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MANUFACTURE OF THE FIRST FUEL CHARGE FOR THE SUPER-PHENIX 1 REACTOR 

1 - INTRODUCTION - GENERAL SCHEDULF fF igure 1) 

The decision to construct the 1200 MWe Super-Phenix 1 fast 
neutron reactor in France was taken on 1st April 1977. An 
order was made by NERSA, the Client, to NOVATOME, the main 
Contractor. 
The reactor went critical on 7th September 1985 and was 
connected to the EDF network for the first tine on 14th 
January 1986. 

2 - INDUSTRIAL INSTALLATION - CONSTRUCTION OF CORE 

2-1 - Industrial installation figure 2̂  
NOVATOME subcontracted all work on the reactor cere 
elements to COGEMA. This package was covered by a 
global contract including the design, manufacture and 
financial guarantee of the stated performances. 
COGEKA subcontracted the design work for all these 
components to the CE.A. 
COGEMA subcontracted the manufacture of the fuel 
assemblies to the Cadarache Plutonium Fuel 
Manufacturing Complex (CFCa), a unit within the CE.A 
located at the Cadarache Nuclear research Center 

2.2 - configuration pf the Supcr-Phenix 1 C Q r f i 

The reactor core consists mainly of four categories oi 
assemblies: 

364 fuel assemblies, more or less equally 
distributed in two concentric areas with different 
enrichment concentrations: 15% of Plutonium 
equivalent in 239 for the internal area, and 18% 
for the external area. 
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233 assemblies rich in depleted uranium oxide, 
laid out in three concentric rings around the fuel 
assemblies, 

24 absorbent enriched boron carbide-based 
assemblies, distributed in the middle of the fuel 
assemblies. 21 of these form the main control 
system (SCT;, and the t h r e e o thers the 
supplementary shut down system (SAC). 

Finally, a l i t t l e more than 1200 s tee l assemblies 
laid out around the previous assemblies, which act 
*s reflector and provide neutron shie ld . 

The following discussion i s concerned so le ly with the 
design and construction of the fuel assemblies. 

3 - DESIGN AND DIMENSIONING - PERFORMANCE OF FUEL ASSEMBLIES 
(Fig, 31 

The geometry of all fuel assemblies is the same. Each has 
three main parts connected together by welding: 

the steel head acts as an upper neutrcr. shield, 
the steel base includes a moderating system allowing 
adjustment of sodium flow within the assembly depending 
on its position in the core, and a lock to avoid any 
charging errors, 
finally, the hexagonal austenitic steel tube containing 
a bundle of 271 fuel elements, spaced by a spiral steel 
w're made of the same type of steel as is used for the 
tuel element cans 

Titanium stabilized austenitic steel was selected for the 
can tube material, since its expansion is relatively low 
within the intended range of combustion rates. 
The use of mixed oxide was an obvious choice, due to C.E-A's 
considerable experience, both from the manufacturing aspect, 
and the knowledge of its behavior under irradiation and its 
reprocessing. 
The annular pellet was chosen to limit oxide temperatures to 
a reasonable level in the case of an incident, and to ensure 
an adequate margin from the melting temperature, about 
2750'C. 
All these concepts had been previously checked by 
irradiation of breeder or. experimental fuel assemblies in 
the RAPSODIE and PHENIX reactors. 



Note that some experimental fuel assemblies vere irradiated 
without damage to more than 200 ooo MWE/T. 
The main nominal operating values of the fuel assemblies in 
the first charge are as follows: 

fuel can temperature at the hot point: 620°C 
power per unit length under maximum flux density: 
480 W/cm 
mean mass combustion: 40 000 MWJ/T 
maximum mass combustion: 70 000 MWJ/T. 

MANUFACTURE OF THE FIRST CHARGE 
After summarizing these general points, the remainder of 
this discussion will deal with the manufacture by the CFCa 
of the first charge of fuel assemblies. The following 
aspects are considered in sequence: 

contract, 
production facilities, 
manufacturing procedures. 

Finally, a few assessments will be presented. 

4.i - First charge contract (figure n 
The contact for the first charge was for the supply of 
410 fuel assemblies containing 110,920 fuel pins, 
in all about 44 Tonnes of combustible pellets of mixed 
oxides of plutonium and uranium and about 6.6 Tonnes 
of plutonium. 

4.2 - Production facilities /Figure 51 
Implementation of this program required the 
construction of a complete production line. 
The first feasibility studies for this operation vers 
started in 1973. The preliminary project design was 
started in 1974. 
The first material and equipment orders vere made in 
1976, and the facilities vere gradually brouoht into 
operation after the end of 1978. 
As shown in rigure 6, the- Super-PhSnix workshop /cover» 
an area of about 3000 **, for an installed capacity of 
about II Tonnes of mixed oxide and 50, ooo pins. - p # r year at a single workstation, except for.a continuous 
operation sintering facility. 
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The installation of this new workshop required a major 
reorganization of the other facilities already in 
operation, and therefore many operations had to be 
displaced and adjusted, and a number of facilities had 
to be demolished. 
Destructive pellet tests.were carried out, partially on 
existing facilities which were slightly renovated at 
the same time. Most of these test facilities are 
located in a building adjacent to the production line 
itself. 
The design of the new facilities was based on 
experience acquired during 10 year6 of operation, 
during which 3 Tonnes of plutonium had been made 
available for the construction of various breeder or 
experimental fuel assemblies, especially for the 
RAPSODIE and PHENIX fast neutron reactors. 
Radiation shielding methods are mainly based on 
partitioning the workshop into physically small units, 
and the confinement of all production equipment inside 
glove boxes, from the time at which powders are 
introduced, until the fuel pins are removed. 
The glove boxes are 6wept clean by an inert qas and are 
fitted with 10 mm thick lead biological shielding 
together with 10 to IS centimeters of neutron absorbing 
products for in line storage. 
The atmosphere in the cells is continuously monitored 
in order to detect any ambient contamination resulting 
from possible breaks in the containment. 
The production line has been significantly mechanized 
and automated, especially in the storage, transfer and 
handling stages. 
Glove box equipment has been made as accessible as 
possible, in order to facilitate maintenance operations 
and to limit operation times. 
Finally, the installation has been broken down into 
management units, firstly to improve the real time 
management of quantities of nuclear material at each 
stage, and secondly to check that mass limits resulting 
from sub-criticality studies are respected at each 
stage. 

4.3 - Manufacturing procedures 
Manufacturing has been broken down into batches 
containing between 40 and 50 Kg of mixed oxide, 
satisfying sub-criticality constraints. 
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4.3.1 - Pellet nanufacture and control (Figure 7) 
Pellets are manufactured in accordance vith 
conventional powder metallurgy procedures, 
using the following nain steps: 

mixing suitable quantities of Pu(>2, UO2 
and ** ,j»r (dry recycling), into 
batche». 
dry nix ai.i grind these powders in a 
uranium ball mill, 
precompact, granulate and sift the 
powder, 
lubricate the granulated material, 
form pellets using alternating and 
rotating mechanical presses, 
sintering in a continuous furnace using 
a cycle of about 24 hours under a 
reducing atmosphere. 

Some batches of pellets which do not satisfy 
geometric specifications have been sorted or 
ground dry. 
Host manufacturing rejects have been 
recovered by dry crushing and grinding and 
then reinjected into mixing. Polluted 
rejects have been removed by a chemical 
method. 

4.3.2 - Element manufacture and control (Figure 8) 
After statistical testing on representative 
samples, pellets in accordance with 
specifications have been canned in pins 
previously fitted with their lover plugs and 
their clamped spacers. Xfter adding all 
components, elements were closed by a second 
TIC welded plug. 
All canning operations were performed under 
a helium controlled atmosphere. 
Elements were then cleaned individually 
before removing them from the glove box, «nd 
were then checked individually for seal, 
residual fixed contamination, veld quality 
and conformity of internal assembly. 
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Elements in accordance with specifications 
were then fitted with their spacer vire 
velded to the end plugs. 
After a final check on the soundness of the 
vire welds to the plugs and the general 
appearance, elements were assembled into 
bundles of 271 units. 

4.3.3 - Assembly manufacture and control (Figure 9) 
After checking the conformity of all 
components, bundles of fuel elements vere 
fitted vertically into the assembly bodies. 
Each assembly was then put onto a horizontal 
assembly bench in order to add the end 
pieces. These vere then velded to the 
hexagonal tube using the TIG procedure vith 
filler metal added in two passes. 
After checking for conformity, assemblies 
vere stored vertically waiting for their 
transfer to the reactor. 

4.4 - Overall assessment 
We vil?, nov give some assessments of this manufacturing 
procedure. 

4.4.1 - Production period (Figure 10) 
As shown in Figure 10, the manufacture of 
this first charge vas spread over a period of 
about five -ears. 
The first year vas occupied mainly by a 
gradual production start up and final 
preparation of the manufacturing procedures 
and parameters. 
Production then continued for two and a half 
years without any particular problems, at a 
production level close to the nominal 
capacity of the facility. 
Some technical problems related to a few 
temporary but significant variations in 
pellet quality, and a significant reduction 
of production personnel led to a significant 
production slow down during the last period. 
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4.4.2 - Qualitative Dellet assessment (figure 11) 

Quality levels of fuel pellets uere 
controlled very satisfactorily during long 
periods. Unfortunately, they were relatively 
poor during some critical phases, especially 
during the above mentioned problem period. 
Figure 11 shows reject levels at various 
production stages. 
A large part of these rejects were recycled 
during manufacture of the pellets for the 
first charge. The remainder have been stored 
for recovery during future manufacturing 
operations 

4.4.3 - Qualitative fuel element assessment (figure 12) 
Figure 12 shows the quality balance for 
manufacture of fuel elements. It considers 
the various manufacturing stages between the 
delivery of cans up to the fuel element 
reception phase. The overall quality of these 
products was satisfactory. 

4.4.4 - Personnel radiation shielding assessment 
(Figure 13) 
The exposure of personnel to neutron and 
gamma radiation stayed at a reasonable level 
compared with authorized dosage limits, 
despite the high level of production and the 
use of a large quantity of plutonium derived 
from reprocessing pressurized water fuels. 
Each year, between 2 and 3% of production 
employees received slightly more than half of 
the authorized dosage limits. 
Some contamination incidents were recorded, 
especially at the facilities making use of 
bulk powder. None of these had any 
significant consequences for the personnel. 
Nevertheless, these incidents led facilities 
being shut down for more or less prolonged 
periods, with the inevitable effects on their 
availability factors. 
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5 - ÇWÇWSIfflS 

With hindsight, and in conclusion, we can state that this 
exercise has allowed CFCa to confirm the overall project 
concepts, from safety, procedure and technological aspects. 
The overall quality of manufactured fuel constituents was 
satisfactory, despite the temporary problems encountered. 
Analysis of these difficulties demonstrated the major 
influence of ageing of 6ome equipment on product quality. 
As a result of the nev and important experience gained in 
this project, the CFCa ha6 reached a nev level in the 
knowledge and control of plutonium-based fuel manufacture. 
This new experience has been especially useful during the 
last five years, not only for the success of major 
production programs, and especially the manufacture of the 
fuel for the 354 assemblies of the first two SUPER-PHENIX 1 
reactor recharges, but also in the design and construction 
of a new plutonium fuel production unit for pressurized 
water reactors which are planned to start operation during 
the first weeks of 1989. 

Attachments! - Appendix 1 - list of figures 
Appendix 2 - symbols and abbreviations used 
in the text 
13 figures. 
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- APPENDIX 1 -

LIST OF FIGURES 

1 - Reactor construction calendar 
2 - Industrialization of core design and construction 
3 - Main fuel performances and properties 
4 - Contract for supply of the first fuel charge 
5 - Construction calendar for fue? production facilities 
6 - Layout and capacity of the fueD production line 
7 - Fuel pellet manufacturing procedure diagram 
6 - Fuel element manufacturing procedure diagram 
9 - Fuel assembly manufacturing procedure diagram 
10 - Calendar for production of the first fuel charge 
11 - Fuel pellet manufacturing assessment 
12 - Fuel element manufacturing assessment 
13 - Entire body X + GAMMA radiation assessment for personnel 

working on the first charge - influence of plutonium used. 
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- APPENDIX 2 -

SÏMBOLS AND ABBREVIATIONS USED IN THE TEXT 

CE.A. Commissariat à l'Energie Atomique (Atomic Energy 
Commission) 

E.D.F. Electricité de France 

HERSA Centrale Nucléaire Européenne à Neutrons Rapides-
Société Anonyme. (European Fast Neutron Nuclear Power 
Plant Ltd). 

COGEMA Compagnie Générale des Matières Nucléaires 

DCFCa Département du Complexe de Fabrication du Combustible 
au Plutonium de Cadarache 

CFCa Complexe de Fabrication des Combustibles au Plutonium 
de Cadarache (Cadarache Plutonium Fuel Manufacturing 
Complex) 

SCQTPu Service de Contrôle Qualité et Traitements du Plutonium 
(Plutonium Processing and Quality control Department) 

SFECPu Service de Fabrication d'Eléments Combustibles au 
Plutonium (Plutonium Fuel Element Manufacturing 
Department). 



TIME SCHEDULE FOR THE 
CONSTRUCTION OF THE 

SUPERPHENIX 1 
FAST BREEDER REACTOR 

reactor 
order 
authorization 
for EDF 

reactor order 
by NERSA 
to NOVATOME 

construction 
of the reactor 
at Creys-Malvilk 
France 

first criticality 
first 
connection 
to EDF 
power grid 

15.04.76 

01.04.77 

07.09.85 

14.01.86 

73 74 75 76 77 78 79 80 81 82 83 84 85 86 



CONSTRUCTION OF THE 
SUPERPHENIX 1 FAST BREEDER REACTOR 

FIRST CORE 
industrial assembling 

C.E.A. 
studies 

specifications 

VALLOUREC 
CARPENTER 
PRECITUBE 

cladding tubes 
hexagonal wrappers 

NOVATOME 
NIRA • • 

COGEMA 
core 

specifications 
fabrication 

testing 

• • 

SUB-ASSEMBLIES 

C.E.A. CADARACHE 

fuel fabrication 
J 

S.I.C.N. A.G.N. 

fertile, dummy fuel 
absorbers 

C 
0 
M 
P 
0 
N 
E 
N 

S.I.C.N. 
structures 

of fuel 
sub-assemblies 

S.I.C.N. S.E.I.V. 
NOVATOME 

special sub-assemblies 
(Dimep) 
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MAIN CHARACTERISTICS 
OF SUPERPHENIX 1 NUCLEAR FUEL 

performance 

5400 

FUEL ASSEMBLY 
No of elements 
width across flats _ 
(U,Pu)02 m a s s 

UO2 mass 
total mass 
equivalent Pu/oxide 
inner zone 
outer zone 

_271 
_173mm 
_105kg 
_62kg 
.590kg 

_12,5% 
.15,5% 

assembly body 

support piece 

diameter 

(U,Pu)02 

UO 

(U,Pu)02 mass 
UO2 mass 
total mass 

ELEMENT 1 
8,5mm 
390g 
230g 

1kg 

PERFORMANCE (nominal values) 
Nominal max. cladding temperature 
Maximum linear power 
Average burn-up 

U0 2 

300 

• * • -

1000 

300 
2700 

Maximum bum-up 

620°C 
480W/cm 

40000MWD/T 
70000MWD/T 



SUPPLY CONTRACT 
FOR SUPERPHENIX 1 

1st FUEL LOAD 

SUB-ASSEMBLIES : 

410 

(• 400 standard 
271 elements 
in each sub-assembly 

{ 205 I.C. 
195 O.C. 

V 

• 10 special for inner core 
252 elements in each 

sub-assembly 

ELEMENTS : 

110920 

TOTAL AMOUNT OF PELLETS : 

44 Tons 

containing 6.6 tons of Pu 



TIME SCHEDULE FOR THE 
CONSTRUCTION OF SUPERPHENIX 1 

FUEL PRODUCTION FACILITIES 

key points 

feasibility 
studies 

facility design 

material orders 

assembling 
and testing 

01.03.77 

20.1 

issue of the ATPu 
safety analysis report 

i i 'i i i i 
1.78 • start-up authorization 

73 74 75 76 77 78 79 80 81 82 83 84 



LAYOUT PLAN OF SUPERPHENIX 1 
FUEL PRODUCTION LINE 

installed capacities 

ELEMENT 
INSPECTION 

BUNDLE 
ASSEMBLING 

SURFACE AREA : 
600m 2 

CAPACITY : 50000 
ELEMENTS/YEAR 

FUEL ELEMENT 
FABRICATION 

SURFACE AREA : 
500m 2 

CAPACITY : 50000 
ELEMENTS/YEAR 

PELLET 
FABRICATION 

SURFACE AREA : 
600m 2 

CAPACITY : 
18 TONS/YEAR 

Ground-floor 

Ground-floor Ground-floor Underground-floor 

STORAGE CAPACITY : 
400 SUB-ASSEMBLIES 

FAB. CAPACITY 
> 1 ASSEMBL./DAY 

SURFACE AREA :700m 2 

ASSEMBLING 
INSPECTION 

STORAGE SHIPPING 
OF SUB-ASSEMBLIES 

CAPACITY : 
50000 EQUIPPED 

CLADS/YEAR 

SURFACE AREA :300m' 

EQUIPPED CLADS 
PREPARATION 

AND STORAGE 

CAPACITY : 
Pu02 : 1000 kg 
U 0 2 : 5000kg 

SURFACE AREA : 
300m 2 

U 0 2 - P u 0 2 

RAW MATERIAL 
STORAGE 



DIAGRAM OF SUPERPHENIX 1 
FUEL PELLET 

MANUFACTURING PROCESS 
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DIAGRAM OF SUPERPHENIX 1 
FUEL ELEMENT 

MANUFACTURING PROCESS 

Fuel tubesc 

Spacers a 

ist plugs c 

> * * > 

CLAD FABRICATION 
Reception control 
Marking 
Cutting into lengths 
Cleaning 

<n 
Recovery 

Accepted dads 3fJC 

>•*£> 

'•<£> 

FABRICATION OF EQUIPPED 
CLADS 

Spacer crimping 
1*t end cap positioning 
1st end cap welding 

<h 

Rejects 

Recovery 

Accepted equipped • ' 
dads w 

_ „ # /fissile a # c £ > 
Pellets < ~¥ 

l fer t l lea#c£> 
Spring retainer CD( 
2nd «nd cap < y\ 
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2nd plug welding 
Cleaning decontamination 

<*i 

Rejects 

Recovery 

3WC 
Rejects 

Acceptable elements 

Bundle assembling 

OCOGEMA acceptance Inspection #CFCa Internal acceptance Inspection 



DIAGRAM OF SUPERPHENIX 1 
FUEL ASSEMBLY 

MANUFACTURING PROCESS 

ELEMENTS GRID,PLATES 
ASS. 
BODY 

D 

0: 

Ï 
f 0 

BUNDLE 
ASSEMBLY 

1 V 
BUNDLE INSERTION 

INTO SUB-ASSEMBLY BODY 

SUPPORT PART AND U.N.S. 
POSITIONING AND WELDING 

ON ASSEMBLY BODY 

S 
s 

storage 

CFCa* intarnal accaptanca Inspection 

SUPPORT 
PIECE 

D 

O COGEMA accaptanca Inapactlon 

* Fuel Fabrication Complex at Cadarache 



TIME SCHEDULE FOR THE FABRICATION 
OF THE SUPERPHENIX 1 

FIRST FUEL LOAD 
in receivable quantities 

tons sub-assemblies elements 

43,4 

of pellets in units in units 

43,4 
,<740O- -110000 

40 

S / 1 350-
-100000 

v '' ft - 90000 s / / 
0 

i / / 300- - 80000 
30 t t/ 

/ 250 - 70000 

II/ - 60000 
200-

20 - 50000 

1 ' 1 ' 150- - 40000 1 ' 
10- •Y 1 100-

- 30000 

/ / 
ê M 

50-

- 20000 

/ / / 

- 10000 

ft Jj t A 

79 80 81 | 82 83 84 U 

i years 



FABRICATION RESULTS 
OF THE SPX 1 FIRST LOAD 

FUEL PELLETS 

NEW PRODUCTS RECYCLED 
PRODUCTS 

Pu0 2 UO, Pu0 2 (U,Pu)02 

y 100% ye.13% 

WEIGHING-CRUSHING 
GRANULATION 

LUBRICATION-PELLETIZING 

Rejects :0,54% 

S 
SINTERING 

I 
STORAGE 

INSPECTION 

Melting losses :1,6B% 

Samples .0,32% 4> 
Rejects :7,01%... 

4 
GRINDING 
STORAGE 

INSPECTION 

Rejects :0,29% 

S__SL 
CALIBRATION 

CLADDING 
DECLADDING 

Rejects -.5,85% 

* 

90,44% 

PRODUCTS DELIVERED 
OR TO BE DELIVERED { Contained in 414 

4 of which comir 
from 1 s t reload 

assemblies 
ming 
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FABRICATION RESULTS OF SPX 1 
FIRST LOAD FUEL ELEMENTS 

U-

» 
t 

FUEL TUBES DELIVERED 

100% 

INSPECTION AND CLAD 
FABRICATION 

Rejects :0,98% 

APPROVAL 
OF PROCESSES 

Rejects 

2,03% 

,*0,40% INSPECTION AND FABRICATION 
OF EQUIPPED CLADS 

Rejects :2,30% 

"Unused clsds 

\7 
INSPECTION AND FABRICATION 

OF FUEL ELEMENTS 
Rejects :4,53% 

89,76% 

ACCEPTABLE ELEMENTS 
quantity taken into 

p account 
quantity delivered 



X + y WHOLE-BODY IRRADIATION 
OF WORKERS INVOLVED IN THE 

FABRICATION OF THE SUPERPHENIX 1 
FIRST LOAD FUEL 

influence of the plutonium used 

1000-

2000-

LWR-Pu 

GCR-Pu 

Annual 
quantity 
of Pu 
element 
(In kg) 

TOTAL Pu 

2123 


