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Summary 
 
This document gathers the summaries and the slides presented by the PELGRIMM consortium at the joint 
ASGARD & PELGRIMM workshop embedded in the TOPFUEL 2015 conference (Zurich, sept. 15-17). 
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2 Outcomes from investigations of oxide spherepacked fuels 
synthesis by Joseph Somers, C. Cozzo, Fabienne Delage, 
Daniel Freis, Sébastien Picart, Manuel Pouchon 

 
The European FP-7 project PELGRIMM addresses the development of Minor-Actinide (MA) bearing oxide 
fuels consolidated as pellets and spherepac for Sodium-cooled Fast Reactors. Two fuel compositions: MABB 
and MADF, are under investigation. In the Minor Actinide Bearing Blanket (MABB), MA-oxide is concentrated 
in UO2 and sub-assemblies are located in the radial blanket of the core. In MADF – Minor Actinide Driver 
Fuel – MA oxide is diluted in the (U,Pu)O2 driver fuel. 
Even if powder metallurgy, implemented to supply (U,Pu)O2 standard fuels at industrial scale, can be used 
at lab-scale to prepare Am-bearing fuel samples, dust-free routes and simplified methods, are essential to 
scale-up the Am-bearing fuel fabrication processes. Three options have been investigated within the project: 
two are based on the sol-gel processes that lead to dense or porous spherical particles and the other relies 
on the adaptation to oxide fuels of the Weak Acid Resin technology. 
For the MARINE irradiation test (implemented within PELGRIMM) that aims at comparing a sphere-packed 
and pelletized  (U,Am)O2-x fuel: the preparation of pellets includes a stage of UO2 porous beads infiltration 
by a low acid Am nitrate solution, followed by heat treatments, pressing and sintering. The preparation of 
sphere-pac particles (50 and 800µm) was performed using direct co-precipitation of mixed (U,Am) nitrate 
solution by external gelation before heat treatments and vibro-packing. 
In parallel, a variant of the internal gelation route, for the gelation of the drops using  a microwave cavity 
instead of a silicon oil hot bath, has been investigated. Finally, the Weak Acid Resin flowchart has been 
revisited and adapted to oxide fuels for the actual synthesis of (U,Am)O2 beads and pellets. 
The experiences gained on fuel synthesis during these campaigns are presented and conclusions for future 
approaches are drawn. 
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3 Outcomes from the implementation of irradiation tests on 
minor actinides bearing oxide fuels, by S. Béjaoui, 
E. D’Agata, R. Hania, J. Somers, D. Freis and F. Delage 

 
The PELGRIMM European project (“PELlets versus GRanulates: Irradiation, Manufacturing, Modelling”) 
deals with modelling and experimental studies on Minor Actinides (MA) bearing oxide fuels devoted to both 
homogeneous recycling in driver fuels and heterogeneous recycling in radial core blankets, in Sodium-
cooled Fact Reactor (SFR). 
Significant effort is directed towards the development of irradiation tests. Behaviour under irradiation of 
Americium Bearing Blanket (AmBB) fuel is addressed through the MARIOS separate-effect irradiation aiming 
at studying gaseous release and swelling of small fuel discs as a function of temperature thanks to an 
innovative experiment design. Study of AmBB behaviour is also the purpose of the semi-integral irradiation 
experiment MARINE in which are tested both pelletized and spherepacked fuel under irradiation. A specific 
feature of MARINE is the use of pressure transducers allowing direct measurement of gaseous release from 
the fuels during the experiment. SPHERE experiment addresses the behaviour under irradiation of both 
pelletized and spherepacked fuel for homogenous MA recycling. 
The description and the status of these irradiation tests will be provided in the presentation. Through this 
description, the different realisation steps of an irradiation experiment will be illustrated: 
- design phase studies and irradiation preparation with MARINE experiment, 
- performing of the irradiation with SPHERE experiment, 
- interpretation of the irradiation and obtaining of the experimental results with MARIOS post-
irradiation examinations. 
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4 Modeling and simulation of fast reactor minor actinide 
bearing oxide fuels in support of MABB and MADF concepts 
by S. Lemehov, R. Calabrese, F. Delage, A. Fedorov, M. 
Pouchon, P. Van Uffelen 

 
The European FP-7 project PELGRIMM addresses the development of Minor-Actinide (MA) bearing oxide 
fuels for Sodium-cooled Fast Reactors. MA homogeneous and heterogeneous recycling options are 
investigated in this project. Work-Package  3 (WP3) addresses modelling of minor actinide enriched fuels 
under irradiation regarding both MADF and MABB compositions – spherepacked or pelletized – in order to 
establish reliable predictive capabilities of existing fuel performance codes with respect to specific issues of 
MADF/MABB fuels. 
The concept of MABB – Minor Actinide Bearing Blanket fuels – stands for use of depleted UO2 with 
incorporated Am in elevated quantities (up to 10-15 wt.%) in radial blanket on the periphery of the outer core 
in fast reactors. Such (U,MA)O2 fuels can also be doped with Np to accelerate the rate of plutonium build-up 
and to keep (U,MA)O2 fuel longer in the reactor for deeper transmutation of Americium. In the 
complementary concept MADF – Minor Actinide Driver Fuel – compositions are manufactured with high initial 
content of PuO2 for use in the core of a fast reactor to generate power and neutron flux.   
Most of fuel performance codes have been originally developed, verified and validated to model standard 
LWR or SFR types of fuels made of enriched uranium dioxide or a mixture of uranium and plutonium oxides 
(MOX). Implementation of new compositions and fuel forms (pellets or spherepac) is naturally made by 
correction of existing models and correlations for standard fuels. Such approach is practical; however, 
validity of it still shall be tested. Many in-pile properties of fuels depend on temperature – the higher centre-
line temperature the higher scale/rate of all temperature dependent processes and properties. Thus, thermal 
properties of MADF and MABB fuels under consideration are to be reviewed and analyzed first. The 
objective of the study performed in the FP7-PELGRIMM project and its WP3 is an assessment and a 
comparative evaluation of the fuel performance codes and their ability to model the behavior of fuel pins with 
either sphere-pac or pellets. 
Several fuel performance codes (MACROS – SCK•CEN, TRANSURANUS – ENEA, NRG, JRC-ITU, 
GERMINAL -CEA) have been used by participants to cover the WP3 scope of work and particular tasks. 
The PELGRIMM WP3 work started with the general model evaluations of material properties of MADF and 
MABB dedicated compositions and reference irradiation experiments – SUPERFACT and SPHERE. The 
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efforts that participants of the WP3 made so far cover aspects of modeling such as helium production and 
release under a fast neutron spectrum; plutonium, americium and oxygen redistribution; influence of MA and 
fission products (i.e. burnup effects) on melting temperature; evolution rate of fuel restructuring, columnar 
grain growth and central void formation; and, finally, some predictive behavior simulations have been made 
for the SPHERE irradiation test. 
There is a good understanding based on carried out work that concepts of MADF and MABB fuels open 
promising prospective for  safety assessments and design efforts underway in the WP4 which addresses 
problematics of core physics. 
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5 Simplified Design and Safety Performance Assessment of 
an Advanced Sphere-pac (U,Pu,MA)O2 SFR core by W. 
Maschek, L. Andriolo, C. Matzerath Boccaccini, Fabienne 
Delage, Carlo Parisi, Alessandro Del Nevo, Giulia Abbate, 
Damien Schmitt 

 
The European FP-7 project PELGRIMM addresses the development of Minor-Actinide (MA) bearing oxide 
fuels for Sodium-cooled Fast Reactors. MA homogeneous and heterogeneous recycling options are 
investigated. Sphere-pac fuels are expected to be good candidates to Minor Actinide (MA)-bearing fuel 
concepts due to their dustless production and their good swelling behaviour under irradiation. One major 
drawback of sphere-pac fuel stacks (compared to pellets) is their lower thermal conductivity at start of 
operation. This drawback is however compensated during the early lifetime of sphere-pac fuels as they 
rapidly restructure in the core. A first safety assessment of these sphere-pac fuelled cores is given in the 
Work Package 4 of the project. This assessment is in continuity with the former FP-7 CP-ESFR project which 
aimed at designing and analyzing a 3600MWth sodium-cooled fast reactor. The so-called Working Horse 
(WH) aimed at a reduced sodium void worth, but still relatively high with ~1200 pcm at BOL and being a 
major cause for core disruption during an Unprotected Loss Of Flow accident (ULOF). This represented a 
reason to optimize the core and for reducing the positive void worth. Among the proposed solutions, the 
CONF2 core design with a large upper sodium plenum provided a reduced positive void worth, and was 
therefore chosen for the safety analyses of PELGRIMM.  
The objective of the study performed in the FP7-PELGRIMM project is a safety assessment and a 
comparative evaluation of the CONF2 core loaded with either sphere-pac or pellet driver fuel.  The 
PELGRIMM investigations started with the design of CONF2 loaded with sphere-pac fuel and the 
determination of core safety parameters and burn-up behavior.  The neutronic analyses were performed with 
the MCNPX code. Variants of the CONF2 core contain Am fractions from 0 to 4 wt% in the driver fuel. This 
CONF2 design features a relatively low sodium void worth of ~ 500 pcm at BOL compared to the ~ 1200 
pcm of the WH core. Results show the expected worsening of the safety parameters with burn-up and MA 
content. The Doppler coefficient is decreasing while Na void coefficient is increasing again up to 2100 pcm 
for EOC3. 
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The accident simulations are performed with the MAT5DYN code for the accident initiation phase and with 
the SIMMER-III code for the complete accident scenario.  The codes had to be adapted to the specifics of 
the sphere-pac fuel. SIMMER analyses for the CONF2 core with pellet fuel have been performed first, 
assessing the claimed improvement by introducing the large upper sodium plenum. Results showed that the 
sodium plenum seems to effectively prevent positive reactivity surges by voiding and subsequent power 
excursions. The low transient power allows the rewetting of structures and the disruption process remains 
limited. Differently than in the WH core after a first mild power excursion no recriticality appeared. For 
sphere-pac fuel under BOL conditions one might discern between BOL ‘green fuel’ and BOL restructured 
fuel after some hours of operation. The interest in the ‘green fuel’ case is because of the low thermal 
conductivity and consequently possible high fuel centerline temperatures. SIMMER analyses reveal that 
indeed under these conditions locally centerline temperatures above the melting point are reached. This 
shows that a starting procedure of the reactor is necessary to achieve a restructured fuel which is in its 
thermal conditions closer to a pellet fuel of same density. Both for the pellet and sphere-pac core, the 
plenum effect is active and prevents a scenario with multiple recriticalities. In the CONF2 core with BOL 
restructured fuel one experiences even a total re-wetting of the core in the last phase of the ULOF. These 
results reveal a new phenomenology not seen before for such large cores. For EOC3 cores the safety 
parameters are deteriorated and a ULOF in the CONF2 core again ends in whole core melting and core 
destruction. 
No sound experimental data base on transient behavior of sphere-pac fuels exists. The safety analyses 
therefore represent first scoping studies. Based on the current analyses, the implementation of sphere-pac 
fuel does not cause any specific design problems for the CP-ESFR. For BOL conditions the ULOF simulation 
shows a very mild transient for the sphere-pac CONF2 core both with un-restructured and restructured fuel. 
The first safety analyses also indicate, that sphere-pac fuels do not seem to cause any specific safety 
problems, if introduced in an SFR. 
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