THE ROLE OF FAST REACTORS AS A
SOLUTION FOR CLIMATE CHANGE AND
NUCLEAR WASTE IMPLICATIONS
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WHY CONSIDER NUCLEAR POWER FOR

CLIMATE CHANGE?
HERFHAREBELEHNEICLDIEZZONTWNNEOMN?
We’re in an energy transition and we desperately need carbon-free energy resources

Provides an alternative to fossil sources and renewables
Diversity of supply important

But is it a near-term (or mid-term) solution?
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ECONOMICS CHALLENGES: CAPITAL COSTS
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But what about factory built modules? That will solve the cost problem.

Will it?
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MODULAR FABRICATION EXPERIENCE

Shaw Modular
Solutions

Plant, Lake Charles,
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Welding and Rewelding at Vogtle
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Westinghouse bankruptcy, March 2017
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ECONOMICS CHALLENGES:

MEGAPROJECTS
BREMEE: BEX7ADY bk

Majority of these reactors exist on paper only — no demonstration models yet
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Engineering model: design — build prototype — redesign — build full-scale model —
redesign — deploy = high costs

construction of these megaprojects is challenging — whether factory-produced or not —
procurement and project management issues (costly and time-consuming)
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ECONOMICS CHALLENGES: OTHER COSTS
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Utilities want energy technologies that can do load-following. Nuclear can do this by adding energy storage — at
a cost.

Most fast reactors plan to use HALEU (high assay low enriched uranium) — need additional security and
safeguards = more costs

For reactors that reprocess their spent fuel — need additional security and safeguards = more costs

For those plants whose spent fuel is not stable for repository disposal there will be additional processing costs
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WHY THINK ABOUT THE NUCLEAR WASTE?
HERBEEYIZDOWNTEZAIDOMN?

Direct and significant implications for:
* Cost

= Security
* Proliferation/Safeguards
= Public Acceptance
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Like Security by Design and Safeguards by Design
* Better to consider during reactor R&D than as an add-on later
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NUCLEAR WASTE ISSUES
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For all reactors: What'’s different with fast reactors?

Spent Fuel Storage/Transportation * Chemically exotic fuels
 Metallic Na, Metallic U, UF,
= Exotic coolant - sodium
= Use of reflectors, shields, due to smaller reactor size
High level waste Disposal = Waste streams from processing

Processing/Reprocessing?
* Extra processes needed?

Low and intermediate level waste disposal
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Security, safeguards, safety
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NEUTRON LEAKAGE FROM SMALL

MODULAR REACTORS
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Neutron leakage from small reactors has implications for waste management

Generally, for a smaller reactor, there will be more leakage

Can reduce leakage with use of reflectors, increasing enrichments, changing
moderator, and playing with batch loading and burnup

Bottom line: Due to neutron leakage, Small modular reactors will generate
more spent fuel and more LILW than large energy-equivalent PWRs
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WASTE IMPLICATIONS FOR FAST REACTORS
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Sodium-Cooled fast reactors
Sodium-bonded Uranium metal fuel will need processing prior to disposal

Neutron reflectors and shielding — will be low and intermediate level waste

Sodium coolant — will be contaminated by 22Na activation product and Cs
isotopes from ruptured fuel elements

Sodium-bonded fuels are pyrophoric, need to be processed into a stable
waste form for disposal
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Processing Implications

Additional waste streams that require
disposal

Additional facilities that need licensing

Additional supply chains that need to be
established

= Additional Costs
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SECURITY/SAFEGUARDS ISSUES
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HALEU spent fuels may require special packaging Wite? Bacriass
for storage, transport, and disposal and may
entail additional security/safeguards issues
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Any processing or reprocessing that separates
actinides will require both additional security
and safeguards measures
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LOW IMPACT FOR CLIMATE CHANGE OVER NEXT FEW DECADES
TR LY

ctual costs of reactors are unknowable at this time
Cost of plant

= Cost of fuel

}4 S #%20-30F DM, KEEIMHAKE LTOHI

- Cost of waste, energy storage, etc

Length of build uncertain
Supply chain issues
Project management

It will take at least 10-20 years or longer to sort this out
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