Lujan Center features instruments for
measurement of high-pressure and high-temperature samples, strain measurement, liquid studies, and
texture measurement. The facility has a long history and extensive experience in handling actinide
samples. A 30 Tesla magnet is also available for use with neutron scattering to study samples in high-
magnetic fields. The Lujan Center is part of the Los Alamos Neutron Science Center (LANSCE), which
is comprised of a high-power 800-MeV proton linear accelerator, a proton storage ring, production
targets to the Lujan Center and the Weapons Neutron Research facility, and a variety of associated
experiment areas and spectrometers for national security research and civilian research.

The Center for Integrated Nanotechnologies provides tools and expertise to explore the continuum
from scientific discovery to the integration of nanostructures into the microworld and the macroworld.
CINT is devoted to establishing the scientific principles that govern the design, performance, and
integration of nanoscale materials. Through its core facility in Albuquerque, New Mexico, and its
gateways to both Sandia National Laboratories and Los Alamos National Laboratory, CINT will provide
access to tools and expertise to explore the continuum from scientific discovery to the integration of
nanostructures into the microworld and the macroworld. CINT supports five scientific thrusts that serve
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as synergistic building blocks for integration research: nano-bio-micro interfaces, nanophotonics and
nanoelectronics, complex functional nanomaterials, nanomechanics, and theory and simulation.

Advanced Scientific Computing Research

LANL conducts basic research in the mathematics and computer science and in advanced computing
software tools. It also participates in several scientific application partnerships and participates on a
number of the SciDAC teams. LANL participates in ISIC activities that focus on specific software
challenges confronting users of terascale computers.

Biological and Environmental Research

LANL is one of the major national laboratory partners that comprise the JGI whose principal goals are
high-throughput DNA sequencing and studies on the biological functions associated with newly
sequenced human DNA. One of LANL’s roles in the JGI involves the production of high quality
“finished” DNA sequence. It also conducts research on the molecular mechanisms of cell responses to
low doses of radiation and on research to understand the molecular control of genes and gene pathways
in microbes. Activities in structural biology include the operation of an experimental station for protein
crystallography at the LANSCE for use by the national biological research community.

LANL provides the site manager for the Tropical Western Pacific ARM site. LANL also has a crucial
role in the development, optimization, and validation of coupled atmospheric and oceanic general
circulation models using massively parallel computers. LANL also conducts research into advanced
medical imaging technologies for studying brain function including optical imaging and
magnetoencepholography, novel radionuclide dosimetry and therapy, and research into new techniques
for rapid characterization and sorting of mixtures of cells and cell fragments. LANL also conducts
research under environmental remediation sciences with an emphasis on biological processes associated
with plutonium mobility in the environment. LANL is participating in the National Science Foundation
(NSF)/DOE Environmental Molecular Sciences Institute at the Pennsylvania State University.

High Energy Physics

The HEP program supports physics research and technology R&D at LANL, using unique capabilities of
the laboratory primarily in the areas of theoretical studies, engineering, and detector technology.

Nuclear Physics

NP supports a broad program of research including: a program of neutron beam research that utilized
beams from LANSCE facility to make fundamental physics measurements (to be completed in

FY 2006); the conceptual design and R&D of an experiment to search for the electric dipole moment of
the neutron; a research and development effort in relativistic heavy-ions using the PHENIX detector at
the RHIC and development of next generation instrumentation for RHIC; research directed at the study
of the quark substructure of the nucleon in experiments at Fermilab, and the “spin” structure of nucleons
at RHIC using polarized proton beams; research at the Sudbury Neutrino Observatory (SNO) and at
MiniBooNE directed at studies of the properties of neutrinos including development of the next
generation detector; a broad program of theoretical research; nuclear data and compilation activities as
part of the U.S. Nuclear Data program; and a technical effort involved in rare isotope beam
development.

Fusion Energy Sciences

LANL has developed a substantial experimental system for research in Magnetized Target Fusion, one
of the major innovative confinement concepts in magnetic alternates. The laboratory leads research in a
high-density, compact plasma configuration called Field Reversed Configuration. LANL supports the
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creation of computer codes for modeling the stability of magnetically confined plasmas, including
tokamaks and innovative confinement concepts. The work also provides theoretical and computational
support for the Madison Symmetric Torus experiment, a proof-of-principle experiment in reversed field
pinch at the University of Wisconsin in Madison. LANL develops advanced diagnostics for the National
Spherical Torus Experiment (NSTX) at PPPL and other fusion experiments, such as the Rotating
Magnetic Field as a current drive mechanism for the Field Reversed Configuration Experiment at the
University of Washington in Seattle. The laboratory is also doing research in Inertial Electrostatic
Confinement, another innovative confinement concept. LANL also supports the tritium processing
activities needed for ITER.

National Renewable Energy Laboratory
Introduction

The National Renewable Energy Laboratory (NREL) is a program-dedicated laboratory (Solar) located
on 300 acres in Golden, Colorado. NREL was built to emphasize renewable energy technologies such as
photovoltaics and other means of exploiting solar energy. It is the world leader in renewable energy
technology development. Since its inception in 1977, NREL’s sole mission has been to develop
renewable energy and energy efficiency technologies and transfer these technologies to the private
sector.

Basic Energy Sciences

NREL supports basic research efforts that underpin this technological emphasis at the laboratory; e.g.,
on overcoming semiconductor doping limits, novel and ordered semiconductor alloys, and theoretical
and experimental studies of properties of advanced semiconductor alloys for prototype solar cells. It also
supports research addressing the fundamental understanding of solid-state, artificial photosynthetic
systems. This research includes the preparation and study of novel dye-sensitized semiconductor
electrodes, characterization of the photophysical and chemical properties of quantum dots, and study of
charge carrier dynamics in semiconductors.

Oak Ridge Institute for Science and Education
Introduction

The Oak Ridge Institute for Science and Education, operated by Oak Ridge Associated Universities
(ORAU), is located on a 150-acre site in Oak Ridge, Tennessee. Established in 1946, ORAU is a
university consortium leveraging the scientific strength of major research institutions to advance science
and education by partnering with national laboratories, government agencies, and private industry.
ORISE focuses on scientific initiatives to research health risks from occupational hazards, assess
environmental cleanup, respond to radiation medical emergencies, support national security and
emergency preparedness, and educate the next generation of scientists.

Basic Energy Sciences

ORISE supports a consortium of university and industry scientists to share the ORNL research station at
NSLS to study the atomic and molecular structure of matter (known as ORSOAR, the Oak Ridge
Synchrotron Organization for Advanced Research). ORISE provides administrative support for panel
reviews and site reviews. It also assists with the administration of topical scientific workshops and
provides administrative support for other activities such as for the reviews of construction projects.
ORISE manages the Shared Research Equipment (SHaRE) program at ORNL. The SHaRE program
makes available state-of-the-art electron beam microcharacterization facilities for collaboration with
researchers from universities, industry, and other government laboratories.
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Advanced Scientific Computing Research
ORISE provides support for education activities.
Biological and Environmental Research

ORISE coordinates research fellowship programs and manages the DOE-NSF program supporting
graduate students to attend the Lindau Meeting of Nobel Laureates. It also coordinates activities
associated with the peer review of most of the submitted research proposals.

High Energy Physics
ORISE provides support to the HEP program in the area of program planning and review.
Nuclear Physics

ORISE supports the Holifield Radioactive lon Beam Facility (HRIBF) and its research program through
a close collaboration with university researchers using HRIBF.

Fusion Energy Sciences

ORISE supports the operation of the Fusion Energy Sciences Advisory Committee (FESAC) and
administrative aspects of some FES program peer reviews. It also acts as an independent and unbiased
agent to administer the FES Graduate and Postgraduate Fellowship programs, in conjunction with FES,
the ORO, participating universities, DOE laboratories, and industries.

Science Laboratories Infrastructure
The SLI program enables the cleanup and removal of excess facilities at the facility.
Safeguards and Security

The S&S program at ORISE provides physical protection/protective force services by employing
unarmed security officers. The facilities are designated as property protection areas for the purpose of
protecting government-owned assets. In addition to the government-owned facilities and personal
property, ORISE possesses small quantities of nuclear materials that must be protected. The program
includes information security, program management, personnel security, protective forces, security
systems, and cyber security.

Oak Ridge National Laboratory
Introduction

The Oak Ridge National Laboratory is a multiprogram laboratory located on the 24,000 acre reservation
at Oak Ridge, Tennessee. The laboratory’s 1,100 acre main site on Bethel Valley Road contains 303
buildings (3.5 million gross square feet of space) with an average building age of 35 years. Scientists
and engineers at ORNL conduct basic and applied research and development to create scientific
knowledge and technological solutions that strengthen the nation’s leadership in key areas of science;
increase the availability of clean, abundant energy; restore and protect the environment; and contribute
to national security. The laboratory supports almost every major Departmental mission in science,
defense, energy resources, and environmental quality. It provides world-class scientific research
capability while advancing scientific knowledge through such major Departmental initiatives as the
Spallation Neutron Source (SNS), the Supercomputing Program, Nanoscience Research, complex
biological systems, and ITER. In the defense mission arena, programs include those which protect our
Homeland and National Security by applying advanced science and nuclear technology to the Nation’s
defense. Through the Nuclear Nonproliferation Program, Oak Ridge supports the development and
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coordination of the implementation of domestic and international policy aimed at reducing threats, both
internal and external, to the U.S. from weapons of mass destruction. The Laboratory also supports
various Energy Efficiency and Renewable Energy programs and facilitates the R&D of energy efficiency
and renewable energy technologies.

Basic Energy Sciences

ORNL is home to major research efforts in materials and chemical sciences with additional programs in
engineering and geosciences. ORNL has perhaps the most comprehensive materials research program in
the country. It is also the site of three BES supported user facilities—the Spallation Neutron Source
(SNS), which is under construction and scheduled for commissioning in FY 2006; the High Flux Isotope
Reactor (HFIR); and the Center for Nanophase Materials Sciences (CNMS). ORNL has perhaps the
most comprehensive materials research program in the country.

The Spallation Neutron Source is a next-generation short-pulse spallation neutron source for neutron
scattering that is significantly more powerful (by about a factor of 10) than the best spallation neutron
source now in existence. The SNS consists of a linac-ring accelerator system that delivers short
(microsecond) proton pulses to a target/moderator system where neutrons are produced by a process
called spallation. The neutrons so produced are then used for neutron scattering experiments. Specially
designed scientific instruments use these pulsed neutron beams for a wide variety of investigations.
There is initially one target station that can accommodate 24 instruments; the potential exists for adding
more instruments and a second target station later.

The High Flux Isotope Reactor is a light-water cooled and moderated reactor that began full-power
operations in 1966. HFIR operates at 85 megawatts to provide state-of-the-art facilities for neutron
scattering, materials irradiation, and neutron activation analysis and is the world's leading source of
elements heavier than plutonium for research, medicine, and industrial applications. The neutron
scattering experiments at HFIR reveal the structure and dynamics of a very wide range of materials. The
neutron-scattering instruments installed on the four horizontal beam tubes are used in fundamental
studies of materials of interest to solid-state physicists, chemists, biologists, polymer scientists,
metallurgists, and colloid scientists. Recently, a number of improvements at HFIR have increased its
neutron scattering capabilities to 14 state-of-the-art neutron scattering instruments on the world’s
brightest beams of steady-state neutrons. These upgrades include the installation of larger beam tubes
and shutters, a high-performance liquid hydrogen cold source, and neutron scattering instrumentation.

The Center for Nanophase Materials Sciences integrates nanoscale science with neutron science;
synthesis science; and theory, modeling, and simulation. Scientific themes include macromolecular
complex systems, functional nanomaterials such as carbon nanotubes, nanoscale magnetism and
transport, catalysis and nano building blocks, and nanofabrication.

Advanced Scientific Computing Research

ORNL conducts basic research in the mathematics and computer science, as well as research in
advanced computing software tools. It also participates in several scientific application partnerships and
participates on a number of the SciDAC teams. Integrated Software Infrastructure Center activities are
focused on specific software challenges confronting users of terascale computers. The Center for
Computational Sciences (CCS), located at ORNL, provides high-end capability computing services to
SciDAC teams and other DOE users. ORNL was selected by DOE to develop Leadership Computing
Facility (LCF) for science to revitalize the U.S. effort in high end computing.
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Biological and Environmental Research

ORNL has a leadership role in research focused on the ecological aspects of global environmental
change. It supports basic research through ecosystem-scale manipulative experiments in the field,
through laboratory experiments involving model ecosystems exposed to global change factors, and
through development and testing of computer simulation models designed to explain and predict effects
of climatic change on the structure and functioning of terrestrial ecosystems. ORNL is the home of a
FACE experiment which facilitates research on terrestrial carbon processes and the development of
terrestrial carbon cycle models. It also houses the ARM archive, providing data to ARM scientists and to
the general scientific community. ORNL, in conjunction with ANL and PNNL and six universities, plays
a principle role in the CSiTE consortium which is focusing on research to enhance the capacity, rates,
and longevity of carbon sequestration in terrestrial ecosystems. ORNL scientists provide improvement in
formulations and numerical methods necessary to improve climate models. ORNL scientists make
important contributions to the environmental remediation sciences research programs, providing special
leadership in microbiology applied in the field. ORNL also manages the environmental remediation
sciences research Field Research Center, a field site for developing and testing bioremediation methods
for metal and radionuclide contaminants in subsurface environments.

ORNL is one of the major national laboratory partners that comprise the JGI whose principal goals are
high-throughput DNA sequencing and studies on the biological functions associated with newly
sequenced human DNA. One of ORNL’s roles in the JGI involves the annotation (assigning biological
functions to genes) of completed genomic sequences and mouse genetics. ORNL conducts research on
widely used data analysis tools and information resources that can be automated to provide information
on the biological function of newly discovered genes identified in high-throughput DNA sequencing
projects. ORNL conducts microbial systems biology research as part of Genomics:GTL. The laboratory
also operates the Laboratory for Comparative and Functional Genomics, or “Mouse House,” which uses
mice as model organisms to understand and characterize the human genome. The laboratory conducts
research into new instrumentation for the analytical chemistry of complex environmental contamination
using new types of biosensors. The laboratory is developing a new experimental station for biological
small angle neutron scattering.

High Energy Physics

The HEP program supports a small research effort using unique capabilities of ORNL primarily in the
area of particle beam shielding calculations.

Nuclear Physics

The major effort at ORNL is the research, development, and operations of the HRIBF that is operated as
a National User Facility. Also supported are a relativistic heavy-ion group that is involved in a research
program using the PHENIX detector at RHIC and ALICE at the LHC; the development of the
Fundamental Neutron Physics Beamline at SNS; a theoretical nuclear physics effort that emphasizes
investigations of nuclear structure and astrophysics; nuclear data and compilation activities that support
the national nuclear data effort; and a technical effort involved in rare isotope beam development.

The Holifield Radioactive Ion Beam Facility is the only radioactive nuclear beam facility in the U.S.
to use the isotope separator on-line (ISOL) method and is used annually by about 90 scientists for
studies in nuclear structure, dynamics, and astrophysics using radioactive beams. The HRIBF accelerates
secondary radioactive beams to higher energies (up to 10 MeV per nucleon) than any other facility in the
world with a broad selection of ions. The HRIBF conducts R&D on ion sources and low energy ion
transport for radioactive beams. The capabilities of HRIBF are being augmented by the construction of
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the High Power Test Laboratory (HPTL) which will provide capabilities which will be unique in the
world for the development and testing of new ion source techniques.

Fusion Energy Sciences

ORNL develops a broad range of components that are critical for improving the research capability of
fusion experiments located at other institutions and that are essential for developing fusion as an
environmentally acceptable energy source. The laboratory is a leader in the theory of heating of plasmas
by electromagnetic waves, antenna design, and design and modeling of pellet injectors to fuel the
plasma and control the density of plasma particles. The laboratory is also the site of the Controlled
Fusion Atomic Data Center and its supporting research programs. While some ORNL scientists are
located full-time at off-site locations, others carry out their collaborations with short visits to the host
institutions, followed by extensive computer communications from ORNL for data analysis and
interpretation, and theoretical studies. ORNL is also a leader in stellarator theory and design and is a
major partner with PPPL on the National Compact Stellarator Experiment (NCSX) being built at PPPL.
ORNL, in partnership with PPPL, shares responsibility for managing the U.S. ITER Project Office,
effective July 2004. ORNL has led the fusion materials science program. This program will be reduced
significantly in FY 2007.

Science Laboratories Infrastructure

The SLI program enables Departmental research missions at the laboratory by funding line item
construction to maintain the general purpose infrastructure, and the cleanup and removal of excess
facilities.

Safeguards and Security

The S&S program includes security systems, information security, cyber security, personnel security,
material control and accountability, and program management. Program planning functions at the
laboratory provide for short- and long-range strategic planning, and special safeguards plans associated
with both day-to-day protection of site-wide security interests and preparation for contingency
operations. Additionally, ORNL is responsible for providing overall laboratory policy direction and
oversight in the security arena; for conducting recurring programmatic self-assessments; for assuring a
viable ORNL Foreign Ownership, Control or Influence (FOCI) program is in place; and for identifying,
tracking, and obtaining closure on findings or deficiencies noted during inspections, surveys, or
assessments of S&S programs.

Oak Ridge Office
Introduction

The Oak Ridge Office (ORO) directly provides corporate support (i.e., procurement, legal, finance,
budget, human resources, and facilities and infrastructure) to site offices responsible for program
management oversight of two major management and operating laboratories: PNNL and TINAF. Oak
Ridge also oversees the Oak Ridge Reservation and other DOE facilities in the City of Oak Ridge.
Together on the Reservation and in the City of Oak Ridge there are 24 buildings (362,700 square feet)
with a total replacement plant value (RPV) of $29.0 million. The RPV of the roads and other structures
on the Reservation is $48.2 million. As a result of the recent A-76 competition for financial services, the
Oak Ridge Financial Service Center provides payment services for the entire Department of
Energy/NNSA, nation-wide. The administrative, business, and technical expertise of Oak Ridge is
shared SC-wide through the Integrated Support Center concept. The ORO Manager is also the single
Federal official with responsibility for contract performance at ORNL and the Oak Ridge Institute for
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Science and Education (ORISE). The Manager provides on-site presence for ORNL and ORISE with
authority encompassing contract management, program and project implementation, Federal
stewardship, and internal operations.

Science Laboratories Infrastructure

The Oak Ridge Landlord subprogram provides for centralized ORO infrastructure requirements and
general operating costs for activities (e.g., roads) on the Oak Ridge Reservation outside plant fences plus
DOE facilities in the town of Oak Ridge, PILT, and other needs related to landlord activities.

Safeguards and Security

The S&S program provides for contractor protective forces for the Federal office building and ORNL.
This includes protection of a category 1 Special Nuclear Material Facility, Building 3019. Other small
activities include security systems, information security, and personnel security.

Office of Scientific and Technical Information
Introduction

The Office of Scientific and Technical Information (OSTI) is located on an 8-acre site in Oak Ridge,
Tennessee. The 134,000 square foot OSTI facility houses both Federal and contractor staff; the
E-Government infrastructure handling over 15 million downloads and views of DOE’s R&D results per
year; and over 1.2 million classified and unclassified documents dating from the Manhattan Project to
the present. These resources enable OSTI to fulfill its mission to advance science and sustain
technological creativity by making R&D findings available and useful to DOE researchers and the
American people. OSTI hosts web sites for BER programs and maintains on-line databases.

Safeguards and Security

The S&S program physical security is achieved through a graded protection system including protective
forces, security systems, cyber security and program management. The S&S program also incorporates
lock and key control, closed circuit television (CCTV), electronic access control and physical access
control whereby visitors and employees attain building access via a lobby post where a receptionist is
stationed.

Pacific Northwest National Laboratory
Introduction

Pacific Northwest National Laboratory is a multiprogram laboratory located on 132 acres at the
Department’s Hanford site in Richland, Washington. The laboratory consists of one 8 year old
government-owned building (200,000 gross square feet of space). PNNL conducts research in the area
of environmental science and technology and carries out related national security, energy, and human
health

Basic Energy Sciences

PNNL supports research in interfacial and surface chemistry, inorganic molecular clusters, analytical
chemistry, and applications of theoretical chemistry to understanding surface. Geosciences research
includes theoretical and experimental studies to improve our understanding of phase change phenomena
in microchannels. Also supported is research on stress corrosion and corrosion fatigue, interfacial
dynamics during heterogeneous deformation, irradiation assisted stress corrosion cracking, bulk defect
and defect processing in ceramics, chemistry and physics of ceramic surfaces and interfacial
deformation mechanisms in aluminum alloys.
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Advanced Scientific Computing Research

PNNL conducts basic research in the mathematics and computer science, as well as research in

advanced computing software tools. It also participates in several scientific application partnerships,
participates on a number of the SciDAC teams, and participates in Integrated Software Infrastructure
Center activities that focus on specific software challenges confronting users of terascale computers.

Biological and Environmental Research

PNNL is home to the William R. Wiley Environmental Molecular Sciences Laboratory (EMSL), a
national scientific user facility. PNNL scientists, including EMSL scientists, play important roles in
performing environmental remediation sciences research with representation in most areas within that
program. PNNL operates the unique ultrahigh field mass spectrometry and nuclear magnetic resonance
spectrometry instruments as well as a wide variety of other cutting edge analytical capabilities at the
EMSL for use by the national research community.

PNNL provides expertise in research on aerosol properties and processes and in field campaigns for
atmospheric sampling and analysis of aerosols. The Atmospheric Radiation Measurement (ARM)
program office is located at PNNL, as is the project manager for the ARM engineering activity; this
provides invaluable logistical, technical, and scientific expertise for the program. PNNL also conducts
research on improving methods and models for assessing the costs and benefits of climate change and of
various different options for mitigating and/or adapting to such charges. It also conducts research into
new instrumentation for microscopic imaging of biological systems and for characterization of complex
radioactive contaminants by highly automated instruments.

PNNL is one of the major national laboratory partners that comprise the JGI whose principal goals are
high-throughput DNA sequencing and studies on the biological functions associated with newly
sequenced human DNA. One of PNNL’s roles in the JGI involves proteomics research (identifying all
the proteins found in cells). PNNL conducts research on the molecular mechanisms of cell responses to
low doses of radiation and on the development of high throughput approaches for characterizing all of
the proteins (the proteome) being expressed by cells under specific environmental conditions. PNNL
conducts microbial systems biology research as part of Genomics:GTL. The Chief Scientist for the
Genomics: GTL program is at PNNL.

PNNL, in conjunction with ANL and ORNL and six universities, plays an important role in the CSiTE
consortium, focusing on the role of soil microbial processes in carbon sequestration. PNNL also
conducts research on the integrated assessment of global climate change.

Fusion Energy Sciences

PNNL has focused on research on materials that can survive in a fusion neutron environment.
Experienced scientists and engineers at PNNL provide leadership in the evaluation of ceramic matrix
composites for fusion applications and support work on vanadium, copper, and ferrite steels as part of
the U.S. fusion materials team. These programs will be reduced significantly in FY 2007.

Science Laboratories Infrastructure

The SLI program enables Departmental research missions at the laboratory by funding line item
construction to maintain the general purpose infrastructure, and the cleanup and removal of excess
facilities.
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Safeguards and Security

The PNNL S&S program consists of program management, physical security systems, protection
operations, information security, cyber security, personnel security and material control and
accountability.

Pacific Northwest Site Office
Introduction

The Pacific Northwest Site Office provides the single federal presence with responsibility for contract
performance at PNNL. This site office provides an on-site SC presence with authority encompassing
contract management, program and project implementation, federal stewardship, and internal operations.

Princeton Plasma Physics Laboratory
Introduction

Princeton Plasma Physics Laboratory (PPPL) is a program-dedicated laboratory (Fusion Energy
Sciences) located on 88.5 acres in Plainsboro, New Jersey. The laboratory consists of 35 buildings
(725,000 gross square feet of space) with an average building age of 30 years. DOE does not own the
land.

Advanced Scientific Computing Research
PPPL participates in several SciDAC projects.
High Energy Physics

The HEP program supports a small theoretical research effort at PPPL using unique capabilities of the
laboratory in the area of advanced accelerator R&D.

Fusion Energy Sciences

PPPL is the only U.S. Department of Energy (DOE) laboratory devoted primarily to plasma and fusion
science. The laboratory hosts experimental facilities used by multi-institutional research teams and also
sends researchers and specialized equipment to other fusion facilities in the United States and abroad.
PPPL is the host for the NSTX, which is an innovative toroidal confinement device, closely related to
the tokamak, and has started construction of another innovative toroidal concept, the NCSX, a compact
stellarator. PPPL scientists and engineers have significant involvement in the DIII-D and Alcator C-Mod
tokamaks and the NSF Center for Magnetic Self-Organization in Laboratory and Astrophysical Plasmas
in the U.S. and several large tokamak facilities abroad, including JET (Europe), JT-60U (Japan), and
KSTAR (Korea). This research is focused on developing the scientific understanding and innovations
required for an attractive fusion energy source. PPPL scientists are also involved in several basic plasma
science experiments, ranging from magnetic reconnection to plasma processing. PPPL also has a large
theory group that does research in the areas of turbulence and transport, equilibrium and stability, wave-
plasma interaction, and heavy ion accelerator physics. PPPL, LBNL, and LLNL currently work together
in advancing the physics of heavy ion drivers through the heavy ion beams Fusion Virtual National
Laboratory. Effective July 2004, PPPL, in partnership with ORNL, was selected to manage the U.S.
ITER Project Office. Through its association with Princeton University, PPPL provides high quality
education in fusion-related sciences, having produced more than 185 Ph.D. graduates since its founding
in 1951.
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Science Laboratories Infrastructure

The SLI program enables Departmental research missions at the laboratory by funding line item
construction to maintain the general purpose infrastructure, and the cleanup and removal of excess
facilities.

Safeguards and Security

The S&S program provides for protection of nuclear materials, government property, and other vital
assets from unauthorized access, theft, diversion, sabotage, or other hostile acts. These activities result in
reduced risk to national security and the health and safety of DOE and contractor employees, the public,
and the environment. The PPPL S&S program consists of protective forces, security systems, cyber
security, and program management.

Princeton Site Office
Introduction

The Princeton Site Office provides the single federal presence with responsibility for contract
performance at the Princeton Plasma Physics Laboratory. This site office provides an on-site SC
presence with authority encompassing contract management, program and project implementation,
federal stewardship, and internal operations.

Sandia National Laboratories
Introduction

Sandia National Laboratories (SNL) is a multiprogram laboratory located on 3,700 acres in
Albuquerque, New Mexico (SNL/NM), with sites in Livermore, California (SNL/CA), and Tonopah,
Nevada.

Basic Energy Sciences

SNL is home to significant research efforts in materials and chemical sciences with additional programs
in engineering and geosciences. SNL/CA is also the site of the Combustion Research Facility (CRF).
SNL has a historic emphasis on electronic components needed for Defense Programs. The laboratory has
very modern facilities in which unusual microcircuits and structures can be fabricated out of various
semiconductors. It is also the site of two BES supported user facilities—the Combustion Research
Facility (CRF) and the Center for Integrated Nanotechnologies (CINT).

The Combustion Research Facility at SNL/CA is an internationally recognized facility for the study of
combustion science and technology. In-house efforts combine theory, modeling, and experiment
including diagnostic development, kinetics, and dynamics. Several innovative non-intrusive optical
diagnostics such as degenerate four-wave mixing, cavity ring-down spectroscopies, high resolution
optical spectroscopy, and ion-imaging techniques have been developed to characterize combustion
intermediates. Basic research is often conducted in close collaboration with applied programs. A
principal effort in turbulent combustion is coordinated among the chemical physics program, and
programs in Fossil Energy and Energy Efficiency and Renewable Energy.

The Center for Integrated Nanotechnologies provides tools and expertise to explore the continuum
from scientific discovery to the integration of nanostructures into the microworld and the macroworld.
CINT is devoted to establishing the scientific principles that govern the design, performance, and
integration of nanoscale materials. Through its core facility in Albuquerque, New Mexico, and its
gateways to both Sandia National Laboratories and Los Alamos National Laboratory, CINT will provide
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access to tools and expertise to explore the continuum from scientific discovery to the integration of
nanostructures into the microworld and the macroworld. CINT supports five scientific thrusts that serve
as synergistic building blocks for integration research: nano-bio-micro interfaces, nanophotonics and
nanoelectronics, complex functional nanomaterials, nanomechanics, and theory and simulation.

Advanced Scientific Computing Research

SNL conducts basic research in mathematics and computer science, as well as research in advanced
computing software tools. It also participates in several scientific application partnerships, participates
on a number of the SciDAC teams, and participates in ISIC activities that focus on specific software
challenges confronting users of terascale computers.

Biological and Environmental Research

SNL provides the site manager for the North Slope of Alaska ARM site. The chief scientist for the
ARM-Unmanned Aerial Vehicles (UAV) program is at SNL, and SNL takes the lead role in coordinating
and executing ARM-UAV missions. The laboratory conducts advanced research and technology
development in robotics, smart medical instruments, microelectronic fabrication of the artificial retina,
and computational modeling of biological systems, and fundamental chemistry for the treatment of high-
level waste.

To support environmental cleanup, SNL conducts research into novel sensors for analytical chemistry of
contaminated environments.

Fusion Energy Sciences

Sandia plays a lead role in developing components for fusion devices through the study of plasma
interactions with materials, the behavior of materials exposed to high heat fluxes, and the interface of
plasmas and the walls of fusion devices. It selects, specifies, and develops materials for components
exposed to high heat and particles fluxes and conducts extensive analysis of prototypes to qualify
components before their use in fusion devices. Materials samples and prototypes are tested in Sandia’s
Plasma Materials Test Facility, which uses high-power electron beams to simulate the high heat fluxes
expected in fusion environments. Materials and components are exposed to tritium-containing plasmas
in the Trittum Plasma Experiment located in the STAR facility at INL. Tested materials are characterized
using Sandia’s accelerator facilities for ion beam analysis. Sandia supports a wide variety of domestic
and international experiments in the areas of tritium inventory removal, materials postmortem analysis,
diagnostics development, and component design and testing. A number of these activities will be
reduced in FY 2007. Sandia also works with LBNL through the Heavy lon-Fusion Virtual National
Laboratory in developing high-brightness ion source and other science issues of heavy ion beams.
Sandia serves an important role in the design and analysis activities related to the ITER first wall
components, including related R&D.

Savannah River National Laboratory

Introduction

The Savannah River National Laboratory (SRNL) is a multiprogram laboratory located on
approximately 34 acres in Aiken, South Carolina. SRNL provides scientific and technical support for the
site’s missions, working in partnership with the site’s operating divisions.

Biological and Environmental Research
SRNL scientists support environmental remediation sciences research program in the area of

bioimmobilization of heavy metals and radionuclides.
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Stanford Linear Accelerator Center
Introduction

The Stanford Linear Accelerator Center (SLAC) is located on 426 acres of Stanford University land in
Menlo Park, California, and is also the home of the Stanford Synchrotron Radiation Laboratory (SSRL).
The facility is now comprised of 25 experimental stations and is used each year by over 700 researchers
from industry, government laboratories, and universities. SLAC (including SSRL) consists of 114
buildings (1.7 million gross square feet of space) with the average age of 29 years. SLAC is a laboratory
dedicated to the design, construction, and operation of state-of-the-art electron accelerators and related
experimental facilities for use in high-energy physics and synchrotron radiation research. SLAC operates
the 2 mile long Stanford Linear Accelerator which began operating in 1966. The SSRL was built in 1974
to utilize the intense x-ray beams from the Stanford Positron Electron Accelerating Ring (SPEAR) that
was built for particle physics by the SLAC laboratory. Over the years, SSRL grew to be one of the main
innovators in the production and use of synchrotron radiation with the development of wigglers and
undulators that form the basis of all third generation synchrotron sources.

Basic Energy Sciences

SLAC is the home of the Stanford Synchrotron Radiation Laboratory and peer-reviewed research
projects associated with SSRL. The facility is used by researchers from industry, government
laboratories, and universities. These include astronomers, biologists, chemical engineers, chemists,
electrical engineers, environmental scientists, geologists, materials scientists, and physicists. A research
program is conducted at SSRL with emphasis in both the x-ray and ultraviolet regions of the spectrum.
SSRL scientists are experts in photoemission studies of high-temperature superconductors and in x-ray
scattering. The SPEAR 3 upgrade at SSRL provides major improvements that will increase the
brightness of the ring for all experimental stations.

Advanced Scientific Computing Research
SLAC participates on a number of SciDAC teams.
Biological and Environmental Research

SLAC operates nine SSRL beam lines for structural molecular biology. This program involves
synchrotron radiation-based research and technology developments in structural molecular biology that
focus on protein crystallography, x-ray small angle scattering diffraction, and x-ray absorption
spectroscopy for determining the structures of complex proteins of many biological consequences.
Beamlines at SSRL also serve the growing environmental science user community.

High Energy Physics

SLAC operates the B-factory and its detector, BaBar, and a small program of experiments in accelerator
science and technology. The B-factory, a high energy electron-positron collider, was constructed to
support a search for and high-precision study of CP symmetry violation in the B meson system. All of
these facilities make use of the two-mile long linear accelerator, or linac. The HEP program also
supports physics research and technology R&D at SLAC, using unique resources of the laboratory,
including engineering and detector technology, advanced accelerator technology, and computational
resources.

Science Laboratories Infrastructure

The SLI program enables Departmental research missions at the laboratory by funding line item
construction to maintain the general purpose infrastructure, and the cleanup and removal of excess
facilities.
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Safeguards and Security

The S&S program focuses on reducing the risk to DOE national facilities and assets. The program
consists primarily of protective forces, security systems, program management, and cyber security
program elements.

Stanford Site Office
Introduction

The Stanford Site Office provides the single federal presence with responsibility for contract
performance at the Stanford Linear Accelerator Center (SLAC). This site office provides an on-site SC
presence with authority encompassing contract management, program and project implementation,
federal stewardship, and internal operations.

Thomas Jefferson National Accelerator Facility
Introduction

Thomas Jefferson National Accelerator Facility is an Office of Science laboratory (Nuclear Physics)
located on 162 acres (DOE-owned) in Newport News, Virginia focused on the exploration of nuclear
and nucleon structure. The laboratory consists of 62 buildings with an average building age of 14 years,
2 state leased buildings, 23 real property trailers, and 10 other structures and facilities totaling over
764,000 gross square feet of space. The laboratory was constructed over the period FY 1987-1995.

Biological and Environmental Research

BER supports the development of advanced imaging instrumentation at TINAF that will ultimately be
used in the next generation medical imaging systems.

High Energy Physics

The HEP program supports an R&D effort at TINAF on accelerator technology, using the unique
expertise of the laboratory in the area of superconducting radiofrequency systems for particle
acceleration.

Nuclear Physics

The centerpiece of TINAF is the Continuous Electron Beam Accelerator Facility (CEBAF), a unique
international electron-beam user facility for the investigation of nuclear and nucleon structure based on
the underlying quark substructure. The facility has a user community of ~1,200 researchers and is used
annually by ~800 U.S. and foreign researchers. Polarized electron beams up to 5.7 GeV can be provided
by CEBAF simultaneously to 3 different experimental halls. Hall A is designed for spectroscopy and
few-body measurements. Hall B has a large acceptance detector, CLAS, for detecting multiple charged
particles coming from a scattering reaction. Hall C is designed for flexibility to incorporate a wide
variety of different experiments. Its core equipment consists of two medium resolution spectrometers for
detecting high momentum or unstable particles. The GO detector, a joint NSF-DOE project in Hall C,
will allow a detailed mapping of the strange quark contribution to nucleon structure. Also in Hall C, a
new detector, Q-weak, is being developed to measure the weak charge of the proton by a collaboration
of laboratory and university groups in partnership with the NSF. TINAF supports a group that does
theoretical calculations and investigations in subjects supporting the experimental research programs in
Medium Energy Physics. TINAF research and engineering staff are world experts in Superconducting
Radio-Frequency (SRF) accelerator technology; their expertise is being used in the development of the
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12 GeV Upgrade for CEBAF as well as for other accelerator projects such as the Spallation Neutron
Source.

Science Laboratories Infrastructure

The SLI program enables Departmental research missions at the laboratory by funding line item
construction to maintain the general purpose infrastructure, and the cleanup and removal of excess
facilities.

Safeguards and Security

TINAF has a guard force (protective force) that provides 24-hour services for the accelerator site and
after-hours property protection security for the entire site. Other security programs include cyber
security, program management, material control and accountability, and security systems.

Thomas Jefferson Site Office
Introduction

The Thomas Jefterson Site Office provides the single federal presence with responsibility for contract
performance at Thomas Jefferson National Accelerator Facility (TINAF). This site office provides an
on-site SC presence with authority encompassing contract management, program and project
implementation, federal stewardship, and internal operations.

Washington Headquarters

SC Headquarters, located in the Washington, D.C. area, supports the SC mission by funding Federal
staff responsible for directing, administering, and supporting a broad spectrum of scientific disciplines.
These disciplines include the HEP, NP, BES, BER, FES, ASCR, and WDTS programs. In addition,
Federal staff are responsible for SC-wide management, operational policy, and technical/administrative
support activities in budget and planning; information technology; infrastructure management;
construction management; safeguards and security; environment, safety and health; and general
administration. Funded expenses include salaries, benefits, travel, general administrative support
services and technical expertise, information technology maintenance and enhancements, as well as
other costs funded through interdepartmental transfers and interagency transfers.
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Basic Energy Sciences

Funding Profile by Subprogram

(dollars in thousands)

FY 2005 FY 2006 FY 2006
Current Original FY 2006 Current FY 2007
Appropriation | Appropriation | Adjustments | Appropriation Request
Basic Energy Sciences
Research
Materials Sciences and Engineering..... 621,226 746,143 -8,428% 737,715 1,004,212
Chemical Sciences, Geosciences, and
Energy Biosciences ..........ccoccecveveeneene 232,365 221,801 —1,251ab 220,550 268,499
Total, Research ........cccecvvvvevienieeiennnnne. 853,591 967,944 -9,679 958,265 1,272,711
Construction ..........cceveeeveeevreeereeeneennenn 230,025 178,073 -1,781% 176,292 148,269
Total, Basic Energy Sciences................... 1,083,616° 1,146,017 -11,460 1,134,557 1,420,980

Public Law Authorizations:

Public Law 95-91, “Department of Energy Organization Act, 1977”

Public Law 103-62, “Government Performance and Results Act of 1993

Public Law 108-153, “21* Century Nanotechnology Research and Development Act of 2003”
Public Law 109-58, “Energy Policy Act of 2005”

Mission

The mission of the BES program—a multipurpose, scientific research effort—is to foster and support
fundamental research to expand the scientific foundations for new and improved energy technologies
and for understanding and mitigating the environmental impacts of energy use. The portfolio supports
work in the natural sciences emphasizing fundamental research in materials sciences, chemistry,
geosciences, and aspects of biosciences.

Benefits

BES delivers the knowledge needed to support the President’s National Energy Plan for improving the
quality of life for all Americans. In addition, BES works cooperatively with other agencies and the
programs of the National Nuclear Security Administration to discover knowledge and develop tools to
strengthen national security. As part of its mission, the BES program plans, constructs, and operates
major scientific user facilities to serve researchers at universities, national laboratories, and industrial
laboratories.

Basic research supported by the BES program touches virtually every aspect of energy resources,
production, conversion, efficiency, and waste mitigation. Research in materials sciences and engineering
leads to the development of materials that improve the efficiency, economy, environmental acceptability,

* Reflects a rescission in accordance with P.L. 109-148, the Emergency Supplemental Appropriations Act to address
Hurricanes in the Gulf of Mexico and Pandemic Influenza, 2006, as follows: Materials Sciences and Engineering
(-$7,461,000); Chemical Sciences, Geosciences, and Energy Biosciences (-$2,218,000); and Construction (-$1,780,000).

® Reflects a reallocation of funding in accordance with H.Rpt. 109-86, the report for the House-passed Energy and Water
Development Appropriations Act, 2006, as follows: Materials Sciences and Engineering (-$967,000); Chemical Sciences,
Geosciences, and Energy Biosciences (+$967,000).

¢ Total is reduced by $8,898,000 for a rescission in accordance with P.L. 108-447, the Consolidated Appropriations Act, 2005;
$18,764,000, which was transferred to the SBIR program; and $2,252,000, which was transferred to the STTR program.
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and safety of energy generation, conversion, transmission, and use. For example, research on toughened
ceramics will result in improved high-speed cutting tools, engine turbines, and a host of other
applications requiring lightweight, high-temperature materials. Research in chemistry leads to the
development of advances such as efficient combustion systems with reduced emissions of pollutants;
new solar photo conversion processes; improved catalysts for the production of fuels and chemicals; and
better separations and analytical methods for applications in energy processes, environmental
remediation, and waste management. Research in geosciences contributes to the solution of problems in
multiple DOE mission areas, including reactive fluid flow studies to understand contaminant
remediation and seismic imaging for reservoir definition. Finally, research in the molecular and
biochemical nature of photosynthesis aids the development of solar photo energy conversion and
biomass conversion. History has taught us that seeking answers to fundamental questions results in a
diverse array of practical applications as well as some remarkable revolutionary advances.

Strategic and Program Goals

The Department’s Strategic Plan identifies four strategic goals (one each for defense, energy, science,
and environmental aspects of the mission) plus seven general goals that tie to the strategic goals. The
BES program supports the following goal:

Science Strategic Goal

General Goal 5, World-Class Scientific Research Capacity: Provide world-class scientific research
capacity needed to: ensure the success of Department missions in national and energy security; advance
the frontiers of knowledge in physical sciences and areas of biological, medical, environmental, and
computational sciences; or provide world-class research facilities for the Nation’s science enterprise.

The BES program has one program goal which contributes to General Goal 5 in the “goal cascade:”

Program Goal 5.22.00.00: Advance the Basic Science for Energy Independence — Provide the scientific
knowledge and tools to achieve energy independence, securing U.S. leadership and essential
breakthroughs in basic energy sciences.

Contribution to Program Goal 5.22.00.00 (Advance the Basic Science for Energy Independence)

Within the Basic Energy Sciences program, the Materials Science and Engineering subprogram and the
Chemical Sciences, Geosciences, and Energy Biosciences subprogram contribute to Program Goal
5.22.00.00 by producing seminal advances in the core disciplines of the basic energy sciences—
materials sciences and engineering, chemistry, geosciences, and energy biosciences. These subprograms
build leading research programs that provide world-class, peer-reviewed research results cognizant of
both DOE mission needs and new scientific opportunities. Scientific discoveries at the frontiers of these
disciplines impact energy resources, production, conversion, efficiency, and the mitigation of the adverse
impacts of energy production and use—discoveries that will accelerate progress toward energy
independence, economic growth, and a sustainable environment.

The following indicators establish specific long-term (10-year) goals in scientific advancement that the
BES program is committed to and that progress can be measured against.

» Design, model, fabricate, characterize, analyze, assemble, and use a variety of new materials and
structures, including metals, alloys, ceramics, polymers, biomaterials and more—particularly at the
nanoscale—for energy-related applications.

* Understand, model, and control chemical reactivity and energy transfer processes in the gas phase,
in solutions, at interfaces, and on surfaces for energy-related applications, employing lessons from
inorganic and biological systems.
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= Develop new concepts and improve existing methods to assure a secure energy future, e.g., for solar
energy conversion and for other energy sources.

= Conceive, design, fabricate, and use new scientific instruments to characterize and ultimately
control materials, especially instruments for x-ray, neutron, and electron beam scattering and for use
with high magnetic and electric fields.

The Materials Science and Engineering subprogram also contributes to Program Goal 5.22.00.00 by
managing BES facility operations and construction to the highest standards of overall performance,
using merit evaluation with independent peer review. The synchrotron radiation light sources, neutron
scattering facilities, and electron-beam micro characterization centers reveal the atomic details of metals
and alloys; glasses and ceramics; semiconductors and superconductors; polymers and biomaterials;
proteins and enzymes; catalysts, molecular sieves, and filters; and materials under extremes of
temperature, pressure, strain, and stress. Researchers are now able to make new materials and study their
atomic formation as it happens using these new probes. Once the province of specialists, mostly
physicists, these facilities are now used by thousands of researchers annually from all disciplines. The
Materials Science and Engineering subprogram is also establishing a suite of Nanoscale Science
Research Centers that will change the way materials research is done by providing the ability to
fabricate complex structures using chemical, biological, and other synthesis techniques; characterize
them; assemble them; and integrate them into devices—and do it all in one place. The Chemical
Sciences, Geosciences, and Energy Biosciences subprogram contribute to this goal by managing the
Combustion Research Facility at Sandia National Laboratories in Livermore, California, an
internationally recognized facility for advanced characterization techniques and for the study of
combustion science and technology.

Funding by General and Program Goal

(dollars in thousands)

| FY2005 | FY2006 | FY2007
General Goal 5, World-Class Scientific Research Capacity
Program Goal 5.22.00.00 Advance the Basic Science for Energy
Independence (Basic ENergy SCIENCE) .......ccvvevieieriieciieieniieieeieceeseeie e, 1,083,616 1,134,557 1,420,980
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Means and Strategies

The Basic Energy Sciences program will use various means and strategies to achieve its program goals.
However, various external factors may impact the ability to achieve these goals.

The BES program will support fundamental, innovative, peer-reviewed research to create new
knowledge in areas important to the BES mission, i.e., in materials sciences and engineering, chemical
sciences, geosciences, and biosciences. BES also plays a critical role in constructing and operating a
wide array of scientific user facilities for the Nation's researchers. All research projects undergo regular
peer review and merit evaluation based on procedures set down in 10 CFR 605 for the extramural grant
program and under a similar process for the laboratory programs and scientific user facilities. All new
projects are selected through peer review and merit evaluation.

External factors, in addition to budgetary constraints, that affect the level of performance include:

(1) changing mission needs as described by the DOE and SC mission statements and strategic plans;

(2) scientific opportunities as determined, in part, by proposal pressure and scientific workshops; (3) the
results of external program reviews and international benchmarking activities of entire fields or sub-
fields, such as those performed by the National Academy of Sciences; (4) unanticipated failures in
critical components of scientific user facilities or major research programs; and (5) strategic and
programmatic decisions made by non-DOE funded domestic research activities and by major
international research centers.

The BES program in fundamental science is closely coordinated with the activities of other federal
agencies (e.g., National Science Foundation, National Aeronautics and Space Administration,
Department of Agriculture, Department of Interior, and National Institutes of Health). BES also
promotes the transfer of the results of its basic research to contribute to DOE missions in areas of energy
efficiency, renewable energy resources, improved use of fossil fuels, nuclear energy, reduced
environmental impacts of energy production and use, national security, and future energy sources.

Validation and Verification

Progress against established plans is evaluated by periodic internal and external performance reviews.
These reviews provide an opportunity to verify and validate performance. Monthly, quarterly,

semiannual, and annual reviews consistent with specific program management plans are performed to
ensure technical progress, cost and schedule adherence, and responsiveness to program requirements.

Program Assessment Rating Tool (PART)

The Department implemented a tool to evaluate selected programs. PART was developed by OMB to
provide a standardized way to assess the effectiveness of the Federal Government’s portfolio of
programs. The structured framework of the PART provides a means by which programs can assess their
activities differently than by traditional reviews. The BES program has incorporated feedback from
OMB and has taken the necessary steps to continue to improve performance.

In the FY 2005 PART review, OMB gave the BES program a very high score of 93% overall which
corresponds to a rating of “Effective.” OMB found the program to be strategically driven and well
managed. Outside expert panels have validated the program’s merit-based review processes ensuring
that research supported is relevant and of very high quality. The assessment found that BES has
developed a limited number of adequate performance measures which are continued for FY 2007. These
measures have been incorporated into this Budget Request, BES grant solicitations, and the performance
plans of senior managers. As appropriate, they will be incorporated into the performance based contracts
of M&O contractors. To better explain our scientific performance measures, the Office of Science
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developed a website (http://www.sc.doe.gov/measures) that answers questions such as “What does this
measure mean?” and “Why is it important?” Roadmaps, developed in consultation with the Basic
Energy Sciences Advisory Committee (BESAC), will guide triennial reviews by BESAC of progress
toward achieving the long term Performance Measures. These roadmaps are posted on the SC website.
The Annual Performance Targets are tracked through the Department’s Joule system and reported in the
Department’s Annual Performance Report.

OMB developed PARTWeb for the FY 2007 Budget—a new interface for PART that facilitates
collaboration between agencies and OMB. PARTWeb will link to the website http://ExpectMore.gov and
will improve public access to PART assessments and follow up actions. For 2006, there are three
continuing actions and one new action for Basic Energy Sciences.

e Following up on recommendations of past expert reviews, and using new reviews to assess progress
toward long-term programmatic goals.

e The Department will work to include the long-term goals of each program in grant solicitations, and
will improve performance reporting by grantees and contractors.

e Improving performance reporting at its user facilities to better reflect the instrumentation and
staffing issues most directly connected to scientific output.

e New action—producing a detailed corporate solution for managing and operating the High Flux
Isotope Reactor that explicitly addresses the reliability problems while ensuring public health and
safety.

In response, BES will continue to use the Committees of Visitors to review progress toward the long
term goals of the program and will continue efforts to improve performance reporting. A review of the
management and operations of the High Flux Isotope Reactor has been scheduled in 2006 that will
address reliability, safety, and health issues. The solution to the reliability problem will be contained in
the Basic Energy Sciences report of the review results.

Overview

BES and its predecessor organizations have supported a program of fundamental research focused on
critical mission needs of the Nation for over five decades. The federal program that became BES began
with a research effort initiated to help defend our Nation during World War II. The diversified program
was organized into the Division of Research with the establishment of the Atomic Energy Commission
in 1946 and was later renamed Basic Energy Sciences as it continued to evolve through legislation
included in the Atomic Energy Act of 1954, the Energy Reorganization Act of 1974, the Department of
Energy Organization Act of 1977, and the Energy Policy Act of 1992.

Today, the BES program is one of the Nation's largest sponsors of research in the natural sciences. It is
uniquely responsible for supporting fundamental research in materials sciences, chemistry, geosciences,
and aspects of biosciences impacting energy resources, production, conversion, and efficiency, and the
mitigation of the adverse impacts of energy production and use. In FY 2005, the program funded
research in more than 190 academic institutions located in 48 states and in 13 Department of Energy
(DOE) laboratories located in 9 states. BES supports a large extramural research program, with
approximately 35% of the program’s research activities sited at academic institutions.

The BES program also supports world-class scientific user facilities, providing outstanding capabilities
for imaging and characterizing materials of all kinds from metals, alloys, and ceramics to fragile
biological samples. The BES synchrotron radiation light sources, the neutron scattering facilities, and
the electron beam characterization centers represent the largest and best collection of such facilities
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supported by a single organization in the world. Annually, 8,000 researchers from universities, national
laboratories, and industrial laboratories perform experiments at these facilities. Spurred by results of past
investments and by innovations in accelerator concepts, the BES program continues its pioneering role
in the development of new generations of scientific research instruments and facilities.

The 2001 “National Energy Policy” noted that the U.S. economy grew by 126% since 1973, but energy
use increased by only 30%. Approximately one-half to two-thirds of the savings resulted from
technological improvements in products and services that allow consumers to enjoy more energy
services without commensurate increases in energy demand. At the heart of these improvements is
fundamental research. During this 30-year period, the basic research supported by the BES program has
touched virtually every aspect of energy resources, production, conversion, efficiency, and waste
mitigation. The basic knowledge derived from fundamental research has resulted in a vast array of
advances, including:

* high-energy and high-power lithium and lithium ion batteries and thin-film rechargeable micro
batteries;

= thermo acoustic refrigeration devices that cool without moving parts and without the use of freons;
= compound semiconductors, leading to the world's highest efficiency photovoltaic solar cells;

= catalysts for the production of new polymers (annually, a multibillion dollar industry) and for a host
of other products and energy-efficient processes;

* high-strength, lightweight magnets for sensors and for small motors used in power steering and other
vehicle functions;

= strong, ductile alloys for use in high-temperature applications;

= nonbrittle ceramics for use in hammers, high-speed cutting tools, engine turbines, and other
applications requiring lightweight and/or high-temperature materials;

= new steels, improved aluminum alloys, magnet materials, and other alloys;

= polymer materials for rechargeable batteries, car bumpers, food wrappings, flat-panel displays, wear-
resistant plastic parts, and polymer-coated particles in lubricating oils; and

= processes for extraction of radioactive and hazardous metal ions from solutions for nuclear fuel
purification/reprocessing and for cleanup of radioactive wastes.

These advances came by exploiting the results of basic research that sought answers to the most
fundamental questions in materials sciences, chemistry, and the other disciplines supported by BES.

The future holds even greater promise, largely because of our new atom-by-atom understanding of
matter and the subsequent unprecedented ability to design and construct new materials with properties
that are not found in nature. This understanding comes in large measure from synchrotron x-ray and
neutron scattering sources, electron microscopes, and other atomic probes as well as terascale
computers. The BES program has played a major role in enabling the nanoscale revolution. This impact
results from a deliberate philosophy of identifying seminal challenges and establishing both facilities
and coordinated programs that transcend what individuals alone can do. The program in nanoscale
science, including the formation of Nanoscale Science Research Centers, continues that philosophy.

How We Work

To ensure that the most scientifically promising research is supported the BES program engages in long-
range planning and prioritization; regular external, independent review of the supported research to
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ensure quality and relevance; and evaluation of program performance through establishment and
subsequent measurement against goals and objectives. These activities rely heavily on input from
external sources including workshops and meetings of the scientific community, advice from the
federally chartered Basic Energy Sciences Advisory Committee (BESAC), intra-DOE and Interagency
Working Groups, and reports from other groups such as the National Academy of Sciences. To
accomplish its mission, the BES program supports research in both universities and DOE laboratories;
plans, constructs, and operates world-class scientific user facilities; and maintains a strong infrastructure
to support research in areas of core competencies. Some of the details of how we work are given in the
sections below.

Advisory and Consultative Activities

Charges are provided to BESAC by the Director of the Office of Science. During the past few years,
BESAC has provided advice on new directions in nanoscale science and complex systems; on the
operation of the major scientific user facilities; on the need for new, “next-generation” facilities for
x-ray, neutron, and electron-beam scattering; on performance measurement; on the quality of the BES
program management and its consequent impacts on the program portfolio; on new directions in
research relating to specific aspects of fundamental science such as catalysis, biomolecular materials,
and computational modeling at the nanoscale; on the fundamental research challenges posed by the
Department’s energy missions; on a 20-year roadmap for BES facilities; and on theory and computation
needs across the entire portfolio of BES research. Of particular note is the BESAC report “Basic
Research Needs to Assure a Secure Energy Future,” which describes 10 themes and 37 specific research
directions for increased emphasis. This report will help the program map its research activities for many
years to come.

Information and reports for all of the above mentioned advisory and consultative activities are available
on the BESAC website (http://www.science.doe.gov/production/bes/BESAC/BESAC.htm). Other
studies are commissioned as needed using the National Academy of Science’s National Research
Council and other independent groups.

Facility Reviews

Facilities are reviewed using (1) external, independent review committees operating according to the
procedures established for peer review of BES laboratory programs and facilities
(http://www.science.doe.gov/bes/labreview.html) and (2) specially empanelled subcommittees of
BESAC. These subcommittees have reviewed the synchrotron radiation light sources, the neutron
scattering facilities, and the electron-beam micro characterization facilities. The reports of these reviews
are available on the BES website (http://www.science.doe.gov/bes/BESAC/reports.html). Regardless of
whether a review is by an independent committee charged by a BES program manager or by a BESAC
subcommittee charged by the Director of the Office of Science, the review has standard elements.
Important aspects of the reviews include assessments of the quality of research performed at the facility;
the reliability and availability of the facility; user access policies and procedures; user satisfaction;
facility staffing levels; R&D activities to advance the facility; management of the facility; and long-
range goals of the facility.

These reviews have identified both best practices and substantive issues, including those associated with
mature facilities. For example, the reviews clearly highlighted the change that occurred as the light
sources transitioned from a mode in which they served primarily expert users to one in which they
served very large numbers of inexperienced users in a wide variety of disciplines. The light sources
experienced a quadrupling of the number of users in the decade of the 1990s. This success and its
consequent growing pains were delineated by our reviews. The outcomes of these reviews helped
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develop new models of operation for existing light sources and neutron scattering facilities as well as the
new Spallation Neutron Source now under construction.

Facilities that are in design or construction are reviewed according to procedures set down in DOE
Order 413.3 “Program and Project Management for Capital Assets” and in the Office of Science
“Independent Review Handbook™ (http://www.science.doe.gov/opa/PDF/revhndbk.pdf). In general, once
a project has entered the construction phase (e.g., the Spallation Neutron Source, the Linac Coherent
Light Source, or the Nanoscale Science Research Centers), it is reviewed with external, independent
committees approximately biannually. These Office of Science construction project reviews enlist
experts in the technical scope of the facility under construction and its costing, scheduling, and
construction management.

Program Reviews

All research projects supported by the BES program undergo regular peer review and merit evaluation
based on procedures set down in 10 CFR Part 605 for the extramural grant program and in an analogous
process for the laboratory programs (http://www.science.doe.gov/bes/labreview.html). These peer review
and merit evaluation procedures are described within documents found at
http://www.science.doe.gov/bes/peerreview.html. These evaluations assess:

(1) Scientific and/or technical merit or the educational benefits of the project;

(2) Appropriateness of the proposed method or approach;

(3) Competency of personnel and adequacy of proposed resources;

(4) Reasonableness and appropriateness of the proposed budget; and

(5) Other appropriate factors, established and set forth by SC in a notice of availability or in a
specific solicitation.

In addition, on a rotating schedule, BESAC reviews the major elements of the BES program using
Committees of Visitors (COVs). COVs are charged with assessing the efficacy and quality of the
processes used to solicit, review, recommend, monitor, and document proposal actions; the quality of the
resulting portfolio, specifically the breadth and depth of portfolio elements and the national and
international standing of the elements; and progress toward the long-term PART goals. The first three
reviews assessed the chemistry activities (FY 2002), the materials sciences and engineering activities
(FY 2003), and the activities associated with the management of the light sources, the neutron sources,
and the new Nanoscale Science Research Centers (FY 2004). This COV review cycle began again in

FY 2005, so that all elements of the BES program are reviewed every three years.

Planning and Priority Setting

Because the BES program supports research covering a wide range of scientific disciplines as well as a
large number of major scientific user facilities, planning is an ongoing activity. Many long-range
planning exercises for elements of the BES program are performed under the auspices of BESAC.
Prioritization within each of these program elements is achieved via such studies. Prioritization across
the entirety of the BES program is more complex than that for a homogeneous program where a single
planning exercise results in a prioritization.

Inputs to our prioritization include overall scientific opportunity, projected investment opportunity, DOE
mission need, and Administration and Departmental priorities. During the past few years, these
considerations have led to: increased investments in science at the nanoscale to take advantage of the
remarkable knowledge gained from atomic-scale understanding of materials; increased investments for
operations of the major user facilities in recognition of the quadrupling of users in the past decade and to
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reap the rewards of the capital investments in the facilities themselves; increased investments for
instrumentation at the facilities so that the quality of the instruments will match the world-class quality
of the facilities; increased investments for ultrafast science to probe processes that happen on the
timescale of chemical reactions; and increases for targeted program areas for which both scientific
opportunity and mission need are high (e.g., basic research for the hydrogen economy and basic research
for effective solar energy utilization) or for which BES represents the sole U.S. steward of the field (e.g.,
heavy-element chemistry). Construction of new user facilities such as the Spallation Neutron Source, the
Linac Coherent Light Source, the Nanoscale Science Research Centers, or upgrades or replacements to
existing facilities such as the High Flux Isotope Reactor, the Stanford Synchrotron Radiation Laboratory,
and the National Synchrotron Light Source-II follow from input from BESAC and National Academy of
Sciences studies and from broad, national strategies that include the input from multiple federal
agencies.

The FY 2007 budget request continues priorities established in the past few years. The Spallation
Neutron Source will enter its first year of full operation after construction from FY 1999 to FY 2006. A
significant investment in the area of nanoscale science includes the operation of new Nanoscale Science
Research Centers at Oak Ridge National Laboratory, Lawrence Berkeley National Laboratory, Argonne
National Laboratory and Sandia National Laboratories/Los Alamos National Laboratory. Construction
funding is provided for the Nanoscale Science Research Center at Brookhaven National Laboratory.
Project Engineering Design and construction funding also are provided for the Linac Coherent Light
Source (LCLS), a 4t generation light source that will provide orders of magnitude higher intensities of
coherent x-ray light than do current synchrotron radiation light sources. The LCLS will be a facility for
groundbreaking research in the physical and life sciences owing to its femtosecond pulses of extremely
high peak brightness x-ray beams. It will be the first such facility in the world. R&D funding is provided
for upgrades on next-generation x-ray synchrotron and spallation neutron sources.

How We Spend Our Budget

The BES program has three major program elements: research, facility operations, and construction and
laboratory infrastructure support. Approximately 35% of the research funding goes to support work in
universities with most of the remainder going to support work in DOE laboratories. The facility
operations budget has grown relative to the research budget over the past decade, reflecting the
commissioning of new and upgraded facilities as well as the increased importance of these facilities in
enabling the research of thousands of researchers across the Nation. Project Engineering Design (PED)
and construction funding remain significant budget components in FY 2007 for the Linac Coherent
Light Source, the Nanoscale Science Research Center at Brookhaven National Laboratory, and the
National Synchrotron Light Source-II. The FY 2007 Request also includes construction funding for the
Advanced Light Source (ALS) User Support Building at the Lawrence Berkeley National Laboratory.
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Basic Energy Sciences Budget Allocation
FY 2007

Other
3%

Infrastructure
11%

Facility Operations
46%

University Research
14%

Laboratory Research
26%

Research

The BES program is one of the Nation’s largest supporters of fundamental research. Research is
supported in both DOE laboratories and universities. While peer review of all research ensures
outstanding quality and relevance, each of the two research sectors has unique characteristics and
strengths.

National Laboratory Research: Research sited at DOE laboratories often takes advantage of the premier
scientific user facilities for x-ray, neutron, and electron beam scattering at the laboratories as well as
other specialized facilities, such as hot cells, which are not typically found at universities. Mission
critical research is also sited at DOE laboratories when it is outside of the mainstream of research
supported at universities, e.g., heavy-element chemistry or combustion chemistry. Research sited at
DOE laboratories is very often collocated with and sometimes cofunded with research activities of the
DOE technology offices, providing a synergism not available in universities. Finally, research that
requires strong interdisciplinary interactions, large teams of closely collaborating researchers, or a large
technical support staff is also well suited to DOE laboratories.

University Research: Universities provide access to the Nation’s largest scientific talent pool and to the
next-generation of scientists. Development of the workforce through the support of faculty, graduate
students working toward a doctoral degree, and postdoctoral associates developing their research and
management skills is a high priority. The R&D workforce developed under this program provides new
scientific talent in areas of fundamental research. Furthermore, engaging faculty and students in the
work of the BES program develops a broad appreciation for the basic research needs associated with the
program.

Collaborations between National Laboratory Research and University Research: Historically,
collaborations between the two research sectors have been strong, particularly in areas where both
sectors derive significant benefits. Examples include the use of the major BES facilities by university
and industry researchers and the contribution of these researchers to new instrument concepts and to
instrument fabrication at the facilities. The Nanoscale Science Research Centers and new activities in
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ultrafast science and basic research for the hydrogen economy are expected to both strengthen and
broaden these partnerships.

Significant Program Shifts

In FY 2007, there are a number of significant program milestones and increases, including the following
in the area of construction and Major Items of Equipment:

= Construction of the Spallation Neutron Source (SNS) will be completed during the 3™ quarter of
FY 2006. Over the next two to three years, the facility will continue to fabricate and commission
instruments, funded both as part of the SNS project and from other sources including non-DOE
sources, and will increase power to full levels. A new Major Item of Equipment is funded in
FY 2007 that will allow the fabrication of approximately four to five additional instruments for the
SNS, thus nearly completing the initial suite of 24 instruments that can be accommodated in the
high-power target station ($10,000,000).

* Four Nanoscale Science Research Centers will be fully operational in FY 2007: the Center for
Nanophase Materials Sciences at Oak Ridge National Laboratory, the Molecular Foundry at
Lawrence Berkeley National Laboratory, the Center for Nanoscale Materials at Argonne National
Laboratory, and the Center for Integrated Nanotechnologies at Sandia National Laboratories and Los
Alamos National Laboratory. A fifth Center, the Center for Functional Nanomaterials at Brookhaven
National Laboratory, will receive final year construction funding.

» The Linac Coherent Light Source will continue Project Engineering Design (PED) and construction
at the planned levels. Funding is provided separately for preconceptual design and fabrication of
instruments for the facility. Funding is also provided to partially support operation of the SLAC
linac. This marks the second year of the transition to LCLS operations at SLAC.

= Support is provided for PED ($20,000,000) and Other Project Costs ($25,000,000) for the National
Synchrotron Light Source-II (NSLS-II), which will be built as a replacement for NSLS-I, to enable
the study of material properties and functions, particularly materials at the nanoscale, at a level of
detail and precision never before possible. NSLS-II will provide the world’s finest capabilities for x-
ray imaging.

= Support is provided for PED for the Advanced Light Source User Support Building ($3,000,000),
which will provide space for experimental set up of equipment prior to use at the Advanced Light
Source, space to accommodate a long beam line that will extend from the floor of the Advanced
Light Source into the User Support Building, and temporary office space and conference rooms for
users.

There also are a number of increases in research. In FY 2007, the Office of Science will support
expanded efforts in basic research related to transformational energy technologies. This derives from the
BESAC workshop report “Basic Research Needs to Assure a Secure Energy Future.” Within BES, there
are increases to ongoing basic research for effective solar energy utilization, for the hydrogen economy,
and for work underpinning advanced nuclear energy power. These are described briefly below. BES not
only asks its communities of scientists to provide the scientific foundations to overcome short-term
“showstoppers” in energy technologies such as these three, BES also asks researchers to reach far
beyond today's problems in order to provide the basis for long-term solutions to what is probably
society's greatest challenge—a secure, abundant, and clean energy supply. To that end, there also are
increases in research for grand challenge science questions and for new technique development. Grand
challenge science includes the study of the fundamental phases of matter and phase transitions;
quasiparticles; interactions of strong and weak forces in molecular bonding; "communication" among
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electrons, atoms, molecules, cells, and organisms; the harnessing of properties of elementary particles,
atoms, and molecules to create fundamentally new ways to store, manipulate, and transmit information;
and organizing principles at the nanoscopic and mesoscopic scales, intermediate between atomic and
macroscopic dimensions. This will be a topic of a forthcoming BESAC workshop.

Briefly, additional research funding is provided in the following areas:

= Basic research for the hydrogen economy. Research to realize the potential of a hydrogen economy
will be increased from $32,500,000 to $50,000,000. The research program is based on the BES
workshop report “Basic Research Needs for the Hydrogen Economy.” The results of the FY 2005
solicitation are described later in this document.

= Basic research for effective solar energy utilization (+$34,115,000). Investments will be focused in
three areas: solar-to-electric, solar-to-fuels, and solar-to-thermal conversions. Each of the three
generic approaches to exploiting the solar resource has untapped capability well beyond its present
usage. Many of the proposed research directions identified in the 2005 BES workshop report “Basic
Research Needs for Solar Energy Utilization” concern important cross-cutting issues such as
(1) coaxing cheap materials to perform as well as expensive materials in terms of their electrical,
optical, chemical, and physical properties (e.g., polycrystalline materials versus expensive single
crystal materials or plastics and polymers instead of metals and semiconductors); (2) developing new
paradigms for solar cell design that surpass traditional efficiency limits; (3) finding catalysts that
enable inexpensive, efficient conversion of solar energy into chemical fuels; (4) identifying novel
methods for self-assembly of molecular components into functionally integrated systems; and
(5) developing materials for solar energy conversion infrastructure, such as transparent conductors
and robust, inexpensive thermal management materials. Powerful new methods of nanoscale
fabrication, characterization, and simulation—using tools that were not available as little as five
years ago—create new opportunities for understanding and manipulating the molecular and
electronic pathways of solar energy conversion.

= Basic research for advanced nuclear energy systems (+$12,432,000). Basic research related to
advanced fuel cycles is needed in areas such as (1) control and predictive capability of processes
driven by small energy differences, e.g., aggregation and precipitation; (2) fundamental principles to
guide ligand design; (3) investigation of new separations approaches based on magnetic and
electronic differences; (4) development of environmentally benign separations processes, which
produce no secondary wastes and consume no chemicals; and (5) development of modeling of
separations processes to optimize waste minimization and minimize opportunities for diversion of
nuclear materials (i.e. optimize proliferation resistance). Basic research also is needed in areas of
materials for advanced reactors and waste forms for spent fuels from the new generation of reactors.
This requires understanding and predicting the properties and behaviors of materials over long time
scales and multiple length scales—from atoms to bulk materials. The efficiency, safe operating
lifetime, and overall performance of fission energy systems is limited by the load-bearing capacity of
structural materials under the maximum temperatures and hostile corrosive, applied stress, and
radiation environmental parameters under which they must perform. New generation fission systems
require structural materials possessing a combination of properties that will enable them to sustain
their performance under such hostile parameters for durations of the order of 100 years.

=  Complex systems or emergent behavior (+$5,000,000). Emergent behaviors arise from the
collective, cooperative behavior of individual components of a system. Current understanding of
emergent behaviors is very limited. The challenge of understanding how emergent behavior results
from the complexity of competing interactions is among the most compelling of our time, spanning
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physical phenomena as diverse as phase transitions, high temperature superconductivity, colossal
magneto resistance, random field magnets, and spin liquids and glasses. Investments will encompass
experimental, theoretical, and computational approaches capable of interrogating systems at
comparable physical and time scales to gain direct insight into the mechanisms underpinning the
cooperative behavior. Unlocking the mysteries of these systems will lay the scientific foundation for
designing and engineering new multifunctional materials, devices and sensors with exquisitely
sensitive properties.

= Ultrafast science (+$10,000,000). Ultrafast science deals with physical phenomena that occur in the
range of one-trillionth of a second (one picosecond) to less than one-quadrillionth of a second (one
femtosecond). These phenomena are typically probed using extremely short pulses of coherent light
from conventional lasers or free electron lasers such as the Linac Coherent Light Source. Ultrafast
technology has applications across the fields of atomic and molecular physics, chemistry and
chemical biology, coherent control of chemical reactions, materials sciences, magnetic- and electric-
field phenomena, optics, and laser engineering. Examples include the making and breaking of
molecular bonds and the observation of the elusive chemical transition state. New investments in
ultrafast science will focus on research applications of x-ray sources associated with BES facilities
and beamlines: the Linac Coherent Light Source; the femtosecond “slicing” beamline at the
Advanced Light Source; and the short pulse development at the Advanced Photon Source.
Investments will also be made in the development and applications of laser-driven, table-top x-ray
sources, including the use of high-harmonic generation to create bursts of x-rays on the even shorter
than the femtosecond time scale.

» Mid-scale instrumentation (+$10,000,000). Scientific progress is predicated on observations of new
phenomena, which often involve the building of better tools. There is a significant national need for
mid-scale instruments that serve multiple users yet which are not as large as the synchrotron and
neutron sources. High priority mid-scale instrumentation needs include end stations at the
synchrotron light sources and neutron scattering facilities; laser systems for ultrafast or high-energy-
density studies; micro- and atomic-scale characterization tools such as electron
microcharacterization and scanning probe microscopy; high-field magnets; and facilities for
providing large crystals and other unique materials for researchers throughout the Nation.

* Chemical imaging (+$5,000,000). Investments will develop and apply new methods to measure the
chemical behavior of individual molecules and reactions, with high resolution in both space and time
in order to elucidate fundamental principles of chemical processes at the nanoscale level. The
research will build on current single-molecule spectroscopies and microscopies by adding
simultaneous time-dependent characterization of evolving chemical processes, ultimately with
femtosecond time resolution.

Additional information on these activities is in the relevant Construction Project Data Sheets and
throughout the detailed narrative justifications.

In FY 2007, there are significant shifts in the nanoscale science and engineering research activities
contributing to the BES investments in research at the nanoscale and a substantial overall increase in
funding. Four of the five planned Nanoscale Science Research Centers are in their first full year of
operation, with only one Center still in construction. Overall, the total investment for these Nanoscale
Science Research Centers decreases by about 10 percent owing to the planned decrease in construction
funding. Funding for research at the nanoscale increases very significantly owing to increases in funding
for activities related to the hydrogen economy, solar energy conversion, advanced nuclear energy
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systems, fundamental studies of materials at the nanoscale, and instrumentation for characterizing
materials at the nanoscale.

Nanoscale Science Research Funding

(dollars in thousands)

| TEC | TPC | FY2005 | FY 2006 | FY 2007 |
Materials Sciences and Engineering
RESCATCH ...t 65,307 70,328 108,542
Major Item of Equipment, Center for Nanophase Materials (ANL).......cc.coccecevirennnee 12,000 14,000 —
Facility Operations
Center for Functional Nanomaterials (BNL)........cccccoviiviiiiinienieiccieeeeeeeeeeeane — — —
Center for Integrated Nanotechnologies (SNL/A & LANL) .....cccecovevverienienieieeeeen. — 11,900 19,190
ORNL, Center for Nanophase Materials SCIENCES .........ccceeuerierierereninieieieese e — 17,800 19,190
Center for Nanophase Materials (ANL).......ccoooierierieriieieeieeeeeeie e — 3,500 19,190
Molecular Foundry (LBNL)........ooiiiiiiieiieiesieseee et — 8,100 19,190
Chemical Sciences, Geosciences, and Biosciences
RESCATCH ...ttt ettt ettt ettt e st ene st et e b e s e tesneeneenas 27,645 26,914 49,109
Project Engineering Design and Construction
PED— AL SIEES...cueeeuteiieiiierieetesieei ettt sttt ettt 21,318 1,996 — —
Construction
Center for Functional Nanomaterials (BNL)..............ccccuvenneee. 79,700 81,000 18,317 36,187 18,864
Center for Integrated Nanotechnologies (SNL/A & LANL).... 73,754 75,754 30,650 4,580 247
ORNL, Center for Nanophase Materials Sciences................... 63,740 64,740 17,669 — —
Molecular Foundry (LBNL).....c.cccoveirineireeeereceeceieeeene 83,604 84,904 31,828 9,510 257
L] Y RSOOSR U 205,412 202,819 253,779

In FY 2007, $50,000,000 is requested for basic research activities to realize the potential of a hydrogen
economy. The research program is based on the BES workshop report “Basic Research Needs for the
Hydrogen Economy” that can be found at http://www.science.doe.gov/production/bes/hydrogen.pdf. The
2003 report highlights the enormous gap between our present capabilities for hydrogen production,
storage, and use and those required for a competitive hydrogen economy. To be economically
competitive with the present fossil fuel economy, the cost of fuel cells must be lowered by a factor of
five and the cost of producing hydrogen must be lowered by a factor of four. Moreover, the performance
and reliability of hydrogen technology for transportation and other uses must be improved dramatically.
Simple incremental advances in the present state-of-the-art cannot bridge this gap. Narrowing the gap
significantly will require a comprehensive, long-range program of innovative high-risk/high-payoff
basic research that is intimately coupled to and coordinated with applied programs. The objective of
such a program must not be evolutionary advances but rather revolutionary breakthroughs in
understanding and in controlling the chemical and physical interactions of hydrogen with

materials. Detailed findings and research directions identified by the three panels are presented in the
report.

In response to the BES solicitation on Basic Research for the Hydrogen Fuel Initiative for FY 2005
funding, 668 qualified preapplications were received in five submission categories: (1) novel materials
for hydrogen storage, (2) membranes for separation, purification, and ion transport, (3) design of
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catalysts at the nanoscale, (4) solar hydrogen production, and (5) bio-inspired materials and processes.
Three of the five focus areas—novel storage materials, membranes, and design of catalysts at the
nanoscale—accounted for about 75% of the submissions. Following a review, principal investigators on
about 40% of the preapplications were invited to submit full applications; 227 full applications were
received and were peer reviewed according to the guidelines in 10 CFR 605; 70 awards were made in
late FY 2005. BES involved staff from EERE in the preapplication review process to ensure basic
research relevance to technology program goals. Furthermore, BES will participate in EERE’s annual
program review meeting to promote information sharing and, beginning in FY 2006, will organize
parallel sessions at that meeting for the BES principal investigators. A total of $21,473,000 in new
funding related to the hydrogen economy was awarded in FY 2005 as a result of this solicitation. The
additional $17,500,000 in FY 2007 will be used to augment awards made in FY 2005 and to fund
additional proposals based on a new solicitation.

President’s Hydrogen Initiative

(dollars in thousands)

| FY2005 | FY2006 |  FY2007
Materials Sciences and Engineering Research..............ccccoevvervenne 14,761 16,600 28,075
Chemical Sciences, Geosciences, and Biosciences.........ccccoeeeeeennee. 14,422 15,900 21,925
Total Hydrogen Initiative..........ccvevverierieeiesiesieseeie e 29,183 32,500 50,000

Scientific Discovery through Advanced Computing

The Scientific Discovery through Advanced Computing (SciDAC) program is a set of coordinated
investments across all Office of Science mission areas with the goal of achieving breakthrough scientific
advances via computer simulation that were impossible using theoretical or laboratory studies alone. The
power of computers and networks is increasing exponentially. Advances in high-end computing
technology, together with innovative algorithms and software, are being exploited as intrinsic tools for
scientific discovery. SciDAC has also pioneered an effective new model of multidisciplinary
collaboration among discipline-specific scientists, computer scientists, computational scientists, and
mathematicians. The product of this collaborative approach is a new generation of scientific simulation
codes that can productively exploit terascale computing and networking resources. The program is
bringing computation and simulation to parity with experiment and theory in the scientific research
enterprise as demonstrated by major advances in climate modeling and prediction, plasma physics,
particle physics, accelerator design, astrophysics, chemically reacting flows, and computational
nanoscience.

The SciDAC program in BES consists of two major activities: (1) characterizing chemically reacting
flows as exemplified by combustion and (2) achieving scalability in the first-principles calculation of
molecular properties, including chemical reaction rates. In the characterization of chemically reacting
flows, the scientific problem is one of multiple scales from the molecular scale where the physical
descriptions are discrete in nature to the laboratory scale where the physical descriptions are continuous.
The method of choice for the complete characterization of combustion at all scales is direct numerical
simulation. A collaboration involving Sandia National Laboratories and four universities successfully
implemented a fully parallel implementation of direct numerical simulation that incorporated a widely
used program for solving the species profiles for combustion systems involving dozens of species and
hundreds of reactions. In achieving scalability in the first-principles calculation of molecular properties,
progress has been made on several fronts, but perhaps the most encouraging is work in dealing with the
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problem of electron correlation, a problem responsible for the poor scaling of quantum chemistry codes.
A novel method for incorporating correlation directly into quantum mechanical descriptions of atoms
and molecules is now being incorporated into a massively parallel code.

Scientific Facilities Utilization

The BES program request supports the scientific user facilities. Research communities that have
benefited from these facilities include materials sciences, condensed matter physics, chemical sciences,
earth and geosciences, environmental sciences, structural biology, superconductor technology, medical
research, and industrial technology development. More detailed descriptions of the specific facilities and
their funding are given in the subprogram narratives and in the sections entitled Site Description and
Major User Facilities.

Two tables follow: The first shows the hours of operation and numbers of users for the major scientific
user facilities—the synchrotron radiation sources and the neutron scattering facilities. The second shows
cost and schedule variance. Note: Cost Variance is the difference between the value of the physical work
performed and the actual cost expended. A negative result is unfavorable and indicates the potential for a
cost overrun. Schedule variance is the difference between the value of the physical work performed and
the value of the work planned. A negative result is unfavorable and indicates that the project is behind
schedule. Variance data are shown as percents. They are shown against the project’s performance
measurement baseline that includes cost and schedule contingency and are as of the end of each fiscal
year. All projects have met or are on schedule to meet all Level 0 and Level 1 Milestones, which are
shown in the table.

Synchrotron Light Source and Neutron Scattering Facility Operations

FY 2005 FY 2006 FY 2007
Actual Estimate Estimate
All Facilities
Optimal Hours®..........coceevevivieiiieeecieeeeeee e 30,700 31,300 32,700
Scheduled HOUTS® ..o 28,129 30,610 32,700
Unscheduled Downtime............cccoeveeveevenienneennennen. 7.9% <10% <10%
Number 0f USEIS......ccovvevioeiiieeeeeieeeeeeeeeeee e 9,042 8,050 9,660
Advanced Light Source
Optimal Hours™..........ccoovveieriieieriieeeeeeeeeeieseeeenns 5,600 5,600 5,600
Scheduled HOUTS® ...........oovveerveoceeeeeeesee e, 5,344 5,520 5,600
Unscheduled Downtime...........c.cccceevveriienriereniennnnns 3.6% <10% <10%
Number 0f USEIS .....ccoovvviueiiiiiiiieceieeeeee e 2,003 1,770 2,100
Advanced Photon Source
Optimal Hours™.........ccocvvveieriieiericieeeeesieeeeieseeeenns 5,000 5,000 5,000
Scheduled HOUTS® ......veeeeeee e 4931 4,900 5,000

* Optimal hours represent the total number of hours the facilities can operate for users, which excludes routine maintenance,
machine research, operator training, accelerator physics, etc. In addition, scheduled upgrades and known shutdowns for the
specified fiscal year are taken into consideration. A difference between optimal hours and scheduled hours reflects a
reduction in operating hours due to funding limitations.

® Scheduled hours for FY 2005 show actual number of hours delivered to users.
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Unscheduled Downtime...................

Number of USers .........coovvvvveevereenns

National Synchrotron Light Source
Optimal Hours®............cccovvveveierennnnns
Scheduled Hours"..........c.cccccooeenen...
Unscheduled Downtime...................

Number of USers .........cooovveveevereenns

Stanford Synchrotron Radiation Laboratory
Optimal Hours®............ccccvvveveierennnnns
Scheduled Hours"..........c.ccccoounee...
Unscheduled Downtime...................

Number of USers.......ccccceevvevevennnnn.

High Flux Isotope Reactor

Optimal Hours..........c.ccooveveevvennnnne
Scheduled HOUrs® ......o.ovoveeeeeeereenn.
Unscheduled Downtime....................

Number of USers.......ccccoeevevevennnnen.

Intense Pulsed Neutron Source

Optimal Hours®............ccooveveevvennnnne
Scheduled HOUTS® ......oovoveeeeeeeen
Unscheduled Downtime...................

Number of Users.......cccceeeeeveeeennn..

Manuel Lujan, Jr. Neutron Scattering Center
Optimal Hours..........c.ccooveveivvenrnnne
Scheduled Hours"...........ccooovveenan...
Unscheduled Downtime...................

Number of USErs.......ccooeevvveeeeeennnnnn.

Spallation Neutron Source®

FY 2005 FY 2006 FY 2007
Actual Estimate Estimate
1.4% <10% <10%
3,215 2,640 3,300
5,500 5,400 5,400
5,313 5,030 5,400
2.4% <10% <10%
2,256 2,070 2,300
3,700 5,000 5,000
3,527 4,900 5,000
5.0% <10% <10%
1,007 980 1,200
3,400 2,400 4,500
2,613 2,360 4,500
23.2% <10% <10%
96 100 220
3,600 3,600 3,600
3,462 3,600 3,600
4.5% <10% <10%
244 240 240
3,900 4,300 3,600
2,939 4,300 3,600
23.2% <10% <10%
221 250 300

* Optimal hours represent the total number of hours the facilities can operate for users, which excludes routine maintenance,
machine research, operator training, accelerator physics, etc. In addition, scheduled upgrades and known shutdowns for the
specified fiscal year are taken into consideration. A difference between optimal hours and scheduled hours reflects a

reduction in operating hours due to funding limitations.

" Scheduled hours for FY 2005 show actual number of hours delivered to users.
¢ For the Spallation Neutron Source, there is an inadequate basis for making a reliable estimate at this time.
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Cost and Schedule Variance

Spallation Neutron Source
Cost Variance

Schedule Variance

Major (Levels 0 and 1) Milestones
Completed or Committed to

Linac Coherent Light Source (SLAC)
Cost Variance ........ccocveeeveerveeseeesnveennennn

Schedule Variance.........cccoooevuvveevennenn.

Major (Levels 0 and 1) Milestones
Completed or Committed to

Center for Nanophase Materials Sciences

(ORNL)
Cost Variance

Schedule Variance.........cccccooovvvveviennnn.

Major (Levels 0 and 1) Milestones
Completed or Committed to

Center for Integrated Nanotechnologies
(SNL/LANL)
Cost Variance.........cocceeveeeeeeeevenncnnennenn,

Schedule Variance..............ccoevveveeeveeeenn...

Major (Levels 0 and 1) Milestones
Completed or Committed to

The Molecular Foundry (LBNL)
Cost Variance...........cooeeeeeeeeeeeeceeeeeceeeen,

Schedule Variance..........cccccoevvveeveeneeinnen.

Major (Levels 0 and 1) Milestones
Completed or Committed to

Center for Nanoscale Materials (ANL)
Cost Variance.........coeeeeeeeeeeeeienienennen,

Schedule Variance...........cccccovevvevieeeinnnne,

Major (Levels 0 and 1) Milestones
Completed or Committed to
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| FY2005Actal |  FY 2006 Estimate FY 2007 Estimate
0%

-0.3%

Instrument Systems Ring Beam Available to N/A
Design Complete Target

Linac Beam Available to Approve Critical

Ring Decision 4 — Start of

Operations

0%

-3.9%

Approve Critical Approve Critical None
Decision 2b — Decision 3b — Start
Performance Baseline Construction

Approve Critical

Decision 3a — Start Long-

Lead Procurement

+0.1%

-0.6%

Approve Critical Approve Critical N/A

Decision 4a — Start Initial Decision 4b — Start Full

Operations

-1.2%
-0.3%

None

0%
+3.9%

None

+1.2%
-2.6%

None
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Operations

Approve Critical Approve Critical
Decision 4a — Start Initial Decision 4b — Start of
Operations Full Operations

Approve Critical
Decision 4a — Start of
Initial Operations

Approve Critical
Decision 4b — Start of
Full Operations

Approve Critical
Decision 4a — Start of
Initial Operations

Approve Critical
Decision 4b — Start of
Full Operations
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| FY 2005 Actual FY 2006 Estimate FY 2007 Estimate

Center for Functional Nanomaterials (BNL)

Cost Variance.........c.ceeeeeeeereeeeneneennennenn, 0%
Schedule Variance..........ccceeecererieenennnen, -26.3%"
Major (Levels 0 and 1) Milestones Approve Critical None Approve Critical
Completed or Committed to Decision 3 — Start Decision 4a — Approve
Construction Building Occupancy
Instrumentation for Spallation Neutron
Source I (ORNL)
Cost Variance -3.1%
Schedule Variance -5.1%
Major (Levels 0 and 1) Milestones Approve Critical Approve Critical Approve Critical
Completed or Committed to Decision 2 for Decision 2 for Decision 3 for
Instruments #1-3 — Instruments #4-5 — Instruments #4-5 — Start
Performance Baseline Performance Baseline Construction
Approve Critical Approve Critical
Decision 3 for Decision 3 for
Instruments #1-2 — Start  Instruments #3 — Start
Construction Construction

Construction and Infrastructure
Linac Coherent Light Source (LCLS) Project

Most x-ray experiments performed at synchrotron radiation light sources produce static pictures of
materials averaged over relatively long times. However, the electrons and atoms in molecules, crystal
lattices, polymers, biomaterials, and all other materials are in constant motion. Merely measuring atomic
“form” will not tell us all there is to know about molecular “function.” We need to perform experiments
that provide us with information on the motions of atoms in materials as well as their equilibrium
positions. This will give us insight as never before possible into catalysis, chemical processes, protein
folding, and molecular assembly.

The purpose of the LCLS Project is to provide laser-like radiation in the x-ray region of the spectrum
that is 10 billion times greater in peak power and peak brightness than any existing coherent x-ray light
source and that has pulse lengths measured in femtoseconds—the timescale of electronic and atomic
motions. The advance in brightness is similar to that of a synchrotron over a 1960’s laboratory x-ray
tube. Synchrotrons have revolutionized science across disciplines ranging from atomic physics to
structural biology. Advances from the LCLS are expected to be even more dramatic.

The LCLS Project will provide the world’s first demonstration of an x-ray free-electron-laser (FEL) in
the 1.5-15 A (Angstrom) range. The characteristics of the light from the LCLS will open new realms of
scientific inquiry and applications in the chemical, material, and biological sciences including
fundamental studies of the interaction of intense x-ray pulses with simple atomic systems, structural
studies on single nanoscale particles and biomolecules, ultrafast dynamics in chemistry and solid-state

* The significant negative schedule variance for the CFN project is due to the DOE Acquisition Executive’s decision to
postpone CD-3 approval while BNL extended the procurement process for conventional facilities (CF) to secure a reasonably
priced bid. CD-3 was ultimately approved and the CF contract was awarded in late FY 2005. Schedule recovery measures are
in place that will ensure that CFN will be completed on time.
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physics, studies of nanoscale structure and dynamics in condensed matter, and use of the LCLS to create
plasmas.

The LCLS project leverages capital investments in the existing SLAC linac as well as technologies
developed for linear colliders and for the production of intense electron beams with radio-frequency
photocathode guns. The SLAC linac will provide high-current, low-emittance 5-15 GeV electron
bunches at a 120 Hz repetition rate. When traveling through a newly constructed long undulator, the
electron bunches will lead to self-amplification of the emitted x-ray radiation, constituting the x-ray
FEL. Optical devices beyond the undulator manipulate the direction, size, energy, and duration of the
x-ray beam and carry it to whatever experiment is under way. The availability of the SLAC linac for the
LCLS Project creates a unique opportunity (worldwide) for demonstration and use of x-ray FEL
radiation.

FY 2007 budget authority of $105,740,000 is requested. The estimated Total Project Cost is
$379,000,000. Additional information on the LCLS Project is provided in the LCLS construction project
data sheet, project number 05-R-320.

National Synchrotron Light Source — II (NSLS-II) Project

The NSLS-II, which is under development, will be a new synchrotron light source, highly optimized to
deliver ultra-high brightness and flux and exceptional beam stability. It will also provide advanced
insertion devices, optics, detectors, robotics, and an initial suite of scientific instruments. Together, these
will enable the study of material properties and functions with a spatial resolution of one nanometer
(nm), an energy resolution of 0.1 millielectron volt (meV), and the ultra-high sensitivity required to
perform spectroscopy on a single atom.

NSLS-II will be the best storage-ring-based synchrotron light source in the world, but, more
importantly, NSLS-II will be transformational in that it will open new regimes of scientific discovery
and investigation. The ability to probe materials with 1 nm or better spatial resolution and to analyze
their dynamics with 0.1 meV energy resolution will be truly revolutionary. For example, it will be
possible to investigate the atomic and electronic structure and chemical composition of nanometer-scale
objects under realistic in-situ device operating conditions. And it will be possible to investigate
processes that change the energy or spin state of electrons, such as their interaction with the atomic
lattice or other electrons or spins. These processes form the foundation of many diverse phenomena,
such as photosynthesis and spin-based quantum computing, and the ability to study them with high
spatial resolution will be unprecedented.

In FY 2007, budget authority is requested to begin Project Engineering and Design and for research and
development (R&D) activities to address technical risks in four key areas—energy resolution, spatial
resolution, superconducting undulators, and superconducting storage ring magnets. These R&D
activities will be carried out at Brookhaven National Laboratory and by researchers elsewhere as
needed. Additional information on the NSLS-II Project is provided in the NSLS Project Engineering
Design data sheet, project number 07-SC-06.

Advanced Light Source (ALS) User Support Building Project

The ALS User Support Building to be located at the Lawerence Berkeley National Laboratory will
provide high-quality user support space in sufficient quantity to accommodate the very rapid growth in
the number of ALS users and to accommodate projected future expansion. Efficient use of the
experimental beamlines at the ALS requires adjacent space for setting up experimental apparatus before
quickly moving the apparatus into place. By the end of FY 2005, almost 40 beamlines were in
simultaneous and nearly continuous operation for the use of 2,000 scientists and students. All available
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floor space for staging experiments is now occupied with operating beamlines, necessitating shutdown
of beamlines and work stoppage when the experimental apparatus is built, when it is commissioned, and
when it is moved into place at the beamline. Such use of beam time is unacceptable for advanced, state-
of-the art instrumentation. In addition to being too small, the current user support space does not meet
seismic building codes. Structural upgrades have been evaluated and would not be cost effective. The
User Support Building will provide staging areas for ALS experiments, space for a long beamline that
will extend from the floor of the ALS into the User Support Building, and temporary office space for
visiting users. Additional information on the ALS User Support Building Project is provided in the User
Support Building Project Engineering Design data sheet, project number 07-SC-12.

General Plant Projects (GPP) and General Purpose Equipment (GPE)

BES provides funding for GPP and GPE for Argonne National Laboratory, Ames Laboratory, and Oak
Ridge National Laboratory.

Workforce Development

The BES program supports development of the R&D workforce through support of undergraduate
researchers, graduate students working toward a doctoral degree, and postdoctoral associates developing
their research and management skills. The R&D workforce developed under this program provides new
scientific talent in areas of fundamental research and also provides talent for a wide variety of technical
and industrial areas that require the problem solving abilities, computing skills, and technical skills
developed through an education and experience in fundamental research. In addition, the BES scientific
user facilities provide outstanding hands-on research experience to many young scientists. Thousands of
students and post-doctoral investigators are among the researchers who conduct experiments at BES-
supported facilities each year. The work that these young investigators perform at BES facilities is
supported by a wide variety of sponsors including BES, other Departmental research programs, other
federal agencies, and private institutions.

FY 2005 FY 2006 estimate |FY 2007 estimate

# University Grants...........ccccveeveeneenee. 910 810 1,000
AVErage SiZe ......ccovveveeeieeeeeneeieene $150,000 $150,000 $150,000
# Permanent Ph.D.s (FTEs) ................ 4,240 3,900 4,830
# Postdoctoral Associates (FTEs)....... 1,220 1,140 1,380
# Graduate Students (FTEs)................ 1,960 1,810 2,170

External Independent Reviews

Beginning in FY 2005, the costs of conducting External Independent Reviews (EIRs) for Capital Asset
Projects greater than $5,000,000 within SC have been funded by SC. Examples of EIRs include
conducting Performance Baseline EIRs prior to Critical Decision-2 (CD-2) to verify the accuracy of cost
and schedule baseline estimates and conducting Construction/Execution Readiness EIRs, which are done
for all Major System projects prior to CD-3. These funds, which are managed by the Office of
Engineering and Construction Management, are exclusively used for EIRs directly related to these
projects funded within SC. Beginning in FY 2007, the EIR business line will be financed via the
Working Capital Fund to achieve parity on how EIRs are funded and to standardize the administration of
these critical activities.
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Materials Sciences and Engineering

Funding Schedule by Activity

(dollars in thousands)

| FY2005 | FY2006 |  FY2007
Materials Sciences and Engineering
Materials Sciences and Engineering Research ..........c...ccccvevennee. 290,400 274,220 335,099
Facilities OPerations...........cceeeverevereereereeerieeieseeeseeseeeeessesenensees 330,826 444,675 644,885
SBIR/STTR ..ottt — 18,820 24,228
Total, Materials Sciences and Engineering............ccoccveeveeveneenveennnns 621,226 737,715 1,004,212
Description

This subprogram extends the frontiers of materials sciences and engineering to expand the scientific
foundations for the development of materials that improve the efficiency, economy, environmental
acceptability, and safety in energy generation, conversion, transmission, and use. The subprogram also
plans, constructs, and operates the major x-ray scattering and neutron scattering scientific user facilities

and the Nanoscale Science Research Centers.

Included within the $338,099,000 research component of this subprogram for FY 2007 are facility
related activities such as R&D for new and upgraded facilities, accelerator and detector research, and all

BES FY 2007 Major Items of Equipment. These activities total $50,453
Benefits

,000.

Ultimately the research leads to the development of materials that improve the efficiency, economy,
environmental acceptability, and safety in energy generation, conversion, transmission, and use. For
example, the fuel economy in automobiles is directly proportional to the weight of the automobile, and
fundamental research on strength of materials has led to stronger, lighter materials, which directly
affects fuel economy. The efficiency of a combustion engine is limited by the temperature and strength
of materials, and fundamental research on alloys and ceramics has led to the development of materials
that retain their strength at high temperatures. Research in semiconductor physics has led to substantial
increases in the efficiency of photovoltaic materials for solar energy conversion. Fundamental research

in condensed matter physics and ceramics has underpinned the development of practical high-

temperature superconducting wires for more efficient transmission of electric power.

Supporting Information

The subprogram supports basic research to understand the atomistic basis of materials properties and
behavior and how to make materials perform better at acceptable cost through new methods of synthesis
and processing. Basic research is supported in magnetic materials, semiconductors, superconductors,
metals, ceramics, alloys, polymers, metallic glasses, ceramic matrix composites, catalytic materials,
surface science, corrosion, neutron and x-ray scattering, chemical and physical properties, welding and
joining, non-destructive evaluation, electron beam micro characterization, nanotechnology and
microsystems, fluid dynamics and heat transfer in materials, nonlinear systems, and new

instrumentation.

This subprogram, a premier sponsor of condensed matter and materials physics in the U.S., is the
primary supporter of the BES user facilities including new facilities under construction: the Spallation
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Neutron Source, the Nanoscale Science Research Centers, the Linac Coherent Light Source, the
National Synchrotron Light Source-II, the User Support Building at LBNL, and a number of facility-
related Major Items of Equipment.

Selected FY 2005 Research Accomplishments

Synchrotron X-Rays Demonstrate Nanoscale Ferroelectricity. Films only a few atoms thick have
been made that retain the controllable electric polarization needed for next generation nanoscale
devices. Such ultrathin ferroelectric films have the potential to revolutionize future electronics,
sensors, and actuators. Previous studies suggested that, as devices are miniaturized, they lose their
ferroelectric character. These studies showed that ferroelectricity persists in films only 6 atoms
thick. This landmark success was achieved using a unique instrument to observe thin film growth
with high intensity x-rays from the Advanced Photon Source. X-rays reveal in real time the film
structure as it grows, atomic layer by atomic layer. The in-situ x-ray techniques developed for this
study can now be used to understand the synthesis and environmental interactions of other complex
materials, thus addressing a wide range of energy-related challenges.

A Superconductor that Tolerates Magnetic Fields. One of the biggest obstacles to the practical use
of superconductors is the motion of magnetic flux due to an electric current in a superconductor.
This motion of magnetic flux reduced the superconducting properties. A large research effort has
gone into finding ways to prevent energy loss occurring from the movement of magnetic flux in
copper oxide high temperature superconductors. It has been found that the magnetic flux in certain
magnesium diboride films is intrinsically motionless, or “frozen,” in applied magnetic fields up to
14 Tesla. Such a complete apathy to an applied magnetic field has never been seen before in any
other superconductor. While the theoretical explanation for this behavior has eluded scientists, the
experimental finding has drawn a lot of attention. This behavior may make it possible to fabricate
superconducting wire that can carry very large electric currents.

Using Electron Spin, not Electron Charge, to Carry Information. Today’s computers are based on
resistive circuitry using the movement of charged electrons. The resistance generates heat, and the
removal of this heat is a fundamental limiting factor in creating the next generation of ultra small
and ultra fast circuit elements. In a remarkable discovery, theorists have determined that in certain
materials a spin current can be created with the application of a suitably oriented electric field, with
no dissipation of energy. The spin current could potentially be used to carry out the same logic
operations with no energy loss. This has been verified recently with experiments on gallium
arsenide. This discovery may lead to computers with much greater capabilities including speed and
capacity due to smaller circuit elements and with a significant reduction in energy loss.

Plutonium Helps Understand Superconductivity’s Mysteries. Magnetic resonance studies of the
fundamental mechanism responsible for superconductivity in PuCoGas reveal strong similarities to
the high-T, copper oxide materials. These results confirm earlier theories that this unique family of
plutonium superconductors is nearly magnetic. This is a new class of superconducting materials and
forms a conceptual bridge between two families of magnetically mediated superconductors, the
heavy fermion metals and the copper oxides. The discovery of additional classes of
superconducting materials enhances our ability to understand the mechanisms responsible for high
temperature superconductivity.

Ultrafast Studies of Nanocrystals. The fastest phase transition between nanocrystal structures ever
recorded has been observed by ultrafast laser techniques. The reversible structural change in
nanocrystals of vanadium dioxide switches the material from a semiconductor to a metallic phase,
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increasing the electrical conductivity by a factor of 100-10,000 depending on nanoparticle size.
Correspondingly large changes from optical transparency to high reflectivity occur at the same
time. Lasers with pulses as short as one ten-trillionth of a second were used to track the phase
change in vanadium dioxide nanoparticles. This discovery may be key to possible applications
requiring extremely rapid switching from transparent to reflective states. These include protective
overlayers for sensitive infrared detectors, nonlinear optical switches, fiber-optic pressure sensors,
and electrically or optically triggered transistors that could switch hundreds of times faster than
conventional silicon devices.

» First Direct Observations of Quasiparticles. Quasiparticles provide a convenient simplification to
describe the behavior of electrons in a superconductor. A quasiparticle can be thought of as a single
particle moving through a system, surrounded by a cloud of other particles either pushed away or
dragged along by its motion. Prior investigations of their dynamics have been indirect. Through the
use of a new optical technique it was possible to perform the first direct study of the dynamics of
quasiparticles in a superconductor. It was discovered that the quasiparticles can propagate
remarkably far, several hundreds of nanometers. Knowledge of the dynamics of quasiparticles,
specifically their rates of diffusion, scattering, trapping, and recombination, is critical for the both
the applications and fundamental understanding of superconductivity.

= Confining Electrons in New Two-dimensional Materials. Transition metal oxides, like
semiconductors, are materials that confine electrons to a plane. It may now be possible to construct
near-perfect layered materials of two perovskite structured materials. It has been shown through
computational models that a single layer of LaTiO; in SrTiOsz will serve as an electron donor and
positive charge layer to retain those electrons in a thin layer as a two-dimensional electron gas
(2DEQ). Electrons behaving like a 2DEG appear to be an exotic phenomenon, but they are not.
Many semiconductor electronic devices operate by creating just such a gas by an applied electric
field inducing a thin conducting region at an interface—the field effect transistor being the prime
example. Such thin electron layers have become a valuable tool for scientists studying the ways in
which electrons organize their collective behavior. By expanding the materials available to create
2DEGs, new, more diverse opportunities have been created to expand our knowledge of electronic
behavior that in turn can produce new applications.

» Inexpensive Route to Solar Cells Using Nanomaterials. New and novel semiconductor nanocrystal-
polymer solar cells with surprisingly high efficiencies have been fabricated. In a solar cell, the
conversion of light energy to electrical current occurs at the nanometer scale. Thus the development
of methods for controlling materials on this scale creates new opportunities for more advanced solar
cells. These advances are required because, although solar cells based on silicon and gallium
arsenide have achieved high efficiencies and have found a variety of markets, more widespread
applications remain limited by their high cost of production. These new cells are formed in an
inherently inexpensive process from a colloidal solution of semiconductor nanocrystals in a
semiconducting polymer. The unique features of nanosized objects are exploited to optimize the cell
performance by controlling the shape of the nanocrystals. The performance of the new cells already
rivals that of the best polymer-based devices. While the power conversion efficiency is still below
that of current amorphous silicon and single crystal devices, there are opportunities to increase
performance further by adding additional nanocrystal components to capture more of the solar
spectrum. Furthermore, the same methods can be extended to address other optoelectronic
applications, such as photodetectors and light emitting diodes.
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* Predicting Magnetism in Nanomaterials. As recording media and sensors become smaller and ever-
denser, it is increasingly important to control magnetism in nanostructures. But the physical
properties of magnetic nanostructures are linked in complex ways and are difficult to predict, much
less control. In this work, the magnetic properties of a cobalt nano-wire next to a platinum surface
step were predicted from first-principles. The results are in perfect agreement with experiment and
show the importance of a proper quantum mechanical description of the interplay of different
magnetic phenomena. This work, based on newly developed quantum mechanical models
implemented on high-performance computers, shows that accurate predictions can be made for a
nanostructure comprised of a few hundred atoms. With continued theoretical development and more
powerful computers, this paves the way toward prediction and control of more complex and useful
magnetic structures.

= Explaining Materials Deformation Mechanisms from Atomic-scale Measurements. Using the
world's most advanced electron microscope, the first direct observations of atomic details in
complex crystalline dislocation cores revealed the atomic mechanisms underlying the deformation
of intermetallic compounds with complex crystal structures. It was discovered that the diffusion of
chromium atoms into and out of the crystal dislocation cores hinders dislocation motion in Laves-
phase Cr,Hf, a model intermetallic compound, thus providing a clue as to the origin of the
brittleness and poor low temperature ductility of these intermetallic alloys. The poor low-
temperature ductility of these intermetallic alloys has prevented their fabrication and use for
decades. Some of the most attractive high-strength alloys for advanced high-temperature fission and
fossil energy conversion applications possess similar complicated atomic configurations and lack
the low-temperature ductility required for their fabricated by conventional cold deformation
processes without crack formation. This discovery provides new atomistic insight into the behavior
of crystal dislocations in complex intermetallic compounds necessary to design new fabricable
alloys with the required strength at high service temperatures.

= Discovery of Mechanism of Surface Mass Transport. Researchers have discovered that trace
concentrations of sulfur can enhance the rate of mass transport on copper surfaces by many orders
of magnitude and have established the atomic scale mechanism by which this enhancement occurs.
This discovery was enabled by low-energy electron microscopy measurements of the motion of
singe-atom-high steps on copper exposed to calibrated doses of sulfur. By comparing observations
of the motion of these steps with theoretical predictions based on calculations of the electronic
structure of the surface, this research established that surface mass transport is catalyzed by the
formation of a large number of mobile copper sulfide clusters. Such highly mobile clusters are
believed to be a common feature of impure surfaces. The enhanced mass transport allows the
formation of much flatter and more defect free surfaces. This discovery provides insight to many
previous puzzling observations of anomalous surface mass transport. It is an important advance
towards the capability to control the nanoscale morphology of surfaces, a critical necessity for
nanoscale applications.

» Superior Iron-based Alloys and Steels. Fundamental laws of alloying coupled with advanced
microanalytical characterization led to the discovery that yttrium containing iron-based alloys
substantially enhance the stability of the amorphous (non-crystalline) state. Two technical
implications are: (1) large bulk physical dimensions of this class of amorphous alloys can be made
and (2) this understanding provides a new direction for designing bulk amorphous metals for
structural and functional applications. Bulk tool steel was fabricated that was twice as hard as
conventional tool steel. These achievements are milestones in the science of amorphous metals and
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the design of functional complex metallic alloys. Even more important, this research has
demonstrated that microalloying is a new approach for designing bulk amorphous alloys. Their
unique atomic configurations and the absence of a crystalline lattice allow bulk amorphous metals to
outperform their crystalline counterparts by exhibiting superior magnetic and mechanical properties
and corrosion resistance coupled with high thermal stability.

= Fracture Resistance Mechanism in Ceramics. Structural ceramics are complex structures of micron-
sized matrix grains separated by a nanoscale intergranular film. For many years it has been observed
that certain additives, specifically rare-earth atoms, influence the ceramic’s fracture resistance. But
detailed information about how this effect is achieved and how it can be controlled had been
inaccessible with current diagnostic capabilities. Now, new scanning transmission electron
microscopy (STEM) and associated chemical analysis techniques have revealed the local atomic
structure and bonding characteristics of the grain boundaries with close to atomic resolution. Applied
to silicon nitride ceramics containing a range of rare-earth additives, these methods together have
revealed how each atom bonds at a specific location depending on atom radius, electronic
configuration and the presence of oxygen; this variation in bonding sites can be directly related to
the fracture resistance or toughness of the ceramic.

= Better Protective Coatings. Previously unattainable insight into stress development and failure
mechanisms in thermally grown surface oxides on metal alloys has been obtained by a new in-situ
synchrotron x-ray technique. This technique enabled, for the first time, the uncoupling and isolation
of mechanical stress contributions from oxide growth, phase transformations, and creep deformation
processes. For pure thermally-grown alumina, steady state oxidation creates compressive stresses.
However, when certain “reactive elements” are added to the alloy, it is found that tensile stresses
develop instead. Maximizing the tensile offset can lead to dramatic improvement in performance of a
protective oxide. A 10 percent shift in the tensile direction can translate to a 40 percent improvement
in operating lifetime. Better control of early stage oxidation leads to thinner, and thus longer lifetime
protective oxides by speeding the transformation to a stable oxide structure. These results underpin
future alloy development for high-temperature nuclear and fossil energy generation technologies and
more fuel efficient jet engine applications where operating lifetime has great economic value.

= New Composite Materials that Respond to Magnetic Fields. Magnetic-field-structured composites
are a novel class of material in which magnetic particles, dispersed in a polymerizable medium, are
organized into chains and other structures by magnetic fields while the polymer solidifies. These
chains of particles can be electrically conductive, and this electrical conductivity can be extremely
sensitive to temperature, pressure, and chemical vapors that penetrate and swell the polymer. In the
present work it was demonstrated that even modest magnetic fields produced by simple copper coils
cause these materials to contract significantly, like artificial muscles. This contraction was found to
be accompanied by an enormous, 50,000-fold increase in electrical conductivity. This is by far the
largest “magnetoresistance” effect ever observed in such modest magnetic fields and paves the way
to using magnetic fields to control heat and current transport in micro and nano machines, and to
tailoring the sensing response of these materials.

* The “Giant Proximity Effect.” The reproducible confirmation of the existence of a Giant Proximity
Effect (GPE) has challenged experimentalists for over a decade. In the traditional Proximity Effect
(PE), a very thin layer of normal metal, when placed between two thicker superconductor slices,
behaves like a superconductor. That is, superconducting or paired electrons retain phase coherence
even while separated by the normal metal gap. In the newly discovered GPE, the normal-metal
barrier layer is as much as 100 times thicker than in the PE case, a result that stands outside of any
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present theories. In addition to challenging the theoretical community and providing new clues to the
causes of high-temperature superconductivity, this result may lead to new advances in
superconducting circuitry as it is relatively easy to prepare reproducible thick barriers which will
improve device uniformity and yield.

* World’s Smallest Nanomotor. The smallest synthetic motor—a 300 nanometer gold rotor on a carbon
nanotube shaft—has been demonstrated. This “nanomotor” continues the dramatic advances in the
miniaturization of electromechanical devices and is a key step in the realization of practical synthetic
nanometer-scale electromechanical systems (NEMS). In initial testing, the rotor rotated on its
nanotube shaft for thousands of cycles with no apparent wear or degradation in performance. This is
attributed to the unique low-friction characteristics of the carbon nanotube shaft. The new motor
design has significant potential for NEMS applications. It should be possible to fabricate arrays of
orientationally-ordered nanotube-based actuators on substrates by using alignment techniques.

» Magnetohydrodynamic Turbulence in Liquid Metals. Application of a strong magnetic field can
completely change flow characteristics of an electrically conducting fluid. The transformation may
occur in processes ranging from the generation of sunspots to crystal growth. One particular aspect
of this phenomenon, the damping of flow variations along the magnetic field lines and the
corresponding development of elongated or even two-dimensional flow structures, affect nearly all
aspects of turbulent flow behavior, including heat transfer and mixing. In a series of high resolution
numerical experiments it has been shown that the anisotropy of flow (or directionality of flow)
patterns is a robust universal feature determined primarily by the strength of the magnetic field,
conductivity, and kinetic energy. Furthermore, the elongation of flow patterns is approximately the
same for flow structures of different size. This property can be effectively employed for accurate
modeling of magnetohydrodynamic turbulence. The results of the work are relevant to technological
applications, such as continuous casting of steel, crystal growth, and development of lithium
breeding blankets for fusion reactors.

» Nanoparticle Catalysts. Methods were developed for depositing and stabilizing nanometer-sized
platinum group metals, including palladium and rhodium, on surfaces of carbon nanotubes in
supercritical fluid carbon dioxide. Uniformly distributed monometallic and bimetallic nanoparticles
with narrow size distributions are formed on the surfaces of the carbon nanotubes. The carbon
nanotube-supported palladium and rhodium nanoparticles demonstrated improved performance over
commercial carbon-based palladium and rhodium catalysts for hydrogenation of olefins and
aromatic compounds. These new nanoscale catalysts are currently being tested as electrocatalysts for
low temperature polymer electrode fuel cells applications.

Selected FY 2005 Facility Accomplishments
* The Advanced Light Source (ALS)

e Beam-Size Stability Improved. Over the last five years, elliptically polarizing undulators (EPUs)
have been used very successfully at the ALS to generate high-intensity photon beams with
variable photon polarization (from linear to circular). However, users were not completely
satisfied with the EPUs performance because they degraded the beam quality by increasing the
photon beam size. Based on detailed magnet measurements, a system was developed that
maintains a constant beam size. It is now being employed in routine user operation solving a
problem that has affected many other light sources.
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e New Undulator Beamline for High-Resolution Photoemission Electron Microscopy. Beamline
11.0.1 is a new elliptically polarizing undulator (EPU) beamline dedicated to photoemission
electron microscopy (PEEM) at the ALS. An EPU, the third installed at the ALS, delivers light
into the new beamline, which began commissioning March 2005. With full polarization control
and continuous coverage optimized over key energy regions, this beamline will be an attractive
user facility for organic and magnetic polarization-contrast microscopy. This beamline will have
an aberration-corrected photoemission electron microscope (PEEM-3) with a spatial resolution
of approximately 5 nanometers.

e New In-Vacuum Undulator Beamline for Femtosecond X-ray Studies. Beamline 6.0.1 for soft x-
ray science with ultrashort photon pulses of 200 femtoseconds was ready for commissioning in
July 2005. The beamline is unique in the U.S. and will be made available to users in FY 2006.
The primary components are a vacuum undulator to produce x-rays over a wide photon-energy
range, optical components, including a spectrograph for recording an entire x-ray absorption
spectrum from one photon pulse, and a high-repetition-rate femtosecond laser system.

= The Advanced Photon Source (APS)

e More Stable Beams. Using a technique pioneered at the APS, 175 girders supporting accelerator
components in the APS storage ring have been displaced by as much as 6 mm during scheduled
tri-annual maintenance periods over the last seven years, eliminating the stray radiation
background signals. As a result, photon beam position monitors (BPMs) for insertion devices
over the entire storage ring circumference are now operating on line. The APS leads the world in
the use of photon BPMs for insertion device beamlines. Use of these monitors has improved
long-term x-ray beam angular stability by more than a factor of five. Users are able to scan the
x-ray photon energy by changing the insertion device gap on demand, while still maintaining
superior photon beam stability on their samples. The payoff is improved ability to resolve micron
and nanometer-sized features in samples

e Improved Timing Experiments. The x-ray pulse structure at the APS is on the order of 100
picoseconds. This pulse width enables special classes of timing experiments where the physical
phenomena require fast time resolution. Recent experiments at the APS using this technique have
involved the study of porphyrins that may one day form the building blocks of novel catalysts,
photonic devices, and efficient solar-power units. The APS has a special operating mode to
facilitate these types of measurements. In this mode, a single x-ray timing pulse is isolated from
the other x-ray pulses. The intensity in the pulse is determined by the amount of charge stored in
the isolated electron bunch that generates the photon pulse. Recent changes to the storage ring
top-up injection method, which allows the APS linear accelerator to vary the injection charge
along with increasing the injection frequency from two minutes to one minute, have resulted in
doubling the single pulse-intensity without adversely affecting the non-timing experiments.

e Improved Mirrors for X-ray Focusing. Elliptically-shaped mirrors based on new technology
developed at the Advanced Photon Source are being used to achieve unprecedented focusing of
high-brightness x-ray beams. These mirrors are especially useful for producing the microbeams
that are used to probe the composition and structure of materials. They are being applied to
studies such as microstructural analyses of structural changes arising from welding operations
and detailed investigations of the three-dimensional structure of complex crystalline samples.

e Nanoprobe Beamline Commissioned for First Experiments. The world’s first hard x-ray
nanoprobe was activated in March 2005, at the APS. The Nanoprobe beamline is a central
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component of the new Center for Nanoscale Materials at Argonne National Laboratory. The x-
ray nanoprobe will have a spatial resolution of 30 nanometers or better, the highest of any hard
x-ray microscopy beamline in the world. It will offer fluorescence, diffraction, and transmission
imaging in the x-ray spectral range of 3-30 keV, making it a valuable tool for studying
nanomaterials.

= The National Synchrotron Light Source (NSLS)

e New X-ray Micro-Diffraction Instrument. This instrument to be used for nanoscale research was
developed at the X13B beamline to take advantage of the small source size of the in-vacuum
mini-gap undulator in the X13 straight section of the NSLS x-ray ring. It consists of five main
subsystems: monochromator, focusing optics, sample manipulator, charge-coupled detector
(CCD) area detector, and a point detector with two degrees of freedom. The sample stages are
equipped with integrated submicron position encoders for excellent positional precision and
repeatability. The point detector assembly allows the use of analyzer crystals to obtain better
resolution. A key design feature is the close attention paid to mechanical coupling of the focusing
optics to the sample positioner to reduce vibrations and improve the microscope stability for the
users.

e Elliptically-Polarized Wiggler Beamline Upgrade. The Elliptically-Polarized Wiggler (EPW)
located in the X13 straight section of the NSLS x-ray is a unique radiation source that produces
time-varying elliptically-polarized x-rays for magnetism studies. A major upgrade was performed
on beamline X13A to enhance its performance. It included replacement of the existing horizontal
focusing mirror, which had been plagued by poor reflectivity as well as mechanical and thermal
stability problems, with a new water-cooled spherical mirror. The new mirror system increases
the horizontal photon collecting angle by a factor of two and is fully motorized to allow precise
manipulation and optimization of the mirror’s position. In addition, the beamline interlock and
control systems were upgraded. The beamline upgrade has resulted in an order of magnitude
increase in the photon intensity delivered to the sample, and the elimination of mechanical and
thermal instabilities. These improvements have led to more efficient use of the beamline and
increased magnetic sensitivity in the measurements.

e Development of a Photon-Counting Silicon Microstrip Array Detector. The NSLS detector group
has developed an extremely versatile 1-dimensional position sensitive detector. It is based on
custom microelectronics developed at Brookhaven National Laboratory, and consists of a linear
array of silicon photodiodes, each 0.125 x 4 mm, which is connected to a set of 32-channel
custom integrated circuits and a microprocessor system. The detector system’s performance is
several orders of magnitude better than one can achieve with charge-coupled type detectors. It is
easily adaptable to as large an array as is needed by the application. For example, arrays of 320
and 640 strips, 40 and 80mm long have been fabricated for real-time x-ray scattering.

e X-ray Ring Lattice Symmetry Restored. The most direct benefit for the NSLS user community
was the restoration of the x-ray ring magnetic field lattice symmetry, which for many beamlines
resulted in a 25 percent reduction of the horizontal beam size and an increase in photon intensity
delivered to a sample. The desired eight fold symmetry of the x-ray ring magnet lattice can be
lost from errors in the x-ray ring quadrupole field strengths. The quadrupole errors can be
partially compensated by trim coils available in the x-ray ring for one of the quadrupole magnet
families. These errors were determined from an elaborate analysis of the electron orbit
measurements taken as quadrupole magnet field strengths were systematically varied. This
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improvement allowed the NSLS to restore the eight fold symmetric x-ray ring magnet settings
for routine operations.

» The Stanford Synchrotron Radiation Laboratory (SSRL)

¢ First SPEAR3 Run Completed. In the commissioning run for the new SPEAR3 accelerator, the
facility proved to be exceptionally reliable, providing very stable beam for a very high percent
(97) of the scheduled time. This is higher than ever recorded with SPEAR2, and an exceptional
achievement for a new storage ring. The user run commenced in March and the SPEAR3 storage
ring operated at 3 GeV/100 mA and provided 30+ hour life times. (The average uptime over the
past five years was 96%.) During the run, users on 239 different proposals received beam time in
a total of 466 experimental starts involving 1,516 researchers.

e First High-Current SPEAR3 Tests Performed. SSRL conducted three special 8-hour shifts of
SPEAR3 operation with currents above the official safety envelope value of 100 mA. These
high-current test shifts took place on swing shifts with the experimental floor cleared of non-
radiation workers. The main purpose of these tests was to determine if multi-bunch electron
beam instabilities will be encountered at higher current operation, in which case a program to
implement a costly multi-bunch feedback system would have to be launched. Other potential
problems, primarily excessive component heating, are also of concern. The current reached in
these tests was limited to 225 mA by the power rating of some absorbers in a legacy insertion
device chamber. This current was reached and a comprehensive search revealed no apparent
beam instabilities.

e New Methods Developed for Studying Structures of Nanomaterials. The reactivity and properties
of nanomaterials are highly influenced by particle size and atomic-scale structure. Researchers at
SSRL have recently demonstrated that the combined use of several x-ray scattering and
absorption measurement techniques leads to quantum leaps in understanding the structures of
nanomaterials. X-ray scattering measurements allow experimenters to combine size and shape
information with structural information to remove the small-particle size contribution to x-ray
diffraction peak broadening, whereas x-ray absorption measurements provide complementary,
metal-specific information on local atomic structure in disordered materials. Measurements on
zinc sulfide have conclusively demonstrated that structural relaxation of surface atoms causes
inhomogeneous internal strain, markedly altering its material properties. This multi-technique
nano-characterization approach has further been advanced by developing methods for the routine
characterization of bacterial nano-minerals under fully-hydrated in-situ conditions. Bacterial
nanominerals are an important class of naturally occurring nanomaterials that help to control the
composition of the atmosphere, the potability of natural waters, and the arability of soils. This
multiple-technique method provides unique information of wide interest to the nanoscience
community.

» The Intense Pulsed Neutron Source (IPNS)

e Simultaneous Measurement of Mixed-conductor Lattice Relaxation, Diffusion, and Gas
Conversion. The General Purpose Powder Diffractometer (GPPD) at the IPNS is equipped with a
specially designed controlled-atmosphere furnace, where samples in pellet or hollow-tube form
are exposed to mixtures of gases to control oxygen and hydrogen content from highly oxidizing
to highly reducing environments. Using two separate gas delivery “circuits,” simulated
membrane operation conditions can be achieved whereby the responses of oxygen-permeable
membranes to strong oxygen partial pressure gradients can be studied. Exhaust gases are
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analyzed with a Residual Gas Analyzer to probe for leakage and to quantify gas conversion
reactions. Dense ceramic components with mixed-conduction properties and high oxygen
permeability are important as membranes for oxygen separation and solid oxide fuel cell
applications. Membranes are typically operated at elevated temperatures (800-1000°C) and
exposed to large oxygen partial pressure gradients. This experiment reproduces the conditions
under which these membranes will be used commercially and provides insights into the unusual
differential oxygen partial pressure stability of these materials.

e Accelerator Systems Improvements. Efforts include: completion of the beamline-magnet power
supply upgrades, replacing the originals with higher-efficiency and better regulated units;
completion of a full year of operation of the first of two new kicker-magnet power supplies; and
completion of full-power tests of the new third-rf system that will be installed in the synchrotron
ring to provide new proton beam capture and handling capabilities.

e National Neutron and X-ray Scattering School. During August 2005, Argonne National
Laboratory again hosted the National School on Neutron and X-Ray Scattering. The school
continues to attract outstanding graduate students and post-doctoral appointees with 150
applications for the 60 positions available in 2005. The intensive training introduces students to
the theory of, and provides hands-on experimentation in, x-ray and neutron scattering.

= The Manuel Lujan Jr. Neutron Scattering Center at the Los Alamos Neutron Science Center
(LANSCE)

e Neutron Scattering Winter Schools. The First and Second Annual LANSCE Neutron Scattering
Winter Schools were held, with 30 students from a wide geographical distribution attending each
School. The 2004 topic was magnetism and the 2005 topic was mechanical properties of
materials. During nine intensive days in Los Alamos, students had lectures from world experts on
the key materials issues for the School theme, modeling and theory, and neutron scattering
techniques addressing these issues. In addition, the students had the opportunity to gain hands-on
experience in neutron-scattering techniques and data analysis.

e New Sample Environments. A major emphasis on sample environments in FY 2005 has greatly
enhanced the low temperature, high field, and high pressure possibilities for user experiments.
Investments in new low temperature sample environments, high pressure instrumentation,
sample goniometers, and support staff have made users more productive. Along with the 11-
Tesla superconducting magnet commissioned in 2004, the Lujan Center’s suite of sample
environments for condensed matter physics has dramatically improved in FY 2005. A rheometer
designed to synchronize with the 20 Hz Lujan Center pulsed neutron beam is expected to be
tested in FY 2005. It will provide a unique capability to impose accurate hydrodynamic shear on
polymer solutions and colloidal suspensions while performing structural measurements by small-
angle neutron scattering.

e Instruments Enhancement. The High Intensity Powder Diffractometer (HIPD) and the Single
Crystal Diffractometer (SCD) have received upgrades to software, shielding, alignments, and
hardware that have increased their neutron intensity, user throughput, and efficiency. New
hardware and software controls on the Low-Q Diffractometer (LQD) and a new detector have
made small angle neutron scattering (SANS) more effective.
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= The High Flux Isotope Reactor (HFIR)

e Common Guide Casings for Seven New Instruments Installed. Neutron guides transport cold
neutrons (energies ~0.1-20 meV) with little loss in flux. This permits one to transport neutron
beams from the source to instruments several tens of meters away. This lowers the instrumental
background noise from gamma rays and unwanted neutrons since one can place the instruments
far from the source. Also, the guides have a slight curvature which removes the “line-of-sight”
view of the neutron source and further reduces this background. The guides are made by coating
glass with layered coatings called supermirrors which are highly reflective for neutrons. These
flat, coated glass plates are then assembled to form hollow rectangular cross-sectioned pipes with
the coated sides forming the interior walls of the pipes. These guides will be illuminated with
neutrons produced by the new HFIR cold source to be installed early in 2006.

e HB-4 Shield Tunnel and Velocity Selector Shielding Installed. A great deal of neutron shielding
is required to shield the exit of the new HFIR cold source and components of the cold neutron
beamlines. The first and largest general section of shielding for the new instruments was
constructed. Also, the lead shielding for the velocity selectors for the two small angle neutron
scattering (SANS) instruments was assembled. These components are essential for the new
Center for Neutron Scattering cold neutron spectrometers.

e SANS 1 Detector Tank and Internal Components Installed. The largest component for the first
Small Angle Neutron Scattering (SANS) instruments has been installed. This giant tank will
contain the detector for this instrument. The 1 meter square detector will ride on rails inside the
evacuated volume of the tank.

e The Neutron Reflectometer Commissioned. A new instrument, the neutron reflectometer, was
commissioned for use in the general user program at the HFIR Center for Neutron Scattering.
This machine is optimized for the studies of surfaces and interfaces. It is the fifth Cold Neutron
Source instrument fully commissioned and will be used for the studies of polymers, biomaterials,
thin solid films, and surfactants.

Detailed Justification

(dollars in thousands)

FY 2005 | FY 2006 | FY 2007

Materials Sciences and Engineering Research............................. 290,400 274,220 335,009
= Structure and Composition of Materials ................................. 24,907 16,943 22,245

This activity supports basic research on the structure and composition of materials including
research on the arrangement and identity of atoms and molecules in materials, and the development
of quantitative characterization techniques, theories, and models describing how atoms and
molecules are arranged. Also sought are the mechanisms by which the arrangements are created and
evolve. Increasingly important are the structure and composition of inhomogeneities including
defects and the morphology of interfaces, surfaces, and precipitates.

The properties of materials used in all areas of energy technology depend upon their structure.
Performance improvements for environmentally acceptable energy generation, transmission, storage,
and conversion technologies likewise depend upon the structural characteristics of advanced
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(dollars in thousands)

FY 2005 | FY 2006 | FY 2007

materials. This dependence occurs because the spatial and chemical inhomogeneities in materials
(e.g., dislocations, grain boundaries, magnetic domain walls, and precipitates) determine and control
critical behaviors such as fracture toughness, ease of fabrication by deformation processing, charge
transport and storage capacity, surface/catalytic reactivity, superconducting parameters, magnetic
behavior, corrosion susceptibility, etc.

Capital equipment is provided for items such as new electron microscopes and improvements to
existing instruments.

In FY 2007, funding will continue on advanced instruments with capabilities to characterize and
interpret atomic configurations and packing arrangements at the nanoscale with improved resolution
and accuracy, including the ability to determine composition, bonding, and physical properties of
materials. Within this funding, there are increases to support the development of advanced electron
microscopy and scanning probe techniques ($+763,000), ultrafast electron scattering probes as
companion tools to ultrafast photon probes ($+1,000,000), for mid-scale instrumentation to develop
new experimental tools and techniques for atomic scale structural characterization ($+2,000,000), for
research related to the hydrogen economy ($+100,000), and for solar energy conversion
($+1,439,000).

= Mechanical Behavior and Radiation Effects .......................... 14,008 13,037 18,195

This activity supports basic research to understand the deformation, embrittlement, fracture, and
radiation damage of materials. Concerns include the behavior of materials under repeated or cyclic
stress, high rates of stress application as in impact loading, and over a range of temperatures
corresponding to the stress and temperature conditions in present and anticipated future energy
conversion systems. The objective is to achieve an atomic level understanding of the relationship
between mechanical behavior and defects in materials, including defect formation, growth,
migration, and propagation. This research aims to build on this atomic level understanding in order
to develop predictive models for the design of materials having superior mechanical behavior, with
some emphasis on very high temperatures. The focus of basic research in radiation effects is to
achieve an atomic-level fundamental understanding of mechanisms of radiation damage and how to
design radiation-tolerant materials. Concerns include radiation induced embrittlement and radiation
assisted stress-corrosion cracking. Other issues include achieving an atomic level understanding of
amorphization mechanisms (transition from crystalline to a non-crystalline phase) and the
modification of surface behavior by techniques such as ion implantation.

This program contributes to DOE missions in the areas of fossil energy, fusion energy, nuclear
energy, transportation systems, industrial technologies, defense programs, radioactive waste storage,
energy efficiency, and environment management. This research helps understand load-bearing
capability, failure and fatigue resistance, fracture toughness and impact resistance, high-temperature
strength and dimensional stability, ductility or deformability of materials that is critical to their ease
of fabrication, and radiation effects including understanding and modeling of radiation damage and
surface modification using ion implantation. This activity relates to energy production and
conversion through the need for failure resistant materials that perform reliably in the hostile and
demanding environments of energy production and use. This program contributes to understanding

Science/Basic Energy Sciences/
Materials Sciences and Engineering FY 2007 Congressional Budget

Page 100



(dollars in thousands)

FY 2005 | FY 2006 | FY 2007

mechanical properties of materials and aspects of nuclear technologies ranging from radioactive
waste storage to extending the lifetime of nuclear facilities.

Capital equipment is provided for items such as in-situ high-temperature furnaces, and
characterization instrumentation.

In FY 2007, funding will continue support for research on understanding the mechanisms that are
related to both the deformation and degradation of materials. Specific emphasis will be on nanoscale
mechanics, and in particular the complex mechanical interactions of fundamental building blocks in
directed self-assembly. The program also supports the development of new theoretical and
experimental tools to probe the deformation and degradation behaviors at the nanoscale. Within this
funding, there is an increase for ongoing materials research in support of materials related to
advanced nuclear reactor fuel cycles ($+5,158,000).

= Physical Behavior of Materials........................cocociiinninnnn. 25,551 24,677 29,756

This activity supports basic research at the atomic and molecular level to understand, predict, and
control physical behavior and functional properties of materials by developing models for the
response of materials to environmental stimuli such as: temperature, electromagnetic fields,
chemical environments, and proximity of surfaces or interfaces. Included within the activity are
research in aqueous, galvanic, and high-temperature gaseous corrosion and their prevention;
photovoltaics and photovoltaic junctions and interfaces for solar energy conversion; the relationship
of crystal defects to the superconducting properties for high-temperature superconductors; phase
equilibria and kinetics of reactions in materials in hostile environments, such as in the very high
temperatures encountered in energy conversion processes; and diffusion and transport of ions in
ceramic electrolytes for improved performance in batteries and fuel cells.

Research underpins the missions of DOE by developing the basic science necessary for improving
the reliability of materials in mechanical and electrical applications and for improving the generation
and storage of energy. With increased demands being placed on materials in real-world environments
(extreme temperatures, strong magnetic fields, hostile chemical environments, etc.), understanding
how their behavior is linked to their surroundings and treatment history is critical.

Capital equipment is provided for items such as spectroscopic instruments, instruments for electronic
and magnetic property measurement, and analytical instruments for chemical and electrochemical
analysis.

In FY 2007, major activities will include basic research for solar to electricity conversion. Areas of
emphasis include polycrystalline, nanocrystalline, and organic materials to replace expensive single
crystals; innovative design of interpenetrating photoconversion materials networks to improve
charge separation and collection efficiency; and the development of novel processes to obtain
extremely high conversion efficiencies at modest cost. With the anticipated vigorous development of
new types of nanoscale materials, new opportunities will emerge to dramatically improve solar
energy conversion efficiency. Within this funding, there are increases to support solar conversion
research ($+4,379,000) and research activities related to the hydrogen economy ($+700,000).
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(dollars in thousands)

FY 2005 | FY 2006 | FY 2007

Synthesis and Processing Science ...............c.cocccoeviiiiniiiinnnn. 15,149 17,083 21,022

This activity supports basic research to understand and develop innovative ways to make materials
with desired structure, properties, or behavior. Examples of activities in synthesis and processing
include the growth of single crystals of controlled orientation, purity, and perfection; the formation
of thin films of controlled structure and orientation by various techniques; atomic and molecular self
assembly to create and explore new materials; nanostructured materials including those that mimic
the structure of natural materials; the preparation and control of powder or particulate matter for
consolidation into bulk form by many alternative processes; sol-gel processes; the welding and
joining of materials including dissimilar materials or materials with substantial differences in their
coefficients of thermal expansion; plasma, laser, and charged particle beam surface modification and
materials synthesis; and myriad issues in process science. This activity also includes development of
in-situ measurement techniques and capabilities to quantitatively determine variations in the
energetics and kinetics of growth and formation processes on atomic or nanometer length scales.

This activity includes the operation of the Materials Preparation Center at the Ames Laboratory,
which develops innovative and superior processes for materials preparation and provides small
quantities of research-grade, controlled-purity materials and crystals that are not otherwise available
to academic, governmental, and industrial research communities to be used for research purposes.

This activity underpins many of the DOE technology programs, and appropriate linkages have been
established in the areas of light-weight, metallic alloys; structural ceramics; high-temperature
superconductors; and industrial materials, such as intermetallic alloys.

Capital equipment includes controlled crystal growth apparatus, furnaces, lasers, chemical vapor and
molecular beam epitaxial processing equipment, plasma and ion sources, and deposition equipment.

In FY 2007, funding will include continued support for research on nanoscale synthesis and
processing. Major emphasis will be on providing synthesis and processing capabilities to enable the
manipulation of individual spin, charge, and atomic configurations in ways to probe the atomistic
basis of the emergent behavior. Research on emergent behavior will have a significant impact on
developing new materials and devices for energy applications, including spin-based electronics and
multifunctional sensors. Within this funding, there are increases to initiate new emergent behavior
research ($+1,000,000), research activities related to hydrogen economy ($+1,500,000), and solar
energy conversion ($+1,439,000).

Engineering Research....................ccooociiiiiiniiiiniiice, 5,306 2,444 1,000

This activity supports fundamental atomic or nanoscale studies of the conduction of heat in terms of
the interactions of phonons (or crystal lattice vibrations) with crystalline defects and impurities and
the transfer of mass and energy in turbulent flow in geometrically constrained systems and the
mechanics of nanoscale systems.

The performance, safety, and economics of fission, fusion, fossil, and transportation energy
conversion systems depend on a thorough understanding of heat transfer in regimes of complex,
multi-phase fluid flow and the ability to provide reliable early warning of impending catastrophic
fracture or other failure.
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(dollars in thousands)

FY 2005 | FY 2006 | FY 2007

In FY 2007, in order to emphasize other research activities described herein, selected activities in
engineering research will be terminated, including nanoindentation, fluid behavior during
solidification, heat transfer, and multiphase fluid flow.

= Neutron and X-ray Scattering .............ccccccceeiiiviiiiniiennineennn. 46,061 45,141 62,055

This activity supports basic research in condensed matter physics and materials physics using
neutron and x-ray scattering capabilities, primarily at major BES-supported user facilities. Research
seeks to achieve a fundamental understanding of the atomic, electronic, and magnetic structures of
materials as well as the relationship of these structures and excitations to the physical properties of
materials. The increasing complexity of such energy-relevant materials as nanoscale catalysts,
superconductors, semiconductors, and magnets requires ever more sophisticated neutron and x-ray
scattering techniques to extract useful knowledge and develop new theories for the behavior of these
materials. Both ordered and disordered materials are of interest as are strongly correlated electron
systems, surface and interface phenomena, and behavior under environmental variables such as
temperature, pressure, and magnetic field. X-ray and neutron, together with the electron scattering
probes supported under Structure and Composition of Materials and Electron-beam
Microcharacterization Facilities, are the primary tools for characterizing the atomic, electronic, and
magnetic structures of materials.

Research in the areas of nanostructured materials and novel hydrogen storage media will be
continued using the structural and chemical information garnered from x-ray and especially neutron
scattering. Structural studies on carbon-based hydrogen storage media-such as nanotubes, nanohorns,
fullerenes, and nanoscale hydrides also will be performed to reveal the site of hydrogen
incorporation and the mechanisms of hydrogen storage. The knowledge and technique developed in
this activity have broad applicability in developing new materials for efficient and environmentally
acceptable energy technologies.

Capital equipment is provided for items such as detectors, monochromators, mirrors, and beamline
instrumentation at all of the facilities.

In FY 2007, activities will be initiated in ultrafast materials science research with an emphasis on
understanding the physics of strongly correlated systems and systems at the nanoscale; properties
and behavior of materials at high pressure magnetic fields; real-time, in-situ characterization of
materials synthesis; exploratory research on next generation instrument concepts for synchrotron
light sources and neutron sources; and studies of structure and dynamics in hydrogen storage
materials ($+9,614,000). Additional funding is provided for the development of new research
activities in photon-based ultrafast materials science ($+4,000,000), the development of mid-scale
instrumentation including end stations at the synchrotron light sources and neutron scattering
facilities ($+1,000,000), and research related to the hydrogen economy ($+2,300,000).

= Experimental Condensed Matter Physics...............cccccceeene. 41,024 36,691 47,480

This activity supports condensed matter physics with emphases in electronic structure, surfaces, and
interfaces and new materials. Research includes measurements of the properties of solids, liquids,
glasses, surfaces, thin films, artificially structured materials, self-organized structures, and nanoscale
structures. This activity includes the design and synthesis of new materials with new and improved
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FY 2005 | FY 2006 | FY 2007

properties. These materials include magnetic materials, superconductors, semiconductors and
photovoltaics, liquid metals and alloys, and complex fluids. The development of new techniques and
instruments including magnetic force microscopy, electron microscopic techniques, and innovative
applications of laser spectroscopy is a major component of this activity. Measurements are made
under extreme conditions of temperature, pressure, and magnetic field.

This research is aimed at a fundamental understanding of the behavior of materials that underpin
DOE technologies. This activity supports research in photovoltaics, superconductivity, magnetic
materials, thermoelectrics, and optical materials which underpin various technology programs in
Energy Efficiency and Renewable Energy (EERE). Research in superconductivity and photovaltaics
especially is coordinated with the Solar technologies program in EERE. In addition, this activity
supports the strategically important information technology and electronics industries in the fields of
semiconductor physics, electronics, and spintronics research. The petroleum recovery efforts of
Fossil Energy (FE) and the clean-up efforts of Environmental Management (EM) programs are
supported through research on granular materials and on fluids.

Capital equipment is provided for crystal growth equipment, scanning tunneling microscopes,
electron detectors for photoemission experiments, sample chambers, superconducting magnets, and
computers.

In FY 2007, major activities will continue in the development of nanomaterials for both energy
conversion and hydrogen energy storage, which exhibit size-dependent properties that are not seen in
macroscopic solid state materials. Enhanced electrical, thermal, mechanical, optical, and chemical
properties have shown that these new nanomaterials could lead to dramatic improvements in the
technologies relevant to fuel cells, batteries, capacitors, nanoelectronics, sensors, photovoltaics,
thermal management, super-strong lightweight materials, hydrogen storage, and electrical power
transmission. Within this funding, there is an increase to initiate mid-scale instrumentation for the
synthesis of new materials and the growth of high quality single crystals ($+2,500,000) and for solar
energy conversion ($+4,939,000). Additional funding is provided for research related to the
hydrogen economy ($+3,350,000).

=  Condensed Matter Theory ...........cccocovereiiiiiiiniiiiieeeeee e, 19,798 22,888 27,408

This activity supports basic research in theory, modeling, and simulations of the condensed matters,
and it complements the Experimental Condensed Matter Physics activity. A current major thrust is in
nanoscale science where links between the electronic, optical, mechanical, and magnetic properties
of nanostructures and their size, shape, topology, and composition are not well understood. For the
simplest semiconductor systems, carbon nanotubes, and similar “elementary” systems, there has
been considerable progress. However, progress in establishing the theoretical framework for more
complex materials and hybrid structures has been limited. Computer simulations will play a major
role in understanding materials at the nanometer scale and in the development “by design” of new
nanoscale materials and devices. The greatest challenges and opportunities are in the transition
regions where nanoscale phenomena are just beginning to emerge from the macroscopic and
microscale regimes.

The Computational Materials Sciences Network supports cooperative research teams for studies
requiring numerous researchers with diverse expertise. Examples include fracture mechanics—
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FY 2005 | FY 2006 | FY 2007

understanding ductile and brittle behavior; microstructural evolution in which microstructural effects
on the mechanics of materials; magnetic materials across all length scales; excited state electronic
structure and response functions; and strongly correlated electron systems. The knowledge and
computational tools developed in this activity have broad applicability on programs supported by
Energy Efficiency and Renewable Energy and National Nuclear Security Administration.

Capital equipment will be provided for items such as computer workstations, beamline instruments,
ion implantation, and analytical instruments.

In FY 2007, major activities will include both theoretical and computational approaches capable of
interrogating systems to gain direct insight on the mechanisms underpinning the cooperative
behavior of complex systems. Unlocking the mysteries of these systems will lay the scientific
foundation for designing and engineering new multifunctional materials, devices and sensors with
exquisitely sensitive properties. Within this funding, there are increases to support new emergent
behavior research ($+1,500,000), research related to hydrogen production, storage, and use
($+1,100,000), and for solar energy conversion ($+1,920,000).

=  Materials ChemiStry ............ccccccooviiiiiiiiiine e 46,860 40,694 49,748

This activity supports basic research on the design, synthesis, characterization, and properties of
novel materials and structures. The portfolio emphasizes solid-state chemistry, surface chemistry,
and interfacial chemistry. It includes investigation of novel materials such as low-dimensional solids,
self-assembled monolayers, electrocatalysts, cluster and nanocrystal-based materials, conducting and
electroluminescent polymers, organic superconductors and magnets, complex fluids, hybrid
materials, biomolecular materials and solid-state neutron detectors. There is a continued interest in
the synthesis of new complex materials with nanoscale structural control and unique material
properties that originate at the nanoscale. Significant research opportunities also exist at the
biology/materials science interface. A wide variety of experimental techniques are employed to
characterize these materials including x-ray photoemission and other spectroscopies, scanning
tunneling and atomic force microscopies, nuclear magnetic resonance (NMR), and x-ray and neutron
reflectometry. The program also supports the development of new experimental techniques such as
surface force apparatus in combination with various spectroscopies.

The research in this activity underpins many energy-related technological areas such as batteries and
fuel cells, catalysis, friction and lubrication, membranes, sensors and electronics, and materials
aspects of environmental chemistry. The development of synthetic membranes using biological
approaches may yield materials for advanced separations and energy storage.

Capital equipment is provided for such items as advanced nuclear magnetic resonance and magnetic
resonance imaging instrumentation and novel atomic force microscopes.

In FY 2007, major activities will include the solar to fuels conversion research with an emphasis on
tailoring the absorption and charge separation via the control of photon and electron motion in
materials. Such activities will take full advantage of the nanotechnology/biotechnology revolutions
to enable exquisite design of materials and the mimicking of natural function. The confluence of the
emerging nanoscale hybrid materials and advances in the understanding of nature’s design rules of
its photosynthetic and catalytic systems opens up opportunities for combining biological and
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inorganic/organic components in engineered assemblies with unprecedented efficiencies for the
conversion of solar photons to fuels and chemicals. Within this activity, there are increases for direct
solar conversion to fuels research ($+5,129,000) and for the development of new tools, techniques
and mid-scale instrumentation to measure forces, atomic configuration, and physical and chemical
properties with ultrahigh sensitivity to further advance nanoscale science ($+1,500,000). Additional
funding is provided for research related to the hydrogen economy ($+2,425,000).

= Experimental Program to Stimulate Competitive Research
(EPSCORY) ..ottt 7,643 7,280 8,000

This activity supports basic research spanning the complete range of activities within the Department
in states that have historically received relatively less Federal research funding. The EPSCoR states
are Alabama, Alaska, Arkansas, Delaware, Hawaii, Idaho, Kansas, Kentucky, Louisiana, Maine,
Mississippi, Montana, Nebraska, New Hampshire, Nevada, New Mexico, North Dakota, Oklahoma,
Rhode Island, South Carolina, South Dakota, Tennessee, Vermont, West Virginia, Wyoming, the
Commonwealth of Puerto Rico, and the U.S. Virgin Islands. The work supported by the EPSCoR
program includes research in materials sciences, chemical sciences, biological and environmental
sciences, high energy, and nuclear physics, fusion energy sciences, fossil energy sciences, and
energy efficiency and renewable energy sciences. In FY 2007, funding is increased for EPSCoR
research activities ($+720,000). The following table shows EPSCoR distribution of funds by state.

EPSCoR Distribution of Funds by State

PN F=1 o 1y - VR 695 685 258
PN F- L U TSR — — —
AN =T Y- T 145 135 139
(B L] Fo VTV (=TSRRI — — —
[ ATV 1 — — —
[0 F=1 0 Lo YR 476 375 375
NG 1Y TR 626 135 —
T 1100103 SRS 224 — —
LOUISIANA ...ttt ettt ettt et e et e et e e sae e e ebe s e st ae e bt essbeesbesesrensrenas 660 462 375
VT R — — —
Y T T ] o USRS 667 132 —
1Y/ 0] g1 7= g - TR 375 455 133
N [E] o] ) R 120 265 269
NEW HamMPSNITE® ........cucuiieiiiiiccieieee et — — —
LNV Z 1o - — 90 105
INEW IMEXICO ...ttt ettt ettt e e s et e e e st b e e e s sab e e e s sabbe s e sbaaeessabaneaas 135 135 —
Lo g AT D1 ] - 406 273 —
(O] E=1 010 14 - TR 485 350 350
RNOUE ISIANGZ ...ttt ettt ettt ettt e e e e e et e neeaneeee e — — —

& Becomes eligible in FY 2006.
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PUBIEO RICO ..ttt ettt ettt nas 375 375 —
SOULh CaroliNa.......ccviiiiii e 716 660 525
SOULN DAKOTA .....eeviecicice et et 125 125 —
BT LT PSR — 140 140
=110 T 705 — —
U.S. Virgin ISIaNGS. ..o — — —
WESE VITGING ..ottt sttt et snenne e 315 225 135
RVAY3Y o] 1T SR S 270 140 140
TeChNICAl SUPPOIT....c.viiiiiiiciee e 123 60 110
(@10 OO — 2,063 4,946
= Electron-beam Microcharacterization.............ccccoeevevvveiiieennenns 7,614 7,945 7,945

This activity, which was previously budgeted in Structure and Composition of Materials, supports
three electron-beam microcharacterization user centers: the Electron Microscopy Center for
Materials Research at Argonne National Laboratory, the National Center for Electron Microscopy at
Lawrence Berkeley National Laboratory, and the Shared Research Equipment Program at Oak Ridge
National Laboratory. These centers contain a variety of highly specialized instruments to provide
information on the structure, chemical composition, and properties of materials from the atomic
level on up, using direct imaging, diffraction, spectroscopy, and other techniques based primarily on
electron scattering.

Atomic arrangements, local bonding, defects, interfaces and boundaries, chemical segregation and
gradients, phase separation, and surface phenomena are all aspects of the nanoscale and atomic
structure of materials, which ultimately controls the mechanical, thermal, electrical, optical,
magnetic, and many other properties and behaviors. Understanding and control of materials at this
level is critical to developing materials for and understanding principles of photovoltaic energy
conversion, hydrogen production, storage, and utilization, catalysis, corrosion, response of materials
in high-temperature, radioactive, or other extreme environments, and many other situations that have
direct bearing on energy, environmental, and security issues.

Electron probes are ideal for investigating such structure because of their strong interactions with
atomic nuclei and bound electrons, allowing signal collection from small numbers of atoms—or, in
certain cases, just one. Furthermore, the use of these charged particles allows electromagnetic
control and lensing of electron beams resulting in spatial resolution that can approach single atomic
separations or better.

Capital equipment is provided for instruments such as scanning, transmission, and scanning
transmission electron microscopes, atom probes and related field ion instruments, related surface
characterization apparatus and scanning probe microscopes, and auxiliary tools such as
spectrometers, detectors, and advanced sample preparation equipment.

In FY 2007, user operations, scientific research of the staff, and development of new instruments or
techniques will continue to be supported at the electron beam microcharacterization user facilities.

& Uncommitted funds in FY 2006 and FY 2007 will be competed among all EPSCoR states.
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= Accelerator and Detector Research................ccccccocoooiiviinnnnnn, 4,000 2,119 3,000

This activity supports basic research in accelerator physics and x-ray and neutron detectors.
Research seeks to achieve a fundamental understanding beyond the traditional accelerator science
and technology to develop new concepts for synchrotron radiation and spallation neutron sources.
Research includes studies of the creation and transport of ultra-high brightness electron beams to
drive Self Amplified Spontaneous Emission (SASE) Free Electron Lasers (FELs) such as the LCLS.
Collective electron effects as micro-bunch instabilities from coherent synchrotron and edge radiation
are key areas of interest as they can degrade the beam brightness. In the area of neutron science,
there is research to develop improved high intensity, low emittance proton sources in order to
achieve high power spallation sources. There is also joint interest in collaboration with NSF on
Energy Recovery Linac (ERL) research. There is a coordinated effort between the DOE and NSF to
facilitate the development of x-ray detectors. There are ongoing industrial interactions through the
SBIR/STTR awards for the development of x-ray detectors.

In the area of neutron science, there is research to develop improved high intensity, low emittance
proton sources for accelerator-driven neutron sources. More efficient proton sources can increase the
reliability and lifetime due to lower RF power requirements.

To exploit fully the fluxes delivered by synchrotron radiation facilities and the SNS, new detectors
capable of acquiring data several orders of magnitude faster than present detectors are required.
Improved detectors are especially important in the study of multi-length scale systems such as
protein-membrane interactions as well as nucleation and crystallization in nanophase materials. They
will also enable real-time kinetic studies and studies of weak scattering samples.

Capital equipment provided for these studies includes lasers for photoionization and laser wake field
studies, RF hardware, data acquisition equipment, and optical equipment such as polarizers and
beam splitters, interferometers, and specialized cameras.

In FY 2007, activities in novel accelerator and source concepts as well as detector research will
continue.

= General Plant Projects...............coooveeriiiiiiiiiniiiiceee e 3,250 — 737

GPP funding is provided for minor new construction, for other capital alterations and additions, and
for improvements to land, buildings, and utility systems as part of the BES stewardship
responsibilities. Funding of this type is essential for maintaining the productivity and usefulness of
the Department-owned facilities and in meeting requirements for safe and reliable facilities
operation. The total estimated cost of each GPP project will not exceed $5,000,000.

= Neutron Scattering Instrumentation at the High Flux
Isotope Reactor................oooviiiiiiiiiiiie e 2,000 2,000 —

Capital Equipment funding for new and upgraded instrumentation prior to the installation and
commissioning of the cold source has been competed.
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Linac Coherent Light Source (LCLS).........ccccooovvviniiiininnnen. 4,000 — —

Research and development (R&D) funds were provided to support the physics design of several key
LCLS components: the photocathode gun, the linac, the undulator, and the beam optics. These R&D
activities were carried out at SLAC and other collaborating institutions in order to reduce the
technical risk and provide more confidence in the project’s cost and schedule estimates prior to
establishing a project performance baseline. No funding is requested in FY 2006 or FY 2007.

Nanoscale Science Research Centers ................c.ccooceeeniennen. 600 993 500
Funding is provided for Other Project Costs for Nanoscale Science Research Centers.
The Center for Nanoscale Materials .....................cccocceeeee . 12,000 14,000 —

Funding was completed in FY 2006 for the Major Item of Equipment with a total estimated cost of
$36,000,000 for instrumentation, including clean rooms, for the Center for Nanoscale Materials at
Argonne National Laboratory. The instrumentation will be contained in a new building, which was
constructed by the State of Illinois at a cost of $36,000,000 and which is dedicated to the Center
operations. The building is appended to the Advanced Photon Source. Included within the Center’s
instrument suite will be an x-ray nanoprobe beamline at the Advanced Photon Source. This beamline
will be the highest spatial resolution instrument of its kind in the world, which will permit
nondestructive examination of magnetic, electronic, and photonic materials important both for basic
science and as foundations for future nanotechnologies.

Spallation Neutron Source Instrumentation I......................... 3,143 12,579 10,500

Funds are provided to continue a Major Item of Equipment with a total estimated cost of
$68,500,000 for five instruments for the Spallation Neutron Source that will be installed after the
SNS line item project is completed in FY 2006. These instruments will complement the initial suite
of five instruments that are being built as part of the SNS construction project, which has capacity
for 24 instruments. The instrument concepts for the Major Item of Equipment project were
competitively selected using a peer review process. The project will be managed by Oak Ridge
National Laboratory with participation by both Argonne and Brookhaven National Laboratories as
well as by the State University of New York at Stony Brook. The instruments will be installed at the
SNS on a phased schedule between FY 2007 — 2011. A new Major Item of Equipment, described
below, will fund approximately four to five additional instruments.

Research on Instrumentation for the Linac Coherent
Light Source (LCLS) ....ooooiiiiiieieeeeeeeeeee e 1,900 1,500 —

Funding was completed in FY 2006 for research leading to Critical Decision 0 for a Major Item of
Equipment for instruments for the Linac Coherent Light Source.

Transmission Electron Aberration Corrected Microscope
(TEAM) ..ot 5,586 6,206 5,508

Funds are provided for a Major Item of Equipment with a Total Estimated Cost in the range of
$11,200,000 to $13,500,000 and a Total Project Cost in the Range of $25,000,000 to $30,000,000.
The TEAM project will construct and operate a new aberration-corrected electron microscope and
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make this capability widely available to the materials and nanoscience communities. The projected
improvement in spatial resolution, contrast, sensitivity, and the flexibility of design of electron
optical instruments will provide unprecedented opportunities to observe directly the atomic-scale
order, electronic structure, and dynamics of individual nanoscale structures. The TEAM instrument
will serve as a platform for future aberration-corrected instruments optimized for different purposes
such as wide-gap in-situ experimentation, ultimate spectroscopy, ultrafast high-resolution imaging,
synthesis, field-free high resolution magnetic imaging, diffraction and spectroscopy, and other
extremes of temporal, spectral, spatial or environmental conditions.

Linac Coherent Light Source Ultrafast Science
Instruments (LUSI).........ccooiiiiiii e — — 10,000

Funds are provided for a Major Item of Equipment with a total estimated cost in the range of
$50,000,000 to $60,000,000 for four instruments for the Linac Coherent Light source that will be
installed after the LCLS line item project is completed in FY 2009. These instruments together with
the instrument contained within the LCLS project address all but one of the science thrust areas in
the LCLS First Experiments report. The technical concepts for the four instruments have been
developed in close consultation with the scientific community through a series of workshops,
conferences, and focused review committees. Instrument designs for the Major Item of Equipment
project will be competitively selected using a peer review process. The project will be managed by
the Stanford Linear Accelerator Complex. The TEC will be narrowed to a cost and schedule
performance baseline following completion of Title I design and External Independent Reviews. It is
anticipated that these four instruments will be installed at the LCLS on a phased schedule between
FY 2009-2012. When completed, the LCLS will provide accommodations for six instrument
stations, four of which will be used by the instruments in this Major Item of Equipment.

Spallation Neutron Source Instrumentation II ....................... — — 10,000

Funds are provided for a Major Item of Equipment with a Total Project Cost in the range of
$40,000,000 to $60,000,000 for approximately five instruments for the Spallation Neutron Source
that will be installed after the SNS line item project is completed in FY 2006. These instruments will
effectively complete the suite of instruments at the SNS. The instrument concepts for the Major Item
of Equipment project will be competitively selected using a peer review process. The project will be
managed by Oak Ridge National Laboratory. The TEC range will be narrowed to a cost and schedule
performance baseline following completion of Title I design and External Independent Reviews. It is
anticipated that these instruments will be installed at the SNS on a phased schedule beginning in
about FY 2010.

Facilities Operations................ccoccevviiiiiiiiiiiiieeee e, 330,826 444,676 644,885

Operation of National User Facilities.................c....cccoccci. 330,826 444,676 644,885

The operations of the scientific user facilities are funded at a level that will permit service to users at
optimal capacity, an increase from FY 2006. In addition, funds are provided to partially support
operation of the SLAC linac previously fully funded by the High Energy Physics (HEP) program.
This marks the second year of a transition of programmatic ownership for SLAC linac operations
from HEP to BES as the LCLS project proceeds. FY 2007 funding is requested for National
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Synchrotron Light Source II Other Project Costs for R&D activities to reduce technical risk,
including equipment funds for instrumentation required to test prototype components. The
Combustion Research Facility is funded in the Chemical Sciences, Geosciences, and Energy
Biosciences subprogram at a level that will permit service to users at about the FY 2005 level. The
facility operations budget request, presented in a consolidated manner later in this budget, includes
operating funds, capital equipment, and accelerator and reactor improvement project (AIP) funding
under $5,000,000. AIP funding will support additions and modifications to accelerator and reactor
facilities that are supported in the Materials Sciences and Engineering subprogram. General plant
project (GPP) funding is also required for minor new construction, for other capital alterations and
additions, and for improvements to land, buildings, and utility systems. The total estimated cost of
each GPP project will not exceed $5,000,000. Capital equipment is needed at the facilities for items
such as beam monitors, interlock systems, vacuum systems, beamline front end components,
monochromators, and power supplies. A summary of the funding for the facilities included in the
Materials Sciences and Engineering subprogram is provided below.

Facilities
Advanced Light SOUICE .......cceeiiiiieieiieieeeee e 44,800 42,783 49,802
Advanced Photon SOUICE..........coviiiieiiii e 100,500 95,890 108,604
National Synchrotron Light Source...........ccoocveoiiiiiiiniiiieeeeeeeeeeeeen 36,750 36,196 40,763
National Synchrotron Light Source-IL...........ccccoovviiiiiniiniiiieiecieeeeee e 1,000 — 25,000
Stanford Synchrotron Radiation Laboratory...........c.cceceeeieieneienencneseee 32,388 25,475 35,836
High Flux ISotope Reactor.........ccveviiiiiiieiieiieie et 46,900 43,330 51,598
Radiochemical Engineering Development Center.............cceevevienierienieneneneenne. 4,500 — —
Intense Pulsed Neutron SOUICE ......ccuvvvviiiiiiiiiiiieieeeeeeeeeeee e 16,800 15,500 18,531
Manuel Lujan, Jr. Neutron Scattering Center ............ccevverveeiereerreereeseeneenneenns 9,588 10,000 10,582
Spallation NEULrON SOUICE.......cocieruieriieieeierieie ettt ee ettt enees 37,600 101,001 171,409
Center for Nanophase Materials SCIENCES .........ccevveveirieriieniieieeieeeie e — 17,800 19,190
Center for Integrated Nanotechnologies ...........cceceeeeierienieneneneneeeeeeceeene — 11,900 19,190
Molecular FOUNAIY .....cocuoiiiiieiiei e — 8,100 19,190
Center for Nanoscale MaterialS ............oocvervioviiiieirieiiieeeeceeee e — 3,500 19,190
Linac Coherent Light Source (LCLS) ....coooiiiiiiiiieiieeeeee e — 3,500 16,000
Linac fOr LCLS......oooiiiieiieee ettt ettt eve v e eaees — 29,700 40,000
TOtAl, FACIITIES ..uvvveiieiiieeceeeee ettt e e e e enaeee s 330,826 444,675 644,885
SBIR/STTR ..o e — 18,820 24,228

In FY 2005, $13,551,000 and $1,626,000 were transferred to the SBIR and STTR programs,
respectively. The FY 2006 and FY 2007 amounts shown are the estimated requirements for the
continuation of the SBIR and STTR program.

Total, Materials Sciences and Engineering...................cccocceennen. 621,226 737,715 1,004,212
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Explanation of Funding Changes

Materials Sciences and Engineering Research

Structure and Composition of Materials

Increases are provided for developing advanced electron microscopy and scanning
probe techniques ($+763,000), research to advance the hydrogen economy
($+100,000), ultrafast science ($+1,000,000), mid-scale instrumentation
($+2,000,000), and solar energy conversion ($+1,439,000).........cccccevverinieneenerenenne.

Mechanical Behavior and Radiation Effects

Increase is provided for ongoing research in support of materials related to advanced
nuclear reactor fUCl CYCIES .......oviiiiiiiiiiiieicceee e

Physical Behavior of Materials

Increases are provided for research to advance the hydrogen economy ($+700,000)
and solar energy conversion ($+4,379,000)........ccccceriririniniiriniieeeeee e

Synthesis and Processing Science

Increase is provided for emergent behavior ($+1,000,000), research to advance the
hydrogen economy ($+1,500,000), and solar energy conversion ($+1,439,000)..........

Engineering Research

Termination of selected activities in engineering research including fluid behavior
during solidification and heat transfer .............cooceeiiiiiiiiiiii

Neutron and X-ray Scattering

Increases are provided for research and instrumentation for studies of strongly
correlated materials, systems at the nanoscale, materials in high fields, and other
studies relevant to energy needs ($+9,614,000). Increases are also provided for
research to advance the hydrogen economy ($+2,300,000), ultrafast science
($+4,000,000), and mid-scale instrumentation ($+1,000,000) .........ccccevvreervevrieeneennen.

Experimental Condensed Matter Physics

Increases are provided for research to advance the hydrogen economy
($+3,350,000), mid-scale instrumentation ($+2,500,000), and solar energy
conversion ($+4,939,000) .....occveierierereriiee et

Condensed Matter Theory

Increases are provided for research to advance the hydrogen economy
($+1,100,000), emergent behavior ($+1,500,000), and solar energy conversion
($F1,920,000).....ccueeeeeeieeee ettt ettt ettt ettt ettt et e b e e e eneenteenes
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Materials Chemistry

Increases are provided for research to advance the hydrogen economy
($+2,425,000), mid-scale instrumentation ($+1,500,000), and solar energy

conversion ($+5,129,000) .....cc.ocierrieiieierieie ettt

Experimental Program to Stimulate Competitive Research (EPSCoR)

Increases is provided for additional EPSCoR research activities ..........ccceeceeveeeennnene.

Accelerator and Detector Research

Increase is provided for additional research in new accelerator and detector concepts,
including accelerator concepts for light sources not necessarily based on storage-ring
EECHNOLOZIES ...ttt ettt et ettt et e et e bt e et e e eteenteenaeeenne

General Plant Projects

Increase is provided for general plant projects as part of the BES stewardship

TESPONSIDIIILICS L...viieiiiiiiieii ettt ettt e e et eeetaeebeessbeensaessseenseensnas

Neutron Scattering Instrumentation at the High Flux Isotope Reactor

Funding for new and upgraded instrumentation prior to installation and

commissioning of the cold source is complete.. ........cccoeviiiiiiiiiiiiiiiiiee e,

Nanoscale Science Research Centers

Scheduled decrease for Other Project Costs for the Nanoscale Science Research
Centers. Funding is provided for Other Project Costs for the BNL Center for
Functional Nanomaterials. No Other Project Costs are required for the remaining

Nanoscale Science ReSEArCH CENLETS. ... .uuuueeeeeeeeeeeeeeeeeee e eeeeeeeeeereeeeeeeeeeeeeeaeenas

The Center for Nanoscale Materials
Scheduled decrease for the Major Item of Equipment for the ANL Center for

Nanoscale Materials due to its COMPIETION ........ceevviieriiieiiieeieeeee e

Spallation Neutron Source Instrumentation I

Scheduled decrease for Instrumentation for the Spallation Neutron Source. ................

Research on Instrumentation for the Linac Coherent Light Source (LCLS)

Scheduled decrease for R&D on instrumentation for the LCLS ....cooovvimiieieiiieiiiinn.

Transmission Electron Aberration Corrected Microscope (TEAM)

Scheduled decrease for the Major Item of Equipment for the Transmission Electron
Aberration Corrected MICTOSCOPE......cvieruierriieriiretieniieeiteeeteeteesereereesseeeseessnesnseesseeenne

Linac Coherent Light Source Ultrafast Science Instruments (LUSI)

Initiate Major Item of Equipment for approximately four instruments at the Linac

Coherent Light SOUICE. .......ooouiiiiiiieciie ettt e e
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Spallation Neutron Source Instrumentation II

Initiate a new Major Item of Equipment for approximately four to five additional

instruments for the Spallation Neutron SOUIce..........cocvevvierieeiiienieeiiecieeieeeie e .

Total, Materials Sciences and Engineering Research .....................ccococooviiiiniiiininnn.

Facilities Operations

Operation of National User Facilities

Increase for the Advanced Light Source to support accelerator operations and for
INCTEASEd SUPPOIL fOT USETS.....eiuiieiiieiieeiie ettt ettt ettt et

Increase for Advanced Photon Source to support accelerator operations and for
INCTEASEd SUPPOTL fOT USETS.....eiuiieiiieiieeiie ettt ettt et aee e seees

Increase for National Synchrotron Light Source to support accelerator operations
and for increased SUPPOTT FOT USETS .....eeruiieriiiiiieiieeiieee e

Increase for National Synchrotron Light Source-II — Other Project Costs per
FY 2007 project data ShEet..........cuoveiviiiiiniiiiiiineceteceeeeeee e

Increase for the Stanford Synchrotron Radiation Laboratory to support accelerator
operations and for increased SUPPOTT fOT USETS .....ocvvieriiiiiieniiiiiieie e

Increase for High Flux Isotope Reactor to support reactor operations................c.........

Increase for Intense Pulsed Neutron Source to support accelerator operations and for
INCTEASEA SUPPOTE OF USETS. ..eeeuviieeiiieiiieecieeeeiee et e eete e et e e et e et e e sraeesbeeesaseeesnseeenneas

Increase for the Manuel Lujan, Jr., Neutron Scattering Center to support target
operations and for increased SUPPOTt fOT USETS .....eeeevireeiiiieeiiiieeiie e e

Increase for Spallation Neutron