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ABSTRACT

New fuel design for MTRs requires to be qualified under representative conditions, that is
geometry, neutron spectrum, heat flux and thermohydraulic conditions. An irradiation
device for fuel plates has been designed to derive the maximum benefit from the BR2
irradiation capacities.
The fuel plates can be easily extracted from their support during a shutdown to undergo
additional tests.
One of these tests is the measurement of the thickness changes along the fuel plate. To that
purpose, a facility in the reactor water pool has been designed to measure the fuel swelling
with an accuracy of 5 urn using inductive probes. At SCK-CEN, the full range of
destructive and non-destructive PIE can be performed, including y-scanning, wet sipping,
surface examination, etc.

1. Introduction

The irradiation under representative thermohydraulic and neutronic conditions is an important step for
the qualification of new MTR fuel. Usually, before reaching this step, the new fuel behaviour under
irradiation has already been studied using mini fuel plates.
Full size fuel plate irradiation is the intermediate phase between mini fuel plate irradiation and full size
fuel assembly irradiation. Using independent fuel plates instead of a fuel element facilitates
intermediate and post-irradiation examinations. Such an irradiation brings out the general behaviour of
a fuel plate under realistic conditions matching several parameters such as burn-up, local hot spot,
thermohydraulic conditions, axial and azimuthal temperature gradients, neutron flux ... etc.
The irradiation device proposed by SCK«CEN derives the maximum benefit from the BR2 irradiation
capacities: i.e. high fast and thermal neutron fluxes (up to 1.1015 n cm"2 s'1 thermal flux and 7.1014 n
cm"2 s"1 >0.1 MeV) and loading flexibility allowing to match closely the irradiation specifications.

2. The irradiation device

The irradiation device is composed of a dedicated basket that accommodates up to 3 fuel plates (1.5
mm thick) having a maximum width of 73 mm and a maximum length of 900 mm (Fig 1). A number
of flux detectors (activation monitors, SPND) are also loaded in the basket to determine the neutron
flux near the fuel plates and to estimate the burn-up. The basket is placed in a BR2 standard channel of
84 mm diameter.
The fuel plates are cooled by the BR2 primary water . The gap between the plates is designed on the
basis of different criteria, either the fuel plate cladding temperature or the water velocity between the
plates[l][2]. A hole in the upper part of the fuel plate (outside the meat area) makes the plate handling
easier and safer (Fig 2).
The central fuel plate can be replaced by a dummy plate containing several dosimeters. These
dosimeters will provide a measurement of the thermal neutron flux between the plates. A water-flow
measurement and thermocouples can also be added to calculate the heat transfer between the fuel
plates and the cooling water. These measurements may be compared with the results of the experiment
modelling.
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Fig 1. Basket for fuel plates testing - Cross section

The fuel plates that can be tested in the irradiation device have typically the following dimensions:
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Fig 2. Typical fuel plate

3. The tests in-between the irradiation.

Inspections during BR2 shutdowns allow to observe the evolution of the fuel plates during the
irradiation.
After the reactor shutdown, the irradiation basket is removed from the core and stored in the BR2
water pool. After a reasonable radioactive decay of the fission products, the fuel plates are extracted
from the basket, with an appropriate tool, in order to perform the following in the BR2 reactor pool:

Visual inspection:
The fuel plate is positioned in front of a submerged camera.
This inspection can reveal imperfections or corrosion indications on the fuel plate cladding.



Wet sipping:
The fuel plate is introduced in a water loop facility which washes the plate during several hours. The
water in the loop is analysed to detect the presence of fission products.

Fuel swelling measurement:
The fuel plate will undergo some swelling under irradiation. A facility in the reactor water pool has
been designed to measure the fuel swelling with an accuracy of 5 um using inductive probes [3]. The
measurement station is described in the following section.

4. The fuel plate swelling measuring station.

The fuel plate is loaded and fixed in a steel frame container. The container prevents the fuel plate from
moving during the measurement. The frame container is introduced into the measuring station. A
submerged motor with a position controller (accuracy of 0.25 mm) moves the container along the
vertical axis (Fig 3). The thickness measurement is done by six sensor probes (probe accuracy : 1 um)
arranged in opposition with differential measurement on 3 asymmetrical rows (Fig 4). The adoption of
asymmetrical rows allows to perform measurements following 5 rows provided that the frame
container is turned around in-between measurements. The double measurement on the central row is
used for control. The sensor heads are retracted when the plate moves up and down not to scratch the
plate. The inner part of the sensor is pressurised to control its watertightness.
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Fig 3. Measuring station - Vertical section



5. The final tests achievable at SCK*CEN.

After the irradiation, the following inspections can be performed at the hot laboratories on the site of
SCK»CEN :

Visual inspection:
This inspection allows to reveal imperfections in the fuel plate cladding as :

Corrosion (film appearance and pitting)
Possible presence of blisters
Deformations

Fuel plate thickness measurements :
In addition to the fuel plate thickness measurements done in the BR2 water-pool, another thickness
measurement can be performed in the hot-laboratory. The technique of two opposed axial movement
gauges is used with an accuracy of 5 jam. This measurement has to be calibrated with a pre-irradiation
one.

y-Spectrometry:
This inspection determines the relative profiles of the fission products and of the burn-up, passing the
fuel plates in front of a collimator. A germanium detector is used to measure the fuel plate activity.

Optical microscopic examinations :
After a sample machining and preparation, the fuel and cladding thicknesses can be observed as well as
the outer clad corrosion and the fuel metallurgical structure at some interesting places on the fuel plate.

EPMA examination :
This examination allows to determine the local relative fission density and the fission product
migration.

Radiochemical Burn-up
This examination consists of a wet chemical analysis of the fuel. After dissolution, spiking and
separation of the fuel meat, a radiometric a- and y-spectrometry is performed. The measurement of U,
Pu (and their isotopic vector), i44Ce , 137Cs, Am and Cm allows to determine the fuel plate burn-up
with an accuracy of 2 %.

6. Conclusion.

The facilities and tools described in the present paper allow to irradiate, test and qualify fuel plates for
new MTRs in the BR2. A particular effort has been made to improve the accuracy of the various
measurements.
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