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The reactivity changes resulting from slurry settling have been
computed for a number of small one-region slurry reactors using an
IBM-70L4 routine.l Calculations were performed for three temperatures,

- two sizes, and five initial thorium concentrations.

In general, reactivity additions on settllng were observed which
decreased with increasing thorium inventory, increasing temperature,
and decreasing diameter. For example, at 100°C a 2.,5-ft diameter
'"square" ‘cylinder (helght équal to diameter) showed a maximum’ reactivity
ifitroduétion of L% Ok/k with an initial concentration of 100 g Th/#
and a moderator composition of 75% D20, 25% Hp0; at 2000C the maximum
reactivity introduction was 3. 6%. With the same conditions, a 2-ft
diameter "square" cylinder was subcritical on settling. For an initial
thorium concentration of LOO g Thﬁz the 2.5-ft reactor showed a re-
activity introduction of 1.4% at 100°C and 0.7% at 200°C.

-

l¢.w. Nestor) Rapid Transit - Reactivity Survey Code for the IBM-70L,
(CF memo 1n ‘preparation. )
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National Laboratory. It is subject to revision or correction
and therefore does not represent a final report. The information
is not to be abstracted, reprinted or otherwise given public
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REACTIVITY CHANGES ASSOCIATED WITH SLURRY SETTLING
' ’ IN SMALL SLURRY REACTORS

C. W. Nestor ahd M. W. Rosenthal

The change in reactirity, Ake, which ocours'om settlimg of Th02—U23503
slurry in a small'one-regioh reactor has been inrestigated using an ‘IBM-TOL
routine. In the model used the oore uas represented by & "square" cylinder
having the same buckling as‘thefsphere size of iﬁterest | The'settled slurry'
was assumed to be uniformly dispersed in. the bottom reglon of the reactor,
w1th a region of pure’ moderator in the upper region (note illustration in
"Fig. I). The inventory of fertile.and flSSlle materials-iu the_vessel re-
mained constant. - |

Calculations were performed for equivalent~veSSel diameters of 2 and
2— ft, temperatures of 20 100, and 200 C, 1nit1al slurry concentrations
ranging from 100 to 500 g Th/liter, and moderators (D20- HgO mixtures) contain-
ing 25, 50, and 75% DgO In all cases the reactor ‘was made critical on the
basis of a uniform slurry concentration throughout the entire vessel.

The results obtained for temperatures of 20 and lOO C are presented in
Figs. II and III; maximum-reactiv1t1es obtained from quadratlc fits to curves
similar to those in Figs. II‘and III are given in Figs.‘IV, V, and VI. As
shown, the peak value of reactivity enoountered as the slurry settles decreases
as the size is decreased, the temperature ihcreased, or the mole fractiou'of
D-0 increased. |

As settliné ocecurs, there is an increase_in neutron resonance captures
and in fast neutron leakage; however, thermal leakage decreases and.thermal

utilization becomes larger. The first two changes tend to remove reactivity,

whereas the last two add reactivity. Increasing the reactor size, decreasing



the temperature and increasing the Hgo mole fraction all have'the effect éf
decreasing the importance of those terms which remove react1v1ty and thus
lead to the higher reactlvity peaks obtained. Maklng changes in the 6351gn‘
and operating conditions other than the thorlum inventory which reduce or
eliminate the reactivity peaks genérally have the effecf oflincreaSing the
ratio of uranium to thorium requiréd:for qriticality;.

If the critical rgtio.qf uranium cbncentration to'thgrium concentfation' ‘
is plotted for a givén.reaétbf‘as g7funétion>of thorium>concentrati6n, the
curve shows a minimum.l,'The reactor; COnsideréd in this study‘havé'iniﬁial
conditions which lie to the left of this ﬁinimum;vreactors.té tﬁe right of

the minimum are always subcritical on settling.

1 B. E. Prince and M. W. Rosenthal, Survey of the Static Nuclear CharacteristiésA
of Small, One-Region Slurry Reactors, ORNL CF-50-7-T6.
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