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The Experimental Breeder Reactor I1 (EBR-11) shut down on September 30, 1994 and 

defueling is under way. Longstanding safety rules for changing subassemblies in the EBR-I1 

reactor grid include requirements on neutron count rates. A different safety strategy is 

needed for the defueling operations because the count rates will become too low as the Sb-Be 

neutron source decays and fuel removal reduces neutron multiplication. A key component of 

the new strategy is to establish a deeply subcritical configuration and then confirm the deep 

subcriticality . The calculational and experimental approaches used to verify that the reactor 

has been made deeply subcritical are described in this paper. 

All the approaches make use of a reference loading. Just before the final shutdown, 

the core was reloaded to have a small ( ~ 2 % )  excess reactivity and essentially the most 

compact geometry possible. Criticality and other measurements were made to characterize 

the loading in the last startup, Run 170B. 

Calculational Approach 

The calculations were done with the same models, methods and data used successfully 

The exact, burnup-dependent loadings for EBR-I1 startup criticality predictions since 1991. 



were modeled in hexagonal-z geometry with equivalent homogenized subassemblies. 

Eigenvalue calculations were run using nodal diffusion theory. Nine-group cross sections 

were generated from ENDF/B Version 5.2 cross section data using the transport-corrected Po 

approximation. 

The subcriticality application of this approach has much more emphasis on the ability 

to predict control rod worths than in its use for startup criticality, which emphasized the 

prediction of the core loading change worth with the fueled safety and control rods mostly 

inserted. For shutdown subcriticality there is, in addition to a driver removal component, a 

major contribution to subcriticality from withdrawal of all safety and control rods. When a 

rod is withdrawn, its fuel is moved below the core and, in most cases, is replaced by a boron 

follower. The limited experience with predicting the worth of individual rods in EBR-I1 

suggests that this effect can be predicted with at least 10% accuracy. 

The large eigenvalue error caused by the diffusion theory approximation in EBR-I1 

makes it important to use the proper expression for subcriticality. The diffusion theory 

critical eigenvalue is more than 4% low (0.958) because the EBR-I1 core is extremely leaky. 

The subcriticality, in dollars, of configuration j is 

$j = (kj - kd/( k j .  P e d  9 

where kj is the eigenvalue for configuration j, krit is the eigenvalue of a critical 

configuration, and Peff is the effective delayed neutron fraction. Fortunately, diffusion theory 

works well for changes in the EBR-I1 core region', which dominate the subcriticality 

contributions, because leakage does not change much. 



Experimental Approach 

The modified source multiplication method2,' was used to determine subcriticality 

experimentally. The subcriticality $j of any configuration, j, is related to the known 

subcriticality $, of a reference configuration by the equation 

$j = $, (RJRj) Dg. ( E ~ / E , )  (Sej/Ser) . 

$, was determined for a near-critical configuration during the Run 170B startup by inverse 

kinetics analysis of a rod drop. A small correction for removal of delayed neutron 

precursors in the (fueled) dropped rod was included in that analysis. R,/Rj is the raw count 

rate ratio. Pulse counts from each of the three ex-core fission chambers were recorded 

automatically by a relatively new addition to the data acquisition system. D, accounts for 

decay of the Sb-Be neutron source between the times when count rate measurements R, and 

Rj are made. 

The last two factors are calculated adjustments, whose determination involved fixed- 

source and adjoint eigenvalue calculations performed with basically the same models, 

methods and data as described above. E ~ I E ,  is the ratio of detector efficiencies for 

configurations j to r. The detector efficiency is itself a ratio: detector count rate divided by 

total reactor fission rate. S,/Se, is the ratio of source importance ratios for configurations j 

to r. The source importance ratio for configuration j is the average importance of a source 

neutron divided by the average importance of a fission neutron, where the importance 

function is that of the fundamental mode in configuration j. 



The subcriticality prediction is essentially an experimental one despite the presence of 

the two calculated factors. This is because the correction factors do not deviate far from 

unity and they are insensitive to calculational errors.2 The insensitivity stems from the fact 

that the factors are ratios of ratios. 

Results 

Calculated and experimental subcriticality results are shown for several configurations 

in Table I. The 170B Reference is the configuration just before the rod drop and its 

subcriticality is $,. The first reactor defueling loading, RDFl, has two driver-like 

subassemblies removed compared to the Run 170B loading. In shutdown configurations the 

safety and control rods are withdrawn (fuel out of the core), whereas the safety rods are 

inserted in fuel handling configurations. The experimental uncertainty is about 4.4% in all 

cases and is dominated by the uncertainty in $,. The experimental subcriticality of the 

current configuration, RDFl Shutdown, corresponds to an eigenvalue of 0.935 (using 

~,ff=0.00685), which is well under the conventional deep subcriticality threshold of 0.95. 

This definition of deep subcriticality is satisfied even allowing for an error of two standard 

deviations (SD). 

The calculated results are in reasonable agreement with the experimental ones. The 

calculated values are more negative in all cases and the discrepancy is statistically significant 

(> 1 SD) in all but one case. However, the calculated and experimental values agree within 

10% in all cases. Thus, when the source decays to the point where it is too weak to yield 

adequate count rates, calculations will be sufficient to determine the subcriticality of the 



reactor for anticipated loading changes. 
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TABLE I. Comparison of Calculated and Experimental EBR-II Subcriticalitya 

Confipuration Subcriticalitv 6) Calc. - Ex?. 

ExDerimental Calc . - C/E 1$L (SD) 

170B Reference -0.29f.01 - 0.30 1.017 -0.01 -0.4 

170B Shutdown -7.66k.34 - 8.16 1.066 -0.50 -1.5 

170B Fuel Handling -6.19f.27 - 6.64 1.073 -0.45 -1.7 

RDFl Fuel Handling -8.56k.37 - 9.35 1.092 -0.79 -2.1 

RDFl Shutdown -10.23 f .46 -10.90 1.066 -0.67 -1.5 

a Abbreviations used are Calc. or C for calculated, Exp. or E for experimental, and SD for 

standard deviations. 


