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Two cylindrical annuli of uranium metal were assembled to delayed criticality in 1963 with beryllium 

metal in the center to study the effects of beryllium to provide data for verification of neutron transport 

theory methods including cross section data for criticality safety calculations. 

The annular right circular cyndrical assemblies were made up of annular rings of uranium metal with a 

density of 18.77g/cm3. The uranium metal isotopics in weight percent were "'U=0.97, "'U=93.15, 

232 U=0.24, and "'U=5.64. The uranium metal material contained 0.9995 g of uranium per gram of 

material with negligible impurities, mainly consisting of aluminum, copper, molybdenum, iron, silver, 

nickel, carbon, oxygen, and nitrogen. The nominal outside diameters of the uranium metal annuli were 15 

and 13 inches and the nominal inside diameter was 7 inches. The right circular cylindrical annuli were 

composed of annular rings with nominal outside and inside diameters of 15, 13; 13, 11; 11, 9; and 9,7 in, 

respectively. Various height rings were available. The rings were assembled concentrically to make up 

the assembly. Nominal 7-in-OD Beryllium metal with density of 1.84 g/cm' was in the center of the 

assemblies in the form of right circular cylindrical discs. These systems were assembled on a vertical 

assembly machine in the East cell of the Oak Ridge Critical Experiments Facility. The annuli was divided 

into two halves with the upper fixed half supported by a O.OlO-in-thick, 30-in-diam stainless steel (type 

304) diaphragm. The lower half which was hydraulically movable was supported on a very low mass 



tower consisting of mainly three 0.125-in-thick vertical pieces 120" apart. These systems, when 

assembled to delayed criticality, were located in a 35x35~30 ft. high experimental room, 11.7 ft. fiom the 

5-ft-thick West wall, 12.7 ft. from the 2-ft-thick North wall and 9.2 ft. above the concrete floor. 

The dimensions of these systems are given in Table 1. When assembled the positive reactor period 

measured was +403 sec for the nominal 15-in-OD assembly and +3 1 sec for nominal 13-in-OD assembly. 

The reactivity effects of nearby materials such as the support ring (+) for the diaphragm, the diaphragm 

(-) and the lower support stand (+) were evaluated. The total reactivity worths of the nearby support 

materials were 8.9 and 5.4 cents for the 15-in-OD and 13-in-OD assemblies, respectively. The reactivity 

effect of each of the components was measured for the nominal 13-in-OD assembly and they were 

-1 1.2 cents for the diaphragm, +4.4 cents for the support ring, and +12.2 cents for the support stand. 

Sketches of these systems from the MCNP input are given in Fig 1. These systems were calculated using 

MCNP. The neutron multiplication factors of these systems and using EndFB-V1 cross section data and 

0.9734kO.0020 and 0.9764H.0010 for the 15-in-OD and 13-in-OD systems, respectively. 

These assemblies with the detailed description can serve as a benchmark for calculational methods and 

cross section data. 



TABLE 1 
Dimensions of Uranium in the 15-h-ID Assembly with 4 inches Beryllium’ 

Average of several measurements 
From inspection reports the average radial voids are 0.0028 in. for the top section between the outer 
middle and the outer ring, 0.0075 in. between the inner middle and the outer middle ring, and 0.003 in. 
between the inner and inner middle ring. There is a 0.0016 in. average radial void in the bottom 
section between the outer and the outer middle ring, 0.0014 in. between the outer middle and the inner 
middle ring, and 0.0009 in. between the inner middle and the inner ring. The average OD of the outer 
ring is 14.9953 in., 12.9959 in. for the outer middle ring, 10.9968 in. for the inner middle ring, and 
8.9963 in. for the inner ring. The average ID of the outer ring is 13.0020 in, 11.0029 in. for the outer 
middle ring, 9.0025 . for the inner middle ring, and 7.0031 in. for the inner ring. 

b 

Dimensions of Uranium in the 13-in.OD Assembly with 5 inches Berylliuma 

The mass of beryllium in this assembly is 5787 g. 
Average of several measurements 
From inspection reports the average radial voids are 0.0028 in. for the top section between the outer 
and the middle ring and 0.007 in. between the middle and inner ring. In the bottom section the 
average radiai void is 0.0055 in. between the outer and middle ring and 0.0074 in between the middle 
and inner ring. The average OD for the outer ring is 12.9958 in., 10.9967 in. for the middle ring, 
and 8.9963 in. for the inner ring. The average ID for the outer ring is 1 1.0026 in., 9.0023 in. for the 
middle ring, and 7.0027 in. for the inner ring. 

b 
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