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Abstract:  
The ASTEC integral code is jointly developed by IRSN (France) and GRS (Germany) for LWR source 
term Severe Accident (SA) evaluation, PSA level 2 studies and SA management evaluation. ASTEC 
constitutes now the reference European integral code through its role in the Network SARNET 
(Severe Accident Network of Excellence) in the EC 6th Framework Program. The models of next 
version V1.3, released before end of 2006, represent the current State of the Art, its validation is very 
extensive (in particular on Phébus FP) and, after next implementation of a model for reflooding of 
degraded cores, it will cover all needs for SA evaluation in PWR and VVER. 
It will be the reference code for the IRSN PSA level 2 (Probabilistic Safety Analysis) on French PWR 
1300 MWe that starts in 2006. 
In the frame of SARNET, IRSN coordinates the ASTEC Topic gathering 30 partners that assess the 
code through validation against experiments and benchmarks with reference codes like CATHARE or 
RELAP5 for the reactor coolant circuit and COCOSYS for the containment. Plant application 
calculations are compared with MELCOR and MAAP4 results for a series of different SA sequences. 
Besides, the knowledge generated by SARNET Topics (Corium, Source Term and Containment) will 
be progressively integrated into the code through improved or new models. 
The 2nd Users’ Club organized at Aix-en-Provence in June 06, with 45 participants from 27 
organizations, allowed fruitful discussions with the Maintenance Team. After 2 years of work, code 
validation shows good overall results, often close to results of reference codes. Some results reach 
the limits of present knowledge, for instance on Molten-Corium-Concrete-Interaction (MCCI) and 
Direct Containment Heating (DCH). Benchmarks on plant applications have been performed on 
diverse reactor types: PWR 900, Konvoi 1300, Westinghouse 1000, VVER-1000 and VVER-440. The 
main trends of results are similar to MELCOR or MAAP4 results. The objective of the quantitative 
comparisons to be performed more intensively in the next period is to learn whether the differences on 
results are caused by differences in physical models and/or in safety systems modelling. These 
benchmarks will also more focus on fission products behaviour and on specific parts of the sequences 
such as MCCI. 
Concrete action plans and associated teams have been set up for BWR and CANDU model 
adaptation and future benchmarks. 
At short term, the code evolution will focus on feedback from PSA level2 1300 and SARNET ASTEC 
V1 applications, and on a new model of reflooding of a degraded core. The documentation will be 
largely improved, mainly users manuals and users guidelines. 
In parallel, the preparation by IRSN-GRS of a new family V2 of ASTEC versions has started. The 
general specifications will account for the needs as expressed by the SARNET users. ASTEC V2.0 is 
planned in 2008, where the ICARE2 IRSN mechanistic code will be the new core degradation module. 
This ASTEC version will include the EPR applicability, the simulation of external vessel cooling for new 
reactor designs and a full modelling of Ruthenium behaviour in circuit and containment for air ingress 
situations. 
Beyond, future evolutions of ASTEC code will act as repository of knowledge created in SARNET and 
in the international context. The possible use of ASTEC to analyse severe accident sequences in 
future reactors (Generation IV, ITER) is under consideration. 
 

 



 
 

1  INTRODUCTION 
 
For several years, IRSN and GRS have been jointly developing a system of calculation 
codes, so-called “integral” code, ASTEC (Accident Source Term Evaluation Code) to 
simulate the complete scenario of a hypothetical severe accident in a Light Water Reactor 
(LWR), from the initial event until the possible radiological release of fission products out of 
the containment.  
In 2004, the SARNET Severe Accident Research Network of Excellence [1] was launched in 
the 6th Framework Programme (FwP) of the European Commission (EC).  52 organisations 
from 19 countries are currently members of this network, representing more than 200 
researchers and 20 PhD students. The objective is to network the European capacities of 
research in order to resolve the most important remaining uncertainties and safety issues for 
enhancing, in regard of Severe Accidents (SA), the safety of existing and future Nuclear 
Power Plants (NPPs). This project concerns the harmonisation of research programmes and 
the development of common computer tools and methodologies for safety assessment. 
Partners contribute to a “Joint Programme of Activities” consisting of 3 types of activities in 3 
Topics Corium, Source Term and Containment: integrating activities (advanced 
communication tool, ASTEC code, experimental databases, Probabilistic Safety Analysis 
methodology); jointly executed research activities; spreading of excellence activities. 
ASTEC plays an important role in SARNET as the main integrator of knowledge generated 
by R&D for most types of NPPs in Europe: models are being developed, validated on 
experiments, and integrated in order to make this code the reference European SA integral 
code. 
This paper presents the progress of the ASTEC Topic two and a half years after the 
beginning of SARNET. 

2  ASTEC CODE CONTEXT AND STATUS 
 
ASTEC is being jointly developed by IRSN and GRS to describe the behaviour of a whole 
severe accident in a LWR, including the behaviour of engineered safety systems and 
procedures used in Severe Accident Management (SAM).  
Its application range covers: 

- Evaluation of the possible radiological release out of the containment, 
- Accident management studies, concerning the measures of prevention and mitigation 

of severe accidents, 
- PSA2 (Probabilistic Safety Analysis level 2) studies, including the determination of 

uncertainties, 
- Physical analyses of scenarios to improve the understanding of the phenomenology, 

including support to experimental programs. 
It has been used for a long time for the detailed interpretation of all Phébus FP experiments.  
It is the reference code to be used in the IRSN PSA2 on French PWR 1300 MWe that starts 
in 2006. Some aspects of EPR safety have been analyzed by IRSN with ASTEC modules [2].  
Beyond SARNET, an intensive international collaboration has been set up with several 
countries: Russia (Kurchatov Institute), Canada (AECL) and India (BARC). 
The models of the ASTEC version V1.3 to be released in November 06 represent the current 
State of the Art and cover most needs for SA evaluation in PWR and VVER. Most SAM for 
existing PWR can be simulated: RCS depressurisation, vessel early internal flooding, 
containment spray, containment venting...  
Let us recall that steam explosion and containment mechanical behaviour were out of the 
ASTEC general requirements. The code has a modular structure, each of its modules 
simulating a reactor zone or a set of physical phenomena: 

- CESAR for two-phase thermal-hydraulics in the Reactor Cooling System (RCS), 
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- DIVA for in-vessel core degradation (most models are derived from the ICARE2 IRSN 
mechanistic code), 

- ELSA for release of fission products (FP), actinides and structure materials, from 
intact fuel and control rods, debris beds or corium molten pool, 

- SOPHAEROS for aerosol and vapour transport through the RCS via gas flow to the 
containment.  

- RUPUICUV for Direct Containment Heating (DCH), 
- MEDICIS for Molten-Corium-Concrete-Interaction (MCCI), 
- CPA for containment thermal-hydraulics and aerosol behaviour, 
- IODE for iodine behaviour in the containment, 
- ISODOP for decay of FP and actinide isotopes in zones of the reactor. 

 
ASTEC validation has been performed by IRSN and GRS on more than 120 different 
experiments in the last 5 years, covering experimental programmes performed in in-pile or 
out-of-pile facilities, at various scales: separate-effect tests, coupled-effect tests and integral 
experiments or accidents. The latter (for instance Phébus.FP and TMI2 accident) allow 
checking of the correct reproduction of coupling between phenomena and the completeness 
of the modelling with respect to significant phenomena. The code has also systematically 
been applied in the last years to the OECD International Standard Problems (ISP): STORM 
(ISP40), iodine experiments (ISP41), KAEVER (ISP44), QUENCH (ISP45), FPT1 (ISP46), 
containment thermalhydraulics (ISP47).  

3  ASTEC TOPIC IN SARNET  
 
ASTEC plays an important role in SARNET as the main integrator of knowledge generated 
by R&D for most types of NPPs in Europe: models are being developed, validated on 
experiments, and integrated into ASTEC in order to make this code the reference European 
SA integral code. 
IRSN is coordinating the ASTEC Topic gathering 30 partners (Table 1) and 45 users. Two 
new partners joined the Topic in April 2006: AECL (Canada) and BNRA (Bulgaria). 
The collaborative work is divided in three Work-Packages (WP): 

- USTIA (Users Support and Training, Integration and Adaptation) dedicated to 
distribution of the code versions by IRSN and GRS and to support and training for 
code users, 

- PHYMA (PHYsical Model Assessment) on code validation by comparison with 
experimental results, 

- RAB (Reactor Application and Benchmarking) on code benchmarking with other 
codes (integral or detailed codes) on plant applications. 

4  PROGRESS OF "USTIA" WORK-PACKAGE 

4.1 ASTEC delivery and support to the users  
 
In the last 2 years, two code versions were delivered by IRSN and GRS on CD-ROMs with 
the code source, the whole code documentation and a set of test-cases (about 25 validation 
cases and 10 plant applications on PWR, Konvoi, and VVER reactors): ASTEC V1.2 in July 
05, and V1.2 rev1 in December 06. The next version V1.3 will be delivered in November 06. 
For support to the users, the use of the MARCUS Maintenance tool, based on Web and e-
mails (Fig.1), has proved to be very efficient to make easier the dialogues between users and 
developers and to keep the full tracks of all users’ requests and of solutions given by the 
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Maintenance team. A new version of this tool, more user-friendly, wil be released in 
November 06. 
Eighteen months after the 1st Users Club, the 2nd Users’ Club was organized by IRSN at Aix-
en-Provence during 4 days in June 06. It gathered 45 participants from 27 organizations and 
about 15 members of the IRSN-GRS ASTEC team. Very fruitful direct discussions took place 
between the users and the ASTEC Team. A complete status of all current ASTEC 
applications done in the 3 WP was presented. The main users requests were discussed and 
the IRSN-GRS team presented the trends of code evolution in the short and long term.  
A questionnaire of satisfaction on the code was distributed to the partners during this 
meeting. It allowed to underline the needs of improvements: on a scale from 1 (“inadequate”) 
to 4 (“very good”), code capabilities (models, validation) were evaluated as “good”, as well as 
maintenance (reactivity, users support).  Ease of code use (installation, post-processing, 
robustness) was evaluated as a litlle below “good”. The lowest evaluation concerned code 
documentation as “medium”. All the users requirements and needs have been also described 
in details in a Deliverable report. 
This users' feedback led the ASTEC team to launch mid-06 a multi-year action plan to 
improve the code documentation. A 1st step of improvements will be reached for ASTEC 
V1.3.  It will mainly concern the completion/correction of the users manuals and the release 
of a first version of Users Guidelines that underlines the main recommendations for best 
code use. This document will be then periodically improved and completed.  
The ASTEC page of the Advanced Communication Tool (ACT) on the SARNET Web portal 
was intensively used: periodic news on code progress, forums of discussion, surveys, 
description of models, examples of code input decks, technical reports, access to code 
updates,… 
In 2007, IRSN-GRS will prepare the next version V1.4 that  will mainly include the feedback 
from IRSN PSA2-1300 and SARNET applications. Efforts will go on about the documentation 
improvement and about the users' tools (with Graphic User Interfaces for pre-processing of 
input decks and visualisation of results, for instance with the GRS tool ATLAS). 
Investigations will continue about a simplified model of refllooding of a degraded core. 

4.2 Model developments 
 
The other WP objective is to integrate knowledge issued from SARNET into the code and to 
adapt ASTEC to all types of water-cooled NPPs operated in Europe. 
Up to now, the only partner to implement new models has been CEA. Improvements of the 
models of corium behaviour in the lower head were performed and included in ASTEC V1.3: 
account for any number of corium layers in the vessel lower plenum and improvement of 
heat transfers correlations. CEA is currently working on the capability to simulate the vessel 
external cooling for in-vessel melt retention: first results are promising, in particular the 
results of a preliminary validation on the ULPU experiments (UCLA in USA). 
Other models to be integrated will come from the work currently done in the Source Term 
Topic.  
In parallel, specifications of developments requested to model other NPP types than PWRs 
were prepared by some partners:  

- For VVER, the code has proved to be applicable to these reactors since along time. 
Only small model adaptations are necessary, the main one being the modelling of 
canisters in the VVER-440 core.  

- For BWR, a team formed by IKE and KTH was formed and has started preparing 
more detailed specifications: the priority is on RCS thermalhydraulics and core 
degradation. GRS and PSI will review this adaptation work. The containment CPA 
module is already applicable. Most of the other models seem roughly applicable.  
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- For CANDU, the AECL entrance in SARNET will bring some knowledge of the 
integral code MAAP4-CANDU. AECL and INR will work together (with IRSN support) 
to prepare more detailed specifications in 2007.  

- For RBMK, some exploratory plant applications are on-going in RAB WP, with in 
2007 some planned comparison with SCDAP/RELAP5 results. Detailed specifications 
for model adaptations will be written after these benchmarks. 

5  PROGRESS OF "PHYMA" WORK-PACKAGE  

5.1 Content of the Work-Package 
 
This activity consists of comparisons between ASTEC and experimental results. The Table 2 
shows the validation matrix that has been defined for the years 2006-07 using the versions 
ASTEC V1.2 and V1.3. The total volume of work by partners (out of IRSN-GRS) represents 
about 7 men/year. 
Five domains are covered: In-vessel phenomena (thermal hydraulic and degradation 
phenomena); ex-vessel corium (MCCI, corium cooling, DCH); containment behaviour; source 
term; and  integral experiments Phébus.FP. ASTEC results are also compared to results of 
detailed codes such as ICARE/CATHARE, ATHLET-CD, SCDAP/RELAP5, COCOSYS, 
TONUS, CONTAIN… 
As far as possible, reference experiments that mostly belong to the list of ISP OECD 
exercises were selected: PACTEL, CORA-13, VANAM M3…. The ISP 46 (Phébus FPT1) 
calculation is one example of integral calculations coupling most modules.  

5.2 Main conclusions of ASTEC validation 
 
The main conclusions of work, as presented in the Users Club meeting at Aix-en-Provence, 
are: 

• RCS thermalhydraulics: good results, close to the results of reference codes such as 
CATHARE or RELAP5 on the experiments LOFT-LP-FP2, PACTEL T2.1 and ISP33 
(the two latter for VVER geometry). 

• Core degradation: good results, close to the results of reference codes such as 
ICARE/CATHARE or SCDAP/RELAP5 on the experiments LOFT-LP-FP2, Phébus 
FPT0, 1 and 4, CORA-13 and QUENCH, except a much too low hydrogen production 
in quenching of a degraded core. Validation of models of corium fragmentation at 
slump into the lower plenum was done on FARO with good results. The model of 
mechanical vessel failure was successfully validated on the OLHF-1 experiment.  

• FP release from the core and transport in RCS: good overall agreement on the 
experiments Phébus FPT0-1-2, FPT4, COLIMA, STORM, consistent with the very 
large work done since long time on Phébus.FP. Nevertheless, due to the high 
complexity of phenomena, some needs of improvements were identified such as 
aerosol resuspension and FP speciation. A continuous work is on-going at IRSN on 
Phébus.FP and International Source Term Program (ISTP) and in SARNET Source 
Term Topic. 

• MCCI: acceptable results on the experiments ACE L4 (VVER geometry), OECD-CCI2 
and BETA but, as all other codes, some difficulties remain to reproduce all existing 
experiments in a consistent way, especially for 2D distribution of heat fluxes to the 
concrete. There is a need to fully understand MCCI phenomenology before improving 
MEDICIS models. This work is on-going in the frame of the SARNET Corium Topic 
and of the OECD-MCCI project. 
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• DCH: the existing model can be fitted on a given cavity geometry using the DISCO 
experiments but it is not generic enough and lacks a predictive capability. 
Investigations for model improvements are under way at IRSN and GRS and in DCH 
WP in SARNET. 

• Containment thermalhydraulics and aerosol behaviour, including spray effects: good 
overall results on LACE LA4, PACOS Px1.2 and Phébus experiments.  

• IODE: good results of CPA-IODE coupled applications to the ThAI multi-compartments 
experiments [3], thus for models of iodine adsorption/desorption on walls in gas phase.  

 
The next work in 2007 will extend on: 

- In-vessel late-phase experiments SIMECO and LIVE, 
- Extension to IODE validation on Phébus.FP, 
- Continuation on spray experiments TOSQAN, MISTRA and HDR E11.1, 
- Continuation on main MCCI experiments OECD-CCI, COMET, … 

5.3 Examples of ASTEC validation results 
 
Three examples of PHYMA results are commented below: 
• LOFT-LP-FP2 (work by ENEA): the CESAR-DIVA overall response is rather satisfactory 

before bundle reflooding on the transient thermalhydraulics (see Fig.2 and 3), on 
hydrogen release and on FP release fractions. But model improvements are needed to 
investigate the reflooding phase. 

• LACE LA4 (work by JSI): the simulation with CPA module, using a very simple single-
zone containment nodalisation, gave a satisfactory agreement between experiment and 
code on thermal-hydraulics and on aerosol concentration evolution in containment 
atmosphere (see Fig.4 and 5). 

• STORM SR11 (ISP40) (work by JRC/Petten): the simulation was done with the 2 different 
SOPHAEROS models of aerosols mechanical resuspension (see Fig.6). The better 
agreement on kinetics is obtained with the "Rock n’Roll model" but the better agreement 
on final resuspended mass is obtained with the with Force Balance model.  

6  PROGRESS OF "RAB" WORK-PACKAGE 

6.1 Content of the Work-Package 
 
The objective is to evaluate and improve the capability of ASTEC to simulate reactor 
transients, including safety systems and main SAM procedures. This activity consists of 
ASTEC reactor applications and benchmarking with other codes, mainly the integral codes 
MELCOR and MAAP, but also detailed codes such as ICARE/CATHARE, ATHLET-CD, 
SCDAP/RELAP5, COCOSYS… . The Table 3 shows the plant application matrix that has 
been defined for the years 2006-07 using the versions ASTEC V1.2 and V1.3. The total 
volume of work by partners (out of IRSN-GRS) represents about 10 men/year. 
Several types of reactors are analyzed: PWR-900, Westinghouse 1000, Konvoi 1300, VVER-
1000, VVER-440/V213, CANDU and RBMK.  

6.2 Main conclusions of ASTEC benchmarking 
 
The main conclusions of work, as presented in the Users Club meeting at Aix-en-Provence, 
are: 
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• Large increase of code numerical robustness, as well as decrease of computing time with 
respect to the previous ASTEC versions. Several  calculations (PWR 900, Konvoi 1300 
[4], VVER-440)  simulated the whole sequences, coupling all modules, up to iodine 
behaviour in containment. Some numerical optimisation work will have to be done for 
cases of large and violent water injection by the Hydro-Accumulators (HA). All calculation 
times were lower than half of real time except Konvoi1300 and VVER-440. 

• Overall consistency of trends of results among all codes but the detailed analysis reveals 
some differences (RCS thermalhydraulics, core degradation, FP transport…) due to 
different models or to different nodalisations: 

- Differences on core degradation kinetics, but acceptable agreement on corium 
masses in lower plenum and on in-vessel H2 total mass (despite an under-estimation 
in some VVER cases). The differences increased in case of Hydro-Accumulators (HA) 
injection. 

- Need to extend the comparison to FP results (FP/aerosol behaviour in RCS and in 
containment), as it was done by GRS on Konvoi and UJV on VVER-1000 containment 
stand-alone. The agreement is satisfactory with MELCOR but, as for all codes, there is 
a need of better simulation of deposits in upper plenum complex structures. 

• Other aspects: 
- First positive evaluation of ASTEC capabilities for analysis of in-vessel corium 

retention, with a comparison with MVITA KTH code results. 
- First successful calculation for a VVER-440 sequence with the magma-debris ICARE2 

models up to lower head failure. But nevertheless the use of these models is not yet 
recommended because the current merging by IRSN of the DIVA and ICARE2 models 
will update them in a large way. 

- CANDU: the results of plant applications on FP behaviour (coupled calculations 
SOPHAEROS-CPA-IODE, using as inputs some FP sources from the core given by 
INR) seem physically credible. The next benchmarks in 2007 with AECL codes 
(CATHENA for RCS thermalhydraulics and MAAP4-CANDU for FP behaviour) will be 
very useful. 

- RBMK: 1st calculations are under way on RCS thermalhydraulics and on early-phase 
core degradation (before significant heat transfer with surrounding graphite blocks).   

6.3 Examples of ASTEC benchmarking 
 
Three examples of RAB results are commented below: 
• PWR900 (work by AREVA NP): sequence of Loss of Feedwater in Steam Generator with 

comparison to MAAP4. The agreement is good on RCS t/h and on final corium masses in 
the lower plenum (Fig.7 and 8). The corium masses in cavity are different due to stop of 
calculation of core degradation at vessel failure in ASTEC: this continuation of calculation 
will be possible with ASTEC V1.3. 

• Konvoi 1300 (work by IKE): sequence MBLOCA and comparison with ATHLET-CD 
results (the latter calculation not including corium slump into lower plenum). The  thermal-
hydraulic behaviour is quite close (Fig.9 and 10). The H2 production and core melting 
start earlier in ASTEC calculations due to faster core de-watering but the final hydrogen 
masses are in the same range. 

• VVER-440 (work by IVS): the ASTEC results of corium behaviour in lower head with 
vessel external cooling were compared to the MVITA detailed code (ARVI project, 4th 
FwP). A similar profile of wall ablation is obtained but ASTEC calculates a smaller 
maximal heat flux (Fig.11 and 12). 
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6.4 Benchmarking approach 
 
Some limits have been reached in the benchmarking exercise on complete sequences 
between integral codes: the differences that may appear in the early stages of the scenario 
tend to propagate and amplify along the calculation of the whole scenario. Thus, the ASTEC 
capability to be applied to other complete scenarios (such as SGTR) will continue to be 
analysed in the next period of work but some studies will focus on parts of the scenario only, 
using the same well-defined initial and boundary conditions. Complementary analyses will 
give the opportunity to learn whether the differences on results are caused by differences in 
physical models and/or in safety systems modelling. Some sensitivity analyses will also be 
performed on the most influent model parameters for a limited set of important sequence 
results. 
The results of benchmarks between 2 integral codes must be analyzed keeping in mind that 
their objective is to catch the main trends and the orders of magnitude of simulated 
phenomena. Several RAB examples showed the high interest to get available results of a 
mechanistic code too as reference. it can be concluded that the comparison with detailed 
reference codes and with experimental results (in particular integral experiments such as 
TMI2 or Phébus.FP) is the essential part of the assessment process. 

7  CONCLUSION  
 
A large amount of work has been done in the frame of the SARNET European Network on 
assessment of the latest ASTEC versions by partners independently from the ASTEC IRSN-
GRS team. New models from partners have been implemented for the first time into the 
code. In 2007 other new model improvements should come from the Source Term topic. 
Validation has shown good results, except for reflooding of a degraded core, whereas some 
models (such as MCCI) reach the limits of the present international knowledge. Benchmarks 
on plant applications showed the code capability to simulate several complete sequences in 
PWR and VVER, as well as parts of sequences in CANDU reactors.  The general trends of 
results are similar for the different integral codes but some differences on results appear due 
to differences on models.  In the next period, the analysis will focus more on FP results. 
Concrete action plans and associated teams have been set up for BWR and CANDU model 
adaptation and benchmarks. Work will intensify in 2007 on these aspects. 
ASTEC is now progressively becoming  the reference European integral code for SA reactor 
safety studies in present PWR-VVER: models at the current State of the Art, very extensive 
validation, and, after next implementation of a model for reflooding of degraded cores, 
covering all needs for SA evaluation in PWR-VVER. Key areas for model improvements have 
already been identified for the future, consistently with SARNET R&D priorities: degraded 
core reflooding and ex-vessel corium coolability; long-term corium coolability in MCCI; iodine 
chemistry in circuit, and effects of high burn-up and MOX fuel. 
The preparation by IRSN-GRS of the future series of versions V2 accounts for the feedback 
of the work performed in the first 30 months of SARNET and for the users' requirements. 
IRSN already progressed much on the merging of DIVA module with the ICARE2 IRSN core 
degradation mechanistic code. The 1st  version ASTEC V2.0, planned for the second part of 
2008, should include, besides ICARE2 for core degradation, the modelling of Ruthenium 
behaviour in circuit and containment for adequate simulation of air ingress situations. It 
should also allow applications to EPR and to In-Vessel Melt Retention studies. 
Beyond, ASTEC will be the repository of knowledge created in SARNET and in the 
international context (in particular from ISTP experimental program) through models on 
remaining key-safety issues. 
The possible use of ASTEC to analyse severe accident sequences in future reactors 
(Generation IV, ITER) is under consideration. 
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GLOSSARY 
 
ACT Advanced Communication Tool 
BWR Boiling Water reactors 
DCH Direct Containment Heating 
EPR European Pressurized Reactor  
EC   European Commission  
FP   Fission products 
FwP Framework Programme of the European Commission 
HA   Hydro-Accumulator  
ISP   International Standard Problem  
ISTP International Source Term Program  
LBLOCA Large Break Loss of Coolant Accident  
LFW-SG Loss of Feedwater of Steam Generator sequence  
LWR Light Water reactors 
MBLOCA Medium Break Loss of Coolant Accident  
MCCI Molten Corium Concrete Interaction 
MOX Mixed oxide fuel 
NPP Nuclear Power Plant  
PSA2 Probabilistic Safety Assessment level 2 
RBMK Reaktor Bolshoy Moshchnosti Kanalniy: Russian acronym for Large Power 

Reactors with Pressure Tubes  
PWR Pressurized Water reactors 
RCS Reactor Cooling System  
SA   Severe Accidents   
SAM Severe Accident Management   
SARNET Severe Accident Research Network of Excellence 
SBLOCA Small Break Loss of Coolant Accident  
SBO Station Black-Out sequence  
SG   Steam Generator  
SGTR Steam Generator Tube Rupture sequence  
VVER Vodo-Vodjannyj Energetitcheskij Reaktor: Russian acronym for Water-cooled 

Water-Moderated Power Reactor 
WP   Work-Package 
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Fig. 1: Example of MARCUS card for workflow between ASTEC users  
and Maintenance team 

 
 
  

Fig.2: LOFT-LP-FP2 evolution of primary and 
secondary pressure (ENEA work) 

Fig. 3:  LOFT-LP-FP2 evolution of clad 
temperature around core axial mid-level 
(ENEA work) 
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Fig. 4:  LACE LA4 evolution of steam mass 
fraction (JSI work) 

Fig. 5:  LACE LA4 evolution of aerosol 
concentration (JSI work) 
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Fig. 6:  STORM SR11 (ISP40). Comparison of ASTEC results  
on aerosol resuspension with experimental data (JRC-IE work) 
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Fig. 7:  LFW-SG PWR 900:  comparison of 
primary pressure ASTEC/MAAP4 (AREVA-
NP work) 

Fig. 8:  

 
 
 
 
 
 
 
 
  

Fig.9: MBLOCA Konvoi 1300 : comparison of 
primary pressure ASTEC / ATHLET-CD (IKE 
work) 

Fig. 10:  MBLOCA Konvoi 1300:  comparison 
of in-vessel H2 ASTEC / ATHLET-CD (IKE 
work) 
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Fig. 8:  LFW-SG PWR 900: comparison of
corium masses in lower head ASTEC/MAAP4
(AREVA-NP work) 

12 



 
 

 
  

Fig.11: In-Vessel Melt Retention results of 
MVITA code (IVS work) 

Fig. 12:  In-Vessel Melt Retention results 
results of ASTEC code (IVS work) 

 

 

 

 
AECL (Canada) IVS (Slovak. Rep.) 
ARCS (Austria) JRC-IE (EC) 

AREVA-NP (France) JSI (Slovenia) 
BNRA (Bulgaria) KTH, Univ. of Stockholm (Sweden) 

BUTE, Univ. of Budapest (Hungary) LEI (Lituania) 
CEA (France) NRG (Netherlands) 

CIEMAT (Spain) PSI (Swiss) 
DIMNP, Univ. of Pisa  (Italy) RUB, Univ. of Bochum (Germany) 

EDF (France) TRACTEBEL (Belgium) 
ENEA (Italy) TUS, Univ. of Sofia (Bulgaria) 

FZK (Germany) UJD (Slovak. Rep.) 
IKE, Univ. of Stüttgart (Germany) UJV (Czech rep.) 

INR (Romania) VEIKI (Hungary) 
INRNE (Bulgaria) VUJE (Slovak. Rep.) 

 
Table 1: List of partners in ASTEC Topic (out of IRSN and GRS) 
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Table 2: ASTEC V1 validation matrix in SARNET 3rd period 
 

PARTNER PHENOMENA ASTEC MODULE CODE FOR 
COMPARISON 

1ST PHASE (APRIL-NOV.06)  
ASTEC V1.2REV1 USE ON EXPERIMENT 

2ND PHASE (DEC.06- NOV.07)  
ASTEC V1.3 USE ON EXPERIMENT 

ARCS MCCI MEDICIS COCOSYS-WEX ACE L4, BETA 2.1 or 2.2 To be defined (COMET ?) 

BNRA H2 production during 
VVER core reflooding  

DIVA    - QUENCH-11 (LACOMERA) -

CEA In-vessel late-phase DIVA - SIMECO LIVE 
T/h and aerosol in 
containment  

CPA - Phébus FPT2   
CIEMAT 

Iodine in containment CPA-IODE -  Phébus FPT2 
RCS t/h and core 
degradation 

CESAR-DIVA-
ELSA-

SOPHAEROS 

ICARE/CATHARE, 
SCDAP/R5 

LOFT-LP-FP2 (incl. FP behaviour) LOFT-LP-FP2 (focused on reflooding phase) 

RCS t/h and core 
degradation 

CESAR-DIVA ICARE/CATHARE, 
SCDAP/R5 

- TMI2 updated analysis  ENEA 

T/h and iodine in 
containment  

CPA-IODE MELCOR Phébus FPT1 (ISP46) (coupled calculation) To be defined 

FZK H2 production during core 
reflooding  

DIVA  SCDAP/R5 QUENCH-06, 07, 11 (LACOMERA),          
13 (pre-analysis) 

Other QUENCH tests 

T/h and spray in cont.  CPA-THY COCOSYS  HDR-E11-1 
MCCI MEDICIS COCOSYS-WEX OECD-CCI2, CCI3, COMET-L2, L3 OECD-CCI follow-up GRS 
Iodine in containment IODE COCOSYS-AIM ThAI/IOD9, 10 to 12 Phébus FPT1 (ISP46) iodine part 
Late-phase core 
degradation +FP release 

DIVA (ELSA) KESS and ATHLET-
CD 

Phébus FPT4 (extension to ELSA) - 

IKE Early-phase core 
reflooding and H2 prod. 

DIVA KESS and ATHLET-
CD 

- CORA 13 (ISP 31)       
(focus on the quenching phase) 

Core degradation DIVA ATHLET-CD - CORA-W2 (ISP 36) update INR 
Integral behaviour ASTEC  Existing calculations Phébus FPT2 (integral calculation)  - 

INRNE H2 production during 
VVER core reflooding  

DIVA   - QUENCH-11 (LACOMERA) -

In-vessel late phase  DIVA - FARO L14 (ISP 39), L28 MASCA IRSN 
Vessel mechanics  DIVA - OLHF-1 Other OLHF tests 
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PARTNER PHENOMENA ASTEC MODULE CODE FOR 
COMPARISON 

1ST PHASE (APRIL-NOV.06)  
ASTEC V1.2REV1 USE ON EXPERIMENT 

2ND PHASE (DEC.06- NOV.07)  
ASTEC V1.3 USE ON EXPERIMENT 

DCH  RUPUICUV - DISCO FH-02 - 
MCCI   MEDICIS - OECD-CCI3, BETA, COMET-L2-L3 OECD-CCI follow-up 
T/h in containment  CPA Other code results TOSQAN/MISTRA spray benchmark TOSQAN/MISTRA spray benchmark  

 

Integral behaviour ASTEC  Existing calculations - Phébus FPT1 (ISP46)  (integral calculation) 
RCS t/h in VVER CESAR RELAP5-3D PACTEL (ISP33) update - 

IVS Core degradation and FP 
release 

CESAR-DIVA-
ELSA-SOPH. 

-    - PAKS incident

Core degradation and FP 
release 

DIVA (ELSA) Overview of other SA 
code results 

Phébus FPT0-1-2 Phébus FPT2 

FP transport in RCS SOPHAEROS Overview of other SA 
code results 

Phébus FPT0-1 Phébus FPT0-1-2, then FPT3 

FP transport in RCS CESAR-
SOPHAEROS 

ISP40 STORM SR09 (ISP40)-SR11 update - 

T/h and aerosols in cont.  CPA Overview of other SA 
code results 

Phébus FPT0-1-2 Phébus FPT0-1-2, then FPT3  

JRC 

Integral behaviour ASTEC  - Phébus FPT2 (integral calculation)  
JSI T/h - aerosols in cont.  CPA CONTAIN LACE LA4 KAEVER: to be confirmed 

LEI T/h - aerosols in RBMK 
containment  

CPA  COCOSYS - Real transient in Ignalina RBMK-1500 

FP transport in RCS SOPHAEROS MELCOR Support to ARTIST Support to ARTIST 
PSI RCS t/h and core 

degradation 
CESAR-DIVA MELCOR -   TMI-2  

Spray in containment  CPA COCOSYS PACOS Px1.2 - RUB 
FP in containment CPA - - Exp. on FP resuspension in bubbling pools 
FP release, transport DIVA (ELSA)-

SOPHAEROS 
- COLIMA (PLINIUS)  (coupled calculation)  -

TUS 
DCH in VVER RUPUICUV - DISCO L1, L2 (LACOMERA)   -
Core degradation DIVA ICARE2 Phébus FPT2 - UJV 
MCCI     MEDICIS - OECD-CCI2 OECD-CCI follow-up
T/h in containment CPA MELCOR, FLUENT… TOSQAN (ISP47) - UPI 
MCCI MEDICIS - BETA 2.1, 2.3, 5.2 - 
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Table 3: ASTEC V1 benchmarks on plant applications in SARNET 3rd period 

PARTNER REACTOR TYPE CODE FOR COMPARISON APRIL 06- NOV.06: ASTEC V1.2 REV1  DEC.06- NOV.07: ASTEC V1.3   

IRSN PWR 900 ICARE/CATHARE  SBLOCA  (I/V analysis only)  SBLOCA  (I/V analysis only)  

EDF PWR 900 MAAP4 SBO, MBLOCA (all modules) To be defined 

ENEA PWR 900 MELCOR 1.8.6 SBO (all modules) To be defined 

AREVA-NP PWR 900 MAAP4 SBO (all modules) To be defined 

GRS Konvoi 1300 MELCOR SBLOCA, MBLOCA To be defined 

IKE Konvoi 1300 ATHLET-CD MBLOCA (CESAR-DIVA-CPA) (I/V only) More detailed analysis of I/V results 

NRG Konvoi 1300 MAAP4 MBLOCA (all modules) To be defined 

INRNE VVER-1000   MELCOR 1.8.5 SBO  (all modules)  Benchmark on MCCI to be confirmed 

TUS-EI VVER-1000 SCDAP/RELAP5   SBO (all modules)  SBLOCA (all modules) 

BNRA VVER-1000   MELCOR 1.8.5 SBO  (all modules) Benchmark on MCCI 

KTH VVER-1000   MELCOR 1.8.5 SBO (CESAR-DIVA-CPA) To be defined 

UJV VVER-1000    MELCOR 1.8.5 - Benchmark on MCCI to be confirmed 

TRACTEBEL Westinghouse 1000 MELCOR SBLOCA (CESAR-DIVA-CPA) SBLOCA (all modules) 

VUJE VVER-440/213 MAAP4, MELCOR, RELAP5 MBLOCA, SBO To be defined 

BUTE VVER-440/213   APROS MBLOCA (CESAR-DIVA-CPA) LBLOCA (CESAR-DIVA-CPA) 

IVS VVER-440/213 MAAP4/VVER, RELAP5-3D SBO (all modules) Analysis of SAM strategies 

UJD VVER-440/213   MELCOR 1.8.5 SBO (CESAR-DIVA-SOPHAEROS-CPA) SBO (all modules), LBLOCA (selected 
modules) 

VEIKI VVER-440/213 MAAP4/VVER SBLOCA    (CESAR-DIVA-CPA)  Extension to SOPHAEROS + variants  

INR CANDU  - LOCA 20% (SOPHAEROS-CPA-IODE)  LOCA 20% (CESAR, MEDICIS) 

AECL CANDU MAAP4-CANDU - To be defined with INR 

LEI RBMK   RELAP5/SCDAPSIM LBLOCA (CESAR-DIVA) LBLOCA (FP modules) 
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