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A series of critical crperiments has been carried oul
al Saclay, Frunce, by the Reactor Physies Departinent
of the C.C.R., Euratom. The purpose of the measure-
sents was to determine ihe aaterial buckling  of
wine different ORGEL lattices using natural wranivm
oxide fuel elements, woderated by heary water and
cooled by an organic liguid.

This report describes the eoperimental lechidgue, the
results oblained and their comparison with calealated
values, The latter turn out to be systemalically lower
than the former. Some eriderin dare given to {nproce
the agrecment between the two sets of ecalues.

1. INTRODUCTION

A set of experiments was carried out during the
months of June and Julv, 1961, on the Aquilon 1T
heavy water-natural uranium research reactor, at
Saclay, France. These experiments were program-
med and performed by the Reactor Physies Depart-
nment of the C.CLR. Tspra. Italy, in cooperation
with the personnel of the French « Commissariat i
I'Energie Atomigue ».

The objeet of the measurements was to determine
the material buekling ol natural uranium oxide
lattices, moderated by heavy water and  cooled
by organic liquid, of the type now heing studied
and worked on by Euratom under the ORGRKL
(Organigue Eau Lourde) research program.

The measurements were taken using a method
worked out by R. Naudet and co-workers at Na-
clay -2 which consists in the progressive substitu-
tton of the elements located in the central zone of
the reactor with the elements to he tested. "This
method allows the accurate determination of a
lattice material buckling when o limited number
of elements, insuflicient to make up acritical reaetor,
is available,

In the experinents performed by the aathors the
reactor  was filled with 112 seven-rod  clusters
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(reference elements) directly placed in the heavy
water. The elements of the ORGEL type to be
tested were 19-rod clusters of natural uranium
oxide plunged into organic liquid and contained
in an hexagonal aluminium tube.

Three buckling measurements by flux mapping
were made on the reference lattice, at 19, 21 and 24
em pitches respectively. Afterwards the substitution
measurements were made for each of the three
pitches.

2. DESCRIPTION OF FUEL ELEMENTS

The reference fuel element characteristics were as

follows (fig. 1):

— diameter of UO, pellets 22 mm
— can material - Al

— can inside diameter 23  mm
— can thickness 1 mm

— U0, density

— center-to-center distance bhetween
rods 32 mm

10.23 g/em?

Three types of ORGEL fuel elements having the
following charactevistics were used for the measure-
ments (fig. 2):

A0-12-0 A0-12-1 AO0-16-1

U0, pellets diameter (mm) 12 12 16.2
UO, density (g/cm?) 10.15 10.15 9.85
can inside diameter (mm) 13 13 17
can thickness (mm) 1 1 1

can material Mg Mg Al
organic liquid volume per

unit height (cm3/em) 12.38 12.38 17.43
equivalent inside diameter of

tube (mmm) 76.5 76.5 95.28
volume of hexagonal tube per

unit height (cm3/cm) 2.83 2.83 3.15
center-to-center distance

between rods (mm) 15 16 20

The organic liquid used was monoisopropyldiphenyl
{CiH,e) with o density at 209C of 0.973 glem®
(4.78% 1022 hydrogen atoms per cm?).
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A chemical analysis carried out on a sample piece
of aluminium taken from a tube showed the pres-
ence of the following impurities having an appre-
ciable effect on the aluminium absorption cross
section (% by weight):

Mn = 0.01
Si = 0.18
Fe = 0.32
Cu = 0.01 ' .

3. REFERENCE LATTICE BUCKLING
MEASUREMENTS

The Aquilon IT reactor was filled with 112 reference
elements. The equivalent radius of the core at the
19, 21 and 24 cm pitches turned out to be 113.5,
125.4, and 143.4 cm, respectively.

The container not being completely filled up radially
by the 112 elements, the remaining heavy water
radial reflector in the three cases was 31.5, 19.6
and 1.6 cm respectively.

Under slightly supercritical conditions (flux-
doubling time of at least 100 seconds) a certain
number of manganese detectors positioned in the
central zone of the core were irradiated. The irra-
diation was carried out until an integrated flux
of 10° n/em? was attained in the center of the core.
The manganese detectors had the following charac-
teristics:

foil thickness: 0.15 mm

foil diameter: 6.15 mnm

The detectors were fitted in 2 m long aluminium
tubes having an inside diameter of 7.5 mm and an
outside diameter of 9 mm. Their position along
the tube was determined within 1 mm.

The tubes were hung up vertically inside the core
with the lowest detectors located 10 cm above the
bottom of the core. They were placed each in the
center of the square cell formed by 4 contiguous
elements. The cells were chosen so as to obtain
the lining up of the tubes.

From 4 to 10 detectors were placed in each tube.
During the irradiation all the tubes contained the
same number of detectors, placed on different
horizontal planes. The determination of each
buckling was carried out by repeating the irradia-
tion seven times, for a total of 280 detectors irradia-
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Pitch (em) 19 21 24
H, (mm) 17759 4 7 1669.4 1+ 8 1714.0 - 13
-+ 10 411 + 17
« (m™YH 1769 - 0.007 1.882 4 0.009 1.833 --0.018
4 0.010 +-0.012 4 0.014
I, (mm) 1538.9 415 1630.65 - 22 1705.7 4 9
|- 20 428 4-12
(™) L1563 -1 0.016 1475 0020 1.410 +-0.008
-4 0.020 -+ 0.026 -4-0.010
DA, (m™%) 5572 40075 5.716 4 0.090 5.348 4 0.075
+ 0.100 +0.120 -+ 0.095

The measurements taken at the various pitches
were made at different heavy water isotopic con-
centrations; the values of B2, shown above were
thus all brought up, as indicated in the following
table, to the standard purity of 99.8009%,:

Pitch (¢cm) Heavy water Correction B2 (m—2)
purity (%) (m~2)

19 99.695 + 0.105 5.68

21 09.700 - 0.115 5.83

24 99.690 -+ 0.150 5.50

4. SUBSTITUTION MEASUREMENTS

The experiments were carried out i the following
manner.

First of all the critical level of the reactor charged
with the 112 reference clements was determined
by kinetic approach. The four central fuel elements
were then extracted from the reference core and
replaced by four ORGEL fuel elements. The critical

level was measured again with the new elements
inserted.

The same was done in the same way after replacing
12, 16 and 24 fuel clements (fig. 3).

In this manner five values of critical level for cach
type of fuel element and for each pitch (one of
which values relating to the reference) were obtain-
ed. A general outlook of all these values is shown
in fig. 4. For more details on experimental tech-
niques see ref. 6.

The principle of interpretation is the following:
knowing the critical dimensions of the core before
and after substitution, the K, and the diffusing
properties of the ORGEL lattice, its material
buckling can be found by means of a two group
analysis.

On principle, following this method, a single substi-
tution would be sufficient to determine the buckling
of the test lattice. Tt must, however, be pointed
out that the method of two-group analysis applied
to the two multiplying regions (considered as being
homogeneous), turns out to be insufficient for an
evaluation of the coupling between the two zones.
This interaction which, in the theory of the method
of substitution, is prineipally described by means
of a single parameter, can be determined ecxperi-
mentally by carrying out several substitutions.
In our experiments the substitution of four elements
appeared to be useless, the corresponding results
not being in agreement with the results of the
other three replacement measurements.

This anomaly appeared for practically all the lattices
taken into consideration and was evidently due to
the fact that the hypothesis of homogenization is
not applicable to a region composed of four clements
only.

The values found for AB* were:

Flement AD-12-0 (Mg) A0-12-1 (Mg) A0-16-1 (Al)

Pitch (cm) 19 21 24 19 21 24 19 - 21 24
AB2 (m™?) — 171 —2.24 —231 — 1.5 —200  —207 —2.77 — 244 — 179
B, (m—?) 5.68 5.83 5.50 5.68 5.83 5.50 5.68 5.83 5.50
B:(m™?) 3.07 3.59 3.19 4.12 3.83 3.43 2.91 3.39 3.71
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buckling curves as a function of lattice pitch seems,
on the contrary, to be reasonably respected.

A first correction was tried in the following manner.
Some nuclear data entering into the lattice calcula-
tions are not well known. In particular, the curve
of the scattering cross section of the hydrogen
bound to the organic molecule is uncertain. The
values used for the calculations were deduced from
measurements made by Melkonian on light hydro-
carbons (methane, ethane, etc.)®. The curve for
butadiene was chosen among them since it repre-
sented the average value of the measurements.
The maximum deviations from this curve of the
other measurements carried out by Melkonian
already attain 15%, and there is reason to believe
that the deviation is even greater for our type of
organic liquid.

Moreover, the hypothesis of assuming a Maxwellian
thermal spectrum at the heavy water temperature
for averaging the hydrogen scattering cross section
is somewhat arbitrary.

For the above-mentioned reasons we assumed as
a first correction parameter the thermal scattering
cross section of the organic liquid. In particular,
it was found that by reducing the value previously
used by about 309, one obtains results which
agree satisfactorily with the measured values
(see fig. b).

It seems therefore that, for the purpose of satisfying
the immediate needs of the project and while still
awaiting polyphenyl measurements, a «recipe» of
such kind can be used.

It should be noted that such a criterion, even if it
does make it possible to correct the neutron balance
as a whole, nevertheless attributes every cause of
the discrepancy between experimental and calcu-
lated values to the thermal utilization factor. This
hypothesis is at least a matter of guesswork since,
as previously mentioned, the values of 4, @ and b
utilized in our calculations are those deduced from
the French correlation for heavy water moderated
and cooled lattices.

For all these reasons, we are now establishing a new
correlation between experimental results and theory.
This work is at present possible because we dispose
of some other experimental buckling results from
Canada and Denmark on organic cooled, heavy
water moderated lattices. I}
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7. NOTATION

K Infinite multiplication factor
L2 Diffusion area

L2, Slowing-down area

B2, Material buckling

D, Fast diffusion eocfficient

Thermal diffusion coefficient

g Radial buckling

o Axial buckling

Y Constant taking into account axial flux asymmetry

f Thermal utilization factor

£ Fast fission factor

Vv Volume of fuel in the cell

Vv Volume of organic liquid in the cell

Vo Volume of heavy water in the cell

(£ 2,), Slowing-down of the organic liquid

(& Z,). Slowing-down power of the heavy water

Py Corrective factor taking into account the non-
uniformity of the sources in caleulating the res-
onance absorption
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riassunto

ESPERIENZE CRITICHE SU RETICOLI DI OSSIDO DI URANIO
NATURALE, MODERATI AD ACQUA PESANTE E REFRIGERATI
MEDIANTE UN LIQUIDO ORGANICO

Una seric di misure & stata effettuata al Centro francese di
Saclay da parte del Dipartimento di Fisica dei Reattori
del CCR dell’Euratom.

Scopo di questi esperimenti era la determinazione del
buckling materiale di nove diversi reticoli ORGEL for-
mati con elementi di ossido di uranio naturale, moderati
ad acqua pesante e refrigerati mediante un liquido organico.
Questo rapporto descrive la tecnica sperimentale usata e
indica i criteri per ottenere un soddisfacente accordo fra
valori misurati e calcolati.
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