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MIMAS, A MATURE AND FLEXIBLE PROCESS TO CONVERT THE STOKPILES OF SEPARATED
CIVIL AND WEAPON GRADE PLUTONIUM INTO MOX FUEL FOR USE IN LWR's

A. Vandergheynst - Y. Vanderborck
BELGONUCLEAIRE, 4 avenue Ariane - B-1200 BRUSSELS (Belgium)

ABSTRACT

The BELGONUCLEAIRE Dessel MOX fabrication plant started operation in 1973.

The first ten years have laid down the bases for all the modifications and improvements in the field of fuel fab-
rication and quality control process and technology, waste management, safety and safeguards. In 1984,
BELGONUCLEAIRE developed the MIMAS fabrication process and has used it on industrial scale to make
MOX fuel complying with the most stringent fuel vendor specifications.

From 1986 to 2000, more than 25 t Pu have been processed into more than 450 tHM of MIMAS fuel delivered in
five countries. The MOX fuel produced has been demonstrated to reach at least the same performance as the
UO2 fuel used simultaneously in the same reactors.

The BELGONUCLEAIRE MIMAS MOX fuel fabrication process was selected by COGEMA in the late 80's
for its MELOX and its Cadarache'plants.

In 1999, the MIMAS process was chosen by the US DOE for the new MOX fabrication plant to be built in
Savannah (SC - USA) to "demilitarise" 25.6 tons of weapon grade plutonium originating from nuclear war-
heads. Recently MIMAS was selected by Japan for its domestic MOX plant to be built in Rokkasho-mura.
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1 - INTRODUCTION

MOX fuel has been fabricated at the BN Dessel Plant, for LWR demonstration and Fast Breeder Reactor Pro-
grammes since 1973.

In 1984-1985, the MIMAS fabrication process has been developed and implemented to comply with the most
stringent specifications of the fuel vendors. Simultaneously, the plant has been refurbished and its fabrication
capacity increased to the current nominal capacity of 35 tHM per year.

The plant has an operation license with a wide range of Pu fissile contents (RG and WG). Today, thanks to the
experience gained and the excellent result obtained with the MIMAS process, the goals have been met: the pro-
cess is mature and has proven its flexibility. The nominal fabrication capacity achieved in 1989 has been main-
tained consistently and even slightly increased since then. The MOX fuel produced has been demonstrated to
reach the same performance as the UO2 fuel used in the same reactor. No failures due to MOX fabrication were
noticed and the slight behaviour differences compared to the UO2 fuel are adequately taken into account by the
fuel designers.

Current investment programmes aim to increase still further the flexibility of the plant and to present radiation
protection records far better than the last ICRP 60 regulations, in spite of continuously degradating plutonium
isotopics and increasing plutonium content, coming from increased UO2/MOX burnups.

This paper presents successively :

• the fabrication process,
• the status of our fabrication,
• the performance reached by our fuel,
• the MIMAS technology transfer aspects,
• the trends in the evolution of the applied technology.
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2 - MOX FABRICATION PROCESS

The actual MIMAS process developed by BELGONUCLEAIRE in the early 1980s was implemented in 1986. It
is the result of the evolution of four successive fabrication techniques developed by BELGONUCLEAIRE to
produce pelletized MOX fuel : granulated (UO2 + PuO2) blend, PuO2 blended into granulated UO2, "Reference",
i.e. PuO2 blended into free flowing UO2, "MIMAS", i.e. mixing of free flowing UO2 and a micronised (UO2 +
PuO2) primary blend.

To meet the acceptance requirements on Pu spot size, a two-step blending approach was applied :

S In the first step, the pure PuO2 feed and UO2 are micronized with recycled scrap resulting in a primary
(master) blend of UO2-PuO2) the Pu content being typically in the range of 25 to 35 w/o.

S In the second step, the primary blend is blended down with free-flowing UO2 (typically AUC or TU2) to the
specified Pu content of the MOX fuel.

The intimate contact between the micronized UO2 and PuO2 of the primary blend provides for adequate interdif-
fusion during sintering and fine distribution of the plutonium in the pellet. Larger contact area between the more
abundant fine powder of the primary blend and the free-flowing UO2 powder, feed of the secondary blend, re-
sults in a less heterogeneous MOX structure than single PuO2-UO2 blending approach. The data base accumu-
lated in the fabrication and irradiation experience for MOX fuel fabricated according to the "Reference" Process
was therefore conservatively fully applicable to support the design and license of MIMAS MOX fuel.

The MIMAS process is schematically shown in Figure 1.
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Figure 1 : The MIMAS Process
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In the Dessel plant, one redundant line of production of primary and secondary blends is feeding two lines for
pellet and rod production, interconnected to each other which allows the bypass of some parts of the equipment
under maintenance or repair with a reduced impact on the output of the plant.

The main advantages of the MIMAS process created and developed by BELGONUCLEAIRE regarding fabrica-
tion quality, flexibility and throughput are :

•f The micronization step concerns only about 15 % of the powder. It leads to a reduced Pu milling time and a
small Pu rich dust production ; this step reduces the influence of the feed material in the primary blend.

S The process allows the possibility of single or double cross-blendings.

S The very high flexibility of usage is due on the one hand on the possibility of intermediate storage of the
primary blend, and on the other hand to the easiness of cross blending of powders for isotopic homogenisa-
tion.

•S The process allows the dry recycling of scraps on a routine basis (up to 25 % in the final product, a.o. by
incorporating more than 76 % in the primary blend). The scrap issue has been extensively evaluated in
terms of the Pu contained in the materials rejected during the fabrication process (various types of powders,
pellets, ...). Currently the BELGONUCLEAIRE plant is reaching an equilibrium situation between scrap
production and recycling making the facility independent to the access to a reprocessing plant.

•S The powder additives (lubricant and poreformer) do resist to the various degradating effects (mechanical
friction, thermolysis and radiolysis).

S The fuel rod filling and welding can be performed with a minimum intrusion of the cladding into the glove-
box, which minimises the fuel rod surface contamination, decontamination and contamination monitoring.

•S The type and limited number of equipment used allow a minimal powder retention level.

S Constant reduction of Pu contaminated solid waste (< 0.1 % of the processed Pu).

MIMAS is a dry technology giving an easier prevention of criticality and a very small production of liquid efflu-
ents.

3 - FABRICATION STATUS AND RECORDS

The MIMAS process was implemented during the 1984-1985 refurbishment, taking also into account the returns
of experience and improvements from the first 10 years of operation, in the field of fuel fabrication and control
process, waste management, safety and safeguards. Today, the MIMAS process at BELGONUCLEAIRE takes
into account more than 15 years of irradiation without failure up to burnup similar to UO2.

The process was progressively qualified by the production of some fuel for irradiation in BR2 MTR and BR3
PWR, and also by the production of 16 MOX assemblies loaded in the French reactor CNA in Chooz. However,
the most important quantitative step was the start of use of MOX in the French EDF 900 MWe reactors in 1987.
Formal qualification from FRAMATOME took place in 1986 with the first EDF MOX reload. Up to 1991, the
Dessel plant produced for EDF reactors, with a small fraction for the Swiss Power Plant of BEZNAU-1. From
1991 on, production started for Germany : the plant was qualified for SIEMENS and a first reload was manu-
factured for UNTERWESER. Diversification went on with, in 1995, the first BWR MOX reloads for
GUNDREMMINGEN and the first Belgian MOX reloads for DOEL 3 and TIHANGE 2 respectively. The plant
was qualified in 1996 for the Japanese BWR fuel vendors, TOSHIBA / HITACHI / JNF. The rods for two re-
loads have been manufactured up to now. The most recent qualifications consist in the fabrication of ATRIUM
10x10 BWR MOX fuel and 18 x 18 PWR MOX fuel.

The refurbishment of 1984-1985 brought the capacity of the plant to a nominal capacity of 35 tHM per year,
with a maximum licensed of 40 tHM.
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Thanks to the experience gained and the excellent results obtained with the process, these goals have been met
(see Figure 2).
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Figure 2 : MOX Fabrication Record

The nominal fabrication capacity was achieved in 1989, maintained consistently since then at least at that level,
approaching even the license limit making available additional fabrication capacities for sale, although the num-
ber of fabrication campaigns increased from 2 to 5 or 6 per year in order to meet the delivery requirements of the
different Customers.

A large number of fabrications were performed, as shown in Table 1, confirming the capability of the MIMAS
process to manufacture MOX fuel of any type, with different feed materials. The BELGONUCLEAIRE plant is
today the MOX plant having by far the largest experience in the different PWR and BWR fabrications.

TABLE 1 - MIMAS Fabrication : Range of Tested Parameters

0 Cumulated MOX tonnage
0 Fuel Rod Types (PWR)
0 Fuel Rod Types (BWR)
0 Qualified MOX Fuel Designs

0 Size of a Fabrication Campaign
0 Number of Pu Contents per Campaign
0 Put0, Content in the Pellet (over Putot + U)
0 Am Content (over Putot)
0 Putot Content in Primary Blend (over Putot + U)
0 Scrap Recycling

0 UO2 Material
0 PuO2 Material
0 Cladding Materials

452 tHM (*)
1 4 x 1 4 - 1 5 x 1 5 - 1 6 x 1 6 - 1 7 x 1 7 - 1 8 x 1 8
8 x 8 - 9 x 9 - 1 0 x 1 0
FRAGEMA - SIEMENS - BELGONUCLEAIRE -
TOSHIBA / HITACHI / INF
4 to 29 tHM
3 to 6
up to 8.8 % (14.4 % during process implementation)
up to 20,000 ppm (some lots up to 25,000 ppm)
25 to 35 % (one case up to 40 %)
up to 76 % in the primary blend
up to 25 % of the Pu in the pellet
free flowing AUC and TU2 / depleted or natural
COGEMA - BNFL
SS 304 - Zr4 - Zr4 Duplex - Zr2 - Zr2/Zr linear,
Zr2/Fe doped liner

(*) End of December 2000.

By end of December 2000, more than 26 t Pu have been processed in more than 236,000 rods, containing about
455 tHM for use in 884 PWR fuel assemblies and 336 BWR fuel assemblies, loaded or to be loaded soon, in 17
PWR's and 4 BWR's located in five countries (see Figure 3).
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F/gwre 3 : MIMAS Production at BELGONUCLEAIRE

The process has demonstrated its flexibility for successive fabrications of various designs, campaign sizes in-
cluding special fabrications. The process has also demonstrated the licensibility of MIMAS MOX fuel in vari-
ous countries for various fuel vendors and licensing authorities.

4 - MOX FUEL IN-REACTOR PERFORMANCE

Today 19 LWR's (17 PWR's and 2 BWR's) located in France, Germany, Switzerland and Belgium have been or
are in operation with industrial MIMAS MOX fuel delivered by BELGONUCLEAIRE.

The present burnup performance of MOX fuel is comparable to that of uranium fuel : industrial MOX fuel was
unloaded in April 1999 from a Belgian PWR with assembly burnup exceeding 46 GWd/tHM. An increasing
number of MOX fuel is discharged in Germany with an assembly burnup of more than 48 GWd/tHM. The
maximum burnup achieved so far was in BEZNAU-1 : more than 51 GWd/tHM assembly average or
60 GWd/tHM peak pellet, after 6 irradiation cycles (see Figures 4 & 5). No failures due to the MOX were no-
ticed.
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Figure 4 : MIMAS Fuel Irradiation Experience - October I, 2000
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Figure 5 : Irradiation Experience of BELGONUCLEAIRE MIMAS Fuel in LWR 's (Commercial Deliveries)

5 - MIMAS TECHNOLOGY TRANSFER

The growing and successful fabrication and irradiation experience of the MIMAS MOX fuel fabricated at
BELGONUCLEAIRE and the accumulated experience of BELGONUCLEAIRE in plant design and licensing,
fabrication equipment and safe operation of an industrial MOX plant have led to the transfer of the BELGO-
NUCLEAIRE MIMAS technology :

t> to France for the MELOX and Cadarache plants of COGEMA in the late 80's,
% to the USA, in co-operation with COGEMA, after the decision in 1999 of US DOE to dispose 25.6 t of

weapon grade plutonium as MOX fuel for LWR.

The MIMAS process adapted to the Russian constraints is also considered as the reference process for the dispo-
sition of weapon grade plutonium as MOX fuel for LWR in Russia.

Recently, MIMAS was selected by Japan for its domestic MOX plant to be built in Rokkasho-mura.

Today, more than 1100 tHM MIMAS have been fabricated and successfully supplied in five countries including
Japan by COGEMA and BELGONUCLEAIRE.
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Figure 6 : MIMAS, the World Leading MOX Fabrication Technology

6 - EVOLUTION OF THE APPLIED TECHNOLOGY AT BELGONUCLEAIRE

Waste originating from plant operation influences fabrication costs and personnel exposure. By identifying the
waste generating operations, by optimising the concerned fabrication process steps and by educating the person-
nel with regard to those fabrication process steps and with regard to more adequate sorting of the operation
waste, the volume of the fabrication waste over the last years has been progressively reduced (less than 1,0 m3

per tHM today) while the Pu contained in this waste has been reduced to less than 0.1 % of the Pu contained in
the delivered MOX fuel.

As a result of the decreasing quality of the PuO2 and of the increasing quantities of PuO2 being processed, pro-
grammes are continuously conducted aiming at decreasing the occupational doses of the personnel and at de-
creasing the waste generated by the plant operation.

The simultaneous increase of the quantity of the plutonium to be processed and of the neutron emission can lead
to an increase radiation exposure of the personnel : from 1995 to 1999, a 4-year modernisation programme has
been undertaken in the updating and/or mechanisation of the production equipment and infrastructure, including
extensive shielding and remote control. Taking the benefit of the large experience of BELGONUCLEAIRE in
MOX fabrication, we have been updating the equipment : infrastructure, computer system, new production
equipment with remote control, radioprotection systems. Keeping the flexibility of the plant to accept various
types of fabrication and securing the future to allow safe production in the next years. This modernisation was
performed without loss of capacity and has helped to reduce the collective and maximum individual doses by a
factor 3 since 1987. Since 1997, the dosimetry at BELGONUCLEAIRE complies fully with the European di-
rective translating the 1990 recommendations of the ICRP Publication No. 60.

Thanks to its large capability of dry scrap recycling, the MIMAS process allows to recycle all the scraps induced
by the fabrication and even more.
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7 - CONCLUSION

The BELGONUCLEAIRE MOX plant started industrial production with the MIMAS process in 1986 and has
reached its nominal capacity of 35 tHM per year in 1989, which was maintained consistently since then, at least
at that level, approaching even the license limit of 40 tHM per year.

More than 450 tHM have been produced up to the end of 2000. The production is very flexible, for various de-
signs, for PWR's as well as for BWR's and has been supplied in five countries.

The MIMAS process, developed by BELGONUCLEAIRE, has been transferred to COGEMA in France, where
it is applied since 1995 with success in CFCa Cadarache and MELOX. In year 2000, only MIMAS MOX fuel
has been fabricated in the world. BELGONUCLEAIRE with its experience in Pu technology for more than 30
years has created and developed the MIMAS process and has accumulated today 25 years of safe operation in an
industrial MOX plant and 15 years in fabricating LWR fuel with the same MIMAS process.

The recent refurbishment of the equipment makes the BELGONUCLEAIRE P0 plant in Dessel a modern plant
with a large experience.

The excellent fabrication performance as well as the outstanding in-pile behaviour of the MIMAS fuel makes it
the reference for any new MOX plant in the world. It has been recently selected for the Japanese project and for
use in the USA in the frame of the weapon grade material disposition programme. The process is also consid-
ered for Russia.
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