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a b s t r a c t
The objective of the European 6th framework Integrated Project (IP) EUROTRANS (EUROpean Research
Programme for the TRANSmutation of High Level Nuclear Waste in an Accelerator Driven System) is to
demonstrate the feasibility of transmutation of high level nuclear waste using subcritical Accelerator
Driven Systems (ADS). The spallation target represents the most challenging new component in an
ADS since it is the component coupling the accelerator and the nuclear core and is subjected to very high
thermal load in a high radiation ﬁeld. In this document the thermal hydraulic activities which led to reliable design rules for a windowless target are presented and the status of the heavy liquid metal target
mock-up experiment at the KArlsruhe Liquid metal LAboratory (KALLA) are reported.
Ó 2011 Published by Elsevier B.V.

1. Introduction
The Integrated Project EUROpean Research Programme for the
TRANSmutation of High Level Nuclear Waste in Accelerator Driven
System (EUROTRANS) [1] aims to demonstrate the feasibility of
transmutation in an advanced 50 to 100 MWth eXperimental accelerator driven facility XT-ADS [1]. Within this project the spallation
target is designed by SCKCEN in Mol, Belgium. Fig. 1 illustrates the
XT-ADS. In the centre of the subcritical core, a spallation target provides the primary neutron source that is ampliﬁed by the subcritical
core to obtain the neutron ﬂux required for ﬁssion and transmutation. The term windowless target is used since the proton beam
from the accelerator directly hits the heavy liquid metal (HLM) target through a free surface. The target must ﬁt into the space provided by removing three fuel assemblies [3].
The thermal hydraulic design of the target is a challenging task,
as the space available is very limited and the maximum heat load is
about 300 W/cm3 and the total heat deposit reaches 2.1 MW [4–7].
Moreover, the presence of a free surface with HLM adjacent to vacuum complicates the task. Thus a ﬂow must be established where
the total heat deposited within any ﬂuid volume never exceeds a
critical value, which is deﬁned by the maximum allowable temperature of approximately 550 °C due to material considerations. The
total heat deposit is directly related to the residence time of the
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ﬂuid in the heat source, so that the design goal can be phrased
‘‘Provide a ﬂow where no ﬂuid element exceeds the allowable
residence time in the proton beam interaction region during its
path through the target.’’ The task of limiting the residence time
cannot be accomplished by simply cranking up the ﬂow rate, since
the maximum ﬂow speed is limited by the erosion resistance of
structure materials. Moreover, high ﬂow rates may promote
splashing and recirculation which both can result in unacceptable
long residence time of some ﬂuid elements. During EUROTRANS an
intensive exchange between designers and thermal hydraulics specialists led to the proposal of a promising target design. After a
simulation campaign, the hydraulics of this design was at ﬁrst successfully tested in a water experiment (see [8,9]). Currently heavy
liquid metal (HLM) experiments are under preparation to prove the
feasibility with the actual working ﬂuid Lead–Bismuth Eutectic
(LBE) [10]. The present paper summarizes thermal hydraulic activities and the status of the HLM experiments.
The starting point of the thermal hydraulic activities in
EUROTRANS are the experiments on the MYRRHA target module
(DG16.5) which have been performed in the KArlsruhe Liquid
metal LAboratory (KALLA) in the frame of a bilateral collaboration
between FZK and SCKCEN [11]. The DG16.5 module is also referred to as the MYRRHA I target. These experiments were performed in the THEADES (THErmalhydraulics and Ads DESign)
Loop which aims at investigation of thermal–hydraulic single-effects of ADS like components of prototypical dimensions. Figs. 2
and 3 schematically show the geometry of the tested MYRRHA
target (DG16.5). Experiments with the MYRRHA I target showed

