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Abstract

The small dimensional test fuel assembly (3x3-2) for the Qinshan Nuclear Power Plant was irradiated up
to 25.7 Gwd/tU in the in-pile loop (15.5 Mpa,320 C) in Heavy Water Research Reactor (HWRR), CIAE, at
simulative condition to Qinshan PWR normal and short time overpower operation for verifying the design,
technology, and material properties of the fuel assembly. Comprehensive post-irradiation examination (PIE)
including dimension measurement, gamma scanning, eddy current test, X ray, radiography, measurement of
fission gas release, and quantitative metallography etc. were performed. PIE results show that the diameter of the
fuel rods changed, ridges appeared on the cladding, pellets swelled, and the rate of fission gas release was higher
than what we expected. The results would be an important basis for further improvement of design, technology
and material properties for Qinshan PWR assembly.

1. INTRODUCTION

The Qinshan Nuclear Power Plant is the first PWR nuclear power plant designed and built in
our country. In order to test and verify the design and manufacture techniques, 3x3-2 assembly was
tested in high temperature and high pressure in-pile loop in HWRR in CIAE. When the assembly
reached an average burnup of 25.7 Gwd/tU, it was transferred to the hot cells and PIE was carried out
there.

This paper will introduce some results of examination.

2. TEST AS SEMBLY AND PARAMETERS

The test assembly composed of 7 fuel rods and 2 control rods (Fig. 1), three grids were point
welded to the guide tubes of the control rod. Average burnup of the assembly is 25.7 Gwd/tU,
Average burnup of each fuel rod is between 19 and 27 Gwd/tU (see Table I).

Fuel rod: length 1146 mm, <j> 10 mm
U02 pellet: lOx (j) 8.43 mm
Zr-4 cladding: wall thickness 0.7 mm, (j) 10 mm

The maximum neutron flux for Zr-4 cladding is 9.4 x lO^n.cm'^ (E>lMev).

TABLE I. BURNUP VALUE OF THE FUEL RODS (Unit: Mwd/tU)

Fuel rod 2" 3" 4"

Average burnup 24900 27323 25607 18813

Maximumburnup 30876 33881 31753 23328 32214 33984 30622
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FIG. 1. 3x3-2 small test assembly.
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FIG. 2. Dimension measurement results.

3. RESULTS AND DISCUSSION

In this section, the test results are introduced in three parts.

3.1. Non-destructive examination

According to the test results of dimension measurements, the diameter of the fuel rod with

higher bumup (26-27 Gwd/tU for rod 3^,6^,7^) is similar to the original data, and those with lower

burnup (19-25 Gwd/tU for rod 2# ,4# ,5# , 8# ) is little lower than the original data (see Fig. 2). Both
dimension measurement and eddy current test showed that ridges occurred on each fuel rod, the ridge
height is 3~8 u.m, the maximum one is 10 jam (see Fig. 3), which indicates that cladding creep down
took place under the lower bumup and that pellet swelling, leading to cladding expansion PCMI and
ridges appearance, took place under the higher bumup.

Relative burnup distribution measured by gamma scanning was basically corresponding to the
calculated value.

No through-wall defect in the fuel rods was found by the eddy current test.

The gap between cladding and pellets became narrower and some pellets stuck to the cladding
tube, especially in the middle part of the fuel rods. Dishes between pellets in the higher bumup fuel
rods changed apparently (see Fig. 4). From Figure 4, photos of X ray photography, we can see that

dish gap of higher burnup fuel rod (7$) changed more than that of the lower bumup one (5#) at the
same axial position.
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FIGS. Ridge curve of rod 7~ in the middle part.

rod 5= rod 7'

FIG. 4. Xray radiography test results.

3.2. Fission gas measurement.

By the fission gas measurement, we get the following results: (1) The higher the burnup, the
higher the release rate of fission gas. (2) The pressure inside the fuel rods increases with the release
rate of fission gas. Nevertheless, the release rate of fission gas is 10%-23% which is much higher than
expected. This result is due to the higher linear power of fuel rod (43.0-46.0 kw/m) and 104 power
cycles, two times of the ramp test during irradiation.
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FIG. 5. Dish gap between pellets (rod 7#).

Pre-irradiation Post-irradiation

FIG. 6. Cracks on the particle boundary of UO2 pellet (rod 7 ) .

3.3. Destructive examination

After irradiation, dish gap decreased to 0.27~0.47mm from the original 0.7 mm (see Fig. 5),
which means that the central height of pellets increased by 2.5%~4.6% (height of pellet was 10 mm).

Metallographic examination [3] showed that there are cracks on the particle boundary of U02

pellet, which already existed before irradiation. These are the channels which are favourable for
fission gas release and unfavourable for irradiation behaviour of the pellet (see Fig. 6). Thus, those
cracks should be avoided during pellet manufacture.

Because the central temperature of the fuel rod is very high, it is easy for fission gases to
coalesce and immigrate from crystal center to its boundary. It is apparent that when the central
temperature of UO, is at that of equiaxial growth (above 1500°C), pellet swells and leads to dish gap
decreasing, PCMI, and ridges appearance.

32



4. CONCLUSION

PIE results showed that the fuel rods maintained integrity up to 25 Gwd/tU. cladding creep
down, PCMI, and pellet swelling took place during irradiation which depend on operation history and
depth of burnup. The main causes of the higher release rate of fission gas are higher liner power,
frequent power cycles, ramp tests during irradiation and existing particle boundaries of the pellet.
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