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Abstract 

In this paper it is presented a comparison between severe accident calculations 
performed for a VVER1000 with the ASTECl . lvO and MELCOR 1.8.5 computer codcs for a 
Small B r e a k L O C A (ID 60mm) without intervention of h y d r o a c c u m u l a t o r s . 

This investigation has been performed in the framework of the S A R N E T project under 
the Euratom 6 lh framework program. Once the accident sequence scenario is specified, both 
codes (ASTEC&MELCOR) are able to determine the core and containment damaged states, 
to estimate the release of radionuclides from the fuel as well as from primary circuit and 
containment. These results are used to estimate the maximum period of time during which the 
personnel could still take particular decisions in order to mitigate such an accident. 

The aim of the performed analysis is to estimate the discrepancy between ASTEC and 
MELCOR1.8.5 calculations. Such discrepancies will be studied and, if the case, proposals for 
ASTEC improvements will be made. Also the ASTEC capability to simulate specific rcactor 
accident scenarios and/or particular safety systems will be tested. The final target is to 
propose Severe Accident Management (SAM) procedures for VVER-1000 rcactors. 

The A S T E C l . l v O code version here used is the one released in June 2004 by the 
French IRSN (Institut de Radioprotection et de surete nucleaire). The MELCOR 1.8.5 code 
input has been used at the INRNE for a large program of investigation in the field of VVER 
reactors' severe accidents. 

Introduction 

The reference power plant for this analysis is the VVER-1000/V320 (as Units 5&6 at 
Kozloduy NPP). This type of rcactor is a pressurized water reactor that produces 3000 M W 
thermal power and generates 1000 MW electric power. 

The W E R - 1 0 0 0 / V 3 2 0 design includes four primary coolant loops, each including one 
main coolant pump and a horizontal steam generator. The behavior of the horizontal steam 
generator is very different compared to the western type (vertical) steam generators. Steam 
generators play a very important role in the safe and reliable operation of VVER power 
plants. They are supplied 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 transient. 



Initial Conditions 

The initial conditions as modelled in the input decks of two models (ASTEC & 
MELCOR) are listed in the following table: 

Table 1: Initial Plant Conditions 

Parameters Design Value ASTEC MELCOR 
Core power, MW 3000 3000 3000 
Primary pressure, MPa 15.7 15.7 15.64 
Average Coolant temperature at reactor 
outlet, °C 320.15 320.55 320.4 

Average Coolant temperature at reactor 
inlet, °C 290.0 290.35 290.1 

Mass flow rate through one loop, kg/s 4400.0 4363.1 4406.0 
Water level in Pressurizer, m 8.77 - 8.75 
Pressure in SG, MPa 6.27 6.418 6.31 
Pressure in MSH, MPa 6.08 6.38 6.13 
Steam mass flow rate through SG, kg/s 408 409.6 406 

Results 

The sequence of the main events during a 60mm Small Break LOCA without 
hydroaccumulators intervention, as estimated by the two models, is presented in Table2. 

Table 2: Sequence of main events during the SBLOCA with ID= 60inm 

No Event ASTEC 
Time, s 

MELCOR 
Time, s 

1. Opening of break with ID= 60mm equivalent diameter 
in (Loopl) cold leg next to the nozzle 0.0 0.0 

2. Reactor scram 0.0 0.0 
3. MCPs are switched off 0.0 0.0 
4. Turbine stop valves (TSVs) are closed 10.9 10.0 
5. Feedwater terminates 13.1 13.0 
6. First total core uncovery 3732.0 2312.0 
7. Start of FP release from fuel pallets 3966.0 2240.0 
8. First corium slump 4401.0 3040.0 
9. Lower head vessel failure 22597.0 13500.0 
10. End of transient 22619.0 17300.0 

The ASTEC calculation was performed up to 22619 s, while the MELCOR calculation 
was performed up to 17300 s. The timing of core degradation is somehow different during the 
accident, as shown in Table 2. MELCOR exhibits faster core degradation: the first total core 
uncovery, as well as the first corium slump and the start of fission products release from fuel 
occur earlier than in ASTEC. 
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Fig. 1: ASTEC Primary Pressure 
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Fig. 3: ASTEC Outlet Temperature 
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Fig. 4: MELCOR Outlet Temperature 
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Fig. 5: ASTEC Fuel Temperature 
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fig. 7: ASTEC Total H2 mass in the reactor Fig.S: MELCOR Total H2 mass in the 
reactor 

Even so, ASTEC and MELCOR results given in Figure 1 through Figure 10 show-
similar trends. Primary pressure decreases in a similar way during the First 1000 s in both 
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eases (Fig. 1 and Fig. 2). A plateau is predicted by ASTEC between 1000-2000 s (during the 
thermal coupling with the secondary side), whilst MELCOR predicts an important heat-up. 
Afterwards ASTEC & MELCOR primary pressure decreases because there are important 
losses of coolant through the break. At 5000s and 11000s ASTEC predicts a large collapse of 
corium debris in the lower plenum. 

The ASTEC-calculated maximum fuel temperature is about 3200 K, much higher than 
the MELCOR calculated one (which is about 2500 K). This is caused by the different 
assumptions in the core degradation models of the two codes: MELCOR models an extensive 
core degradation starting from 2520 К (which is an input model), but ASTEC exhibits this 
trend only around 3200 K. This is shown by the different value of the maximum fuel 
temperatures in two models (compare Fig. 5 to Fig. 6). In Figure 6 it can also be seen that the 
MELCOR molten core material and fuel debris fall into the lower part of the reactor vessel at 
about 3040 s. As a result of the molten core residual heat in the debris relocated in the bottom 
of the vessel, the bottom-head starts melting. ASTEC predicts a vessel failure about 9000 s. 
later than MELCOR. 

Figures 7 and 8 corroborate the above conclusions because it can be seen that most of 
generated hydrogen mass is released during the extensive core degradation, which occurs 
roughly between 3040 and 4000 s in MELCOR, whilst it occurs between 4400-12000 s in 
ASTEC. The faster, and larger, core degradation modelled by MELCOR explains the larger 
total hydrogen mass released in the containment (MELCOR estimates about 200 kg of 
hydrogen more than ASTEC). 

Conclusions 

This first analysis, for a Small Break LOCA (ID 60mm without hydroaccumulators), 
has shown some discrepancies between ASTEC and MELCOR especially during the 
degradation of the core. 

Further analyses are planned in which the MELCOR temperature "set point" for core 
degradation (2520 K) will be progressively increased to approach the ASTEC one (which has 
been estimated to be about 3200 K). The comparison of the new results will allow a better 
evaluation of the in-vessel models implemented in ASTEC. 
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