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SUMMARY 

This report provides the information presented at the Molten Salt Reactor (MSR) 
Seminar held at DOE Headquarters in Germantown, MD on February 16, 2017.  
DOE/NE-43 had requested an informational seminar to provide a detailed 
technical background on the technology of molten salt reactors, the history of 
molten salt reactor development, the current status of the technologies, and the 
identified issues requiring R&D.  To meet this need, the seminar had the 
following objectives: 

1. Provide information specifically for DOE/NE Federal managers on the 
concepts, technologies, fuel cycles, and challenges associated with MSRs. 

 - Provide a review of various MSR technologies 
  - Domestic and international, historic and current 

 - Describe the reasons behind the recent interest in MSR technologies 
  - Potential advantages, disadvantages, and challenges 

2. Provide a summary of the current status of MSRs and the major challenges to 
development and deployment. 

The MSR seminar consisted of a series of presentations mainly developed by 
Oak Ridge National Laboratory, reviewed and coordinated by the Fuel Cycle 
Options – Systems Analysis and Integration campaign to meet the seminar 
objectives.    
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FUEL CYCLE AND NUCLEAR TECHNOLOGY 
SEMINARS FOR DOE/NE  

MOLTEN SALT REACTORS 
 

1. INTRODUCTION 
A Molten Salt Reactor (MSR) Seminar held in Germantown, MD on February 16, 2017.  DOE/NE-43 had 
requested an informational seminar to provide a detailed technical background on the technology of 
molten salt reactors, the history of molten salt reactor development, the current status of the technologies, 
and the identified issues requiring R&D.  To meet this need, the seminar had the following objectives: 

1. Provide information specifically for DOE/NE Federal managers on the concepts, technologies, fuel 
cycles, and challenges associated with Molten Salt Reactors (MSRs)  

 - Provide a review of various MSR technologies 

  - Domestic and international, historic and current 

 - Describe the reasons behind the recent interest in MSR technologies 

  - Potential advantages, disadvantages, and challenges 

2. Provide a summary of the current status of MSRs and the major challenges to development and 
deployment 

This report contains all of the seminar slide presentation materials, along with a brief description of each 
presentation.  The presentations identify possible areas for R&D that may be used to inform the decision-
making process concerning MSRs and the supporting technologies, but this report does not make any 
recommendations concerning MSR development or any directions for R&D. 

 

2. MSR SEMINAR PRESENTATIONS 
The seminar was organized into a series of modules, with each module providing information on specific 
aspects of MSRs.  Table 1 shows the MSR seminar agenda, with all of the presentations listed.  The 
following sections provide the slides presented at the seminar and a brief discussion of some of the 
significant points discussed during each presentation. 
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Table 1. MSR Seminar Agenda 

Introduction 
9:00 – 9:25 AM Opening Remarks 

Meeting Overview and Background 
BP Singh (NE-42) 
R. Wigeland (INL) 

History, Concepts, and Current Technologies 
9:25 – 9:55 AM Module 1:  Brief History of the ORNL MSR Program G. Mays (ORNL) 
9:55 – 11:25 AM Module 2 – Part 1:  Introduction to MSR Technologies and 

Variants 
 - Potential Advantages, Disadvantages, and Challenges 

D. Holcomb (ORNL) 

11:25 – 12:30 PM Lunch 
 

12:30 – 1:00 PM Module 2 – Part 2:  Status of Technologies Under 
Development; Domestic and International 

D. Holcomb (ORNL) 

MSR Basic Principles 
1:00 – 2:00 PM Module 3:  Reactor Chemistry, Materials Compatibility, and 

Separations 
Dave Williams 

(ORNL) 
2:00 – 3:15 PM Module 4:  Reactor Safety, Physics, and Associated Fuel 

Cycle Performance  
Ben Betzler (ORNL) 
Florent Heidet (ANL) 

3:15 – 3:30 PM Break 
 

R&D Challenges  
3:30 – 4:30 PM Module 5:  Safeguards Considerations and Challenges G. Flanagan (ORNL) 
4:30 – 5:00 PM Module 6:  Research, Development, and Deployment 

Challenges 
G. Mays (ORNL) 

5:00 – 5:15 PM Concluding Remarks and Seminar Close R. Wigeland (INL) 
BP Singh (NE-42) 
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2.1 Meeting Overview and Background 
This presentation introduced the seminar and provided an overall perspective on MSRs in the context of 
other nuclear reactors and nuclear fuel cycles.  Among the significant points made during the presentation 
are the following: 

− There are two distinct types of MSRs 

• The molten salt is used as a coolant for traditional solid nuclear fuel, e.g., solid fuel with 
cladding, solid fuel in graphite pebbles, etc.  In this case, the molten salt is only a coolant 
medium that carries the heat produced by the fuel to a heat exchanger.  This is referred to as a 
"salt-cooled" MSR. 

• The molten salt also contains the nuclear fuel dissolved in the salt, i.e., the nuclear fuel is also 
a salt, and the molten salt mixture is circulated through a region where nuclear fission occurs 
to produce heat, which is then carried by the molten salt mixture to a heat exchanger.  This is 
referred to as a "liquid-fuel" MSR.  Many MSR concepts are liquid-fuel MSRs. 

− Terminology for describing liquid-fuel MSRs is not the same as for traditional solid-fuel reactors, 
so care must be exercised in discussing liquid-fuel MSRs. 

− Liquid-fuel MSRs are not just reactors, but entire recycle fuel cycles due to the separation of 
volatile materials such as noble gas fission products during normal operation.  While this doesn't 
separate all fission products, this partial separation allows MSRs to use fuel to a higher burnup, 
just as with a recycle fuel cycle. 

• This is the same process that occurs with recycle fuel cycles using traditional solid fuels, 
where fission products are separated from potentially useful fuel materials 

• It is also possible to use additional separations online with a liquid-fuel MSR to completely 
separate fission products from the liquid fuel salt mixture. 

− Thermal, intermediate, and fast neutron spectrum versions of MSRs are possible in principle. 

• Fast neutron MSRs may provide fuel cycle performance benefits associated with the use of a 
fast neutron spectrum in recycle fuel cycles using traditional solid fuel. 

− MSRs may have potential advantages, disadvantages, and challenges compared to other types of 
reactors and fuel cycles. 

• Liquid-fueled MSRs circulate salt containing fuel and fission products through the core, 
piping, and heat exchanger, resulting in a much larger area of high radiation requiring 
shielding than for traditional solid-fueled reactors. 
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2.3 Module 2 – Introduction to MSR Technologies and Variants 
David Holcomb of ORNL assembled and gave this presentation that provided technical descriptions of 
MSRs and the technologies, along with examples of MSRs that are currently under development.  Among 
the significant points made during the presentation are the following: 

Potential Advantages 

− For the two basic types of MSRs, salt-cooled and liquid-fueled (also known as salt-fueled), there 
are variants for both a thermal and fast neutron spectrum. 

• Thermal spectrum resembles an LWR or a high temperature gas reactor (HTGR), while the 
fast spectrum resembles a sodium-cooled fast reactor as far as neutronic performance is 
concerned. 

• Fuel cycles based on U/Pu, U/TRU, and U/Th are all possible in MSRs. 

• Fissile breeder, burner, and converter designs are all possible in principle. 

• For salt-cooled, solid-fuel MSRs, once-through, limited recycle, and continuous recycle fuel 
cycles are all possible, while all liquid-fueled MSRs are recycle systems due to the inherent 
separation of volatile fission products from the molten fuel salt during operation. 

− Molten salts are relatively stable under irradiation, have high boiling points, have excellent heat 
transfer characteristics (large heat capacity, low viscosity), and are chemically inert with respect 
to water and air. 

• High boiling points allow high temperature operation and low pressure, facilitating high 
thermal efficiency for electricity production. 

• The possibility of online refueling with liquid-fueled MSRs could potentially enable higher 
capacity factors, while online removal of volatile fission products allows slightly more 
effective use of fuel since fission products are typically neutron absorbers. 

• High boiling points and negative reactivity feedback for liquid-fueled MSRs facilitate 
incorporation of passive safety concepts in reactor design, while the high freezing 
temperature allows use of a freeze-plug concept to drain the liquid-fuel salt to a criticality-
safe vessel in the event of reactor over-temperature conditions, shutting down the reactor. 

Potential Disadvantages and Challenges 

− Moisture content of the salt must be limited to control corrosion. 

− For liquid-fueled MSRs:  

• Molten salts are initially transparent, but presence of fission products renders them opaque. 

• The radiation environment associated with circulating liquid fuel salt requires shielding, and 
maintenance activities are more challenging. 

• Nickel-based alloys used with some MSRs rapidly embrittle in high neutron flux 
environments at high temperature since neutron irradiation of nickel produces helium. 

• Large scale isotope separations for halide elements, e.g., to obtain 7Li or 37Cl, is immature 
and expensive. 

• Tritium production may be a significant issue especially when using lithium salts, and the 
proposed higher MSR operating temperatures make tritium containment more difficult (above 
300ºC tritium rapidly diffuses through structural alloys). 
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2.4 Module 3 – Reactor Chemistry, Materials Compatibility, and 
Separations 
David Williams of ORNL assembled and gave this presentation that provided information on the 
chemistry of molten salts, compatibility issues with structural materials, and the possible separations 
when using liquid-fueled MSRs.  Among the significant points made during the presentation are the 
following: 

− Many fluoride- and chloride-based salts have been studied for use in liquid-fueled MSRs. 

− Choice of salt and the composition can affect properties, including actinide solubility for liquid-
fueled MSRs, vapor pressure, and freezing and melting points. 

− For liquid-fueled MSRs, fission leads to chemically oxidizing conditions in the salt, with free 
halide available since while some fission products can form compounds with halide, others do 
not.  Control of the oxidizing condition is needed to avoid corrosion of structural materials, 
although impurities (such as some fission products like tellurium with liquid-fueled MSRs) in the 
salt can also cause corrosion. 

− Tritium production is primarily from 6Li (which is why use of 7Li is desirable for lithium-bearing 
salts as mentioned for Module 2, although this requires isotopic separation of lithium). 

− There are significant materials corrosion issues with molten salts, particularly in liquid-fueled 
MSRs due to the development of oxidizing conditions in the salt resulting from fission.  
Structural materials also need to withstand exposure to air on outer surfaces for high 
temperatures. 

− Online separations of fission products with liquid-fueled MSRs is described as being a "heavy-
lift", i.e., difficult, and the suggestion is made to consider designs with offline batch reprocessing 
as is done with more traditional solid-fueled reactors, although volatile fission products will 
always separate from the salt during operation and will need to be managed. 

Waste Production and Management 

− Remediation activities related to the MSRE have resulted in several findings: 

• Solid halide salts are damaged by radiation and darken, corresponding to the development of 
metal regions and the release of halide gas. 

• Maintain fuel salts above 150ºC to prevent radiolysis. 

• Some fission products were deposited in graphite porosity for the MSRE graphite. 

• Waste forms for the salts need to be developed. 

Primary Research Issues 

− Understanding  and managing salt radiolysis. 

− Understanding and managing "noble" fission products, i.e., those fission products that are not 
soluble in salt, since they have the potential to precipitate from the salt at any location in the 
circulating liquid-fuel salt loop. 
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2.5 Module 4 – Reactor Safety, Physics, and Associated Fuel Cycle 
Performance 
Ben Betzler of ORNL and Florent Heidet of ANL assembled and gave this presentation that described the 
reactor physics characteristics of MSRs, focusing on liquid-fueled MSRs, and discussed the associated 
safety issues and fuel cycle performance.  Among the significant points made during the presentation are 
the following: 

− Low-pressure (atmospheric) system reduces stored energy, reducing the risk of energetic burst or 
explosion 

− Pure salts do not react with moisture or air, reducing fire or explosion hazards. 

− Typical operating temperatures provide a very large margin to boiling 

− Salts have a high heat capacity, potentially slowing the progression of some accidents since the 
volume of salt also affects the rate of temperature rise in the reactor. 

− Safety of solid-fueled, salt-cooled MSRs is likely to be similar to that of other solid-fuel reactors. 

Liquid-Fueled MSRs 

Potential Advantages 

− A temperature increase causes a reduction in density of the fuel salt, causing a rapid negative 
reactivity insertion corresponding to the reduced fuel mass in the core as a result of the lower salt 
density. 

− Liquid-fueled MSRs have potential for low excess reactivity with continuous or batch feed of 
fissile and fertile material during operation and continuous removal of fission products to reduce 
neutron absorption in the salt, providing better neutron economy leading to greater fuel 
utilization. 

• Less active reactivity control is needed and accidents associated with excess reactivity are 
mitigated or avoided. 

− There is a potential reduction of the radioactive source term in the case that the circulating liquid-
fuel loop is breached due to the online removal of volatile components from the fuel loop during 
operation, although the system for collecting and managing the volatile materials must also be 
evaluated for safety concerns. 

Potential Challenges 

− Undesired freezing of the salt must be prevented. 

− Managing waste forms from fission product and other material removals, since there are multiple 
radioactive source terms in multiple locations. 

− Remote maintenance required due to high radioactivity of fuel salt flowing through the fuel loop. 

− A loss of coolant accident or coolant leak would result in fuel material leaking out of the fuel 
loop, possibly into the containment building, depending on the design. 

• A non-negligible fraction of delayed neutrons is emitted in the circulating liquid-fueled salt 
loop instead of within the core.  Depending on the fuel loop and core design, up to 50% of the 
delayed neutrons may be emitted within the fuel loop outside of the core (from 90–300 pcm).  
Testing with the MSRE determined that despite losing half of the delayed neutron margin, the 
reactor remained stable and controllable (delayed neutrons provide a time-bottleneck that 
limits the rate of the change in flux). 
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3.  Summary 
This report has documented the presentations given at the MSR seminar, DOE Headquarters, 
Germantown, MD, on February 16, 2017.  The presentations represent the history and state of knowledge 
about MSRs at that time, and were provided to the DOE Federal managers as background information.  
The identified R&D may be used to inform the decision-making process concerning MSRs and the 
supporting technologies, but this report does not make any recommendations concerning MSR 
development or any directions for R&D.   


	1678
	1678
	1. INTRODUCTION
	2. MSR SEMINAR PRESENTATIONS
	2.1 Meeting Overview and Background
	2.2 Module 1 – Brief History of the ORNL MSR Program
	2.3 Module 2 – Introduction to MSR Technologies and Variants
	2.4 Module 3 – Reactor Chemistry, Materials Compatibility, and Separations
	2.5 Module 4 – Reactor Safety, Physics, and Associated Fuel Cycle Performance
	2.6 Module 5 – Safeguards Considerations and Challenges
	2.7 Module 6 – Research, Development, and Deployment Challenges
	2.8 Concluding Remarks

	3.  Summary


