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MEASUREMENT OF M3 AND koo FORA HEAVY \"VATER-NATURAL
URANIUM ASSE':-'lBLY

by
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The migration length M and the infinitive multiplication factor koo of the
heavy water-natural uranium bare assembly are determined by measuring the
reactivity of the reactor as function of the heavy water level. Since the assembly
is nonreflected the results obtained are of relativeyl high accuracy.

The migration lenght M and the infinite multiplication factor koo of
a bare assembly can be determined.in a relatively easy and accurate way
if the derivative of reactivity p with respects to one dimension of the reactor
is known. An accurate determination of the reactivity as function of the
heavy water level H was therefore undertaken on the bare heavy water-na
tural uranium assembly "RB" of the Institute of Nuclear Sciences "Boris
Kidric" at Vinca (1). The relactivity of this assembly is controlled by changing
the heavy water level, and the values of p for various heavy water levels
can be easily calculated from the measured reactor periods. The assembly
being non-reflected, there are no mathematical difficulties in applying the
theory.

Theory of the experiment

Any change in the D20 level of a reactor system will change the value
of the geometrical buckling and consequently of the effective multiplication
factor keff (2). From the two group treatment of a bare reactor

kco
keff= --------

(1+B2L2) (l+B2't")

where B2 is the geometrical buckling of the reactor (B2=7t2fH2+j2fR2), L
the diffUsion lenght and 't" the Fermi age. If one assumes that the values
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of L2 and 't" are similar

and the re1activity (keff-l)jkeff is equal to

M2

(B2e-B2) + 4 (B4e-B4)p=M2----- _
l+B2 M2+ -.!.M2B2

e 4

Since for B=Be (critical buckling) keff = 1

k 00 = l+B2 M2+ !M2B2
e 4 e

1)

2)

The reactivity of the reactor due to a suppercritica1 heavy water level
can be determined from the time behaviour of the neutron flux in the reactor.
By measuring the time dependence of the neutron flux after a sudden change
of the heavy water level, it is possible to find the stable reactor period T.
Applying then the Nordheims re1ation2 one obtains p

1 m ~ip=-+ ~--- 3)
Tkeff i=l 1+AtT

The term IjT keff which is due to prompt neutrons can be neglected
in the numerical analysis when the reactor period is long.

From the function p (H) the value of dpJdH can be found if B2 is also
known. Differentianting equation 1)

~ = 27C2~~0+ !M2B2)
dH koo H3 2

and substituting H=He and dpJdH=(dpJdH)e one obtains

4)

5)

Knowing M2, the value of kco can be calculated from equation 2)

Experiment.

The critical assembly "RB" on which the experiment was carried out
,has a cylindrical core of natural uranium metal as fuel and heavy water as
mode1ator. The core data are
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Lattice: square
Pitch: 12 cm
Diameter of uranium slugs: 2.5 cm
Canning: aluminium 0.1 cm
Purity of heavy water: 99.79%
Density of uranium metal: 18.7 g/cms

The function p(H) depends on the temperature of the heavy water
which varies during the experiment. The reactivity p was, therefore, measured
as function of ~H = H - He rather than of H itself. During the experiment, "
the value was controlled by measuring the temperature of the heavy water.
The temperature being always known, it was possible to determine He from
the previously measured function He(T) in the limited temperature range
of interest.

For any 6.H, which could be measured with an accuracy of 0.2 m..'TI, a
standard procedure of measuring the reactor period was applied. The change
of the heavy water level was done while the safety rods were inserted in
the reactor. During the removal of the safety rods, the reactor passed throgh
criticality and shortly afterwards became overcritical, behaving as though
the 6.H change was applied suddenly.

During the power rise the leakage of neutron flux from the bottom
of the reactor was measured with several BFs counters. The neutron flux
was registered by a scaler, a logarithmic ratemeter and a recorder.

The neutron flux level was registered on the recorder from the wery
beginning of the power rise. After the transient periods had died out (which
was indicated on the logarithmic recorder by the neutron flux starting to
increase linearly) the measurement of the stable reactor period with the
scaler started.
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The measurements of the flux were taken in intervals of 60, 8, 4 and
even 2 seconds, depending on the reactor period. For short periods the
shorter intervals were used and the scaler was activated by an automatic
timer.

The stable period of the reactor was measured for various heavy water
levels in 1 mm steps. The highest overcritical level excursion was 20 mm.
For large LlH the accuracy of measuring p was rather poor because of the
small number of points on the flux vs. time curve obtainable in the range
of the permissible radiation level. Fig. 1 shows a typical diagram of the
flux vs. time curve from which the period was graphically determined. The
reactivity was then calculated by means of equation (3), the data for delayed
neutrons being taken from ref, 3 and those for photoneutrons from ref. 4.

Results

The results of measuring p as function of LlH are presented in Fig. :2
The least square fit gives

(~) = (7,06 ±0,15).10-4 cm-1dH c

F . (4)' 'd h dp . 1 Irom equatIOn It IS eVl ent t at - vanes as _ n our case,
dH H3
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however, ~ behaves as a constant since the range of changes in H is small.
dH

The value of (~) was used to calculate M2. The extrapolated heightdH c

of D20 and the buckling B2 were experimentaly obtained5• For the tempe
rature of 20° C.

Hc(extrap) = l83,20±O,54 cm

B2c = (8,516 ± 0,02) . 10-4 cm-2

and from equation (1)

M2= 242 ± 6cm2

which is in the range of the expected theoretical value (6).
The one group method gives a considerably different results of

M2=270±6 cm2

With the value of M2 the infinite multiplication constant calculated
from equation (2) is

koo = 1,210 ± 0,006
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