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I - INTRODUCTION

Reprocessing is the back-end of the nuclear fuel cycle, designed to recover
valuable fissile materials, especially plutonium, and to condition safely all the
wastes ready for disposal.

Reprocessing differs from other chemical process due to the high content of
radioactive material and to the high performance requirements.

A modern reprocessing plant is characterized by:

- The use of a complex chemical process to meet end-product specifications.
These end-products.are uranium, plutonium and the conditioned waste,
especially the fission product glass,

- On-line processing of all the waste,

- Stringent safety criteria to guarantee personnel and environmental protection
under all circumstances,

- The highest achievable reliability and maintenance capabilities to ensure
production availability.

For its new commercial reprocessing plants (UP3 and UP2 800), in order to
meet the requirements listed before, COGEMA decided to include many
engineering innovations as well as new processes and key-components
developed by CEA.

UP3 is a complete new plant with a capacity of 800 t/y which was put in
operation in August 1990.

UP2 800 is an extension of the existing UP2 facility, designed to achieve the
same annual capacity of 800 t/y, to be put in operation at the end of 1993 by
the commissionning of a new head-end and highly active chemical process
facilities.

Moreover, JNFL (Japan Nuclear Fuel Limited), which is in charge of
construction and operation of the first commercial reprocessing plant in Japan,
selected the French technology developed for UP3 and LP2 800 for the plant
main facilities.

This paper describes some of the innovative features of the selected process.
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D - PROCESS OUTLINES

Spent fuel unloaded from shipping casks are first stored in ponds for decay.

The head-end process includes:

- Continuous shearing and dissolution process,

- Removal of iodine from dissolution liquors,

- Dissolution off-gas treatment including iodine trapping.

"~ The main steps of the chemical process are:

- Separation of the bulk of fission products and U-Pu partition in the first
cycle,

- Further purification in two additional cycles for both uranium and
plutonium,

- End-product conditioning: uranium as concentrated uranyl nitrate, and
plutonium as dioxide obtained by precipitation of oxalate followed by

* calcination,

- Liquid effluent concentration in evaporation units and acid recoveries,

^ x - Solvent distillation.

t •
Decontamination of intermediate and low level liquid waste by coprecipitation.

- The waste conditioning systems include:

- Vitrification of the high level waste,

- Cementation of hulls and technological waste,
- Bituminization of medium and low active sludge from coprecipitation

process.
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1
H I - HEAD-ENP PROCESS

1 The head-end is based on the well-known "Chop and Leach" process.

The facility receives the fuel assemblies and produces on line:

- Clarified dissolution liquors,

- Purified dissolution off gases,

- Conditioned waste: instead of routing the hulls and end-pieces to an interim
storage, they are rinsed, monitored for fissile matter, and packaged ready for
final disposal.

*" (Scefig.l)

The UP3 Head End backbone is a continuous rotary dissolver designed:

- To guarantee criticality safety control by the geometry,

' ' • - To handle a nominal capacity of 4 tons/days.

* The advantages over batch dissolution can be summarized as follows:

- A single dissolution line can handle the production of the plant (4 t/d),
. -. without adding a soluble neutron po; ~i,

rj£ - Ease of operation of continuous process in steady state conditions,

- From the chemistry standpoint, the continuous formation of nitrous acid
t prevents the formation of Pu (VI) and volatile Ru; it also facilitates iodine

- desorption in the form of elemental iodine.

The dissolvcr consists of a wheel with 12 buckets partly submerged in a hot
nitric attack solution contained in a slab vessel. Buckets are loaded in
succession from a shear specially designed to chop the fuel rod bundle into
pieces short enough to ensure total dissolution of the oxide and to avoid any
jamming in the lines.

The shear also automatically separates the end pieces from the fuel elements.
They are treated separately by successive rinsings with hot acid and water
before immobilization in cement. The wheel rotates step by step, and after
sufficient dissolution time, the bucket emerges and automatically dumps the
hulls it contains.
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At the dissolvcr exit, the dissolution liquor flows continuously through a
desorber, which removes the residual iodine from the solution, in order to
prevent the dissemination of iodine in the downstream process. The desorber is
a slab vessel equipped with internals, which behaves as a multistage cross-
current gas-liquid contactor.

The hulls are rinsed with water in a unit consisting of a vibrated helicoidal
ramp, which is also a water seal to guarantee the containment between the
dissolver and the hulls packaging section.

The hulls are dumped into a container which receives also the end pieces.
After filling, the container is monitored for the accurate measurement of the
residual fissile material content, before cementation.

Dissolution offgas treatment comprises a condenser, two nitrous vapour
absorption columns, a caustic scrubber which retains most of the iodine, and a
battery of high efficiency filters and iodine filters designed to remove the
residual iodine and aerosols before the gases are discharged through the stack.

The dissolution liquor is clarified using a centrifugal machine, which is
periodically declogged.

I V - EXTRACTIONS

- * I
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First cycle

The first extraction cycle features the following flow-sheet innovations:

- Systematic diluent washing of the aqueous streams to prevent any solvent
entrainment to the evaporators,

- Containment of tritium in highly active parts of the plant, with an associated
tritiated acid recovery,

- A technetium barrier after the fission product scrubbing to limit interaction
between technetium and hydrazine in U-Pu partition. U-Pu partition is
performed by stripping the plutonium reduced to PuIII by uranous nitrate
stabilized with hydrazine nitrate.

(Sec Fig. 2)

The major equipment innovation in this first extraction cycle is the use of
annular pulsed columns for extraction, fission product scrubbing, technetium
scrubbing and diluent washing of the extraction raffinate. Annular geometry
allows the plant to process all the production through one line eversafe for
criticality. • !

I



1
The design of the packing of such a column has to meet the following
requirements:

1 - High performances in order to obtain high efficiency,

- Capability to operate in a wide range of flow-rates, avoiding channeling and
axial-mixing effects,

- Perennially of performances.

CEA has investigated the operation of pulsed columns with baffle plates
instead of usual perforated plates from the laboratory scale to the prototype.
On completion of this major development work conducted in representative

^ conditions, it was demonstrated that the use of such packings offers a radical
solution to the problems observed with perforated plates.

The use of baffles in large-sized annular columns helps to eliminate the
channeling observed with perforated plates (and increased by the annular
geometry). The value of the HETS was thus reduced from about 8 m (with
perforated plates alone) to less than 1 m (with baffle plates) for standard
operating conditions.

As an example, fig. 3 shows a typical efficiency curve of industrial annular
pulsed column.

(see Fig. 3)

^v Furthermore, tests were conducted with Teflon-coated packings in order to
^ check highly organophilic conditions. These conditions are beyond the limits

x of the expected changes by ageing in the wettability characteristics in
industrial operation.

These tests showed that:

- Performances are very poor and often unacceptable (considerably reduced
capacity) with perforated plates,

- Performances are good and very close to the ones observed for
organophobic plates (clean new stainless steel) with baffle plates: operating
with these packings is thus not significantly affected by the wettability of

i the trays.

The use of baffle plates thus offers a very attractive alternative to conventional
packings.

This helps to solve two major problems associated with perforated plates, and
also offers a number of other related advantages:

- Ability to convey to the raffinâtes the interfacial cruds,
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- Decrease of the frequency of alkaline rinsing which has to be performed far
less often than with columns equipped with perforated plates packing. This
is a major contribution not only to the availability but ilso to the waste
minimization.

Plutonium purification cycles

Plutonium purification cycles use cylindrical pulsed columns fitted with disc-
ring packing. Stripping of plutonium is performed by using hydroxylamine
nitrate (HAN), which allows to concentrate the plutonium through its
purification cycles.
As the fission products, content of the solvent used in plutonium purification
cycles is low, a special attention has been paid to decrease its a-emitter

„*. content.

Pulsed columns and HAN are indeed extremely efficient to strip plutonium
engaged in complexes with TBP, but their efficiency is lower if plutonium is
engaged in complexes with TBP degradation products. Therefore plutonium
barriers have been developed to strip the last traces of plutonium from solvent.

This function is performed in specially designed mixer-settlers of reduced
height to make them geometrically safe towards criticality, and wide enough to
handle large throughputs. The removal of residual traces of Pu complexed by
TPB degradation products is carried out by reductive stripping with uranous
nitrate.

To achieve maximum efficiency, these mixer-settlers are of the pump-mix
type and operate in a continuous organic phase, with internal recycle of the

Aj^ aqueous phase from the settler to the corresponding mixer.

1

V - SOLVENT CLEAN-UP AND MANAGEMENT

- Solvent alkaline clean-up:

There are three washing units:

One for the first cycle,
one for the plutonium purification cycles,
and one for the uranium purification cycles.

They are performed in mixer-settlers and include sodium carbonate, nitric acid
and caustic soda washings as well as filtration.

To enhance their efficiency, the alkaline washings are performed in several
stages, counter-currently arranged.

\
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- Solvent management:

To secure optimized operation of the process, care is taken to remove the TBP
dissolved or entrained in the aqueous streams from the extraction cycles.

This removal is achieved by washing these aqueous streams with pure diluent,
using either pulsed columns or mixer-settlers.

At the outlet of these washing operations, the diluent streams are small and all
are mixed with the solvent streams of the corresponding extraction operations.

(See Fig. 4).

As a result, the organic phase holdup increases and its TBP content decreases,
making it necessary to readjust the TBP grade of the solvent. It is therefore
also necessary to withdraw the excess solvent in each extraction cycle.

- Solvent distillation:

The excess solvent is treated by distillation, primarily to recover pure diluent
and concentrated TBP for recycling purposes. In addition, solvent distillation
ensures the decontamination of the processed solvent, by removing heavy
degradation products, which are at least partly responsible of the loss of
selectivity of the irradiated solvent.

(See Fig 4)

Since TBP can be degradated by high temperatures, and can cause fouling in
evaporators, it was necessary to find operating conditions which prevent
troubles:

- Operation at reduced pressure to keep the solvent at moderate temperatures,

- Use of thin-film evaporators in order to limit the residence time.

The equipment includes (see Fig. 5):

- A dehydration by distillation,

- A distillation system which evaporates (and decontaminates) the solvent and
produces a residue. The composition of this residue is mainly TBP and
heavy degradation products,
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- A rectification tower, which fractionates the distillates into two parts, pure
diluent and concentrated TBP.

The recovered fractions: diluent and concentrated TBP are recycled in the
process, according to the scheme of figure 4.

V I - PLUTONIUM DIOXIDE DISSOLUTION

The capability to dissolve a part of the production of plutonium dioxide is very
useful in a reprocessing plant:
Plutonium dioxide dissolution unit is provided either to purify out-of-spec
end-product, or to get rid of americium from oxide stored for a long time.

In the past, it was assumed that plutonium dioxide could not be fully dissolved
in nitric medium without adding fluoride ions.

S An entirely new process, fluoride free, has been developed for this dissolution
and is operated at UP3.

t (See Fig. 6)

The principle of this process is the dissolution of PuO2 in nitric medium, by
j the addition of Ag (II), electrogenerated.

1
Equipment design (Fig. 7)

^ The dissob'er is designed to dissolve 1.25 kg PUOT in less than 4 hours. For
criticality safety reasons, the system is divided into two vessels made of

, zirconium.

In the first, the electrogeneration of Ag (II) is carried out using:

- A platinum grid anode,

, - A cathodic compartment filled with concentrated HNO3 including a
' diaphragm and a cooled tantalum cathode,

- A pump-mix stirrer for circulation of the solution between the two vessels
and homogenization of PuO2-

In the second vessel, the PuCH powder is introduced and the solution is cooled.
Spectrophotomctric monitoring is performed to control the dissolution process.

K,
< H
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WTL- VITRIFICATION PLANT

The vitrification plant of UP3, named 17, is the fourth industrial vitrification
plant built according to the French technology, after AVM at MARCOULE for
UPi plant (1978), R7 at La Hague for UP2 plant (1989), and the WVP facility
at Sellafield (UK) for the BNFL plant (1990).

T7 has been commissioned during July 1992.

These vitrification plants are operated according to a two-step process. This
two step process allows calcination and vitrification to be carried out
separately and, consequently, to be controlled very accurately without any
interaction between these different functions, thus improving the reliability of
glass quality control.

(see Fig. 8)

In support of this statement, note that processes such as foaming, resulting
from oxidizing conditions and/or glass viscosity, or settling and accumulation
of metallic elements at the bottom of the melter, are not encountered in this
process.

In addition, the efficiency of the off-gas cleaning system ensures very low
gaseous releases, corresponding to a DF exceeding 3 x lO

Vm - OPERATION RESULTS

Fully operated from August 1990, the UP3 plant production complies with its
operation schedule. For two years, it has reprocessed more than 800 tons. The
schedule of 1992 is 4501, of which 3651 have been already processed October
15th.

Beyond these good results, there arc other results that can be described as
outstanding:

- The recovery yield of U and Pu are greater than 99%,

- TheySydecontamination factor obtained at the first decontamination cycle is
stable and exceeds 105 for uranium. Most of the time, product specifications
for U are reached after two cycles only, instead of the three provided. After
two cycles only also, ̂ -decontamination of Pu is satisfactory.
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The solvent of the first cycle, instead of being contaminated by a persistent
ruthenium activity of more than 1 mCi/1 like in previous plants, has a level of
/?Y-activity a thousand times lower. The persistent a-activity of this solvent is
also very low, after having processed about a thousand tons of spent fuel.

As a consequence, the jSy-activity of the uranium and plutonium purification
cycles is very low. Moreover, the efficiency of both pulse column plutonium
stripping and trace removal by plutonium barriers lead to a stripped solvent
practically free of a-activity, even in the plutonium purification cycles.

The distillation of solvent produces solvent and diluent readily reusable, and a
residue the flow rate and activity of which are very satisfactory, and lower than
the design values.

These good operating results may be attributed to the combination of
contactors perfectly adaptated for their task, like pulsed columns and the
efficient solvent cleaning system, with its combination of improved alkaline
washing and solvent distillation.

All that procures a tight containment of radioactivity in the higher active part
of the plant far better than expected with the following results:

- First, the operating personnel exposures have decreased as compared with
previous results and are now in the range of 0.3 man.mSv/MWe.y,

- Second the level of activity of the wastes processed at the waste treatment
facility is far lower than expected.

This led COGEMA to go through a new step and decide to suppress the
conditioning of medium active waste in bitumen by rerouting most of the
waste to new evaporators and ultimately to the vitrification plant.

Thanks to this decision and to some others fairly similar, like implementing a
treatment of the analytical wastes, COGEMA is confident that, before the year
2000, the volume of waste not compatible with shallow-land storage shall be
much lower with reprocessed fuels than with the direct disposal of the fuels.

(see table 1)

\
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TABLE 1

Volume of conditioned waste for a 800 t/y throughput

S.

Nature of
waste

Conditioning Design value
(UP3-UP2 800)

Actual result
(1991)*

Target value
(1995)

Target value
(2000)

Waste not suitable for a shallow land disposal

Fission products

Hulls and
end-pieces

Precipitation
sludge

Technological
waste

Total

Glass matrix

Concrete
embedding

Bitumen

Asbestos
cement

container

1301/t

600IA

6301/t

1 7001/t

3 060 1/t

1151/t

600IA

4501/t

2001/t

1 3651/t

1,15 1/t

< 6001/t

0

2001/t

< 915 1/t

1151/t

1501/t

0

< 2001/t

< 4651/t

Waste suitable for a shallow land disposal

Technological
waste

Fibre concrete
container

3 8001/t 1 4001/t 1 4001/t < 1 4001/t

Figures extrapolated for a 800 t/y production.



Fig. 1 : Sheering & dissolution
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Fig. 6 : Plutonium dioxide electrolytic dissolution
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