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EXECUTIVE SUMMARY 

This report is one of a set of three documents that have collectively identified and recommended 
research and development capabilities that will be required to advance nuclear energy in the next 20 to 
50 years. The first report, Nuclear Energy for the Future: Required Research and Development 
Capabilities—An Industry Perspective, was produced by Battelle Memorial Institute at the request of the 
Assistant Secretary of Nuclear Energy. That report, drawn from input by industry, academia, and 
Department of Energy laboratories, can be found in Appendix 5.1. This Idaho National Laboratory report 
maps the nuclear-specific capabilities from the Battelle report onto facility requirements, identifying 
options from the set of national laboratory, university, industry, and international facilities. It also 
identifies significant gaps in the required facility capabilities. The third document, Executive 
Recommendations for Nuclear R&D Capabilities, is a letter report containing a set of recommendations 
made by a team of senior executives representing nuclear vendors, utilities, academia, and the national 
laboratories (at Battelle’s request). That third report can be found in Appendix 5.2. The three reports 
should be considered as set in order to have a more complete picture. 

The basis of this report was drawn from three sources: previous Department of Energy reports, 
workshops and committee meetings, and expert opinion. The facilities discussed were winnowed from 
several hundred facilities that had previously been catalogued and several additional facilities that had 
been overlooked in past exercises. 

The scope of this report is limited to commercial nuclear energy and those things the federal 
government, or more specifically the Office of Nuclear Energy, should do to support its expanded 
deployment in order to increase energy security and reduce carbon emissions. In the context of this report, 
capabilities mean innovative, well-structured research and development programs, a viable work force, 
and well-equipped specialized facilities. 

The report focuses on the infrastructure needed to carry out the research and development that will 
assure successful achievement of the following seven priorities: 

• Extended operation of the fleet of current and future light water reactors 

• Sustainable workforce 

• Sustainable fuel cycle 

• Generation-IV reactors 

• Safeguards and security technology 

• Advanced modeling and simulation 

• Space and defense power systems (not included in the Battelle reports). 
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Analyzing the infrastructure needed to address these research and development priorities involved 
identifying the generic capabilities needed, listing the existing facilities that could be applied, evaluating 
the state of the relevant facilities, and looking for major gaps between current capabilities and future 
needs. The following major conclusions can be drawn from this assessment: 

• In spite of the age of the existing infrastructure, it can serve much of the intended purpose in the 
near term provided that necessary modifications, upgrades, equipment additions, and sustained 
regular maintenance are made. This will require substantial investment, perhaps proportionally 
similar to investments made by nuclear utilities for license extensions and power uprates. 

• Japan, France, the United Kingdom, and Russia have capabilities that are not available in the 
United States. Although it would require a change in operating mode, some of these international 
facilities potentially could be used in a collaborative arrangement on an interim basis until the 
United States reestablishes its nuclear research infrastructure. 

• Development of a viable nuclear workforce that includes top quality researchers will require the 
Department of Energy to resume stewardship of higher education in nuclear engineering that is 
consistent and adequately funded. 

• There are several notable gaps in currently available infrastructure. A licensed prototype high-
temperature reactor is needed to demonstrate the broad applicability of nuclear energy to 
manufacturing, refining, and hydrogen production in addition to electricity generation. A collective 
set of capabilities for developing the technologies needed for a sustainable fuel cycle is needed. 
These capabilities could be put together in several ways, ranging from piecemeal existing facilities 
to new consolidated construction. A fast reactor prototype or test facility also is needed to develop 
the technology that will be commercialized in mid-century. 

• Modeling and simulation of reactor systems will play an increasingly important role as higher 
performance computers and advanced software will enable simulations that were previously 
impossible. Given the enormous complexity of power plants during short transients, normal 
operation, fuel lifetime, and plant lifetime, the principal benefit of advanced computing will be 
verification of specific effects that are modeled in applied systems codes and accelerating the 
development of new systems through fewer and better designed experiments. A crucial and urgent 
element is retrieval and archiving of irreplaceable legacy data. Facility requirements for advanced 
modeling and simulation include a supercomputing facility with support structure, special effects 
laboratories, and a knowledge preservation center. 

• The Department of Energy will need a structured process for dealing with facility limitations, 
particularly in the near term. An active research and development program will demand more 
capabilities than are currently available. As primary facilities are filled to capacity, either delays 
will need to be scheduled or programs will expand into secondary facilities or both. When that 
approach is no longer sufficient, use of international facilities and construction of new facilities 
will be required. 

This report and the Battelle reports are based on a linear unfolding of research and development 
needs. They do not attempt to identify how innovation or major policy changes could affect future 
capability requirements. 
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Required Assets for a Nuclear Energy  
Applied R&D Program 

1. INTRODUCTION 

The future of nuclear power is an important consideration in the national agenda to transform from 
our current fossil fuel dependency to a secure, clean, diverse energy supply. Nuclear energy is a stable 
domestic resource that produces 20% of the United States electricity, accounting for at least 70% of all 
emission-free generation. With readily expandable baseload capacity, nuclear electricity can help stabilize 
transmission infrastructure as intermittent wind and solar capacity are added to the grid at a significant 
level. Nuclear technology is now widely recognized by world leaders as one of the major tools for 
supply-side carbon abatement—a massive undertaking needed to limit climate change to an acceptable 
level. 

The 104 operating United States power reactors lead the world in nuclear electricity production 
with 800 billion kilowatt hours per year, about 45% more than is generated by the second-place fleet of 
French nuclear plants. But with 80% nuclear electricity consumption, France’s economy is one of the 
least carbon-intensive in the world—less than half that of the United States, which relies on 70% fossil 
energy for generating electricity. Without nuclear generation, the United States would emit an additional 
700 million tons of carbon dioxide annually. 

As with every energy technology deployed at industrial scale, significant federal research and 
development (R&D) preceded operation of the current nuclear power plants. For the 40 years before the 
last of the Generation-II reactors went online in the early 1990s, the U.S. government invested about 
$60 billion in nuclear R&D. For the remainder of the century, nuclear R&D was sharply diminished 
because of a policy assumption that existing U.S. reactors would operate for 40 years, shut down, and no 
more would be built. That position was reversed with the passage of the Energy Policy Act of 2005, 
which authorized future nuclear R&D and provided incentives for construction of new clean energy 
generation, including nuclear. 

Energy planners foresee nuclear energy’s role at mid-century to range from 16 to 50% of total 
United States electrical generation, depending on how aggressively we attack carbon emissions. The latest 
Energy Information Administration outlook projects a 21% growth in electricity over the next 20 years, 
with a 14% growth in nuclear electric generation. Even at the low end of the range, aggressive investment 
in existing plants and construction of new Generation-III nuclear plants will be needed. Most of the 
required investment will be made by the nuclear industry, an ongoing effort to uprate existing plants; 
extend operating licenses from 40 to 60 years; and design, construct, and license Generation-III nuclear 
plants. There also will be extensive leveraging of technologies developed for non-nuclear applications. 

Nevertheless, the tens of billions of dollars expected to be invested by the nuclear industry will be 
insufficient to sustain a United States nuclear renaissance. There is still an essential federal government 
role that includes control of nuclear materials, assuring nuclear nonproliferation abroad, ultimate 
management of used nuclear fuel, and R&D that is beyond the capability of the commercial industry. 
Such R&D includes understanding how materials age over decades of service at temperature in an 
irradiation environment—perhaps enabling current technology to remain in service beyond 60 years; 
developing a sustainable fuel cycle system that comprises fuel recycling, advanced reactors, robust waste 
forms, and a geologic repository; developing a high-temperature reactor for emission-free industrial heat 
process applications; and developing safe, lightweight nuclear power systems that enable solar system 
exploration. The U.S. Department of Energy (DOE) is currently evaluating the human capital and 
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infrastructure capabilities needed to conduct the required research, development, and demonstration 
during the next quarter century. 

1.1 Scope 

This draft report presents a high level view of the infrastructure requirements for a revitalized 
United States nuclear energy R&D program. Previous DOE reports, independent reports, workshops, and 
expert opinions provided the basis for this report. 

The scope of this report comprises 
the identification of options for the 
infrastructure capabilities needed to 
effectively carry out the projected R&D 
of a vibrant nuclear energy program in 
the first half of the twenty-first century. 
The report’s scope is bounded by the 
responsibilities of the DOE Office of 
Nuclear Energy (NE). In draft form, the 
report contains industry-validated R&D 
needs for the next 20 to 50 years. A 
parallel effort led by the Battelle 
Memorial Institute collected these 
requirements in a companion report, 
Nuclear Energy for the Future: Required 
Research and Development 
Capabilities—An Industry Perspective 
(see Appendix 5.1). The reports are 
meant to be read as a set, together with 
the ensuing recommendations (see 
Appendix 5.2) from a Battelle-assembled 
team of senior executives representing 
industry, academia, and the national 
laboratories. 

In identifying facilities needed to 
execute a multidecade R&D program, 
the unrestricted solution would be new, 
21st-century infrastructure that is suited 
to the task and capable of drawing and 
retaining new generations of nuclear 

scientists and engineers. Because neither timing nor budgets will likely allow this approach across the 
R&D portfolio, the report focuses primarily on existing domestic and international facilities that, with 
appropriate modifications, could perform many of the required tasks. 

At the top level of the existing infrastructure options are the DOE-owned facilities and capabilities 
within the complex of national laboratories. At the next level, there are limited physical capabilities 
within universities and the domestic nuclear industry. Finally, there is an important class of international 
assets that may be accessible through international collaboration and agreements. 

This report has two main parts. Section 2 maps industry-validated goals, such as “sustainable fuel 
cycle,” to the major infrastructure needed to successfully carry out the required R&D. The justification of 

Figure 1-1. The required research and development capabilities 
report produced by Battelle complements this required assets 
report. 
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these goals is left to the Battelle report. Section 3 maps available and proposed facilities to the 
Battelle-indentified generic resource requirements, such as hot cells and test reactors. For most existing 
domestic facilities, Section 3 also provides a color-coded rating of six key decision parameters: condition, 
capability, availability, regulatory status, safeguards and security, and human capital. A summary of the 
rating system is shown in Table 1-1. 

Table 1-1. Summary of the facility stoplight color-coded rating system. 

Green Mission ready 

Yellow Ready within 2 years or less with modest investment 

Orange Needs modification or upgrades that require significant investment 

Red Usable only after major capital investment over an extended number of years 

 

Unlike previous reports listing hundreds of nuclear-capable assets that might be used at some point 
in the future, this report has taken the data from those previous exercises, screened them, and binned them 
into a manageable list of major facilities. Each of these major facilities is described on a single page, with 
applicability to specific programs identified. Capabilities at universities, within U.S. industry, and in 
overseas nuclear development programs are listed, but not evaluated in detail. 

The scope of this report is limited to commercial nuclear energy and those things the federal 
government should do to support its expanded deployment in order to increase energy security and reduce 
carbon emissions. Consequently, the report does not address the production of industrial and medical 
isotopes, the use of nuclear energy for space exploration, or the development of a geologic repository. 
Nor does the report address the capabilities provided by the commercial nuclear industry, such as 
low-level waste management. Within its scope, this report does not recommend a specific set of facilities; 
this is the responsibility of DOE through its National Environmental Policy Act and project management 
order processes. In the context of this report, capabilities mean innovative, well-structured R&D 
programs, a viable work force, and well-equipped specialized facilities. 

1.2 Background 

From the 1950s through the 1970s, the United States invested heavily in a new class of 
infrastructure. The interstate highway system was constructed, the National Aeronautics and Space 
Administration assembled the capability to explore the moon and solar system, and the Atomic Energy 
Commission built an unprecedented scientific and engineering research infrastructure. Spanning the 
continent, the Atomic Energy Commission’s national laboratories dominated nuclear energy development 
and big science. During this era, the technical basis for a commercial nuclear industry was established, the 
first generation nuclear power plants were operated, fast reactors were built and operated successfully, 
and defense nuclear reprocessing was conducted at a scale that dwarfs global commercial capacity today. 

The surviving physical infrastructure that was built in that era comprises most of DOE’s nuclear 
energy assets today. Major capabilities, such as the Fast Flux Test Facility (FFTF) and the Experimental 
Breeder Reactor-II (EBR-II), have been shut down as a result of policy decisions made in the 1990s. The 
utility of the surviving facilities ranges from pending demolition to robustly active. In general though, the 
federal facilities have not benefitted from the sustained maintenance and upgrading that has enabled 
vastly improved operation of commercial nuclear power plants. 
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Figure 1-2. Some 
Department of Energy 
nuclear facilities face difficult 
challenges in being 
retrofitted and upgraded for 
new nuclear missions. 

 

Built in a less demanding era, existing DOE nuclear facilities face difficult challenges in being 
retrofitted and upgraded for new nuclear missions. Their capital benefit is in concrete and steel, which are 
now expensive commodities. Unfortunately, most 50-year old facilities do not have the quality assurance 
pedigree needed for high-source-term nuclear work today. Extensive qualification and retrofitting will be 
required if these assets are to be used effectively in a modern R&D program. The following list shows 
some of the challenges: 

• Tightened seismic requirements will require extensive analysis followed by physical upgrades such 
as enhanced bracing, new ventilation systems, new fire protection, and anchoring for heavy 
equipment. 

• Encroachment by other site activities and the surrounding community can make it difficult to meet 
modern requirements for a safety or security buffer zone. 

• A structure can be in reasonable physical condition, but vital site infrastructure, such as power, 
water, sewer, office facilities, waste management facilities, shipping and receiving, and security, 
can be degraded or missing. 

• National Environmental Policy Act documentation is required for new missions. 

• Few facilities currently meet the emerging DOE security requirements for protecting nuclear 
materials. Without an existing security base, site modifications to meet these requirements could be 
prohibitively expensive for some levels of development and demonstration operations. 

• New safety envelopes will be necessary with commensurate safety equipment upgrades. 

Taken alone, few of these challenges are likely to be fatal for existing facilities. The commercial 
nuclear industry has set a high standard in extracting value from mature facilities. However, the 
cumulative cost of overcoming several of these barriers will turn some potentially useful federal facilities 
into improbable options. Those decisions can only be made after DOE goes through its environmental and 
engineering processes. These processes are required by DOE Order 413.3, “Program and Project 
Management for the Acquisition of Capital Assets.” 
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DOE has chartered previous studies of facilities that could be used in its nuclear energy R&D 
programs. Table 1-2 contains a list of some key reports. 

Table 1-2. Some previous compilations of nuclear energy research assets. 

Year Title Purpose 

2003 Report of the Infrastructure Task Force of the DOE 
Nuclear Energy Research Advisory Committee 

Advise the Nuclear Energy Research Advisory Committee 
about what characteristics, capabilities, and attributes a 
world-class nuclear laboratory would possess 

2005 Nuclear Facility Consolidation and Modernization Task 
Force Report – A Contractor Initiated Study Nuclear infrastructure assessment and recommendations  

2006 Hot Cells Strategy to Advance Nuclear Science and 
Engineering 

An inventory and capabilities assessment of 
Battelle-operated hot cell facilities 

2006 DOE Complex-Wide Capability Report: Nuclear Energy 
Infrastructure 

Compilation of civilian nuclear facilities and capabilities 
required by the Energy Policy Act of 2005 

2007 Inventory of Civilian Nuclear Facilities, Equipment, and 
other Assets 

Update of the facilities and assets inventory section of the 
2006 Complex-wide Capability Report 

2008 AFCF Existing Facilities Data Report (draft) Assesses facilities for potential future support of 
Advanced Fuel Cycle Initiative R&D 

2008 U.S. Facilities Needed to Support Global Nuclear Energy 
Partnership Research and Development (draft) 

Identifies Global Nuclear Energy Partnership R&D facility 
needs 

2008 SFR-Related Facilities (United States, France, and 
Japan) DRAFT 

Indentifies facilities in the three countries that potentially 
could be shared for sodium fast reactor research 

 

In general, the effort that went into some of the earlier compilations has not been rewarded with an 
enduring product. One reason is the sheer volume of data that were compiled. The databases were simply 
too unwieldy to be directly useable in decision making. Furthermore, the data were inconsistent from site 
to site. Sorting, binning, normalizing, and validating the data would have required substantially more 
effort, time, and cost. 

One exception to low utility 
of the previous reports is the 
current draft AFCF Existing 
Facilities Data Report (2008). 
The Advanced Fuel Cycle Facility 
(AFCF) report is focused on one 
specific need. The evaluation team 
visited each of the prospective 
facilities in order to do a 
consistent assessment. The report 
proved to be useful for this 
exercise. 

Figure 1-3. The 
Department of Energy 
Office of Nuclear 
Energy intends to 
produce a research and 
development 
infrastructure plan along 
the lines of the Office of 
Science’s 20-year 
facility outlook. 
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Two other draft documents that are simultaneously being developed by DOE are directly pertinent 
and to some extent redundant with this exercise. The first is the draft report on U.S. Facilities Needed to 
Support Global Nuclear Energy Partnership Research and Development. The output of this report was 
described in detail to the Nuclear Energy Advisory Committee, Subcommittee on Facilities, on June 16 
and 17, 2008. The 
second document 
(SFR-Related 
Facilities), which is in 
an early draft stage, is 
a table of facilities in 
France, Japan, and the 
United States that 
potentially could be 
jointly used in 
developing sodium fast 
reactor technology 
under a current 
trilateral agreement. 

A recent development is the specification of facility requirements by the major program lines 
within the DOE NE for the Nuclear Energy Advisory Committee. The facility specifications have 
different levels of maturity, but collectively they form an excellent starting point for evaluating DOE’s 
nuclear facility needs for the next 20 to 50 years. These programmatic evaluations have been used 
extensively in this report because they represent the most up-to-date and comprehensive information 
available. 

1.3 Purpose 

DOE-NE intends to use this report as one interim step in producing an R&D infrastructure plan 
along the lines of the DOE Office of Science report, Facilities for the Future of Science: A 20 Year 
Outlook. The industry-validated R&D requirements that Battelle compiled and evaluated was the essential 
first step in producing the DOE-NE facility plan. Because of the timing of the production of these reports, 
the DOE-NE report will likely be used initially to advise the transition team for the next Administration. 
The purpose of this report is to provide specific facility options. There are significant gaps in knowledge 
of future budget outlays, the cost of the various options, the eventual success of the trilateral agreement 
with France and Japan in terms of providing realistic international options, and how prioritization will 
influence sequencing of facility projects. The recommendations necessarily reflect these uncertainties. 

2. FACILITY OPTIONS FOR MEETING R&D REQUIREMENTS 

With two exceptions, the requirements discussed below map directly from the nuclear energy 
specific requirements in Battelle’s report, Nuclear Energy for the Future: Required R&D Capabilities—
an Industry Perspective. The first exception is regulatory R&D, which has not been sufficiently defined to 
identify DOE facility needs. The second exception is space and defense power systems, which was not of 
interest to the segments of the industry that Battelle interviewed. 

The information on requirements is obviously tied to current program planning within DOE NE. 
However, informed recommendations also must take into account the advice that DOE has received from 
the National Research Council, the General Accounting Office, and Congress. There has been a mix of 
positive and negative feedback, but to date criticism has been consistent in discouraging moving rapidly 

 

Figure 1-4. Previous 
compilations of 
Department of Energy 
facilities that could be 
used for nuclear energy 
research and 
development were 
consulted in the 
development of this 
required assets report. 
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ahead with large commercial-scale facilities. Because such facilities will necessarily be designed, built, 
and operated by commercial entities, they would be outside the scope of this report. The positive 
recommendations from these organizations align well with the Battelle recommendations. 

Recommendations for Planning Major New Facility Investments: From the recent reviews 
conducted by Battelle, DOE-NE’s program leads, the Nuclear Energy Advisory Committee, and Idaho 
National Laboratory, it is clear that substantial infrastructure investment will be required for a robust 
nuclear science and technology R&D program. From those reviews, four major new R&D capabilities 
that will require substantial investment should be planned: 

• A prototype high-temperature reactor 

• An advanced fuel cycle facility 

• A prototype fast reactor or fast test reactor 

• An advanced computing facility 

The design, location, timing, and priority of these four major facility capabilities will have to be 
developed during the next Administration. It will likely be necessary to have a phased approach to 
developing these capabilities. Substantial investment in existing facilities may suffice to develop some of 
these capabilities. 

General Discussion: 

• Because of annual funding constraints, new construction and facility upgrades will require well-
planned sequencing and justification. In addition to the initial cost, annual maintenance and 
operations costs, support infrastructure, implementation of security requirements, and 
transportation infrastructure also must be addressed. 

• A key recommendation from industry is to support workforce development. Participation in major 
DOE infrastructure projects is an excellent way for skilled workers at all levels to gain relevant 
experience. More importantly, world-class infrastructure helps attract top students into the nuclear 
science and technology R&D arena. In addition to nuclear engineers, other disciplines (such as 
chemists, mechanical engineers, chemical engineers, and physicists) are needed for the broad range 
of nuclear R&D for which DOE is responsible. 
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• There is tension between DOE’s goals 
to improve international and university 
collaboration in significant research 
projects and its need to implement a 
pending step change in security 
requirements. In making facility 
decisions, significant inventories of 
controlled materials will be limited to a 
few hardened locations. Other 
laboratory locations should be planned 
for easier access to students and 
foreign collaborators, whether “outside 
the fence” or at a different site. 

• There is a great deal of work, such as 
engineering cost studies and 
environmental assessments, that must 
be done in examining facility 
alternatives before down selecting to a 
particular option. DOE has made a good start in examining domestic options for its AFCF by 
having a dedicated team evaluate options against specific criteria. 

• During its deliberations, the Nuclear Energy Advisory Committee has commented that DOE-NE 
should consider evaluating the potential applicability of the Office of Science model for 
participating in major international experiments. For advanced nuclear energy R&D, there could be 
significant savings by sharing facility assets with international partners under existing agreements. 
Initially, this option could be considered for fast reactor and fuel cycle research with Japan and 
France, both of which have major capabilities that are not available in the United States. In 
planning future U.S. facilities, consideration should be given to complementing international 
partners’ existing facilities and plans rather than building a complete infrastructure in the United 
States. 

• This report focuses on long-term nuclear R&D needs, as opposed to the top industry priority of 
new plant builds, and DOE acceptance of the used fuel at the reactor sites. The industry priority for 
extending the life of operating plants beyond 60 years is addressed. 

• Close coordination with the Nuclear Regulatory Commission on R&D issues is required for 
licensing new reactors and fuel cycle plants. 

• Some emerging research needs do not require a secure national laboratory infrastructure because 
they do not involve nuclear materials that must be controlled at great expense. An example is some 
types of engineering development work that is needed on digital, mechanical, and thermal systems. 
A portion of this type work can be done at universities. 

• A cross-cutting theme for research needs is advanced modeling and simulation capabilities that are 
developed at the DOE laboratories and universities. Such capabilities could find important 
application in all program areas. 

Figure 2-1. The British Technology Centre is a new facility with 
advanced fuel cycle development capabilities. 
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2.1 Existing and New Light Water Reactors 

Industry and DOE have confirmed a high priority need to support the continued operation of the 
104 existing U.S. commercial reactors and the new plants that will be constructed and operated in the next 
20 years. Virtually all the existing reactors are expected to have license extensions that will allow them to 
operate for 60 years. Because they are significant economic, security, and carbon abatement assets, it 
would be highly desirable for light water reactors (LWRs) to 
continue operating after 60 years of service if they are safe 
and reliable. 

Satisfying many of the requirements for extending the 
lifetime of operating LWRs will be the purview of the 
commercial industry. However, some activities will require 
access to specialized scientific and engineering facilities in 
the DOE complex, and will require research personnel who 
can address the relevant issues. A joint public-private 
program to support the LWR extended-life objective could 
have a significant positive impact on the United States’ 
energy security. 

Materials aging issues dominate the spectrum of 
research challenges for 80-year operation of LWRs. 
Sufficiently understanding materials aging issues for very 
long-term operation will require the use of DOE and university laboratories and expertise. 

The second major area of research that requires breakthrough technology is very long-lived LWR 
fuel. Global suppliers of nuclear fuel are continuously developing evolutionary improvements to LWR 
fuel, having increased average burnup from about 33 MWd/kg to more than 50 MWd/kg, with goals 
extending to at least 70 MWd/kg. However, design and qualification of fuel capable of greater than 
100 MWd/kg will require alternative designs and claddings. This type of high-risk research is best carried 
out with federal assistance. Among the benefits would be a significant reduction in onsite storage 
requirements for used nuclear fuel. 

Several operational challenges would benefit from DOE support, such as digital instrumentation 
and control. While some of these challenges must be resolved by industry, DOE will likely have a niche 
role in others. The operational issue that most requires federal assistance is developing advanced 
safeguards and security technology that can be effectively applied to commercial nuclear power plants. 
An optimized combination of guns, guards, gates, and advanced detection and response technologies 
would not only reduce operating costs, but would help provide public confidence in the protection of 
nuclear power plants. 

Facility Options: 

The types of facilities needed to support the operating fleet of LWRs (see Table 2-1) are hot cells 
capable of handling irradiated fuels and materials, a thermal irradiation capability, materials science 
laboratories capable of handling both cold and hot materials, and safeguards technology laboratories. 
Currently, DOE owns and operates such facilities, and they are expected to be maintained for research 
programs. Other types of capability requirements will likely be identified as this program matures. 

Figure 2-2. Commercial industries which 
construct and operate light water reactors 
will require access to specialized facilities 
and research personnel in the DOE complex 
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At this time, there is insufficient program definition to make an informed decision on required 
facility capacity, intensity of use, and possible interference of LWR support programs with other R&D 
programs. DOE will collect and analyze requirements as the program matures. 

Table 2-1. Facilities considered for support of light water reactor research and development. 
Facility Location Function 

Advanced Test Reactor Idaho National Laboratory Advanced fuels and materials irradiation 

High Flux Isotope Reactor Oak Ridge National 
Laboratory Advanced fuels and materials irradiation 

Annular Core Research Reactor Sandia National 
Laboratory Transient power testing of fuel samples 

Transient Reactor Test Facility  Idaho National Laboratory Transient power testing of fuel pins and 
bundles 

Hot Fuel Examination Facility Idaho National Laboratory Post-irradiation examination of advanced 
fuels and materials 

Irradiated Fuels Examination Laboratory Oak Ridge National 
Laboratory 

Post-irradiation examination of advanced 
fuels and materials 

Irradiated Materials Examination and Testing Facility Oak Ridge National 
Laboratory 

Examine and test materials irradiated in 
light water reactors and the high flux 
isotope reactor 

Materials and Fuels Complex Analytical Laboratory Idaho National Laboratory 
Support examination of fuels and 
materials in to Hot Fuel Examination 
Facility 

 

2.2 Workforce Development 

Although workforce development is a major issue for both the nuclear industry and federal 
government agencies, DOE fills an important niche in developing the workforce of tomorrow. In 
particular, nuclear engineers with advanced degrees fill positions in national laboratories, federal 
agencies, universities, and the medical profession, far more so than in the nuclear industry. DOE’s 
support of nuclear engineering education programs, including university reactors and other nuclear 
infrastructure, is crucial to supplying the next generation of research personnel and university faculty. 

Relative to other 
countries that have 
surpassed the United 
States in several areas of 
nuclear technology 
development, United 
States universities are still 
held in the highest regard 
throughout the world. 
Maintaining a strong 
nuclear engineering 
education program is a 
key asset in providing 
United States leadership 
in global nuclear energy. 

 
Figure 2-3. The University of Wisconsin is one of two dozen major universities that 
are turning out the future nuclear research and development workforce. 
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Future needs for educated and trained individuals in the general areas of nuclear science and 
engineering has been well documented for more than a decade by the American Nuclear Society, the 
American Society for Engineering Education, the Health Physics Society, the National Academies of 
Science and Engineering, the American Physical Society, and the Nuclear Energy Institute. The nuclear 
industry has predicted a significant shortfall in trained operations staff, design and development 
engineers, research scientists and engineers, and building and operational tradecraft and construction 
workers. Additional concerns include imbalances in supply versus demand; levels of undergraduate and 
graduate student enrollments; the decline in university education programs, research reactors, and other 
facilities; the image of the discipline, a general lack of excitement; and low visibility of the technical 
field. Aggressive steps need to be taken immediately and sustained for the long-run to ensure availability 
of a viable nuclear workforce. 

The following types of research and education facilities are available at multiple universities: 

• Nuclear reactors and accelerators for research and training  

• Radiation measurement laboratories 

• Computational facilities 

• Instrumentation and control laboratories 

• Heat transfer and fluid transport measurement laboratories 

• Radiochemistry laboratories 

• Hot cells and radioactive material handling capabilities 

• Radiological environment training facilities 

• Maintenance and repair training facilities 

Many of these facilities can be used for both research 
activities aimed at graduate student education and for teaching 
activities aimed at both undergraduate and graduate students. No 
single educational institution, whether a university, community 
college, or technical school, needs to have all of the above 
specialized educational facilities. However, each campus 
determines appropriate laboratories, capabilities, and facilities 
needed to educate and train students based on its own particular 
educational objectives. Furthermore, it will be important that 
each institution have access to funding to regularly update and 
replace their capabilities and laboratories. Specialized, large, 
expensive, and high risk capabilities located at national 
laboratories can be highly effective by being made available to 
faculty and students as user facilities away from campus. These 
are especially useful in graduate student education and training. 

 
Figure 2-4. The MIT reactor is involved 
in Department of Energy research and 
development programs. 
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Facility Options: 

In the past year, DOE has 
revamped its educational support 
program in the light of 
recommendations from key 
stakeholders. DOE should continue 
stewardship support of nuclear 
engineering education programs while 
establishing confidence in students 
about its stability. It is particularly 
important to ensure that existing 
university nuclear infrastructure remains 
intact and safely functioning. To 
supplement campus capabilities, 
expanded use of DOE assets such as the 
Advanced Test Reactor National 
Scientific User Facility should be encouraged. Additional user facilities, such as hot cells, should be 
established. 

2.3 Sustainable Fuel Cycle 

DOE currently has significant activities that target a sustainable fuel cycle through its Advanced 
Fuel Cycle Initiative. The major R&D categories are irradiated fuel separations and advanced fuel 
development. 

Ideally, the required capabilities would be consolidated into a new multipurpose facility that has 
been called AFCF. This proposal is still being studied to determine whether it will be a new facility, or 
modified existing structures, or a set of capabilities that are geographically separated. 

Facility Options: 

The proposed AFCF 
represents the scale of 
commitment necessary to 
develop a sustainable fuel 
cycle, housing all the 
radiochemistry, hot cell, and 
glove box capabilities needed 
for the required R&D. As a 
practical matter, funding for 
timely completion of a green 
field facility may not be 
available. DOE is assessing 
existing structures for 
potential modification with 
some additional construction 
as a lower cost AFCF 
possibility. In evaluating this 
brown field option, one 

consideration is the capital cost required for the entire supporting infrastructure that must be in place for a 

Figure 2-5. Expanded use of Department of Energy assets, such as 
the Advanced Test Reactor National Scientific User Facility, will 
supplement university programs and capabilities. 

Figure 2-6. Artist’s conception of a new, consolidated Advanced Fuel Cycle 
Facility. The Advanced Fuel Cycle Facility’s capabilities may actually be 
distributed among upgraded existing facilities. 
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major nuclear facility like AFCF. If the capabilities of AFCF are geographically distributed, the 
operational cost of transportation and multiple highly secure sites must be included in the life-cycle cost. 

Significant advantages to building a new facility include the ability to integrate safety, security, and 
safeguards, to demonstrate modular construction for a fuel cycle facility, and to consolidate operations at 
a single secure site. DOE could consider phasing the design of the facility so that it is done after the first 
wave of new LWR modular plant designs. By using the same team of commercial designers, there could 
be a significant cost savings and efficiency. 

Until the AFCF is ready, DOE will need to upgrade and maintain existing facilities for R&D with 
modest amounts of materials. As a bridging measure, DOE also could investigate the potential for using 
the world-class facilities available through our international collaborators. This option seems especially 
attractive with France and Japan, where the United States already has strong agreements in place. 

Table 2-2 lists facilities that DOE has evaluated for possible use in assembling a brown field 
version of AFCF. This list is being refined to a manageable few options. These facilities are typically at 
least 40 years old. Safety questions about adaptation to new missions have not been fully evaluated. 
Safeguards and security issues are only evaluated for facilities inside a currently highly protected area. 

Table 2-2. Existing facilities evaluated by the Department of Energy for support of major Advanced Fuel Cycle Facility 
functions. 

Facility Location Function 

Shielded Cell Facility Savannah River National 
Laboratory Limited-scale separations 

Engineering Development Laboratory Savannah River National 
Laboratory Cold testing of equipment 

H-Canyon/F-Canyon Savannah River National 
Laboratory Pilot scale separations 

Receiving Basin for Offsite Fuels Savannah River National 
Laboratory Fuel storage 

Irradiated Fuel Examination Facility Oak Ridge National 
Laboratory 

Examination and head-end separations 
process 

Cold Test Facility Oak Ridge National 
Laboratory Process development 

Radiochemical Engineering Development Center 
(REDC-7920) 

Oak Ridge National 
Laboratory Separations 

Radiochemical Engineering Development Center 
(REDC-7930) 

Oak Ridge National 
Laboratory Separations 

Chemical and Materials Research Los Alamos National 
Laboratory Separations 

PF-4 at TA-55 Los Alamos National 
Laboratory Oxide fuel fabrication 

Engine Maintenance and Disassembly Nevada Test Site Separations 

Pluto Disassembly Facility Nevada Test Site Separations 

Fuels and Materials Examination Facility Pacific Northwest National 
Laboratory Separations and fuel development 

Radiochemical Processing Laboratory Pacific Northwest National 
Laboratory Separations 

Fluorinel Dissolution and Storage Facility, CPP-666 Idaho National Laboratory Pilot-scale separations 

Fuel Processing Facility, CPP-691 Idaho National Laboratory Pilot-scale separations 
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Facility Location Function 

New Waste Calcine Facility, CPP-659 Idaho National Laboratory Pilot-scale separations 

Fuel Manufacturing Facility, MFC-704 Idaho National Laboratory Fuel development 

Hot Fuel Examination Facility, MFC-785 Idaho National Laboratory Separations 

Fuel Conditioning Facility, MFC-765 Idaho National Laboratory Engineering-scale electrochemical 
separations 

Remote Analytical Laboratory, CPP-684 Idaho National Laboratory Separations 

MFC Analytical Laboratory Idaho National Laboratory Process development 

 

2.3.1 Irradiated Fuel Separations 

Irradiated fuel separations include the disassembly and dissolution of irradiated nuclear fuel; 
recovery of plutonium, uranium, and minor actinides; and fabrication of robust waste forms. Facilities 
needed to fill this requirement form a subset of the AFCF set of facilities. 

Facility Options: 

The R&D separations campaign has a structured development plan that calls for near-term use of 
existing actinide chemistry laboratories, shielded hot cells, process equipment development laboratories, 
and waste form laboratories at the national laboratories and universities. Engineering-scale testing will 
require an AFCF. Use of the Japanese, French, or British facilities could be considered as a bridging 
measure. Each country has capacity for engineering-scale development. 

2.3.2 Advanced Fuel Development 

Advanced fuel development will include ultra long-lived, reliable LWR fuel and fast reactor and 
high-temperature reactor fuel. Currently, advanced LWR fuel is developed by the commercial industry; 
however, break through, higher-risk technology, including mixed-oxide fuels, will require federal 
participation in the development. In general, development facilities for fast reactor fuel will be adequate 
for advanced LWR fuel (see Table 2-3). Facility requirements include the following: 

• Fuel development laboratories using simulates and surrogates 

• Material science laboratories for cladding development 

• Fuel development laboratories with actinide confinement, including shielded glove boxes  

• Shielded hot cells for remote fabrication of rodlets and pins and for post-irradiation examination 

• Thermal and fast accelerated irradiation capability for pins and rodlets 

• Irradiation capability for full fuel assemblies or full fuel rods 

• Transient testing to fuel failure capability. 
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Facility Options: 

Fuel development is a longstanding activity for DOE. New aspects of these activities are actinide 
bearing fuel for fast reactors and particle fuel for high-temperature reactors. All requirements could be 
met by AFCF when it is completed.  

DOE currently has operating facilities that support advanced fuel development. Some investment in 
new equipment and other capabilities is required. As a bridging measure, fabricating and irradiating 
advanced nuclear fuel in international facilities might be possible as a part of an international 
collaboration. The Transient Reactor Test Facility (TREAT) should be restarted as it represents an 
essential testing capability not available in France, Japan, or the United Kingdom. 

Table 2-3. Existing facilities considered for support of advanced fuel development. 
Facility Location Function 

Shielded Cell Facility Savannah River National 
Laboratory Limited scale tests 

Irradiated Fuel Examination Facility Oak Ridge National 
Laboratory Post-irradiation examination 

Cold Test Facility Oak Ridge National 
Laboratory Process development 

Chemical and Materials Research Los Alamos National 
Laboratory Remote fabrication 

PF-4 at TA-55 Los Alamos National 
Laboratory Oxide fuel fabrication 

Fuels and Materials Examination Facility Pacific Northwest National 
Laboratory Subassembly scale fabrication 

Radiochemical Processing Laboratory Pacific Northwest National 
Laboratory Process development 

Fuel Manufacturing Facility, MFC-704 Idaho National Laboratory Multiscale fuel development 

Hot Fuel Examination Facility, MFC-785 Idaho National Laboratory Post-irradiation examination 

Fuel Conditioning Facility, MFC-765 Idaho National Laboratory Remote fuel fabrication 

Remote Analytical Laboratory, CPP-684 Idaho National Laboratory Shielded remote fabrication 

Materials and Fuels Complex Analytical Laboratory Idaho National Laboratory Process development 

B&W Fuel Development Laboratories B&W, Lynchburg, VA Particle fuel fabrication 

High Flux Isotope Reactor Oak Ridge National 
Laboratory Thermal and shielded fast irradiation 

Advanced Test Reactor Idaho National Laboratory Thermal and shielded fast irradiation 

LANCE Materials Test Station (proposed) Los Alamos National 
Laboratory Fast irradiation using accelerator  

Phenix CEA, Marcoule, France Rodlets under fast irradiation until 2009 

Joyo JAEA, Oarai, Japan Fast irradiation up to subassembly size 

Monju JAEA, Tsuruga, Japan Fast irradiation up to partial core loading 

BOR-60 Russia Fast irradiation of rodlets or pins 

Fast Flux Test Facility Pacific Northwest National 
Laboratory 

Fast irradiation through subassembly 
size 

Annual Core Research Reactor Sandia National 
Laboratory Transient testing of fuel samples 
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Facility Location Function 

Transient Reactor Test Facility Idaho National Laboratory Transient testing of fuel pin bundles 

High-Temperature Engineering Test Reactor Oarai, Japan Fuels irradiation testing 

 

2.4 Next Generation Reactors 

The United States is a founding member of the Generation-IV International Forum. The 
Generation-IV International Forum members have agreed to collaborate on six different types of next 
generation reactor systems: 

• Very High-Temperature Reactor (VHTR) 

• Supercritical Water Reactor (SCWR) 

• Gas-Cooled Fast Reactor (GFR) 

• Lead-Cooled Fast Reactor (LFR) 

• Sodium-Cooled Fast Reactor (SFR) 

• Molten Salt Reactor (MSR) 

Each member of the Generation-IV International Forum is free to focus on whatever systems it 
chooses. The United States has elected to focus on the VHTR and the SFR. VHTR R&D is centered on 
the Next Generation Nuclear Plant (NGNP) project. The United States’ activities for the other four 
systems are minimal. 

2.4.1 High-Temperature Reactor 

The high-temperature reactor is a class of reactors, including the VHTR, with potential for 
industrial heat applications at 700°C and above. DOE currently has a robust NGNP program that is in the 
process of determining design parameters for the first prototype HTR while developing fuels materials 
and components for the prototype that is to be completed in approximately the 2021 timeframe. 

Facility Options: 

The NGNP prototype requires design and construction. A new Components Test Facility for heat 
transport/exchange, electrical power conversion, and instrumentation and control, is needed in support of 
the NGNP project. The Nuclear Hydrogen Initiative will likely require a new engineering development 
facility to move to engineering-scale production in order to stay on track with NGNP. 

The facilities listed in Table 2-4 should be maintained and upgraded as needed to maintain 
momentum in the NGNP project. As with its other programs, DOE should consider how international 
assets can be effectively used. Examples would be the High-Temperature Engineering Test Reactor in 
Oarai, Japan, and the Helium Component Test Facility at Cadarache, France. 
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Table 2-4. Existing facilities considered for support of Next Generation Nuclear Plant research and development. 
Facility Location Function 

Advanced Test Reactor Idaho National Laboratory High-temperature reactor fuels and 
graphite irradiation 

TRISO Fuel Laboratory Oak Ridge National 
Laboratory Fuel kernel and coating fabrication 

ZPR Cell 5 Argonne National 
Laboratory 

Safety tests involving graphite dust and 
helium/air mixing 

Natural Convection Shutdown Heat Removal Test 
Facility 

Argonne National 
Laboratory 

Benchmark safety experiments for 
shutdown flow 

Graphite Laboratory Oak Ridge National 
Laboratory 

Safety tests involving graphite dust and 
helium/air mixing 

Safety and Tritium Applied Research Laboratory Idaho National Laboratory Tritium transport through alloys at high 
temperature 

Hot Fuel Examination Facility Idaho National Laboratory 

Post-irradiation examination of 
high-temperature reactor fuels and 
materials; safety and fission product 
transport testing 

Irradiated Fuels Examination Laboratory Oak Ridge National 
Laboratory 

Post-irradiation examination of 
high-temperature reactor fuels and 
materials 

Core Conduction Cool-down Test Facility Oak Ridge National 
Laboratory 

Pressure, temperature, and flow 
instrumentation 

Materials and Fuels Complex Analytical Laboratory Idaho National Laboratory 
Support examination of fuels and 
materials in the Hot Fuel Examination 
Facility 

High-Temperature Engineering Test Reactor Oarai, Japan Fuels and materials irradiation testing 

Helium Component Test Facility Cadarache, France Testing of helium handling equipment for 
reactor use 

 

2.4.2 Sodium Fast Reactor 

Assuming a successful global nuclear renaissance, fast reactors will be commercialized this century 
in order to ensure a secure, affordable fuel supply and to manage higher actinides that would otherwise be 
troublesome for waste disposal in deep geologic repositories. Most countries with advanced reactor 
development programs are developing SFRs. Some of the technology for a sodium-cooled fast reactor is 
relatively mature. However, R&D is required for advanced fuel development, safety design, capital cost 
reduction, and some key components. 

Russia has successfully operated the 600-MWe BN-600 for more than 20 years and also operates 
the BOR-60 test reactor. India is completing construction of a 500-MWe prototype in 2010, with a total of 
four identical units to be completed at the site on the Bay of Bengal by 2020. China, who is currently 
building a small fast test reactor, plans rapid deployment of commercial SFR plants during the first half of 
this century. France, which has operated the Phenix prototype fast reactor and the large 1200-MWe 
Superphenix plant, plans to construct a new prototype within 15 years. Japan, which currently operates 
the Joyo test reactor and the Monju demonstration reactor, plans to start up an advanced SFR prototype in 
2025. The United States successfully operated the EBR-II for 30 years and the FFTF for 10 years, but has 
clearly lost its lead in SFR technology. The Unite States, France, and Japan have recently signed a 
trilateral agreement for sharing the development of SFR prototypes. 
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The technology supporting 
design of SFR systems is 
extensive, the result of more than 
50 years of R&D in the United 
States and other countries. 
However, early technology 
decisions could significantly 
impact facility needs and cost. The 
most fundamental of those 
decisions is fuel type, either metal 
or oxide, both having a strong 
technology base in the United 
States. Both fuel types require further development to be heavily loaded with minor actinides for 
transmutation. Metal fuel fabrication and recycling is inherently more compact and can make better use of 
currently operating facilities. Worldwide experience favors oxide, reflected in the established programs of 
France, Russia, and Japan. India, China, and South Korea expect to use metal fuel for ultimate 
commercialization. 

At DOE’s request, three industry teams are currently developing proposals for a Nuclear 
Regulatory Commission licensed U.S.-prototype SFR. Some, if not all, of the existing facilities listed in 
Table 2-5 will be needed to provide support for this project and participation in international SFR 
collaboration. 

Table 2-5. Existing facilities considered for support of sodium-cooled fast reactor research and development. 
Facility Location Function 

Advanced Test Reactor Idaho National Laboratory Filtered fast irradiation of samples 

Fuel Conditioning Facility, MFC-765 Idaho National Laboratory Remote fuel fabrication up to 
engineering scale 

Fuel Manufacturing Facility, MFC-704 Idaho National Laboratory Multiscale fuel development 

Hot Fuel Examination Facility Idaho National Laboratory Post-irradiation examination of fuels and 
materials 

Neutron Radiography Facility Idaho National Laboratory Post-irradiation examination of fuels and 
materials 

Materials and Fuels Complex Analytical Laboratory Idaho National Laboratory Support examination of fuels and 
materials in the Hot Fuel Examination 
Facility 

Natural Convection Shutdown Heat Removal Test 
Facility 

Argonne National 
Laboratory 

Benchmark safety experiments for 
shutdown flow 

High Flux Isotope Reactor Oak Ridge National 
Laboratory Filtered fast irradiation of samples 

Phenix CEA, Marcoule, France (2009 shutdown) current irradiation 

Joyo Oarai, Japan Metal and oxide fuel irradiation 

MONJU Tsuruga, Japan Oxide fuel irradiation 

BOR-60 Russia Fast irradiation of rodlets or pins 

Fast Flux Test Facility Pacific Northwest National 
Laboratory Lead test assembly irradiation 

Annual Core Research Reactor Sandia National 
Laboratory Transient testing of fuel samples 

Transient Reactor Test Facility Idaho National Laboratory Transient testing of fuel pin bundles 

 

Figure 2-7. The 
sodium-cooled fast 
reactor Phenix has 
served French research 
and development 
programs for decades. 
The Department of 
Energy currently has 
advanced fuel 
experiments under 
irradiation in Phenix. 
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Facility Location Function 

LANCE Materials Test Station Los Alamos National 
Laboratory 

(Proposed) fast irradiation of using 
accelerator 

Chemical and Materials Research Los Alamos National 
Laboratory Fuel development 

PF-4 at TA-55 Los Alamos National 
Laboratory 

Fuel development; oxide fuel fabrication 

Irradiated Materials Examination and Testing Facility Oak Ridge National 
Laboratory 

Post-irradiation examination of fuels and 
materials 

Components and Materials Evaluation Loop Argonne National 
Laboratory Large sodium component testing 

Fuels and Applied Science Building Idaho National Laboratory Engineering development laboratory 
limited to unenriched uranium use 

Electron Microscopy laboratory Idaho National Laboratory Fuel development and post-irradiation 
examination 

Sodium Plugging Loop for Printed Circuit Heat 
Exchangers 

Argonne National 
Laboratory Sodium component testing 

LANSCE-Lujan cross section facilities Los Alamos National 
Laboratory Experimental nuclear physics 

Irradiated Fuels Examination Laboratory Oak Ridge National 
Laboratory 

Post-irradiation examination of high-
temperature reactor fuels and materials 

Sodium Processing Facility Idaho National Laboratory Sodium component testing and 
workforce development 

MASURCA Cadarache, France Fast critical experiments  

 

Facility Options: 

Significant research, development, and experience will be necessary to make capital costs of nth of 
a kind SFRs competitive with Gen-III LWRs. The United States needs an SFR project to drive 
development and keep pace with the international community. 

DOE will need a fast irradiation capability for fuel samples, post-irradiation examination 
capability, and continued collaboration with international partners for full-size fuel irradiation. DOE also 
will need a transient test capability that can be shared with the other reactor and fuel development 
programs. 

To accelerate development, DOE could investigate the practicality of collaborating on a single 
prototype project with France or Japan or both. Japan will have the capability to irradiate both metal and 
oxide fuel in its Joyo test reactor, and Monju will be able to have partial core loadings of advanced 
actinide-bearing oxide fuel within a few years. INL and the French Commissariat à l’énergie atomique 
(CEA) have been providing some assistance with the restart of both of those reactors. 

Regardless of whether there is collaboration on constructing and operating a prototype reactor, 
DOE can consider leveraging its current SFR development infrastructure by increased international 
collaboration. For example, Japan has irradiation capacity, fuel fabrication and recycling capacity, and 
plans for a sodium technology center. The United States could provide transient testing capability and 
successful technology experience. INL has lab-to-lab agreements with Japan Atomic Energy Agency 
(JAEA) centers and could readily coordinate an investigation of the practicality of integrated international 
programs with Japan, as well as more broadly. At a minimum, the United States can take advantage of the 
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offer by France to take part in the Phenix shutdown tests in 2009 and the offer by Japan to take part in the 
Monju restart tests from 2008 to 2010. 

2.4.3 Small Reactor 

The idea of deploying cost-effective smaller nuclear power plants for markets without the extensive 
infrastructure needed to support a large LWR has been around for a long time. This class of reactors could 
range from as low as 10 MWe to the 600-MWe Westinghouse AP-600, which already has Nuclear 
Regulatory Commission design certification. Worldwide, there are literally dozens of design concepts, 
some of which are incredibly novel. Although DOE has emphasized downsized LWR technology, small 
reactor designs often jump ahead to Generation-IV technologies. The most notable example is the 
Toshiba 4S reactor, which has been proposed as a replacement source of power for diesel generators in 
the remote town of Galena, Alaska. 

Currently, DOE has no requirement 
to develop a small reactor; therefore, the 
federal role would be to provide support for 
licensing new technology that is beyond the 
normal capability of commercial industry. 
The first new publicly announced small 
reactor design, NuScale, has been discussed 
with the Nuclear Regulatory Commission. 

Facility Options: 

Most of the infrastructure capability 
now anticipated for small reactor 
development will be available as a result of 
other reactor development programs. DOE 
will assess the needs in discussions with 
established and entrepreneurial businesses 
that come forward with small reactor 
designs. There may be a necessary role for 
government-sponsored R&D in helping to 
develop new technologies for this niche 
market, or alternatively, privately financed 
government-provided services. 

2.5 Safeguards and Security 

Robust, innovative safeguards and security systems are highly desirable as deployment of nuclear 
technology spreads across the globe. Typically, the new, advanced systems are developed under the 
sponsorship of the National Nuclear Security Administration (NNSA). DOE’s facilities that handle, 
fabricate, convert, or otherwise deal with special nuclear material can serve as test beds for new 
technology. Much of the testing of advanced safeguards and security systems could be carried out in the 
proposed AFCF. 

 
Figure 2-8. The 335-MWe IRIS design by Westinghouse is an 
example of a small light water reactor that could be used for 
regional deployment. 
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Facility Options: 

New nuclear facilities should be designed with safeguards and security included from the initial 
concept through construction and operation. Any DOE facilities that currently operate with measurable 
quantities of special nuclear materials can be used as safeguards and security test beds. 

2.6 Modeling and Simulation 

Nuclear engineering is somewhat behind other science and engineering fields in applying advanced 
computers and software to challenging applications such as aircraft design and simulating supernova 
explosions. Advanced modeling and simulation aim to employ first principles with extremely high 
fidelity models to compute near exact solutions to engineering problems. The goal is to accelerate and 
improve development and understanding of nuclear systems. While modeling and simulation will not 
replace the need for experiments, they will greatly inform the design of experiments and allow for 
extrapolation outside the range of experimental data, something that could not be reliably accomplished 
with past techniques. 

Advanced modeling and simulation can become an essential crosscutting technology for the 
development of next generation reactors, understanding aging issues with currently operating plants, 
designing improved recycling technologies, and developing long-lived, zero-failure nuclear fuel. Because 
nuclear systems are very complex (e.g., changing dimensions and transforming materials during extended 
operation), it is anticipated that the advanced modeling and simulation program will require at least the 
next generation of computing power. 

There are four types of facility requirements for advanced modeling and simulation. First, there is a 
need for the computing infrastructure, which can be initially shared, but ultimately may need to be 
dedicated as the program reaches maturity. Second, there will be a need for single-effects test facilities 
that can perform experiments to validate fundamental computational results. Third, there will be a need 
for reactors and hot cells to perform complicated integral system tests. Finally, there is a current need to 
collect, sort, and index legacy and future verification validation data in a knowledge preservation center. 

Facility Options: 

Initially, the advanced modeling and simulation program can take advantage of the computing 
power already available in the Office of Science Laboratories (e.g., Oak Ridge National Laboratory and 
Argonne National Laboratory) and the NNSA laboratories (e.g., Sandia, Los Alamos National 
Laboratory, and Lawrence Livermore National Laboratory). Planning for a dedicated computing facility 
may be necessary as the program matures. The planning should be closely coordinated with NNSA and 
the Office of Science. 

Separate effects test requirements (used to validate portions of simulations) have begun to be 
identified. To some extent, these tests can be performed in existing facilities or in upgrades to these 
facilities. Needs for new facilities should be thoroughly documented. Integral testing can rely on reactor 
fuel development and hot cell facilities, both domestic and international. 
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It is critically important that DOE expand its modest effort to archive the legacy data needed to 
validate advanced modeling and simulation codes. DOE currently owns data from tests that cost billions 
of dollars that could never be repeated in today’s budget and safety environment. Many of the data are in 
danger of being lost because they are archived on obsolete media, were not preserved when program 
funding was abruptly terminated, or the knowledgeable researchers are being lost. DOE should 
immediately start a structured program for archiving physics, fuels, thermal-hydraulics, thermo-physical, 
safety, and other key data on redundant servers at two or more laboratories. This effort would be in 
addition to the small programs for knowledge preservation that currently exist with the Nuclear Energy 
Agency and the somewhat larger knowledge preservation program in the International Atomic Energy 
Agency. 

2.7 Space and Defense Power Systems 

Plutonium-238 is required for radioisotope power systems used in some National Aeronautics and 
Space Administration and defense missions. DOE is the sole domestic supplier for this isotope. Although 
there has been no fresh Pu-238 production in the United States for some 20 years, DOE has been able to 
procure the material from Russia. However, the Russian supply will be exhausted within a few years. 
DOE will exhaust its legacy inventory of Pu-238 during the next decade and must decide if, when, and 
where it will resume domestic production. 

Figure 2-9. Supercomputers have high demand for power, cooling, and cleanliness that requires specialized 
facilities. 
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Facility Options: 

Although DOE-NE has had responsibility for 
the program for some time, it has never had a full 
production capability. All of the United States’ 
Pu-238 was produced by Defense Programs as a 
byproduct of weapons plutonium production using 
the Savannah River production reactors and 
reprocessing infrastructure. NE has studied a 
number of proposals for using the Advanced Test 
Reactor and the High Flux Isotope Reactor for 
producing modest quantities of Pu-238. New 
capability would be required for neptunium target 
preparation and irradiated target processing. 
Infrastructure for fabricating the Pu-238 fuel exists 
at Los Alamos National Laboratory in TA-55. 
Assembly and testing of radioisotope power 
systems is done at the Idaho National Laboratory. 

Nuclear power systems for National Aeronautics and Space Administration and other agencies were 
not identified as an industry priority in the Battelle survey. Nevertheless, they are the responsibility of 
DOE under the Atomic Energy Act. DOE also is responsible for developing space fission systems, but 
existing facilities are adequate for the current low level of development activity. Facilities relevant to Pu-
238 production are listed in Table 2-6. 

Table 2-6. Facilities considered for support of plutonium-238 production, processing, and handling. 
Facility Location Function 

Advanced Test Reactor Idaho National Laboratory Np target irradiation 

High Flux Isotope Reactor Oak Ridge National 
Laboratory Np target irradiation 

TRIGA reactor(s) (proposed) TBD Np target irradiation 

Fuels and Materials Examination Facility Pacific Northwest National 
Laboratory Irradiated target processing 

Fuels Processing Restoration Facility, CPP-691 Idaho National Laboratory Irradiated target processing 

H-Canyon Savannah River National 
Laboratory Irradiated target processing 

Radiochemical Engineering Development Center 
(REDC-7920) 

Oak Ridge National 
Laboratory Irradiated target separations 

Remote Analytical Laboratory Idaho National Laboratory Potential for multiple functions 

Fuel Manufacturing Facility Idaho National Laboratory Fuel development and target fabrication 

TA-55/PF-4 Los Alamos National 
Laboratory Fuel fabrication 

Space and Security Power Systems Facility Idaho National Laboratory Power system assembly and testing 

Pu-238 Consolidation Facility (proposed) Idaho National Laboratory Full Pu-238 fuel cycle capability 

Zero Power Physics Reactor cell plus upgrades Idaho National Laboratory Fuel fabrication 

TBD facilities Nevada Test Site Fuel Fabrication 

 

Figure 2-10. 
National 
Aeronautics and 
Space 
Administration 
supply of 
plutonium-238 for 
solar system 
exploration will be 
exhausted in the 
year 2015. 
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3. DOMESTIC AND INTERNATIONAL NUCLEAR R&D ASSETS 

In the recently prepared report, Nuclear Energy for the Future: Required R&D Capabilities—An 
Industry Perspective, Battelle describes 11 different types of facilities (based on facility capabilities). 
These 11 types of facilities are considered essential to meet the requirements of a viable United States 
nuclear energy R&D program over the next 20 to 50 years. The capability categories are as follows: 

• Nuclear Education Facilities 

• Thermal Irradiation Capability 

• Fast Irradiation Capability 

• Radiochemistry Laboratories 

• Hot Cells for Separations 

• Hot Cells for Post-Irradiation Examination 

• Thermal Transport 

• Fuel Development Laboratories 

• Prototype High-Temperature Reactor 

• Prototype Fast Reactor 

• Specialized Engineering Development Laboratories. 

3.1 Facility Capabilities 

Table 3.1 lists the major domestic (i.e., DOE, commercial, and university) and international 
facilities that have been considered in this study and maps them with the applicable capability type from 
the list above. As noted, several of the facilities currently support or could readily support more than one 
of the capability categories. Facility descriptions are provided in Sections 3.3 and 3.4 for the key facilities 
that are included in the evaluation matrices (see Section 3.2) and for selected major international 
facilities, respectively. As needed, additional facility descriptions will be included in later revisions of this 
document. 
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Table 3-1. Facility/capability matrix table. 
Capabilities 
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U.S. DOE National Laboratories 

Argonne National Laboratory 

ANL J, G, K and M Wings (Buildings 205 and 200)    X X      X 

Advanced Reactor Test Facility       X     

Components and Materials Evaluation Loop and other 
specialized laboratories       X    X 

Sodium Plugging Test Loop for Printed Circuit Heat 
Exchangers       X    X 

Natural Convection Shutdown Heat Removal Testing 
Facility       X    X 

Idaho National Laboratory 

Advanced Test Reactor X X X         

Flourinel Dissolution and Storage Facility     X       

Fuel Conditioning Facility     X   X    

Hot Fuels Examination Facility     X X      

Fuels Manufacturing Facility        X    

Fuel Processing Facility     X       

Materials and Fuels Complex Analytical Laboratory    X        

Neutron Radiography Facility      X      

New Waste Calcine Facility     X       

Remote Analytical Laboratory    X        

Space and Security Power Systems Facility           X 

Transient Reactor Test Facility  X X     X    

Unirradiated Fuel Storage Facility     X       

Fuels and Applied Science Building        X   X 

Electron Microscopy Laboratory      X  X    

Zero Power Physics Reactor   X         

Sodium Process Facility           X 

Engineering Development Laboratory           X 

Safety and Tritium Applied Research Facility           X 
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Capabilities 

Existing Assets
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Los Alamos National Laboratory 

TA-55 Plutonium Facility        X    

Chemical and Metallurgical Research Facility    X X   X    

Los Alamos Neutron Science Center – Lujan  X X         

TA-48 Radiochemistry Laboratory    X        

Nevada Test Station 

Engine Maintenance and Disassembly X 
 

Maintenance and Disassembly (Pluto) Facility     X       

Pacific Northwest National Laboratory/Hanford 

Radiochemical Processing Laboratory    X        

Fast Flux Test Facility   X         

Fuels and Materials Examination Facility     X X  X    

Materials Sciences Laboratory2           X 

Physical Sciences Facility2           X 

Oak Ridge National Laboratory 

High Flux Isotope Reactor  X X         

Irradiated Fuels Examination Laboratory     X X      

Radiochemical Engineering Development Center 
(Building 7920)     X       

Radiochemical Engineering Development Center 
(Building 7930)     X   X    

Irradiated Materials Examination and Testing Facility      X      

Low Activity Materials Development and Analysis 
Laboratory           X 

High-Level Chemical Development Laboratory 
(Building 4507)    X        

Oak Ridge Electron Linear Accelerator  X X         

High-Temperature Materials Laboratory and other 
specialized laboratories           X 

SOL Gel Laboratory Facility (Building 4501)        X    

TRISO Coating, Compacting, and Characterization 
Laboratories (Building 4508)        X    
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Capabilities 

Existing Assets
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Sandia National Laboratory 

Annular Core Research Reactor  X X         

Thermal Test Complex       X     

Savannah River National Laboratory 

Shielded Cell Facility – High-Level Cells     X   X    

Receiving Basin for Offsite Fuel     X       

Engineering Development Laboratory           X 

H-Canyon     X       

U.S. Commercial 

General Electric 

Vallecitos Nuclear Center  X    X      

Westinghouse 

G. W. Research and Technology Park, Churchill, Pa.      X      

Fuel Manufacturing Plant, Columbia S.C.        X    

Oxide Fuels Complex, Springfields, United Kingdom        X   X 

Babcock and Wilcox 

Hot Cell Facility      X      

R&D Laboratories           X 

B&W Fuel Fabrication Facility        X    

U.S. University 

Massachusetts Institute of Technology 

Massachusetts Institute of Technology Reactor X X        X  

University of New Mexico 

Critical Facility and Institute of Space and Nuclear Power 
Studies X X     X    X 

University of Massachusetts, Lowell 

UMass Lowell Radiation Laboratory X X X        X 

University of Missouri, Columbia 

University of Missouri Research Reactor X X         X 
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North Carolina State University 

PULSTAR Research Reactor X X         X 

Oregon State University 

Radiation Center X X  X X  X     

Pennsylvania State University 

Breazeale Reactor X X         X 

Purdue University 

Multidimensional Test Assembly and Thermal-
Hydraulics Reactor Safety Laboratory X          X 

University of Texas, Austin 

Nuclear Engineering Teaching Laboratory Reactor X X  X        

University of Michigan 

Nuclear Engineering and Radiological Sciences 
Laboratories X          X 

Texas A&M University 

Nuclear Science Center Research Reactor X X      X   X 

University of Wisconsin  

Wisconsin Institute for Nuclear Systems X X     X    X 

Ohio State University 

Nuclear Reactor Laboratory X X         X 

Rensselaer Polytechnic Institute 

Gaerttner LINAC Laboratory and Critical Experiments 
Facility X          X 

University of Tennessee 

Nuclear Reactor Laboratories X   X       X 

University of Nevada Los Vegas 

University of Nevada Los Vegas Radiochemistry 
Laboratories X   X       X 

University of South Carolina 

Research Center of Excellence in Nuclear Science and 
Engineering X      X X    
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Boise State University 

Advanced Materials and Mechanical Testing Laboratories; 
Center for Materials Characterization, and Spark Plasma 

Sintering Unit 
X       X   X 

University of Idaho 

Nuclear Engineering Materials and Separations Laboratory X    X      X 

Georgia Tech 

Nuclear and Radiological Engineering Facilities X          X 

Idaho State University 

Accelerator Center and Nuclear Engineering Laboratory X          X 

University of Florida 

University of Florida Training Reactor and Innovative 
Nuclear Space Power and Propulsion Institute X X    X X  X  X 

University of Cincinnati 

Nuclear and Radiological Engineering Laboratories X   X       X 

Kansas State University 

Reactor and Semiconductor Materials and Radiation 
Technologies Laboratory X X X        X 

University of California, Berkley 

University of California, Berkley Nuclear Engineering 
Laboratories X      X    X 

International 

United Kingdom 

British Technology Center     X   X   X 

Japan—Oarai Research and Development Center 

JOYO   X         

Plutonium Fuels Research Facility        X    

Alpha Gamma Facility    X  X  X    

Fuels Monitoring Facility    X  X  X    

Materials Monitoring Facility    X  X      

Sodium Engineering Facility       X    X 

Japan Materials Test Reactor  X          
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High-Temperature Engineering Test Reactor  X       X   

Fast Reactor Critical Assembly Facility  X          

Hydrogen Production Test Facility           X 

Japan—Tokai Research and Development Center 

Engineering Scale Test and Research Facility           X 

Chemical Processing Facility    X X       

Recycle Equipment Test Facility           X 

Plutonium Fuels Development Center        X    

Tokai Reprocessing Development Center    X X       

Nuclear Safety Research Reactor  X X         

Japan—Tsuruga 

Monju   X       X  

Russia 

BOR-60   X         

BN600   X         

BFS-1 and -2  X          

Germany 

Institute for Transuranium Elements    X    X    

France—Marcoule 

Phenix   X         

Atalante    X X   X    

France—Cadarache 

Cabri  X          

Phebus  X          

Mascura   X         

Minerve  X X         

EOLE  X          

AZUR  X          

LEFCA        X    

LECA-STAR    X  X      
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GIAI       X     

France—Saclay 

LECI      X      

Osiris  X          

Belgium—Mol 

VENUS  X          

Switzerland—Paul Sherrer Institute 

Proteus  X          

Hot Laboratory      X      

1. Includes transient safety testing and physics measurement critical facilities.  

2. The Pacific Northwest National Laboratory Physical Sciences Facility is under construction and scheduled for completion in 2011. It will replace the Materials Sciences Laboratory.  
3. The partnership includes Boise State University; Idaho State University; University of Idaho; Idaho National Laboratory, and DOE. The Center for Advanced Energy Studies is under 
construction with an expected completion in the fall of 2008. 

 

3.2 Facility Status 

For existing domestic facilities, the status of key parameters is provided via a stoplight color-coded 
rating system. 

3.2.1 Facility Assessment Stoplight Color-Coded Rating System 

Tables 3-2 and 3-3 show the decision parameters that were developed for the assessment of 
facilities. 

Table 3-2. Screening and binning rules for assets. 

Class 1: Major high-value nuclear facility with attendant support functions. Examples are research, 
prototype and demonstration nuclear reactors (e.g., Advanced Test Reactor , High Flux Isotope 
Reactor, and JOYO); large hot-cell facilities (e.g., Hot Fuel Examination Facility) or complex of smaller 
hot cells (e.g., actinide science and separation laboratories); large multipurpose, multiple capability 
radiochemistry laboratories; and large glovebox facilities (e.g., TA-55 Plutonium Facility). 

Class 2: Nuclear or radiological facility with limited functional capability to support entire mission or 
major non-radiological facility with nuclear application (e.g., a components test facility); a multipurpose 
facility with some nuclear application/use (e.g., a high-temperature materials development laboratory). 
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Class 3: Facilities of a type that are either ubiquitous or would play a modest supporting role in an R&D 
program, or which have been removed from consideration by the responsible landlord (e.g., computer 
clusters, generic non-radiological materials laboratories, and facilities being decommissioned). 

Note: Class 1 and Class 2 facilities are included in the evaluation. Class 3 facilities may be listed, but 
are not included in the evaluation. 

 
Table 3-3. Stoplight rating attributes assessment legend. 
Condition – Physical condition, age, and maintenance status of the facility and its supporting 
infrastructure 

Good physical condition with 20 years or more of useful life; capable of performing mission 

Capable of performing function with modest investment of about $25M or less 

Capable of performing most aspects of function after substantial investment of $25 to $250M over 
several years 

Requires major investment exceeding $250M 

Capability – Capacity, flexibility, location, and accessibility 

Proven capability for intended function 

Proven capability limited by one or more attributes 

Significant limitations for proposed function without major modification 

Lacks most needed capabilities for mission 

Availability – Projected availability in needed timeframe 

Currently available or performing intended function 

Has some competing missions but some available capacity; may require operational readiness 
assessment 

Not currently available, fully subscribed by alternate mission; limited lifetime; or requires restart with an 
operational readiness review 

Not available (e.g., currently scheduled for decommissioning and demolition) 

Regulatory Status – Safety basis, environmental impact statement, safety management program, 
environmental management program, and community support 

Fully compliant 

Can be brought into compliance within 2 years with an investment of $5M or less 

Significant compliance issues that requires more than 2 years and sustained investment of several 
million dollars per year 

Serious safety and environmental liability 

Safeguards and Security – DOE security requirements for type of facility and materials handled: 
PIDAS, guard force, nuclear materials management system, and cyber security (considers safeguards 
and security requirements as of April 2008) 
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Compliant with current safeguards and security requirements and has implementation plan for 
emerging requirements 

Compliant with current requirements; significant effort to meet emerging design basis threat 

Unable to meet security requirements for mission without substantial capital and annual investment 

Unable to meet security requirements because of unfixable conditions such as proximity to public areas 

Human Capital – Requisite skills including R&D, operations, maintenance, and support personnel 
onsite or readily available 

Fully staffed with no projected cuts in critical skills 

All required skills available, but augmentation needed to perform mission and staffing plan needed to 
deal with critical retirement issues 

Some but not all critical skills available for mission 

Requires essentially completely new workforce 
 

At this stage, it is crucial to understand that the color-coded ratings are only an indicator of how 
much effort will be required to modify a facility to perform an identified R&D function. Some facilities 
with “favorable” colors (green and yellow) may be adequate for only a limited scope of program support. 
Large facilities will have more challenging requirements, and therefore, more gaps indicated by orange or 
red, but may still be cost-effective options relative to other alternatives or new infrastructure. Even 
“green” facilities require sustained investment for maintenance and upgrading. 

3.2.2 Light Water Reactors 

It should be noted that facility attributes indicated in a red or orange color in the stoplight 
color-coded rating system will require a substantial or major investment to restore them to a fully 
functional state; however, those investments may still be cost-effective options. Table 3-4 provides a 
summary reminder of the rating system’s assessment designators and Table 3-5 shows the facility 
assessments for light water reactor R&D support. 

NOTE: Stoplight assessments in the following tables are preliminary and have not been validated. 
Parameters are assessed for an expected 20 years of future operation. 
 
Table 3-4. Summary example of the facility stoplight color-coded rating system. 

Green Mission ready 

Yellow Ready within 2 years or less with modest investment 

Orange Needs modification or upgrades that require significant investment 

Red Usable only after major capital investment over an extended number of years 
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Table 3-5. Facilities assessed for light water reactor research and development support. 

Applicable Assets for  
Light Water Reactor R&D 

Facility 
Class 
(1,2,3) 

Assessment of Attributes 

Irradiation Facilities 

Advanced Test Reactor, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

High Flux Isotope Reactor, Oak 
Ridge National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Transient Reactor Test Facility, 
Idaho National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Hot Cells 

Hot Fuel Examination Facility, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Irradiated Fuels Exam Laboratory, 
Oak Ridge National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Irradiated Materials Examination and 
Testing Facility, Oak Ridge National 
Laboratory 

2 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Radiochemistry Laboratories 

Materials and Fuels Complex 
Analytical Laboratory, Idaho National 
Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

 

3.2.3 Irradiated Fuel Separations 

It should be noted that facility attributes indicated in a red or orange color in the stoplight 
color-coded rating system will require a substantial or major investment to restore them to a fully 
functional state; however, those investments may still be cost-effective options. Table 3-6 provides a 
summary reminder of the rating system’s assessment designators and Table 3-7 shows the facility 
assessments for irradiated fuel separations R&D support. 

NOTE: Stoplight assessments in the following tables are preliminary and have not been validated. 
Parameters are assessed for an expected 20 years of future operation. 
 
Table 3-6. Summary example of the facility stoplight color-coded rating system. 

Green Mission ready 

Yellow Ready within 2 years or less with modest investment 

Orange Needs modification or upgrades that require significant investment 

Red Usable only after major capital investment over an extended number of years 
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Table 3-7. Facilities assessed for irradiated fuel separations research and development support 

Applicable Assets for  
Irradiated Fuel Separations R&D 

Facility 
Class 
(1,2,3) 

Assessment of Attributes 

Hot Cells 

Fluorinel Fuel Dissolution Facility, 
CPP-666, Idaho National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Fuel Conditioning Facility, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Fuel Processing Facility, CPP-691, 
Idaho National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Fuels and Materials Examination 
Facility, Pacific Northwest National 
Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

H-Canyon, Savannah River National 
Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Hot Fuel Examination Facility, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Irradiated Fuels Examination 
Laboratory, Oak Ridge National 
Laboratory 

2 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Radiochemical Engineering 
Development Center (REDC-7920), 
Oak Ridge National Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Radiochemical Engineering 
Development Center (REDC-7930), 
Oak Ridge National Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Radiochemical Processing 
Laboratory, Pacific Northwest 
National Laboratory 

2 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Shielded Cell Facility, Savannah 
River National Laboratory 2 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Radiochemistry Laboratories 

Materials and Fuels Complex 
Analytical Laboratory, Idaho National 
Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Remote Analytical Laboratory, 
CPP-684, Idaho National Laboratory 2 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Specialized Laboratory Facilities 

Fluorinel Fuel Storage Facility, 
CPP-666, Idaho National Laboratory 2 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

New Waste Calcine Facility, 
CPP-659, Idaho National Laboratory 2 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Receiving Basin for Offsite Fuel, 
Savannah River National Laboratory 2 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 
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Applicable Assets for  
Irradiated Fuel Separations R&D 

Facility 
Class 
(1,2,3) 

Assessment of Attributes 

Unirradiated Fuel Storage Facility, 
CPP-651, Idaho National Laboratory 2 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

 

3.2.3.1 Other Considered Facilities. Other facilities identified as capable of playing a limited 
support role (i.e., Class 3 facilities) for irradiated fuel separations R&D include the following: 

• TA-48 Radiochemistry Laboratory, Los Alamos National Laboratory 

• TA-55, PF-4 Los Alamos National Laboratory 

• 205 Chemical Engineering Building, Argonne National Laboratory 

• Engineering Development Laboratory, Idaho National Laboratory 

• Engineering Development Laboratory, Savannah River National Laboratory 

• J, G, K, and M Wing Facilities, Argonne National Laboratory. 

3.2.4 Advanced Fuel Development 

It should be noted that facility attributes indicated in a red or orange color in the stoplight 
color-coded rating system will require a substantial or major investment to restore them to a fully 
functional state; however, those investments may still be cost-effective options. Table 3-8 provides a 
summary reminder of the rating system’s assessment designators and Table 3-9 shows the facility 
assessments for advanced fuel development R&D support. 

NOTE: Stoplight assessments in the following tables are preliminary and have not been validated. 
Parameters are assessed for an expected 20 years of future operation.  
 
Table 3-8. Summary example of the facility stoplight color-coded rating system. 

Green Mission ready 

Yellow Ready within 2 years or less with modest investment 

Orange Needs modification or upgrades that require significant investment 

Red Usable only after major capital investment over an extended number of years 

 
Table 3-9. Facilities assessed for advanced fuel development research and development support. 

Applicable Assets for  
Advanced Fuel Development R&D 

Facility 
Class 
(1,2,3) 

Assessment of Attributes 

Irradiation Facilities 

Advanced Test Reactor, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 
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Applicable Assets for  
Advanced Fuel Development R&D 

Facility 
Class 
(1,2,3) 

Assessment of Attributes 

Annular Core Research Reactor, 
Sandia National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Fast Flux Test Facility, Richland, 
Washington 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

High Flux Isotope Reactor, Oak 
Ridge National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Transient Reactor Test Facility, 
Idaho National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Hot Cells 

Chemistry and Metallurgical 
Research Facility Wing 9, Los 
Alamos National Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Fuel Conditioning Facility, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Fuels and Materials Examination 
Facility, Pacific Northwest National 
Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

H-Canyon, Savannah River National 
Laboratory 2 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Hot Fuel Examination Facility, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Irradiated Fuels Examination 
Laboratory, Oak Ridge National 
Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Radiochemical Engineering 
Development Center (REDC-7920), 
Oak Ridge National Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Radiochemical Engineering 
Development Center (REDC-7930), 
Oak Ridge National Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Radiochemical Processing 
Laboratory, Pacific Northwest 
National Laboratory 

2 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Shielded Cell Facility, Savannah 
River National Laboratory 2 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Radiochemistry Laboratories 

Chemistry and Metallurgical 
Research Wings 5 and 7 Analytical 
Chemistry Laboratory, Los Alamos 
National Laboratory  

2 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Materials and Fuels Complex 
Analytical Laboratory, Idaho National 
Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 
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Applicable Assets for  
Advanced Fuel Development R&D 

Facility 
Class 
(1,2,3) 

Assessment of Attributes 

Remote Analytical Laboratory, 
CPP-684, Idaho National Laboratory 2 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Fuel Development Facilities 

Fuel Manufacturing Facility, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

TA-55, PF-4 Los Alamos National 
Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Specialized Laboratory Facilities 

Electron Microscopy Laboratory, 
Idaho National Laboratory 2 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Fuel Assembly and Storage Building, 
Idaho National Laboratory 2 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Unirradiated Fuel Storage Facility, 
CPP-651, Idaho National Laboratory 2 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

 

3.2.4.1 Proposed Facilities. Materials Test Station, TA-53, (LANCE), Los Alamos National 
Laboratory. 

3.2.4.2 Other Considered Facilities. Other facilities identified as capable of playing a limited 
support role (i.e., Class 3 facilities) for advanced fuel development R&D include the following: 

• TA-48 Radiochemistry Laboratory, Los Alamos National Laboratory 

• 205 Chemical Engineering Building, Argonne National Laboratory  

• Engineering Development Laboratory, Idaho National Laboratory 

• Engineering Development Laboratory, Savannah River National Laboratory 

• J, G, K, and M Wing Facilities, Argonne National Laboratory. 

3.2.5 High-Temperature Reactor 

It should be noted that facility attributes indicated in a red or orange color in the stoplight 
color-coded rating system will require a substantial or major investment to restore them to a fully 
functional state; however, those investments may still be cost-effective options. Table 3-10 provides a 
summary reminder of the rating system’s assessment designators and Table 3-11 shows the facility 
assessments for high-temperature reactor R&D support. 

NOTE: Stoplight assessments in the following tables are preliminary and have not been validated. 
Parameters are assessed for an expected 20 years of future operation.  
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Table 3-10. Summary example of the facility stoplight color-coded rating system. 
Green Mission ready 

Yellow Ready within 2 years or less with modest investment 

Orange Needs modification or upgrades that require significant investment 

Red Usable only after major capital investment over an extended number of years 

 
Table 3-11. Facilities assessed for high-temperature reactor research and development support. 

Applicable Assets for  
High-Temperature Reactor R&D 

Facility 
Class 
(1,2,3) 

Assessment of Attributes 

Irradiation Facilities 

Advanced Test Reactor, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

High Flux Isotope Reactor, Oak 
Ridge National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Neutron Radiography Reactor 
Facility (Hot Fuel Examination 
Facility), Idaho National Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Hot Cells 

Hot Fuel Examination Facility, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Irradiated Fuels Examination 
Laboratory, Oak Ridge National 
Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Radiochemistry Laboratories 

Radiochemical Analysis 
Laboratories, Idaho National 
Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Radiochemical Analysis 
Laboratories, Oak Ridge National 
Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

High-Level Chemical Development 
Laboratory (Building 4507), Oak 
Ridge National Laboratory 

2 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Fuel Development Facilities 

Babcock & Wilcox (B&W) Fuel 
Fabrication Facility, Commercial 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Sol Gel Laboratory Facility (Building 
4501), Oak Ridge National 
Laboratory 

2 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 
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Applicable Assets for  
High-Temperature Reactor R&D 

Facility 
Class 
(1,2,3) 

Assessment of Attributes 

Specialized Laboratory Facilities 

Natural Convection Shutdown Heat 
Removal Test Facility, Argonne 
National Laboratory 

2 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Materials Testing Facility, Argonne 
National Laboratory 2 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Materials Testing Facilities (metals, 
ceramics, and composites), Idaho 
National Laboratory 

2 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Safety and Tritium Applied Research 
Facility, Idaho National Laboratory 2 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Low Activity Materials Development 
and Analysis Facility, Oak Ridge 
National Laboratory 

2 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Materials Testing Facilities (metals, 
ceramics, and composites), Oak 
Ridge National Laboratory 

2 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Material Sciences Laboratory 
(Building 326), Pacific Northwest 
National Laboratory 

2 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Physical Sciences Facility (under 
construction), Pacific Northwest 
National Laboratory 

2 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

 

3.2.5.1 Proposed Facilities. 

• Test Train Assembly Facility, Idaho National Laboratory 

• Component Test Facility, location TBD 

• High-Efficiency Electrical Power Conversion Facility, location TBD 

• Process Heat Transfer/Exchanger Facility, location TBD 

• Instrumentation and Control Systems Test Facility, location TBD. 

3.2.6 Sodium Fast Reactors 

It should be noted that facility attributes indicated in a red or orange color in the stoplight 
color-coded rating system will require a substantial or major investment to restore them to a fully 
functional state; however, those investments may still be cost-effective options. Table 3-12 provides a 
summary reminder of the rating system’s assessment designators and Table 3-13 shows the facility 
assessments for sodium fast reactor R&D support. 
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NOTE: Stoplight assessments in the following tables are preliminary and have not been validated. 
Parameters are assessed for an expected 20 years of future operation.  
 
Table 3-12. Summary example of the facility stoplight color-coded rating system. 

Green Mission ready 

Yellow Ready within 2 years or less with modest investment 

Orange Needs modification or upgrades that require significant investment 

Red Usable only after major capital investment over an extended number of years 

 
Table 3-13. Facilities assessed for sodium fast reactor research and development support. 

Applicable Assets for  
Sodium Fast Reactor R&D 

Facility 
Class 
(1,2,3) 

Assessment of Attributes 

Irradiation Facilities 

Fast Flux Test Facility, Richland, 
Washington 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

High Flux Isotope Reactor, Oak 
Ridge National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Transient Reactor Test Facility, 
Idaho National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Zero Power Physics Reactor, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Hot Cells 

Fuel Conditioning Facility, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Hot Fuel Examination Facility, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Irradiated Fuels Exam Laboratory, 
Oak Ridge National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Irradiated Materials Examination and 
Testing Facility, Oak Ridge National 
Laboratory 

2 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Radiochemical Engineering 
Development Center (REDC-7920) 
Oak Ridge National Laboratory 

2 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Radiochemical Engineering 
Development Center (REDC-7930) 
Oak Ridge National Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Radiochemistry Laboratories 

Materials and Fuels Complex 
Analytical Laboratory, Idaho National 
Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 
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Applicable Assets for  
Sodium Fast Reactor R&D 

Facility 
Class 
(1,2,3) 

Assessment of Attributes 

Fuel Development Facilities 

Fuel Manufacturing Facility, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

TA-55 PF-4, Los Alamos National 
Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

 

3.2.6.1 Proposed Facilities. 

• Prototype or test reactor, location TBD 

• Materials Test Station, TA-53, (LANCE), Los Alamos National Laboratory 

• Advanced Fuel Cycle Facility, location TBD. 

3.2.6.2 Other Considered Facilities. Other facilities identified as capable of playing a limited 
support role (i.e., Class 3 facilities) for sodium fast reactor R&D include the Sodium Process Facility at 
the Idaho National Laboratory. 

3.2.7 Space and Defense Power Systems 

It should be noted that facility attributes indicated in a red or orange color in the stoplight 
color-coded rating system will require a substantial or major investment to restore them to a fully 
functional state; however, those investments may still be cost-effective options. Table 3-14 provides a 
summary reminder of the rating system’s assessment designators and Table 3-15 shows the facility 
assessments for space and defense power systems R&D support. 

NOTE: Stoplight assessments in the following tables are preliminary and have not been validated. 
Parameters are assessed for an expected 20 years of future operation.  
 
Table 3-14. Summary example of the facility stoplight color-coded rating system. 

Green Mission ready 

Yellow Ready within 2 years or less with modest investment 

Orange Needs modification or upgrades that require significant investment 

Red Usable only after major capital investment over an extended number of years 

 
Table 3-15. Facilities assessed for space and defense power systems research and development support. 

Applicable Assets Space  
and Defense Power Systems R&D 

Facility 
Class 
(1,2,3) 

Assessment of Attributes 

Irradiation Facilities 

Advanced Test Reactor, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 
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Applicable Assets Space  
and Defense Power Systems R&D 

Facility 
Class 
(1,2,3) 

Assessment of Attributes 

High Flux Isotope Reactor, Oak 
Ridge National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Hot Cells 

Fuels and Materials Examination 
Facility, Pacific Northwest National 
Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Fuels Processing Restoration 
Facility, CPP-691, Idaho National 
Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

H-Canyon, Savannah River National 
Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Radiochemical Engineering 
Development Center (Building 7920), 
Oak Ridge National Laboratory 

1 Condition Capability Availability Regulatory 
Status 

Safeguards 
and Security 

Human 
Capital 

Radiochemistry Laboratories 

Remote Analytical Laboratory, 
CPP-684, Idaho National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Fuel Development Facilities 

Fuel Manufacturing Facility, Idaho 
National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

TA-55/PF-4, Los Alamos National 
Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

Specialized Laboratory Facilities 

Space and Security Power Systems 
Facility, Idaho National Laboratory 1 Condition Capability Availability Regulatory 

Status 
Safeguards 
and Security 

Human 
Capital 

 

3.2.7.1 Proposed Facilities. 

• New Training, Research, and Isotope Reactor, location TBD 

• Pu-238 Consolidation, Idaho National Laboratory 

• Zero Power Physics Reactor plus new/upgrades, Idaho National Laboratory. 
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The Advanced Test Reactor at the Idaho National 
Laboratory 

3.3 Domestic Facility Descriptions 

3.3.1 Department of Energy National Laboratories 

Advanced Test Reactor (ATR) 
Location: Idaho National Laboratory 

Currently Supporting: Multiple programs 

Status: Fully operational 

Remarks: Life-extension upgrades are in progress 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
ATR has been operating continuously since 1967; however, because its internal components are 
periodically changed out, it remains a valuable research and test machine capable of decades of more 
service. It was established as a National Scientific User Facility by DOE in 2007. 

ATR is a low-temperature and pressure water-cooled reactor designed to study the effects of intense 
radiation on reactor materials and fuels. In addition, ATR irradiates targets to produce valuable isotopes 
for medical, industrial, and research applications. 

The ATR core is divided into five different 
operating lobes: the four corner lobes and the 
center lobe. Each lobe of the reactor may be 
operated at a different power level (within 
specific limitations) during each reactor cycle. 
Three major types of irradiation testing are 
employed: 1) static sealed-capsule tests with 
only passive instrumentation; 2) tests with 
active instrumentation for measurement and 
control of specific testing parameters; and 
3) pressurized water loops that are connected 
to in-pile tubes located in the flux traps. 

The ATR has a maximum power of 250 MW 
and can provide maximum thermal neutron 
fluxes of 1E15 neutrons per square centimeter 
per second and maximum fast (E>1.0 MeV) 
neutron fluxes of 5E14 neutrons per square 

centimeter per second. These fluences combined with the 77 irradiation positions varying in diameter 
from 16 mm (0.625 in.) to 127 mm (5.0 in.) over an active core height of 1.2 m (48.0 in.) make ATR a very 
versatile and unique facility. 
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The Chemical and Metallurgical Research building at 
Los Alamos National Laboratory 

Chemical and Metallurgical Research Facility  
(Wings 5, 7, and 9) 

Location: Los Alamos National Laboratory 

Currently Supporting: Multiple Programs 

Status: Fully operational 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 

The Chemical and Metallurgical Research Facility, constructed in 1952, is a 550,000 ft2 laboratory 
complex with a hot cell wing (Wing 9) that was added to the facility in 1961. The facility is Security 
Category III, Hazard Category 2, and has six wings, each with 8,000 ft2 of laboratory space. Several of 
the wings of the Chemical and Metallurgical Research Facility have discontinued programmatic work, but 
the main facility, three laboratory wings, and the hot cells are continuing to serve multiple programs. An 
$8M infrastructure upgrade project is currently being implemented to prepare the facility for demonstration 
of remote fabrication of advanced oxide fuels. 

The current authorization basis (Basis for 
Interim Operations) expires in 2010 and a 
new documented safety analysis is to be 
completed and implemented by 2010. Many 
life-extension issues will not be resolved 
until the documented safety analysis is 
completed. Critical Decision-0 has been 
approved for the Chemical and Metallurgical 
Research replacement facility and 
conceptual design effort is ongoing. Wing 9, 
however, may be modified to be a separate 
facility and remain in operation. 

Wing 9 contains 16 hot cells (6 ft × 6 ft × 
11 ft high) that are arranged in eight pairs of 
two. They can be configured as 16 separate 
hot cells in two banks of eight on each side 

of a central corridor. Cell access is by crane or by a cart on rails. Contamination control for processes 
involving dispersible radioactive materials and inert atmosphere operation, if needed, is accomplished by 
use of in-cell sealed alpha boxes. Use of alpha boxes has kept the cells relatively clean of contamination, 
and man-entries are possible in most cells. Wings 5 and 7 provide analytical chemistry support, with 
certification as a NIST Reference Laboratory and metallurgical study capability for small samples of 
uranium, plutonium, and other special nuclear materials. 
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Electron Microscopy Laboratory 

Location: Idaho National Laboratory 

Currently Supporting: Multiple programs 

Status: Operating 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
The Electron Microscopy Laboratory is a 
40 ft × 40 ft × 26 ft-high cinder block room, located on 
the north side of the Zero Power Physics Reactor at 
the Materials and Fuels Complex of the Idaho National 
Laboratory. 

The Electron Microscopy Laboratory contains a 
glovebox, fume hoods, and a variety of specimen 
preparation equipment for preparing radioactive 
metals, ceramics, small quantities of fissionable 
material for microscopic examination, and standard 
PCs for easy data and image acquisition, storage, and 
analysis. Examination capabilities include transmission 
electron microscopy with x-ray spectroscopy and 
electron diffraction; scanning electron microscopy with 
x-ray spectroscopy and electron back scatter 
diffraction; and optical microscopy with microhardness 
measurement. The three primary instruments in the 
Electron Microscopy Laboratory are 1) a JEOL 2010 
scanning transmission electron microscope capable of 
operating at 200 kV with magnifications from 2,000 X 
to 1,500,000 X; 2) a JEOL JSM-7000f scanning 
electron microscope capable of operating at 30 kV with 
magnifications from 15 X to 500,000 X; and 3) a Zeiss 
DSM 960 scanning electron microscope capable of 
operating at 30 kV with magnifications from 6 X to 
200,000 X. Each electron microscope is equipped with 
x-ray spectrometers to gather elemental and 
crystallographic sample information. 

 
Examination and sample preparation in the 
Electron Microscopy Laboratory at the Idaho 
National Laboratory 
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Fuels and Applied Science Building 

Location: Idaho National Laboratory 

Currently Supporting: Multiple programs 

Status: Operating 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
The Fuels and Applied Science Building is a 5,000 ft2, multipurpose laboratory facility dedicated to fuel 
development, irradiation test fabrication, and materials research. It has both radiological and 
non-radiological areas that improve the efficiency for programs by streamlining operational requirements. 

Three glovebox installations are available. All are 
negative pressure, inert atmosphere (argon) 
gloveboxes. Various standard and specialized 
materials preparation equipment are available, 
including fume hoods (radiological and 
non-radiological), furnaces (resistance and 
inductively heated), balances, optical microscopes, 
uniaxial presses, and a hot isostatic press. 

Fuel fabrication equipment includes mills, lathes, 
shears, roller presses, arc melters, arc welders, and 
an ultrasonic testing station. A small prototyping 
laboratory is available for modifying or building 
specialized equipment and devices. 

Fuels and Applied Science Building at the Idaho 
National Laboratory 



Required Assets for a Nuclear Energy Applied R&D Program September 2008 Draft (2) 

48 

Flourinel Dissolution Process and Fuel Storage Facility (FAST) 

Location: Idaho National Laboratory 

Currently Supporting: Fuel storage 

Status: Basins are active for fuel storage. Process cell is in standby. 

Remarks: Facility will need a comprehensive restart effort with modifications as necessary to fit a new 
program 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
The FAST facility was constructed in 1984 to receive and store various types and sizes of fuels and to 
perform the head-end dissolution step in the reprocessing of zirconium-based fuel. Operations were 
conducted from 1985 to 1988. The facility was placed in standby in 1992. 

The FAST facility consists of the Fuel Storage Area and 
the Fluorinel Dissolution Process Area. The Fuel 
Storage Area portion of the FAST facility includes six 
water storage basins, two of which are deep enough for 
commercial LWR fuel assemblies. A cart and inclined 
plane allows fuel to be transferred from the basins 
directly into the fuel dissolution process cell. However, a 
cart modification would be needed to transfer 
commercial length assemblies into the fuel dissolution 
process cell. Cask-handling capabilities accommodate 
commercial fuel transfer casks. Fuel receipt and storage 
at the Fuel Storage Area is continuing until a decision is 
made regarding the ultimate disposition of the fuel or 
until alternative fuel storage options, such as dry 
storage, are selected and implemented 

The Fluorinel Dissolution Process Area cell is a 
20 x 100 x 50 ft, stainless steel lined, air atmosphere 

cell with 5-ft thick reinforced concrete walls. It currently houses a three-train dissolver system. Three small 
cells for sampling, waste load out, and neutron interrogation support for Fluorinel Dissolution Process 
Area cell operation. A pneumatic transfer system connects the sample cell with the Remote Analytical 
Laboratory. 

Flourinel Dissolution Process and Fuel Storage 
Facility facility at the Idaho National Laboratory  
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Fuel Conditioning Facility at the Idaho National Laboratory 

Fuel Conditioning Facility (FCF) 

Location: Idaho National Laboratory 

Currently Supporting: Electrochemical processing 

Status: Fully operational, refurbishment completed in 1996 

Remarks: Safety analysis update is in progress 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
FCF was originally constructed in the early 1960s to demonstrate recycling of EBR-II metal fuel. Major 
modifications were completed and new process equipment was added in the 1990s for the Integral Fast 
Reactor program. 

FCF consists of two hot cells: one having 
an air atmosphere and the other having an 
inert argon gas atmosphere, which 
enables work with both chemically reactive 
materials and radioactive nuclear 
materials. The rectangular air cell is 52 ft 
long by 25 ft wide and 22 ft high with nine 
operating stations. The air cell is used for 
handling, storage, and assembly/ 
disassembly of components. A pneumatic 
transfer system connects the air cell with 
the Materials and Fuels Complex 
Analytical Laboratory hot cells for rapid 
transfer of radioactive samples for 
analysis. The argon cell is a much larger 
“doughnut” shaped hot cell at 62 ft in 
diameter by 22 ft high with 15 operating 
stations. The argon atmosphere is 
maintained at less than 100 ppm oxygen. 
Shielding walls are 5-ft thick, high-density 
concrete. Personnel can work from the 
outside corridor around the hot cell and 

monitor in-cell activities from an inner shielded space in the center of the hot cell. All equipment in the 
cells can be repaired remotely using externally controlled manipulators and cranes. Currently, the facility 
is used to perform research and pilot-scale demonstration of the electrorefining process for irradiated, 
sodium-bonded, metal fuel. 

In addition to the hot cells, the facility contains a mockup area where new equipment can be qualified and 
tested for remote operations and maintenance prior to installation in the FCF or the nearby Hot Fuel 
Examination Facility (HFEF) cells. Also, there is a spray chamber, special glove boxes, and a suited entry 
repair area (located in the basement) where contaminated equipment can be decontaminated and 
repaired. 
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Fast Flux Test Facility (FFTF) 

Location: DOE Hanford Site, Washington 

Currently Supporting: None 

Status: Shutdown, fuel and sodium coolant removed, listed for decommissioning and demolition 

Remarks: Restart will require a major effort to repair and re-qualify systems and reload the core 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
FFTF is a 400 megawatt thermal, loop-type, sodium-cooled, fast spectrum reactor located on the Hanford 
Site. Heat was removed from the reactor by circulating liquid sodium through three primary heat transport 
system loops, connected to secondary heat transport system loops. The secondary heat transport system 
loops transferred the heat to the atmosphere through air-cooled, dump heat exchangers. 

The FFTF complex includes the reactor, heat removal equipment, and structures; containment; fuel 
handling; a hot cell within the containment for sodium removal and initial core component examination, 
instrumentation, and control; a separate fuel storage building; utilities; and other essential services. 

Construction of the FFTF was completed in 1978, and the first reaction took place in 1980. From 
April 1982 to April 1992, the FFTF operated successfully as a national research facility to test advanced 

nuclear fuels, materials, components, nuclear 
power plant operations and maintenance 
protocols, and reactor safety designs. During this 
time, the FFTF also produced a wide variety of 
medical and industrial isotopes, made tritium for 
the U.S. fusion research program, and conducted 
cooperative international research work. 

After 10 years of operation, FFTF was shut down 
in 1992. Although there have been several 
deactivation delays, potential mission studies, and 
legal actions, the fuel and coolant have been 
removed, the core support basket has been drilled 
to drain the remaining sodium coolant, and 
completion of the deactivation phase of the FFTF 
Closure Project continues. 

The Fast Flux Test Facility at the Department of 
Energy 
Hanford Site
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Fuels and Materials Examination Facility 

Location: DOE Hanford Site 

Currently Supporting: None 

Status: Construction incomplete/never operated 

Remarks: Programmatic use will require completion of construction with modification, as necessary, and 
provision of process and support equipment 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
The Fuels and Materials Examination Facility was designed to examine irradiated fuels and materials 
experiments from the FFTF and to manufacture mixed oxide fuels. Capability to include aqueous 
reprocessing equipment also was included. It was constructed during the early 1980s, but was never 
activated and operated.  

The Fuels and Materials Examination 
Facility is a poured concrete building, 175 ft 
by 270 ft by 98 ft high. The building also 
extends 35 ft below grade and has a total 
of about 200,000 ft2 of operations space. It 
is divided into six operating floors with an 
attached mechanical equipment wing and 
an entry wing. The facility was designed for 
both truck and rail access. A 75-ton lift 
crane system and a below grade tunnel for 
transfer of casks are present. A series of 
large work spaces set up with 
high-efficiency particulate air exhaust are 
built into the facility at various levels around 
the main cell blocks. These could be used 
for process support activities or analyses. 
Outside the work spaces are additional 
spaces that are well suited for personnel 
offices. 

The largest cell is 50 ft high with about 
4,000 ft2 of floor space and an adjacent 
maintenance cell; the upper process cell 
with adjacent transfer cell is 24 ft high with 

about 2,300 ft2 of floor space; and the 14 process support cells are 14 ft high with either 42 ft2 or 78 ft2 of 
floor space. All these cells are capable of being operated with an inert atmosphere. Also, there is a cell 
designed for a TRIGA reactor and a production scale automated MOX fuel fabrication line is installed in a 
glovebox on the upper level. The hot cells do not currently have windows or manipulators. A shielded and 
remotely operated pick and place spent nuclear material storage vault was built into the facility. 

The Fuels and Materials Examination Facility at the 
Department of Energy Hanford Site 400 Area 
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Fuel Manufacturing Facility 

Location: Idaho National Laboratory 

Currently Supporting: Advanced Fuel Cycle Initiative 

Status: Fully operational 

Remarks: Safety analysis update is in progress 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
The Fuel Manufacturing Facility began operations in 1986 to perform fuel development work and to 
manufacture fuel for the EBR-II reactor.  

This seismically and security “hardened” facility is 
approximately 100 ft by 50 ft and located within the 
Materials and Fuels Complex. It is surrounded by a 
perimeter intrusion, detection, and assessment 
system.  

Since the EBR-II reactor was shut down in 1994, the 
facility has continued to support new reactor fuel 
development work and general fissionable material 
handling, processing, and storage activities in the 
facility's numerous gloveboxes. Installation of a new 
inert atmosphere glovebox “train” specifically for 
Advanced Fuel Cycle Initiative project fuel fabrication 
was completed recently. 

Fuel Manufacturing Facility at the Idaho National 
Laboratory 
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Fuel Processing Facility 

Location: Idaho National Laboratory 

Currently Supporting: Storage 

Status: Construction not completed; facility was never activated 

Remarks: Programmatic use will require completion of construction with modification, as necessary, and 
provision of process and support equipment  

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
The Fuel Processing Facility, also known as the Fuel Processing Restoration Project, was designed to 
process spent fuel in pulsed columns and recover enriched uranium as an oxide product. Although 
intended to recover high-enriched uranium, alpha control features were designed into the facility because 
of the potential for plutonium contamination. 

The Fuel Processing Facility construction was halted in 1992 after enclosure of the structure was 
completed. Minimal heating and ventilation was installed for safety and investment protection. Most of the 
process equipment and balance of plant items (e.g., electrical, heating and ventilation, shielding windows, 
and manipulators control room and offices) were not purchased, installed, or completed. The facility is 
currently used as a storage warehouse. 

The Fuel Processing Facility contains nine shielded, air 
atmosphere process cells, each approximately 20 ft wide x 
40 ft long x 40 ft high. These cells are located below grade 
and aligned next to a 200 ft long x 15 ft wide x 45 ft high 
“mini-canyon” pump and valve corridor. 

Remotely controlled sampling cells are included to support 
all of the process functions. The pump and valve corridor 
is stainless steel lined and equipment within it can be 
remotely maintained. Three levels of operating corridors 
surround the process cells. 

Fuel Processing Facility at the Idaho National 
Laboratory 
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H-Canyon 

Location: Savannah River Site 

Currently Supporting: High-enriched uranium blend-down 

Status: Operational 

Remarks: R&D program use will require equipment removal and disposal, facility modifications as 
necessary, and provision of new process equipment 

Potential Program R&D Applications are Shaded 

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
The Savannah River H-Canyon is a very large facility constructed over 50 years ago to recover plutonium 
from natural uranium targets by aqueous reprocessing methods. It was designed for process flexibility, 
and in the late 1950s, it was converted to recycle Savannah River Site highly enriched uranium reactor 
fuel. In the 1960s the process was modified to recover neptunium and a capability was added to recover 
and purify plutonium-238. It is now being used to blend-down highly enriched uranium into low-enriched 
uranium suitable for commercial reactor fuel. Most of the control systems are, however, the original 1950s 
technology. 

The main process vessels are located in long, air atmosphere shielded canyons, about 15 ft wide and 
over 550 ft long. Cell exhaust utilizes sand filters. The facility is divided into “hot” and “warm” canyons. 
New hot side and warm side cranes were installed in 1989. The initial separation of uranium and 
neptunium from fission products was performed in the hot canyon; subsequent purification for each 
material was performed in the warm canyon. The primary separations equipment includes fuel and target 
dissolvers, centrifuges for solids removal, three cycles of solvent extraction equipment, process solution 
and waste evaporators, and various product and hold tanks. 

Supporting Savannah River Site infrastructure includes the tank farms and Defense Waste Processing 
Facility, which may provide a means for the disposition of high-level waste generated from reprocessing. 

However, while technically 
feasible, use of the Defense 
Waste Processing Facility may 
not be practical or allowed for 
non-defense R&D waste. The 
HB line provides gloveboxes 
suitable for recovery of 
plutonium (including Pu-238) 
and conversion of the products 
into oxides for use in reactor 
fuels or thermoelectric devices. 
A chemistry laboratory is 
available to provide analytical 
support for technology research 
and demonstrations. Samples 
are transferred for analysis by 
truck. 

H-Canyon at the Savannah River Site 
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Hot Fuel Examination Facility (HFEF) 

Location: Idaho National Laboratory 

Currently Supporting: Multiple programs 

Status: Fully operational 

Essential Improvements: Complete safety analysis update 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
HFEF is a large, heavily shielded hot cell facility designed to remotely characterize highly irradiated fuel 
and structural materials and have the flexibility to conduct numerous other research, development, and 
demonstration tasks as necessary. Currently, the facility is used for nondestructive examination, such as 
dimensional measurements, neutron radiography, and destructive examination, such as mechanical 
testing and metallographic/ceramographic characterization. Waste form development in support of 
advanced reprocessing research also is conducted in the cells. HFEF receives and disassembles full-size 
LWR assemblies and examines full-size LWR fuel elements. Thirty-foot long irradiated fuel sodium test 

loops have been disassembled and examined in 
HFEF. In addition, close to 1,000 drums of 
contact-handled transuranic waste have been 
characterized, core sampled, solidified, and 
repackaged in a waste characterization capability 
in the high-bay area of the facility. 

HFEF consists primarily of two adjacent large, 
highly-shielded hot cells in a three-story building. 
The main cell (argon atmosphere) is 70 ft long, 
30 ft wide, and 25 ft high with 15 workstations, 
each with a viewing window and a pair of remote 
manipulators. A decontamination cell (air 
atmosphere) is 20 ft long, 30 ft wide, and 25 ft high 
with six similarly equipped workstations. The cells 
are equipped with overhead cranes and overhead 
electromechanical manipulators. A Neutron 

Radiography Reactor is located below the main cell for neutron radiography of irradiated fuels and 
materials test components. (See the Neutron Radiography Reactor Description Sheet.) There is a small 
shielded cell that houses an optical metallograph and a scanning electron microscope. HFEF is linked to 
the Materials and Fuels Complex analytical laboratories and the FCF by pneumatic sample transfer lines. 

Hot Fuel Examination Facility at the Idaho National 
Laboratory 
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High Flux Isotope Reactor (HFIR) 

Location: Oak Ridge National Laboratory 

Currently Supporting: Isotopes and neutron physics user experimentation 

Status: Fully operational 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
HFIR is a versatile, 85-MW, beryllium-reflected, light water-cooled and moderated, flux-trap type reactor 
that uses highly enriched uranium-235 as the fuel. The neutron scattering research facilities at HFIR 
contain a world-class collection of instruments used for fundamental and applied research on the 
structure and dynamics of matter. The reactor also is used for medical, industrial, and research isotope 
production; research on severe neutron damage to materials; and neutron activation to examine trace 
elements in the environment. 

The original construction was finished in 1965; a project to enlarge in-reactor irradiation facilities to allow 
experiments to be instrumented was completed in 1986; and a cold neutron source was commissioned in 
2007. HFIR is projected to continue operation through the year 2040 and beyond. 

The reactor core consists of a series of concentric 
annular regions, each approximately 2 ft (0.61 m) 
high. A 5-in. (12.70-cm)-diameter hole, referred to as 
the "flux trap," forms the center of the core. The fuel 
region is surrounded by a concentric ring of beryllium 
reflector approximately 1 ft (0.30 m) thick. This, in 
turn, is subdivided into three regions: the removable 
reflector, the semi-permanent reflector, and the 
permanent reflector. The beryllium is surrounded by a 
water reflector of effectively infinite thickness. In the 
axial direction, the reactor is reflected by water. 

In the flux trap in the center of the HFIR fuel element, 
a working thermal-neutron flux of 2E15 
neutrons/(cm²·s) is available for irradiation of 
experiments, including instrumented capsules and 
loops. The beryllium reflector also contains numerous 

experimental facilities with thermal-neutron fluxes up to 1E15 neutrons/(cm²·s). These facilities can 
accommodate static experimental capsules, complex fuel-testing engineering loops, and special 
experimental isotope irradiations. Access to some experimental positions is via a pneumatic tube to allow 
rapid insertion and removal during reactor operation. 

The High Flux Isotope Reactor at Oak Ridge 
National Laboratory 
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Irradiated Fuels Examination Laboratory 

Location: Oak Ridge National Laboratory 

Currently Supporting: Multiple programs 

Status: Operating 

Remarks: Exhaust system and liquid waste improvements are needed 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
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High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
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The Irradiated Fuels examination Laboratory was constructed in 1963 and there have been no major 
changes; however, the equipment and building have been modernized through multiyear investments.  

There are three main air atmosphere hot cells that are each 10 ft deep and 14 ft high. One is 24 ft wide 
and the other two are 35.5 ft wide. Each has 3 ft of high-density concrete shielding and oil-filled lead glass 

windows. The NAC and T-2 casks can be handled 
using air pallets to introduce irradiated items into 
the cells, including a single, full-length, commercial 
LWR fuel rod. 

Also, there are three smaller stand-alone air 
atmosphere special purpose cells for irradiated 
microsphere gamma analysis; scanning electron 
microscopy; and core conduction cool-down 
testing. The irradiated microsphere gamma 
analysis and the scanning electron microscopy 
cells are 64 in. wide by 44 in. deep by 44 in. high 
with 8 in. of steel shielding and the core conduction 
cool-down testing cell is 4 ft wide by 6 ft deep by 
8 ft high with 4 in. of lead shielding. These cells 
have dry lead glass windows. 

 

The Irradiated Fuels Examination Laboratory at Oak 
Ridge National Laboratory 
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The Irradiated Materials Examination and Testing 
Facility at Oak Ridge National Laboratory 

Irradiated Materials Examination and Testing Facility 

Location: Oak Ridge National Laboratory 

Currently Supporting: Irradiated material property testing 

Status: Operating 

Remarks: Low-level liquid waste and hot cell exhaust system improvements are needed 

Potential Program R&D Applications are Shaded 

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
The Irradiated Materials Examination and Testing Facility is located at one end of Oak Ridge National 
Laboratory’s Building 3025. It has six hot cells of various sizes from about 3 ft wide by 4.5 ft deep by 8 ft 
high to 11 ft wide by 7 ft deep by 13 ft high. Both concrete and steel are used for shielding. The floor and 
walls of one cell are covered with stainless steel. All cells have an air atmosphere and work is restricted to 
beta gamma radiation sources. 

The current primary use of the Irradiated Materials 
Examination and Testing Facility is for conducting a 
variety of materials property tests (e.g., tensile, 
impact, hardness, compression, bending, fracture 
toughness, and crack growth) on irradiated samples 
under simulated temperature and pressure 
environments. Examination equipment includes 
profilometry and electron microscopy. However, the 
facility is flexible because the function of the cells is 
determined by the equipment installed. 

Shielded storage is available in the floor of the cell 
access area. It consists of 15 stainless steel lined 
wells, which are each 10 ft deep. They can be sealed 
from the general environment and are interconnected 
with a high-efficiency particulate air-filtered 
ventilation system. 
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ANL J, G, K, and M-Wing Facilities 

Location: Argonne National Laboratory 

Currently Supporting: Nuclear programs 

Status: J-wing: operating radiological facility; G-wing: ongoing downgrade to radiological facility; K-wing: 
operating, but currently closed to programmatic work; and M-wing: standby 

Remarks: G-wing requires a reduction of radioisotope inventory to allow downgrading to radiological 
facility status 

Potential Program R&D Applications are Shaded 
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Argonne’s J, G, K, and M-Wing Laboratories have the capability for handling and analyzing a wide range 
of radioactive materials in small quantities for laboratory-scale process development. 

The laboratories in the J and G-wings are used for process development in the areas of aqueous and 
electrochemical separations of nuclear materials. Several gloveboxes allow for safe handling of most 
radioactive materials. In addition, laboratories and instrumentation specifically for analysis of radiological 
materials are housed in the G-wing. 

The radioactive materials inventory of G-wing is currently being reduced to allow its management as a 
radiological facility. This change in the status of the G-wing will not significantly change the capabilities of 

the facility, but will limit the amount of radioactive 
materials present in the facility at any one time. 
Tracking and management of the inventory will 
allow a wide range of programmatic work to be 
accomplished. 

The hot cells in the K-wing are currently 
operational, but closed to programmatic work. 
Several upgrades are being planned that would 
return the facility to full compliance and available for 
programmatic work. Two large cells with three 
telemanipulators are available; several different 
transfer mechanisms are also available. 

The hot cells in the M-wing are currently in standby 
mode. A total of eight large cells (four on each of 
the two levels) are equipped with telemanipulators 
and adequate transfer equipment. Documentation 
and physical upgrades could bring this facility back 
into compliance. 

Safe material handling at Argonne National 
Laboratory 



Required Assets for a Nuclear Energy Applied R&D Program September 2008 Draft (2) 

60 

Low-Activation Materials Development and Analysis  
Laboratory (LAMDA) 

Location: Oak Ridge National Laboratory 

Currently Supporting: Multiple programs 

Status: Operating 

Remarks: Samples less than 60 mR/hr (at 1 ft) 
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LAMDA is a multipurpose facility consisting of about 2,500 ft2 in three radiological laboratories. LAMDA 
allows for examination of low-activation materials without the need for remote manipulation, which 
facilitates examination of more precise and delicate samples than possible in traditional hot cells. 

The three multipurpose radiological laboratories in 
LAMDA provide containment and shielding 
adequate for evaluation of materials with low 
radiological threat. As a guideline, the radiological 
hazards must be previously identified and the 
samples must have beta/gamma activity 
corresponding to a dose of less than 60 mR/hr 
(at 1 ft). Samples with low-level alpha contamination 
are acceptable, although alpha containing samples 
are considered non-routine and handled on a 
case-by-case basis. 

Research encompasses basic science, applied 
engineering, and regulatory work, spanning 
materials for all past, present, and future reactor 
applications. The most commonly conducted work 
includes mechanical testing, optical and scanning 
electron microscopy, densitometry, metallography, 
and thermal and electrical conductivity. Low 
pressure (vacuum to 10-7 torr) and high temperature 
(to 1300°C) testing is routine. Other activities not 
previously conducted are possible with the 
appropriate planning because equipment can be 
moved in and out of LAMDA on a campaign basis. 

Low Activation Materials Development and Analysis 
Laboratory at the Oak Ridge National Laboratory 
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Materials and Fuels Complex Analytical Laboratory 

Location: Idaho National Laboratory 

Currently Supporting: Multiple programs 

Status: Fully operational 

Remarks: Safety analysis update is in progress 
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The Analytical Laboratory at the Idaho National Laboratory’s Materials and Fuels Complex has been 
operating since 1960 with a major radiological filtration and exhaust system upgrade in 1994. It provides a 
wide range of analyses to support the missions of the Idaho National Laboratory’s. The approximately 
20,000 ft2 of laboratory and office space houses six shielded hot cells; air and inert atmosphere 
gloveboxes; wet chemical laboratories; alpha, beta, and gamma counting facilities; a nuclear fuels casting 
laboratory; a nondestructive assay laboratory; and a wide variety of instrumentation. Direct connection of 
the Analytical Laboratory’s hot cells to the FCF and the HFEF through a pneumatic transfer system allows 
for rapid, safe transfer of process or research and development samples to the laboratory for analysis. 

The shielded analytical hot cells are 5.5 ft square 
and 12.5 ft high for the receipt and analysis of 
highly radioactive samples. Samples can be 
directly transferred from the hot cells into a 
shielded glovebox equipped with an inductively 
coupled plasma atomic-emission spectrometer 
for analysis. Other types of samples can be 
transferred out of the hot cells into the B-wing for 
analysis by a variety of methods. 

The laboratory excels at elemental and isotopic 
analysis of highly radioactive samples from major 
constituents to trace levels. The laboratories are 
equipped with a variety of sophisticated 
analytical instrumentation. In these cells and 
laboratories, materials, such as fuels and waste 
forms, are developed and thoroughly analyzed 

and characterized for chemical, crystallographic, and thermal properties. 

Work has begun on a major addition to consolidate analytical capabilities from other areas of the Idaho 
National Laboratory and to house new state-of-the art equipment. This 8,200 ft2 addition is expected to be 
operational in early 2009. 

Materials and Fuels Complex Analytical Laboratory at the 
Idaho National Laboratory 
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Material Sciences Laboratory 

Location: Pacific Northwest National Laboratory 

Currently Supporting: Multiple programs 

Status: Operating 

Remarks: Capability will be relocated in 2011 as part of the Pacific Northwest National Laboratory 
Capability Replacement Project 
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The Material Sciences Laboratory is a recently renovated laboratory facility at the Hanford Site 300 Area 
north of Richland, Washington. It is operated for DOE by Pacific Northwest National Laboratory to 
measure the properties of radioactive and non-radioactive metals, ceramics, and liquids. 

The Material Sciences Laboratory consists of 
four laboratories which include a wide array of 
gloveboxes, hoods, furnaces, and state-of-the-
art non-destructive measurement equipment 
(such as ultrasonic and eddy current devices). In 
these laboratories, researchers measure and 
create new ways to measure the properties of 
metals and liquids. Examples include measuring 
the density of radioactive waste slurry material; 
using ultrasonic techniques to evaluate grain 
structure, internal strain, and pressure effects of 
stress; and using advanced statistical methods 
to help analyze reactor pressure vessel 
fabrication processes to predict fabrication flaw 
rates. 

In the Thermal Properties Laboratory, thermal 
diffusivity and thermal expansion test 
capabilities are available, in addition to a variety 
of metrology and sample preparation 
capabilities. The centerpiece of the Thermal 
Properties Laboratory is a laser flash thermal 
diffusivity measurement capability. Two 
diffusivity test units are available: (1) a 

low-temperature apparatus for testing from room temperature to 400°C in air, and (2) a high-temperature 
unit (shown at above) for testing from 300 to 1500°C in vacuum or inert gas. Thermal diffusivity can be 
measured for engineering properties or radiation damage effects on either monolithic, isotropic 
composites, or layered materials. Samples can vary in size from 6 to 10 mm in diameter, and typical 
sample thicknesses range from 1 to 3 mm. 

Examples of equipment in the Material Sciences 
Laboratory at Pacific Northwest National Laboratory 
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Neutron Radiography Facility 

Location: Idaho National Laboratory 

Currently Supporting: Multiple programs 

Status: Fully operational 

Remarks: Safety analysis update is in progress 
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The Neutron Radiography Facility is a 250-kW TRIGA reactor located below the main cell of HFEF at the 
Idaho National Laboratory. The reactor, which began operation in 1977, is equipped with two beam tubes 

and two separate radiography stations for 
radiography of irradiated or unirradiated 
components. 

The primary radiography station is to perform 
neutron radiography of highly irradiated fuel 
elements, fuel subassemblies, and loop 
experiments without removing them from the 
HFEF hot-cell atmosphere. The secondary 
neutron radiography station is outside of the 
main cell and permits neutron radiography of 
either unirradiated or irradiated specimens 
without introducing them into the contaminated 
main cell. 

In addition to its radiography capabilities, the 
Neutron Radiography Facility has in-core 
irradiation capabilities, including a water-filled 
port at the center of the core and a dry port at 
the edge of the core. A pneumatic transfer 

system will be installed soon for rapid transfer to and from the core. The Neutron Radiography Facility 
also operates a linear particle accelerator, which is currently used for nondestructive assay testing of 
nuclear waste and spent nuclear fuel. 

Core of the Neutron Radiography Facility at the Idaho 
National Laboratory 
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New Waste Calcine Facility 

Location: Idaho National Laboratory 

Currently Supporting: None 

Status: Standby 

Remarks: Restart with modifications and equipment for a new program will be needed 
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The New Waste Calcine Facility was designed and constructed to solidify high-level liquid waste from 
processing spent nuclear fuels. Hot operations were conducted from 1982 until 1998 when the facility was 
placed in standby in accordance with a consent order between DOE and the State of Idaho. 

The New Waste Calcine Facility is a five-level, 72,000 ft2 facility with three main operating levels (one 
above grade and two below) for processing and decontamination functions. The decontamination area 
includes a shielded decontamination cell and the process area includes six shielded process cells for 

waste calcining. The facility is connected to the 
Remote Analytical Laboratory via a pneumatic 
transfer system. A dedicated emergency generator 
is housed in an adjacent hardened structure. 

The calcining process was remotely controlled from 
a “hardened” control room in the above grade level 
and calcining took place in the two main below 
grade levels. 

The decontamination cell interfaces with the 
remotely maintainable pump and valve corridor and 
the calciner cell for equipment maintenance. 

New Waste Calcine Facility at the Idaho 
National Laboratory 
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Remote Analytical Laboratory (RAL) 

Location: Idaho National Laboratory 

Currently Supporting: Idaho Completion Project, including waste certification for transuranic shipments 
to the Waste Isolation Pilot Plant 

Status: In operation 

Remarks: Safety analysis update is in progress 
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The Remote Analytical Laboratory is an analytical laboratory designed for a wide range of organic, 
inorganic, and radiochemical chemical analyses. This two-story, metal-clad, steel-framed, 13,000-ft2 

facility contains a conventional chemical laboratory and an air atmosphere, analytical hot cell with a waste 
load-out cell. 

The Analytical and Waste Handling Cells are constructed of reinforced concrete 36 in. thick and are on a 
separate foundation than the other facility structures. The analytical cell has six work stations with about 
500 ft2 of interior floor space for sample preparation and analysis. The waste load-out cell has two work 
stations with about 250 ft2 of floor space. The analytical cell has pneumatic transfer lines to various 
nearby facilities, enabling radioactive samples to be pneumatically transferred and received. The Remote 

Analytical Laboratory construction was completed in 
1985 and upgraded in 1995. 

The Remote Analytical Laboratory was designed to 
provide remote analytical support for spent nuclear fuel 
dissolution, reprocessing, and waste solidification. It 
currently provides analyses for radioactive and 
nonradioactive processes, waste characterization, and 
process development activities. The analytical cell 
provides the capability to perform chemical analysis on 
highly radioactive materials. There also are work areas 
for bench-scale development work. 

Analytical processes for metals and organics have been 
qualified to provide certification of waste for Waste 
Isolation Pilot Plant disposal in support of the National 
Transuranic Program. 

Remote Analytical Laboratory at the 
Idaho National Laboratory Site 
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Receiving Basin for Offsite Fuel 

Location: Savannah River Site 

Currently Supporting: None 

Status: Shutdown/standby 

Remarks: Refurbishment and restart needed 
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The Receiving Basin for Offsite Fuel is a facility of about 15,000 ft2 and includes an unloading basin, two 
storage basins, a repackaging basin, a disassembly basin, and an under-water fuel cutting and inspection 
basin. It was operated as a Category II facility and provided for the safe receipt and interim storage of 
irradiated spent nuclear fuel from Savannah River Site reactors and other domestic and foreign test and 
research reactors. It began operation in 1964. All utilities were disconnected in 2004 and the facility was 
shutdown with no routine personnel access. 

The basins and their interconnecting transfer canals held about 500,000 gallons of water and have the 
capacity for storage of about 400 commercial fuel assemblies. Access for shipments is by either by rail or 

truck. The facility has a 100-ton 
overhead trolley crane. 

Basins are epoxy lined with 
stainless steel floors and up to 
29 ft deep with 45-ft deep wells. 
Storage racks are slotted due 
to limited basin depth, and 
receipt of commercial fuel 
requires a “coffin–type” cask 
and a strong-back device for 
handling fuel bundles 
horizontally. 

Refurbishment, modification, 
and restart for commercial fuel 
receipt and storage was 
recently estimated to require 
$25 to $30 million. The Receiving Basin for Offsite Fuel is located in the 200-H Chemical 

Separation Area at the Savannah River Site 
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Radiochemical Engineering Development Center 

Location: Oak Ridge National Laboratory 

Currently Supporting: High Flux Isotope Reactor target preparation and processing and aqueous 
process development 

Status: Operating 

Remarks: Volatile off-gas system replacement is needed 
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The Radiochemical Engineering Development Center, constructed in the mid 1960s, includes two Hazard 
Category II, Security Category IV hot-cell facilities (Buildings 7920 and 7930), plus support facilities. 

Building 7920 includes a series of nine 7-ft by 
7-ft by 8.5-ft high air atmosphere hot cells 
with shield window and master/slave 
manipulators. Also, there are tank and waste 
pits of various sizes, a transfer cubicle, two 
caves 3.5-ft high, and a 4-ft wide by 3-ft deep 
by 4-ft high target decontamination cell. In 
addition, the facility includes analytical 
chemistry laboratories. 

The hot cells were originally built in the 1960s 
to fabricate and process High Flux Isotope 
Reactor plutonium, americium, and curium 
targets, and to separate californium and other 
rare heavy actinides. It is still used for this 
mission, but the throughput requires 
processing only on the order of once per 
year. One cell is currently being used to 
demonstrate the UREX aqueous separations 

process using fuel that is chopped in the IFEL as part of a coupled end-to-end demonstration. Competing 
programs leave little space available in Building 7920. 

Building 7930 includes seven relatively large, air atmosphere hot cells. Cell A is 8-ft deep by 20-ft long by 
24-ft high and unshielded. Cell B is 16 ft by 23 ft by 22.5 ft with concrete shielding and a stainless steel 
liner. Cell C is 20 ft by 33 ft by 24 ft with concrete shielding and a stainless steel liner. Cell D is 20 ft by 
41 ft by 13 ft with concrete shielding and a stainless steel liner. Cell E is 20 ft by 17 ft by 30 ft with 
concrete shielding. A stainless steel liner is on the floor and 1 ft up the walls. Cell F is 15 ft by 37 ft by 
13 ft with concrete walls. It is operated as a spent nuclear material storage vault. Cell G is 20 ft by 17 ft by 
30 ft with concrete shielding and a stainless steel liner. Cells D and E have never been used and Cells A 
and B are operated as contamination free cells. Also, there is a small fuel storage pool that is 22 ft deep. 

The Radiochemical Engineering Development Center at 
Oak Ridge National Laboratory 
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Radiochemical Processing Laboratory 

Location: Pacific Northwest National Laboratory 

Currently Supporting: Multiple programs 

Status: Fully operational 

Remarks: Life-extension upgrades are a part of the Pacific Northwest National Laboratory Capability 
Replacement Project 

Potential Program R&D Applications are Shaded 

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
The Radiochemical Processing Laboratory at the Pacific Northwest National Laboratory is Hazard 
Category 2 non-reactor facility. The facility is approximately 145,000 ft2 and contains 12 small hot cells 
(about 850 ft2 of floor space total) in two hot-cell annexes plus three smaller modular hot cells, multiple 
gloveboxes, and general purpose radiochemical research laboratories. Two additional small hot cells, four 
additional modular hot cells, and four gloveboxes will be added to the facility as part of 20-year 
life-extension project with completion expected in the year 2011. 

The High-Level Radiochemistry Facility hot cell annex includes three hot cells designed to shield 106 R/hr. 
The High-Level Radiochemistry Facility previously housed a spent fuel reprocessing line in support of the 
Nuclear Waste Vitrification Program. An adjacent truck lock and 30-ton capacity bridge crane with a 5-ton 
capacity auxiliary hook support fuel cask receipt in the High-Level Radiochemistry Facility. Full-length 

commercial reactor rods have 
been received and 
destructively examined in these 
cells. The Shielded Analytical 
Laboratory hot cell annex 
contains six interconnecting hot 
cells that handle radioactive 
samples up to 2000 R/hr. 

Wet laboratories in the center 
of the facility support 
bench-scale radiochemical 
processing and separations 
research. A shielded glovebox 
contains a bank of sixteen 
2-cm centrifugal contactors that 
enable solvent extraction 
research. A fuels development 

and evaluation laboratory contains an oxide fuel fabrication line to produce research-grade fuels. The 
Radiochemical Processing Laboratory also includes irradiated materials destructive examination 
capabilities; thermal analysis equipment to evaluate thermo-physical properties of advanced fuels and 
irradiated materials, and a state-of-the-art flow-through system to evaluate the stability and durability of 
waste forms. 

Radiochemical Processing Laboratory at the Pacific Northwest National 
Laboratory 
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Shielded Cell Facility—High-Level Cells 

Location: Savannah River National Laboratory 

Currently Supporting: Site cleanup waste characterization and process development 

Status: Operating 

Remarks: Degrading windows will require replacement over the next 5-10 years 
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The Shielded Cells Facility high-level hot cells consist of two cell blocks containing a total of 16 small, 
stainless steel lined, air atmosphere hot cells with a single operator position in each. Each cell module 
consists of an operating space approximately 6-ft wide × 6-ft deep × 15-ft high with shielding walls. The 
shielding is designed to protect operating personnel from 1 MeV gamma radiation from a 10,000 Ci 
source. Plutonium inventory is limited to 300 to 400 gm. The operator views the hot cell operations 
through a leaded glass window to perform tasks with manipulators. 

The cell modules within each cell block 
are interconnected. Some walls can be 
removed to combine up to three cells. 
Overhead, in-cell, 1-ton bridge mounted 
cranes are used to move materials 
between the interconnected cells. The 
top and rear walls of the shielded cells 
are in a high-bay loading area with a 
10-ton crane to facilitate the transfer of 
materials and equipment into and out of 
the cells. The cells are designed to allow 
easy modifications and the change out of 
processing equipment. Standard 
equipment and sample input to the cells 
fits within a 10-in. x 11-in. transfer port 
envelope. Larger items require removal 
of the cell roof hatch. 

The Shielded Cells Facility includes 
support and auxiliary facilities that assist 
in cell operations. These facilities include 

a mockup shop used to functionally test equipment before it is placed into radioactive service and 
maintenance facilities for the decontamination and repair of manipulators. 

In addition to the manipulators, the shielded cells include 
equipment for a variety of analytical and research tasks 
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Sol Gel Laboratory Facility 

Location: Building 4501, Oak Ridge National Laboratory 

Currently Supporting: Fuel cycle and non-proliferation 

Status: Fully operational 
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The Oak Ridge National Laboratory’s Sol Gel Laboratories provide R&D scale facilities for handing and 
processing numerous radioactive and non-radioactive materials. These laboratories include facilities for 
preparation of precursor materials and feed stocks, formation and curing of microspheres and fuel 
kernels, sorting and classification of microspheres, microscopic inspection, physical property 
determination, waste consolidation, and reagent recycle. Numerous types of microspheres with precisely 
controlled properties can be produced via the sol gel process. Microspheres ranging in size from 40 to 

1200 µm can be produced via traditional sol gel 
technology. The smaller diameter microspheres 
were produced using a piezoelectric feed 
system. 

Since the late 1970s, Oak Ridge National 
Laboratory researchers have studied and fully 
developed the internal gelation process for 
making UO2, (U,Pu)O2, and (UO2 + UC2) 
microspherical fuels. In the 1990s, Oak Ridge 
National Laboratory extended the boundaries of 
the technology by developing the process to 
make hydrous metal oxide spheres of Ti, Zr, Fe, 
and other cations for such uses as sorbents, 
waste forms, catalysts, getters, and dielectrics. 
More recently, 2 kg of UO2 kernels with 
diameters of 500 ±20 µm and 3.5 kg of UO2 
kernels with diameters of 350 ±10 µm were 

prepared for the Advanced Gas-Cooled Reactor Program. These microspheres were used in the 
triisotropic (TRISO) coating development. In addition, UO2 + UC2 fuel kernels were produced and 
evaluated for the International Nuclear Energy Research Initiative. 

The internal gelation process used is one of the sol-gel processes developed for preparation of 
microspheres of nuclear fuel in which chilled clear broth droplets containing acid-deficient uranyl nitrate, 
hexamethylenetetramine, and urea are heated, causing homogenous gelation and solidification of the 
droplets that, after washing treatments, can be dried calcined and sintered to ceramic kernels of the 
required density. 

Sol Gel Laboratory at Oak Ridge National Laboratory 
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Space and Security Power Systems Facility 

Location: Idaho National Laboratory 

Currently Supporting: Space and security missions 
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The Space and Security Power Systems Facility consists of an administrative building and a nuclear 
process building. The facility is located at Materials and Fuels Complex at the Idaho National Laboratory. 
The nuclear process building is a two-story, reinforced concrete building of approximately 10,000 gross 
ft2. It is a security access-controlled facility surrounded by the Materials and Fuels Complex Perimeter 
Intrusion Detection and Assessment System. Modification of the administrative building and construction 

of the nuclear process building was completed in 
2004. 

The Space and Security Power Systems Facility 
provides the capability for assembly and testing 
of radioisotope power sources. These power 
sources, or batteries, convert the heat from 
Pu-238 decay to electrical power for use in space 
applications or remote terrestrial locations. After 
a power source is assembled in one of the 
specialized gloveboxes in the facility, testing is 
performed to ensure the power source will work 
in the desired environment. Testing activities 
include the following: vibration testing to simulate 
lift-off conditions for space applications or vehicle 
transport conditions for terrestrial missions; mass 
properties determination for space and terrestrial 
applications; and thermal/vacuum testing that 
duplicates, as close as possible on earth, the 
conditions under which a space battery will be 
expected to operate. 

Space and Security Power Systems Facility at the Idaho 
National Laboratory 
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Safety and Tritium Applied Research Facility 

Location: Idaho National Laboratory 

Currently Supporting: Fusion reactor safety 

Status: Operating 

Remarks: Upgrade completed in 2002 
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The Safety and Tritium Applied Research Facility is a low-hazard, radiological facility comprised of two 
interconnected buildings (TRA-666 and TRA-666A), with a total of about 4,400 ft2 distributed between four 
laboratory rooms, a high bay, and a small office room. It was constructed in 1963 with major modifications 
in 1986 and 2002. It is equipped with laboratory infrastructure and experimental systems to support tritium 
science and fusion technology research activities related to development of safe and environmentally 
friendly fusion energy. The tritium inventory in the Safety and Tritium Applied Research Facility is 
controlled to be less than 15,000 Ci. The Safety and Tritium Applied Research Facility is a designated a 
DOE National User Facility. 

Experimental systems and tritium process equipment are located in the laboratories and a high-bay area. 
These systems support both tritium and non-tritium research (bench-scale experiments and engineering 
tests). Research capabilities include (1) hydrogen/tritium plasma-surface interaction with materials, 
(2) chemical reactivity and oxidation of plasma-facing materials, (3) mobilization of activation products 

and tritium, (4) dust generation and characterization for fusion 
devices, and (5) molten salts for tritium breeder and coolant 
applications. Two experimental systems that support 
plasma-surface interaction research are the D-ion implantation 
system, and the tritium plasma experiment. Research on Li-Be 
fluoride salts is conducted with inert gas, glovebox-based 
experimental systems. 

TRA-666 and TRA-666A are equipped with separate heating, 
ventilation, and air conditioning systems that provide once-through 
air in each building with the air eventually exhausted to the site 
exhaust stack. This feature enables tritium operations to be 
localized primarily in TRA-666 and non-tritium operations in 
TRA-666A. To support tritium operations in TRA-666, the facility is 
equipped with gloveboxes and a tritium cleanup system to process 

gas streams from gloveboxes and experimental systems using tritium and tritium monitoring 
instrumentation (e.g., room air, glovebox atmosphere, and laboratory exhaust). To support research 
activities with hazardous and environmentally sensitive materials, TRA-666A is equipped with several 
gloveboxes filled with inert gas. For example, research with beryllium and materials containing beryllium 
has been ongoing for years in a safe and productive manner. 

Safety and Tritium Applied Research 
Facility at the Idaho National 
Laboratory 
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The TA-55 Plutonium Facility is a large, 230,000-ft2 nuclear facility within the Los Alamos National 
Laboratory Technical Area -55. It was constructed in the mid-1970s and began operation in 1978. 
Significant infrastructure upgrades to the facility are currently in progress. 

The facility was designed and built to meet Security 
Category I and Hazard Category 2 requirements. It 
is primarily used for NNSA Defense Programs, but 
also hosts a broad portfolio of other programs. It 
has extensive, lightly shielded, inert glovebox 
capability and is designed with an integrated 
overhead trolley system for moving material 
between glovebox lines and to different parts of the 
building. These gloveboxes are capable of handling 
kilogram quantities of nuclear material as long as 
the associated radiation fields are relatively low. 

Within the facility, there is a glovebox line 
(40 boxes) for fabrication of radioisotope heat 
sources and another series of connected glovebox 
functions as a development fuel line for ceramic 
fuels. This line is currently being used to fabricate 
research-scale quantities of MOX (mixed uranium 

plutonium oxide) type fuel pellets. At research-scale quantities, this line is capable of working with fuels 
containing neptunium and small quantities of americium. The line also has been used to fabricate fuels for 
space reactors and MOX fuels in support of the surplus weapons plutonium disposition program. 

Entrance to the TA-55 Plutonium Facility at the 
Los Alamos National Laboratory 
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Transient Reactor Test (TREAT) Facility 

Location: Idaho National Laboratory 

Currently Supporting: National and Homeland Security 

Status: Standby 

Remarks: Facility will need a comprehensive restart effort 

Potential Program R&D Applications are Shaded 

Light Water Reactors Irradiated Fuel 
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Advanced Fuel 
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High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
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TREAT is an air-cooled, uranium-fueled, thermal-spectrum reactor constructed in 1958 and operated 
extensively in support of thermal and fast reactor development and safety testing from initial criticality in 
1959 until placed in non-operational standby mode in 1994. It is located at the Materials and Fuels 
Complex of the Idaho National Laboratory. 

The reactor and its control system were designed to expose reactor fuels (full-length elements and 
assemblies) and structural materials to conditions simulating various types of severe nuclear and thermal 

transient situations that could potentially occur in a 
nuclear reactor (e.g., TMI-II conditions). Fuel 
meltdowns, metal-water reactions, thermal 
interactions between overheated fuel and coolant, 
and the transient behavior of ceramic and metal 
fuel for high-temperature systems have been 
studied and could be studied again. Other tests 
have included the nuclear-driven laser experiment 
series and core-physics measurements. In its 
steady-state operation, TREAT can be used as a 
large neutron radiography facility. 

Currently, the TREAT reactor is maintained in a 
safe shutdown configuration and provides support 
for out-of-core National and Homeland Security 
and other R&D activities. Transient Reactor Test Facility at the Idaho National 

Laboratory 
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Unirradiated Fuel Storage Facility 

Location: Idaho National Laboratory 

Currently Supporting: Storage 

Status: Operational 

Remarks: Ventilation system and security upgrades are required 

Potential Program R&D Applications are Shaded 
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The Unirradiated Fuel Storage Facility is a fuel storage facility that provides secure storage of a variety of 
unirradiated fuel materials for subsequent processing or shipment to other facilities for use. Original 
construction was completed in 1975 and upgrades were completed in 1984 and 1994. 

The facility consists of a south vault, north vault, receiving area, annulus on the north, east, and south 
sides of the vaults, and exterior concrete walls. On the north, east, and south sides of the building, there 

is a sloped berm from ground level 
to the roof. The inner core section 
of the berm consists of a rock fill 
material; compacted gravel fills the 
outer section and the berm is 
covered by non-structural concrete 
slabs. 

The thick concrete walls and berm 
provide security and safeguards 
protection for stored fuel. 
Ventilation at the facility is poor 
and is only functional when 
personnel must enter it. Chain-link 
fences surround the facility and 
two sets of security doors (inner 
and outer doors) provide access. 

The Unirradiated Fuel Storage Facility at the Idaho 
National Laboratory 
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Zero Power Physics Reactor 

Location: Idaho National Laboratory 

Currently Supporting: Space and security missions and nuclear fuel handling and storage 

Status: Reactor matrix scheduled for disposal; facility available for current and other missions 

Remarks: Facility will need a comprehensive restart effort for reactor operation 

Potential Program R&D Applications are Shaded 
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Fast Spectrum Reactor Safeguards and 
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The Zero Power Physics Reactor, the nation’s largest split-table critical facility, was designed and 
operated to model large reactor cores. The reactor is located within the Idaho National Laboratory’s 
Materials and Fuels Complex property-protected area and is surrounded by a perimeter intrusion, 
detection, and assessment system. 

It was constructed in the late 1960s and operated between 1969 and 1992. The design provided great 
flexibility in reactor core configuration and its operation provided a wealth of information needed for fast 
reactor design and operation. Core mockups included EBR-II, several large liquid metal fast breeder 
reactors, and space reactors. In 1992, all fissile material was removed from the core to the vault and the 
reactor was placed in non-operational standby. 

Currently, unirradiated special nuclear materials 
are stored in the vault. The workroom is used to 
monitor and maintain the integrity of the stored 
materials and other areas are used to support 
various nuclear and non-nuclear programs. 

Although disassembly and disposal of the 
reactor core matrix is planned, it is not funded 
and reactor operation could be restarted. If the 
core matrix is removed, it will free up significant 
space useful for a variety of nuclear programs, 
including those with high security requirements. 

Restart of the Zero Power Physics Reactor as a 
critical facility has been estimated to cost $60M. 

Zero Power Physics Reactor at the Idaho National 
Laboratory 
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3.3.2 U.S. Commercial Industry 

B&W Fuel Fabrication Facility 

Location: Babcock and Wilcox Company Nuclear Operations Group, Lynchburg, Virginia 

Currently Supporting: Nuclear fuel and component supplier 

Status: Operating 

Potential Program R&D Applications are Shaded 
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The B&W Nuclear Operations Group’s (NOG) Lynchburg, Virginia facility is one of only two commercial 
plants licensed in the U.S. to possess, store, and characterize high-enriched uranium. This plant, 
regulated by the Nuclear Regulatory Commission and secured by a highly trained paramilitary force, 
accommodates the fabrication of nuclear fuel and precision components that range from a few grams to 
hundreds of tons. The site’s in-house capabilities include advanced heat treatment to optimize 

components’ material properties. The facility’s 
controlled clean-room environment has the capacity 
to assemble railcar-size components. 

In-depth quality control measures utilize leading-
edge equipment and thorough testing, including 
destructive/nondestructive testing, computerized 
and real-time accept/reject dimensional inspection, 
custom inspection gauging and calibration, and 
ultrasonic, cryogenic, and dye penetrant inspections. 

B&W NOG's Lynchburg facility houses the group's 
Uranium Processing and Research Reactors group, 
which is the only North American supplier of 
research reactor fuel elements for colleges, 
universities, and national laboratories. The unit also 
produces and supplies uranium targets for medical 
isotopes, which are highly effective in detecting and 
treating specific types of cancer. 

In addition, B&W NOG's Mount Vernon and Barberton, Ohio locations are the only domestic suppliers of 
large, heavy-pressure vessels that have American Society of Mechanical Engineers N-Stamp 
accreditation. The Mount Vernon, Indiana facility is strategically placed on the Ohio River and provides 
total lift capability of 1,000 tons—the largest on the Ohio River. 

The Euclid facility in Cleveland, Ohio is the most recent addition to the B&W NOG family. B&W NOG 
Euclid manufactures electromechanical equipment for U.S. government applications. 

B&W Lynchburg, Virginia facility 
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3.3.3 University 

Advanced Materials Laboratory, Mechanical Testing Laboratory, 
Center for Materials Characterization and Spark-Plasma Sintering Unit 
Location: Boise State University, Boise, Idaho and Center for Advanced Energy Studies, Idaho Falls, 
Idaho 

Currently Supporting: NERI, NGNP, Global Nuclear Energy Partnership, Nuclear Hydrogen Initiative 

Status: Fully operational.  

Remarks: Spark-plasma sintering unit will be moving from the Idaho Research Center to the Center for 
Advanced Energy Studies building in fall 2008. 

Potential Program R&D Applications are Shaded 
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The Advanced Materials Laboratory is currently equipped with two inert atmosphere gloveboxes The 
Advanced Materials Laboratory also contains high-temperature box and tube furnaces including a high-
temperature (1700°C) controlled-atmosphere alumina tube furnace with a turbomolecular pump that 
allows for evacuation pressures as low as 10-6 Torr. Other Advanced Materials Laboratory equipment 

includes a planetary ball mill (used with both radioactive 
and non-radioactive materials), an optical microscope, a 
laser particle size analyzer, a TGA/DSC system, and 
multiple potentiostats for electrochemical experiments. 
This laboratory maintains a Nuclear Regulatory 
Commission license. 

A hydraulically-driven mechanical testing system is 
equipped for tension, compression, and 3 and 4-point 
bend testing at temperatures up to 1200°C. The 
maximum load cell capacity is 100 kN and is controlled 
with a FlexTest SE controller. A high-temperature 

extensometer allows for accurate measurement of displacement at temperatures up to 1200°C. 

The Boise State Center for Materials Characterization has a transmission electron microscope with a 
high-resolution pole piece. The transmission electron microscope has a point resolution of 0.23 nm and 
has energy dispersive x-ray spectroscopy, tomography, and magnetic field neutralizing capabilities. The 
Boise State Center for Materials Characterization also has an X-ray diffractometer system for 
high-resolution determination of crystallographic structure, phase composition, and texture. This 
instrument includes the ability to run under non-ambient temperatures (-180°C to 1600°C) and low-angle 
diffraction for thin film characterization. 

A spark-plasma sintering system located at the Idaho Research Center (moving to Center for Advanced 
Energy Studies) is capable of sintering metals, ceramics, and advanced materials in very short times. The 
primary advantage of the spark-plasma sintering is to produce materials in short time (less than 1 hour) 
and produce materials that are difficult to fabricate by other means. The spark-plasma sintering unit is 
capable of applying forces between 5 and 50 kN, operating up to 2000°C, and an output current of 
1,500 A. Programmable temperature and pressure profiles are available. SEM (with EDS, EBSD, SE and 
BSE), AFM, and optical profilometry capabilities are also available at Boise State University. 

College of Engineering at Boise State University. 
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Georgia Tech Nuclear and Radiological Engineering Facilities 

Location: Georgia Institute of Technology 

Currently Supporting: Nuclear and Radiological Engineering and Medical Physics  

Status: Fully Operational  

Remarks: Facilities moving to a new location on campus soon. Additional capabilities will be added in the 
new location. 
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High-Performance Computing Clusters: The NRE Program currently has 13 computer clusters ranging 
from 8 to 168 and totaling over 1,000 processors. The clusters are used in modeling, simulation, and the 
development of radiation transport codes. Across the computer clusters many common NE computer 
codes used in radiation transport, criticality, and shielding and dosimetry are installed.  

Neutron Reference Field Laboratory: This neutron laboratory is used to produce reference neutron 
fields for dosimetry studies and instrument development and calibrations. Reference fields available 
include; unmoderated Cf-252, heavy-water-moderated Cf-252, polyethylene-moderated Cf-252, and iron 

and lead moderators for use with the Cf-252 and additional PuBe 
and AmBe sources. A small portable neutron generator capable of 
producing 108 n/sec will be added to the source capabilities in fall 
2009. Also available are a NE 213 spectrometer, a Bonner sphere 
spectrometer system, and numerous activation foils for measuring 
the neutron spectra. 

Microchannel Test Facility: Facility simulates single and 
two-phase phenomena in high heat flux systems such as 
accelerator targets, compact fission reactor cores and fusion first 
walls. Among the phenomena investigated are: two-phase flow 
instability, critical heat flux, single-phase forced convection, two-
phase pressure drop, and two-phase flow regimes.  

PWR Axial Offset Anomaly Test Facility: Test loop designed to 
operate at prototypical PWR primary loop conditions. Facility 
simulates conditions corresponding to crud deposition and boron 
precipitation on fuel rods and examines various practical solutions 
aimed at preventing Axial Offset Anomaly.  

Neutron Generator Facility: Layout and design of a neutron generator facility based off a D-D or D-T 
neutron generator capable of producing up to 1011 n/sec is currently being developed for installation in 
the new campus location of the NRE program. The neutron generator for the facility has both head and 
tail pulsing capabilities resulting in very low neutron production between pulses.  

PWR Axial Offset Anomaly Test 
Facility 
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Idaho State University Accelerator Center and Nuclear  
Engineering Laboratory 

Location: Idaho State University, Pocatello, Idaho 

Currently Supporting: Student research, undergraduate, and graduate laboratory courses and 
workshops in nuclear science experiments and operations 

Status: Fully operational facilities in four major laboratories, including one operating reactor and 
11 operating accelerators 

Potential Program R&D Applications are Shaded 
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The Idaho Accelerator Center is a multiaccelerator 
applied physics laboratory dedicated to research and 
education in non-proliferation, instrumentation and 
detector development and testing, fuel-cycle materials, 
homeland security, nuclear physics, health physics, 
pulsed power, medical physics and related topics. The 
center operates electron linacs ranging from 2 to 44 
MeV, pulsed-power electron sources (up to 8 MeV, 10 
kA) and a positive ion Van de Graaff (2MV). The Idaho 
Accelerator Center supports over 60 students of nuclear 
science and engineering (B.S. through Ph.D.). The Idaho 

Accelerator Center also has major collaborations with 
seven national laboratories, including Idaho, Pacific 
Northwest, Los Alamos, Lawrence Livermore, Oak 
Ridge, Sandia, and Savannah River. 

The Nuclear Engineering Laboratory is the principal 
laboratory used by Idaho State University Nuclear 
Engineering Program students to gain direct, hands-
on operating experience working with nuclear 
materials, machines, and measuring apparatus. It is 
comprised of the Idaho State University AGN-201M 

Nuclear Reactor Laboratory and the Subcritical Assembly Facility. The reactor, licensed to operate at 5 
W, has been in continuous operation at Idaho State University since 1967. The reactor is self-contained 
and has experimental access ports that allow small samples and neutron counters to be inserted into the 
center of the reactor core for activation and flux measurements. A 20-year operating license extension 
was approved by the Nuclear Regulatory Commission in 2006 and a control console replacement was 
completed in 2008. Application for 10-year extension of materials license for the Subcritical Assembly 
was submitted in 2008. These laboratories play an integral part in nuclear science and engineering 
education by providing direct experimental experiences that verify and demonstrate theoretical models. 
Experiments range from detector development to reactor operating characteristics and from nuclear 
physics to ‘approaches to criticality’. In addition, these laboratories are supported by the Department of 
Engineering’s Radiation Metrology Laboratory; by the Department of Physics’ two radiation 
measurements laboratories and a detector development laboratory; and by the abundant radiation 
measurement instrumentation of the Idaho Accelerator Center. 

Idaho 
Accelerator 
Center and 
44-MeV 
fast-pulse 
(10 ps) linac 
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Kansas State University TRIGA Mark II Reactor and Semiconductor 
Materials and Radiation Technologies Laboratory 

Location: Kansas State University 

Currently Supporting: Multiple programs 

Status: Operational 

Potential Program R&D Applications are Shaded 
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The Kansas State reactor has been in continuous operation since 1962, and is currently licensed to 
1.25 MW with pulsing to greater than 1,000 MW. The reactor was relicensed March 2008 for an additional 
20 years of service. The Semiconductor Materials and Radiation Technologies Laboratory was 
established in 1997 and supports research and development of new and innovative radiation detector 
technologies. 

The Kansas State University TRIGA Mark II 
reactor supports training, research, and isotope 
production. The facility is integrated in Kansas 
State University nuclear education, and 
supports commercial reactor operator training. 
Research is supported through gamma 
irradiation, thermal and fast neutron irradiation, 
neutron activation analysis, and neutron beams 
(detector testing and neutron scattering, 
radiography, and transmission). 

Irradiation sites include a central thimble, 
pneumatic tube, radial reflector space, and 
space outside the reflector. One beam port is 
tangent to and one pierces the reflector. Two 
ports are radial to the core. Two thermal 

columns support large irradiations. Steady state reactor power is variable up to 1.25 MW, with pulsing 
capability. Peak neutron flux is 4E10 thermal and 4.8E10 fast (>10 keV) neutrons per cm2 per 
kW-second, with 100 rad per kW-second gamma. The pneumatic tube provides 43% of peak thermal flux, 
53% of peak fast flux. The reflector site provides 18% of peak thermal flux, 13% of peak fast flux in a 
larger space. The piercing beam port provides 20% of peak thermal flux and 17% of peak fast flux. 
Gamma irradiation with the reactor shutdown is conducted in the central thimble (1.33 in. diameter) or 
outside the reflector. 

The Semiconductor Materials and Radiation Technologies Laboratory develops, investigates, and 
fabricates a variety of detectors, including compact low-power neutron detectors, high-resolution room-
temperature-operated semiconductor gamma ray spectrometers, pixelated devices (gamma ray or 
neutron imaging), miniaturized gas-filled detectors for general radiation and spectroscopic, homeland 
security, national laboratories, commercial nuclear reactor applications. 

Kansas State University TRIGA Mark II Reactor Core 
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Massachusetts Institute of Technology Reactor (MITR) 

Location: Massachusetts Institute of Technology 

Currently Supporting: Fuels and materials development, neutron science, isotope production (research 
quantities), nuclear education 

Status: Operating 

Remarks: Being relicensed for operation at 6 MW; design study ongoing for low-enriched uranium core 
conversion 
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The MITR is a tank-type water cooled research reactor. It is owned and operated by the Massachusetts 
Institute of Technology and is licensed by the Nuclear Regulatory Commission. The reactor has two 
tanks: an inner one for light water coolant/moderator and an outer one for heavy water as a reflector. A 
graphite reflector surrounds the heavy water tank. The light-water core, heavy-water reflector, and 
graphite region are all separately cooled. 

The reactor utilizes flat, plate-type fuel elements of 
UAlx cermet with 6061 aluminum alloy cladding. 
The core has 27 fuel element positions and is 
normally configured with 24 fuel elements; making 
3 positions available for in-core experiments. The 
close-packed hexagonal core design maximizes 
the thermal neutron flux in the heavy water reflector 
region where the re-entrant thimbles of the beam 
ports are located. The MITR is equipped with a 
wide variety of sample irradiation facilities, beam 
ports and a pneumatic sample transfer system. 

The MITR operates at atmospheric pressure. The 
primary coolant core inlet temperature is 

approximately 42°C and outlet temperature is 
about 50°C. The hexagonal core structure is 
about 38 cm across with an active fuel length 
of about 56 cm with fast, thermal, and gamma 

fluxes similar to those of a commercial LWR. The MITR operates 24 hours a day, 7 days per week and 
supports multiple research programs. A typical fuel cycle lasts about six weeks followed by a one week 
refueling and maintenance outage. 

The MITR has an active in-core experiment program to support materials and fuel development for 
advanced reactors. Each in-core irradiation facility can generally be tailored to meet the requirements of a 
particular experiment or multiple experiments/specimens. Examples of previous experiments include 
pressurized loops for studies of BWR and PWR coolant chemistry; investigation of shadow corrosion and 
irradiation assisted stress corrosion cracking; advanced cladding development; a scoping study of 
advanced LWR fuel; and a high-temperature gas reactor materials irradiation study in inert gas up to 
1600°C. 

The compact MITR core has fast and thermal neutron fluxes 
similar to those of a commercial LWR 
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PULSTAR Reactor 

Location: North Carolina State University, Raleigh, NC 

Currently Supporting: Multiple programs 

Status: Fully operational 

Remarks: PULSTAR reactor is equipped with unique facilities for materials nondestructive examination 
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The PULSTAR reactor has been operating since 1972. A major renovation and upgrade plan was initiated 
in 2002 and continues until the present date. This plan has resulted in the development of major 
experimental facilities for the support of fundamental and applied research. This includes the nation’s only 
intense slow positron beam for materials defect analysis, a state-of-the-art neutron imaging facility, and a 
neutron powder diffraction system for materials structure analysis. These facilities are capable of 
performing nondestructive examination of materials at the microscopic and macroscopic scales. 
Currently, work is on going to develop an ultra-cold neutron source that is expected to match international 
systems in intensity and versatility. 

The PULSTAR reactor is a 1-MWth open pool type that is light water 
moderated and cooled. The core has dimensions of 15 x 18 x 24 in. 
and is located in a pool that is 26 feet deep and is directly viewed by 
five beam tubes. Four of the beam tubes are circular and have 
diameters of 6 and 8 inches. One beam tube is square and has a cross 
section of 11.5 x 11.5 in. A sixth beam tube represents a through tube 
that passes above the core from one side of the pool to the other. 

The core of the PULSTAR reactor is fueled with uranium dioxide 
(UO2) enriched to 4% in U-235. The fuel is located in zircaloy fuel 
assemblies that are configured in a 5 x 5 grid. Each fuel 
assembly is composed of 25 fuel rods that are also configured in 
a 5 x 5 array. The fuel rods are composed of pellets that are 
stacked in tubes of zircaloy cladding. The core is reflected by a 
set of beryllium reflectors on one side and graphite reflectors on 
another side. Control of the core is achieved using four plate-type 
control rods that are made of an Ag-In-Cd alloy. 

A significant operational advantage of the PULSTAR is that its thermal neutron flux peaks at the interface 
between the core and the reflectors. Therefore, the peak thermal flux will occur near the entrance of the 
beam tubes facing the core. The level of the flux at such locations has been measured and was found to 
be around 2×1013 n/cm2·s. These levels of neutron flux indicate that the PULSTAR core design facilitates 
the leakage of core neutrons into the beam tubes and eventually to experimental stations. Consequently, 
the PULSTAR experimental facilities have benefited from enhanced neutron intensities that are typical of 
higher power reactors. 

The PULSTAR Reactor at North 
Carolina State University 
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Ohio State University Nuclear Reactor Laboratory 

Location: The Ohio State University 

Currently Supporting: DOE-SBIR projects with industrial partners 

Status: In full operation  

Remarks: Has supported a number of NERI development projects 

Potential Program R&D Applications are Shaded  
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The principal experimental facility at the Ohio State University Nuclear Reactor Laboratory is the Ohio 
State University Research Reactor. The Ohio State University Research Reactor is a pool-type reactor 
that is utilized for a variety of instructional, research, and service activities. It is licensed to operate at 
continuously variable thermal power up to a maximum of 500 kilowatts. At the maximum steady-state 
power, the average thermal neutron flux in the core is approximately 5x1012n/cm2/s. The reactor is 
immersed in a pool of light water that provides moderation and cooling by natural convective flow. It was 
constructed in 1961 and subsequently modified to operate with low-enriched fuel. 

A number of experimental facilities converge at the reactor core, which allows simultaneous performance 
of multiple experiments. These facilities include two beam ports, a pneumatic transfer facility, a graphite 
thermal column, a central irradiation facility that extends into a water-filled flux trap, an auxiliary irradiation 
facility, and multiple movable dry tubes. The central irradiation facility consists of a 1.3-inch inner-

diameter tube that extends from the top of the 
reactor pool down into the central grid position of 
the core. This facility has the highest available flux 
at the Ohio State University Research Reactor, 
with a maximum total flux of 3x1013n/cm2/s, and a 
maximum thermal flux of 1.5x1013n/cm2/s.  

The Ohio State University Research Reactor is 
used for a wide range of research endeavors, 
including neutron activation analysis, radiation-
damage evaluation for materials and electronic 
components, development and testing of neutron 
and radiation sensitive detectors, isotope 
production, and biomedical experiments. Service 
irradiations are also provided to industrial clients 
for qualification testing of components. The Nuclear Reactor Laboratory at Ohio State 

University 
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Oregon State University Radiation Center 

Oregon State University 

Location: Radiation Center and the Department of Nuclear Engineering and Radiation Health Physics 

Currently Supporting: Multiple programs including Advanced Fuel Cycle Initiative and Global Nuclear 
Energy Partnership 

Status: Fully operational 

Remarks: Low-enriched uranium fuel conversion of reactor to be completed in the fall of 2008 
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The Oregon State University Radiation Center and the 
Department of Nuclear Engineering and Radiation Health 
Physics jointly offer unique research capabilities within a facility 
with specialized amenities for nuclear-related work. These 
include: a research reactor; a gamma irradiator; laboratories for 
radiochemical, radioecological, engineering, and computational 
research; and, faculty and staff with the capability to design, 
manufacture, model and test a variety of nuclear-related 
systems. The 1 MW TRIGA Mark II reactor is licensed to 
operate continuously at up to 1.1 MW and pulsed to 2500 MW. 

It has multiple irradiation facilities in- and out- of core for performing neutron activation and radioelement 
analyses; and includes beam ports and a neutron radiography facility capable of imaging large structures.  

The one-quarter scale thermal hydraulic Advanced Plant Experimental test facility models all thermal 
hydraulic phenomena of the Westinghouse AP600 and AP1000 reactor designs and has been used in 
safety evaluation and licensing for the full scale plant. This reconfigurable facility is 10 CFR 50.59 
compliant. 

The Advanced Thermal Hydraulic Research Laboratory investigates fundamental 
processes in multiphase fluid flow and heat transfer. The Advanced Thermal 
Hydraulic Research Laboratory meets NQA-1 and 10 CFR 50 Appendix B quality 
assurance requirements for certification of instrument calibration. It has advanced 
multi-phase flow calculation capabilities and a professional design, construction and 
test operations team. 

The Laboratory of Transuranic Elements is a state-of-the-art research laboratory 
focused on speciation chemistry of actinides and fission products in aqueous and 
organic matrices for application in advanced separation processes, development of 
new materials, and environmental monitoring. Highly specialized spectroscopic 
instrumentation is applied for quantification of actinides and fission products and 
thermodynamic and kinetic studies of separation processes.  

The Advanced Nuclear Instrumentation Development Laboratory includes faculty and staff actively 
engaged in research and development activities in traditional detector design, hybrid design, light capture 
techniques, visible photon detection methods, neural network development, GUI development, and digital 
signal processing design. 

APEX test facility 
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Penn State Breazeale Reactor 
Location: Pennsylvania State University, Radiation Science and Engineering Center 

Currently Supporting: Multiple programs, including nuclear engineering program research and courses 

Status: Fully operational 

Remarks: 1-MW TRIGA, Mark III Reactor (Penn State Breazeale Reactor). Third License renewal 
application was submitted in 2005. Various upgrades of experimental facilities including new 
radiochemistry program are in progress.  
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The Radiation Science and Engineering Center facilities include the Penn State Breazeale Reactor, 
gamma irradiation facilities (In-pool Irradiator, Dry Irradiator, and Hot Cells), and various radiation 
detection and measurement laboratories. The Penn State Breazeale Reactor, which first went critical in 
1955, is the nation's longest continuously operating university research reactor. The Penn State 
Breazeale Reactor is a 1 MW, TRIGA with pulsing capabilities. The core is moveable core within a 24 ft 
deep pool with ~71,000 gallons of demineralized water. 

A variety of dry tubes and fixtures are available in or near 
core irradiations. A pneumatic transfer system is also 
available for irradiation of samples. When the reactor core is 
placed next to a D2O tank and graphite reflector assembly 
near the beam port locations, thermal neutron beams 
become available for neutron transmission and neutron 
radiography measurement from two of the seven existing 
beam ports. In steady-state operation at 1 MW, the thermal 
neutron flux is 1x1013n/cm2sec at the edge of the core and 
3x1013n/cm2sec at the central thimble. The Penn State 
Breazeale Reactor can also pulse with the peak flux for 
maximum pulse of about 6x1016n/cm2sec with pulse half 
width of about 10 msec. 

The improvements for some existing Radiation Science and 
Engineering Center facilities are currently underway or just 
completed. New core-moderator and beam port arrangement 
are planned with an expansion of the existing beam 
laboratory. The primary research areas envisioned for 
Radiation Science and Engineering Center new beam 

port/beam hall design will be in cutting-edge nuclear science and materials science. Examples include the 
following: a Neutron Depth Profiling facility for depth vs. concentration measurements in materials; a 
Neutron Imaging facility that includes neutron computed tomography capabilities for imaging of fuel cells 
and other technologically important components; a Cold Neutron Source and Cold Neutron Prompt 
Gamma Activation Analysis for neutron focusing research and determination of impurities in historically or 
technologically important material; and a Neutron Powder Diffractometer for structural determination of 
materials. 

Core picture of Penn State Breazeale 
Reactor at Radiation Science and 
Engineering Center 
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PUMA and Reactor Safety Facility of the Thermal-hydraulics Reactor 
Safety Laboratory 

Location: Purdue University 

Currently Supporting: Multiple programs 

Status: Fully operational  

Remarks: Project extension request of Purdue University Multi-dimensional Test Assembly to the Nuclear 
Regulatory Commission is in progress. 
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Purdue University Multi-dimensional Test Assembly is a test facility designed to perform integral and 
separate effect tests, especially to assess the performance of natural circulation boiling water reactors 
with passive safety systems. 

PUMA has been operating continuously since 
1996, but because its internal components are 
periodically changed out, it remains a valuable 
research and test machine capable of several 
years more service. It was established as a SBWR 
Integral Test Facility by NRC in 1996. 

The Reactor Safety Facility of Thermal-hydraulics 
Reactor Safety Laboratory at Purdue University 
has been supporting a wide range of fundamental 
reactor safety investigations. Some highlights of 
existing experimental capabilities are: 

• 8 x 8 rod bundle loop (up to 10 bars pressure) 

• Nuclear coupled two-phase flow instability 
loop (up to 10 bars) 

• Suppression pool separate-effects loop 

• Boiling loop simulating reactor core two-phase 
flow characteristics (up to 10 bars) 

• Freon 113 two-phase flow loop simulating post 
dry out phenomena (up to critical point) 

• Microgravity flow simulation loop 

• Other two-phase flow testing facility (various 
channel geometry, size and flow orientation) 

8 x 8 Rod Bundle Facility at Purdue University 

PUMA Facility at Purdue University 
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The RPI LINAC 
accelerator 
sections and 
Gaerttner 
LINAC 
Laboratory 

Rensselaer Polytechnic Institute Gaerttner LINAC Laboratory  
and Critical Experiments Facility 

Location: Rensselaer Polytechnic Institute, Troy, New York  

Currently Supporting: Multiple programs 

Status: Both facilities are fully operational, with the Critical Experiments Facility operational to 15 watts 

Potential Program R&D Applications are Shaded  
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The Gaerttner LINAC Laboratory located at Rensselaer Polytechninc Institute in Troy, NY has been 
engaged in active research continuously for over 45 years. Current areas of research at the LINAC 
include thermal reactor physics, photoneutron reactions, neutron cross sections, radiation effects in 
electronics, and production of medical isotopes. This laboratory has served government and industry in 
numerous applications where it has provided a unique and highly intense radiation environment. The 
Gaerttner LINAC Laboratory has been designated as a Nuclear Historic Landmark by the American 
Nuclear Society. 

The laboratory's research is centered about a multi-million dollar, high 
power, 60 MeV, L-band traveling wave, electron linear accelerator. 
The accelerator can deliver 4x1013 neutrons/sec with neutron energies 
ranging from sub thermal to 60 MeV. The facility is equipped with 
several neutron production targets, a Lead Slowing Down 

Spectrometer and several neutron detection systems. 
The LINAC neutron production target is located in 
the center of a large 70-ft-long by 30-ft-wide by 13-ft-
high, fully shielded room with a 10-ton traveling 
crane suitable for tests with large assemblies. 

The Critical Experiments Facility at the L David 
Walthousen Laboratory is best suited to fundamental 
reactor physics measurements and benchmarks 
evaluating specimens with relatively high reactivity 

worth. An open reactor tank means easy access for 
inserting or removing experiments and rearranging fuel. The 
current core contains a 1.5” center void for insertion of 
experiments. Perimeter control rods minimize flux 
perturbations within core and allow for flexibility in arranging 
experiments and fuel pins. The reactor is unique in that it has 
excellent physical access to the core, is flexible in allowing 
alterations, and operates at such low power that radiation 
exposure is extremely low. No loose contamination concerns 
simplify configuration changes. Students receive “hands-on” 
experience in experiment planning, setup, data recording, 
radiation and criticality safety. 

The Critical Experiments Facility reactor 
core (top view) 
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Texas A&M University Fuel and Radiation Laboratories  
and Nuclear Science Center 

Location: Texas A&M University 

Currently Supporting: Multiple applied training and research programs for DOE, industry, and private 
foundations 

Status: Fully operational  
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The Fuel and Radiation Laboratory at Texas A&M University was established to study current issues in 
the nuclear fuel cycle and reactor component development, including materials and chemical processing, 
advanced fuels and materials, and waste immobilization. Equipment for fuel development includes high 
temperature furnaces, two inert atmosphere gloved boxes, and a 90-ton hydraulic press. These may be 
configured for casting, instrumented sintering, cold or hot pressing, and hot extrusion. The laboratory is 
equipped and approved for handling, testing, and characterization of radioactive materials.  

Equipment for radiation studies includes five accelerators with 
terminal voltages from 10 keV to 1.7 MeV with energies from a 
few hundred eV to a few million eV. The accelerator facilities 
can be used for radiation simulation of reactor components 
with high displacements per atom. Displacements per atom up 
to 100 can be achieved with the sample heated up to 1200 K. 
Ion irradiation and in situ sample characterization including ion 
beam analysis, electrical conductivity and heat conductivity 
measurements can be performed. The high displacements per 
atom irradiation experiments can provide valuable information 
for comparison studies using the Advanced Test Reactor at 
Idaho National Laboratory to gain fundamental understanding 
of radiation induced materials degradation.  

The Nuclear Science Center has served the university’s students, university researchers, other academic 
and non-academic research, and commercial users for nearly 40 years. The Nuclear Science Center 
facilities include three counting laboratories with five available Germanium detectors, a three-station 
pneumatics sample transfer system, a delayed neutron counting laboratory, a real-time or film neutron 
radiography system, a large neutron/gamma irradiation cell, two neutron beam ports and a fast-neutron 
irradiator. We also perform manufacturing development and design for injectable brachy therapy, 
sources, and flash polymerization of silicone monomers for preservation of nautical artifacts. 

The Nuclear Science Center Reactor achieved first criticality in 1961. The Nuclear Science Center 
Reactor is a 1.0 MW, pool-type TRIGA reactor with low-enriched uranium fuel and pulse capability. 
Currently, Nuclear Science Center Reactor produces radio isotopes for medical research and for tracer 
studies. Our tracer production, including Ar-41 and other tracer gases, supports areas as diverse as 
activation of piston rings for engine wear studies and down borehole tracers for oil exploration and 
production. The Nuclear Science Center provides Neutron Activation Analysis for a wide range of uses, 
including micronutrient uptake in cancer cells and forensic analysis. Osmotic films to be used as a 
filtration media are also produced.  

The Nuclear Science Center at Texas A&M 
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University of California, Berkeley Nuclear Engineering Laboratories 

Location: University of California, Berkeley 

Currently Supporting: Multiple programs 

Status: Operational and adding more capability homeland security 

Remarks: Unique materials characterization, thermal hydraulics and capabilities  
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Advanced Materials Processing and Characterization Laboratory: Facilities to synthesize novel dispersion 
strengthened structural materials using a ZoZ Attritor mill, and to characterize materials using positron 
annihilation spectroscopy, atomic force microscopy and thermal desorption spectroscopy, in addition to 
more traditional mechanical testing and thermal processing.  

Advanced Nuclear Engineering Computing Laboratory: A number of Linux-based, parallel computing 
clusters, including one 72-node and one 160-node cluster provide access to and experience with high 
performance computing in neutronics, thermal hydraulics, materials and waste management codes and 
analysis. Data storage and archiving disk arrays range from 2.5 to 30 TB. The Linux clusters and data 
storage arrays are connected to visualization and compute workstations via a high-speed network.  

Domestic Nuclear Threat Security Laboratory: The Department is transitioning from the Rotating Target 
Neutron Source to a new tandem accelerator, which will arrive in fall 2008 and will provide a versatile 
source of energetic particles ranging from 3.5 MeV electrons and positrons to 7 MeV hadrons. The new 
Homeland Security Laboratory contains several other experimental areas, including a small D-T neutron 
generator with output to 107 14 MeV neutrons per second, a Machine Vision Radiographic Imaging 
Laboratory with a movable full-sized cargo container and various detector arrays.  

Gamma-ray Imaging Laboratory: A 900 square foot facility for the research and development of novel 
gamma-ray imaging technologies, with the primary objective of using electron tracks within high spatial-
resolution silicon radiation sensors to improve the directional sensing of incident gamma-rays. 
Computational resources simulate electron track formation, drift, and charge spreading within silicon 
sensors. A new silicon electron track sensor is currently under development that will image and time-
resolve individual electron tracks to within 10 micron and 1 micro-second, respectively. The Laboratory is 
currently developing a 96 sq. ft. class 10000 clean room with a class 100 clean bench and double-sided, 
cold probe station, with an HP4284 LCR for new detector diagnostics. 

Thermal Hydraulics Laboratory: Three unique facilities provide experimental validation for models of the 
Pebble Bed Advanced High-Temperature Reactor design. The Pebble Recirculation Experiment uses 
polyethylene spheres and water with a density ratio matching that of pebbles to salt, as an Integral Effects 
Test to verify pebble injection, pebble bed movement, and pebble extraction in defueling. The Scaled 
High Temperature Heat Transfer experiment is used to measure mixed-convection heat transfer 
coefficients for vertical upward flow in a heated cylindrical channel. Scaled High Temperature Heat 
Transfer will also verify the steady state and transient heat transfer and flow resistance characteristics of 
heater modules for future pebble bed mixed convection heat transfer experiments. The Passive Rod 
Insertion Scaled Model experiment has demonstrated passive insertion of a shutdown rod by buoyancy 
forces under scaled advanced high-temperature reactor conditions for a loss of heat sink transient without 
scram. 
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University of Cincinnati Nuclear and Radiological Engineering  

Location: University of Cincinnati  

Currently Supporting: Health physics; nuclear and radiological safety & health engineering 

Status: Operating  
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Nuclear Radiochemistry: The University of Cincinnati Nuclear Radiochemistry Laboratory and the 
Laboratories for Environmental Radiological Assessment and Measurement include resources to perform 
high sensitivity alpha and gamma spectrometry, beta proportional and liquid scintillation counting to 
analyze any type of radioactive material including uranium, thorium, plutonium, and other special nuclear 
materials. New radiochemical methods include use of neutron activation analysis to perform high 
sensitivity measurements of natural and technologically-enhanced radioactivity in a variety of biological 
and environmental samples. Indirect measurement of internally deposited radioactive material is 
accomplished by radiochemical analysis of samples collected from persons who may have been exposed 
to a radioactive substance. Samples typically consist of excreta (urine or feces), hair, tissue, or other 
biological tissue. Measurements of environmental contamination are also performed using samples of 
soil, vegetation, air, or air filters to determine the content of natural, industrial, or technologically 
enhanced radioactive material. The laboratory has eighty alpha spectrometers, seven gamma 
spectrometers, and ample facilities for radiochemical analysis and measurement of nearly any number 
and type of samples. 

Radiation Detection: Design, fabrication and testing of novel radiation detectors for a wide range of 
applications including surveillance, personnel, occupational and environmental monitoring. Computer 
simulations using Monte Carlo analysis are conducted during the initial design phase of detector 
development. Benchmark measurements to confirm predictions from simulations are performed using a 
wide variety of hardware including analog and digital nuclear instrument modules, photomultiplier tubes 
and photodiodes, and a full suite of data acquisition software from National Instruments. 

In Vivo Radiation Measurements: Direct, in vivo measurements are performed at the University of 
Cincinnati In Vivo Measurement Laboratory to evaluate whether a person may have inhaled or ingested 
radioactive materials arising from occupational or environmental exposure, accidents, or incidents of 
radiological terrorism. Measurement involves placing detectors on the person, usually over the lungs, 
head or knees, to detect very small quantities of radiation emitted from the organ or tissue suspected of 
containing the radioactive substance. The laboratory includes two large shielded rooms with thick steel 
walls to reduce interferences that arise from natural background radiation. Each room has at least one 
array of detectors with computerized digital signal processors for performing high sensitivity 
measurements of internally deposited radioactive materials.  

Anthropometric Calibration Standards: New anthropometric calibration standards (phantoms) have been 
developed for calibrating direct in vivo measurements of uranium and transuranic radionuclides that may 
be deposited in the lungs, liver, and skeleton. Calibration phantoms have also been developed to 
measure radioactive materials in wounds. These phantoms are used world-wide at nearly all national and 
governmental laboratories 
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University of Florida Facilities 

Location: University of Florida, Gainesville, Florida (http://www.nre.ufl.edu)  

Currently Supporting: Multiple programs 

Status: Fully operational  
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The University of Florida Training Reactor (was started in 1959 as a 10 kW reactor and subsequently 
upgraded to 100 kW with total flux levels up to 4.5E12n/cm2sec. The fuel was converted to low enriched 
uranium-silicide plate-type fuel in September 2006, and in 2007 a major initiative on design, licensing and 
construction of a fully digital reactor control system has begun. A major goal is to establish a center for 
I&C benchmarking and testing. The University of Florida Training Reactor is used for education, training 
and research, neutron activation analysis, materials irradiation, neutron absorber evaluations, and 
radiolysis experimentation for space application. Eleven access ports are available, including six beam 
ports, three vertical ports accessing the higher flux levels between the fuel boxes, a pneumatic sample 
insertion/removal capability, and a thermal column. Currently, these access ports are being characterized 
to equip each port with a unique experimental capability. Work is underway to build a submerged fuel 
burnup reconstruction facility. The University of Florida Training Reactor is supported by a hot cell and a 
Neutron Activation Analysis lab for post-irradiation experimentation and processing. For further 
information, see http://www.nre.ufl.edu/facilities/uftr.php.  

The Florida Institute of Nuclear Detection and Security was established in 2004 as a design-basis center 
for research, development, testing, and engineering projects that directly satisfy critical nuclear detection 
problems facing both the State of Florida and our nation. Florida Institute of Nuclear Detection and 
Security has been involved in the design and optimization of active interrogation systems, such as the 
Westinghouse Pulse Gamma Neutron Activation Analysis, x-ray backscattering by selective detection, 
and development of unfolding algorithms such as ASEDRA. For further information, see 
http://finds.nre.ufl.edu.  

The University of Florida Training Reactor and the Florida Institute of Nuclear Detection and Security 
utilize the Progress Energy Florida Advanced Radiation Detection Laboratory, which was established in 
2006 for development of advanced radiation detection and measurement technologies, and the Particle 
Transport & Distributed Computing, which was established in 2001 to provide PC-clusters and advanced 
neutronics codes and tools for 3-D simulation of nuclear systems. For further information, see 
http://ufttg.nre.ufl.edu/hpc/ufttghpc.html 

The Innovative Nuclear Space Power and Propulsion Institute at the University of Florida was founded in 
1985 for research over a broad range of activities including the testing, model development and validation 
for High Temperature Gas Cooled Reactors and their associated Reactor Cavity Cooling Systems. This 
includes feasibility analysis for ultra-compact nuclear power reactor concepts and experimental and 
theoretical research to establish the fundamental properties of the high temperature materials and 
processes used in space power reactors. Processing techniques have been developed for producing high 
quality, single-phase solid-solution mixed carbides and carbonitrides of uranium and zirconium, niobium, 
and hafnium. For further information, see http://www.inspi.ufl.edu. 



Required Assets for a Nuclear Energy Applied R&D Program September 2008 Draft (2) 

93 

Nuclear Engineering Materials and Separations Laboratory  
Location: University of Idaho: Moscow and Idaho Falls, Idaho  

Currently Supporting: "Acquisition of a Simultaneous Thermal Analyzer for Global Nuclear Energy 
Partnership Research and Training at University of Idaho," DOE, and other multiple Idaho National 
Laboratory/Center for Advanced Energy Studies programs 

Status: Fully operational 
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The laboratory specializes in electrochemical methods for separations. It is equipped with several 
computerized potentiostat/galvanostats, furnaces for work with molten salts, and glove boxes for work 
under controlled atmosphere. Analytical equipment capabilities include characterization by scanning 
electron microscopy (Tescan, Vega II) and energy dispersive spectroscopy (IXRF). 

Other specialized items include STA equipment from NETZSCH 
which can be used to perform very high temperature (up to 1773 K) 
differential scanning calorimetry, differential calorimetry and 
thermogravimetric analysis experiments on a variety of materials 
under controlled atmosphere. The heating and cooling rates are 
programmable and the data acquisition system is fully automated. 
This system is meant to be used for thermal analysis of advanced 
cladding and surrogate fuel materials. This facility cannot be used 
for radioactive materials. 

In addition, analysis of gaseous phases is achieved by the fully 
dedicated gas chromatograph (Stanford Research Instruments), 
while the liquid phases are analyzed by atomic absorption 

spectrometry (Varian, Spectra 10/20). 
Numerous other equipment, found in a 
typical analytical laboratory (scales, 
microscopes, etc.), is also available. 

 

UI NE Laboratory, Moscow, ID 
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University of Massachusetts Lowell Radiation Laboratory 
Location: University of Massachusetts Lowell 

Currently Supporting: Various University of Massachusetts Lowell education and research programs, 
and industry users 

Status: Operational 

Potential Program R&D Applications are Shaded  
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In addition to pure and applied nuclear physics research, University of Massachusetts Lowell Radiation 
Laboratory facilities have been used for: simulating space radiation environments; non-destructive testing 
and analysis; lifetime and design basis accident gamma dose qualification of nuclear power plant 
components and materials; computational modeling of nuclear reactor dynamics and radiation transport. 
Other uses include research and development of radiation resistant electronics and materials, and 
research and development of radiation induced modifications to materials. 

The research reactor is a steady-state, swimming 
pool-type facility. It was originally designed for 5 MW 
operation and is one of only 3 U.S. university 
research reactors equipped with a true containment 
building. It is currently licensed for 1 MW, and a 
license amendment for 2 MW is pending. The 
University of Massachusetts Lowell Radiation 
Laboratory is primarily used for neutron activation 
analysis, digital neutron radiography, and fast 
neutron irradiation effects on electronics. Multiple 
in-core thimbles provide a thermal fluence to 
2E13 nv and a fast fluence to 1.5E13 nv. A large 
(10,000 cm3) ex-core fast neutron irradiator provides 
a uniform 1 MeV equivalent fluence of 1E11 nv. 
Three beam ports (6” to 8” diameter), a pneumatic 
sample transfer system, and thermal column are 

also available. The reactor control and safety system is digitally instrumented with over 50 web-accessible 
indicators (including core power level, primary and secondary flow rates, differential pressure 
measurements, various temperature values, device on/off status indicators, etc.) that can be used for 
web-based monitoring and limited web-based control.  

Several Co-60 gamma irradiation facilities also are located within the reactor containment building. 
Gamma dose-rates ranging over several orders of magnitude are achievable for various applications. 
High dose rates, up to 2x104 Gy/hr (2 Mrad/hr), are available for materials damage studies (Total Dose 
Testing). Low dose-rates, down to 36 cGy/hr (36 rad/hr), are used for enhanced low-dose response 
sensitivity studies. 

While primarily designed for proton production, the accelerator can be configured to produce deuteron, 
alpha particle or oxygen ion beams in either pulsed or dc mode. The accelerator laboratory includes a 
number analytical instruments and the capability for fast neutron production and has been used 
extensively for neutron elastic and inelastic cross section measurements. 

UMLRL facility photos – University of Massachusetts 
Lowell
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University of Michigan Nuclear Engineering and Radiological 
Sciences Laboratories 

Location: University of Michigan 

Currently Supporting: Multiple programs 

Status: Operating  
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Irradiated Materials Testing Complex – provides the capability to conduct high temperature corrosion 
and stress corrosion cracking of neutron irradiated materials and to characterize the fracture surfaces 
after failure. The laboratory consists of a high temperature autoclave, circulating water loop, load frame 
and servo motor for conducting constant extension rate tensile and crack growth rate tests in subcritical 
or supercritical water up to 600°C. 
Neutron Science Laboratory – provides a hands-on neutron measurement experience for students 
within NERS. The lab is equipped with D-D and D-T neutron generators with a capability of ~1E06 and 
~1E10 neutrons/sec, respectively. The neutron generators are also available for research in NERS and 
elsewhere within the University who require a neutron radiation field for the conduct of their research. 
Michigan Ion Beam Laboratory – was established for the purpose of advancing our understanding of 
ion-solid interactions by providing up-to-date equipment with unique and extensive facilities to support 
research at the cutting edge of science. 
Plasma Science and Technology Laboratory – the focus is on understanding and applying plasma 
science to real world problems. Plasma science is a highly interdisciplinary field whose primary subject 
matter is ionized gas. DC, Rf, and microwave plasmas are investigated over a wide pressure window. The 
lab has four major thrust areas: plasma space propulsion, plasma processing, environmental mitigation, 
and energy conversion. 
Position-Sensing Radiation Detector Laboratory – is dedicated to the development of room-
temperature semiconductor radiation detectors. These instruments are being developed for applications 
in nuclear non-proliferation, homeland security, astrophysics, planetary sciences, medical imaging, high- 
energy physics experiments. 
High Temperature Corrosion Laboratory – provides the capability to conduct corrosion, stress 
corrosion cracking, and hydrogen embrittlement tests in high temperature aqueous environments and, in 
particular, simulated light water reactor environments. 
Detection for Nuclear Nonproliferation Laboratory – is used to explore novel techniques for radiation 
detection and characterization for nuclear nonproliferation and homeland security applications. 
Radiation Imaging Laboratory – the goal is to develop high- energy gamma ray imaging systems for 
industrial, space, homeland security, and medical applications. 
Radiation Effects and Nanomaterials Laboratory – is for the preparation and analysis of materials for 
the study of radiation effects and nanoscience/technology. The laboratory facilities include: a Regarku 
Miniflex x-ray diffractometer, a high temperature furnace, a Gatan precision ion polishing workstation, an 
ultramicrotomy workstation, a carbon coater, and other standard equipment for TEM sample preparation. 
Radiological Health Engineering Laboratory – includes equipment and space for the development and 
testing of new instruments and systems for application to specific radiological health problems. Work is 
concentrated on practical systems and radiation measurements methods deployable within the immediate 
future. 
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University of Missouri Research Reactor 
Location: University of Missouri-Columbia  

Currently Supporting: Multiple programs 

Status: Fully operational  

Remarks: Life-extension upgrades completed and re-license application submitted to the Nuclear 
Regulatory Commission 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development Space Power Systems 

High-Temperature 
Reactor Fast Spectrum Reactor Safeguards and 

Security 
Modeling and 
Simulation 

 
At 10 MW, MURR is the highest powered university research reactor in the U.S. Since 1977, MURR has 
operated at a schedule of more than 150 hours/week, every week of the year. During this period, the 
reactor has been on line for approximately 90% of all available time. The pressurized reactor uses highly 
enriched uranium, is light-water moderated and cooled, and is beryllium reflected. Eight fuel elements in 
the fuel zone form the core. Each fuel element is assembled from 24 fuel plates; each plate is a sandwich 
of uranium aluminide fuel with aluminum cladding, held in place by side plates and end boxes. The active 
core is 30 cm in diameter and 61 cm tall, with an active core volume of 33 liters. 

Samples can be irradiated in the flux 
trap, the graphite reflector region, 
beam tubes, and in the bulk pool. 
The flux trap has a 4.5" annulus and 
provides a peak flux of 6 x 1014 
n/cm2sec. The graphite reflector 
region provides a much larger 
volume for irradiations and has the 
added advantage that even large 
targets can be accessed when the 
reactor is at full power. The 
irradiation positions are 
approximately 30" tall and have 
diameters ranging from 1” to 6” and 

peak fluxes ranging from 8.0 to 1.0 x 1013 n/cm2 sec. The facility also has 2 pneumatically controlled 
irradiation positions with peak fluxes of 8.0 and 6.0 x 1013 n/cm2 sec. The bulk pool facilities allow for 
larger or specially shielded irradiation positions. Currently there are three 5" O.D. positions 30" in length. 
The peak flux for the bulk pool facility is approximately 6 x 1012n/cm2 sec. Six neutron beam tubes 
surround the Be reflector and have source fluxes of 1.2 x 1014 n/cm2sec. A state-of-the art triple-axis 
spectrometer occupies one beam tube and a high-resolution powder diffractometer with a resolution of 
1.5 x 10-3 (Δd/d) is located on a second beam tube. A third beam tube houses a small-animal irradiation 
facility dedicated to boron neutron capture research.  

MURR’s operating schedule and our new external beam 16.7 MV cyclotron make the facility a unique 
national resource for human use diagnostic and therapeutic isotope production. In addition, the facility 
actively supports research programs in radiation effects on materials and neutron scattering studies of 
hard and soft matter.  

University of Missouri Research Reactor Center 
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University of Nevada, Las Vegas Radiochemistry  
Research Laboratories 

Location: University of Nevada, Las Vegas  

Currently Supporting: Multiple programs 

Status: The radiochemistry research laboratories are 100% operational.  

Remarks: The radiochemistry program at University of Nevada, Las Vegas is housed primarily in the 
Harry Reid Center for Environmental Studies 
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The Harry Reid Center for Environmental Studies provides facilities with multiple analysis capabilities in a 
friendly, secure environment working with others who have years of experience working with radioactive 
material. All open areas of the laboratories are maintained free of radioactive contamination and 
protective clothing requirements in the labs are kept to a minimum. The primary group focus is work with 
the actinide series but other radionuclides may be a part of the work as required. 

The radiochemistry laboratories at University of Nevada, Las Vegas provide significant analysis capability 
in an atmosphere that provides for safety, security, and radiological controls. Some of the analysis 
capabilities are: inductively coupled plasma mass spectrometry (3), inductively coupled plasma atomic 
emission spectroscopy, gamma spectroscopy, liquid scintillation counting and spectroscopy, alpha 
spectroscopy, liquid chromatography, ion chromatography, UV-Visible-IR spectroscopy, FT-IR 
spectroscopy, transmission electron microscopy, surface area analysis, x-ray diffraction (single crystal 
and powder), neutron multiplicity detectors (3He tubes), and other counting systems for alpha, beta, and 
gamma emissions, and electron microscopy and imaging.  

In order to support these analysis capabilities, the center 
provides for sample preparation capabilities as follows: 
freeze drying, high temperature tube furnaces, an arc 
furnace with remote electrodes, microtome, minitome, 
sample polishers, filtered ventilation hoods and unfiltered 
ventilation hoods, glove boxes, centrifuges, ball mills, 
balances, electroplaters, etc. The labs also provide for 
the safety of personnel with first aid kits, fire 
extinguishers, portable radiation detectors, dosimetry, 
emergency showers, emergency eye-wash stations, lab 
coats, etc. 

Programs currently being supported include Advanced 
Fuel Cycle R&D, Global Nuclear Energy Partnership 
Readiness, Deep Burn Reactor Program, Laser Inertial-
confinement Fusion/fission Energy Project, Fundamental 
Surface Reactions Involved in the Sorption and 
Desorption of Radionuclides Project, Uranium 
Visualization Chemistry Project, DARPA Radiation Decontamination Project, and the Nevada Risk 
Assessment/Management Program. 
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University of New Mexico Nuclear Facilities 
Location: University of New Mexico, Albuquerque, NM 

Currently Supporting: Multiple Programs 

Status: Fully Operational 

Remarks: Reactor and most lab equipment for nonproliferation work currently available. Facility would be 
enhanced with a cluster computing system and additional multichannel detection equipment. 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development Space Power Systems 

High-Temperature 
Reactor Fast Spectrum Reactor Safeguards and 

Security 
Modeling and 
Simulation 

 
The University of New Mexico has a small operating nuclear reactor on campus capable of supporting 
research in cross sections and small sample reactivity measurements. Some work has been done 
recently developing experiments in support of actinide separations and nuclear criticality safety for 
irradiated fuel separations. The University of New Mexico Center of Excellence in nuclear nonproliferation 
science and technology supports the planning, coordination and conduct of fundamental research in 
nonproliferation science and technology relevant to advanced fuel cycles. Specific focus of current work 

includes: Analyzing new and next generation 
radiation detectors and detection systems 
identifying opportunities to increase their 
effectiveness using transport computer codes, 
developing novel approaches to neutron and 
photon instrumentation for the purpose of 
detecting and measuring nuclear materials 
relevant to nonproliferation and nuclear security, 
and developing new, comprehensive deterministic 
and stochastic neutral/charged particle transport 
capability encompassing mathematical modeling 
and analysis, with specific application to 
measurement and detection of nuclear materials. 
University of New Mexico also has an international 
reputation in the area of training engineers, 
operators, and managers in nuclear criticality 
safety and in the use of major criticality codes 

(TWODANT, MCNP, and KENO) and in validation approaches. 

The Institute for Space and Nuclear Power Studies possesses a wide range of technical expertise, 
including: design, thermal-hydraulics and neutronics analysis of gas-cooled, liquid metal-cooled and heat 
pipe-cooled space nuclear reactors; design optimization and performance of heat pipe radiators; thermal 
management of Space Nuclear Reactor Power Systems; transient modeling of heat pipes, including the 
startup from a frozen state; transient operation, safety and autonomous control of fully-integrated Space 
Nuclear Reactor Power Systems; modeling, design optimization and vacuum testing of high-temperature 
energy conversion devices, such as thermionic diodes, segmented and non-segmented thermoelectric 
devices, and Alkali-Metal Thermal-to-Electric Converters; and design, optimization, and thermal and 
stress analyses of segmented and cascaded thermoelectric converters for Space Nuclear Reactor Power 
Systems and Advanced Radioisotope Power Systems. 

The Experimental Pool Boiling Facility at the Institute 
for Space and Nuclear Power Studies 
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University of South Carolina Research Center of Excellence in 
Nuclear Science and Engineering 

Location: University of South Carolina 

Currently Supporting: Advanced Fuel Cycle Initiative, Generation IV, National Hydrogen Initiative 

Status: Fully operational 

Remarks: Lab and program development continuing 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development Space Power Systems 

High-Temperature 
Reactor Fast Spectrum Reactor Safeguards and 

Security 
Modeling and 
Simulation 

 
The University of South Carolina has a number of laboratories performing research related to the shaded 
areas above and additional laboratories are planned as part of a Research Center of Excellence in 
Nuclear Science and Engineering recently awarded by the State of South Carolina. Chief among these 
facilities is the Nuclear Materials Laboratory.  

The Nuclear Materials Laboratory is equipped and licensed for 
working with uranium and thorium based fuels within radiological 
hoods and inert atmosphere gloveboxes for pyrophoric materials. 
Metallographic and sample preparation tools are used for preparing 
materials for analysis in University of South Carolina microscopy and 
microanalysis instruments or for delivery to partner institutions. High 
temperature, controlled atmosphere furnaces are used for advanced 
fuel fabrication and testing. Induction heated furnaces are used to 
3000 K and a longer duration tube furnace is used to temperatures up 
to 1900 K. A fluidized-bed, chemical vapor deposition system is used 
for coating of fuel particles including advanced TRISO fuels. Other 
instruments used for nuclear fuels characterization include particle 
size, porosimetry, density, and surface area analysis. 
Thermogravimetric and differential scanning calorimetry instruments 
are also employed in these studies at temperatures up to 2250 K.  

High performance computing facilities are used to analyze and model 
nuclear systems, components, and fuels. Modeling and simulation 
codes and tools are employed for neutronic, thermal hydraulic, 
computational fluid dynamics, thermochemical, safety and risk, 
shielding, and finite element analyses. Sample code packages 
include MCNP, SCALE, FACT, ABAQUS, Comsol Multiphysics, etc. 

Thermal hydraulic test loops and laboratories are dedicated to studies 
of enhanced heat transfer, fluid flow, pressure drop and other 
phenomena associated with nuclear fuel rods and assemblies. Stereo 
vision (3D) micro Particle Image Velocimetry and micro-Planar Laser 

Induced Fluorescence techniques are used to examine the impact of nanofluids on the development and 
performance of thermal and hydrodynamic boundary layers and to allow for a visual investigation of the 
flow field and the impact of shear-thinning. 

Fluidized bed, chemical vapor 
deposition system for advanced 
coated particle fuel development 

Sample preparation equipment for 
fuel microscopy and microanalysis 
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Lab equipment 
used in 
Scintillation 
research  

Nuclear Research Facilities at the University of Tennessee 

Location: Knoxville, TN 

Currently Supporting: Multiple nuclear and radiological engineering programs 

Status: Facilities are fully operational 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development Space Power Systems 

High-Temperature 
Reactor Fast Spectrum Reactor Safeguards and 

Security 
Modeling and 
Simulation 

 
University of Tennessee Nuclear Engineering Department facilities available on campus include two 
radiation measurement laboratories, a radiochemical laboratory, two natural uranium subcritical facilities 
(one graphite moderated and one water moderated), a nuclear materials welding chamber, two 
accelerator target design test facilities, a flow induced vibration test facility for main steam lines, a 1/8 
Scale Flow Test model of the AP-600, numerous reactor plant instrumentation and control testing 
equipment, the Maintenance and Reliability Center, the Scintillation Materials Research Center, and a 
low-level waste storage facility. Equally important, University of Tennessee Nuclear Engineering students 
and faculty utilize many of the one-of-a-kind facilities at the nearby (30 miles) Oak Ridge DOE complex 
for both teaching and research (e.g., the 85 MW High Flux Isotope Reactor). University of Tennessee 
Nuclear Engineering also has access to linear accelerators at the nearby (1 mile) Thompson Cancer 
Center and the medical imaging facilities at the University of Tennessee Memorial Research Hospital, 
which is located on campus. 

Radiation measurement laboratories are equipped for characterization of photon and neutron sensitive 
detection equipment. The labs consist of six workstations each of which has its own PC and workspace.  

Numerous Reactor Plant Instrumentation and Control Equipment, e.g., a two-tank water loop built to 
study control strategies using Proportional-Integral-Derivative Control and Model Predictive Control, and 
to study autonomous control. 

The Scintillation Materials Research Center has 
capabilities and expertise in scintillation materials 
synthesis and material characterization. The 
synthesis lab is equipped for single crystal growth 
under controlled conditions. The characterization lab 
is equipped to measure scintillation, optical, and 
physical properties of scintillators. 

University Computing Facilities include a Unix 
system and a Linux cluster. University of Tennessee 
Nuclear Engineering has its own clusters for 
computing and has access to high performance 
computing facilities. In addition, University of 
Tennessee Nuclear Engineering has its own 
undergraduate computing laboratory and all 
researchers are provided with PCs, which number 
approximately 100. 
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Nuclear Engineering Teaching Laboratory 
Location: The University of Texas at Austin (Austin, TX) 

Currently Supporting: Citizens of Texas, the United States., and the international community; current 
programs with Department of Defense, DOE, Nuclear Regulatory Commission, and others 

Status: Fully operational on a standard 40-hour per week basis 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
The University of Texas at Austin began construction on the Nuclear Engineering Teaching Laboratory 
Mark II TRIGA reactor on January 10, 1986. The reactor went critical on March 12, 1992. The TRIGA 
reactor has a steady state operating power of 1.0 MW and can pulse up to 1,600 MW. 

The reactor has multiple in-core irradiation facilities including a 
7L(5.7 cm radius x 38 cm height) irradiator, a 3L (3.8 cm radius x 
38 cm height) irradiator with optional cadmium lining, a central 
thimble irradiator, a rotary specimen rack, and a pneumatic 
injection rack irradiator. The maximum thermal neutron flux in the 
core is 1 x 1013 n cm-2 s-1 and samples may be irradiated at this 
flux in the central thimble. The rotary specimen rack has a thermal 
neutron flux of 2 x 1012 n cm-2 s-1. The epithermal neutron flux in 
the cadmium lined 3L facility is 5 x 1011 n cm-2 s-1. 

The reactor has five beam port facilities. Beam port 1 is currently 
being developed for a positron source. Beam port 2 has a neutron 
depth profiling facility. Beam port 3 has a cold neutron source, 
neutron guides, and a prompt gamma activation analysis facility. 
Beam port 4 is a radial beam port that is not currently being 
utilized. Beam port 5 houses a neutron radiography/tomography 
facility. 

The Nuclear Engineering Teaching Laboratory also has numerous 
alpha, beta, and gamma –ray spectroscopy systems. It has two 
Compton suppression systems to enhance detection limits for 
gamma ray spectroscopy and has two beta gamma coincidence 

systems. There are also alpha spectroscopy and liquid scintillation systems. Laboratory space includes a 
neutron generator room, a radiochemistry laboratory, counting room, and a sample preparation room 

Nuclear Engineering Teaching Laboratory is equipped with a conference room with a Tandberg system 
for distance learning. There are also computational facilities with parallel computing capabilities. 

Nuclear Engineering Teaching 
Laboratory reactor bay area 
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Wisconsin Institute for Nuclear Systems 
Location: University of Wisconsin 

Currently Supporting: Multiple programs 

Status: Fully operational 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development Space Power Systems 

High-Temperature 
Reactor Fast Spectrum Reactor Safeguards and 

Security 
Modeling and 
Simulation 

 
The thermal hydraulics group operates a number of flow loops with liquid metals (sodium), liquid salts, 
high temperature high-pressure water and supercritical carbon dioxide. Experiments are conducted on 
heat transfer, fluid flow and shock physics both single phase fluids and multiphase fluids. The facilities 
include: the Tantalus facility consisting of 8,000 ft2 of underground laboratory space equipped with 1 MW 
of electrical power its own 2,000 scfm ventilation system with remote monitoring capabilities and liquid 
metal fire protection systems; a 25-ft tall 2,000 ft2 high-bay area with a 5-ton crane system; a 40-ft tall 
high-bay area with 5-ton crane and a 30-ft shocktube, with a square internal cross section of 10 x 10 in.; a 
full fabrication shop and several auxiliary laboratories. The thermal hydraulics group also has significant 
diagnostic equipment.  

The 1.7 MV Tandem accelerator is located in the Engineering 
Research Building at the University of Wisconsin. A high 
temperature radiation stage that is specially designed and 
connected to the beam line of a 1.7 MV Tandem accelerator 
for irradiating samples up to temperatures of 850°C with 
high-energy protons or other heavy ions while monitoring and 
controlling the temperature of the samples. Surface analysis 
using Rutherford Backscattering, Forward Recoil Scattering 
and Nuclear Reaction Analysis is available. 

The University of Wisconsin Extreme Environments Laboratory 
houses corrosion facilities for exposure to supercritical water, 
supercritical carbon dioxide, molten salts, and molten lead. An 
arc melter, rolling mill, and high-temperature furnaces are all 
available in the Extreme Environments Laboratory and 

associated materials characterization facilities. 

The University of Wisconsin Nuclear Reactor is a 1 MW open pool reactor fueled with TRIGA fuel. The 
reactor has several experimental facilities including: One, 40-inch square graphite packed thermal 
column, four, 6-inch diameter beam ports and one pneumatic tube. 

The Computational Materials Group at the University of Wisconsin uses atomic scale modeling to 
understand and design new materials. Highly accurate ab initio (first-principles) techniques are used to 
study electronic structure and energetics of smaller systems, and interatomic potential modeling on 
massively parallel computers to study up to hundreds of millions of atoms. These core approaches are 
combined with a wide-range of other atomistic methods, including Monte Carlo, coarse graining, data 
mining, thermodynamics, and statistical physics.  

Pelletron Ion Accelerator  
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3.4 Major International Facility Descriptions 

3.4.1 France 

Atalante 

Location: Marcoule, France 

Currently Supporting: Multiple Programs 

Status: Fully operational 

Potential Program R&D Applications are Shaded 

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
The Atalante (Alpha Workshop and Laboratories for the Analysis of Transactinides and Studies on 
Reprocessing) site is a set of large laboratories and hot cells. The Atalante Project started in the 1980s 
with one objective—to have, on the same site, all the necessary expertise for CEA to conduct 
radiochemistry research with highly radioactive materials. It was constructed in two stages; the first stage 
was completed in 1990 and the second in 1999. 

At Atalante, all the reprocessing steps from 
dissolution of the spent fuel to vitrification 
can be implemented at pilot plant scale. 
Research is ongoing for 1) development of 
complementary or new concepts for 
reprocessing LWR fuels that reduce the cost 
and minimize the waste; and 2) improving 
management of high-level waste. This latter 
objective involves finding and establishing 
technical and economic feasibility of new 
methods for extracting long half-life 
elements (minor actinides and fission 
products); fabrication and reprocessing 
transmutation fuels; and improving the 
performance of waste products necessary 
for final disposition. 

There are five buildings in the hot zone (active material), a general cold building (no nuclear material), 
and an administrative building. The hot buildings are linked together by a gallery and are built on three 
levels. There are seven halls containing hot cells with a total of 59 workstations. Seventeen laboratories 
are equipped with gloveboxes. 

ATALANTE at Marcoule, France 
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Phenix 

Location: Marcoule, CEA, France 

Currently Supporting: Transmutation research 

Status: Operating, shutdown scheduled for 2009 

Remarks: Shutdown in 2009 is planned 

Potential Program R&D Applications are Shaded 

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
Phenix is a sodium-cooled fast spectrum test reactor used for testing fuels and materials in a prototypic 
fast spectrum. Construction began in 1968 and first operation was in 1973. Four upgrades were 
completed between 1994 and 2003. The core contains 100 subassemblies in a volume of about 9 cubic 
ft. Since 2003, the power rating has been 350 MWth and 145 MWe (about two-thirds of its initial power 
rating). The mixed oxide driver fuel provides fast flux of 4.4E15 neutrons per square centimeter per 
second. 

Over 200 experiments have been conducted since 
it began operation, while producing well over 
24 billion kW of electrical power. Many of the 
experiments have been for international 
“customers.” The primary current mission is to 
provide a fast neutron flux for research on 
transmutation fuels. Shutdown is planned for 2009 
on completion of the 56th cycle and 127,000 hours 
of operation. 

The facility includes a hot cell complex for 
experiment disassembly and non-destructive 
examination. The cells also have the capability to 
reconstitute the experiments for reinsertion into 
the core following examination. 

 

The Phenix fast reactor in Marcoule, France 
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3.4.2 Great Britain 

British Technology Centre 

Location: National Nuclear Laboratory, Sellafield Site; Great Britain 

Currently Supporting: Multiple Programs 

Status: Operational 

Potential Program R&D Applications are Shaded 

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 

The British Technology Centre, operated by NEXIA Solutions, supports primary research programs 
covering reactor operation and design, fuel processing, decommissioning, and clean-up. It is designed for 
a wide range of nuclear experimental work with radioactive and non-radioactive materials. 

It consists of “cold” and “hot” laboratories for physics, chemistry, and materials science work. Two 
laboratories have been designated as medium Inventory for plutonium studies, sludge, and cementation 
trials. Two laboratories are used to develop analytical techniques. Three laboratories are designated as 
low inventory for waste treatment and characterization. An aerial effluent treatment laboratory supports 
experimentation to evaluate different systems for removing/ reducing, sampling, and monitoring 
emissions. An optics and magnetic laboratory is used to support development of process equipment or 
measurement systems based on lasers and magnets using low or medium levels of radioactive samples 
and sources.  

The facility also provides a line of five remotely operated shielded alpha/beta/gamma/neutron cells. Cells 
one and two can be linked via an access port to enable larger experiments. Alpha radiation laboratories 

operate essentially as small-scale pilot plants 
enabling research and development to be 
carried out on mixed oxide fuels and mixed 
matrices fuel. They include a product 
development, rod production, and 
ceramographical laboratories. 

In addition, the facility includes an area capable 
of accommodating large process and 
experimental test rigs for testing with low-level 
radioactive materials. The active rig hall 
includes a series of six test rig bays in the main 
area and two in the tower area. The layout of 
each bay is identical and will accommodate a 
test rig assembled in a framework 4-m long by 
3-m wide and 2.5-m high. If required, the six 
main bays can accommodate double height 
rigs. For larger rigs, more than one frame can 
be locked together. The tower area is 18-m 
long by 9-m wide. 

British Technology Centre 
and an aerial view of the 
Sellafield site 
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3.4.3 Japan 

Jōyō 

Location: Ōarai, Ibaraki, Japan 

Currently Supporting: Fast reactor fuels and materials testing 

Status: Operating 

Potential Program R&D Applications are Shaded 

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
Jōyō is a sodium-cooled fast spectrum test reactor used for testing fuels and materials in a prototypic fast 
spectrum. It began operation in 1977 in Ōarai, Ibaraki, Japan. It was the first fast test reactor in Japan 
and plays a key role in establishing the technological basis for fast reactors worldwide. It is operated by 

the JAEA. In 1984, the nuclear fuel cycle was 
successfully completed when plutonium 
extracted from reprocessing the spent fuel from 
Jōyō was reintroduced into the reactor. The 
major current role of Jōyō is to contribute to 
global fast reactor development through testing 
and technical exchanges with international 
researchers. 

The reactor containment structure is 
approximately 175 ft high and 90 ft in diameter. 
It is made of carbon steel and contains the 
reactor vessel and the major components of the 
primary cooling system. The reactor vessel is 
about 12 ft in diameter and 40 ft high and made 
of stainless steel. The cover is a double rotating 
plug for refueling. Jōyō is not equipped with a 
generator for electricity production. 

The core contains a maximum of 85 fuel assemblies, six control rods, and various irradiation test rigs. The 
fuel region is divided into two regions to flatten the neutron flux distribution. The fueled core is surrounded 
by reflectors and shielding subassemblies. Maximum reactor power is 140 MW with fast neutron flux 
(greater than 0.1 MeV) of 4E15 neutrons per centimeter squared per second. 

The Jōyō fast spectrum test reactor in Japan 
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Monju 

Location: Tsurgura, Japan 

Currently Supporting: Fast reactor demonstration 

Status: Shutdown, repairs, and upgrades near completion 

Potential Program R&D Applications are Shaded 

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
Monju, a prototype fast breeder reactor in Fukui prefecture, near the town of Tsuruga, Japan, started up 
in 1994 to demonstrate fast reactor technology and operation. Thermal output is 714 MWt and 280 MWe. 
There are 198 fuel assemblies, with each assembly containing 169 fuel pins. Inlet temperature is 397°C 
and outlet is 529°C. 

The reactor was shut down in 1995 
after failure of a thermocouple well 
in the secondary circuit piping 
caused a small sodium leak and fire. 
The reactor has been idle for 
11 years, but the Japanese Atomic 
Energy Association has maintained 
its viability. After the governor of 
Fukui formally approved 
preparations to restart the reactor 
2 years ago, refurbishment has 
moved quickly and is near 
completion. The reactor is expected 
to restart in the fall of 2008 with 
upgraded leak-detection systems. 

 

The Monju Reactor at Tsurgura, Japan 
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High-Temperature Engineering Test Reactor 

Location: Ōarai, Ibaraki, Japan 

Currently Supporting: High-temperature gas reactor and process heat application testing 

Status: Operating 

Potential Program R&D Applications are Shaded  

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
The High Temperature Engineering Test Reactor is a helium cooled graphite moderated test and 
demonstration reactor. It is used to demonstrate inherent safety features and develop high temperature 
gas reactor fuels, materials and technologies including nuclear heat applications such as hydrogen 
production. It began operation in 1998 and reached full power of 30 MW with an outlet temperature of 
850°C in December, 2001. The maximum reactor outlet coolant temperature of 950°C was achieved in 
April 2004. It is located at the Oarai Research and Development Center in Ōarai, Ibaraki, Japan.  

The core is 2.9 m high and 2.3 m in diameter. TRISO coated fuel particles with UO2 kernel, about 6 wt% 
in average enrichment and 600 µm in diameter, 
are dispersed in a graphite matrix and sintered to 
form a fuel compact. Fuel compacts are 
contained in a fuel rod, 34 mm in outer diameter 
and 577 mm in length. Fuel rods are inserted into 
vertical holes made in the graphite block and the 
graphite blocks are assembled into columns. 
Helium gas coolant flows through gaps between 
the holes and the rods. The active core consists 
of 30 fuel columns and seven control rod guide 
columns. These are surrounded by 
12 replaceable reflector columns, nine reflector 
control rod guide columns and three irradiation 
test columns.  

A primary core cooling system operates during 
normal operation and an auxiliary system is 
activated for residual heat removal following 
reactor scram. In case of accidents, however, no 
forced cooling is required because there is a 

vessel cooling system which has sufficient capacity to remove residual heat through natural convection 
and radiation. 
 
Initial hydrogen production testing will utilize a steam reforming of methane process, but the final goal is 
to demonstrate hydrogen production from water without carbon dioxide emission. Hydrogen production 
tests are expected to begin in 2008. 

The High Temperature Engineering Test Reactor in 
Japan 



Required Assets for a Nuclear Energy Applied R&D Program September 2008 Draft (2) 

109 

3.4.4 Germany 

Institute for Transuranium Elements 

Location: Karlsruhe, Germany 

Currently Supporting: European Union—Joint Research Centre for Science and Technology 

Status: Operational 

Potential Program R&D Applications are Shaded 

Light Water Reactors Irradiated Fuel 
Separations 

Advanced Fuel 
Development 

Space Power Systems 

High-Temperature 
Reactor 

Fast Spectrum Reactor Safeguards and 
Security 

Modeling and 
Simulation 

 
The Institute for Transuranium Elements serves international and commercial entities and the European 
Union as a reference center for basic actinide research. It supports nuclear fuel cycle safety, including 
waste management and safeguards systems and studies technological and medical applications of 
radionuclides/actinides. The Institute for Transuranium Elements focuses on methods for reducing the 
quantity and radiotoxicity of highly radioactive waste by separating out the long-lived nuclides and 
fabricating them into fuels and targets for transmutation. In addition, the Institute for Transuranium 
Elements is heavily involved in efforts to combat illicit trafficking of nuclear materials, and in developing 
and operating advanced detection tools to uncover clandestine nuclear activities. The Institute for 
Transuranium Elements also operates two onsite laboratories for the Directorate General Transport and 
Energy, Nuclear Inspection at the major European reprocessing plants: La Hague in France and Sellafield 
in England. 

 

The Institute for Transuranium Elements at Karlsruhe, Germany 
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5. APPENDICES 

5.1 Nuclear Energy for the Future: Required Research and 
Development Capabilities—An Industry Perspective 
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5.3.5 Report Production Timeline 

 

 

Figure 5-1. Summary timeline of activities/steps in production of the required assets report.. 



 

 

 


