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ABSTRACT - X-ray radiography is an advanced non-destructive technique to visualize and
analyze the different damages of the investigated objects. An oxidation phenomena in severe
accident was simulated by the CODEX AIT-2 test facility. The placement, the extension and
features of the damages were discovered by radioscopy and film technique before cutting into
slices the AIT-2 boundle.
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1. Introduction
X-ray radiography has proved to be highly useful in non-destructive testing inves-

tigations. It makes it possible to visualize the inner structure and the different damage of the
covered investigated object. Both radioscopy and film technique were able to show the
damages of the CODEX AIT-2 test facility after the air ingress experiments, before cutting
the boundle into slices.

2. Experimental facility
The X-ray radiography investigation was performed at Dynamic Radiography Station

(DRS)[1] of the BUDAPEST (10MW) research reactor. This working place is available to
make the neutron -, gamma - and X-ray radiography inspection, as it is seen in the Fig. 1. The
source of the X-ray radiation is a portable industrial X-ray generator, its maximum power is
300kV and 5mA. The dimension of the beam was optimized by an aperture of the source.
Objects with a surface area of 700 x 1000 mm2 and weights of up 250kg can be investigated
and are manipulated into correct position of the beam by means of a remote control
mechanism The transmitted X-ray image of the object is converted into light by a ZnS
scintillation converter screen and the "light image" is detected a low-light-level (LLL) TV-
camera (104 lux for type TV1 122). The imaging cycle is 40 msec . The resolution of the
detected radioscopy picture is about 100Ogm. The radiography images are displayed on a
monitor, stored by an S-VHS recorder and for further analysis, an image processing system is
used (type Sapphire 5.05 by Quantel). A hard copy of the processed picture is provided by a
video printer. Higher resolution pictures are detected by X-ray films placed before the
scintillator screen. The resolution of this method is 40pm. Naturally in this case the exposure
time is longer than the previous one, about several minutes.
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Fig. 1.- Arrangement of the Dynamic Radiography Station at the Budapest research reactor
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3. Investigated object
The CODEX facility was built for the investigation of the behaviour of small fuel

bundles in severe accident conditions. The main component of the facility is the test section
which can incorporate the fuel bundle to be investigated (Fig. 2). In the Air Ingress Test (AIT)
tests 9-rod PWR type bundles were used[2,31. The rods are arranged on a square lattice, 8
peripheral rod are electrically heated with tungsten bars. The central rod is not heated, it is
used for instrumentation. Two spacer grids are applied to fix the bundle.The heated length of
the bundle is 600mm. The cladding material is Zircaloy, the shroud part is made of a 2mm
thick Zr2%Nb alloy. Inside of the fuel rods annular U0 2 pellets are placed between the heater
bars and the cladding. The depleted fuel has 0.2% enrichment. Around the shroud ZrO2
thermal insulation is added. The test section is connected to the preheater and to the cooler
sections as coolant inlet and outlet respectively. Additional junction is connected to the
bottom part of the bundle to inject cold air (room temperature). The preheater unit is able to
supply either hot gases or steam to the test section. The outlet temperature of the preheater can
reach 800 'C. The off-gas streaming out of the test section is cooled down by the
cooler/condenser unit and before releasing it into the atmosphere it is conducted through an
aerosol trap and filtered by a special filter system. For the investigation of the aerosol release
a cascade impactor system is connected to the upper plenum of the cooler and two pipelines
allow the continuous measurement of aerosols by means of laser particle counters.
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Fig. 2. CODEX AIT-2 facility
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The test started with a preheating period using hot argon and electrical heating. The bundle
temperature was stabilised at '-600TC.

The fuel rod cladding was oxidised in steam atmosphere in two steps: at 820TC and
950TC to give an oxide layer thickness of 20-25 microns. Both steps lasted 30 minutes. The
temperature stabilisation was reached with manual power control. Then the steam injection
was stopped and the temperature decreased to -800TC. Due to a valve leak a small amount of
air flow joined the steam/Ar mixture during the preoxidation period.

The air ingress phase started with the injection of 2.5 g/s cold air and with a linear
increase of electrical power of 2 W/s to give an initial heating rate of 0.53K/s. Temperature
excursion was observed on the fuel rods to a maximum indicated temperature of 1900 TC.
Similar excursion took place on the shroud as well. The air injection was stopped when the
temperature in the central elevation reached 1700 'C, indicating the melting process.
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Fig. 3. Shroud temperatures at different elevations in the CODEX-AIT-2 test:
SH4-450mm, SH3-300mm, SH2-150min, SH1-5Om_

The time variation the most important parameter during the test is shown in Fig.3. The
working time is delineated by the horizontal coordinate in seconds, the temperature is written
by the vertical coordinate in Celsius degree. Four curves were registred at four different
elevations of the CODEX AIT-2 test facility.

The SH4 was measured 45amm from the inlet of the heated lenght,
SH3 was measured 30omm from the inlet of the heated lenght,
SH2 was measured 150mm from the inlet of the heated lenght,
SH1 was measured 50mm from the inlet of the heated lenght.

4. Experimental results
As the first step video imaging was used by the LLL TV -camera. In order to increase the

quality of the picture 800 images were integrated. For these measurements the parameters of
the X-ray generator were 300kV and SniA. The damaged parts of the test facility were
distinguished by this method. In the second step - in order to obtain better resolution pictures
film imaging technique was used with Structuri D7 Pb type X-ray films. In this case the X-ray
power was 220kV and 2mA, the exposure time was 6 minutes.
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The application of X-ray radiography provided a detailed vertical picture of the AIT-2 bundle.
In Figs. 4-6 the structure and the distribution of materials can be seen. The upper spacer grid
remained in its original position. Below the spacer grid severe fuel damage can be seen, the
fuel rods were fragmented. Large part of the fuels fell down to the lower elevations. In the
central part some pieces got stuck. The lower grid stopped most of the fragmented fuel and
cladding pieces. Above the lower spacer grid a debris bed was formed, which included the
intact lower fuel rods as well. The visual observation of the bundle showed strong oxidation
and damage both of the shroud and fuel rods. Horizontal cross sections were prepared from
the bundle for detailed analysis. The examination of cross sections confirmed that above 280
mm elevation the degradation was strong. The fuel rods fragmented, the broken pellet and
cladding pieces fell down. In the lower part of the bundle the debris accumulated and formed
blockage on the spacer grid. Some small fragmented pieces could pass through the spacer grid
and were collected in the lower chamber of the test section. At many places only the naked
W-rods indicate the original position of the rods. The photos of the whole cross sections are
shown in Fig. 4 for elevations -20, in Fig. 5 for elevations 150, 280 and 375, moreover in Fig.
6 for 450, 535 and 555 mm, together with the bundle X-ray radiography.

5. Conclusion
The X-ray radiography, both radioscopy and film technique, was useful method to study

the CODEX AIT-2 test facility after the air ingress experiments . It was able to discover the
placement, extension and the characteristic feature of the damage before cutting into slices of
the bundle (test facility).
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Fig. 6. X-ray radiography of the CODEX-AIT-2 bundle
and cross sections at 450mm, 535mm and 555mm elevations
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