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What is Burnup Credit and Why is it Needed?
• Burnup credit – taking credit for the 
depletion of fuel and/or burnable 
absorbers after irradiation

• Burnable poison credit – taking credit 
for existence of burnable poisons in the 
fuel (fresh or depleted)

• Current assumption for storage and 
transportation of BWR fuel: fresh fuel 
without burnable absorber
– Works for older fuel (lower enrichment), but 

not for modern BWR fuel 

• Spent fuel pools are crowded and fuel 
needs to be moved to dry cask storage NUREG/CR-7194
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BWRs are Complex…
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Previous Work

• Numerous publications for PWR burnup credit
• NUREG/CR-7157: Computational Benchmark for BWR Burnup Credit
• NUREG/CR-7158: Review and Prioritization of Technical Issues 

Related to Burnup Credit for BWR Fuel
• NUREG/CR-7194: Peak Reactivity Burnup Credit for BWRs
• Extended Burnup Credit

1. Axial void profiles
2. Control blade use
3. Axial burnup profiles
4. Reactor operating conditions
5. Correlated/assembly-specific conditions

NUREG/CR-7224

NUREG/CR in Process
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Background
• Previous studies modify one parameter at a time to isolate 

the impact of that particular parameter
– Limiting conditions are assumed for the parameters that are held 

constant
– Not realistic, but allows determination of the most important 

parameters to cask reactivity and is likely limiting

• Previous studies indicate that the burnup profile, coolant 
density profile, and control blade history have the largest 
impacts on cask reactivity

• NUREG/CR-7158 identified that the correlation of various 
parameters should be studied for BWR burnup credit
– Unlike current PWRs, BWRs contain control blades that are used 

during operation, leading to significant changes in operating 
parameters when the control blade is inserted



6 Impact of Assembly-Specific Conditions on BWR BUC

Correlated Parameters in BWRs
• Nearly all operating conditions are correlated with one another in some way

– As gadolinium is depleted, the power for the assembly increases, leading to higher coolant void fraction
– As bottom fuel (typically higher enriched) is depleted, the assembly power shifts toward the top of the 

fuel assembly
– If the control blade is inserted, the power in the lower part of the assembly will decrease, coolant boiling 

will decrease, leading to increased power in the top of the assembly

• The most significant parameter with which others are correlated is control blade insertion
– Results in a step change of various conditions
– While control blade insertion increases cask reactivity, the changes to other conditions as a result of 

control blade insertion should decrease cask reactivity

• How do you get data that is correlated?  
– We know things are correlated, but there isn’t a great way to tell, for example, how much void decreases 

with control blade insertion
– Use conditions observed by a single fuel assembly in the core follow data
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Example: Control Blade and Coolant Density Correlation
• Before the control blade is inserted, the void 

fraction is high due to high assembly power
• When the control blade is inserted, the assembly 

power and void fraction decreases instantaneously
• After the control blade is removed, the void fraction 

instantaneously jumps to a high value (low coolant 
density) as a result of increase in assembly power

Control blade 
inserted

Control blade 
removed
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Assembly-Specific Conditions Study
• Goals 

– Determine the level of conservatism built into using uncorrelated, but limiting assumptions for the 
coolant density, burnup profile, and control blade history

– Confirm that reactivity impacts of conditions analyzed individually are similar to the reactivity impacts 
when conditions are correlated

• Methodology
– Determine the conditions to model: (1) control blade insertion, (2) axial coolant density profile, (3) axial 

burnup profile (and power history), and (4) the axial fuel temperature
– Determine baseline cask reactivity assuming limiting conditions for the four parameters of interest
– Choose a number of assemblies from the operating data that may provide useful insight regarding the 

impact of assembly-specific conditions
– Using the time-dependent operating data for those assemblies, substitute assembly-specific conditions 

for the base conditions to determine the impact on cask reactivity
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Assembly-Specific Conditions Study, Cont.
• Models the same as previous studies: GE14 fuel assembly, GBC-68 fuel cask model

• SCALE/TRITON used for all depletion calculations, KENO-V.a used for all cask criticality calculations

• Two assembly-average discharge burnup values tested: 25 and 50 GWd/MTHM
– Cycle time and power adjusted to yield same discharge burnup values for every case
– Actual assembly burnups vary between 20 and 50 GWd/MTHM, depending on how many cycles the assembly has 

been present in the core  

• Operating conditions are averaged over time for every interval in which the control blade position is constant
– Assumption is that when the control blade position is constant, the operating conditions are fairly constant as well
– The change in control blade position may result in a large enough change in another condition that warrants a 

separate depletion step and update of conditions
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BWR Burnup Credit With SCALE; It’s Complicated…
TRITON ORIGEN KENO
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Assembly-Specific Conditions Study, Cont.
• Five separate calculations for each assembly

– Base: base conditions for all parameters of interest
– C: assembly-specific control blade history, base conditions for others
– CV: assembly-specific control blade history and coolant density (void fraction), base conditions 

for others
– CVB: assembly-specific control blade history, coolant density, and burnup profile, base 

conditions for fuel temperature
– CVBT: assembly-specific control blade history, coolant density, and burnup profile, and fuel 

temperature
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Chosen Fuel Assemblies
• Assembly 1 (A1) chosen because 

it was the most limiting control 
blade history in NUREG/CR-7224

• Assembly 2 (A2) chosen because 
it had the most irradiation time 
where the control blade was 
inserted 

• Assembly 3 (A3) chosen as a 
control; A3 contains no control 
blade insertion, but it resulted in 
one of the most limiting burnup 
profiles identified in NUREG/CR-
7224



13 Impact of Assembly-Specific Conditions on BWR BUC

Base Conditions vs. Assembly-Specific Conditions
Cycle-Averaged Base and Assembly-Specific Conditions

A3 and Base 
burnup profile 
nearly identical

Base void profile 
higher than others
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Assembly-Specific Results
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Assembly-Specific Results
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Assembly-Specific Results (A2)
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Assembly-Specific Results (A2)

If the control blade is OUT, 
power distribution follows a 

fairly typical shape
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Assembly-Specific Results (A2)

If the control blade is IN, power 
distribution become very top-

peaked and coolant void 
fraction decreases
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Assembly-Specific Results (A2)
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Assembly-Specific Results (A2)
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Actinide Only (AO) Results
25 GWd/MTHM

50 GWd/MTHM
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Actinide + Fission Product (AFP)
Results 25 GWd/MTHM

50 GWd/MTHM
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Assembly-Specific Results
• The impact of adding the 

assembly-specific burnup profile 
is more significant at 50 than at 
25 GWd/MTHM.

• The impact of assembly-specific 
conditions is similar for AO and 
AFP at 50 GWd/MTHM, but the 
impact is larger for AO than AFP 
at 25 GWd/MTHM.

Both of these differences are 
caused by the shape of the fission 

distribution!
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Isotopics for A1 CVBT Case



25 Impact of Assembly-Specific Conditions on BWR BUC

Summary
• Using limiting conditions for individual conditions (control blade history, coolant density, and 

burnup profile) is conservative compared to using correlated assembly-specific data
– Magnitude of this conservatism measured in this study varies from 0.5% to more than 7% Δkeff

– Magnitude depends on the fuel assembly, isotope set, burnup, etc. 

• Consistent with previous findings, using the assembly-specific burnup profile has the most 
significant impact on cask reactivity

• The impact of assembly-specific conditions on cask reactivity is largest for assemblies with 
significant control blade insertion. 
– Usage of the control blade during operation changes the axial shape of the coolant density and burnup 

profile. Insertion of the control blade leads to less limiting coolant density and burnup axial profiles. 

• The impacts of assembly-specific conditions on cask reactivity are larger for high 
discharge burnups than for low discharge burnups 


