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ABSTRACT

SCK'CEN is at the present time developing the MERLIN materials testing facility, to be
placed in the pool at the BR2 high flux materials testing reactor. It aims at irradiating large
amounts of steel samples that are subsequently to be analysed in the framework of reactor
vessel embrittlement research programmes. In order to fulfil the required fast neutron flux
conditions, a converter, made of highly enriched uranium fuel plates, has to be inserted
between the reactor vessel and the samples. The converter will transform the BR2 thermal
neutron outflow into the required fast neutron flux. This converter has to be optimised.

1. Introduction: the BR2 Materials Testing Reactor

BR2 is a high flux materials testing reactor (MTR), which went critical for the first time in 1963 and
has operated continuously on a regular basis since then. The only breaks in operation occurred when
its beryllium matrix was replaced (1978-1980) and during its refurbishment (1995-1997).

The specific core array of BR2 sets it apart from other comparable MTRs. The core is composed of
hexagonal beryllium blocks with central channels. These channels form a twisted hyperboloidal
bundle and hence are close together at the reactor
mid-plane but further apart at the lower and upper
ends where the channels penetrate through the covers
of the reactor pressure vessel (see Fig. 1). With this
array, a high fuel density is achieved in the middle
part of the vessel (reactor core) while leaving enough
space at the extremities for easy access to the channel
openings. The reactor is of the vessel type with a
pressurized primary circuit (14 bars).
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The reactor nominal full power depends on the core
configuration used; at present, it ranges from 60 to
100 MW. Typical neutron fluxes (in the reactor hot-
spot plane) are:
- thermal conventional neutron flux: v0j0°'5eV n(E) dE:

2 to 4 1014 n.cm^.s"1 in the reactor core and 2 to 9
1014 n.cm"2.s'' in the reflector and core flux-trap
(channel HI)

- fast flux (E > 0.1 MeV) : 4 to 7 1014 n . c m V in the
reactor core.
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Fig. 1 BR2 materials testing reactor
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2. The MERLIN Facility

The MERLIN facility (Materials Experimental
Research Facility for Large Irradiation volumes
of Nuclear steel samples) is mainly composed of
three irradiation capsules, containing the steel
samples, and a neutron converter, which will
transform the BR2 thermal neutron outflow into
the required fast flux (see Fig. 2). The facility will
be placed in the pool, against the BR2 reactor
vessel, in order to provide a large available
volume for the samples and enough space for
manipulations. It is hence a "pool-side type
facility" (PSF). It should be noted that the
neutron flux levels present inside the reactor are
too high for most of the research programmes on
reactor vessel steels.

Specifications

Experimental programmes require irradiation in a
specific neutron and temperature environment.
The samples should get a fast neutron fluence of
4 to 5 10+19 n.cm-2 (E > 1.0 MeV), with a
maximum fast flux level of approximately 1.0 to
1.3 10+13 n.cm"2.s"'(E > 1.0 MeV). Their
temperature must be included in the range of 280
to 300°C and the internal gradient should be
reduced to 10°C for a batch and to 5°C in each
individual sample.

The capsules

The three capsules are placed in a box, cooled by a forced water flow in order to get a homogeneous
temperature at their walls. The flow comes from the bottom and is released straight into the pool.
Each capsule can be independently handled for loading and changes of position.

In fact, the capsules are electrically powered ovens. The samples are heated to the required
temperature by the gamma heating and the electrical heaters placed on each of their sides. The
samples and the heaters are isolated from the envelope by a gap filled with gas (helium or neon). As
the capsules must be interchangeable, i.e. able to be switched from one position to another, they
should all present the same design (gas gap); hence the capsule in a "cold" position will need more
electrical heating to reach the nominal temperature.

The converter

The converter, represented in Fig. 3 and further discussed in section 4, is composed of fuel plates
made of enriched uranium (of the same type as the BR2 fuel element plates). They are inserted in an
envelope that ensures a homogeneous distribution of the water coolant flow. By thermal fission
induced in the converter fuel plates by the neutron flux escaping from the reactor, the required fast
flux conditions in the capsules will be achieved. The heat generated will be carried away by means of
a forced water flow, driven by pumps in a semi-open circuit connected to the pool.

Fig. 2 MERLIN general view
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3. Optimization of the Converter

The optimisation process aims at:
- producing the specified fast flux, i.e. the required flux level and a flat spatial profile;
- keeping as low as possible the gamma heating rate to avoid undesired thermal gradients;
- allowing easy manipulation;
- respecting a safe thermo-hydraulic regime;
- reducing the costs by adopting standard technology where possible.

The parameters which must be fixed are: the fuel type, the number of fuel plates, the meat density and
thickness, the water gap, and the loading of the BR2 reactor in the neighbourhood of the irradiation
facility.

4. Neutron and Gamma Calculations

In order to optimize the design of the converter, neutron and gamma calculations were performed
considering various converter concepts.

The neutron and gamma flux calculations were carried out in two steps, using following neutron and
gamma particle transport (SN) codes:
- the one-dimensional code DTF-4 [1], which is part of the SCK>CEN code system MULCOS [2],

together with the SCK»CEN 40-group coupled fast-thermal library [3] for the neutron calculations
and a 20-group library based on EURLIB for the gamma calculations;

- the two-dimensional code DORT [4] with the same 40-group neutron library (two-dimensional
gamma calculations were not performed yet).

First, one-dimensional multigroup transport calculations were performed in cylindrical geometry (R)
(centred on the axis of the BR2 reactor) for a large variety of converter geometries (with one, two and
three fuel plates) and fuel plate types as to their thickness and235U content. Various thicknesses of the
water gap between the fuel plates and several combinations of structural materials between converter
and steel samples were considered. In addition, the influence of the fuel element loadings in the BR2
reactor near the location of the new facility was investigated. These calculations, performed in the
reactor midplane, were combined with simple two-dimensional calculations (also in the reactor
midplane) in order to get an estimate of the fast flux distribution in the longitudinal direction (also
referred to as X in what follows). For all these calculations, a cosine-shaped axial flux distribution
was adopted for the third dimension (Z), parallel to the reactor axis.

Next, a few detailed multigroup two-dimensional (X,Y) neutron transport calculations (in the reactor
midplane) were performed for realistic models corresponding to the device concept and geometry
finally retained as well as to some small variants. As already mentioned, the X axis corresponds to the
longitudinal direction, alongside the capsules or the converter plates (in the horizontal plane). (R,Z)
calculations could follow, to determine also the axial shape of the fast flux and of the gamma heating.

The result of these calculations led to the design shown in Fig. 3. A converter with two rows of fuel
plates (split up into five stacks put edge against edge) with the highest possible standard 235U content
appears to be the best compromise between performance and costs. Also the water gap thicknesses
and the structural material geometries were optimized.- Hence, the water gaps were kept to the
minimum needed for adequate cooling, while discarding the bismuth and/or stainless steel screens,
initially planned to be inserted between the converter and the capsules in order to reduce the gamma
radiation issuing from BR2 and from the converter. Fig. 4 indicates the calculated longitudinal (X)
distribution of the fast neutron fluxes (E > 1.0 MeV) in the converter fuel plates as well as in the
midplanes of the three capsules for the (practically optimized) design shown in Fig. 3.
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Fig. 3 Horizontal cross-sectional view of the MERLIN pool-side facility (at the reactor midplane).
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Fig. 4 Longitudinal (X) distribution of the fast fluxes (E > 1.0 MeV) in the converter fuel plates and
in the three capsules (same X scale as in Fig. 3).
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The BR2 fuel element loading has to be extended towards the location of the pool side irradiation
facility, i.e. as far as channels K191 and K169, or as channel L180 (see Fig. 3). In order to flatten the
flux distribution in the longitudinal (X) direction, the quantity of fuel in the central double fuel plate
stack of the converter was decreased.

5. Results and Calibration

The results of the optimisation process led to the final converter design. The data presented in Table 1
were obtained for a converter composed of five vertical double fuel plate stacks presenting a total
width of 485 mm, each plate having a meat thickness of 1.27 mm and a density of 1.18 g235U/cm3

(except in the central double fuel plate stack). The fast fluxes are the longitudinal-direction-averaged
values in the capsule midplanes and correspond to Fig. 4, resulting from a two-dimensional neutron
calculation. The gamma heatings result from one-dimensional gamma calculations and correspond to
the axis of the capsules. The water gap between the converter fuel plates is 2.2 mm .

Fast flux (E > 1.0 MeV) 1012 n.cm'2.s"'

Gamma heating W/g

first
capsule

11.6

0.65

second
capsule

4.5

0.16

third
capsule

1.8

0.06

Table 1. Fast neutron fluxes and gamma heatings as calculated for the
MERLIN pool-side facility (values in the BR2 reactor axial midplane).

These results will be checked when realizing a mock-up, including a full dosimetry with a dummy
capsule, before starting the irradiation programmes.

6. Conclusion

As a result of the design optimization, a typical programme including three loaded capsules could be
achieved within 124 days of irradiation. It would contain up to 900 charpys or 60 lT-CTs. As the
three capsules can be placed in each of the three irradiation positions in the facility and rotated over
180°, the homogeneity of the neutron doses will be very high (almost flat). Moreover, by adapting the
BR2 loading in the vicinity of MERLIN and choosing adequately the position of the facility (near or
further away from the reactor vessel), a wide range of neutron flux amplitudes will be available. By
adopting a pool type facility SCK»CEN will hence be able to run flexible programmes in relevant
neutronic and thermal conditions, manipulation of the capsules in the facility not interfering with BR2
operation.
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