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This report was prepared as an account of Government sponsored work. Neither the United States,
nor the Commission, nor ony person acting on behalf of the Commission:
A. Makes any warranty or representation, express or implied, with respect to the accuracy,

completeness, or usefulness of the information cir, ained ih this report, or that the use of

any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

8.  Assumes any liabilities with respect to the use of, or for damages resulting from the use of

any informotion, apparatus, method, or process disclosed in this report.
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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 employment or contract     -
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RESONANCE EFFECTS IN ONE-REGION THORIUM BREEDER REACTORS

INTRODUCTION

G

·The value of  4  (an average value of v   in the resonance and     3

0,1
epi-thermal energy regions) for U(233) has not been firmly established as

yet. To indicate what effect    9   has on critical  mass and breeding ratio

of a U(233) - Th(232) power breeder, a homogeneous slurry system of Th(232) 02

and U(233) 02 in D20 at 300'C was investigated with  VR as a parameter;

spherical reactors having various radii and thorium concentrations were

considered.

SUMMARY

The critical mass decreased almost linearly with the increasing

VR/ r  whereas the resonance effect and initial breeding ratio increased

approximately linearly with increasing  9R/gr.

The resonance effect was found to be more significant than usually
.,

estimated (6/  P  - 1 15).23  23 - 0
.

The  critical mass would  be 7% greater  if the value of VR/TIT C=10.9

B              rather than 1.0,  in a 7-ft..one-region core containing 300 gm/,6 of, Th(232)0

t

and enough U(233) to be critical; in this comparison, the resonance effect

would be 2% less  the initial breeding ratio would be 5% less; and the initial

breeding gain would be 50% less.

These calculations show a need for more reliable information than

presently available concerning the resonance integrals of U(233) and its

variation with U(233) concentration.

tj
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RESULTS

The critical mass increased almost linearly with a decrease in

gR/gr but was fairly insensitive to'core size for radli grea
ter than 5 feet

and Th(232) concentration greater ·than 100 gn/Z  (Fig.  1,2).

At reasonable concentrations of Th (200& ThS 300) for a one-region

power breede ».and for practical core sizes (5'5 R S 7'), the value of

E 23 p23 varies from 1.21 to 1.05 depending on the thorium concentration

-and the value for
VR/,11T. Thus, assuming   € 23 F23 = 1 (neglect of resonance

effects), the 6bitical mass could be overestimated by  as much as  37%.    The

value of E p   is quite insensitive to changes in core size for this range23 23

of radii.

The value of 6 p   is approximately given by the following equation23 23

for the ranges specified in the previous paragraph.

N02            VR     02
N

1.01 (Fig. 3,4)(p--
.013        --     -     500   +23  23 - 1300              VT

If one were to consider resonance absorption, but no  resonance

..

fissions, the maximum permissible Th(232) concentration would be 300.gm/56

from criticality considerations.

A. one-region reactor will not breed (IBR 4.1.0) if the core radius

were 4 feet or less even with TIR/nT  =  1 for Th(232) concentrations less

than 700 gm/Z.  If  98/11T CZ 1, a 5, core containing not less than 350 gm/Z

of Th(232) would breed. If
TIR/TIP

were decreased,   the core radius and/or

Th concentration must be increased to maintain the same breeding ratio.  If

 R- - .925 it would take at least, 700 gm/6  of Th(232) to breed in a 5'  core.
nT

F.Or      TIR lib   c-   .90,
a larger   core   size   must   be   used;    for   a   6'    core,   BR 21   1   if

...'...:...:.
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the  Th( 232) concentration were greater  than  250  gm/Z   . To obtain  a  BRZ   1
TIR

with -  =  .8  a 7' core and a Th(232) concentration between 175 and
11T

550  ing are required.

Approximate equations for TeR as a function of TIR/nT  and R have
been fitted to the curves obtained.

For N =  500 gmt(g.
·, 02

0.27                    4R

IBR   ==i 0.625      -      ....  R          -      . .       +      0.625      7 

For    N02    =    300  gm//6.

0.30    4.9           7R

IBR  <:21  0.8 7      -         R             -7--     +      0.3 8       

Beth of these equations apply over the range s

5'L R E-7'

.8.L    5 1.0 .

If  Th( 232) concentration lies between  200  and   500  gml,6   , it appears

that there exists a "critical" value of T|R/VI' for which the breeding ratio

is independent of Th(232) concentration.  These values are shown in the

following table.

Core radius "critical"      -
TIR

1T

7'                                         0.89

6,                                         0.85

5'                                         0.81

4,                                         O.78
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For values of
TIR/VT

greater than the ",critical" value, B.R. increases

with increasing Th concentration while for
TIR/TIT  less than

the "critical"

value, the breeding ratio decreases with increasing Th(232) concentration.

(Fig. 5).

"RFor all values of - L 1.·0, there is an optimum value of Th(232)
or

concentration for which the B.R. has a maximum value.  This optimum thorium

concentration - ecreases  as the reactor ·radius·:'increases' and as. : fl' decreases.
VT

(Fig. 6,7)

PROCEDURE

Calculation of Resonance Escape Probability

The resonance escape probability can be defined in the .following

manner:

p-1  - probability of absorption.

1IUsing the asymptotic solution
for. 0(E)    ermi Age theory   in an infinite

(1)medium, the flux will be given by ·

t EBE

Also,                                                                                                             r         0dE

i

aprobability of
absorption =      1        J. a t:EsE

Ni    i

=   Ra

where     R    a l a       --E a resonance absorption integral.
a j a

-                                9

Ni                     N.i            1    Di
/p  C<   1  -  & E s        Re Cx exp     -   Iss    aa

L-
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i
If the infinite dilution value of R were used, the value of  P woulda

be considerably smaller than the observed values.  From experiments with

Th(232) and.U(238), ·it has been found that R is a function of  N..
1

a 1

For Th(232), this function is given as (2)

/2      X   .253
02 , S \

R             8.33  C ir-  )a
£02/

For U(233), there is no data available for the resohance absorption integral

and so an estimate was made.  It was assumed that the effect of Ni on R
i

a

would be the  same for U(233)  as for U(235). The resonance escape probability

(3)for U(235) was obtained from a 53-group criticality study by Safonov,

These values for P were then used to calculate R as a function of
25

25                             a

N25.  Using infinite dilution resonance absorption integrals of 1215 b.

and 1060 b. for U(233) and (235), respectively, (obtained from cross section

-                         ,(4)                                      23curves) the value of R was found to be
a

-              -

23
Ra   - 130 A n     .926   N  s     (b)

23
-

in the region

-3, N
L  10-1  ..(h.-1)10  -

fE
S

Leakage Calculations

Three probabilities of leakage were considered:

1. Leakage while at thermal energies < I'282%0
(1.+L

Ir·

2.  Leakage while slowing down from fission energies to thermal

(.2

(3  .3'11, )
-
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1 1
3.  Leakage while slowing down from fission energies to

resonance  1 822  ll+BT

2               (1)For a spherical core B was taken as

»  82 - ( -7           »    1R +€ j

where < extrapolation length .71      A Tr'

The thermal diffusion .length was calculatdd as a function of U(233) and

Th(232) concentration.

The age to thermal and resonance energies was obtained from published

(5)
values    for D20 and evaluated at 300'C.

The following values were used throughout this report:

7 = 168 cm2

7-  = 212 2

Derivation of Equations for Criticality

Starting with one fast neutron
:1

P    P

02     23                     2,    f  '11'  +  .. ' 11R  Ea23  0 dE
1

(1  +  821-t,) <1  +  I.28 ./

23   P-   02 P23   f    T - r Ea 02  23  dE

2,    +      T|R   6  E                 2          -E( 1   +   82'rT) (1   +   L2   B ) s  1+8 1-

Now

P  1 - rE. # dE 1-  E P        dE

a   5- Es      E
/.                                                                             3

1-P <-'.  6,   SE·J   JS
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By definition let   F« =  1   P

substitute these definitions above

P  P  .f
111

n  P02 23 &R 02 / 23 02)
1         22  

2       C l  -  F23    (EaT    +    EaT /(1+821.T)(1+L   B ) 1 +BT

£-
Resonance.Effects,

If we compare the critical condition with the usual one for a thermal

reactor; i.e.,

9.f  p e1  =

(1+L282)(1+821*T)

where      P' E  P02  P23      9  5 112

we see that

6    1 +  (1·+ 827-i') (1 + L2 82)   2R. FO2.(
1 -P \

23)
2

1+B Y VT   p02  3 f

For Initial Breeding Ratio

'

By definition

..23 x
. VR  r Z:3  0,*NPR -- neutron production rate TIT LaT WT

However,

0 - NPR    02  23  1
4Es 1  +Bhs  E

we then get

//                                  23
- NPR Dr     EaT     (1  +  821-)

T         1+ 82 11 - TIR F02(1 -P   )
NPR' == - -

23
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From the definition of initial breeding ratio

02 1 ( 02
02        -,              <-£02          NPR      P02    23              dE

IBR EaT    PT    +J   Ea      0  dE     -  E T.  HT  + J     a       f Es    1  +  821-        E
23         23

»,·,  T f »·  4 'E
 23  0  + f E23   NPR   02  23    dEaT   T  j   a   Sf:  1+ 8214 E

\---

using the value of·NPR' from above and the critical condition, we find

P82 p23 TIT(1+82,1.1 + (1+I, 2)(1.+82,1 T) ' R F02(1-p23)+  T  23(1 - P02)
IBR  =

- (1 + 87,1

(1 + I.2 82)(1 + 8271.)  [(1 + 82770 + ('IT - TIR) FO2 (1 - P23) 
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NOMENCLATURE

Symbol Meading Units

.B Geometric Buckling cm
-1

E Energy ev

L                   Thermal Diffusion Length cm

-1N.                  Number Density (bo-cm)1

Pi                  Resonance Escape probability

R                   Core Radius  ,                                 cm

R                   Resonance Absorption Integral                 b.a

IBR Initial Breeding Ratio

NPR Neutron Production Rate cm  -'    s.
-R    -1

C. Ratio of Total Fission to ThermalLl
Fission Rate

Mean Letheragy Loss per Collision

0                -2 -1Neutron Flux cm    So

v                   Neutrons Produded per Fission

9                   Neutrons per Absorption in Fissionable
Material

ia Mi-69oscopic Fission CrossiSection            b.f
ia                                 Microscopic Absor/ion Cross-Section     =           b.a

-                                                 -1E                     Macroscopic. Scatterin *ti€ross-Section·           cm
S

i                                                                                                               -1
 a Macroscopic Absorption Cross-Section          cm

-2Fermi Age to Resonance cm

Subscript T  refers to thermal

Subscript R refers to resonance
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NUCLEAR CONSTANTS AT-300'C

0.508b

DO2
0                                                   10.5 b.S

/\ D20
Tr 3.711 cm

".-=.*

168 cm1*                                                                          2

1-T                                             212 cm
2

v23                                                  2.50

23
VT                                                   2.25

346  bo

                                                                                                                   381  b.

02
0                                                      4.5 baT

\.9
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