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The Single Fluid, Graphite Moderated
Molten Salt Breeder Reactor (MSBR)




General Attri butes
1000 MWe Single Fluid MSBR Design

1 27LiIF-BeF, - 12% ThF , - 0.3% 233UF,
1 Hastelloy N used for piping, HX, vessel

1 565 °C Inlet, 700 ©°C Outlet Temp

1 44% on Steam to 48% on Gas

1 FiIssion Products removed 20 day cycle

1 233Pa removed on 10 day cycle

1 Startup Fissile Inventory of 1500 kg

1 Breeding Ratio of 1.06

1 20 year doubling time




General Benefits of Liguid Fluoride Reactors

1

Volatile fission products including Xenon
simply bubble out, are removed and stored
elsewhere. A spill will simply solidify

Salts have high boiling point and operate at
low pressure

A temp increase instantly lowers reactivity

No possible steam explosions, hydrogen
production. No need for the containment
building to hold in steam like LWRSs

Control rods or burnable poisons not
required. Almost no excess reactivity

A simple freeze plug melts upon fuel
overheating to drain the salt to critically
safe, passively cooled dump tanks



Liquid Fluoride Fundamentals
Single Fluid vs Two Fluid

1 Single Fluid obviously is only one
fluid carrying both fissile and fertile

1 Two Fluid design has a separate
salts for #33UF, and ThF ,
Improves reactivity coefficients
Simplifies fission product removal
Can avoid need for 233 Pa removal
Complicates core design
+ Not as much as thought !

11 % Fluid design, mix of both types
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Fig. 2. Two-Region Molten-Salt Breeder.

Great concept except for the np



Liquid Fluoride Fundamentals
Fuel Processing

Uranium removed by bubbling fluorine
gas through the salt to convert UF 4 10 UF

233 Pa may require removal some designs

Stable fission products, most importantly
the rare earths, can then be removed
Liquid Bismuth Reductive Extraction
Vacuum Distillation  (only Two Fluid designs)

Thorium is chemically similar to rare
earths and complicates FP removal

Fission product removal can range from
10 days to several years OR not at all



Liquid Fluoride Fundamentals
Graphite Behaviour

1 Graphite often usedasa  moderator

1 Very compatible with  the liquid salts

1 As with any reactor use of graphite,
it will have a limited lifetime due to
fast neutron damage (it first
shrinks, then swells)



Liquid Fluoride Fundamentals
Long Term Waste Reduction

1 The long lived radiotoxicity of
spent fuel is dominated by
transuranic elements Pu,Np,Am,Cm

1 Minimizing TRU waste turns long
term storage/disposal into a few
hundred year job and removes
recriticality Issues



Radiotoxicity PWR vs FBR* vs LFR*

*Assuming 0.1% Loss During Processing

Data and graph from Sylvain David, Institut de Physigue Nucléaire d'Orsay
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Turns waste management into 500 year job, not million year


http://ipnweb.in2p3.fr/~PhT-IPN/seminaires/seminaire-pn.html

Proliferation Resistance
The Pure Thorium 7 433U Cycle

232U present in significant quantities

69 year half -life with strong 2.6 MeV gamma ray
from daughter product 208 T]|

Makes illicit use difficult and highly detectable

No national program ever based on 233U
1 233U can be instantly denatured by
dumping 238 UF, into the molten fuel salt

1 283Pa removal can | @8dndt o 0

thus should be avoided

1 Only small amounts Plutonium are present,
It Is of poor quality and very hard to extract



Proliferation Resistance
Denatured Cycles

1 The pure Th -233U cycle does

represent the use of Highly Enriched
Uranium

1 Running denatured by including
enough 23%U makes any uranium
useless for weapons

1 |t does mean more plutonium
present but still of poor quality and
very hard to remove

1 Including 238U will typically lower
conversion ratios




History of the MSR program at
Oak Ridge National Laboratories

1 Alrcraft Reactor Program 1950s

1 Sphere within Sphere Two Zone power
reactors late 1950s

1 Two Fluid Graphite 1960 to 1968

1 MSRE test reactor 1965 to 1969

1 Single Fluid Graphite 1968 to 1972

1 Major Funding Cut 1972

1 Work on Denatured designs late 1970s




A Resurgence of Interest

1 Chosen as one of six Gen |V designs

1 Major program in France
TMSR removes graphite moderation

Has radial Th blanket salt
+ Makes it a partial 1 Y2 Fluid design

Harder spectrum

5.5tonnes 233U for startup
Upwards of 1.13 Breeding ratio
Minimal salt volume of 20 m 3




The French TMSR
Thorium Molten Salt Reactor

5m

Fertile Blanket |}

Thermal Insulation

Design has a thorium blanket but only radial,
not axially (which would be very difficult)



A Resurgence of Interest

1 Extensive work also done in the Czech
Republic with an expertise in fluoride
chemistry

1 Strong program in Russia, focused on
burning transuranics In MOSART design

1 Numerous groups worldwide such as
Japan, Netherlands and Canada

1 U.S. efforts have mostly shifted towards
Liquid Fluoride A Cool edo desi gns
Intermediate step. Much possible overlap
of R&D




Back to Basics

1 What ways can we make a good
design even better

1 Several areas that could be

Improved
Reactivity coefficients with graphite
Cost, complexity and n
processing

Real and/or Imagined Proliferation
issues of the pure Th i 233U cycle



New ldeas for Consideration

1 Reviving the Two Fluid  Concept

A simple solution to
probl emo

1 Simplified Converter Reactor

Expanding on ORNLs i 30 Year
Once Througho desi gn



Solving the Two Fluid Plumbing Problem

1 Sphere -Within -Sphere with a single
barrier is simplest approach

1 BUT, If inner fuel salt lacks thorium
then the critical diameter must
remain small (approx 1 m with or
without graphite)

1 Too small for power plants

rfStandardo concl usi o
blanket salts must be interlaced by
graphite or metal plumbing




Modified Geometry Two Fluid Reactor
N T u-Wihin-Shello

*Patent Pending

Expands power producing volume while maintaining the
small inner core needed for a simple 2 Fluid design



