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328 Data and Analysis for Nuclear Criticality Safety 

5. Critical Experiments Using High-Enriched 3. R. C. LLOYD and E. D. CLAYTON, “Criticality Safety 
Uranyl Nitrate with Cadmium Absorber, IV. E. Data Applicable to Processing Liquid Metal Fast Breeder 

Converse, R. C. Lloyd, E. D. Clayton (BNWL), Reactor Fuel,” Nucl. Sci. Eng., 59, 2 1 (1976). 

W. A. Yuill (Allied Chem) 4. R. C. LLOYD and E. D. CLAYTON, “Effect of Fixed 

The need for experimental criticality data on high- 
enriched uranium solution systems containing soluble neu- 
tron poisons has been indicated.’ Data have been presented 
previously on soluble poisons in plutonium systems2-4 and in 5 
low-enriched uranium systems? To supply data required on 
high-enriched uranium, a series of experiments was per- 
formed at the Pacific Northwest Laboratory (Critical Mass 6 

and Soluble Neutron Absorbers on the Criticality of 
Uranium-Plutonium Systems,” Nucl. Sci. Eng., 62, 726 
(1977). 

R. C. LLOYD, B. M. DURST, and E. D. CLAYTON, 
“The Effect of Soluble Neutron Absorbers in Latticed 
Assemblies,” Trans. Am. Nucl. Sot., 30, 260 (1978). 

Laboratory) using high-enriched (-85 wt% 235U) uranyl 
nitrate solution with cadmium nitrate as a soluble neutron 
poison. These experiments were specifically undertaken to 
support the design of the dissolvers to be used in the 
Flourinel Dissolver Process and Fuels Storage (FAST) Facil- 
ity at the Idaho Chemical Programs Plant (ICPP). The ICPP is 
operated by the Allied Chemical Corporation, Idaho Chem- 
ical Programs, for the U.S. Department of Energy. The 
experiments supply data for use in criticality safety and as 
benchmarks to test calculational techniques. 

V.  L. M. PETRIE and N. F. CROSS, “KEN0-IV: An 
Improved Monte Carlo Criticality Program,” ORNL- 
4938, Oak Ridge National Lab. (1975). 

This series of experiments was performed using a 
24 1.8-mm-i .d . stainless-steel (Type 304) cylindrical vessel 
reflected on the sides and bottom with at least 200 mm of 
water or water plus cadmium nitrate. The experimental vessel 
thickness was 0.79 mm on the sides and 6.35 mm on the top 
and bottom. The cylindrical reflector tank was made of 
carbon steel with a 1016-mm o.d. and 2.77-mm-thick walls 
on the sides and bottom. For all experiments, the reflector 
solution height was maintained at the top of the experi- 
mental vessel. A detailed description of the experimental 
assembly is shown in Fig. 1. 

The uranyl nitrate used in these experiments contained 
-500.0 g U/litre with 0.1 M excess nitric acid. The average 
enrichment was -85 wt% 235U. 

Each experiment was performed by incrementally in- 
creasing the uranium solution level in the experimental 
vessel until the critical level was determined. A safety and 
control rod (positioned external to the experimental tank) 
were used. At each solution level, the safety rod was fully 
withdrawn and the control rod was withdrawn until it no 
longer influenced the reactivity of the experiment. The first 
two experiments were done with no cadmium added to the 
uranyl nitrate. The first experiment had water only in the 
reflector tank and the second had water plus cadmium 
nitrate (at -15 g Cd/litre) in the reflector tank. For the 
remaining experiments, water alone was used in the reflector 
tank and the cadmium concentration in the uranyl nitrate 
to the experimental vessel was varied. The results of the 
experiments including details of solution concentrations and 
critical solution heights are presented in Table I. 

Calculations were performed for each experiment by 
modeling the system using the KENO-IV6 computer code. 
Cross sections for KEN0 were generated using the EGGNIT’ 
computer code. Seventeen epithermal- and one thermal-group 
cross sections were used .8 Input data for EGGNIT was 
FLANGESETOGiO-processed ENDF/B-IV data. The calcu- 
lated keff’s are also shown on Table I. For unpoisoned cases 
the codes are calculating about 3% high in keff. For poisoned 
cases the codes calculate keff about 2% low. 

7. C. R. RICHEY, “EGGNIT: A Multigroup Cross Section 
Code,” BNWL-1203 Pacific Northwest Lab. (1969). 
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Lab. (1970). 
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10. K. E. KUSNER, R. A. DANNELS, and S. KELLMAN, 
“ETOG-1: A FORTRAN-IV Program to Process Data 
from the ENDF/B File to the MUFT, GAM, and ANISN 
Formats,” WCAP-3845-l) ENDF-1 14, Westinghouse Elec- 
tric Corp. (1969). 
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DIMENSIONS OFEXPERIMENTALVESSEL: 

Inside Radius, mm 120.9 
Inside Height, mm 1066.8 
Sidewall Thickness, mm 0.79 
EndThicknesses, mm 6.35 

EXPERIMENTALDIACRAM: 
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Fig. 1. Description of experiment. 

TABLE I 

Results of Experiments on the 241.8-mm-i.d. Cylindrical Vessel Containing 
Highly Enriched Uranyl Nitrate* and Cadmium Nit&e 

r 
I  

Solution Cda Reflector Cda Critical Calculations 
Concentration Concentration Height KENO/EGGNITb 

(g Cd/litre) (g Cd/litre) 1 (cm> k eff ? lo 

i 
0 0 I 22.33 1.024 2 0.008 

0 15 30.58 1.040 2 0.010 

1 .98 0 28.20 0.971 2 0.010 

3.98 0 37.75 0.998 2 0.012 

6.35 0 76.05 0.985 2 0.007 
I 

"As uranyl nitrate, UO,INO& 478.7 g Witre, S.G. = 1.6592, 0.194 M excess nitrate. Isotopics: 
(wt%) = z3*u = 0.94, 235U = 85.02, 236U = 3.46, 238U = 10.58. 

aAs cadmium nitrate, Cd( NO, b4H20. 

bKENO-IV calculations using 18-group-averaged cross sections from EGGNIT. One sigma (‘IO) 
values are derived from KEN0 code statistics. 


