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ASTEC code (1): context
IRSN/GRS cooperation since 1996 on integral code for severe 
accident (SA) source term in present/future LWRs (PWR, BWR, 
VVER).
Main scope of applications: 

– Evaluation of source term, i.e. the possible radiological release out 
of containment,

– Applications to PSA-level2 (including determination of uncertainties),
– Accident management studies (prevention, mitigation),
– Physical analyses of scenarios to improve the understanding of the 

phenomenology, including support to experimental programs.
Specifications:

– "Reasonable" calculation time : < 12h CPU/day of accident,
– Accounting for safety systems and their availability (SAM).

Important international collaboration, notably through VASA and 
EVITA projects (FwP of EC).



ASTEC code (2): modules and operating mode

Isotope treatment 
& Activity 

ASTEC V1 CONSTITUTIVE MODULES

COUPLED mode for explicit feedbacks

STAND-ALONE mode for module
validation

SYSINT
Safety system
management

RUPUICUV
Corium ejection &
Entrainment in cont.

SOPHAEROS
Aerosol & FP vapour

behaviour in RCS

MEDICIS (WEX)
Corium/Concrete

Interaction

ISODOP

CESAR
Thermalhyd. in RCS

ELSA

DIVA
Core degradation

FP release

CPA
Thermalhydraulics &

Aerosol behaviour
In containment 

IODE
Iodine in

containment

Core degradation
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ASTEC code (3): status
1st version V1.0 released mid-02; latest one V1.1 mid-04.  
Validation: intensive efforts (~10 persons/year) on comparison 
against experiments:
– Validation benefits from extensive previous work: ESCADRE 

(IRSN) and RALOC-FIPLOC (GRS), ICARE2 validation (IRSN 
mechanistic core degradation code), EVITA project,

– Matrix covers many analytical + integral experiments (esp. 
ISPs): Falcon, STORM SR-SD, VANAM M3, RTF, LOFT-LP-FP2,
CORA13&W2,ERECT5,PACTEL/ISP33,PhébusFPT1, +TMI-
2 accident… To be added: ThAI.

Plant applications:
– Code currently intensively used for IRSN PSA2 900 MWe,
– 1st complete plant applications with V1.1 on PWR (including a fully

new MCCI module) and VVER. 

Used by KI (Russia), AECL (Canada), BARC (India).



ASTEC in past European projects (1)

VASA (Validation Strategy of Severe Accident Codes,1998-
2000, 4th FwP), coordinated by GRS ⇒ Recommendation to 
apply a common European validation strategy on specific 
cases in order to reach the goal of an integral, fast running and 
reliable European code, able to solve the risk-oriented issues.

EVITA (European Validation of InTegral code ASTEC, 2000-
2003, 5th FwP), coordinated by GRS (with IRSN strong 
support): code validation by independent users (18 
organisations from 8 countries),

– Comparison/experiments (≈20 such as ISP) and detailed codes,

– Benchmarks on plant applications on PWR and VVER with 
integral codes (were limited to RCS/core degradation or to 
containment behaviour).

→ Outcomes: modelling level near state of the art in most domains 
but needs of improvements of robustness and of users’ tools.



ASTEC in past European projects (2)

Example of comparison of primary pressure evolution (right figure) between 
ASTEC V1 (left figure: RCS mesh) and MAAP4 calculations of a SBO sequence 
in a French PWR 900 plant (EVITA project).

See also VEIKI presentation (EVITA project) on EREC exp. in EUROSAFE-2004.



SARNET (1): presentation

Severe Accident Research Network of 
Excellence (6th FwP) on R&D about  
SA in existing and future NPP.

= 49 organisations from 18 countries 
(≈190 researchers + 20 PhD students), 
representing research, utilities, TSOs, 
universities, vendors.

Started in April 04 for a 4-year duration (and beyond),

Coordination by IRSN (J.C. Micaelli), with a Governing Board 
and a Management Team (8 Topical coordinators from CEA, 
FZK, GRS, IRSN, KTH, PSI),

"Consortium Agreement“ for definition of organisation, 
intellectual property,  distribution of EC grant to partners.



SARNET (2): objectives and content
Objectives :

Improve scientific knowledge in SA and reactor safety,
Optimise use of available competence and resources in Europe,
Perpetuate experience, keep memory of what has been done 
and disseminate knowledge.

Activities :
Capitalization of knowledge and access to this knowledge :
– Integration of knowledge generated in SARNET (within Topics CORIUM, 

SOURCE TERM & CONTAINMENT) into the ASTEC code,
– Advanced PSA2 methodologies,
– Networking of experimental data bases.

Jointly executed research :
– Syntheses of knowledge (interpretation and modelling work), 
– Identification of research needs, definition of priorities and programmes.

Formation:
– Educational courses, SA book, mobility of young researchers, seminars.



SARNET (3): operating mode

JPA

SARNET
“out of JPA” 
activities

Outputs from National Programs :

• Exp. programs and facilities description  
reports (exp. grids, measurements,..) 

• Experimental results (when "open")

• Interpretation and Modelling reports

• ASTEC versions (IRSN –GRS dev. work)

Outputs from JPA : 
• Synthesis on review of 
experiments and models
• Synthesis on joint 
interpretation and physical 
understanding of phenomena 
• Synthesis on models and 
recommendations for ASTEC
• Next joint R&D programme : 
re-orientation and new prog.

Jointly Executed 
Research:
Reviews, analyses.. 
between partners 
with the objective to 
commonly solve the 
Safety issues
ASTEC assessment

National programs + 
kernel called Joint 
Programme of 
Activities (JPA)



ASTEC in SARNET (1): Partners

Global coordination of ASTEC Topic by IRSN,
25 organizations (outside of IRSN-GRS), which represents a 
total of about 40 to 50 users.

IRSN
GRS → BWR adaptation
ARCS (Austria) → VVER adaptation
BUTE (Hungary)
CEA (France)
CIEMAT (Spain)
DIMNP (Italy)
EA (Spain)
EDF (France)
ENEA (Italy)
FRA/Paris (France)
FZK (Germany)
IKE (Germany) → BWR adaptation
INR (Romania) → CANDU adaptation

INRNE (Bulgaria)            → VVER-1000 adaptation
IVS (Slovak. Rep.)
JRC-IE (EC)
JSI (Slovenia)
KTH (Sweden)                 → BWR adaptation
LEI (Lituania)                   → RBMK adaptation
NRG (Netherlands)
TRACTEBEL (Belgium)
TUS (Bulgaria)                 → VVER-440 adaptation
UJD (Slovak. Rep.)          → VVER adaptation
UJV (Czech rep.)              → VVER adaptation
VEIKI (Hungary)
VUJE (Slovak. Rep.)

In red: task leaders for adaptation to NPPs.



ASTEC in SARNET (2): USTIA Work-Package
ASTEC Users Support and Training, Integration, Adaptation.

Support to code users by IRSN-GRS:
– Code maintenance and “hot line” (through MARCUS web tool),
– Delivery of code versions: V1.1 in June 04, V1.2 in June 05,
– Web site with Forum, news, input decks….

Users’ Clubs : 1st one in February 05 at Köln.
Users’ training and learning:
– 1st training course for code use (only beginners: 36 users) in June 04.
– E-learning (basis = exercises of the training courses) in 2005.

Code adaptation:
– Model developments: in 1st stage only by CEA/DEN on I/V late-phase 

(DIVA module),
– Specif. by partners of model extension to VVER, BWR, CANDU, 

RBMK and to future NPP designs; same for SAM simulation.
– Preparation of ASTEC V2 specifications with inputs from all partners, 

incl. model proposals in Topical WP, requirements from PSA2 and 
R&D priorities.



ASTEC in SARNET (3): PHYMA Work-Package 

ASTEC PHYsical Model Assessment: validation by comparison 
to experiments, first with ASTEC V1.1, then with V1.2.
Validation scope in the first matrix (includes 42 applications):
– All phenomena are covered,
– Some VVER-specific experiments: PACTEL, COLIMA, PMK2,
– Several applications to Phébus.FP integral experiments,
– Application to RBMK real transient in Ignalina reactor,
– Difficult to find CANDU-specific experiments ⇒ changed in

exploratory reactor-calculations in CANDU circuit or containment.
→ As much as possible, “open” high-quality experiments (such as 

ISP..).

Comparison with applications of detailed codes on these 
experiments in order to evaluate ASTEC performance.



ASTEC in SARNET (4): PHYMA Work-Package 



ASTEC in SARNET (5): PHYMA Work-Package 

Basis for definition of a larger and updated validation matrix for the work 
to be performed in the next years (merging with EVITA matrix, new 
experiments..).



ASTEC in SARNET (6): RAB Work-Package
ASTEC Reactor Application Benchmarking: benchmarks on 

plant-applications with integral codes, first with ASTEC V1.1, 
then with V1.2.
Benchmarking scope:
– In 1st stage: 5 types of NPP (only PWR and VVER),
– Also includes TMI-2 accident,
– Progressive approach: most calculations first focusing on RCS, 

in-vessel and containment phenomena, i.e. w/o FP modules. The 
extension to FP modules and then to ex-vessel modules will be 
done in a 2nd stage.

→ EVITA experience: high interest to build small groups of 
users working on the same NPP (example: Forum of 
Bulgarian ASTEC users in Oct.04).
Then, in March 05, elaboration of a larger reactor sequence 
matrix to be used for ASTEC V1.2 (complete sequences, 
SAM, other scenarios such as LBLOCA and SGTR).
Mid-05: elaboration of 1st ref. input decks for plant applications 
on PWR and VVER.



ASTEC in SARNET (7): RAB Work-Package

In blue: Task leaders
+ TMI2 application by CEA, UPI, EDF and ENEA.



ASTEC perspectives (1): short-term

Main efforts in 2004-05 on:
– Code numerical consolidation (portability, review of less robust

models, variants of sequence calculations…),

– User-friendliness: account for users’ feedback on existing tools; 
coupling to GRS ATLAS tool (see next slide).

ASTEC V1.2 (June 05) should contain a few model 
improvements:

– New model for reflooding of intact or slightly damaged cores,

– Model improvements of semi-volatile FP release and of iodine 
mass transfer to containment walls,

– New model in MEDICIS module of evolution of corium 
configurations during MCCI (layer inversion). 



ASTEC perspectives (2): ATLAS tool

ATLAS visualisation of ASTEC V1 Konvoi 1300 MBLOCA results 



ASTEC perspectives (3): long-term
Longer term actions:

– Continuation of model developments in close relation with 
experimental on-going or future programs: 

• On MCCI (ARTEMIS in IRSN, CCI-OECD), 

• On iodine (CHIP, EPICUR both in IRSN),

• On aerosol retention (ARTIST),

• On containment thermalhydraulics/aerosols (TOSQAN in IRSN, ThaI).

– Improvements of H2 combustion model in containment (CPA 
module) to better account for highly turbulent deflagrations.

Preparation of next family of versions ASTEC V2:
– Merging in 2005 of DIVA with IRSN ICARE2 detailed code for core 

degradation,

– Requirements and specifications end of 2005 (incl. SARNET 
feedback).



ASTEC perspectives (4): time-schedule of versions

2002 2003 2004 2005 2006 2007

ASTEC V0
Reference version for 
IRSN PSA2 900 MWe 
PWR
ASTEC V1
1st complete version 
including the front-end 
phase

STEC V2

xtension to BWR + future 
NPP

DB full implementation 

emaining risk-issues 
(iodine in RCS, corium 
coolability …)

V1.0
Minimum 
validation

V1.1
New MCCI module
FP release in any 
degraded geom.

V1.2
1st consolidation stage
Extended PWR &                                    
VVER appl.
Core quenching

V0.4

Specifications

V2.0
Merging with ICARE2
MDB
SOPHAEROS: condensed
phase chemistry

V1.3
Consolidated 
version for 
PSA2

SARNET:
1st feedback

alculations after vessel 
failure 

erging with ICARE2 

Development Consolidation Maintenance Release



Conclusions

Substantial efforts to make ASTEC the European reference 
integral code through SARNET jointly-executed R&D:

– Providing physical models to be integrated into ASTEC,
– Extending code scope of application to all European NPP types.

Key issues for further ASTEC model developments by IRSN-
GRS in consistence with SARNET priorities: core reflooding, 
long-term MCCI, iodine in RCS, HBU-MOX fuels.

SARNET will provide sustainable integration of European 
R&D capacities on SA (capitalization through ASTEC, PSA2, 
databases) and orientate national programmes, contributing to 
an optimised use of resources. Synergies will develop with 
educational institutions and will keep attractive the domain for
young students and researchers.

→ First international SARNET seminar in Autumn 05.
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