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Fission Nuclides  
•  235U (thermal neutrons, fast neutrons) 
•  238U  (fast neutrons) 
•  239Pu  (thermal neutrons) 

Types of Studies and Purpose 
•  Provide nuclear data to ENDF/B-VI for fast breeder reactor design calculations 
•  Delayed neutron energy spectra (0.17 s to 85 s)–Control of fast breeder reactor 
•  Beta and gamma decay heat studies (0.3 s to 50,000 s)–Loss of coolant accident  
•  Cumulative and independent yields of fission products (0.2 s to 10,000 s) 

(e.g.only 25% of 235U fission product yields were measured in 1992) 



Sources of Neutrons  
•  7Li(p,n)7Be on thick target at 5.5 MV Van de Graaff (moderated or fast 

neutrons) 
•  Thermal neutron column or fast neutron port at 1 MW research reactor 
 
The Challenge 
•  Intense production of fission fragments 
•  Rapid and uniform transfer of fission fragments from intense neutron 

environment to low-background counting room. 
 

 



Helium Jet and Tape Transport System 
 
Hemispherical fission chamber  
•  17 mm radius and lined with fission foils 
•  Uniform fission fragment stopping in gas at 3 atmospheres helium 
 
Helium jet system 
•  Helium mechanically saturated with fore pump oil vapor 
•  Uniform transfer of fission products verified in characteristic x-ray study 
 
Tape transport system 
•  Chose continuous, adjustable tape speed (from very rapid to very slow) 
•  Uniform sensitivity throughout the dwell-time interval at the detector 
  



Fission Chamber Flush  Time + He-Jet Transfer Time 







Comparison of Independent Fission Fragment Yields for 235U Fission 







Beta decay heat measurements for 235U, 238U, 239Pu  
0.37s to 50,000s after neutron fission 

Beta spectrometer 
•  Gamma rejection 
•  Minimize edge effects 
•  Background subtraction 
•  Energy calibration 
•  Response functions 
•  Normalization 
•  Results with comparison to ENDF and previous measurements 



Beta Decay Heat Spectrometer 



Gamma ray rejection 



Edge effects 



Energy Calibration 



137Cs (IT) Response Function 



Response function set 



24Na beta spectrum 



38Cl beta spectrum (three beta spectra) 



Beta decay heat energy spectrum from neutron fission of 235U 



Beta Decay Heat from 235U Fission 



Beta Decay Heat from 238U Fission 



Beta Decay Heat from 239Pu Fission 



Gamma decay heat measurements for 235U, 238U, 239Pu 
0.37 s to 50,000 s after neutron fission 

Gamma-ray Spectrometer 
•  Beta rejection 
•  Minimize edge effects 
•  Background subtraction 
•  Energy calibration 
•  Response function 
•  Normalization 
•  Results with comparison to ENDF and previous measurements 



Gamma-ray Decay Heat Spectrometer 



Response Functions 



Response Function Fit of 152Eu Gamma rays 



Response Function Fit of 235U Decay Heat Gamma Spectrum 



Gamma Decay Heat from 235U Fission 



Gamma Decay Heat from 238U Fission 



Gamma Decay Heat from 239Pu Fission 
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