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satisfactory evaluation of the incidence on the kwhr price of very important

design variations. Due to this fact, the right way seems not to be that of a

further development in the direction of an empirical correlation recipe, but

that of the development of a more “physical”’ method by which the elements
entering in the reactivity determination are, as far as possible, physically
analysed and carefully taken into account.

Our work is now going in two directions :

— the first one is that of analysing the interest of extensive numerical compu-
tations based on fundamental data. The presence at Ispra of important
computation facilities may make this way interesting;

— the second one is that of trying to develop simplified methods which do
not deed high computation times but treat the cssential points in a correct
physical way.

An analysis of the interest of the two lines considered should b= possibla.

In this paper some particular problems studied in the framework of the
second line of approach are analysed. The main ones are an improvement in
the determination of the p factor and a correct description of the space depen-
dent neutron spectrum in the lattice. Both points arc of particular impartancs
for lattices with fucl element bundles of great dimensions and contiining moda-
rating coolant.
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DEVELOPMENT PROGRAM FOR D20
LATTICE REACTIVITY CALCULATIONS

SUMMARY

The method used today at Euratom for reactivity evaluations of ORGEL type reactors is described
in the paper: A simplified method for organic, heavy water lattice calculations’.

Following the requirements fixed by the general activity program of Euratom regarding this reactor
type, a development of the method used is needed. The method necessary for the engineering work is not a
recipe such as it could be used for industrial design purposes, but a method which must make possible a satis-
factory evaluation of the incidence on the kwh price of very important design variations. Due to this fact, the
right way seems not to be that of a further development in the direction of an empirical correlation recipe, but
that of the development of a more 'physical’’ method by which the elements entering in the reactivity deter-
mination are, as far as possible, physically analysed and carefully taken into account.

Qur work is now going in two directions:

— the first one is that of analysing the interest of extensive numerical computations based on fundamental
data. The presence at Ispra of important computation facilitiecs may make this way interesting;

— the second one is that of trying to develop simplified methods which do not need high computation times
but treat the essential points in a correct physical way.

An analysis of the interest of the two lines considered should be possible.

In this paper some particular problems studied in the framework of the second line of approach are
analysed. The main ones are an improvement in the determination of the p factor and a correct description
of the space dependent neutron spectrum in the lattice. Both points are of particular importance for lattices
with fuel element bundles of great dimensions and containing moderating coolant.

The method now in use at Euratom for reactivity evaluations of ORGEL type reactors
(D20 moderated, organic cooled) is presented at this Symposium in the paper A simplified
method for organic, heavy water lattice calculations’” (Ref. 1).

This method was born with a well-defined target : to put in a short time into the hands
of the engineers in charge of the first ORGEL design evaluations a handy instrument for doing
their reactivity calculations. This target was reached about six months ago. Since that time the
activity of the Reactor Physics Department at Ispra in the field of DyO moderated reactors
was directed towards a second goal, tightly connected with the more general Euratom programm
in the line of this type of reactors. :

First of all, after the initial step of a rough evaluation of the interest of DO moderated
and organic cooled reactors, the necessity was felt, in the framework of this reactor concept,
for a more accurate evaluation of the influence of different widespread design variations on the
end reactivity balance. Furthermore, the interest of Euratom with regard to DyO moderated
reactors is now progressively spreading to other coolants.

To satisfy these new requirements, our present reactivity calculation method is no longer
sufficient and a more accurate and powerful one is needed.

To continue along the line of a correlation recipe purely based on integral experiments
would result in much too big an amount of such experiments, being as a result too expensive
and time-consuming. Furthermore, the presence at Ispra since the beginning of 1962 of powerful
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computation facilities renders the method of direct reactivity calculations on the basis of ele-
mentary nuclear data much more attractive for us than in the past. However, one must pay
attention not to use guns to shoot flies. Some of the existing codes are unnecessarily powerful
and therefore tuo heavy to get out of them reactivity results for DO reactors; furthermore,
the existing uncertainties in the nuclear data make the so obtained results not completely reliable.
The possibility exists of a very deep simplification in the computing effort and of a correct selection
of the set of experimental data to be used if a preliminary accurate analysis is done of the physical
characteristics of the lattices in question and of the use for which the calculation scheme is intended.

In view of these considerations, our line of action to get a suitable calculation instrument
is the following :

No further work will be done to develop empirical correlation recipes in which, such as
in Caroline I (Ref. 2), the adjustment parameters have mainly a formal meaning.

An extensive work is in progress to analyse the interest of developing more or less elaborate
computational methods using, when needed, already existing codes.

An experimental programme is being elaborated to get the data needed as input into the
calculation scheme and to verify its final validity.

As far as the sophisticated methods are concerned, a multigroup ORGEL lattice calculation,
using the existing codes for IBM 7090, is now under study; the cell calculation is performed by
the DSN code (Ref. 3); in the epithermal part the input cross sections for DSN are evaluated
by the GAM-I code (Ref. 4). The self-shielding effects for Usgg absorption resonances are calculated
by GAM-I by using the Adler et al. method (Ref. 5); a comparison of the results obtained by this
method with the Hellstrand measurements for clusters of rods immersed in light water is in

progress.

Concerning the development of a simplified method, different problems are arising accord-
ing as one has to deal with the reactivity of clean cold lattices, temperature effects, or long
term reactivity.

Regarding the clean cold lattices and as far as the up-to-date developed ORGEL fuel
elements are concerned, Caroline I could in principle do the job. Nevertheless, some develspment
work is needed to treat other fuel element designs, for instance 4 rod bundles, or other coolants.

Termidor (Ref. 6) describes in a fairly satisfactory way the temperature effects in DO
cooled lattices. However, it is not yet clearly established how far this is the case for organic cooling.

As regards the lorg term reactivity calculations, due to the fact that the p factor coming
out of Caroline I has no clear physical meaning, we have no information on this way about the
actual initial conversion factor. Furthermore, the well-known uncertainties in the cross-sections
and in the % values for the Pu isotopes, together with a lack of information on the dependence
of the neutron spectrum on the irradiation of the fuel are such that the problem of the reactivity
for irradiated lattices is far from being solved.

So, on the line of simplified methods, our theoretical work is going on with the following
targets :

I. a better understanding of the assumptions made in Caroline I to calculate the fast fission
factor.

The presence of the organic coolant in the fuel cluster produces a general softening of the
spectrum in the fuel which enhances parasitic capture and reduces the fast fission factor by a
slight amount. This effect is studied in a separate paper : “Fast neutron spectrum in ORGEL

-

type reactors” (Ref. 7).



II. a more correct discription of the resonance escape probability.

In Caroline I the p factor is written in the form :

Vi Ly
P=exp |— Py
5I'ﬂ Zsm Vm + 50 ZSC VC

where, together with the usually employed symbols V, 1, & and X, the suffixes f, m, ¢, mean
respectively fuel, main moderator (Dy0) and coolant (organic liquid and structural materials
in the channel). The factor Py is the advantage factor in the fuel obtained by assuming a single
value for the resonance energy and by smearing out all materials over the cell.

By this way, three facts are not, or may not be, correctly taken into account :

1) the lattices considered have a fairly big pitch. So the introduction of only one advantage
factor Py may not take correctly into account the fact that different resonances, mainly
those at high energies, should be put into the calculation with their advantage factors, which
are increasing with the energy;

2) the heterogeneous cell structure could cause a sensible distortion in the flux shape as compared
with the one calculated by means of an homogeneization;

3) the underestimation of the flux in which the organic liquid is placed as compared with DO
could bring a too high underestimation of the slowing-down power of the hydrogen in the
fuel channel.

While on the basis of a rough two epithermal group evaluation point 3) does not seem to
introduce serious errors, points a) and ¢) need a more careful analysis. Point ¢) could for instance
contribute to the discrepancies found (Ref. 1) between calculated and measured buckling in the
cases of high hydrogen densities or big coolant volumes in the channel.

In order to solve in a simple way all these points the following procedure is being followed :
to evaluate the flux distribution across the cell corresponding to the most important resonances
of Usgs a multigroup collision probability code has been established. The resonance parameters
for Uggg corresponding to the above-mentioned groups are introduced as effective resonance
integrals according to the suggestion made by Brooks et al. (Ref. 8). For the other materials
in the cell the group averaged microscopic cross sections are introduced once for all.

III. a more satisfactory description of the space energy distribution of the thermal neutron
flux in the cell '

The improvements to the present calculation method as regards the thermal neutron flux
distribution in the cell concern the following main points:

1) The epithermal contributions to the effective cross sections must be taken into account.

The most suggestive way seems to be on the line of the Horowitz and Tretiakoff procedure
(Ref. 9). The well-known difficulties of the Westcott formalism are basically overcome by
Horowitz and Tretiakoff; nervetheless some points require a careful analysis in view of prac-
tical purposes.

The complication due to the presence of moderating materials in the rod could be avoided
in a simple manner on the basis of the hypothesis of independence between hardening and
rethermalization (Ref. 10).



The problem of evaluating the z parameter (which describes the heterogeneity of the lattice)
was analysed, by taking as reference a natural uranium heavy water reactor cell, for which
the results of detailed space energy calculations and fine structure flux measurements are

N, (%)

N, ()
between thermal neutron densities in fuel and moderator as a function of energy, or the cal-
culation by standard oue-group methods of integral quantities depending on z (for instance
the disadvantage factor).

available (Ref. 11). Two ways are open : an evaluation by simple methods of the ratio

The first way is strongly limited by the requirements of simplicity, whereas the second
one seems to be at this moment the most promising.

2) The pure hardening effect must be included in the lattice calculations. Our running method
is based on a very simple diffusion multigroup model (Ref. 12), which probably underesti-
mates the hardening, due to the fact that a maxwellian shape of the spectrum is supposed in
the moderator up to the interface betwéen moderator and rod. On the other hand, an analysis

N, (x)
m ()

(x, z) function describes fairly well, as a simplified approach, the mean hardening of the thermal

neatron spectrum in the fuel. Therefore, if this procedure is chosen, the problem of a simplified

evaluation cf the hardening in the fuel element should in principle be solved.

of the Horowitz and Tretiakoff approximation for the ratio seems to show that the h

It may be of interest to point out that the functional dependence of the ratio on

m (%)
x can be justified starting from the model of a purely absorbing body immersed in an iso-
tropic neutron bath : this analysis shows in an interesting way the meaning and the limits

of the Horowitz and Tretiakoff one-parameter approximation.

As regards the rethermalization effect, we are conscious that the two overlapping thermal
group approximation is in a general way rather unsatisfactory, particularly close to the interface
between the two media at different temperatures. On the other hand, the solution of the rether-
malization problem with absorption in cylindrical geometry, also on the basis of the simple fun-
damental heavy gas - diffusion equation, would go out of the framework of simplified methods.
Therefore, we do not intend to develop further simplified methods to solve this problem : as
a matter of fact we dispose, if needed, of sophisticated methods to get a detailed space-energy
description of the thermal neutron flux distribution in the cell (S, multigroup, First Flight Colli-
sion Probability methods). We intend on the contrary to analyse more carefully the neutron
transfer process between the two overlapping thermal groups, by taking into account the speci-
fic properties of the chemical binding in the organic molecules.

The experimental work intended to sustain the above-described theoretical programme
is the following :

I — CLEAN COLD LATTICES

1) A series of thermal fine structure measurements in simple geometry natural uranium - heavy
water - organic lattices has been performed during September 1962 in Aquilon II at Saclay
(France). In these experiments the fuel element was a single uranium metal rod, 44 mm in
diameter, surrounded by an organic liquid layer contained in an aluminum tube. The results
of these measurements are given in Ref. 13. A second set of thermal fine structure measure-
ments in an ECO type fuel element (the same as the one used in the experiments of effective
resonance integral, see point 2 below) will be performed in Aquilon II during next spring.
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2)

3)

4)

Two series of measurements of the effective resonance integral in fuel elements is being per-
formed in the Ispra I reactor by the Neutron Physics Service. The first set of experiments
uses as fuel element a cluster of 12 rods of natural uranium, 12 mm in diameter, immersed
in an organic liquid of the type which will be used as reference loading in the ECO reactor.
The second set of experiments will use as fuel element a uranium carbide single rod, of diameter
varying between 6 and 30 mm. These experimental results will be of a rather general interest
because there are no data for uranium carbide available in the open literature.

Initial conversion factor measurements on typical fuel elements will be performed in the
ECO facility.

A series of critical experiments will be performed in ECO, starting on the beginning of 1964.
Tne first measurement will be done on UC fuelled lattices.

The possibility of making complementary Ko measurements is under study.

IT — TEMPERATURE EFFECTS

Time of flight spectrum measurements in organic liquids are foreseen.

A box containing organic liquid (polyphenyls) will be introduced in the thermal column
of the Ispra I reactor. Uranium plates surrounding the box will provide a slowing-down source
for the thermal neutron spectrum in the organic. A poison will be mixed to the organic liquid
to have a distortion in the maxwellian shape. The description of this distortion depends on
the theoretical model assumed for the interaction between slow neutrons and bound protons.

As a first possibility of selection between different types of scattering kernels and as an auxi-
liary measurement in view of the principal experiment, a series of transmission measurements
on polyphenyls is already in progress.

At the same time, an information about the rotational freedom degrees of the polypnenyl
molecules will be provided by measuring the energy change of cold neutrons scattered by
organic samples.

Activation measurements with 1/v and non 1/v detectors are foreseen in ECO with different
moderator and coolant temperatures.

A series of critical measurements with heated fuel channels is programmed for 1965 in ECO.

IIT — BURN-UP MEASUREMENTS

Activation measurements, mainly with Pu detectors, are planned to be made in ECO on fuel
elements containing well-defined small quantities of Pu isotopes.

Oscillation experiments are also planned with the following fuel elements :

a) containing small quantities of Pu isotopes,

b) single irradiated rods to detect the fission products effect,

¢) bundles with radially varying Pu contents to simulate non-uniform burn-up.

Concerning point «) a series of oscillation measurements, by using synthetic uranium-

plutonium fuel elements will be performed in 1964 on the ECO reactor.

The realization of the other iwo points is now under study.
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