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Office of Basic Energy Sciences

Office of Science

A.
Statement of Mission Need
The mission of the Department’s Basic Energy Sciences (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. As part of its strategic mission, the BES program plans, constructs, and operates major scientific user facilities to serve researchers at universities, national laboratories, and industrial laboratories, as set forth in Public Law 102-486 (Title 42, U.S. Code, Chapter 134—Energy Policy, Section 13503) and which is briefly summarized below.
Mission

The Department shall continue to support a vigorous program of basic energy sciences to provide basic research support for the development of energy technologies. Such program shall focus on the efficient production and use of energy and the expansion of our knowledge of materials, chemistry, geology, and other related areas of advancing technology development.

User Facilities

As part of the program referred to above, the Secretary shall carry out planning, construction, and operation of user facilities to provide special scientific and research capabilities, including technical expertise and support as appropriate, to serve the research needs of our Nation’s universities, industry, private laboratories, Federal laboratories, and others. 

In addition, the current DOE Strategic Plan (2003) contains a Science Strategic Goal that calls for providing a world-class scientific research capability and advancing scientific knowledge in order to protect our national and economic security. Within the framework of the Strategic Plan. this Strategic Goal translates to General Goal # 5. "Provide worldclass 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."
Neutron Science Facilities

Neutron scattering enables the determination of the positions and motions of atoms in materials, and it has become an increasingly indispensable scientific tool. Over the past decade, neutron scattering has made invaluable contributions to the understanding and development of many classes of new materials, from high temperature superconductors to fullerenes, a new form of carbon. The information that neutron scattering provides has wide impacts. For example, virtually everything we know about the fundamental structure of magnetic material - which are central to all motors, all generators, and to telecommunications, video, and audio technologies-has been learned through neutron scattering. In addition, chemical companies use neutrons to make better fibers, plastics, and catalysts; drug companies use neutrons to design drugs with higher potency and fewer side effects; and automobile manufacturers use the penetrating power of neutrons to understand how to cast and forge gears and brake discs in order to make cars run better and more safely.
The importance of high power - and consequently high neutron intensity - in neutron scattering research cannot be overstated. The properties of neutrons that make them an ideal probe of matter also require that they be generated with high flux. (Neutrons are particles with the mass of a proton, with a magnetic moment and with no electrical charge.) Neutrons interact with nuclei and magnetic fields; both interactions are extremely weak, but they are known with great accuracy. Because they have spin, neutrons have a magnetic moment and can be used to study magnetic structure and magnetic properties of materials. Because they weakly interact with materials, neutrons are highly penetrating and can be used to study bulk phase samples, highly complex samples, and samples confined in thick-walled metal containers. Because their interactions are weak and known with great accuracy, neutron scattering is far more easily interpreted than either photon scattering or electron scattering. However, the relatively low flux of existing neutron sources and the small fraction of neutrons that are scattered by most materials mean that most measurements are limited by the source intensity.

The pursuit of higher power neutron sources is more than just a desire to perform experiments faster, although that of course, is an obvious benefit. High flux enables broad classes of experiments that cannot be done with low-flux sources. For example: high neutron intensity enables studies of small samples, complex molecules and structures, time-dependent phenomena, and very weak interactions. 
The scientific justification for a very high intensity pulsed neutron source in the U.S. was established by numerous studies that date back to the 1970s. These include the 1984 National Research Council Study Major Facilities for Materials Research and Related Disciplines (the Seitz-Eastman Report), which recommended the immediate start of the design of both a steady-state source and an accelerator-based pulsed spallation source. More recently, the 1993 Basic Energy Sciences Advisory Committee (BESAC) report Neutron Sources for America's Future (the Kohn Panel Report) again included construction of a new pulsed spallation source among its highest priorities. This conclusion was even more strongly reaffirmed by the 1996 BESAC Report (the Russell Panel Report), which recommended the construction of a 1 megawatt (MW) pulsed spallation source facility dedicated to neutron scattering. It also specified that the design and implementation of the SNS should be such that the power of the facility could be upgraded with minimal disturbance, and that the facility design should include the “capability of additional targets, as required, with multiplexing to accommodate an expanding experimental instrument suite.” 
The need for a 1 MW pulsed spallation source has been fulfilled by the construction of the Spallation Neutron Source (SNS) at Oak Ridge National Laboratory (ORNL). The SNS is the most powerful spallation source in the world, capable of providing a proton beam power on target of ( 1 MW. The SNS is now ramping up toward its current design goal iof 1.4 MW (many times that of ISIS in the United Kingdom). The SNS employs a largely superconducting linear accelerator (linac) to produce 1-millisecond-long pulses of negative-hydrogen ions (H-) at a rate of 60 times per second and accelerates them to 1.0 GeV, resulting in a total design beam power of 1.4 MW. The H- ions are then converted to protons and the pulses are compressed to 700 nanoseconds in a 248-m-circumference accumulator ring that will deliver 1.4-MW of proton beam power to a 1 cubic meter mercury target from whence neutrons are generated via a nuclear reaction called spallation.

In accordance with the 1996 BESAC recommendation, the SNS is designed to be economically upgradeable and to accommodate a second target station so as to maintain its position of worldwide scientific leadership. Following the Russell Panel Report recommendations, many technical margins have been built into SNS systems to facilitate a power upgrade to at least 2 MW, with the ability to extract some of that power to a second target station. Increasing the SNS power level will enhance the scientific capability of existing and planned SNS instruments by expanding the range of materials for which measurements using a single pulse becomes feasible. The provision of a second target station enables the effective use of some of this additional power to provide many new complementary scientific capabilities extending the range of science well beyond even the capabilities provided by the initial SNS target station, with more than an order of magnitude gain in some research capabilities. This performance level will close mission capability gaps in nanoscience, biomaterials, energy storage media, structural materials, and magnetic systems. This will be explained further in the next section.

Recently, the importance of neutron scattering and the need to upgrade the SNS to provide higher beam power and a second target station was reinforced by the Office of Science Strategic Plan (February 2004) which identifies a prioritized list of scientific facilities that will be needed over the next twenty years to achieve SC's Strategic Goals. This list comes from the November 2003 study entitled, "Facilities for the Future of Science. A Twenty Year Outlook." Both the SNS Power Upgrade project and the SNS Second Target Station project were ranked very high on the list.
B. Analysis to Support Mission Need

The reason for building any new research facility is the new scientific capabilities and opportunities it will provide. A second target station at SNS will be optimized to address three major themes appearing throughout the discussions of neutron studies in forefront scientific areas. The first is the desire to extend current capabilities to be able to answer more difficult questions. These may involve extending measurements to higher resolution, performing the measurements in the presence of a more difficult sample environment and concomitant restrictions to smaller samples, or measurements made to higher precision to look for subtle intensity variations or line shape effects. The second is the desire to extend most types of measurements to parametric studies exploring ranges of compositions, external fields such as temperature or pressure, or time scales, as in kinetic studies. The third is the general tendency toward the study of systems exhibiting greater complexity, such as the complex chemical systems that occur in many soft matter studies, aspects of macromolecular functionality important in biology that can be explored using neutron scattering, or the multi-component systems important to the geophysical properties and functions relevant to earth sciences. 
A second target station at SNS will provide major new capabilities that support these three themes and significantly extend the types of scientific problems that can be fruitfully addressed with neutron scattering. By focusing on and optimizing for the production of cold neutrons this new facility will provide much higher cold-neutron intensities than heretofore available on any pulsed neutron source. These higher intensities translate into the ability to study much smaller samples, more-weakly-scattering processes, and/or higher-rate kinetic behaviors. They also translate into the ability to extend measurements to study of larger length scales and slower dynamical processes. This quantum jump in performance brought by the second target station will lead to qualitatively new scientific capabilities, complementary to those at the first SNS target station. This new facility would add a new suite of scientific capabilities comparable in scope to those provided by the present SNS, including its power upgrade project, roughly doubling the number of users that could be accommodated and providing extremely exciting opportunities to extend the power of neutron scattering into scientific areas and specific types of problems that have heretofore been inaccessible.

A few examples of such new scientific capabilities are outlined below:

Dynamical studies at longer length scales

These higher intensities permit tightening the resolution to provide an order-of-magnitude extension of neutron scattering dynamical studies to probe longer time scales (slower motions) at longer length scales (times up to 10 microseconds at distances up to 1 micron). This order-of-magnitude range extension will lead directly to new insights into forefront highly complex and difficult problems such as the “Grand Challenge” question: ‘What are the detailed processes and molecular drivers leading to the folding of proteins that is essential for them to carry out their biological role’. It will also enable much more complete studies of self-assembly and other hierarchical processes
Study of nano-scale lateral structures on surfaces and interfaces

Another example of new science that will be enabled with the second target station can be found in the field of neutron reflectometry, which has long been a unique and powerful tool for probing the atomic or magnetic density normal to surfaces and layered materials. In principle, lateral structures in such systems can also be probed on neutron reflectometers, using grazing-incidence techniques such as grazing-incidence diffraction or grazing-incidence SANS. However, the extremely weak signals have made the use of such techniques very difficult, if not impossible, with the neutron beam intensities that have been available up to now. The much higher intensity of cold neutrons provided by the second target station, coupled with emerging new techniques such as spin-echo resolved grazing-incidence scattering, will enable the full capabilities of neutrons (isotopic sensitivity, magnetic moment) to be brought to bear in the study of such lateral surface structures at length scales of about 10 nanometers to 1000 nanometers or more. This exciting prospect will open up broad forefront scientific areas to study with neutrons, including lateral structures in lubricating or adhesive layers, wetting phenomena, block copolymer or liquid crystal layers on surfaces, artificial biomembranes or biomimetic systems, self-assembly of nanoparticles on surface templates, and perhaps even real biological membranes. 

Novel imaging capabilities
A third example of new capabilities lies in the use of very highly focused neutron beams. At present, neutron focusing devices easily achieve focused beam sizes of < 100 microns, and focused neutron beams ~10 microns in size will be possible in the near future. The neutron intensity that will be available in such focused beams at the second target station will be enough to measure the very weak absorption or scattering produced by the relatively small number of sample atoms illuminated by a beam of this size. This, of course, will permit the study of such very small samples, and should also create opportunities to develop instrumentation for various types of scanning neutron probes for exploring minute regions of larger samples. The availability of intense neutron beams of this size will generate new techniques that will open up totally new scientific fields with an ultimate potential that is at present only dimly imagined.

Relaxation processes and systems far from equilibrium

As a final example of new scientific capabilities provided by the second target station, we mention the area of kinetic studies. The high flux of cold neutrons will allow all structural and dynamical measurements to be made much faster. This will, of course, facilitate parametric measurements probing material structures and dynamics as functions of environmental conditions such as temperature, pressure, applied magnetic or electrical field, or changing chemical composition of the environment. However, perhaps even more exciting, these rapid measurements will allow structural measurements (at length scales ranging from hundreds of nanometers down to fractions of one nanometer) to be made in a few seconds or less, allowing the kinetics of relaxation processes or the approach to chemical equilibrium to be followed on such time scales. This will enable much more extensive neutron exploration of the behavior of systems far from equilibrium and the approach to equilibrium than has previously been possible. In favorable cases pump-probe or other sample modulation techniques can extend these types of measurements down to a few microseconds, allowing much more detailed study of the initial relaxations in far-from-equilibrium conditions in a wide variety of systems. Thus the second target station will enable neutron scattering to make major contributions to this Grand Challenge area as well.

C. Importance of Mission Need and Impact If Not Approved

The Office of Science and Technology Policy Interagency Working Group on Neutron Science concluded in their June 2002 report that "the highest priority for Federal investments in neutron scattering is to fully exploit the best U.S. neutron source capabilities-including the SNS-for the benefit of the broadest possible scientific community." As a result of this and other DOE studies. SC has made neutron scattering a high priority. As stated previously, SC has prioritized its research facility needs for the coming 20 years in Facilities for the Future of Science, A Twenty Year Outlook (November 2003), and the need for an SNS second target station was given a relatively high priority. Failure to pursue such a second target station will not allow the Nation's scientific community to fully exploit the best possible neutron scattering capabilities of the SNS facility, and will eventually result in U.S. neutron science capabilities again becoming second-rate once better facilities come on line in Europe and Japan. Design work for an SNS second target station must begin soon in order to have such improved SNS capabilities available within the next decade.

D. Constraints and Assumptions

1.
Operational Limitations

There are no unusual operational limitations in effectiveness, capacity, technology, organizations or other special considerations. The design and operation of a second SNS target station would be a straightforward extension of the technology used in building the SNS facility and in other leading pulsed neutron facilities around the world. 
2.
Geographic, Organizational, and Environmental Limitations

In order to provide a second target station at the SNS facility, ORNL would need to play the central role in managing this project to ensure compatibility with SNS systems design and operational requirements. No environmental limitations are foreseen.

3.
Standardization and Standards Requirements

An SNS second target station project would have to conform to the applicable SNS design and operational standards.

4.
Environment, Safety, and Health

An SNS second target station project would have to comply with all requirements of the National Environmental Policy Act (NEPA) and its implementing regulations. No negative impacts to the environment are anticipated. The Final Environmental Impact Statement for constructing SNS, issued on April 23, 1999, anticipated this second target station. 
5.
Safeguards and Security
SNS second target station activities would be completely unclassified, and no safeguards and security issues during design and fabrication are foreseen. No ORNL safeguards and security requirements will be impacted during the course of implementing an SNS second target station. Access to the SNS site is controlled to ensure worker and public safety and for property protection.

6.
Interfaces With Existing and Planned Acquisitions

The principal and most obvious interface is with the SNS facility operations. Additional information on interfaces with SNS is contained in Section E. 
7.
Affordability Limits on Investment

The Total Project Cost (TPC) of a SNS second target station project is roughly estimated to be in the $800 - 950 million range.  It is anticipated that the project would be completely funded within the BES budget. However, the project is currently not within the BES outyear funding target.

8.
Goals for Limitations on Recurring or Operating Costs

The incremental cost for operating the SNS facility with this second target station would be included within the annual operating budget of the SNS, which will be entirely funded by BES. The additional operating cost associated with the second target station is estimated to be about $40 - 45 million annually. This increment stems from increased electrical consumption due to added radiofrequency power systems, increased consumption of spare parts, additional spare components consistent with the increased parts inventory, and additional operations and maintenance staff responsible for the additional hardware and for the scientific program at the second target station.

9.
Legal and Regulatory Constraints or Requirements

The SNS second target station project would be in full compliance with all applicable Federal, state and local requirements. No negative environmental impacts have been identified or are anticipated. Similarly, there are no known legal or regulatory issues that could impact this project.

10.
Stakeholder Considerations

No significant stakeholder issues are anticipated. Congressional support for the SNS project and for neutron science in general has been strong. Since the SNS has had a positive effect on the Oak Ridge economy, local and regional businesses and universities in Tennessee are staunch supporters of the SNS. ORNL enjoys good relations with the local community. ORNL has conducted special outreach activities aimed at the university and industrial neutron science research community and, via its existing outreach and community-information programs, ORNL will keep stakeholders informed about initiation of and progress toward construction of the second target station at SNS.

11.
Limitations Associated With Program Structure, Competition and Contracting, Streamlining, and Use of Development Prototypes or Demonstrations

A core group of scientists, engineers and technicians who are capable of conceiving, designing, building, and commissioning this second target station in a short period of time already exist at the SNS project at ORNL. Very experienced project controls, scheduling, costing, procurement and budgeting people are also available at SNS. Some augmentation of the SNS technical staff may be required in the construction phase of a second target station project. In addition, there are adequate technical resources available at DOE laboratories and industry to design and build specific components on a competitive basis. These components will use existing technology and some will benefit from the results of the ongoing DOE R&D programs. No need for significant prototyping or demonstrations is anticipated.
E. 
Applicable Conditions and Interfaces

The initial SNS beam power is currently being ramped up to full power (at least 1.0 MW), and a number of instruments are already operating in a scientific user program. The second target station project would need to be compatible and closely integrated with the SNS design to facilitate its installation and commissioning. A key factor in planning the schedule for the second target station project would be to minimize the SNS down time for installation of the tunnel utilities systems. These activities would be scheduled as much as possible to coincide with planned maintenance outages in order to minimize impacts on the SNS scientific user program.

F. 
Resource Requirements and Schedule

As previously mentioned, the TPC for an SNS second target station project has been roughly estimated to be in the $800 - 950 million range. This would of course include design, project management, quality assurance, and contingency. There is reasonable confidence in this range because it is based on experience with the construction of the SNS facility. The hardware components for the second target station would be quite similar, if not identical, to those in the existing SNS facility. 

The rationale for initiating CD-0 at this point in time is driven by the scientific user community's demands for rapidly developing and expanding the SNS scientific program as well as by international competition. The effort needed to prepare a Conceptual Design Report is minimal, since many of the major elements replicate SNS project hardware that already has already been fully designed and procured. Based on SNS project experience, a second target station project duration of about six to seven years should be adequate. A preliminary milestone schedule is as follows:
CD-0 (Approve Mission Need)
2nd Quarter FY 2008
CD-l (Approve Alternative Selection and Cost Range)
1st Quarter FY 2011
CD-2 (Approve Performance Baseline)
2nd Quarter FY 2012
CD-3 (Approve Start of Construction)
1st Quarter FY 2013
CD-4 (Approve Start of Operations)
4th Quarter FY 2016
In order to meet this preliminary schedule and achieve the TPC range, BES would need to provide some modest funding for Conceptual Design work in Years 1-22 and for limited R&D in Years 1-4. A hypothetical funding profile, shown below, illustrates the time phasing of project funding. It is tied to the upper limit of the TPC range. Some of the funds in Years 3 - 4 would be for long-lead procurement (LLP) of items that require little or no design effort. Other Project Costs (OPC) would include funds for Conceptual Design, R&D, and equipment checkout and testing.
Annual Funding (in $M)

	
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Year 6 
	Year 7
	Year 8
	Totals

	OPC
	5
	13
	8
	8
	8
	10
	13
	15
	80

	Construction
	
	
	90
	200
	230
	215
	120
	15
	870

	Totals
	5
	13
	98
	208
	238
	225
	133
	30
	950


ORNL would be the lead DOE laboratory responsible for the SNS second target station project. The project would be peer reviewed throughout its duration. Funding would be provided by BES to ORNL per the terms of its management and operating (M&O) contract with DOE.

The key measure of the success for a second target station project will be to design, build, and install the relevant accelerator, target, and neutron beam equipment at the SNS facility within the Performance Baseline cost and schedule constraints, while meeting the principal technical performance parameters specified in its Project Execution Plan.
G. 
Development Plan

While the second target station would increase the SNS capabilities for science by an order of magnitude in many areas, the technology involves straightforward extensions and implementations of the existing SNS design and hardware. The major procurements require little or no R&D and present very low technical risk. While there are some elements of the project that include an R&D component, they represent relatively small fractions of the overall effort so the cost risk for the project as a whole is modest. Furthermore, experience with SNS related R&D and commissioning has confirmed the technology base for the second target station is fundamentally sound. The second target station project will benefit from ongoing operating experience of the SNS. Technical scope, cost, and schedule risks are minimal, and so the overall technical risks are judged to be relatively low. There are no known operational constraints or ES&H issues that would entail significant difficulties. 

Because the second target station capability for SNS has been designed in from the outset, following the guidance from the Russell Panel, it can be accomplished in a very cost effective way. The SNS is the only facility capable of supporting multi-megawatt two-target-station operation in the U.S. (and one of only two in the world, the other being in Japan). As a result, achieving the same level of scientific performance elsewhere would require a much larger investment than that proposed for the SNS second target station with a similarly larger operating cost increment. 
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