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ABSTRACT

IPEN/CNEN-SP manufactures fuels to be used in its research reactor - the IEA-R1. To qualify those fuels, it is
necessary to check if they have a good performance under irradiation. As Brazil still doesn’t have nuclear
research reactors with high neutron fluxes, or suitable hot cells for carrying out post-irradiation examination of
nuclear fuels, IPEN/CNEN-SP has conducted a fuel qualification program based on the use of uranium
compounds (UsOg and U3Si, dispersed in Al matrix) internationally tested and qualified to be used in research
reactors, and has attained experience in the technological development stages for the manufacturing of fuel
plates, irradiation and non-destructive post-irradiation testing. Fuel elements containing low volume fractions of
fuel in the dispersion were manufactured and irradiated successfully directly in the core of the IEA-R1.
However, there are plans at IPEN/CNEN-SP to increase the uranium density of the fuels. Ten fuel miniplates
(five containing U;Og-Al and five containing UsSi,-Al), with densities of 3.2 gU/cm® and 4.8 gU/cm’
respectively, are being irradiated inside an irradiation device placed in a peripheral position of the IEA-R1 core.
Non-destructive methods will be used to evaluate irradiation performance of the fuel miniplates after successive
cycles of irradiation, by means: i) monitoring the reactor parameters during operation; ii) periodic underwater
visual inspection of fuel miniplates, eventual sipping test for fuel miniplates suspected of leakage and
underwater measuring of the miniplate thickness for assessment of the fuel miniplate swelling.

1. INTRODUCTION

Since early 1990's, IPEN/CNEN-SP manufactures LEU (19.9% of *°U) fuel assemblies (FA)
to be used in the IEA-R1 research reactor. FA had been manufactured with fuel plates
containing U3Og-Al dispersion meats with densities of 1.9 (from 1990 to 1996) and 2.3
gU/cm® (from 1996 to 1999). Since 1999, IPEN manufactures FA containing UsSi,-Al
dispersion fuel with uranium density of 3.0 gU/cm® gl]. However, there are plans to increase
the uranium density of these fuels up to 3.2 gU/cm® (U30g-Al) and 4.8 gU/cm?® (UsSi,-Al).
This dispersion fuel (UsSi,-Al) has been considered to be used at the new Brazilian
Multipurpose Reactor (RMB), now in the conception phase.

Fuel performance evaluation and nuclear fuel qualification require a post-irradiation analysis
of the fuel [2]. As IPEN/CNEN-SP still doesn’t have hot cells to provide destructive analysis
of the irradiated nuclear fuel, non-destructive methods have been used to evaluate irradiation
behavior of the fuel miniplates.
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2. EXPERIMENTAL PLANNING FOR FUEL QUALIFICATION

As Brazil still doesn’t have nuclear research reactors with high neutron fluxes, or suitable hot
cells for carrying out post-irradiation examination (PIE) of nuclear fuels, IPEN/CNEN-SP
decided to adopt an alternative route to achieve the qualification of the technological
processes used in the manufacture of its high densities dispersion fuels U3Og-Al and U3Si,-
Al. The route is based on: (i) irradiation of fuel miniplates and, (ii) demonstration of good
irradiation behavior of the fuel miniplates by means of non-destructive techniques applied in
the IEA-R1 reactor pool.

The qualification plan [3] is based on the experience acquired at IPEN/CNEN-SP during the
irradiation tests of FA containing low volume fractions of UsOg (1.9 and 2.3 gU/cm®) and
UsSi, (3.0 gU/ecm®) in the dispersion, according tight specifications [4]. The plan consists in
the manufacturing of fuel miniplates using UsOg-Al (3.2 gU/cm?®) and UsSi>-Al (4.8 gU/cm?®)
followed by its irradiation in the IEA-R1 reactor inside an irradiation device. The irradiation
should continue until the fuel miniplate average burnup reaches 80% (at. *°U). The fuel
miniplate evaluation consists of two items: i) monitoring the fuel miniplate performance
during the IEA-R1 operation for the following parameters: reactor power, time of operation,
neutron flux at the position of each fuel assembly, burnup, inlet and outlet water temperatures
and, radiochemistry analysis of reactor water; ii) periodic underwater visual inspection of the
fuel miniplates and eventual sipping test for the fuel miniplate suspected of leakage. The fuel
miniplates will be periodically inspected by an underwater camera system inside the IEA-R1
pool, in order to verify its integrity and general surface conditions. A measuring system was
designed and manufactured for measurements of fuel miniplates thickness, during the
shutdown periods between successive irradiation cycles of the reactor, which will allow the
fuel swelling evaluation.

2.1. Criteria for fuel miniplate irradiation tests, inspections and measurements

o Visual inspections and thickness measurements of the irradiated fuel miniplates at the
end of each burnup period of 5% of 2°U.

o The miniplates irradiation should be conducted until they reach high average burnup,
about 80%, to demonstrate significant safety margins on the average burnup normally
required for discharging the fuel (50% burnup of the initial amount of Z°U).

o No leakage of fission products should occur during irradiation.

o Blisters should not be formed during irradiation.

2.2. Limitations and irradiation time

The fuels are the uranium compounds U3Og and U3Si, dispersed in Al matrix, with densities
of 3.2 and 4.8 gU/cm® respectively, manufactured at IPEN/CNEN-SP. These are the
maximum values qualified by the RERTR program [5, 6] for these dispersion fuels and
correspond to the practical limits of the fuel fabrication (45% by volume of U3;Og-Al and
42.5% by volume of Us3Si; fuel in the dispersion).

Miniplate irradiation is on going at the IEA-R1 reactor (which currently operates at 4.5 MW
power, 62 hours per week and 45 weeks per year). However, the reactor can operate up to 5.0
MW power, with the operational regime of 120 hours per week 45 weeks per year [7]. The
whole irradiation time needed to reach 2*U burnup of 50% and 80% in UsSi,-Al miniplates
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for these two operational regimes of the IEA-R1 has been estimated. At the reactor power of
4.5 MW, the calculated time periods required to reach the **°U burnup of 50% and 80% are
too long, about 12.7 and 20.3 years respectively. Under reactor power operation at 5.0 MW
and considering the operational regime of 120 hours per week, 45 weeks per year, the
irradiation times are shorter, about 5.8 and 9.3 years respectively.

2.3. Frequency of the visual inspection, thickness measurements and sipping tests

The visual inspections and thickness measurements of the fuel miniplates in the reactor Joool
should be done after reaching each successive ?**U burnup of 5% (initial amount of **U),
which represents a irradiation period about 7 months.

3. METHODS FOR FUEL MINIPLATE IRRADIATION

For the miniplates irradiation it was designed and built a miniplate irradiation device (MID),
which has the external dimensions similar those of a standard IEA-R1 fuel element. The MID
components are tube, nozzle, holster and bolts, all these in aluminum. Inside the MID can be
housed up to ten U3Og-Al and / or UsSiz-Al fuel miniplates. Neutronic and thermal-hydraulics
calculations as well safety assessment of MID has been developed [8]. Methodologies were
established for miniplates thickness measuring and for swelling calculation, as well as for
visual inspection. The fuel miniplates are being irradiated at a peripheral position (position
36) of the IEA-R1 reactor core, inside the MID, showed in the Figs. 1 and 2.
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Figure 1. Miniplate irradiation Figure 2. Fuel miniplates assembled
device (MID) inside the holster.

4. NON-DESTRUCTIVE METHODS FOR IRRADIATED FUEL MINIPLATE
EVALUATIONS AT THE IEA-R1 REACTOR POOL

4.1. Visual inspection

Irradiated fuel miniplates are visually inspected by an underwater and radiation-resistant
video camera system inside the reactor pool, in order to verify its integrity and general
surface conditions. The video images obtained from the camera system can be recorded by a
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DVD recorder. The underwater camera is positioned 2 m away from the fuel miniplate
thickness measuring system (FMTMS) in an appropriated position to allow visualization of
individual miniplate unloading operations. After the visual inspection, each miniplate is
conducted to the FMTMS and positioned for thickness measurements. Figs. 3 and 4 present
the control module of the visual inspection system and the camera Cyberia mod. LEO,
available at IPEN/CNEN-SP.

DVD
Recorder

Camera control
module

Figure 3. Camera control Figure 4. Camera Ciberia, model LEO
module.

4.2. Sipping tests of irradiated fuel miniplates

Sipping test is a non-destructive technique employed to evaluate the structural integrity of the
cladding of irradiated nuclear fuels, which is based on the detection of radioactive fission
products leakage to the reactor coolant, usually by means of gamma-ray spectroscopy.
Basically, the test consists in the storage of the fuel miniplate suspect of leakage inside a
recipient, called here as sipping tube, which contains deionized water. After an initial
homogenization, the first water sample is collected and characterized as background (BG)
sample. After a given time in rest, the second water sample is collected from the sipping tube
and characterized as the “sipping sample for that fuel miniplate in test”. Additional data
collection are: water temperature from inside the sipping tube, the sample collection time and
the reactor power during the sipping test, as well the deionized water characteristics used in
the washing (pH, conductivity, chlorides). Radiochemistry analyses are made on the collected
samples. The presence of fission products at the samples indicates the existence of some
defective part in the fuel miniplate cladding. A detailed description of the sipping tests
performed at IPEN is presented in reference [9].

4.2. Method for thickness measurement of irradiated miniplate

A system for fuel swelling evaluation, by means of the fuel miniplate thickness measurement
performed during the reactor shutdown periods after irradiation cycles, was designed and
constructed within the framework of IAEA Project BRA/4/047 and is available at IEA-R1.
This device, showed at Fig. 5, is used inside the reactor pool, beside the spent fuel storage
area. The swelling can be periodically evaluated in increments of 5% burnup of the initial
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amount of ?*°U until it is achieved an average burnup of 80% of %*°U atoms. It was required
the manufacturing of a device for additional support that will keep both the MID and the case
containing the fuel miniplates at a depth of about 2 m, next to the bench of the Fuel Miniplate
Thickness Measuring System (FMTMS). The thickness measurement is performed by
electronic probes (LVTD). The results are obtained by measurement instrumentation
connected to the probes.
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Figure 5. FMTMS bench inside the IEA-R1 pool: (A) Structure of metal assembled on
the edge of the pool; (B) e (C) Fuel miniplate at the measuring position.

5. CONCLUSIONS

As a consequence of the low neutron fluxes in the IEA-R1, the duration of the fuel miniplates
irradiation tests are larger than those typically observed in the tests reactors abroad, with
higher neutron fluxes (> 10* n/cm?.s). The presented nondestructive methods, with emphasis
to the visual inspections, sipping tests and thickness measurement for swelling evaluation, are
important tools to the characterization of the general conditions, verification of the cladding
integrity and swelling evaluation. These nondestructive techniques should provide original
results to the fuels qualification plan at IPEN/CNEN-SP.
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