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This report was prepared as an account of Government sponsored work. Neither the
United States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, express or implied, with respect to the ac-
curacy, completeness, or usefulness of the information contained in this report, or that the
use of any information, apparatus, method, or process disclosed in this report may not in~
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the
use of any information, apparatus, method, or process disclosed in this report. ¥

As used in the above, “’person acting on behalf of the Commission”” includes any em~
ployee or contractor of the Commission to the extent that such employee or contractor
prepares, handles or distributes, or provides access to, any information pursuant to his em-
ployment or contract with the Commission.
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EFFECT OF SLURRY SETTLING ON REACTIVITY IN A

ONE-REGION THORIUM BREEDER REACTOR -

Summarz

The effect of uniform slurry settling on reactivity in one-region thorium
breeder reactors of economic interest was investigated. The fuel considered
was a mixed slwrry of UO, and ThO, suspended in Dy0.

It was found that when settling occurred, thermal reactors of possible
economic interest (10 to 12 ft diameter containing 200 to 300 g Th/liter) became

subcritical.

Introduction

The one-region reactor operating with a mixed slurry (U03-ThO,-Dy0) is an
attractive possibility for the production of electric power. One presupposed
disadvantage was the possibility of & dangerous reactlivity increase if rapid
settling of the slurry occurred. Obviously, settling would cause a rather
large reactivity increase if the fuel were ThO, suspended in a U0,S0) solution.
For a mixed slurry, however, the fissile material settles along with the fertile
material and it seemed probable (for some conditions) that the decrease in
resonance escape probability and increase in radial leakage would compensate
for the D0 reflector formed at the top.

Two-group calculations were made to determine the order of reactivity
change with uniform settling for reactor conditions in the range of economic
interestl (10 - 12 £t diameter; 200 - 300 g Th/liter). For calculation pur-
poses the reactor was considered an optimum cylinder (height = 1.847 x radius)
since & relatively simple solution was possible for this geometry. The

spherical geometry requlres a two-dimensional relaxation method which involves
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considerable labor to get a particular solution. It was felt that for the
reactor sizes considered, the cylindrical geometry results would be applicable

to the spherical geometry case.

Method

For the case of the unsettled reactor, the critical equation is that given
by Glasstone and Ed.lund.2 for bare homogeneous reactors.

When settling occurs, the problem becomes one involving a cylinder with a

Ds0 reflector on only one end. The two-group, two-region method of solution
as outlined by Glasstone and Ed.lu,nd2 was used. The pertinent parts of the solution
are shown below.

With the application of the perimeter boundary conditions, the flux solutions

are:

R+ e

¢1C.—.J<hosr)[AsinBz+Csinhaz:l -~

¢2C=J02,+05r [slAsinaz+s2c sinhaa]

¢lb=J02.ho Fsinh'y(H+e-zﬂ

"

. ¢2b Jo(?.ﬂp_il_')[(‘: sinh p (H+e -2z)+F S3sinh y (H+e - z)]

R+e

vhere B, @, 7 and p satisfy the relations

2
(2.h95> v B2 = P2
R+e :

2
-(2-405)4,0,2: v2
R+e
2.405 + },(2
7 =
(R+e> 1b




2.405 2 &f 2
-~ ——————— +- -
R +e - 2b

and pe, V2, )’( lﬁ and J,( 2% are given by Glasstone and Edlund..2 Subscripts
1 and 2 refer to fast and thermal flux respectively and subscripts ¢ and b
refer to fuel region and reflector region respectively.

Ai)plying the interface boundary conditions to these solutions yields

the following equations:

AsinPa +Csinhaa -Fsinshy (E+e-2a)=0
A Sysin Pa + CSy sinh 0a - FS3 sinh 7 (E+ e - a) - G sinh o (H+e-a) = 0

ABcosBa+Cacoshaa+F.ﬁ!~l’. vycoshy (H+e~-8)=0

lc
Dop
Aslﬁcoshaa+cseacoshaa.+1*"5—— S3y cosh 7y (H+e -a) +
2¢
2b _
+G(%g)pcoshp (H+e-28)=0

For a consistent set of solutions to this homogeneous set of equations, the
determinant of the coefficlents must be zero; hence the critical determinant,

or critical equation for this case is

sin Ba sinh oa -sinh 7y(H+e-a) 0
8, sin Pa S, sinh oa -S3sinh 7 (H+e-a) -sinh p (H+e-a)
D1y
B cos Ba a cosh aa Do y cosh y(H+e-a) O
c
$1B cos Ba S, cosh oa <£2_13> S37 cosh 7(H+e-a)(?§?.> p cosh )o(H+e-a)
D D2c
2¢c
where

A, C, Fand G

"

arbitrary constants

a

1

height of settled region + extrapolation distance, cm
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D = diffusion coefficient, cm

e = extrapolation distance, (15 cm used in all cases), cm
H = height of reactor, cnm

R = radius of reactor, cm

Sl’ Se, S3 = coupling coefficients as glven by Glasstone and Edlund.2

"

z = distance along axis from point of zero flux.

The nuclear constants used were those given in ORNL-1810. Higher isotopes

were not considered since this effect can be lumped In with the poisons.

Results

The main results of this study are shown plotted in Figure 1. It is
evident that supercriticality by thermal neutrons cannot occur for the cases
studied.

The effect of uniform settling is less pronounced as the reactor dismeter
and poisons are increased and as the thorium concentration is decreased. Calcu-
lations made for 3-in settling in a 20-ft reactor indicates that a slight super-
criticality occurs when operating with 200 g Th/liter. Therefore, 1t appears
that under certain conditions, which are not of interest, there is a possibility
of supercriticality occurring with settling.

For meximum possible settling there is still a question as to the effect of
resonance and fast fissions on criticality. However, it does not seem probable

that the large decrease in reactivity could be overcome by this means.
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