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A dissolver suitable for the dissolution of sheared nuclear fuel in which the
fuel pieces undergoing dissolution are moved through the apparatus by
pneumatic pulses has been developed by BNFL in conjunction with the All
Russian State Scientific Institute for Inorganic Materials. The rate of
transport of material through the dissolver is dependent upon amongst other
things its mass and therefore separation of leached hulls from those
containing fuel is achieved. The development of the dissolver is reviewed
briefly and results relating to the transport of both simulated fuel pin and
larger fuel assembly fragments are presented.

INTRODUCTION
Head-end operations are the first major processes of nuclear fuel reprocessing as they serve to
take spent fuel from its solid form into one from which it can be separated into its constituent
groups (uranium, plutonium, higher actinides and fission products). Within contemporary
oxide reprocessing plants this process is brought about by shearing fuel assemblies into
relatively short fragments and then leaching the fuel from within these fragments using nitric
acid. Dissolvers currently used for the dissolution part of the process operate either in batch
mode or involve the use of mechanically driven continuously operating devices.

The dissolver developed as part of this work has the advantage that it can operate in a
continuous mode without the need for a direct mechanical drive. Instead, pieces of fuel
assembly are transported through the device by the action of liquor movements caused by the
application of pneumatic pulses to a central chamber in the dissolver. The dissolver as shown
in figure 1 consists of the central chamber and a surrounding annulus which incorporates a
slotted, helical ramp.

Chopped fuel pieces are fed in at the base of the dissolver, and are supported on the ramp in
the indentations formed by the slots. Compressed air is applied periodically into the central
chamber, forcing the liquor out of the base of this chamber and into the annulus containing
the ramp. The design of the slotted ramp is such that the vanes forming the slots are close
enough together to ensure that fuel pieces can not slip through a slot. They are also inclined
so as to direct the flow of liquor in the direction of the rise of the ramp when it is forced out
of the central chamber and up through the ramp slots under the action of pressure applied to
the central chamber. The flow of liquor causes fuel assembly fragments to be lifted up and
transported along the ramp. The compressed air is then released, causing the liquor to flow
back into the central chamber, and the hulls to drop back down onto the ramp. Repetition of
this cycle causes the fuel pieces to progress up the ramp, fuel being gradually dissolved from
within them in the process.

The degree of movement of fuel pieces which occurs with each pressure pulse depends upon
a number of factors including the pulse pressure and duration, the mass and effective surface
area of the fuel fragment, the ramp design and the degree of coverage of the ramp. Increasing
pulse duration and pressure tends to increase the distance moved per pulse by fuel fragments
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whereas increasing the mass of the fuel fragments or decreasing their effective surface area
decreases the distance they move for a particular set of pulsation conditions.

Figure 1. Schematic and photographic views of 900 mm helical ramp dissolver

PROCESS DEVELOPMENT

The dissolver used for development work was constructed from Perspex, with a central
metal pulsation chamber. The outer vessel was 900mm in diameter, and the pulsation
chamber was 700mm in diameter. The helical ramp was positioned in the outer annulus and
welded to the pulsation chamber. The vanes of the ramp had a 10mm pitch at an angle of 5°
to the horizontal and were 2mm thick. The ramp was made in the form three complete turns
of a helix. Hulls were fed to the base of the ramp via a feed tube, and were collected from
the top of the ramp in a strainer. The facility existed for the temporary conversion of the top
section of the spiral into a closed loop.

The movement of individual pieces of simulated sheared fuel pin is shown in figure 2.
Metal tube, 10 to 20 mm in diameter was chopped into lengths of generally 50 mm, these
were filled with a variety of substances to ensure the pieces were of the desired mass. The
movement of these pieces under different pulsation conditions was investigated by
measuring the distance moved in the dissolver for each applied pressure pulse. Generally
10 measurements were recorded and the averaged results are plotted in the figure. As can
be seen from the figure 2, increasing the pulsation pressure increases the distance moved by
all the specimens tested. Greater increases in the rate of movement as the pressure was
increased were observed for the larger diameter specimens, the gradients being
approximately 6.8, 11.3 and 31.3 mm/kPa for 10, 16 and 20 mm diameter specimens
respectively. It is also apparent that the larger fuel pieces (diameter or length) move larger
distances than do smaller pieces of the same mass under the same pulsation conditions (e.g.
6, 10, 12 & 20 mm diameter, 32 g specimens, 0.2 s pulse). Reducing the mass of the
specimens whilst maintaining the same geometrical dimensions is also shown to increase
the distance moved for a specific pulsation regime (e.g. 6, 10, 20 & 32 g, 10 mm diameter,
50 g specimens, 0.2 s pulse).
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Figure 2. Effect of pulse pressure on movement of single tube specimens

The movement of relatively large numbers of simulated sheared fuel pieces is shown in
figure 3. 300 pieces of either 32 or 6 g were loaded into the dissolver and subjected to
different pulse times and pressures, in each case there was a 2.5 s delay between successive
pulses. The graph shows the cumulative number of fuel pieces discharged with increasing
time. The effect of different specimen mass is apparent from the results of the 6 and 32 g
specimens pulsed at 0.07 MPa for 0.2 s, the light pieces being discharged within about 3
minutes compared to 18 minutes for the heavy specimens. Faster rates of specimen
transport are also achieved by increasing the pulse pressure (see e.g. 0.065, 0.07, 0.08 0.09
MPa, 0.2 s pulses) and by increasing the pulse duration (see e.g. 0.1, 0.2, 0.3 s, 0.09 MPa
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Figure 3. Effect of pulse conditions on rate of transport of 300 fuel piece specimens
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pulses) although in this case little extra increase in rate of movement is observed on
increasing the pulse duration from 0.2 to 0.3 seconds although a significant effect is seen
on increasing the time from 0.1 to 0.2 seconds.

In addition to the short pieces of fuel pin tested above, shearing of undismantled fuel
assemblies produces larger fragments from certain parts of a fuel assembly, for example
where bracing grids hold the fuel pins together. The transport of grid fragments of different
size and mass has also been undertaken as part of this study. The time taken for the various
grid fragments to travel around the top turn of the dissolver is shown in figure 4.
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Figure 4. Rate of transport of grid fragments through dissolver

The results show that fragments with a mass in excess of 1 kg can be transported through the
dissolver by the action of relatively low pressure pulsation. Excessive pressures are avoided
because of the relatively large surface area of the fragments compared to those of short
sections of fuel pin which although weighing only a few grams have little surface area on
which the momentum of the pulsing liquor can act. The reason for the inflection in the plots
in figure 4 is because of the different effective surface areas of the specimens used. The 3
heaviest fragments (435, 804 and 1084 g) were made of a 6x6 channel section of BWR fuel
grid filled with bars of different density, whereas the 295 g specimen was a 6x6 section
containing no bars and the lightest specimen (74 g) was an unfilled 5x3 grid section.
Therefore the 3 heaviest fragments presented the same effective surface area which was
progressively less for the 295 and 74 g specimens.

CONCLUSIONS

The development of a novel design of dissolver for the continuous dissolution of nuclear
fuels has been briefly described. The dissolver has many advantages over conventional
processes used for the dissolution of irradiated fuels, for example; it has no mechanical
moving parts, it is versatile in its modes of operation and in particular the flow of material
through it is self controlling as lighter leached hulls are transported at a faster rate than
heavier ones containing undissolved fuel.


