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I. INTRODUCTION 

CEA gained a good experience in the management of spent fuels 
coming from its research or power prototype reactors and of the fuel 
samples for post irradiation examinations. 

As a general rule, the solution for these products is the 
reprocessing. The delay to apply that solution is bound to the 
disponibility of the reprocessinq facilities, and in several cases induce 
a delayed reprocessinq. 

Only particular and limited fuelsvare planned to be sent in 
a definitive storage. The definitive storage is the choosen solution only 
for a few fuels essentially requiring important modifications of the 
dissolution process. 

The treatments and operations on the spent fuels must 
evidently be carried out followinq the french safety rules. Long and 
detailled flowsheet studies are therefore necessary before the setting up 
of the operations. Generally the cost of the manaqement of limited 
quantities of fuels, as it is the case here, is high. To limit it, the 
flowsheets are established in taking into account, as far as possible, the 
use of existing facilities, procedures, transport casks. 

That presentation will show the CEA experience in the two 
areas of manaqement of spent fuels from prototype reactors and from power 
reactors after post irradiation examinations. In conclusion, general 
considerations and specific efforts in CEA will be presented. 

II. MANAGEMENT OF SPENT FUELS FROM PROTOTYPE POKER REACTORS 

The reported example concerns the spent fuel reprocessinq of 
the Phénix fast neutron breeder reactor. 

II.1. General flowsheet 
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The presentation is focused on the evolution of the 
reprocessing facilities from 1977 to 1988. 
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11.2. Phénix spent fuel reprocessing before 1983 

FUEL i n i t i a l Kg (U + Pu) Years Plant GWd/t cooling time 
Pu/U + Pu months 

Enriched U 2317 77-7B SAP/TOP 38-43 10-30 

Pu core I 18 % 180 78-79 AT1 8-44 18 

Pu core I 18 % 155 79 SAP/TOP 37 10-30 

Pu core I 18 % 7900 79-83 Cogéma 
UP2 

28-34 38-50 

Pu core I I 25 % 6360 79-83 SAP/TOP 36-83 14-42 

Pu core I 18 % 225 83 SAP/TOP 35-100 29-36 

11.3. Phénix spent fuel reprocessing in SAP/TOP facility 

The reprocessina of that fuel was associated with process and 
eauipment tests under actual operating conditions at semi industrial 
throuqh-put rates during demonstration runs of significant duration. 

The SAP/TOP facility in Marcoule was adapted and used between 
1977 and 1983 exclusively to reprocess Phénix spent fuels. 

YEAR Phénix fue l Quantity 
U + Pu 

(kg) 

Maximum 
core burn up 

MWDT"1 

Cooling 
time 

(months) 

Produced 
Pu per year 

77 
78 

Phénix U 2317 43 000 10-30 35 

79 P 0 core 1 
Pi core 2 353 

37 000 to 
48 000 

14 57 

80 P2 core 2 
P3 core 2 

1291 55 000 to 
65 000 

30 - 50 
241 

81 P3 core 2 
P4 core 2 1715 

55 000 to 
72 000 

23 - 40 315 

82 P4 core 2 
P5 core 2 1801 

55 000 to 
83 000 

14 - 34 349 

83 P5 core 2 
P5 core 1 

1611 35 000 to 
101 000 

15 - 42 308 

9088 1305 

In 1984, a campaiqn was achevied in UP2 facility (Coqema La Haque). It 
concerned Phénix Pu Core 1 : 
- quantity : 2 120 kg 
- maximum core burn up MWDT"1 : 42000 
- cooling time (months) : 38 - 50. 
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The purex process involves mechanical treatment of the fuel 
pin3 (shearing off the end pieces and cutting up the pins) followed by 
batch dissolution in a thermosiphon unit, preliminary clarification across 
a pulsed filter and three extraction cycles with partitioning during the 
second cycle without intercycle concentration. 

All the extractors were pulsed columns exceot for the 
partition and solvent stripping in mixer settlers. 

The facility was operated semi continuously with a week-end 
shutdown ; the hourly throughput of 1500 g of U +• Pu was obtained over 
about 60 hours. Uranium and Plutonium recovery yields exceeded 99.9 % in 
the extraction cycles. Uranium and Plutonium were sufficiently purified 
after the second cycle. 

However plant operation revealed some weak points, such as 
contamination of the cells and telemanipulators by ruthenuim from the 
cladding hulls, clogging of the perforated plates of pulsed columns, 
dissolution residue in the first cycle settling zones. 

II.4. Building of the SAP/APM (Marcoule) 

It was decided to shut down the pilot plant in the summer of 
1983 and to carry out an extensive renovation named TOR project with the 
following aims : 

- reprocessing capacity of 50 kg per day of Phénix fuel with 
good reliability of equipments and optimisation of the 
interventions. 

- reprocessing of all types of oxide fuel. 

- A new head end was built including 

- spent fuel reception area 

- temporary dry storaae 

- mechanical treatments facility 

- batch dissolution 

- clarification 

- high level wastes treatment. 

- A new first extraction cycle was implemented in an old cell after 
decommissionning and cleaning. It includes the U Pu seperation and 
uses liquid extraction in pulsed columns. 
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- That new facility has started in active conditions from beginning 
1988 and is partially devoted to the reprocessing of Phénix 
fuels. A first camoaiqn is planned at the beginning of the next 
year. It will affect several tons of spent fuels. 

III. EXAMPLE OF MANAGEMENT OF SPENT FUELS FROM COMMERCIAL POWER REACTORS AFTER 
POST IRRADIATION EXAMINATIONS. 

In France these examples concern essentially spent fuels 
irradiated in : 

natural uranium graphite gas reactors, 

pressurized water reactors. 

The only case of PWR fuels will be studied in that 
presentation, because it presents a wider application field in the nuclear 
industry. 

III.1. Taking into account PWR materials 

The concerned fuel from spent fuel assemblies is transferred 
to research laboratories for physicochemical and metallurgical 
examination. Rods are taken from these assemblies for investigation. After 
completion of these tests, the followina products are present : 

a) Reassembled fuel elements : a few per year, 
b) Whole fuel rods, 
c) chopped or cut rod elements corresponding to a maximum of 

80 kg UO2 per year, 
oxide pellet powder : maximum 20 kg UO2 per year. 

à) chopped or cut rod elements contained in an epoxy type resin 
matrix and correspondina to a maximum of 5 kg UO2 per year. 

Given the quantity of fissile material involved, especially 
with reassembled fuel elements, these different elements must be sent to 
reprocessing facilities. 
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I I I . 2 . Reprocessing of reaaseabled fuel eleaents (?) 

The dec is ion to reprocess these reassembled fue l elements and 
to send them to the standard reprocessing system for normal f u e l s , leads 
to the fo l low ing reprocessing scheme. 

me ta l l u rg i ca l and physicochemical 
t es t i ng laboratory 

reassembled fue l e lements; recondi t ioning 
t ranspor t 

in 
shielded cask 

reprocessing 
plant 

UP2 - L a Hague 
COGEMA 

unloading 
storage 
shearing 

Operations performed in the research laboratory 

In order to make reprocessing operations poss ib le , th i s fue l 
element must be i d e n t i c a l in a l l aspects to a standard element for the 
handl ing, storage and shearinq operat ions. 

To conduct the examinations program on the reference assembly, 
the guide tubes are cut to remove the upper end piece, providing access to 
the rods that are ext racted for t es ts . 

I t i s then necessary 

to i nse r t dummy rods in the vacant places, 

to replace the upper end piece which i s then fastened 
mechanically to the guide tubes of the f u e l element : the 
element to be reprocessed thus has the same mechanical 
p roper t ies and the same physical appearance as a standard 
element espec ia l l y fo r the shearing. 

I t i s i n t e r e s t i n g to mention here, as a remark, that Cogema 
has developped a method for admittance to i t s reprocessing f a c i l i t y of 
damaged fue ls from PWR reac tors . I t involves cranafer o f the damaged fue ls 
in sealed canisters from the reactor to the reprocessing p lan t . 



111.3. Entire fuel rods reprocessing (b) 

Generally for limited quantities of fuels (till about a few 
tons) the reprocessing is carried out in APM facility on Marcoule. 

The simplest and cheapest flowsheet is as follows 

Metallurgical and physico chemical 
testina laboratories (Saclay, Grenoble, Cadarache centers) 

intégrai rods 

insertions in Phénix type canister 
(containment barriers) 

transport in shielded cask 

Pégase temporary pool storage 

(Cadarache center) 

transport in shielded cask 

A P M pilot plant (Marcoule center) 

cask reception 

1 
dry unloadina 

I 
drv short time storaae r 
opening of container 

unloading of rods 

shearing 



PWR fuels 15x15 rods 

0 UO, » 9.4 ma 

4 m 

GRIDS 

» * * ' 

^^' 

1 

m 



Stainless steel Z2 CN 1810 

PHENIX TYPE CARTER 
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The Phénix canister is generalized for all the spent fuels 
reprocessed in APM facility because that standardization limits the used 
eauipments in the reception area (transfer system) and mechanical cell 
(transfer and opening systems). 

Its length can be slightly adapted to the type of rod to be 
contained. 

It is made in stainless steel and closed by welding. For 
instance it was used for CAP reactor rods (Cadarache Center) and the 
overall length in this case was 2130 mm to compair with the nominal length 
of Phénix 1965 mm. 

III.4. Cut rods reprocessing (c) 

The chemical part of the process is carried out in the APM 
facility on Marcoule. Therefore it is quite necessary to respect the 
constraints of that facility for the reception, temporary storage and 
mechanical operations on the spent fuel. The fuel must be enclosed in a 
barrier for the contamination from the reception area to the dissolver. 
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The corresponding flowsheet i s 

Me ta l l u rg i ca l and physicochemincal 
t e s t i n g labora tor ies (Saclay, Grenoble Centers) 

cut rods 

i 
chopping 

insertion in container n° 1 (barrier for contamination) 
(fixed external contamination) 

I 
insertion in container n° 2 (external contamination, 
Phénix type containement barrier) 

transport in shielded cask 

"V 
Pegi-jt; temporary pool storage 

(Cadarache Center) 

t ranspor t in shielded cask 

si/ 

A P M Pilot plant (Marcoule center) 

cask reception 

dry unloading 

dry short time storage 

opening of container n° 2 

unloading and introduction of container n° 1 
into the dissolver 
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The container n° 1 is made in aluminum alloys (soluble in the 
dissolution solution). To minimize the amount of aluminum introduced into 
the process, it is as thin as possible. The usual dimensions for that 
container are : 

- material : AG3 
- inside diameter : 90 mm 
- thickness : 0,5 mm 
- useful length : 350 mm 
- weight : 200 g 
- useful volume : 2 liters 
- UO2 capacity : about 9 kg. 

It is closed, after entering of fuel rods chops, by a screw 
plug. It may have an external fixed contamination. It is placed in a 
second Phénix type container which is made in stainless steel. It is 
generally closed by welding. (Sometimes recoverable 2d containers may be 
used ; they are then closed by screwing with a seal). It ensures the 
quarantee of containement during transport and all transfers and 
operations in APM before opening in mechanical cell. 

The oxide pellet powders are reprocessed in the same way, with 
these two containers. 

III.5. Chopped or cut rod eleaents contained in an epoxy type resin matrix (e). 

At the CEA, the samples of this type are coated in epoxy type 
resins essentially containing the elements carbon, hydrogen and oxygen. 
The ratio araldite weight may vary, and is often around 7. 

fuel weight 
These resins cannot be introduced into the dissolver of the plant, because 
they form interfering by-products in nitric medium (rjlymers). 
Consequently, the samples must underao preliminary treatment to remove 
organic products bebore they reach the reprocessing facility. What type of 
treatment ? 

- Elimination of resin by mechanical processes. Their use 
implies a favorable and reproducible qeometric configuration 
of the samples, and this condition is not always satisfied. 
Moreover, the resin may penetrate within the fuel samples and 
the process is no longer applicable. 
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- Elimination of resin by selective dissolution in organic 
solvents. All attempts made to achieve this had to face the 
problem of aqeinq of the resin, making their dissolution very 
difficult and slow. Too the produced effluents are not easily 
processed. 

- Elimination of resin oy combustion or pyrolisis. This is the 
solution on development by the CEA and it results in a product 
soluble in an usual dissolution medium. 

The proposed flowsheet is as follows : 
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Metallurgical laboratories Saclay 

Grenoble 
Cadarache 

Pin elements contained in resin matrix 

I 
insertion in a first contaminable screwed container tîm 

i 
insertion in a second containment container (not externally 

contaminated) 

transfer in shielded cask 

Pégase temporary pool storage 
(Cadarache center) 

transfer in shielded cask 

Hot pretreatment laboratory STAR 
(Cadarache Center) 

removal of pin elements in resin 

I 
destroying of resin 

insertion of residue in screwed 
soluble container n" 1 (contaminable) 

Ï 
insertion in containement container n° 2 

transfer in shielded cask 
^ 

reprocessing laboratory (Atalante Marcoule) 

dry unloading and short term storage 

V 

opening of container n 8 2 

unloading and introduction of container n 8 1 
into dissolver 

I 
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Remark : the limited quantities of pin elements in resin matrix allow 
to use equipments at the level of hot laboratory f a c i l i t i e s . The 
CEA i s currently building two f a c i l i t i e s that w i l l be used for 
the management of these samples in resin matrix : 

- STAR hot Dretreatment laboratory (CADARACHE Center) 

- ATALANTE hot laboratory level reprocessing f a c i l i t y (MARCOULE 
center) . 
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I V . GENERAL CONSIDERATIONS RESULTING HUM CEA MANAGEMENT EXPERIENCE ; 
DESCRIPTION OF SOME NECESSARY EQUIPMENTS. 

i 
i I 
| IV.1. The choosen example of PWR spent fuels after post irradiation 
{ examinations shows clearly that their management is : 
t 
i 
! 
! - very complex, 
i 
i 
1 - expensive, 
i 
! - can only be successful i f several faci l i t ies are available to 
J establish conveniently the flowsheet. 
i 

The CEA in a near future will have all these necessary 
facilities, that is to say : 

- intermediate storage : dry = CASCAD 
pool = PEGASE. 

- transport casks : Cogema owns a complete cask family, 

- hot pretreatment laboratory : STAR (Cadarache), 

- reprocessing facilities : 

. at plant level : Cogema la Hague, 

. at a few tons level : CEA/APM MARCflULE, 

. at a few kilos level : CEA/Atalante Marcoule. 

To illustrate the necessary effort I will now present : 

- the Cogema transport casks fleet used for these operations, 

- the hot pretreatment laboratory STAR. 
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IV.2. The involved Cogeaa transport casks fleet. 

The spent fuel transports between the di f ferent f a c i l i t i e s of 
a process, is a serious constraint for the flowsheet study; the choice of 
the well adapted cask is bound to the type of the fuel characteristics and 
to the reception eauipments of the f a c i l i t i e s . In France, that constraint 
i s lowered because Cogema owns a large and diversif ied transport casks 
f l ee t . 

Some examples of applications are mentionned. 

Cask Transport type 

IU 04 irradiated fuels EL 4 (Brenntlis) 
OSIRIS ( Saclay) 

from reactor to Cascad (Cadarache) 

IU 11 irradiated fuels Phénix (Marcoule) 
from reactor to reprocessing f a c i l i t y APM (Marcoule) 

IL 42 PWR irradiated fuels 
from hot examination laboratories (Saclay, Grenoble) 
to Pégase pool (Cadarache) 

IL 44 
IL 47 

irradiated fuel samples 
from hot examination laboratories to storage or 
reprocessing facilities 
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IV.3. The pretreataent facility STAR (Cadarache) 

3.1. Aims : 

. real isat ion of a l l necessary thermal treatments on any types 
of spent fuels samples for their acceptance in a reprocessing 
f a c i l i t y . 

Examples : - thermal treatment of par t ia l l y oxidized or 
hydrated U metal fuels, 

- thermal decomposition of resin matrix used for 
metallurgical tests . 

. conditioning of the varied fuels for transportation and 
acceptance without d i f f i c u l t i e s in reprocessing f a c i l i t i e s . 

. conditioning of the fuels for acceptance without d i f f i cu l t i es 
in CASCAD dry temporary storage or PEGASE pool short duration 
storage. 

3.2. Description of the facility. 

The STAR surface is about 900 n>2 with 60 m^ devoted to three 
active cells. 

First cell : for high contamination level. In that cell are 
implemented thermal and mechanical treatments (including container welding 
and container ultra sonic decontamination). 

Second cell : leakaqe control on containers, 

Third cell : intermediate dry storage, castle loading for 
evacuation. 

3.3. That facility is at the beginning of the building phase and 
the active operations are planned from 1992. 
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