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• Fission yield libraries for computer calculations 
were pioneered in the UK by Eric Crouch in the 
1960’s resulting in the C1, C2, C3, C4 libraries. 

• Following his retirement, the work continued with 
  

• UKFY1     1986 (JEF-1) Banai, James and Weaver. 
• UKFY2     1993 (JEF-2.2) Mills, James and Weaver. 
  … 
• UKFY3.6A 2005/7 (JEFF-3.1.1)    Mills  

UK Fission Yield Library History 
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• Six steps 
« Collect measurements and analyse to give recommended 
values and uncertainties. 

« Fill gaps in fission yield mass and charge distributions with 
model calculations for important fissioning systems.  

« Adjust independent yields for physical constraints; mass, 
charge, complementary fragment yields … 

« Split independent yields to isomeric states  
(Madland and England) 

« Calculate cumulative yields from independent yields and 
using experimental cumulative yields calculate 
uncertainties. 

« Produce data in ENDF format. 

UK evaluation process 
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Important fissioning systems 
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• Existing data for JEFF-3.1.1 frozen around 2000. 
• JEFF community and literature search identified 10 
new important references suitable for evaluation. 

• In 2016 one new fast reference published and 
included. 

• Included these in the database and reanalysed. 

New data 

Dataset Absolute Relative “ratio of 
ratio” Total 

UKFY3.6A 11887 1352 1471 14710 

UKFY3.7 12924 1442 1471 15837 
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New data 

Neutron 
spectra 

Fissioning 
nuclide UKFY3.6 New data UKFY3.7 

Thermal Th229 337 72 409 
Thermal U233 757 188 945 
Thermal U235 2390 151 2541 
Thermal Np238 115 63 178 
Thermal Pu239 861 225 1086 
Thermal Pu241 334 63 397 
Thermal Cm245 161 219 380 
Thermal Cf249 305 239 544 

Fast U235 724 5 729 
Fast Pu239 390 5 395 
Fast Pu241 111 5 116 

• New data split into systems: 

 
• Fast yields refer to Neodymium cumulative yields. 
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New data 

• Effect of new fast yields on Nd148  
cumulative yields. 

Fissioning 
nuclide UKFY3.7 UKFY3.6A 

U235 1.677 ± 0.020 1.696 ± 0.019 

Pu239 1.700 ± 0.029 1.699 ± 0.025 

Pu241 1.943 ± 0.041 1.946 ± 0.045 
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Results of new data- U233  
Thermal neutron fission 
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Results of new data- U233  
Thermal neutron fission 
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Results of new data- U235  
Thermal neutron fission 
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Results of new data- U233  
Thermal neutron fission 

Ratio to UKFY3.6A 
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Results of new data- Np238  
Thermal neutron fission 
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Ratio to UKFY3.6A 

Results of new data- Np238  
Thermal neutron fission 
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Results of new data- Pu239  
Thermal neutron fission 
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Ratio to UKFY3.6A 

Results of new data- Pu239  
Thermal neutron fission 
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Results of new data- Pu241  
Thermal neutron fission 
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Ratio to UKFY3.6A 

Results of new data- Pu241  
Thermal neutron fission 
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Results of new data- Cm245  
Thermal neutron fission 
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Ratio to UKFY3.6A 

Results of new data- Cm245  
Thermal neutron fission 
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Results of new data- Cf249  
Thermal neutron fission 

1,0E-6 

1,0E-5 

1,0E-4 

1,0E-3 

1,0E-2 

1,0E-1 

1,0E+0 

1,0E+1 

50 70 90 110 130 150 170 190 

UKFY3.7 

UKFY3.6 



NO MARKING REQUIRED 27/02/17 22 

Ratio to UKFY3.6A 

Results of new data- Cm245  
Thermal neutron fission 
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New models 

• UKFY3.6A 
« Mass distribution using 5-Gaussian fitting and model  
 parameter extrapolation. 

« Charge distribution using Wahl Zp model fitting and model  
 parameter extrapolation. 

« Isomeric splitting using technique based upon Madland and  
 England. 

• UKFY3.7 
« Mass distribution using GEF. 
« Charge distribution using GEF. 
« Isomeric splitting using technique based upon Madland and  
 England. 
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Initial testing 

The strongest arguments prove 
nothing so long as the conclusions are 

not verified by experience. 
Experimental science is the queen of 

sciences and the goal of all 
speculation. 

 
 

Roger Bacon, 
Opus Tertium, 11th Century A.D.  
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Delayed neutron summation calculation 
 
​​𝜈 ↓𝑑 =∑𝑖=0↑𝑛▒​𝐶↓𝑖 ​𝑃↓𝑛↑𝑖   
 
 
​​𝜎↓​​𝜈 ↓𝑑  ↑2 =∑𝑖=0↑𝑛▒​​​𝜎↓​𝐶↓𝑖  ↑2 ↓  ​​𝑃↓𝑛↑𝑖 ↑2  +∑𝑖=0↑𝑛▒​​𝐶↓𝑖 ↑2 ​​​

𝜎↓​𝑃↓𝑛↑𝑖  ↑2 ↓     

Initial testing 
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Delayed neutron summation calculation 
(per 100 fissions) 
 
  

Initial testing 

System Neutron 
energy 

UKFY3.7 JEFF-3.1.1 ​​𝜈 ↓𝑑    from 
experiment [4] 

Th232 Fast 4.081±0.184 5.384±0.237 5.47±0.12 
Th232 14MeV 2.907±0.165 3.056±0.211 2.85±0.13 
U233 Thermal 0.738±0.062 0.724±0.056 0.664±0.018 
U233 Fast 0.757±0.063 1.042±0.079 0.729±0.019 
U233 14MeV 0.411±0.040 0.559±0.060 0.422±0.025 
U234 Fast 1.079±0.082 1.342±0.169 1.06±0.12 
U235 Thermal 1.471±0.083 1.477±0.079 1.654±0.042 
U235 Fast 1.444±0.080 1.698±0.087 1.714±0.022 
U235 14MeV 0.800±0.064 0.934±0.071 0.927±0.029 
U236 Thermal 2.487±0.118 
U236 Fast 1.933±0.111 2.386±0.152 2.31±0.26 
U238 Fast 3.535±0.131 4.037±0.129 4.51±0.061 
U238 14MeV 2.295±0.093 2.369±0.098 2.73±0.08 

Np237 Thermal 1.303±0.083 1.130±0.076 1.07±0.10 
Np237 Fast 1.141±0.064 1.169±0.064 1.22±0.03 
Np238 Thermal 1.658±0.202 1.419±0.135   
Np238 Fast 1.783±0.188 1.635±0.202   
Pu238 Thermal 0.376±0.035 0.319±0.038 0.456±0.051 
Pu238 Fast 0.455±0.043 0.483±0.067 0.456±0.051 
Pu239 Thermal 0.628±0.043 0.605±0.043 0.624±0.024 
Pu239 Fast 0.605±0.044 0.675±0.046 0.664±0.013 
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Delayed neutron summation calculation 
(per 100 fissions) 
 
  

Initial testing 

System Neutron 
energy 

UKFY3.7 JEFF-3.1.1 ​​𝜈 ↓𝑑    from 
experiment [4] 

Pu240 Fast 0.809±0.054 0.920±0.058 0.96±0.11 
Pu241 Thermal 1.306±0.059 1.232±0.058 1.56±0.16 
Pu241 Fast 1.270±0.062 1.290±0.067 1.63±0.16 
Pu242 Fast 1.679±0.081 1.684±0.078 2.28±0.25 
Am241 Thermal 0.488±0.043 0.378±0.047 0.44±0.05 
Am241 Fast 0.486±0.059 0.414±0.055 0.394±0.024 
Am242 Thermal 0.712±0.111 0.582±0.106 0.69±0.05 
Am242 Fast 0.714±0.048 0.567±0.075 
Am243 Thermal 1.038±0.063 0.842±0.113 
Am243 Fast 1.034±0.060 0.816±0.099 
Cm242 Spont. 0.115±0.026 0.120±0.022 
Cm243 Thermal 0.275±0.029 0.221±0.043 
Cm243 Fast 0.284±0.028 0.212±0.030 
Cm244 Spont. 0.331±0.044 0.317±0.041 
Cm244 Thermal 0.416±0.037 0.326±0.055 
Cm244 Fast 0.376±0.032 0.334±0.042 
Cm245 Thermal 0.570±0.044 0.526±0.071 0.59±0.04 
Cm245 Fast 0.591±0.042 0.466±0.065 
Cf252 Spont. 0.668±0.039 0.585±0.030 0.86±0.10 
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Delayed neutron summation calculation  
(per 100 fissions) 
 
  

Initial testing 
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U235 Decay heat single fission “pulse” –Tobias 1989 
 
  

Initial testing 
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Pu239 Decay heat single fission “pulse” –Tobias 1989 
 
 
  

Initial testing 
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Initial testing 
SKB PWR assemblies 
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Initial testing 
SKB PWR assemblies 
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Mean and Standard Deviation of C/E values  

Initial testing 
SKB PWR assemblies 

Reactor JEF-2.2 C/E JEFF-3.1.1 C/E UKFY37 C/E 
Ringhals 3 0.990 ± 0.012 0.979  ±  0.010 0.981  ±  0.010 
Ringhals 2 0.999 ±  0.012 0.990  ±  0.012 0.992  ±  0.012 
Combined 0.995 ± 0.013 0.985  ±  0.012 0.987  ±  0.012 
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• Possible improvement in trends for ​​𝜈 ↓𝑑  
• Some slight improvements and some slight 
worsening for U235 and Pu239 fission “pulses” 
against Tobias standard, but just outside one 
standard deviation. 

• Spent PWR fuel assemblies appear to be well 
predicted within experimental uncertainty. 

• Thus the library is suitable for further testing with 
the JEFF community. 

Conclusion of Initial Testing 
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• Uncertainties estimation on engineering 
parameters requires fission yield covariance terms 
for independent yields.  
 
Possible methods to estimate these based upon: 
«  Physical constraints 
«  Perturbing underlying model parameters 
«  LSQ or maximum likelihood approach using model  
  parameters and experimental data 

 

  Want to explore using measured cumulative yields  
  to infer independent yield covariance terms. 

Future work 
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• Include new types of data 
«  Currently only include yields of specific mass, charge and  
  isomeric state in evaluation. 

«  Want to include mass and charge distributions with  
 resolution greater than one. 

«  Inverse reaction data 
«  … 
 

• Want to give yield data as function of energy 
rather than for “representative” spectra 
« Possible now that GEF can be used as a model. 

Future work 
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