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ABSTRACT 

The French Commissariat à l'Energie Atomique has designed a continuous 
rotary dissolver for LWR fuel reprocessing. An industrial prototype has been 
tested since 1979 at the Service des Prototypes Industriels, at Marcoule. 
This type of dissolver will be installed at the COGEMA's Reprocessing Plants 
at La Hague. 

The advantages of a continuous process are listed, compared to batch 
dissolutions (chemistry, operation, capacity). The industrial prototype, 
featuring safe geometry, is described. 

The R and D program is indicated, and the main results of inactive 
tests already performed on the industrial prototype are given, including 
heating, mechanical, and chemical tests (UO2 dissolutions at 4tU per day). 

1 - INTRODUCTION. 

In the chemical industry, processes always tend to change from batch to 
continuous, to facilitate plant operations and boost capacities. In repro
cessing LWR fuels, Commissariat à l'Energie Atomique (CEA) has designed a 
continuous process for the UO2 dissolution step, which, compared to the 
batch dissolvers operated at present, offers several advantages concerning 
the chemical process, in addition to those mentioned above. This type of 
equipment will be installed at COGEMA's future LWR reprocessing plants, at 
La Hague. (UP3 ; UP2-800). 

We shall list the advantages of a continuous dissolution process, des
cribe the dissolver developed by CE A and the steps in the corresponding R 
and D program, the results already obtained, and the remaining prog~im. 

2 - ADVANTAGES OF CONTINUOUS DISSOLUTION. 

These advantages are of three kinds, related to process chemistry, 
equipment design and hence operation, and production capacity. 

Advantages concerning process chemistry. 

The dissolution of uranium dioxide is accompanied by the evolution of 
NO2, which reacts with the water vapor in the gas phase to give nitric and 
nitrous acids. The latter is unstable in boiling nitric acid solution, but, 
in continuous dissolution, the permanent generation of NO2 always ensures 
the presence of nitrous acid, as opposed to batch dissolution. 
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The presence of nitrous acid offers two advantages : a) reduction of 
Pu(VI) to Pu(IV), whose partition coefficients with the solvent used for the 
following steps in the process are higher than those of Pu(Vl) ; b) less 
ruthenium contamination of the dissolver off-gases, probably due to the 
reduction of volatile R11O4 to nonvolatile species of ruthenium, pointed out 
during tests performed at Fontenay-aux-Roses. 

Advantages concerning equipment operation. 

The operation of a batch dissolver consists of a sequence of cycles, a 
typical cycle being composed of the following steps : nitric acid filling ; 
heating ; loading ; end of dissolution ; cooling ; emptying ; acid rinse ; 
water rinse ; hulls discharge ; repositioning of the basket in the dissolver. 

These elementary operations can be automatic, but are nervertheless 
relatively complex. Hulls discharge involves a rupture of the confinement, 
which may lead to cell contamination. 

On the contrary, for a continuous dissolver, when steady state condi
tions are attained, the operation is simple. 

Advantages concerning production capacity. 

The maximum capacity of a geometrically safe batch dissolver is about 
2 tU/day. With a conventional geometry batch dissolver, capacities of 
about 4 tU/day can be attained, but this involves homogeneous poisoning of 
the leach liquor, with the resulting drawbacks : supplementary reagent and 
monitoring, and a larger volume of glasses produced by the vitrification of 
fission product solutions. 

Batch dissolvers present the disadvantage of requiring one heating and 
one cooling operation per charge, i.e. every 1 or 2 tons of uranium. A con
tinuous dissolver needs only one heating and one cooling operation per run, 
regardless of the quantity of fuel. Downtime is significantly reduced, and 
capacity is substantially increased. Continuous hull discharge also elimi
nates downtime for basket emptying for batch dissolvers and also helps to 
raise capacity. 

In conclusion, with a continuous process and relatively compact equip
ment, one can expect higher capacities than with batch dissolvers. 

3 - PRINCIPLE OF THE CONTINUOUS ROTARY DISSOLVER. 

The principle adopted is that of a bucket wheel, partially immersed in 
the leach solution. Sheared pieces containing uranium dioxide to be dissol
ved are loaded into an immersed bucket. The wheel rotates with the pieces 
immersed in the dissolution liquor, and the buckets then emerge and dump out 
the hulls. 
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4 - SPECIFICATIONS OP THE CONTINUOUS ROTARY DISSOLVER. 

The rotary dissolver designed to reprocess LWR fuels, and described in 
this paper is based on the following specifications : 

a) dissolution process : continuous ; 
b) safe geometry (no neutron poison in solution) ; 
c) fuel loading : semi-continuous, the maximum size of the chopped 

pieces not too large for the inside dimensions of the buckets. 
d) dissolution by a solution of uranyl nitrate + nitric acid of average 

concentration U 250 to 300 g/1, HNO3 3M, at boiling temperature. 
e) preliminary rinse of the hulls in vapor phase, inside the dissolver, 

before unloading. 
f) preliminary monitoring of fissile material retained by the hulls 

before they are unloaded. 
g) final rinse of the hulls in the hull lifting equipment in the 

hydraulic seal on the discharge side. 
h) possibility of replacing all the mechanical parts In a single opera

tion needing no disconnection of active pipes. 
i) minimum production capacity 4 tU/day for EOF PWR 900 MW fuels. 
j) desorption of the iodine, from the dissolution solution, in the 

dissolver, with minimum decontamination factor of 100. 

5 - DESCRIPTION OF THE CONTINUOUS ROTARY DISSOLVER. 

Figure 1 shows a general view of the dissolver, which has the following 
components : 

a) A fixed slab, with external stiffeners to prevent any increase in 
slab thickness incompatible with criticality safety specifications. The 
slab is equipped with : 

- process and control pipes ; 
- loading and unloading chutes ; 
- external, horizontal cooling jackets, just above the liquid level, 

which can be used to "break" the foams produced by dissolution ; 
- the lower part of the hydraulic seal, into which the dissolver cover 

fits ; 
- a lateral settler, before the dissolution liquor outlet. This set

tler, located at one end of the slab, is separated from the remaining 
part of the slab, by a vertical baffle, perforated at the bottom. The 
solution exits through a weir ; 

- heating jackets. 

b; Moving parts, including : 

- the cover, ensuring the confinement of the dissolver off gases 
towards the outside, with a hydraulic seal ; 

- a removable recycling air-lift, borne by the cover, which aspirates 
the hulls and other metallic scraps which may fall to the bottom of 
the slab, and recycles them to the bucket in the loading position. 



FIGURE 1. CONTINUOUS ROTARY DISSOLVER 
Second Industrial Prototype. General View 
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- drive mechanism, also borne by the cr"*.r and also removable, with 
wheel rotation, angular positioning and locking components. The 
entire unit can be disconnected from outside to allow handling of the 
cover. 

- welded assembly fixed under the cover, and bearing several components 

. rollers supporting the wheel ; 

. the end of the loading chute, which ensures the continuity of the 
chute above the bucket in the loading position ; 

. a funnel which receives the chopped pieces passing through the 
chute, and conveys them over the bucket in loading position. It 
also receives the solution from the recycling air-lift ; 

. a hopper receiving the hulls dumped from the buckets and conveys 
them to the discharge chute ; 

. the wheel, one side of which has a bevel gearing, ensuring drive 
by a pinion with a vertical shaft passing through the cover, with 
tightness provided by a hydraulic seal. The inner part of the rim 
bears on the rollers, which also guide the wheel. The outer side 
has a plate to which the 12 buckets are fixed, which are in fact 
the "baskets" of th« dissolver. 

The cover can be lifted to offer direct access to the interior of the 
vessel. IMs could be a major advantage for maintenance, decontamination, 
inspection. 

Operation. 

The wheel rotates in steps of one-twelfth of a turn (continuous rota
tion is unfeasible, since the bucket being loaded must be in a fixed posi
tion under the chute). Every bucket occupies the following positions in 
succession : 

- immersed, before; loading (1 step) 
- immersed, in loading position (1 step) 
- immersed, in dissolution position (3 steps) 
- emerged, still loaded, in the hull rinse position (1 step) 
- emerged, in unloading position (3 steps) 
- emerged, before loading (3 steps). 

Dissolution is monitored by classic measurements (level, density, tem
perature, pressure) and also by nuclear measurements : rough check of resi
dual fissile material in the emerged bucket before dumping, check of loading 
funnel clogging, check of bucket emptying. 

Production capacity. 

This is not an intrinsic characteristic of the dissolver, and depends 
on 4 distinct types of parameter concerning : 

the chemistry of the dissolution process (time for complete 
dissolution) ; 
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- the mechanical components upstream from the dissolver (chopping rate, 
length of sheared pieces, time required to reload the shear magazine 
with another fuel element) and downstream from the dissolver (dis
charge capacity of the hulls dumped from the dissolver) ; 

- tha fuel elements and the capacity of the wheel buckets ; 
- the rotation of the wheel : at equal time intervals, or at different 
intervals, depending on whether a new fuel element is to be loaded 
in the shear magazine. 

6 - EQUIPMENTS ASSOCIATED WITH THE DISSOLVER. 

Two units merit special attention. 

Shear. 

The following specifications are applied to the units associated with 
the rotary dissolver : preliminary separation of the end pieces of the fuel 
elements, because they are too big for the buckets ; a bundle shear must cut 
pieces under a certain size, determined after tests, for the same reason. It 
must also be able to shear a known fraction of fuel element without excee
ding this quantity (to avoid bucket overloading). 

Hydraulic seal on hull discharge side. 

For this item, which ensures the confinement of the dissolver off gases 
on the hull discharge duct side, the CEA has developed a special apparatus. 
It consists in a cylindrical vessel, with a vertical axis, into which the 
end of the hulls discharge duct is immersed. The liquid level in the vessel 
is higher than the end of the duct, providing a hydraulic seal. 

A spiral ramp is welded to the wall of the vessel, which is actuated by 
rotary jerking motion. The hulls falling from the dissolver ascend the 
spiral ramp under the jerking action, up to their outlet. The vessel is 
supplied continuously with a rinse solution, fed by a nozzle above an emer
ged part of the spiral ramp. The hulls are rinsed by immersion, then by 
sprinkling, and are finally drained before removal. 

Shearing-dissolution system. 

Figure 2 illustrates a typical configuration. No rupture of confinement 
occurs between the shear and the discharge of the rinsed hulls. 
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7 - DEVELOPMENT PROGRAM. 

Development was achieved in three steps. A non-nuclear prototype was 
first built in 1970-1971, at Fontenay-aux-Roses. Its capacity was 300 to 500 
leg U/àay. UO2 dissolutions were performed, and data were obtained on foam 
thickness, vapor phase rinsing, hull discharge. The next step was the cons
truction and testing of an industrial prototype, at Marcoule, from 1971 to 
1976, capacity 2 to 3 tU/day. The main results obtained relate to the 
"nuclearisation" study, optimization of bucket shape, circulation of the 
hulls, rinse efficiency in the vapor phase, research on materials for the 
rollers, and tests of hull aspiration by air-lift. The final step was the 
construction of the second industrial nuclear prototype, at Marcoule, capa
city 4 to 6 tU/day. The unit was designed by Service des Prototypes Indus
triels, and tests are under way since early 1980. For thii; dissolver, which 
is the most elaborate of the series, and which closely resembles those 
selected for the future La Hague Plants, we shall now discuss the main 
characteristics, R and D programs already completed, and those remaining to 
be carried out. 

8 - SECOND INDUSTRIAL PROTOTYPE. 

Design work was conducted in 1977-1978. The prototype was built from 
June 1978 to September 1979. The test facility was set up from the second 
quarter of 1978 to the end of 1979. 

8.1. Prototype characteristics. 

In addition to the general specifications listed before, the equipment 
also has the following features : 

- criticality safety : safe geometry in the fallowing conditions : 

. maximum fuel enrichment : 3,5 % 235y . 

. nitric acid solution HNO3 3 M ; 

. a maximum of 40 % of the normal bucket load is dispersed in the 
solution. 

- construction : the slab is of stainless steel Cr 25 % - Ni 20 % -
C ^ 0.02 % - Nb addition. The other welded parts are of stainless steel 
Cr 18 % - Ni 10 X - C^0.02 %. 

The unit was built strictly according to CEA engineering specifi
cations for stainless steel welded equipment of this category. 

- production capacity : calculations have been carried out using the 
following : 

. CEA data about the process chemistry (minimum residence time neces* 
sary to ensure complete dissolution) ; 

. CEA engineering data about the shear ; 

. maximum loading capacity of a bucket, determined after tests ; 
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. assuming that the wheel advances at equal time intervals ; 

. assuming that a fuel element is loaded into a whole number of 
buckets. 

For PWR fuels, the calculated capcities range from 4 to 5.25 tU/day, 
with the high capacity reached for EDF PWR 900 MW fuels, for which the dis
solve r was optimized. Capacities for BUR fuels range from 3 to 3.2 tU/day. 

- dimensions : it may be noted that the dissolver can reach a high 
production capacity of 5.25 tU/day, while remaining relatively compact : 
slab of 5.53 m length x 5.57 m height, and 1.64 m maximum width (overall 
width of the cover). 

8.2. Main test results. 

- Mechanical tests of hull loading and unloading. 

The hulls were produced by shearing of PWR dummy fuels in a bundle 
shear. The results confirmed the bucket capacities, and the circulation of 
hulls and also pieces including grids. 

- Heating tests. 

- These were carried out with water, nitric acid and uranyl nitrate + 
nitric acid solutions. Heating times to boiling temperature, cooling times 
and evaporation rates (necessary for iodine desorption) were found satis
factory. 

- Tests of hull rinsing in vapor phase and in hydraulic seal. 

After vapor phase rinse in the dissolver, the hulls in the emerged 
bucket before dumping contain about 0.1 % of the reprocessed uranium. A very 
small proportion (2 to 3.10"6) is left in the hulls leaving the hydraulic 
seal (i.e. uranium losses of the process). 

- Wheel support rollers» Bench tests. 

A test bench was built to test potential roller materials, for stress 
and abrasion corrosion. A second test bench was then built to test complete 
rollers. The present roller model has remained in good condition after a 
number of turns equivalent to more than 4000 days of operation at a capacity 
of 4.4 tU/day, under 1.45 times the maximum design load, in a vapor phase in 
equilibrium with boiling nitric acid solutions. 

- Long-term tests of all mechanical components. 

The purpose was to evaluate roller behivior and wheel and pinion cog 
erosion, in working conditions as close as possible to actual service. The 
dissolver was filled with boiling 5.4 M nitric acid, which was periodically 
replaced to prevent excessive accumulation of corrosion products. Six conse
cutive buckets were loaded to simulate a resistive torque comparable to 
service torque for at least two positions of :he wheel. 
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In these conditions, the wheel performed 2170 rotations in 2170 hours, 
with stops and starts every twelfth of turn. 

This is what the dissolver would have done to reprocess 4000 tons of U 
from EDF PWR 900 MW fuels at the rate of 4 cU/day. 

Test results were satisfactory. The drive torque did not vary signifi
cantly, and average cog erosion remained low (0.1 mm) under stresses equal 
to or greater than the actual stresses. 

Roller erosion and deformations were slight, and the rollers were still 
operational after the test was completed. 

- Cleaning of the slab bottom by air-lift. 

The position of the suction end of the air-lift was determined, as well 
as the air flowrate required to lift all the hulls dropping to the bottom of 
the slab. 

- Hydraulic seal on hull discharge. 

The shape of the equipment was optimized after tests. The characte
ristics of the jerks required to discharge the hulls in normal operation 
were determined at the maximum capacity of the dissolver, and also after an 
incident (accumulation of the hulls of three buckets). 

Long-term tests were also performed on a hot cell drive system 
(10 million rotary jerks, coresponding to about 450 days of operation). 

- UO2 dissolution. 

Care was taken to perform the tests with a special grade of UO2 with a 
dissolution time as close as possible to that of an irradiated oxide. Dis
solutions have not yet been performed on sheared dummy fuels. Only shearing 
simulations were conducted, by feeding the UO2 in batches of 5 kg every 30 
seconds (5 kg is the quantity of oxide provided by shearing 35 mm of an EDF 
900 MW fuel element) with the corresponding amount of hulls (simulated by 
pieces of stainless steel pipes). The fission iodine emitted during disso
lution was also simulated by continuous feed of a potassium iodide solution. 
Dissolutions have so far been performed at the rate of 4 tU/day. 

These tests yielded the following results : 

. the foam height always remained well below the level of the hull 
discharge chute, even during the most active dissolution periods. (The upper 
belt of the cooling jackets used to break the foams, situated below the hull 
discharge level, was in operation). 

. some baffles of the central zone around the end of the inlet chute 
were slightly modified, to prevent spillage of hulls from the buckets being 
loaded. 

. entrainments of liquid droplets toward gas treatment represented a 
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mass flowrate of only 10 to 20 gU/h, i.e. 0.006 to 0.012 % of the uranium 
dissolved. 

. The evaporation rate required to obtain a D.F. over 100 for the 
iodine in the dissolution solution was determined. 

9 - ROTARY DISSOLVERS OF THE FUTURE OP3 REPROCESSING PLANT. 
MODIFICATIONS TO THE INDUSTRIAL PROTOTYPE. 

Inactive tests did not provide data requiring major modifications. 
However, the dissolvers to be installed at La Hague will display some dif
ferences, for reasons not directly related to the test results. The most 
important changes are the following : 

a) The slab material will be zirconium, instead of stainless steel, 
because of its far superior corrosion resistance. 

b) The roller fixing system will be altered and the new model will 
only require service on one side of the dissolver, instead of both in 
the existing prototype. 

c) A? the UP3 Plant will be equipped with a device to measure the 
fuel burn-up, it was decided to increase the bucket and slab widths 
as well as the clearance between bucket and slab. The UP3 dissolvers 
will therefore only display safe geometry for fuels with minimum 
irradiation. This change offers the advantage of increasing bucket 
volume, implying greater safety for the same load, or higher capacity 
for some fuel elements. As the liquid surface area is larger, foam 
thickness will also be decreased. 

10 - CONTINUED R AND D PROGRAM. 

The R and D program for 1984-1985 includes the modifications for the 
future UP3 dissolvers, and in particular : 

- changes to the prototype to make it similar to the UP3 dissolvers ; 
- UO2 dissolution up to the maximum capacity of 5.25 tU/day ; 
- coupling the dissolver to a bundle shear, and dissolution of sheared 
dummy fuels ; 

- tests of the same rollers and the same roller replacement system as 
those of the future UP3 dissolvers ; 

- long-term tests of a new model of hydraulic seal with drive system 
outside the hot cell. 



11 - CONCLUSION. 

The R and D program undertaken by the CEA on continuous rotary dissol
vers to reprocess LWR fuels, led to the design of a compact unit with capa
city up to 5.25 tU/day, which can be integrated within a system ensuring 
full confinement from shearing to the rinsed hulls discharge, without any 
basket handling. 

These advantages are added to those of the continuous chemical process: 
no Pu (VI) in the dissolver solution, less ruthenium in the dissolver off-
gases, and in situ desorption of at least 99 X of the iodine in the dis
solution liquor. 

By the end of l9t>5, systematic tests conducted at Marcoule will provide 
complete familiarity with all the aspects of the operation of these units, 
which will be install3d in the future COGEMA plants at La Hague. 


