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Introduction 
The German Handbook of Criticality, released by 
GRS Garching since the 1970s, is used as a 
standard reference handbook by many criticality 
experts. It represents a collection of critical 
parameters for fissile materials and systems 
occurring in the nuclear fuel cycle.  
Due to improvements in code accuracy and 
increasing requirements on validation and 
uncertainty of data a review and update of the ‘old’ 
data are necessary, to keep in line with the state of 
the art of science and technology. 

Recent Need for Review and Reassessment 
The critical parameters for homogeneous systems 
of uranyl fluoride water mixtures UO2F2-H2O, 
especially regarding for an updated density 
relationship (DR), and also of low moderated 
uranium dioxide UO2-H2O have recently been 
recalculated and validated. Criticality benchmark 
experiments and sensitivity/uncertainty (S/U) 
methodologies have been applied therefore. 

Density Relationship for UO2F2-H2O-Systems 
The formerly used DR of volume fraction addition 
(VFA) was found to yield in nonconservative critical 
parameters when used with UO2F2. Thus, more 
appropriate DR were taken into account, i.a. an 
empirical DR based on extrapolation of solution 
systems (EDR), and the DR of additive molar 
volumina (AMV), applicable in the whole range of 
solution, suspension, slurries and “wet” crystals. 

Due to matters of conservativity and of more 
accurate solution physics representation for uranyl 
fluoride in water, the DR of AMV was chosen for the 
recalculation of the respective critical parameters. 

Calculation Methods 
For criticality calculations, the deterministic 1D code 
XSDRNPM was used, while TSUNAMI for S/U 
investigations was applied; both were taken from 
the American code package SCALE 5(.1). ENDF/B-
based cross sections in 238 group structure were 
used. Critical dimensions were determined by the 
respective search capability of XSDRNPM. 

Exemplary Calculation Results 
As examples of our extensive calculation efforts, 
some critical uranium sphere masses for the 
mentioned systems are shown here: 
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Conclusion 
Critical parameters for aqueous systems of uranyl 
fluoride and low moderated uranium dioxide were 
reviewed, recalculated and validated.  
Our calculation results for minimum critical values 
compare well with results found in the international 
literature. 
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