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(Bomogeneous éﬂtm) ,

(1)

S an earlier study on criticality conditions for homsenm mixtures,

27 cm2 was used as fhe neutron age for all mixtures of water and uranium. At

@he higher E/U ratios (low uranium concentrations)y the calculated critical

parmter# _were in good agreement yith experimental data. At the low H/U
Jtios (high uranium concentrations) ®he calculated critical parameters were
spalder han $he expesimental ones (more condémtivg from a nuclear safety
ot of viev)p @hese results indicated €nsP using 27 cz® as the neutron age
gives mcreuingly conlei'vative results as ©ne H/® @atio decreases.
‘ later atudy(z)
- may be increased Uy taking into account the change Sn neutron age with concen~

indicated how much ¢the cadculated criticality parameters

- tration of moderator in the systep. In this later study sloving dowvn and

transport cross sections were neglected. {his reduced the neutron age formulation

i
3
1
A
¢
H

used as a model to the following:

T(80)
T = 2
(e Hao)

. b BRI oo 20 s bty

vhere T = neutron age of aysien -
1(520) -neutro;: ase in pure water
' elleo ‘mdensity of vater in the system.
However, at the high uranium concentrations the sloving down and transport

cross section terms cannot be neglected. A more reasonable equation for the

e v § e At T O W L M e

neutron 883 as a function of composition for homogenepus :yatm 1s the following:
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vhere pM = pure moderator
M = moderator
F = fuel (U’ In}, merz’ tho)

%lszm-b gxs

The neutron age for highly enriched uranyjy fluoride ( ~90% U-235) in
water was calculated Ly this formlation as a function of H/U-235 using 27 cm®
as the neutron age in pure water. The results are plotted in Figure 1.

It appears that there are three distinct regions. Yor H/U-235 values

> 200 there is éncantial!.ly no water displacement. The slight dec'reue in
neutron age is due to the increase in uranium concentration. In the inter-
mediate range, the rate of increase in neutron age due to decreased vater
moderation is slowed dm%y the increase in uranium concentration. For
H/U-235 values < 55 the rate of increase in neutron tse is controlled by the
rapid displacement of water Ly fuel (rapid decrease in water concentration).

It is indicated, from Figure 1, that the neutron age is about 29.8 ena at

an R/U-235 of 45 (concentntion for maximm material buckling). Good agreement
between experiment and theory hed been obtained!}) using 27 co? as the extrapo-

lation length for solutions of U0 F in water for H/U-235 ratios as lov as
ll»S. This does not mean that the method presented here for neutron age is not

any good. Thers is a compensating factor in ths formulation used to calculate

- URCLASSIFIED
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criticd parameters for high concentrations of highly enriched soliutions.
For an H/U-235 ratio of 200 the probebility of capture during slowing down in
vater is about 5 or 10 percent and proportionally larger for smaller H/U-235
ratios(3), |

For such B/U-235 ratios, it is no? clear ‘\'fhether the effect of these
epi-thermal captures is to increase or decrease the reactivity. If the
average number of fission neutrons produced per capture were independent
of the energy of the captured neutrons, then epi-thermal captures would
increase the reactivi‘. However, the ratio of cadiative capture to fission
in U-235 1s known to be substantially larger for epi-thermal neutrons than for
tacimal ones“ ). This effect voul,tend to reduce the reactivity. It is not

koown whether the combination of these two effects increases or decreases the

reactivity. A study should Le made of the effect on the reactivity of the

capture of neutrons while slowing down 1n reactors of relativ®y 1ov E/U-235
ratios. This study would have to take into account the resonance structure of
U-235, allowing for self-shielding and for the variation of the capture to
fission ratio as a function of energy. The results of such a study may throv
some light on the validity of using the sbove formulation for neutron sge in

homogeneous systems as well as tae use of 27 cm2 for pure water as used in the
above formula.

N Ketzlach/vg
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