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RESONANCE EFFECTS IN ONE-REGION THORIUM BREEDER REACTORS

INTRODUCTION
. Gf
“The value o an average value of v -—— in the resonance an
The value of 7 (a lue of v = th ' d
_ a A

epi-thermal energy regions) for U(233) has not been firmiy established as

of ‘a U(233) - Th(232) power breeder, a homogeneous slurry system of Th(232) 05 .
and U(233) 02 in D20 at 3OOOC'was investigated with nR as a parameter;
spherical reactors having various radii and thorium concentrations were

o

considered.
«  SUMMARY

The critical mass decreased~almost linearly with the increasing

-

qR/n,Il whereas the resonance effect and initial breeding ratio increased
approximately linearly with increasing qR/qTa

The'resonance effect was found to be more sigﬁificant than usually

[!

23 F23
The critical mass would be 7% greater if the value of nR/qT::-o.9

estimated (¢ =~=1,15).

rather than 1.0, in a 7-ft. one-region core containing 300 gm//éZ of,Th(232)
and enough U(233) to be critical; in this comparison, the fesonancefeffect
would be 2% less} the iﬁitial éreeding 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.

P
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RESULTS

The critical mass increased alnost linearly with a'decrease in
- nR/n11 but was falrly 1nsen31tive to- core size for radii greater than 5 feet
and Th(232) concentratlon greater than 100 gm[{i (Flg 1, 2).

At reasonable concentratlons of Th (2004- Th:£.5oo) for a one-region
-power breederkand for practlcal core sizes (5'4 Ii <7 ), the value of
,E 23 23 varles from 1. 21 to l 05 depending on the thorlum concentratlon
rand the value for nR/T),11 A Thus, assuming 6:23 .3 ; l-(neglect of resonance
effects), the ¢ritical mass could be overestimated by as much as 37%; The

value of 623 P23 is quite insensitive to changes in core size for this range

of radii.

The value of 623 P23 is approximately given by the following equation

for the ranges specified in the previous paragraph.

N N

: : 1
02 R _ 02 i
523 23 =|1350 °© .013 o T +. 1.01 (Fig. 3,4).

If one were to consider resonance absorption, but no resonance
fissions, the max1mum permissible Th(232) concentration would be 300 e/l
from crltlcallty’cons1derations. ,
A.one-region reactor will not breed (IBR < .1.0) if the core radius
were 4 feet or less even with nR/qT = 1 for Th(232) concentrations less
than T00 gm/{ﬁ. It nR/nT =<1, a 5' core containing not less than 350‘gm/(i
of Th(232) would breed. If qR/nT were decreased, the‘core radius»and/or
Th concentration.must be increased to maintain the same breeding ratio. If
]

— =.925 it would take at least:700 gnLZ, of Th(232) to breed in a 5' core.

" For nR[mT ~ .90, a larger core size must be used; for a 6' core, BR-— 1 if




the Th(232) concentration were greater than 250 gn/f, . To obtain a BRE: 1

§with 25 = .8 a T' core and a Th(232) concentration between 175 and
" :

550 gm/{, are required.
Approximate equations for IBR as a function of nR/nT and R have
been fitted to the curves obtained.

For Ny, = 500 gn/l .

-

| ' 27 g
CIBR == o0.625 - 221 . 3T . o605 R

R,
For N, = ‘3OQ gm%%f. o
IER == 0.87 - anﬂ -A-Li;_—9 + 0.38 R
T 3 g

‘Both of these equations apply over the range s

51

(IS
e
N
=3

If Th(232) concentration lies between 200 and 500 gm/d , it appears
that there exists a "critical" value of nR/nT for which the breeding ratio
is independent of Th(232) concentration. These values are shown in the

PN

following table.

Core radius | ' . "criticél" t%%
7" - 0.89
' 6! 0.85
5! : 0.81

Lt o 0.78




"

For values of qR/qT . greater than the "critical" value, B.R. increases

with increasing Th concentration while for 'qR/n,Il less than the "critical"

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

) (Fig- 5)-

For all values of — < 1.0, there is an optimum value of Th(232)
concentration for which the B.R. has a maximum value.. This optimum thorium
N ' L ' C s

concentration decreases as the reactor radius: increases and as.'=—' decreases.

(rig. 6,7)

* " PROCEDURE

Calculation of Resonance Escape Probability

The resonance éscape prpbability can be defined in the following
manner:
P =1 - probability of absorption.
Using the asymptotic sblution forﬁ¢(E) Eérmi Age theofyl] in an infinite

medium, the flux will be given byll)

'H,,' :'lf
¢.__ ' ;
g ZE
Also, . .
probability of absorption = —— :
N o1
gz a

S

where R; Ea;(;lb E% = resonance absorption integral.




If the infinite dilution value of Ri were used, the value of P would °
be considerably smaller -than the observed values. From experiments with
Th(232) and U(238), ‘4t has been found that R is a function of N, .

For Th(232), thls function is given as (2) -

02 ) £, "7
A2 L g -s_>

For U(233), there is no data available for the resdnance'absorption integral
and so an estimate was ma,de° It was assumed that the effect of Ni on R

would be the same for U(233) as for U(235) "The resonance,escape<probab11ityA
for U(235) was,obtained from a 53-group criticality study by Safqnov,(s)

These values for P25 were then used to calculate R 2 as a function of
N25. Using 1nf1n1te dllutlon resonance absorption integrals of 1215 b.
and 1060 b. for U(233) and (235), respectlvely, (obtained from cross section

()

curves ) the value of 323 was found to be

£ X

323 ~130 o |.926 | (0)
. 23
in the region
1073¢ N <107t (b.7h
gz

. Leakage Calculations

Three probabilities of leakage were considered:
EB2
1+ L2B2

2. Leakage while slowing down from fission energies to thermal

1. ;Leakage whiie at thermal energies (

s

: 2
B 7ﬁr

1+ Bg’rJT




Th(232) concentration. _ : ﬂ

values

3. Leakage while slow1ng down from fisslion energies to
E_;Zi_.
1+3B 7“

re sonance

(1)

For a spherical core 32 was taken as

2
2 [T
- R +€

where € = extrapolation length = =71 A

The thermal diffusion length was calculated as a functlon of ©U(233) and
The age to thermal and resonance enefgies was obtained from published
(5) £or D,0 and evaluated at 300°C.

The following values were used throughout this report:

168 cm2

-

7ﬁf 212 cm2

il

Derivation of Equations for Criticality

Now

Starting with 6ﬁe fast. neutron

S W

P P / 2
Y02 23 4 3
1 = f qT + 1 nR )y ¢ dE
(1 + 321:?)(1 + 189 yor e
. 23
_PoaPa3 T oM %2~ Po2 Pp3 ar
== 2 2y | RTE T, 1,82~ E

(1 + 851 (1 + 17 8)

= - - —vP __dE
P = 1-f2a_¢,dE—1.-/Zaﬁs—’ =
_ . P dBE
1-P = fza, T L, E




By definition let P, =

substitute these definitions above

PP, 7 P
02 " 23 T + i 02 (1

(l%Baﬂi)(1+L252) 1+ B~

23 02
- P23) (iaT + I

N
Regonance Effects;

_If we cqmpére the critical condition with the usual one for a thermal

-reactor; i.e.,

L . NfPE
(l+L2B?)(l+B27ﬂr)
where P = Py P23 N =1y .

we-see that

J

02;(l ) P2§)A

A1+ 32775) (1 + 12 32)
Pop P23 T

€ =1+

|

1+ B27“’

For Initial Breeding Ratio

- By definition-

NPR = neutron broduction rate = Tip ZZ% ¢r + nR‘J(~2:3 gax
However,
g o NER Poz Fa3 1
8% 148w E
we then get
L C 23 2
_mr _ p Zp (L+BTT)
NPR' = <z - 5 —
T 1+ B™T - g Po(l - Pyg)




From the definition of initial breeding ratio

P_ P
NPR ‘02 F23
02 02 . 02 02
+ .
Zar P +jza A In b fza 5% 14 BT
23
1) +f z,

p 2 =
g ”/'Za3 ¢ a& =23 wer ‘o2 Fo3 4w
, §28 1+ Be/l" B

il B

IBR

aT

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

C 2, . 2 2 = = -
. Poo Pog Mp(1+B777) + (1+2%8%) (143 Tp) ,&R Poa(l«,-jp23)+ Np Pos(l = Poo).
- (1 +3B7)

(1 + 12 132,‘)(1. + 327;,13) [(1 + Bé-Tf.) + (nT - nR) ?'02 (1 - P23)]
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INITIAL BREEDING RATIO
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Subscript T

]

. . NOMENCLATURE

Mearing

Geometric Buckling

- Energy

Thermal Diffusion Length
Number Density
Resonance Escape Probability

Core Radius .

Resonénce'Absorption Integral

Initial Breeding Ratio

" Neutron Production Rate

“Ratio of Total Fission to Thermal

Fission Rate
Mean Letheragy Loss per Collision
Neutron Flux

Neutrons Produced per Fission

* Neutrons per Absorption in Fiséionéble

Material :

' Microscopic.Fission Cross<Section

Microscopic Absorption Cross-Section

:?MaérbécéﬁicjScatteiinéﬁﬁhoss-Sectionv'

”Macroqcopic Afsorption Cross-Sedtion

Fermi Age to Rescnance

refers to thermal

Subscript R refers to resonance

17,

Units
cm
ev

cm

'(borcm)-l

cm



D20

/K D50
Tr

- Y e

¢

NUCLEAR CONSTANTS AT- 300°C

0.508

10.5 b,

3-7T11 cm

168. em

212 cm

2,50

2.25

346 b,

381 b.

L.5 b
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