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Key Questions

u What are the unique contributions of existing HEU-fueled reactors to the U.S. scientific 
enterprise, technology development, and industrial competitiveness?

u Can the use of HEU fuels in reactors be reduced or eliminated while preserving 
needed characteristics of neutrons produced by these reactors?

u What functions currently performed by research reactors can be assumed by 
spallation neutron sources?

u What complementary roles do spallation neutron sources and nuclear reactors play?
u What are the economics of various paths that can be taken to meet future U.S. needs 

for neutrons?
u What policies could contribute to a healthy, cost-effective, and safe neutron science 

enterprise in the United States?



Outline

1. Why Neutrons?
2. The Neutron Facilities Landscape
3. Reactors and Spallation Sources: 

Challenges and Opportunities
4. Summary: The Path Forward



Applications

LEU Fuel stability studies.



Key Findings I

u Investigations performed at neutron sources are essential components of R&D in 
numerous areas of science and engineering.

u Neutron scattering is often an essential part of a broader experimental study that 
uses a complementary suite of tools (e.g., light sources, high-performance 
computers). Thus, neutron sources play a key role in overall U.S. innovation 
capacity.

u The United States has lost important capability in neutron R&D in the last two 
decades and is no longer the world leader. The United States cannot afford to lose 
its remaining capacity and capability without significant detriment to the quality 
and quantity of science, engineering, and even medical and manufacturing 
processes that rely on neutron sources.



Neutron Facilities

u Europe:
u Institut Laue-Langevin (ILL)

u ISIS Neutron and Muon Source (2 target stations)

u Swiss Spallation and Neutron Source (SINQ) [> 1 MW]

u FRM II research Reactor (TU Munchen)

u IBR-2 @ JINR

u European Spallation Source (ESS) [5 MW]

u Asia:
u China Advanced & Mianyang Research Reactors (CARR, CMRR) 

u Chinese Spallation Neutron Source (CSNS) [start 2018]

u Japan Spallation Neutron Source (JSNS @ J-PARC)

u OPAL Reactor @ ANSTO



Neutron Facilities

u North America:
u HFBR, IPNS, Lujan Center now closed

u Canadian Neutron Beam Centre closed in 2018

u Spallation Neutron Source (SNS @ ORNL)

u National Bureau of Standards Reactor @ NIST

u High Flux Isotope Reactor (HFIR @ ORNL)

u Advanced Test Reactor @ INL

u MIT Research Reactor (MITR-II)

u McMaster Nuclear Reactor (MNR)

u Conceptual designs for 2nd target station at SNS and LEU reactor at NIST
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Key Findings II

u Reactor fuels containing HEU represent a risk for proliferation, which should be 
considered when planning for the future infrastructure for neutron R&D.

u Current HEU-fueled research reactors provide unique R&D capabilities relative to 
other neutron sources available today. Eliminating them without developing and 
deploying alternative methods of producing neutrons with the same properties 
(e.g., from high-density LEU-fueled reactors and/or a new generation of spallation 
sources) would compromise U.S. innovation capacity.

u World-class neutron science and engineering require the comprehensive benefits 
of spallation facilities, research reactors, and high-performance instrumentation. 
While there is some overlap in the capabilities provided by spallation and reactor 
sources, each provides certain capabilities that cannot now be duplicated by the 
other type of source.



Recommendations I

u The United States should continue to support its diversity of neutron R&D capabilities, 
including both research reactors and spallation sources, for scientific, engineering, 
and economic capacity and capability. Decisions regarding potential new neutron 
sources should be guided by the principle of reducing and ultimately eliminating 
the use of HEU while retaining or enhancing current neutron capabilities.

u The United States should sharply increase its investments in neutron instrumentation 
development and deployment to partially compensate for the country’s dramatic 
decrease in neutron R&D capacity and capability in recent decades; to offset any 
loss of capability arising from the elimination of HEU fuel from research reactors; 
and to complement continuing investments in complementary tools such as light 
sources and high-performance computing.



Recommendations II

u The United States should reaffirm its commitment to the timely development 
and deployment of high-density LEU fuels for use in existing high-performance 
research reactors. Any transition from HEU to LEU reactor fuel must not 
compromise neutron research and engineering capabilities, especially those 
that cannot be duplicated using spallation sources. The United States should 
also consider options to cost-effectively maintain reactor performance and 
simultaneously reduce HEU consumption while awaiting a suitable LEU fuel.

u The United States should initiate an effort to competitively design and build a 
new generation of LEU-fueled high-performance research reactors that would 
satisfy all needs presently met by current HEU-fueled U.S. high-performance 
research reactors and provide new capabilities.


