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FNSF STEERING GROUP PURPOSE 
 
Building on the U.S participation in ITER, the time is ripe to define and 
advocate next steps for the U.S. domestic fusion program that maintains 
the U.S in a leadership position for the next 20-30 years: 
 
• …what needs to be done in addition to ITER to enable the U.S. to 

move to fusion energy? 
 
An exciting opportunity for this next step is a major new domestic fusion 
research facility to enable fusion's energy applications. Such a facility we 
refer to generically as a Fusion Nuclear Science Facility (FNSF).  
 
FNSF must produce significant fusion power in steady-state and reach 
for high duty factor and fluence in developing the scientific knowledge 
needed for fusion's energy applications.  
 
 



  
 

FNSF STEERING GROUP PURPOSE 
 
The construction and operation of such a facility and the research done 
with such a facility must be supported by a more general fusion nuclear 
science program: FNSP 
 
Included in such a program would be: 

• necessary materials science developments  

• tritium handling and production technology 

• whole blanket system including the plasma facing front surfaces 

• required (remote) maintenance capabilities and research flexibility 

• appropriate plasma operating modes. 



  
 

FNSF STEERING GROUP PURPOSE 
 
The objective of this FNSF Steering Group is to help shape the 
most effective proposal to take this step. The work of the Fusion 
Nuclear Science Facility Steering Group will center around: 

1) Steady-state, D-T R&D users' facility options and range of 
operating modes 

2) FNSF mission and its scientific and technical components 

3) Required supporting R&D 

4) Strategy to motivate moving forward 
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FNSF STEERING GROUP ACTIVITIES 
 
 
At time of ReNeW began to develop list of R&D needs derived 
from developing a set of FNSF mission elements: build up in the 
form of a “Technical Contract” by a larger FNSP  

Met with Ed Synakowski in August/September to present case for 
FNSF/FNSP 

Develop a “FNSP White Paper” supportive of the vision laid out by 
Ed Synakowski in his FESAC presentation and to present at a 
high level the need and opportunity for an aggressive effort by the 
US to establish a FNSP 



  
 

FUSION NUCLEAR SCIENCE PROGRAM 
– A WHITE PAPER – 

 
 
Historically the core of the program has been the basic plasma confinement physics 
research…focused on understanding the high-temperature plasma properties in the hot 
central core region of the magnetically confined plasmas.  
Progress in understanding the basic plasma confinement physics of the tokamak 
configuration has been great enough … to move to the frontier of burning plasma physics, 
as embodied in the ITER Project…(that) … is now the centerpiece of the U.S Fusion 
Program. 
The U.S. and world fusion program now has in place strong Basic Plasma Confinement 
Physics and Burning Plasma Physics program elements. However, the U.S. has allocated 
relatively few resources in the past decade to the third major area of effort – Fusion Nuclear 
Science. In order for the U.S. to be positioned to take advantage of success in ITER, 
support for Fusion Nuclear Science should be dramatically increased in the coming 
decade.  



  
 

FUSION NUCLEAR SCIENCE PROGRAM 
– A WHITE PAPER – 

The US should position itself as a leader in R&D for Fusion Nuclear 
Science for a number of reasons:  
 
• This R&D will involve highly scientific study of the multi-function, 

multi-physics, multi-engineering requirements and complex and 
unique interactions in the environment of fusion that couples thermal, 
magnetic, vacuum, tritium, plasma, and nuclear issues.  

 
• Such work requires innovation, creativity, cutting edge science, and 

close coordination between engineering science, technology, and 
plasma physics research, all areas where the US excels.  

 
• Fusion Nuclear Science expertise will prepare the US to design and 

build the next generation of Deuterium-Tritium plasma devices and 
will be the area in which key intellectual property will emerge in 
fusion. 



  
 

FUSION NUCLEAR SCIENCE PROGRAM 
– A WHITE PAPER – 

The critical R&D challenges that the FES program must address to develop a practical 
fusion power source … can be grouped into the following four key challenge areas: 
1. Demonstrating and exploring the burning plasma state  

Creating and controlling a fusion plasma that releases several 100 MW of power and 
understanding the effects of very energetic fusion-created particles is a grand 
challenge of fusion science research. 

2. Creating predictable, high-performance, steady-state plasmas  
A continuously burning plasma that behaves predictably and is highly efficient is 
needed for economical fusion power plants 

3. Taming the plasma-material interface  
Magnetic confinement sharply reduces the contact between the plasma and the 
containment vessel walls, but such contact cannot be entirely eliminated. Advanced 
wall materials and magnetic field structures that can prevent both wall erosion and 
plasma contamination are required.  

4. Harnessing Fusion Power  
Fusion energy from deuterium-tritium (D-T) reactions appears in the form of very 
energetic neutrons. The understanding of the effects of these neutrons on the 
surrounding materials and the fusion plasma, and the means of capturing this energy 
while simultaneously breeding, processing, and safely handling the tritium needed to 
maintain the fuel supply, must be developed.  



  
 

FUSION NUCLEAR SCIENCE PROGRAM 
– A WHITE PAPER – 

To address these critical issues and motivate a future fusion energy development 
program, it is now time to start building a Fusion Nuclear Science Program 
(FNSP).  
The FNSP must have … trained scientists and engineers with expertise in many 
different disciplines who can advance the underlying single and multiple-effect 
nuclear science both through laboratory experiments in nuclear and non-nuclear 
test stands as well as … validated theory and simulation development. 
A major FNSP element will be the opportunity to establish, as a longer-
term goal, deploying a new national fusion nuclear science research 
facility (FNSF) as the centerpiece of the US domestic experimental effort in 
magnetic fusion in the ITER era.  
A successful Fusion Nuclear Science Program must ultimately have … a 
FNSF in which integrated fusion nuclear science experiments can be 
conducted in a representative fusion environment.  
The FNSF together with the broader FNSP should develop DEMO enabling 
technologies such as steady-state auxiliary heating and current drive systems. 
The FNSF should operate in parallel with ITER; ITER and the FNSF will be 
mutually supportive.  



  
 

FUSION NUCLEAR SCIENCE PROGRAM 
– A WHITE PAPER – 

ELEMENTS OF THE FUSION NUCLEAR SCIENCE PROGRAM 
A spectrum of mission elements is required for a successful Fusion Nuclear 
Science Program. At a minimum, these top-level objectives must include: 
Overall Goal 

Show that fusion can make energy and its own fuel in a practical system.  
Objectives 
• Produce and extract significant fusion power (hundreds of MW) for long 

operating times 
• Demonstrate fusion fuel self-sufficiency  
• Show fusion can produce high-grade process heat that can generate 

electricity and/or hydrogen. 
• Develop, characterize, and qualify radiation resistant materials and the 

blankets and plasma-facing components that will utilize them 
• Enable plasma science research on high performance, steady-state, burning 

plasmas in preparation for a demonstration fusion power plant (DEMO). 
• Obtain first data on integrated fusion system operation, fuel management, 

reliability, availability, and maintainability to guide future fusion energy 
development. 



  
 

FUSION NUCLEAR SCIENCE PROGRAM 
– A WHITE PAPER – 

FNSF Design 
Two candidate plasma configurations were examined at ReNeW as a basis for 
FNSF: the conventional aspect ratio tokamak (Fusion Development Facility (FDF) 
or FNSF-AT) and the very low aspect ratio tokamak (Spherical Torus Component 
Test Facility or FNSF-ST).  
In the initial stage of establishing a FNSP, these and other configurations will 
need to be assessed, and the technical preconditions needed to allow 
selection of the best approach to design of the FNSF must be defined.  
While the actual form that the FNSF takes will depend on detailed development 
of its mission requirements and comparison of competing concepts, this next 
major experiment in the US must be a DT (deuterium-tritium) facility to 
access the full range of fusion nuclear issues.  
The execution of the FNSP would be given structure and focus by a 
“technical contract” … to define what minimal knowledge base is needed to 
establish the credibility and acceptable risk level for taking further steps in the 
FNSP and making design decisions for an FNSF.  
The conception of the FNSF has been such that the needed deliverables by 
the Program to enable a construction decision are near term.  



  
 

FUSION NUCLEAR SCIENCE PROGRAM 
– A WHITE PAPER – 

Major Research Lines in an FNSP 

High Performance Plasma Research 

Plasma Material Interface Research 

Power Extraction and Tritium Production/Extraction Research 

Research capabilities on tritium delivery and processing to develop, 
deploy, and test fuel self-sufficiency on FNSF. 

Development of practical and compatible fusion material systems, 
including materials that are fabricable and survive large neutron fluence 
and thermomechanical loads.  

Integrated, multi-scale, multi-physics computational modeling capabilities 
for fusion power plant materials, nuclear components and systems, and 
their plasma-material interface. 

Plasma measurements and component instrumentation suitable for a 
fusion nuclear environment. 



  
 

FUSION NUCLEAR SCIENCE PROGRAM 
– A WHITE PAPER – 

DEVELOPING A STRATEGY FOR THE US FUSION PROGRAM 
The US has an opportunity to maintain world leadership by aggressively pursuing a 
Fusion Nuclear Science Program that would focus on … the science challenges of 
plasma-wall interactions, materials, and harnessing fusion energy. Solving these problems 
will require fundamental advances in several important sub-fields of science that include: 
plasma, atomic, and molecular physics; material sciences; neutron sciences; fluid-flow and 
heat-transfer; and associated engineering challenges.  

When ignition is demonstrated in NIF, there naturally will be increased interest in the IFE 
approach to fusion as an energy source…and many of the materials and nuclear science 
issues to be addressed in the FNSP are common to both MFE and IFE and the FNSP 
supply critical nuclear science advances for both approaches. 

Executing this program and eventually deploying a FNSF, would vault the U.S. program into 
leadership of critical areas of the overall fusion challenge. This transition can be 
executed over the next decade or so, concurrent with the construction and initial 
operation of ITER.  

The research activities on ITER and this FNSP would define the centers of gravity of 
fusion science and engineering development, and will expedite the decision on 
proceeding to the development of a demonstration fusion power plant.  



  
 

ʻTECHNICAL CONTRACTʼ OR PREREQUISITE PROGRAM 
In gaining support for proceeding with NIF, Steve Koonin developed the concept in a 

National Academy Study of a ʻTechnical Contractʼ to address key R&D issues to a level 
where NIF could confidently be initiated. 

 



  
 

FNSF TECHNICAL CONTRACT 
Preliminary effort was made to develop format to lay out a Technical Contract for 

AT and ST based FNSF design approach: 

 



  
 

FNSF STEERING GROUP POSSIBLE FUTURE ACTIVITY 
 
We are very pleased to see the DOE FES process being launched to 
establish Fusion Nuclear Science pathway assessment 
 
• The FNSF-SG would like to play a constructive role in supporting the 

success of this important new activity 
 
Some activities now being considered: 
 
• Continue to develop a FNSP/FNSF Mission Description as a set of 

general mission elements 
 
• Participate in definition of the ʻprerequisite programʼ of R&D needed 

in an FNSP to make decisions on design of an FNSF: Technical 
Contract 

 
• Work with FES & fusion community to support workshop(s) as a 

forum for broad-based community input to the developing FNSP 




