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● DOE start a campaign to assess US nuclear future on different criteria:
■ nuclear waste management, 
■ resource utilization,
■ environmental impact...

● Evaluation and screening (E&S) phase evaluate 40 equilibrium scenarios called 
“Evaluation Group”

● EG23 & EG29 are part of the 4 “most promising” one 

● EG23: 100% SFR
● EG29: 70/30 SFR/PWR fleet 

    both using multi-MOX fuel, feeded with high quality Pu from SFR blanket 
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● Transition from 100 PWR-UOX to 100% FBR-MOX
● 1% annual grows of nuclear electricity production

● In order to minimize plutonium accumulation:
○ Deployment of a second wave of PWR 
○ 2 waves of SFR:

■ Start high breeding SFR deployment
■ Second wave of lower breeding ratio SFR
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PWR SFR A SFR B

PWR: UOX
SFR A: high breeding ratio
SFR B: low breeding ratio

   

  
 B. Feng. Preliminary DYMOND results for example scenario with updated assumptions. 07/2015. 2, 3, 4 
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PWR SFR A SFR BINITIAL
PWR
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Table 2: Fuel recipes

No detailed Isotopic monitoring
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Figure 2: Fuel loading rate

LWR-1 LWR-2 SFR-1 SFR-2LWR-1 LWR-2 SFR-1 SFR-2



cn
er

g.
en

gr
.w

is
c.

ed
u

8

● Limited PWR-UOX reprocessing capacity
● Unlimited SFR-MOX reprocessing capacity

LWR-1 LWR-2 SFR-1 SFR-2
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● Limited PWR-UOX reprocessing capacity
● Unlimited FBR-MOX reprocessing capacity

● MOX reprocessed when available
● Piling up of UOX-cooled-spent fuel

LWR-1 LWR-2 SFR-1 SFR-2 LWR-1 LWR-2 SFR-1 SFR-2
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● Limited PWR-UOX reprocessing capacity
● Unlimited FBR-MOX reprocessing capacity

> Separated UOX-Pu accumulation
> Almost no separated SFR-Pu accumulation 

LWR-1 LWR-2 SFR-1 SFR-2 LWR-1 LWR-2 SFR-1 SFR-2
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Case 1: Greedy reprocessing Case 2: on-demand reprocessing

● Preferences: UOX > MOXA > MOXB

● Deployment 1 facility for 10 SFR
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LWR-1 LWR-2 SFR-1 SFR-2 LWR-1 LWR-2 SFR-1 SFR-2

● Most of the UOX-fuel reprocessing around 2100
● No visible change for SFR-MOX fuel reprocessing
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LWR-1 LWR-2 SFR-1 SFR-2 LWR-1 LWR-2 SFR-1 SFR-2
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● Reduce the maximum plutonium accumulation by a factor 3.
● Follow closely the pu requirement for MOX fab (before 2100)
● Need to improve our separation capacity deployment... 
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● Base case : 
○ Large plutonium accumulation
○ Decay > 241Am
○ Recipe problem...

● “On-demand”: 
○ not perfect (still need some improvement)
○ “controled” separated pu accumulation
○ More stable plutonium composition
○ realistic ?
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● PWR/SFR double strata scenario

From: “Nuclear Fuel Cycle Options Catalog,” https://connect.sandia.gov/sites/NuclearFuelCycleOptionCatalog/SitePages/a/homepage.
aspx.
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● Focus on the PWR stratum:
○ PWR - multi MOX with high quality plutonium feed

● Modeling choice on MOX plutonium enrichment
○ Fabrication model:

■ Fix mixing ratio
■ Plutonium equivalent like fuel fabrication 
■ CLASS neural network

○ Decay, 
○ Depletion vs recipe reactor
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● E3 mimics FBR blanket plutonium stream
● J1 initial storage require to start cycle

● Case 1 - Fix mixing ratio fuel fabrication:
E3: 0.105
J1: 0.895

● Case 2 - pu-equivalent fuel fabrication:
Initial reactivity = case1 fresh fuel compo

● Case 3 - neural network:
50 GWd/t, 3 batches, kinf > 1.034
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CLASS model can mix:
● pure U stream
● pure Pu stream

(sometime issue when trying to mix U/Pu stream with U/Pu stream)

> separate both stream 
> build pure U, Pu stream 

(using fix mixing ratio)
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No decay - no depletion.
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Decay - no depletion.No decay - no depletion.

> Almost no effect of Pu-equivalent modeling
> Strong increase of the plutonium enrichment when using neural network model. 



cn
er

g.
en

gr
.w

is
c.

ed
u

22

> With depletion, reaching a “medium” Pu enrichment at equilibrium
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> With depletion, reaching a “medium” Pu enrichment at equilibrium
> Lower 241Am content in the fresh fuel at equilibrium.
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● EG23:
○ Continuous reprocessing: 

■ Plutonium accumulation
■ Problem with recipe base 

○ “On demand”:
■ Controlled plutonium accumulation (could be improved…)
■ Realistic ?

● EG29 PWR strata:
○ Strong impact of the decay (decay of 241Pu)
○ Depletion compensate partially the decay of 241Pu
○ Effect of the U/Pu mixing vs pure U + pure Pu
○ Effect of additionnal storage (on 241Am production)
○ Same analysis on SFR stratum (and double strata)

● Cyclus:
○ Allows easy plug-in of new model and facilities

CLASS NN fuel fabrication vs recipe reactors
○ Very good framework to isolate single modeling choice and measure their impacts
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