Molten Salt Reactors:
A 2 Fluid Approach to a Practical

Closed Cycle Thorium Reactor
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The Single Fluid Molten Salt Reactor

Molten Salt Reactor




General Attributes

%+ % ,(-#% /" I o
* 01 %
I 0.2- %
3 1

00 I

I |

4 ( 5%

$'° (6



Major Benefits
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Radiotoxicity LWR vs FBR vs MSR
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Major Issues
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Proliferation Issues
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From the 70s to Today
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From the 70s to Today
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The French TMSR
Thorium Molten Salt Reactor
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Russian MOlten Salt Actinide Recycler
and Transmuter MOSART
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Molten Salt Design Fundamentals
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Single Fluid vs 1 and %2 Fluid vs 2 Fluid
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Single Fluid vs 1 and %2 Fluid vs 2 Fluid
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Single Fluid vs 1 and %2 Fluid vs 2 Fluid
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“Standard” 2 Fluid Design
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Neutron Spectrum
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Neutron Spectrum




Homogeneous vs Graphite Moderation
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Fuel Processing
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Fluoride Volatility
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Fission Product Removal
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Fuel Processing
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Fuel Processing




Fuel Processing Summary
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The Rise and Fall of the 2 Fluid Reactor

(A (A62&' !




Aircraft Reactor
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The Rise and Fall of the 2 Fluid Reactor




Homogenous Molten Salt Reactor

Late 50s ORNL
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Fig.' LL1. MSR Layout with Outrigged Blanket-Salt
Pumps .and Nc,'Bl_tmkef Salt Around Neck of Core.



Two Region Homogeneous Reactor
Projected breeding ratio with thicker blanket
and 1/6 inch vessel wall ORNL 2551, 1958
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The Rise and Fall of the 2 Fluid Reactor




Molten Salt Reactor Experiment MSRE
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Molten Salt Reactor Experiment

Fig. 6. MR Reactor Vessel.



The Rise and Fall of the 2 Fluid Reactor
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Mid 60s 2 Fluid Molten Salt Reactor
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Mid 60s 2 Fluid Molten Salt Reactor
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Complex Plumbing to Keep Fuel and
Blanket Salts Separated Within Core
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The Rise and Fall of the 2 Fluid Reactor
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Restating the 2 fluid Plumbing Problem
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What is the solution?
How about a hint?

< | 5 %
p° (
R
4 2405 ° 66
R
% 2405°  p ° 4
R H
4 7 p-
a




Modified Geometry 2 Fluid Reactor

Side View of Reactor Core and Surrounding Blanket Salt
Core is Graphite + Fuel Salt or 100% Fuel Salt
Typical Diameter of | meter

Core becomes subcritical
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Hastelloy N or graphite to heat exchanger Blanket Salt 60 cm thick




Cross Section with Graphite Moderator

Cross Sectional View

Possible Hastelloy N shell

Graphite Core
with small core
salt channels

Blanket Salt
completely
surrounding
graphite core



Possible End Section Design

End Section of Graphite Version

Hastelloy N Shell
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Tandem Operation Mode

Top View
Possible to run units in tandem to limit
out of core salt volumes

Primary
Core salt — > Blanket Salt
Pum Exit for cooling
g HX and/or processing
Salt Salt
Rl \\ Reactor /’ Flow
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Graphite Moderated
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Graphite Moderated
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System Advantages
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Operational Specifications




Homogeneous (without graphite)
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Graphite Free Design




Homogeneous Pipe Reactor




Hastelloy N Tube Reactor
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Hastelloy N Tube Reactor
900 Mw(e) Tandem Unit




Homogeneous Pipe Reactor

4 6-" % 0O
1(6 55 <
$ /- *
(- 7 ! 5
7 '@ (

G 7
|



Design Benefits for TRU Burners
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Hybrid Spectrum Design




Hybrid Spectrum Design
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Summary
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Conclusions
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