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Criticality SafetyORequirement 

Title 10 CFR Part 60.131 .(b).(7) states: "Criticality 
control. All systems for processing, transporting, 
handling, storage, retrieval, emplacement, and 
isolation of radioactive waste shall be designed 
to ensure that a nuclear criticality accident is not 
possible unless at least two unlikely, independent, 
and concurrent or sequential changes have occurred 
in the conditions essential to nuclear criticality safety. 
Each system shall be designed for criticality safety 
under normal and accident conditions. The calculated 
effective multiplication factor k(~ m mustbe sufficiently 
below unity to show at least a 5% margin, after 
allowance for a bias in the method of calculation 
and uncertainty in experiments used to validate the 
method of calculation." 

Note: underline has been added 
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Calculational Bias a(llnd Uncertainties 

k c + Ak u + Akm < 1.0 

Where: 

k c = keff,  calculation results 

Ak u = bias and uncertainties in benchmark critical 
experiments and system being calculated 

Akm = regulatory margin of safety: 0.05 (10 CFR 60) 
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Criticality Analysis Method 


Assume burnup credit 

Calculate kef f o v e r  time 

Geometry and configuration effects 

No additional neutron absorbers 

Assuming moderator 


Calculate quantity of neutron absorbers needed for 
kef f <__ 0.95 

Determine initial amount of neutron absorber 
Calculate rate of neutron absorber leaching/depletion 
Define long-term neutron absorber requirements 

Repeat calculation for different Spent Nuclear Fuel 

characteristics and design options 
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Waste Package Design Strategies 


Burnup Credit 

and 


Neutron Absorbers 


Moderator Displacement 
(Filler Materials) 

Smaller Capacity 

Waste Packages 


(less than 4 PWR assemblies) 


Reprocessing 
and 

Vitrification 
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Long-Term Criticality Considerations 


The long-term effects 

The criticality potential of Spent Nuclear Fuel 
changes 

- Neutron absorber materials removed 

Sufficient neutron absorber materials are needed to 
account for the removal processes over the lifetime 
of the waste package 
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Time Effect on Criticality 


Pu-241 in spent fuel decays away reducing k for the first 
100 to 200 years (fissile material) 

Pu-240 and fission products decay increasing k out 
to -20,000 years (neutron absorber) 

Pu-239 decays away reducing k (fissile material) 
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Time Effects on Criticality Potential 
21 PWR Bumup Credit MPC Design 


(No Additional Neutron Absorbers Added) 
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21 PWR Bumup Credit MPC Waste Package Design 
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Disposal Critic~ity Control 


Pre-closure 
- Deterministic approach 
- Similar to transportation/storage 

Post closure 
Bounding long-term deterministic approach 
Probabilistic approach 
Fault tree/consequence analysis 
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Post Closure Deterministic 


• Use degradation rates of basket and spent fuel components 

• Determine approximate times of component failures 

• Perform criticality analysis at times of each component 
failure 
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Post Closure Probabilistic Approach 


• Identify possible modes of degradation and design failures 
which could cause crit icality events 

• Work with performance assessment to assign probabilities for 
each failure mode 

• Establish a probabil istic risk assessment of criticality events 
in a repository 
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Waste Package Cr~cality Fault Tree 


Water inflow to repository 

Failure of drift drainage and/or reflux diversion 

Sufficient water to cover most of the waste package 

Breach of waste package outer barrier 

Breach of waste package inner barrier 

• 	 Breach of MPC shell 

° 	 No filler material or lost fil ler material 

Failure/inadequacy of neutron absorber 

Potential for crit icali ty event 
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Criticality Event 

Required conditions 

Breach of waste package barriers 

Moderator (water) present in waste package/repository 
in sufficient quantity 

Requires the separation of the neutron absorber material 
from the assemblies 

Likely consequences (Natural Analog OKLO) 

Slow increase in neutron flux and temperature 

A brief neutron flux spike 

No mass boiling of water 

Decreasing neutron flux from absorber buildup and 
decreased moderation 

Additional short lived fission products produced 
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Conclus,ons 


Approach for demonstrating criticality control 
- Bounding deterministic analysis 

- Probablistic analysis 

Burnup credit is important for waste packages with more 
than 4 PWRs for long-term criticality control 

Long-term performance of materials important 

Low probability of criticality events 
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