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1. Abstract 
The objective of this paper is to present the results obtained from performing the calculations with 

ASTEC computer code for the Source Term evaluation for specific severe accident transient. The 
calculations have been performed with the new version of ASTEC. The ASTEC 1.3 R2 code version is 
released by the French IRSN (Institut de Radioprotection at de surete nucleaire) by the end of 2007. 

The sequences include the release of fission products into the reactor containment and environment 
and transport of fission products. The analyses proposed here are performed to simulate radioactive 
products release through the cold leg ofSG under accidental conditions. 

This investigation has been performed in the framework of the SARNET project (under the Eur atom 
6' framework program) by the FoBA Us group (Forum of Bulgarian ASTEC users). 

2. Introduction 
Input deck for the calculation is done for VVER-1000 Units 5&6 [see Ref. 2] of the 

Kozloduy NPP. It is pressurized water reactor with 3000 MW thermal power and 1000 MW electric 
power. 

The VVER-1000 ASTEC input model consists of four primary coolant loops. Each loop 
includes one main coolant pump and a horizontal SG. All safety systems at four different locations 
in each steam generator are modeled. They determine the thermal-hydraulic responses of the 
primary coolant system during operational and accident conditions. 

3. Description of ASTEC computer code 
The ASTEC computer code [see Ref. 3] is composed of a system of modules which aim is to 

predict the behavior of a water cooled nuclear power plant during a severe accident. This system 
simulates the accident from core degradation up to fission products (FPs) release out of the 
containment. ASTEC code has been used to model the in-vessel phase (up to the vessel failure). The 
ASTEC modules, used in a "coupled mode" are CESAR DIVA, СРА and SOPHAEROS, covering 
respectively the radioactive FP/aerosols release and transport in the primary circuit and the 
containment behaviour. DIVA is a module of ASTEC, in charge of the calculation of the 
degradation and thermal hydraulic in the vessel of a reactor. The module CESAR describes 
simulating the thermal hydraulic behaviour of a reactor coolant system both during the front end 
and during the degradation phase of an accident. The ASTEC module СРА allows the simulation of 
all relevant processes in the containments of reactors. The main aspects of СРА are the 
consideration of the interactions between the different processes in the containment. The 
SOPHAEROS module [see Ref. 1 ] simulates the FPs and structural materials transport phenomena 
through the circuit (mainly aerosols agglomeration, deposition and resuspension). 

The purpose of this analysis is assessment of FPs release with ASTEC computer code through 
the break during SBLOCA transient for VVER1000 reactors. 
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Figure 1: ASTEC input modules structures 

4. Initial conditions 
The main initial conditionals are presented below in the table 1. 
Table 1: 

Initial Plant Conditions 

Parameters 
Core power, MW 
Primary pressure, MPa 
Average coolant temperature at reactor outlet, °C 
Maximum coolant temperature at reactor inlet, °C 
Mass flow rate through one loop, kg/s 
Pressure in SG, MPa 
Pressure in Main Steam Header, MSH, MPa 
Steam mass flow rate through SG, (kg/s) 

Design 
3000 
15.7 

320.15 
290.0 

4400.0 
6.27 
6.08 
408 

ASTEC 
3000 
15.7 

320.55 
290.35 
4363.1 
6.418 
6.38 

409.6 

5. Results 
The sequence of the main events during a 60mm Small Break LOCA without hydro 

accumulator's intervention is presented in Table2. 
Table2: 

Sequence of main events during the SBLOCA with ID=60mm 

Events 

Opening of break with D= 60mm equivalent diameter in (Loopl) cold leg 
next to the nozzle; Reactor scram; MCPs are switched off 
Turbine trip 
Beginning of oxidation 
Start of FPs release from fuel pellets 
First total core uncovery 
First slump of corium with FPs in lower plenum 
Lower head vessel failure 

ASTEC 
Time, s 

0.0 

11.0 
2451.2 
3081.2 
3574.7 
4975.4 
12218.3 
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Figure 1: ASTEC input modules structures 

4. Initial conditions 
The main initial conditionals are presented below in the table 1. 
Table 1: 

Initial Plant Conditions 

Parameters Design ASTEC 
Core power, MW 3000 3000 
Primary pressure, MPa 15.7 15.7 
Average coolant temperature at reactor outlet, EC 320.15 320.55 
Maximum coolant temperature at reactor inlet, EC 290.0 290.35 
Mass flow rate through one loop, kg/s 4400.0 4363.1 
Pressure in SG, MPa 6.27 6.418 
Pressure in Main Steam Header, MSH, MPa 6.08 6.38 
Steam mass flow rate through SG, (kg/s) 408 409.6 

5. Results 
The sequence of the main events during a 60mm Small Break LOCA without hydro 

accumulator’s intervention is presented in Table2. 
Table2: 

Sequence of main events during the SBLOCA with ID=60mm 

Events ASTEC 
Time, s 

Opening of break with D= 60mm equivalent diameter in (Loop1) cold leg 
next to the nozzle; Reactor scram; MCPs are switched off 0.0 

Turbine trip 11.0 
Beginning of oxidation 2451.2 
Start of FPs release from fuel pellets 3081.2 
First total core uncovery 3574.7 
First slump of corium with FPs in lower plenum 4975.4 
Lower head vessel failure 12218.3 

The first H2 production is observed at approximately 2400s when DIVA module starts. It is 
beginning of chemical reactions in the core and also and oxidation. 

Figure 2: Corium mass in Lower Plenum Figure 3: Hydrogen production 

During the core degradation fission products are released from the fuel pellets and 
transported away with the steam/non-condensable gas and aerosol flows. 

Prediction of the transport and deposition of radio nuclides in the RCS are essential elements 
of severe reactor accident analyses. 

The overview of the release behaviour of fission products is presented on the next figures. 

 
Figure 4: Outlet release  Figure 5: Cumulated mass through break 

Once FPs [see Ref. 1] escaped the RCS they could become a part of the source term of 
radioactive material released from a NPP during an accident. It is possible for vapors to deposit on 
surfaces in RCS (because of changes in chemical conditions), which are available for deposition. 
Results indicate that releases of noble gas (Xe), high-volatile fission products (Cs, I) and volatile 
fission products such as Te and Rb. The outlet release during the calculation is about of 100 kg for 
Cd and Xe at about 7500s, which shows a high release compares to the other elements. The release 
through break is mainly of Xe (about 260 kg) and for the rest elements the release is insignificantly. 

In the table below is presented general retention (FP retention/released mass) at the end of the 
computation. The retained mass is the sum of masses and sorbed condensed on the wall, and 
condensed on deposited aerosols. 

Table3: 
General retention (FP retention/released mass) 

Element Retained mass, kg Released mass, kg Ratio,% 
Xe 0.0 262.1 0% 
Cd 0.2 0.3 64% 
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Element Retained mass, kg Released mass, kg Ratio,% 
Cs 140 138.1 101% 
I 11 10.9 100% 

Rb 19 19.4 98% 
Te 21 21 100% 

Almost all fission elements are retained at about 70-100%. Only for Xe there is no retention 
because everything is going out through the break in the environment. 

On the next figures it is shown mass of fission products in primary circuit and in the core. 
Again it is observed high release for Xe and Cs while for the other elements the release is low. 

 

Figure 6: Mass FP in Primary circuit   Figure 7: Mass FP in the core 

6. Conclusion 
Calculations with FPs release due to SBLOCA 60mm without Hydroaccumulators injection 

have been investigated in a severe accident scenario (no ECCS and EFWS) for a VVER-1000 with 
ASTEC v1.3 R2 code. ASTEC predictions have been studied for the in-vessel phase of the accident 
and in the future they will be extended to the ex-vessel. 

Release of FPs above a certain limit can lead to fuel pin swelling and even puncture, so that 
FPs measurement after discharging the fuel from reactor is most important to study the nature of 
fuel inside the reactor, release of fission products, their transport and behaviour. Description of the 
fission product release from fuel requires to know the chemical form of these fission product, their 
spartial distribution and about their mobility at each site in the fuel. Because of the FPs go directly 
into the environment; it is necessary to know what is their size, settling, deposition and retention, 
which is very important for reactor safety. 
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Abstract. Here are reviewed the ways of transforming solar energy into electricity with the help 
of photo-voltaic batteries as well as some ways for natural ventilation of premises by using stack 
effect. On the basis of the shown examples is proposed to use passive solar heating, which could 
be uased during building of constructions, situated in north latitude. 
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Rhi. 1. 9wvtqwxnor on ryhoh�oh �tjtxtqjnh�oh stylqh, knwvtqt�roh x vnkmtxn 

pkryn. 




