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a b s t r a c t

The CESAM FP7 project (Van Dorsselaere et al., 2015) of EURATOM has been conducted from April 2013
until March 2017 in the aftermath of the Fukushima Dai-ichi accidents. Nineteen international partners
from Europe and India, including the European Joint Research Centre, have participated under the coor-
dination of GRS and with a strong involvement of IRSN that were both ASTEC code developers.
The Project objectives were: to understand all relevant phenomena during the Fukushima Dai-ichi acci-

dents and their importance for Severe Accident Management (SAM) measures; and to improve the ASTEC
computer code to simulate plant behaviour throughout accident sequences including SAMmeasures. The
starting point was the analysis of current SAM measures implemented in European nuclear power plants.
To achieve these goals, simulations of relevant experiments that allow a solid validation of the ASTEC

code against single and separate effect tests have been conducted. Covered validation topics in the
CESAM project have been grouped in 9 different areas among which are re-flooding of degraded cores,
pool scrubbing, hydrogen combustion, or spent fuel pool behaviour. Furthermore, modelling improve-
ments have been implemented in the current ASTEC V2.1 series for the estimation of source term conse-
quences in the environment and the prediction of plant status in emergency centres. Finally, ASTEC
reference input decks have been created for all reactor types operated in Europe today as well as for spent
fuel pools. These reference input decks generically describe plant types like PWR, VVER, PHWR, and BWR
without defining proprietary data of a special plant and they account for the best recommendations from
code developers and users. In addition, a generic input deck for a spent fuel pool was elaborated. These
input decks can be used as basis by all (and especially new) ASTEC users in order to understand code basic
requirements and model features and to implement the specificities of their own NPP type. Based on
these generic inputs, benchmark calculations have been performed with other codes (such as MELCOR,
MAAP, ATHLET-CD, COCOSYS. . .) with a focus on applicability of ASTEC models to currently implemented
SAM measures.
This article provides a final summary of the CESAM project. Therefore, an overview of the improved

modelling capabilities of the recent ASTEC V2.1 version is given followed by the validation status of
ASTEC V2.1 as concluded after CESAM. Further, plant applications performed by CESAM partners will
be summarized with a special focus on simulation of SAM measures in various NPP types, and insights
gained on SAM measures will be derived.

� 2018 Elsevier Ltd. All rights reserved.

1. Introduction

ASTEC (Accident Source Term Evaluation Code) is a computer
code for the simulation of most relevant phenomena occurring

during severe accidents (SA) in the reactor of Nuclear Power Plants
(NPP) and surrounding buildings that has been jointly developed
by IRSN (France) and GRS (Germany) from the late 1990 s and is
exclusively developed by IRSN today. ASTEC has a strong modular
approach Fig. 1) allowing simulation of single-effect tests as well as
of separate-effect tests in coupled mode with different modules
activated up to integral plant applications enabling all modules
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that allow a comprehensive modelling of all relevant process from
an initiating event up to the release of radioactive material into the
environment.

Each module is devoted to the simulation of the different parts
of or phenomena occurring in a NPP. Overall, four main domains
are generally considered to represent a NPP.

� The reactor core and pressure vessel are modelled with the
ICARE module, except for the thermal-hydraulics that is now
also covered by the CESAR module;

� The CESAR module deals more generally with the whole reactor
cooling system (RCS);

� The CPA module deals with the containment thermal-
hydraulics simulation;

� The MEDICIS module is addressing Molten Core Concrete Inter-
action (MCCI) in the cavity after vessel failure.

Further, separate modules are available for the simulation of
different SA phenomena. In particular:

� The SOPHAEROS module simulates the transport and chemistry
of fission products (FP) and aerosols (including notably iodine
and ruthenium chemistry) in both the reactor coolant system
(RCS) and the containment;

� The RUPUICUV module evaluates the corium entrainment
under elevated pressure causing Direct Containment Heating
(DCH).

Accident management relevant systems like Passive Autocat-
alytic Recombiners (PARs) to remove hydrogen can be described
within CPA.

During CESAM (Van Dorsselaere et al., 2015) life time two dis-
tinct series of ASTEC V2 major versions have been sequentially
used: the V2.0 series during the first period of the CESAM project;
and after the initial release of a ‘‘V2.1 CESAM only version” during
the second part of the project. The CESAM project has been divided
in three technical work packages on:

1) Assessment and validation of existing ASTEC models.
2) Model improvements and implementation in subsequent

ASTEC versions.
3) Creation of plant input decks allowing calculation of severe

accident scenarios with respect to SAM measures.

In the first task on assessment and validation, recommenda-
tions for code improvements were developed for all parts of the
reactor and most modules of ASTEC first on the basis of ASTEC
V2.0 series. The identification and priority for such modelling
improvements were driven by the phenomena considered as most
relevant for SAM with respect to Fukushima Dai-ichi accidents first
feedback. After being included in the ASTEC V2.1 new series by the
ASTEC code developers in accordance to the CESAM recommenda-
tions, these code improvements have been again validated by the
partners.

Code development has been performed in the second task on
model improvement and implementation. Different ASTEC patch
versions including bug fixes have been released by IRSN all along
the project lifetime in order to react to user requests on code appli-
cability. The main work has been on the achievement and on the
consolidation of the newly created ASTEC V2.1 series. To promote
the development of ASTEC to be used in support to decision mak-
ing in SA scenarios, ASTEC V2.1 was also coupled to environmental

Fig. 1. ASTEC V2.1 integral code - overview of main modules.
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