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ABSTRACT

During the last few years different tests have been made to
optimize the blanket of the reactor. Year after year the breeding
ratio has lost a part of interest regarding the production and
availability of plutonium in the world.
A characteristic of a fast reactor is to have important neutron leaks
from the core. The spectrum of those neutrons is intermediate, the
idea was «o find a moderator compatible with sodium and stable in
temperature.
After different tests we kept as a moderator the calcium hydride
and as a samply support, a cluster which is separated from the
carrier.
At the end we present the model used for thermalized calculations.
The scheme is then applied to a heavy nuclide transmutation
example (Np237 Pu238) and to fission product transmutation (Tc
99).

1. INTRODUCTION

Since a few years ago there has been an important demand in
the agricultural industry for cobalt 60 which requires as specific
activity between 50 and 100 Ci/g. The total production has to be
greater than 1 MCi/year. These quantities may be produced in a
thermal reactor, but generally the reactivity effect in the thermal
reactor is too important and therefore limits the production.

In the blanket of a fast reactor, the problem is different because
there is not an interaction with the core ; consequently there is no
distortion of power and no reactivity effect. As we found in the first
experiment the efficiency is increased when the samples are
surrounded with a moderator. In order for this production to be
more cost efficient, the samples will be loaded in a cluster
separated from the moderator. This is the classical system used at
PHENIX for irradiation : a carrier and a cluster. The resident time
in the reactor could be different for the cluster and the carrier.

Finally the choice of the moderator is important for three main
reasons : safety, efficiency and cost. A good balance is reached with
the calcium hydride.

All the tests have been carried out in the third row between the
blanket and the shielding. In the following cycles, the tests will be
operated ir the second row, where the flux is more important (ratio
2).

1 Département d'études des réacteurs
CE Cadvache 13115 St Paul Les Durance

2. PRESENTATION OF THE DIFFERENT TESTS EXECUTED
TO OPTIMIZE THE MODERATOR EFFECT

2-1. The samples

All the samples are natural cobalt with or without stainless
cladding.

Three kinds of samples have been irradiated :

a) in the core only one pin diameter 2,5 mm

b) in the radial blanket

- plates with or without cladding

the mass of cobalt is 7,1 g and the dimensions with the clad
54,5 x 15,2 x 1,75 mm

- pins diameter 6,3 mm length ~ 100 mm
cobalt mass 27,8 g

cladding diameter 8 mm

2-2. The Irradiation support

a) In the sore

Only one test (Experience "Caraphe") has been made in a
standard carrier : 179 fuel pins with a central sheath, where the rig
is inserted.

In the case there is also another test : the calibration of the
DND (Delayed Neutron Detection) with a foil of uranium nickel.
The samples of cobalt are small ( 0 2.5 mm) and there is only one
in the section.

b) In the radial blanket

The cross section of the carriers and the rigs are presented
figure 1.

AU the irradiation are made in the 9th row in the peripheral
zone of the blanket. Four kinds of carrier have been used.

- Steel carrier Experience COMODOR1
This consists of 42 steel pins. The rig in the central sheath has
a diameter of 53,5 mm.

- Carrier with moderator

Two kinds of moderator have been tested beryllium and calcium
hydride.
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Fig. 1 : Carrier and rig sections

a) Beryllium : experience COMODOR 2

There is only 6 pins which contain pellets of beryllium (diameter
of Be 34 mm)

b) Calcium hydride

Two designs have been used.

In the first one (COMODOR 3) the hydride takes the place of
the beryllium in the pins.

In the second one (COMODOR 4 and 5) the volume of hydride
is optimized.

At the plan of the pins there is a tube of hydride with double
cladding.

This last design will be retained for the future particularly when
it is necessary to have a thermal spectrum.

2-3. The irradiation positions (figure 2)

In the core the experiment Caraphe has been irradiated in two
positions (1st and 4 th row). The first aim of this experiment was
the calibration of the DND.

In the blanket all the tests have been performed in the same
position in the middle of the 9 th row between the blanket and steel
subassemblics

2-4. Results

2-4-1. Without Moderator (flfiire 3)

(The experiments Caraphe and Postilion)
The activities measured are very low.
In the core near 1,6 Ci/g per run (90 EFPD) and 1 Ci/g in the

blanket.
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( C ) I R R A D I A T I O N S POSITIONS

Fig. 2 : Experimental positions

Fig. 3 : Experiment without moderator

Two remarks :

• in the core the axial distribution of the activity is disturbed by
the neutron spectrum. The activity is maximum in the blanket levels
and not at the core level where the flux is higher.

- In the blanket the self shielding is not very important : 20 %
with 12 plates and a ratio 2 with 45 plates (without cladding). With
a thermal flux the last effect is observed only with 12 plates.

To increase the activation there was only one solution : increase
the cobalt cross section with a moderator.

2-4-2. With • Moderator

The aim is to find the efficiency of the moderator and to know if
there is a limit, a thickness where the absorption effect is superior
to the slowing down.



The conclusion is clear. Inside of a subasscmbly the limit is not
reached. The efficienty increases with the quality and the diameter
of the moderator. It is attenuated by the self shielding effect. The
average gain is represented fig. 4.

The results are the following :

SECTION
H2Ca/an2

EFFICIENCY

Fig. 4 : Moderator efficiency

Self shielding measurements

The optimisation of the sample loading is a compromise
between the number of samples and the specific activity desired.

One experiment has been made with different loadings. They
are presented on figure 5.
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Fig. S : Different loadings

C : central
I : intermediate
P : peripheral

The conclusion of the tests are :

- the self shielding is very important especially for the samples
which are in the center of the rig.

- The best position lies in the inner edge of the rig.

The carriers used in the first irradiation have been dismantled
after a resident time of 218 EFPD. The container and the hydride
remained stable. To ensure sodium tightness on the hydride
containers, the five first cairkrs bave been equipped with a double
cladding. This precaution is not necessary therefore the standard
carrier will have only one cladding. This modification permits the
rig to increase its diameter and to optimize the loading which now
includes 12 samples on the same row.

2-5. Definition of the standard loading

2-5-1. The siibassembly (figure 6)

It includes two indépendant parts, the carrier and the rig.

a) The carrier

The external structures are standard. The plates of calcium
hydride (diameter 111 - 52 mm, thickness 20 mm) are inside a
container with sample cladding. At the top, there is a gas plenum
which is filled up with helium. It is calculated in order to maintain
the argon 37 at low pressure which is produced by reaction (n, a)
on the calcium 40.

AU the containers are marked with a gas tag which permit the
location of unfortunate defect on one carrier.

The detection of the release is also possible with the
measurement of the argon 37 in the cover gas of the reactor only
after few days of irradiation but it is not sufficient to locate the
subasembly.

On the other hand, the characteristics of this hydride are very
stable in temperature. The release of hydrogène has not been
observed under 720*C.

The sodium flowrate is \fi kg/s - 1 kg/s between the wrapper
and the container and 0,5 along the rig.
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Fig. 6 : Standard subassembly

b) The rig

A standard rig is used for different irradiations. The rig is
sodium-tight and Tilled with helium. The samples (described
paragraph 2-1) are positionned per group of 12 on a small manege
with an important clearance. Generally, a rig contains 8 samples
level or a total of 96 samples representing a wheight of 2670 g of
cobalt.

3. CALCULATIONAL MODEL FOR THERMALIZED S/A»
CALCULATIONS

We present here the model designed to simulate isotope
transmutation in thermalized FBR S/As (like those described
above in this paper) placed in the PHENIX radial blanket region.
The results obtained in experimental Co59 -* Co60 irradiations are
used as a validation basis for this calculational scheme, which is
then applied to a heavy nuclidc transmutation example (namely to
Np237 -* Pu238) and finally to a FP transmutation case (namely to
Tc99 destruction), in order to estimate the expected performances
of such irradiations.

3-1. Model description

All calculations are performed using the french code system for
FBR core calculations, CCRR. Cell calculations are made with the
CCRR HETARED module, with the standard library
CARNAVAL-IV. More recent (JEF-2) 25-group capture and total
cross-sections are used instead of CARNAVAL-IV ones, while
transfer data remain the same. For spatial calculations, a 2D
cylindrical (RZ) transport module is used, with the standard CCRR
25-group energy mesh. A target thermalized S/A is placed at core
center and surrounded by enough fertile S/As to simulate its
position in the radial blanket (that is, in order to feed it with a
correct incoming spectrum). A correction is then made on the flux
level between this central position and the real one. Simple self-
shielding corrections, using a dilution cross-section model with self-
shielding coefficients to apply on multigroup cross-sections, have
been taken into account. The validity of such approximations must
then be checked on experimental measurements.

3-2. Validation on Co59-»Co60 experimental results

The COMODOR-4 experiment, with its complicated 8-tier
structure with variable radial pin disposition described chapter 2-4-
2, has been modelled according to the preceding scheme. The Co59
multigroup capture cross-sections retained are shown in figure 7.
The results are summarized in the following table, showing
calculated values, mean deviations to experiment and to infinite
dilution calculation :

Ring

P

I

C

CaIc. activity

(Ci-r1)

7.77

4.74

4.2G

C - E

E
(%)

+31

+2.6

-2.2

C-C*

G»
(%)

-11

+5.7

+6.4

Errors are higher in the top and bottom tiers, as well as in the
P-ring ; that is, nearest to the incoming flux from the moderator. It
may then be thought that CARNAVAL-IV hydrogen slowing-
down, while validated in FBR spectra, is not so reliable at low
energies. This point will be discussed in the next section. Energetic
self-shielding effects are relatively low (last column of the table),
while spatial (radial) effects are larger. The figures 8 and 9 give an
idea of the spectra in different regions. We can note that in the P-
ring 75 % of the reaction rate occurs in group number 25 (ranging
from 0.41 to 0.025 eV), while in the other two rings, this proportion
is about 62 %. From group 21 below (energy < 275 eV), these
amounts exceed 99 %. 1-group averaged Co cross-sections range
from 2.3 to 4.0 barns, depending on the position (C, I, or P).

3-3. Np237-»Pii238 irradiations

Np237 target pins are irradiated Io produce Pu238, useful in
isotopic energy generators (spatial and medical research). These
pins are placed in the same thermalized S/A as above ; only one
ring (analogous to the P-ring of the proceding section) of pins is
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Fig. 7 : Calculated cross sections

present. The figures 7 and 8 show Np237 capture cross-sections and
the spectrum in the Np237 region inside the moderator. 33 % of
the total reaction rate occurs in group 25, and 88 % from group 21
below. Energy self-shielding effects amount to a -16 % correction
on reaction rates.

An estimation has been made of the influence of hydrogen
slowing-down using a 7-group comparison between data issued
from HETARED and APPOLO, a PWR-validated cell code (up to
7 energy groups could be obtained by overlapping the energetic
meshes of the two codes). This lead to a further correction of -14 %
on reaction rates. The final 1-group capture cross-section for
Np237 are then about 16 barns.

Speaking in terms of "half-life" (In 2 / <7$) of Np237 under
irradiation, the calculated values are 2.7 years in the second row of
radial blanket, and 5.2 years in the third one.

Util (X) CORE

BLANKET (3rd Row)

.WITHOUT MODERATOR
WITH. MODERATOR

25, and 90 % from group 21 below. Energy self-shielding effects
amount from 30 to 35 %, 1-group cross-sections for Tc99 are about
3.6 barns. In terms of half-life irradiation, we get 11 years in the
second row of radial blanket, and 21 years in the third.
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Fig. 9 : Spectrum with different samples

4. FORECASTPRODUCTION

Our goal is to produce a minimum of 1 MCi of cobalt per year.
Today 23 subassemblies are in the blanket (figure 2). With an

average load factor for the reactor of 75 % (3 runs per year) the
annual production would be :

3x8Ci /gx2670gx23 = 1.47MCi

5. CONCLUSION

It is clear that the breeding ratio is not a priority of the FBR.
Today the blanket consists of around 130 subassemblies containing
depleted uranium oxide.

Différents studies began to substitute the classical blanket with
a steel blanket. This new facility increases the neutron
thermalization, so all the presented results can only be improved. In
this new design, all the blanket positions are available for
experiment.

Unfortunatly we cannot used the first blanket row because the
reflector effect is too important on fuel subassemblies. The best
positions are in the second row.

In the next run we will begin a new campaign of irradiations.
They consist to irradiate this device in the second row, where the
ratio rate is doubled.

Other possibilities are to irradiate long life fission products
(Tc99 for example), or actinides as neptunium 237 to produce
plutonium 238. The first test is scheduled next year.

Fig. 8 : Neutron spectrum in different regions

3-4,Tc99destncti«i

Pellets made of pure Tc99 are grouped in pins placed in the
same fashion than in Np237 irradiation. The figures 7 and 9 show
Tc99 capture cross-sections and the spectrum in the Tc99 region
inside the moderator. 57 % of the total reaction rate occur in group


