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Introduction
• What is a subcritical limit?

– “The limiting value assigned to a controlled parameter 
that results in a subcritical system under specified 
conditions.” 

– “The controlled parameter limit allows for uncertainties 
in the calculations and experimental data used in its 
derivation but not for contingencies…”

– Several ANS standards provide subcritical limits: ANS-8.1, 
ANS-8.7, ANS-8.12, and ANS-8.15

– Bases are provided in the literature or in the standard 
appendices
• Bases are working group consensus values
• May be based on validated computations or a 

combination of computations and critical experiments
– ANS-8.1 Pu SCL bases are provided in a 1981 Nuclear 

Science and Engineering article, “Subcritical Limits for 
Plutonium Systems” (Hugh Clark, Savannah River 
Laboratory)
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Issue – Fissile Concentration Subcritical Limit for Pu(NO3)2

• NRC did not endorse the fissile concentration subcritical limit in 
Table 1, ANS-8.1

– Guidance to NRC licensees was from Regulatory Guide 3.71, Revision 3 (2018)
– As stated, the NRC requires a licensee to utilize their license-approved NCS 

validated computational methods to develop their own SCLs or to ensure the 
240Pu content, in this case, is conservative relative to the assumptions used in 
the SCL rather than use the FCSL in the ANS-8.1 standard

Subcritical Limit 
for Fissile Solute
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Issue – Fissile Concentration Subcritical Limit for Pu(NO3)2

• NRC did not endorse the fissile concentration subcritical limit 
in Table 1, ANS-8.1

– Guidance to NRC licensees was from Regulatory Guide 3.71, Revision 3 
(2018)

– As stated, the NRC requires a licensee to utilize their license-approved 
NCS validated computational methods to develop their own SCLs or to 
ensure the 240Pu content, in this case, is conservative relative to the 
assumptions used in the SCL rather than use the FCSL in the ANS-8.1 
standard Subcritical Limit 

for Fissile Solute

History of the FCSL:
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Plutonium Critical Mass Curve (LA-13638)
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Plutonium Critical Mass Curve
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SCL Comparison Calculations
• Both finite and infinite systems were considered

– Finite
• Spherical, fully water-reflected, configurations with 

volumes from 100 L to 1.0E+9 L over a range of Pu 
concentrations

• Smaller volumes (100 L to 1000 L systems) are similar to 
the volumes used in experimental and process 
facilities, i.e., more realistic configurations, that can be 
compared to experimental data

– Infinite
• Mirror-reflected cuboid configuration over a range of 

Pu concentration values

• Calculations performed using SCALE version 6.2 
(Keno V.a) using ENDF/B-VII.1 cross sections

• The methodology developed for new ANS-8.1 
SCL work was used for these calculations

– Developed by Argonne (Lell, Morman) circa 2001
– A computational method validation that meets the 

requirements of ANSI/ANS-8.24-2017 was not 
performed for this comparison study

• It is generally understood that a 2% keff 
computational margin was assumed for 
most, if not all, SCLs in ANS-8.1

• These calculations reported the SCL results 
corresponding to a keff of 0.98 

k=0.98
1-s radius limits
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SCL Comparison Calculation Mean Results – Infinite Case Results
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SCL Comparison Calculation Mean Results – Finite Case Results

Physical Constant Testing 
Reactor Experimental Results 
(8.0 +/- 0.3 g/L)
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SCL Comparison Calculation Mean Results – Finite Case Results

”Realistic” 
Volume for 

Process 
Facilities
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Similarity Assessment & USL Results – Whisper/TSUNAMI

• Whisper Results
– 96 experiments were identified
– Mix-Comp-Therm experiments 

• (11 total, 1 exp. with ck > 0.9)

– Mix-Sol-Therm experiments 
• (9, 3 exp. with ck > 0.9)

– Pu-Sol-Therm experiments
• (76, 17 exp. with ck > 0.9)

– Calculated USL of 0.97674
• TSUNAMI(CE) Results

– 110 experiments were identified
– Mix-Comp-Therm experiments 

• (49 total, 9 exp. with ck > 0.9)

– Mix-Sol-Therm experiments 
• (10, 3 exp. with ck > 0.9)

– Pu-Sol-Therm experiments
• (61, 3 exp. with ck > 0.9)

– Calculated USL of 0.9669

Whisper

TSUNAMI

44-group covariance data 
(ENDF/B-VII.1 library) 
used for all calculations
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Conclusions
• The ANS-8.1 SCLs were introduced 50 years ago

– The SCLs have been introduced and modified as necessary to support NCS in operations with 
fissionable materials outside of reactors

• Currently, the NRC does not endorse the ANS-8.1 FCSL because of concerns about 
the bases for the computational margin

– The use of radiation transport codes is allowed for licensees to perform validated computations to 
generate SCLs or to ensure the 240Pu content, in this case, is conservative relative to the assumptions 
used in the SCL

• Comparison calculations suggest the current SCL for FCSL may be too large at 7.3 g 
239Pu/L

– Experimental data are sparse at this concentration
– TSUNAMI/Whisper results were provided that indicate a USL lower than that assumed by ANS-8.1 lore

• The ANS-8.1 working group is currently revising the standard and may consider 
revising this SCL based on a combination of available experimental data and 
additional SCL calculations


