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ABSTRACT 

Recently, the new model of VVER 440/V213 containment has been developed for the 

APROS 5.11.08 code. This paper presents detailed description of the model validation in code 

to code comparison against MELCOR 1.8.5 model of the same containment, which is 

standardly used for diverse safety analyses, including analyses devoted to licensing 

documentation for Slovak NPPs’. Overall five validation cases have been selected, all focused 

to the containment response to various initiating events. 

1 INTRODUCTION 

The APROS containment model development project has been initiated in 2013 for 

Slovenské elektrárne, a.s., in cooperation with VTT and FORTUM (Finland) and VUJE 

(Slovakia). The project resulted in a full scope VVER 440/V2013 containment model capable 

to analyze large spectrum of normal, abnormal operational states and design basis accidents 

(DBA) of the VVER 440 plant. The developed containment model represents the state-of-art 

model for simulations of the containment response to any arbitrary DBA in Slovak Republic. 

As the MELCOR 1.8.5, unlike APROS, does not simulate the flashing of superheated 

water released into the containment atmosphere, it was expected that the results of APROS 

and MELCOR codes could significantly differ. To more specifically evaluate of the impact of 

the flashing phenomenon, an additional comparison of MELCOR 1.8.5 to the newest 

MELCOR v2.1 with built-in flashing model was performed. As the MELCOR v2.1 is able to 

provide results utilizing both enabled and disabled flashing options, totally three code-specific 

variants were selected for additionally analyzed LOCA scenarios. 

Detailed description of the VVER 440/V2013 containment and its safety systems could 

be found e.g. [1], [2]. 
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2 EVALUATION OF THE FLASHING PHENOMENA 

Evaluation was focused on a simplified three-volume containment response to the 

postulated mass and energy inlet. Simplified models preserve the original total containment 

volume; however the models do not contain any active or passive containment safety systems 

or heat structures. As the flashing phenomenon is only expected to be important at the very 

first stages of the accident due to the intensive discharge flow into the containment, the 

discharge curves used for LOCA 2x500 mm were selected. Moreover, to be able to perform 

proper evaluation of the impact of the flashing phenomenon on the accident progress for 

whole range of LOCA scenarios, also a LOCA 107 mm was considered. Comparisons of the 

most relevant containment output parameters are presented in following tables and provided 

in graphical form (LOCA 2x500 mm; Figs. 1-3) and (LOCA 107 mm; Figs. 4-6) as well. All 

scenarios follow pressure and temperature evolutions in the compartment, where the 

discharge from primary circuit was located (C001). 

Table 1: LOCA 2x500 - Flashing phenomenon - MELCOR code versions comparison at 16 s 

Parameter 
MELCOR v1.8.5 

(w/o flashing) 

MELCOR v2.1 

(w/o flashing) 

MELCOR v2.1 

(w/ flashing) 

Peak pressure [kPaabs] 520.0 514.5 535.5 

Pool volume [m3] 142.2 141.0 76.6 

Atm. temperature [°C] 187.2 173.6 150.8 

Pool temperature [°C] 153.4 153.0 134.0 

 

Table 2: LOCA 107 - Flashing phenomenon - MELCOR code versions comparison 

Parameter 
MELCOR v1.8.5 

(w/o flashing) 

MELCOR v2.1 

(w/o flashing) 

MELCOR v2.1 

(w/ flashing) 

Local peak pressure [kPaabs] 136.3 (18.s) 136.1 (18.s) 138.8 (18.s) 

Pool volume in 18.s [m3] 16.6 16.6 7.7 

Peak atm. temperature [°C] 173.5 (760.s) 170.4 (760.s) 136.6 (760.s)* 

Pool temperature in 760.s [°C] 136.5* 136.5* 124.4* 

*) value is continuously increasing in the time 

For the LOCA 2x500 mm (Table 1), the values of followed parameters are presented at 

the time of the pressure and temperature peak (16 s). As expected, the evolution of the 

containment parameters for LOCA 107 mm remarkably differs from LOCA 2x500 mm. Only 

the local pressure peak was achieved at 18 s. Thus, the comparison of the pressure and pool 

volume was performed at 18 s. On the other hand, the atmosphere pressure peak was 

identified at 760 s. Thus, the comparison of the atmosphere and pool temperatures was 

performed at the time of the temperature peak. 

Performed calculations illustrated the impact of the flashing phenomenon on the 

delivered results. When superheated water stream enters the containment at low pressure, 

a significant fraction of the water will flash into water droplets. On the contrary, when 

flashing option is not selected, the entire water fraction will be simply moved into the pool. 

Nevertheless even if both the MELCOR v2.1 and APROS codes apply flashing model, the 

way they threat with the droplets is different. For the MELCOR code which utilizes a Rosin-

Rammler distribution for fog fraction calculation, the upper limit of the fog density is 

imposed and remaining fog is simply moved to the pool (according to the sensitivity 

coefficient adjustment). Conversely, APROS considers rainout of the droplets as a 



907.3 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, September 8  ̶  11, 2014 

consequence of gravitational settling. Based on this, both models could consider different 

amount of droplets in the containment atmosphere at a specific time, what may consequently 

lead to slightly different results [3]. 
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Figure 1: Pressure - LOCA 2x500 mm 
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Figure 2: Temperature - LOCA 2x500 mm 
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Figure 3: Pool volume - LOCA 2x500 mm 
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Figure 4: Pressure - LOCA 107 mm 
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Figure 5: Temperature - LOCA 107 mm 
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Figure 6: Pool volume - LOCA 107 mm 

Since APROS and MELCOR are both lumped-parameter codes, all droplets are 

thermodynamically balanced with the containment atmosphere and heat between droplets and 

atmosphere is redistributed by means of condensation and vaporization. In general, the 

following effects can be anticipated due to the formation of a large amount of droplets in the 

containment. Droplets injected from liquid content of the discharge flow release energy into 

containment atmosphere. Conversely, increased amount of droplets in the containment 

increases the heat capacity of the containment atmosphere mixture in comparison to the state 

without fog fraction. Thus, each change of the thermodynamic state of the containment will 

be more energy demanding/providing (damper effect). According to this, the effects of the 

flashing phenomenon are mutually contradictory. The weight of the impact of each particular 

effect strongly depends on the postulated scenario. 
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Based on this and also confirmed by the results, the absence of the flashing 

phenomenon could underestimate pressure in the containment, mainly for the large break 

LOCAs. As shown in the Table 1, the pressure peak differs by 21 kPa for both MELCOR v2.1 

variants. This discrepancy is caused by the liquid phase transition. As seen in Table 1, the 

total pool volume when flashing enabled reaches only 54% of the pool volume when flashing 

disabled (at a time of the pressure peak). The flashing phenomenon has also an important 

impact upon the resulting temperature. When focused on the pool and atmosphere 

temperature, the absence of the flashing phenomenon could overestimate temperature in the 

containment. As the phase transition of the liquid to the vapor is an energy demanding 

phenomenon, the resulting atmosphere temperature is lower as when the transition would not 

occur. The same is valid for the pool temperature due to the water stream temperature 

decrease while flashing. The pressure discrepancies among MELCOR codes variants are not 

that considerable for the LOCA 107 mm scenario (Table 2). Besides, it was not simple to 

provide the identification of the peak pressures, as the pressure was continuously increasing. 

On the contrary, the temperature differences for all analyzed variants are quite significant for 

the LOCA 107 mm. 

Based on the performed calculations it was clarified, that the flashing phenomenon has 

a significant impact on the pressure evolution only while focused on the large break LOCAs. 

The progress of the LOCAs with effective hydraulic diameters lower than 100 mm will not be 

recognizably affected. Unlike the pressure behaviour in the containment it seems, that the 

temperature could be affected by the flashing in a wide range of analyzed LOCAs. These 

findings should be taken into the consideration while evaluating validation results. 

3 VALIDATION OF THE APROS CONTAINMENT MODEL 

The validation process was focused on code-to-code comparison of the results delivered 

by APROS and MELCOR codes. The scope of the validation tasks was specified upon 

agreement made within the framework of FORTUM - VUJE cooperation. Overall five cases 

were selected for the purpose of validation: 

 Stand-alone model validation 

 Steady state (SS1) 

 Transients (ST1, ST2, ST3) 

 Integrated model validation 

 Transients (IT1) 

Used denotations stand for the analyzed cases as follows: 

 SS1 - Steady state validation case 

 ST1 - LOCA 2x500 mm validation case 

 ST2 - LOCA 107 mm validation case 

 ST3 - Steam line break 

 IT1 - LOCA 2x500 mm validation case 

The SS1 validation case does not consider any prior initiating event (IE); it is focused 

on validation of the steady state parameters of the containment atmosphere during normal 

operation of the plant. The aim is to prove, that the containment ventilation systems were 

modelled and tuned properly. 
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The transient scenarios (ST1, ST2 and ST3) are focused on the evaluation of the 

containment response to the IE. As these transient scenarios are dedicated to the stand-alone 

validation cases, a two step calculation procedure was used. Firstly the RELAP5 code was 

executed in order to obtain the corresponding primary and secondary circuits’ response to the 

postulated accident. The resulting water/steam discharge curves are consequently applied as 

boundary conditions for both MELCOR and APROS codes calculations. 

The IT1 validation case is focused on the evaluation of the integrated model response to 

the postulated accident. The integrated model considers mutual connection between the plant 

(primary and secondary circuits) and containment models. Validation of the integrated model 

is then based on the comparison of the results delivered by MELCOR and APROS integrated 

models. 

To evaluate contribution of the flashing phenomenon, only the ST1 and ST2 scenarios 

are presented in this paper. 

3.1 ST1 - LOCA 2x500 mm 

Comparison of the most important atmosphere parameters in SG room is provided in 

following graphs (Figs. 7-8). 
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Figure 7: Pressure response 
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Figure 8: Temperature response 

According to the expectations based on the flashing phenomenon evaluation, the 

resulting pressure responses of the containment delivered by both APROS and MELCOR 

codes differ in very first stages of the accident. Partial phase transition of the liquid stream 

leads to a significant increase of the APROS pressure prediction in the containment volumes 

in comparison to the MELCOR code. Moreover, as the liquid phase transition continuously 

contributes to increase of the steam content, the pressure peak is shifted by 2 s. 

The maximal pressure in the air traps is very closely related to the maximal pressure 

achieved in the rest of the containment. As the high pressure in the containment subsequently 

leads to the displacement of the non condensable gasses (NCG) into the air traps, the flashing 

phenomenon also contributes to the containment pressure increase. The transition of the air-

steam mixture through the water trays will be stopped after equalization of pressures in the 

bubble tower shaft and water trays. As the APROS code predicts more rapid containment 

pressure decrease after the peak in comparison to the MELCOR code, the flow through the 

trays is stopped earlier. In accordance with expectations, both APROS and MELCOR codes 

predict termination of the air traps pressure increase prior to initiation of the passive spraying.  

The possibility of the transition to the sub-atmospheric operation of the containment is 

conditional upon decrease of the discharge from the break, accumulation of sufficient amount 

of NCG in the air traps and sufficient operation of the sprays (active and passive). Moreover, 
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some initial conditions linked with the containment atmosphere may also play an important 

role. In order to achieve post accidental sub-atmospheric operation of the containment, it is 

highly necessary to accomplish an immense discharge flow in very first stages of the accident 

consequently followed by substantial flow rate and enthalpy decrease in later stages of the 

accident. Performed calculations (APROS and MELCOR) consider almost the same initial 

and boundary conditions. One of the discrepancies which may have effect on the containment 

pressure response is given by the total amount of water spilled out while passive spraying is 

active. In comparison to the MELCOR code, APROS consider about 84% of the water used 

for passive spraying of the bubble tower shaft according to the delivered results. The impact 

of the resulting difference could be identified on the pressure behaviour, when the pressure 

drop predicted by MELCOR code is slightly sharper at the end of passive spraying. As 

expected, the containment sub-atmospheric operation is achieved by the APROS code firstly, 

mainly due to the larger amount of NCG gasses accumulated in the air traps. The lower 

temperature of the spray system in recirculation regime considered by APROS (such based on 

the lower temperature of the SG room pool due to the flashing) does not have a tangible effect 

on the pressure behaviour. In later stages of the accident, the containment pressure response 

predicted by both codes does not significantly differ. 

The flashing phenomenon has also an important impact on the containment atmosphere 

temperature evolution. Once flashing is enabled, the temperature increase is lower in 

comparison to the scenario, where flashing is not considered. In accordance with this 

assumption, the APROS and MELCOR codes comparison pointed out a discrepancy between 

delivered results. In the very first stage of the accident, the APROS code predicts sudden 

temperature increase followed by certain stabilization (for 40 s) and subsequently by 

temperature drop mainly caused by reduction of the discharge and operation of the safety 

systems. On the other hand, as the calculation performed using MELCOR code does not 

consider flashing phenomenon, the initial temperature increase is higher. Following SG box 

pressure decrease along with air traps pressure increase led to the reduction of the flow from 

the SG room to the air traps. Despite the fact that the discharge flow was rapidly decreased by 

the time, the energy contribution was sufficient enough to promote temperature increase in the 

discharge location. Thus, the MELCOR code mainly due to the disregarded flashing 

phenomenon did not predict temperature quasi-steady state at the time when pressure peak 

occurred. In later stages of the accident, the temperatures of the containment atmosphere 

predicted by both codes do not significantly differ. 

3.2 ST1 - LOCA 107 mm 

Comparison of the most important atmosphere parameters in SG room is provided in 

following graphs (Figs. 7-8). 
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Figure 9: Pressure response 
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Figure 10: Temperature response 
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In very first stages of the accident, the mass and energy inlet to the containment was 

solely given by the liquid fraction. As the overall discharge from the break was much lower in 

comparison to the ST1 scenario, the containment pressure response was lower as well. 

Despite the fact that flashing phenomenon provides energy release to the containment 

atmosphere, the contradictory effect of the increased heat capacity (unlike in ST1 scenario) 

outbalances atmosphere energy increase. Due to that fact, the pressure peak predicted by 

APROS code is lower and remarkably shifted in comparison to the MELCOR code. Since the 

pressure peak in the air traps strongly depends on the pressure in the SG room, the MELCOR 

code pressure prediction is higher in comparison to APROS. The same link could be 

identified between the possibility of the transition to the sub-atmospheric operation and the 

pressure in the air traps. As expected, the MELCOR code predicted lower pressure in the 

containment in late stages of the accident. However, containment did not reach sub-

atmospheric operation state as the low initial pressure peak did not allow accumulating 

sufficient amounts of NCG gasses in to the air traps. Moreover, the low pressure in the bubble 

tower shaft did not close and lock the DN 250 valves and the passive spraying did not 

promote pressure decrease. Thus, the pressure decrease in the later stages of the accident is 

only given by the reduction of the discharge flow, the heat transfer through the containment 

structures and active spray system operation. 

In the very first stages of the accident, both APROS and MELCOR codes identically 

predicted a sudden increase of the temperature in the containment volumes. As the mass and 

energy inlet given by the liquid content of the discharge flow were decreased very shortly 

after IE, further temperature increase was substantially reduced. The comparison of the results 

pointed out significant discrepancy between calculated temperatures in about 250 s after IE 

due to the increased steam content of the leak. Since the APROS code considered increased 

amount of droplets in the containment, the resulting heat capacity of the atmosphere was 

higher in comparison to the MELCOR results. Due to this, the temperature in the containment 

was not affected right after the steam inlet increase. Given by a different nodalization of the 

SG room, APROS predicted a higher temperature peak in the compartment where the 

discharge flow was located. Once averaged, the results provided by APROS are comparable 

to the MELCOR delivered ones. The increase of the temperature in the containment 

consequently led to the evaporation of part of the water droplets. Droplets evaporation, along 

with discharge flow reduction (enthalpy mostly) caused decrease of the atmosphere 

temperature to the original values. 

4 CONCLUSIONS 

In pursuance of performed works, the developed APROS stand alone and integrated 

models have been found as a fully capable to analyze confinement response to a wide range of 

postulated DBA scenarios.  

It was found that the consideration of the flashing phenomenon may have a significant 

impact on the delivered results. However, the expected pressure evolution in the containment 

during LB LOCA scenarios depends not only on utilized droplets distribution model, but also 

on the settling process of dispersed droplets at the surfaces of the technological parts and 

building structures of the containment. An important question is which distribution method 

and droplet settling model better reflects real processes. 
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Based on the results obtained so far a few measures can be recommended: 

 Safety analyses (mainly LB LOCA scenarios) shall be supplemented by the 

correction of pressure and temperature maxima’s evaluated using available flashing 

models. 

 The actuation of some containment pressure driven safety signals may also be 

influenced by the flashing phenomenon. This fact shall be taken into consideration 

while performing the safety assessment of the plant. 

 An additional research effort and attention should be given to aerosol settling and 

deposition as they can significantly affect the pressure and temperature response of 

the containment during an accident. 

 An additional research effort should also be given to evaluation of Sauter mean 

diameter which characterizes the Rosin-Rammler distribution utilized by the 

MELCOR code. The current default value is 65 μm. However, the MELCOR code 

manual [4] recommends performing sensitivity studies guided by engineering 

judgement and hence such value is currently not based on solid basis. 

ACKNOWLEDGMENTS 

I would like to express my deep gratitude to the members of our team, especially to 

Peter Juriš (VUJE), Martin Gajdoš (Slovenské elektrárne), Sixten Norrman (VTT) and 

Andreas Jonsson (FORTUM) for fruitful cooperation, knowledge contribution and enthusiasm 

they all possess while coping with this challenging APROS containment model development 

project. 

REFERENCES 

[1] Department of Energy’s Team Analyses of Soviet Designed VVERs, DOE/NE-0086, 

Rev. 1, Main Report, United States Department of Energy, Washington D.C., 1989, 

Available: http://www.osti.gov/scitech/servlets/purl/6527886 

[2] J. Holubec, et al., “The Common Project for Completion of Bubbler Condenser 

Qualification”, Nuclear Energy for New Europe, International Conference, Slovenia, 

2003, Available: http://inis.iaea.org/search/search.aspx?orig_q=RN:36115788 

[3] Kelm St. et al.: Final report on the generic containment code-to-code comparison - 

run 1, SARNET2 framework programme, WP 7-3 Containment, 2/2013 

[4] R. O. Gauntt et al., MELCOR Computer Code Manuals, Vol. 1 and 2, Rev. 2, 

NM 87185-0748, Sandia National Laboratories, Albuquerque, NM (2008). 

[5] Silde A. et al.: Nuclear Power Plant Containment Model of APROS 5.11: User’s Guide, 

VTT, Research report, 11/2012 


