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Timescale

1979 ORNL Proposal For DMSR Development
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Source: ORNLM-6415 Figure S.2



Immediate Research Goals

A Explore Design Space
A Quantify Benefits Of Moltei$alt Reactors
A Develop A Specific Proposal For A Test React



Components Of Reactor Design
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Neutronics



Two Methods of Neutronic Calculation

Diffusion Equation ‘ Monte Carlo
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Rez TwoFluid Central Core
Fuel Salt: 0.266% U4, Fertile Salt: 27% Th

Fig. 1. Horizontal cr ection of the reactor core. ) m
Graphate (ye]low}, fuel salt (purple), fertile salt
(blue) and helium (green).

(
a

Fig 4. Full channels (purple) with extended radius i

hexagonal graphite elements (vellow). Fertile salt
channels are indicated by blug color.

Critical Mass: 16208 kg
Breeding Factor: 1.069.074
Doubling time: 1118 314days <

Source: Frybort, RvdkaZ G b Sdzi NPy A OCfl dZA R e GRANIREY CaRwé
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Fig 2. Radial reflector. Graphite (sellow).
fertile salt (blue) and helium (green) Fig. 3. Top vertical plenum

LFTR Advantage

w Proliferation Concerns Discourage External Blankets In Modern
Fast Reactor Designs
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Rex 2 KI 0 Qa (K

AHigh Flow Rate
AUp to 8 m/s
AGraphite Lifetime
A Better Materials?
A Reduced Power Peaking?
A Easy replacement?
AHuge Blanket Void Coefficient
Ak=1.8
AHard to license if rapid insertion of k = 1.003 is possible
A dzd X
ACan we sacrifice breeding performance?
ADepend more on external blanket?
AAdd passive reactivity control devices?
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Depletion
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Breeding From Thorium

" 233Th

22.2 min

233Pa

27 d

233

But..

233Pa + n>23Pa + 2n

232Pg-> 232 +fy

Short Doubling Time> High Neutron Flux oft3U
High Conversion Ratio Low Neutron Flux of¥3Pa



SingleFluid Protactinium Solution

Fuel Salt
Separated
233Pa

AAllows singldluid breeding, but..
ARequires advanced fuel processing (practical?)
AConcerns about proliferation




Two-Fluid Protactinium Solution

Reactor

Fuel Salt

- Blanket Reservoir
Blanket /)

Salt

ASimple Fuel Processing
AOptimal System Parameters
AHighest Breeding Ratio, Shortest Doubling Time



Coupled Analysis Of Fluid Fuel Reactt
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Thorium MSR Core
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AFuel Processing:
ABubbling extracts insoluble elements
Thorium ABatch process, every six months
blanket ANearunity breeding

| . J
Y sesnsasens W
] s s e T anaew
M)  esmecven | B
I esves | 2
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Thorium MSR Fuel Processing
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Actinide Inventory with Autdrecycle
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AMSBRIike Core (Thermal Spectrum)

AFast spectrum produces 10x as miilp but still 1/10 of PWR
AGood newsPuis > 6098%8Pu (Weapons Useless)
AEquilibirum3H production about half of CANDU

Source: C. LBrun L. Mathieu, DHeuer A.Nuttin dmpact of the MSBR Concept
Technology on lonrivedradiotoxicityand proliferation resistanee



FuelCycle Analysis
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( Transportation Processes for High-Level Radioactive Materials (SNF, HLW, TRU, LLW-GTCC, recycled fuel) [Module O1] )

é! Transportation Processes for Low-Level Radioactive Materials (LLW-near-surface, unirradiated fuel, RU, DU, EU) [Module O2] )
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A400 tons ofPuFrom LWR> 33GWeof Fast Near Breeders
AThermal MSR near breeders need ~ 1/10 the fissile inventory

ASame start charge could fuel ~ 3B@veof MSR Near Breeders

Sourceshttp://nucleargreen.blogspot.com/2009/06iprism-scalabilityrepostfor-steven.html
C. E. Boardman, D. Garro| CEhrmarz  / ® 9 &PRISM{FueSOyde Stidy
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Launching the Thorium Economy

Existing LWR Fleet

MSR Advanced
U Metal+ThOxide| < Breeder

Mined U-ThOxide | Mined
U Th

MSR Near Breeder

MSR Converter
Pu-> 233

LWR Spent Fuélu




