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  ABSTRACT 

 

The ASTEC code is progressively becoming the reference European severe accident integral 
code through in particular the intensification of research activities carried out since 2004 

The purpose of this analysis is to assess ASTEC code modelling of main phenomena arising 
during hypothetical severe accidents and particularly in-vessel degradation in 2D geometry. 
The investigation covers both early and late phase of degradation of reactor core as well as 
determination of corium which will enter the reactor cavity. The initial event is station back-
out. In order to receive severe accident condition, failure of all active component of 
emergency core cooling system is apply. The analysis is focus on ICARE module of ASTEC 
code and particularly on so call MAGMA model. 

The aim of study is to determine the capability of the integral code to simulate core 
degradation and to determine the corium composition entering the reactor cavity. 

1. Introduction 
Modelling the fuel behaviour and fission product (FP) release in a nuclear reactor coolant 

system (RCS) undergoing a hypothetical severe accident is an important step in the 

evaluation of radioactive release outside a nuclear power plant.   

This paper scrutinizes Station Black Out sequence for WWER1000 reactor in order to 

investigate the fuel interaction and possible paths for release of FP from fuel pallets to the 

reactor containment. 

The station black-out event (SBO) is categorized as a beyond design basis accident (BDBA) 
since it is a result of complete failure of the emergency power supply II category 
Contemporaneous computer code for simulation of RCS will be use for the analysis.   
The results from analysis of fuel damage and release of FP trough PRZ safety valve are 

present. 



2. Initial conditions 
The reference power plant for this analysis is the VVER 1000-V320. This plant is pressurized 

water reactor with 3000MW thermal power and 1000MW electric power. 

The VVER 1000/V320 consists of four primary coolant loops, each including one main 

coolant pump and a horizontal steam generator. The behaviour of horizontal steam 

generators is very different in comparison to western types which are vertical SGs. The 

Steam Generators have a very important role for safety and reliability of VVER nuclear power 

plants. The steam generators are fed by two different feedwater systems. Each system 

consists of turbine-driven pumps and piping connecting the feedwater line at four different 

locations in each steam generator. They determine the thermal-hydraulic responses of the 

primary coolant system during operational and accident conditions. 

 

The input file developed for SBO sequences includes the ASTEC v2.1 modules CESAR, 

ICARE, CPA, SOPHAEROS 

The initial plant conditions modeled in ASTEC are given in the table below (Table 1). 

Parameters 
Design 
Value 

ASTEC 1.3 
Value 

Core power, MW 3000 3000 

Primary pressure, MPa 15.7 15.62 

Average coolant temperature at reactor 

outlet, °C 

320.15 320. 

Maximum coolant temperature at reactor 

inlet, °C 

290.0 290.05 

Mass flow rate through one loop, kg/s 4400.0 4363.0 

Pressure in MSH, MPa 6.08 6.005 

Steam mass flow rate through SG, kg/s 408 408. 

Table 1: Initial plant conditions 



3.  Boundary conditions 
 

The analyses have been performed assuming a station black out and with simultaneous loss 

of HPIS, LPIS (ECCSs) and EFWS. 

In addition, immediately after the initiating event, the main circulation pumps are assumed to 

stop. The main assumptions of the sequence are listed below: 

1/ 0s- SBO, reactor scram, start of MCPs rundown; 

2/ 10s- loss of FWSGs (feed water to steam generators); 

3/ 12s- turbine isolation; 

 4/ spray system is  unavailable. 

The presented sequence here refers to all accident phases and assumes no activation of 

diesel generators or backup batteries. 

4.  Modeling assumptions and description 
The ASTEC modules used for the modeling, in a “coupled mode”, of the in-vessel phase, are 

CESAR, ICARE, SOPHAEROS and CPA. 

The input model includes the description of the following seven nuclear plant “sub-

components”: 

♦ Reactor core 

♦ Reactor pressure vessel 

♦ Primary loops 

♦ Pressurizer 

♦ SG secondary side 

♦ Containment geometry 

♦ Cavity geometry 

The reactor core has been divided into five radial rings. One more ring has been added to 

model the downcomer. The axial discretization consists of fifteen identical meshes. 

Core input parameters have been defined as follows: 

♦ Fuel rod cladding melts at 2400 K; 

♦ Fuel relocation occurs at 2550 K; 



♦ Vessel bottom head fails at 1200 °C; 

♦ Vessel bottom head fails at a mechanical stress of 150 MPa; 

♦ Relocation of control rod cladding occurs at 1730K; 

The decay power used in the input is the reference decay power for VVER-1000 

implemented in ASTEC v2.1. 

5. Results 
The performed analysis cover SBO sequence with simultaneous loss of HPIS, LPIS 

(ECCSs), EFWS and spray system due to failure of DGs. Availability of hydro-accumulators 

(HAs) are not considered for this study. Integral code ASTECv2.1 (jointly developed by 

IRSN, France, and GRS, Germany) is used for analyzing the transients. It should be said that 

the investigation is limited to the in-vessel phase of the sequence  

In the table below (Table 2) are shown main events for SBO transient 

No Event ASTECv2
Time, s 

1 Initiating event- SBO 0.0 

2 MCPs are switched off 0.0 

3 Turbine stop valves (TSVs) are closed 11 

4 Start of ICARE –  19007 

5 First total core uncovery 19017 

6 First corium slump 20447 

7 Lower head vessel failure 22947 

Table 2  

Several important parameters have been chosen in order to make an assessment of the 

phenomenology of corium degradation as modeled by both ASTEC codes. They are listed 

here below and have been also used to a large extent for a graphical representation of the 

results and they will be discussed in the following analysis. 

After the initiating of station black out the main pumps stop. Decay heat is removed from the 

core because of natural circulation. Heat is transferred to the secondary side and removed 

via ”steam dump” to the atmosphere. The primary pressure essentially increases because of 

the opening of PRZ relief valves. The secondary pressure oscillates between the opening 

and closing pressure thresholds of the SDA (Steam Dump to Atmosphere). As a 



consequence, primary pressure is also oscillating according to the secondary pressure 

behaviour (figure 1). 

 

 

Figure 1 Primary / Secondary Pressure Figure 2 Mass flow rate trough PRZ SV  

The dry out of SGs is predicted at about 8000s. After that the PRZ valves open almost 

immediately after the steam generators driven out (figure 2). 

The automatic switch on of ICARE did not start and ICARE was switched on manually at 

19007second. Thus lead to rapid core degradation. First the temperature of core increase 

due to zirconium oxidation by steam. Next figures show the final state of reactor core.  

 

Figure 4 Core Temperature    Figure 5 Core Material distribution 

Figure 6 shows the hydrogen generation due to zirconium oxidation by steam. 418 kg of 

hydrogen is generated. 



 

Figure 6 

 

6. Conclusions. 
Station Black Out has been investigated in a severe accident scenario for a VVER-1000 with 

the ASTEC v2.1 code. 

Fourth ASTEC modules have been activated in a coupled mode: CESAR, ICARE, CPA, 

SOPHAEROS,  

As a whole the results predicted by ASTEC are coherent with the obtained one from previous 

ASTEC version for in-vessel phase with some improvement of core degradation phenomena. 

During the in-vessel phase ASTEC v2.1 predict 418kg of hydrogen generated for 

approximately 6 hours.  

 


