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Abstract

SUBA is a MELCOR based severe accident simulator, installed this summer at the
Hungarian Nuclear Safety Directorate. In this simulator the thermohydraulics, chemical reactions and
material transport in the primary and secondary systems are calculated by the MELCOR code, but the
containment, except the cavity, is modelled by the HERMET code, developed in our Institute. The
instrumentation and control, the safety systems and the plant logic, are calculated by our models. This
paper describes the main features of the used models and presents three different test transients. The
presented transients are as follows: a small break LOCA, a cold leg large break LOCA, and the
station blackout, without Diesel generators. In each treated transients the most important parameters
are presented as time functions and the most significant events are analysed.

1. INTRODUCTION

Severe accidents producing core melting in nuclear power plants are one of the most
exiting research topics of the present day nuclear industry. MELCOR is a widely used code to
calculate core melting processes in water moderated reactors. This code has been developed
at the Sandia National Laboratory (USA) and with the kind permission of the US Regulatory
Committee it is used in Hungary for simulation of such processes in the Paks Nuclear Power
Plant. The simulation work has been started about 5 years ago, and some preliminary results
were reported in 1993 [1]. Since then the models have been elaborated, the hardware of the
simulator has been changed and this summer a severe accident simulator (its Hungarian
acronym is SUBA simulator) was installed at the Hungarian Nuclear Safety Directorate,
Budapest [2].

This project has been financially supported by the Hungary's National Committee for
Technological Development.

2. MODELLING APPROACHES

Nuclear power plants produced in the former Soviet Union differ considerably from
the Western PWRs; for this reason great amount of developments are needed when MELCOR
is used to calculate severe accidents in VVER-440 type plants. The hermetic area of the
VVER type plants are quite different than the containment in a Western PWR, for this reason
our HERMET contaiment code, developed for the Paks Full-scope Simulator, is used instead
of the one, built in the MELCOR code. The instrumentation and control in Paks is also a
sensitive area, for this reason its simulation is also replaced by our models in this simulator.
And last, the fuel assemblies, the safety and control rods, their drives and the reactor vessel
are different constructions and use different materials, for this reason a significant amount of
parameters have been changed in the input of the MELCOR code.
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2.1. TECHNOLOGICAL MODEL

Anybody can experience difficulties if he/she wants to use the MELCOR code for
modelling WER-440 type nuclear power plants. The reason for it is simple, these plants
differ considerably from those for that the code has been developed. There are basically two
kinds of differences: different construction and different materials. Since these differences
were earlier analysed [3], here only a summary of the encountered problems are given. The
most significant construction differences are as follows:

• Follower assemblies are connected to the W E R control rods. For this reason after
a scram there are fuel assemblies in the lower plenum. Moreover, during a core
melting process first the absorbers melt on the followers.

• The control rods are among the fuel assemblies instead of moving inside of them.
• The assemblies has a hexagonal geometry and they have shroud around them.
• The lower plenum of the WER-440 reactor vessel is longer than that of in the

Western PWRs.
• The steam generators has a horizontal construction.

The most significant material differences are the following:

• The cladding is made of Zr 1% Nb instead of Zircaloy.
• The absorbers are made of boron steel instead of silver-indium-cadmium or boron

carbide.

The simulated technology is presented in the following figure. As it can be seen, this
is a two-loop model, one loop represents the broken loop, while the other one stands for the
five intact loops.

Main steam line

Figure 1
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The above MELCOR model contains 22 volumes, 35 flow paths and 99 heat
structures. The reactor core model contains two regions, one describes the behaviour of the
assemblies with control rods, and the other calculates the remaining part of the core. Each
region is divided into 19 axial nodes. The model calculates the following physical processes:

• thermohydraulics of the vessel, of the primary cooling loops, of the steam
generators,

• core heating up and degradation,
• hydrogen, carbon monoxide and methane generation,
• release of radioactive materials from the assemblies,
• corium/vessel and corium/ concrete counteractions,
• thermohydraulics of the reactor cavity.

2.2. HERMETIC ROOM MODEL

The original form of the hermetic room model was constructed in 1992 for the Paks
Full-scope Simulator. Since its validation process in Paks, it has been used in Paks and also in
eight simulators produced for different power plants of the former COMECON countries.
This model, called HERMET code, simulates the following phenomena:

• thermohydraulic processes in the rooms, in the bubbling condenser and in the air
locks,

• detailed heat kinetics of the thick walls,
• distribution processes of air, steam, water, hydrogen in the hermetic area,
• propagation of radioactive materials in the hermetic area,
• failure of the hermetic area.

The nodalisation of HERMET code can be seen in the following figure:

Building damage

Manual valve

Flow toLPIS

Figure 2
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As it can be seen, the hermetic area is divided into the following nodes:

• main room,
• refuelling room,
• pressurizer room,
• deck,
• four air locks,
• twelve trays of the bubbling condenser,
• environment.

Each node is surrounded by walls and contains two subvolumes. The upper
subvolume contains air, steam, noncondensable gases and water drops, while the lower
subvolume contains only water. In the lower part superheated water is not modelled, i.e. the
boiling is always determined by the pressure of the upper subvolume. Between these two
subvolumes the following phenomena are calculated:

• condensation in the upper subvolume,
• fall of water drops from the upper subvolume into the lower one,
• evaporation in the lower subvolume and on the walls,
• boiling in the lower subvolume,
• heat transfer between the two subvolumes.

A very important part of the model is the description of the walls, since at the
beginning of a LOCA event the pressure of the main room is basically determined by the
condensation on the cold walls. Both thick and thin walls are calculated. Thick walls separate
the hermetic rooms from the environment, while the walls of the trays are regarded as thin.
Thick walls are calculated in 9-16 layers.

Hydrogen is calculated as a component of the air. This presumption means that the
model regards the hydrogen distribution always as homogenous and the hydrogen content
doesn't affect the thermohydraulic properties of the air. Air is always calculated as an ideal
gas.

Radioactive material transport is calculated in four groups as noble gases, alkali
metals, and Iodine in atomic and in ionic (aerosol) forms. The model calculates the
distribution of the materials listed above and - using average decay constants for each groups
- the activity in each node is also determined.

The reactor cavity is modelled by the MELCOR code and this model is connected to
the node of the main room. The reactor cavity is regarded as a heat - and mass source, thus its
heat flow and mass transfer are the coupling parameters to the HERMET code. HERMET
gives back the pressure and temperature of the main room to the MELCOR code.

2.3. INSTRUMENTATION AND CONTROL MODELS

The instrumentation and control model simulates in detail all control loops and safety
circuits which play role during a severe accident. It means that the following technological
systems are calculated:

• control loops, interlocks and safety circuits of the primary cooling loops,
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• control loops, interlocks and safety circuits of the steam generators and
that of the main steam lines,

• reactor safety system,
• emergency core cooling system.

In the primary cooling loops the controls of those systems are calculated which affect
the water balance of the primary circuit. It means that the operations of the make-up water
system, the water purification system, the water level control of the pressurizer are calculated.
All interlock systems and safety systems of the main circulating pumps, and those of the
pressurizer are also simulated.

In the steam generators only the water level control is calculated. All feed-water
control loops (normal, safety and emergency) are calculated by a single model. Since the
whole turbine is regarded as a steam sink, only the following safety related systems are
calculated:

• safety valves of the steam generators,
• safety valves of the main steam lines reducing into the atmosphere and into

the condenser,
• fast stop valve of the turbine,
• safety logic of the feed-water pumps,
• safety logic of the water level in the steam generators.

In the reactor safety system only the highest level is calculated, since in the simulated
accidents lower safety levels don't play role. However, the reactor trip logic is calculated in
detail.

In the emergency core cooling system both the active and the passive systems are
calculated in detail. It means that the four hydroaccumulators, the three high pressure
injection pumps, the three low pressure injection pumps and the three sprinkler pumps are
calculated independently from each-other, with their connected supply tanks. The stepwise
stan of the diesel generators and the active core cooling pumps is also simulated in full detail
with their malfunction, as well.

3. OPERATIONAL ENVIRONMENT

At present the SUBA severe accident simulator runs in an IBM RS-6000/595
workstation. Unlimited number of IBM personal computers can be connected to this
workstation via a local network, and they operate as X-terminals to provide an easy graphical
access to the simulator. The graphical interface system provides two different services as
mimic diagrams and time history of selected parameters.

The mimic diagrams containschematic representations of the simulated technologies.
The actual values of the calculated variables are refreshed every second and the control
devices (valves, pumps) can be selected and controlled by a mouse.

In the trend system the time history of the selected variables can be plotted as time
functions with a one second time resolution. Maximum 64 variables can be selected for the
trend system, and up to six of them can be plotted simultaneously at a given time. The
maximum length of the recorded time is 10 hours, and in this time span a time interval can be
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selected for plotting. The starting time of this time interval can be selected freely in the
recorded time, the length of the plotted time can be changed from 4 minutes to 8 hours.

4. TEST TRANSIENTS

Until now three different test problems have been analysed with this simulator. These
test problems cover a wide range of the possible applications and the initial phase of each
transient has been earlier investigated in detail, thus - at least for the initial phase of the
accident - all of them have comparisons. The test problems are discussed in this point.

4.1. SMALL BREAK LOCA

The transient is initiated by the break of the outlet pipe (diameter: 73 mm) of the
water make-up system in cooling loop No. 1. The Emergency Core Cooling System (ECCS)
is partially inoperable: the hydroaccumulators and the high pressure injection pumps are
switched off and only one from the three low pressure injection systems (LPIS) operates.
Since the ECCS configuration is not adequate, partial core damage occurs.

The results of this transient are already presented [2], for this reason here only the
most important events are summarised in Table I.

Table I.
" Event - ;"~ „ ' .

Break
Relief valves to atmosphere (BRU-A) open
Water level reaches the top of the core
Core dry-out
Start of gap releases
First start of the operating LPIS pump
Lowest water level in the reactor vessel
Fuel temperature escalation
End of simulation

Time (sec.)
0

60
1000
1835
2017
3278
3370

5400-20350
30000

During the transient a partial core damage can be observed in the upper part of the
core. The single operating LPIS pump preserves the integrity of the reactor vessel. If this
pump is also switched off, the vessel is also damaged.

4.2. LARGE BREAK LOCA

The transient is initiated the guillotine type break of the main cooling loop No. 1.
(diameter: 492 mm) at the cold leg of the reactor vessel. Only the hydroaccumulators are
available all of the active emergency core cooling systems are inoperating. This accident
results a total core damage.

The pressure increase in the hermetic area results a scram practically immediately. At
115 seconds after the break the water level in the reactor vessel reaches the top of the core. In
Figure 3 the different heat generation sources are presented. As it can be seen, in the 1st hour
of the accident the zircon oxidation produces the biggest amount of heat energy. Core melting
starts at about 10 minutes after the break and this process is very fast. In the first half an hour
the core melts down, but the followers remain relatively intact. However, by the end of the
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first hour the core degradation is complete. At about 8500 seconds the vessel integrity is lost
and the melted core falls into the cavity. Now new exothermic chemical reactions start,
producing carbon monoxide, water and hydrogen as it can be seen in Figure 6. The
exothermic chemical reactions are finished at about 22000 seconds after the break, but gas
production in the cavity continues due to different endothermic chemical reactions. 10 hours
after the break the cavity ceases to exist and the simulation stops.

4.3. STATION BLACKOUT

The transient is initiated by a total loss of power of the plant and at the same time the
Diesel generators are inoperable. Due to the complete loss of electricity, the main circulating
pumps and all of the feedwater pumps stop immediately, and all active emergency core
cooling systems are inoperable.

In the first three hours of the accident practically nothing happens in the primary
circuit, only the pressure increases to the opening value of the safety valve of the pressurizer.
The safety valve of the pressurizer opens and the core is cooled by the heat released through
this valve. Due to the permanent loss of coolant, the water level reaches the top of the core at
10121 seconds after the break and the core dryout begins. The relevant data are presented in
Figure 7-10.

Figure 7 presents the different heat generation sources. As it can be seen, the core
degradation is again very rapid and the core melting is complete by the 17000th second of the
accident. During the core melting process the exothermic zircon oxidation is dominant. At
about 199500 seconds the vessel integrity is lost and the melted core falls into the cavity as it
can be seen in Figs 8 and 9. Now exothermic chemical reactions start, producing carbon
monoxide, water and hydrogen as it can be seen in Figure 10. The simulation was finished at
the 50000th seconds of the accident.

5. SUMMARY

The MELCOR code has been adopted to the VVER-440 type Paks nuclear power
plant and on this bases a severe accident simulator has been developed. From this summer the
simulator operates at the Hungarian Nuclear Safety Directorate.

REFERENCES

[ 1 ] Gy. Gyenes, 1. Maroti, E. Vegh, P. Vertes : A severe accident simulator for the Paks
Nuclear Power Plant. IAEA Specialists' Meeting on "Operator Support Systems in
nuclear power plants" Moscow, Russia, 17-21 May 1993. IAEA-TECDOC-762. 251-
260.

[2] Gy. Gyenes, L. Burger, A Gacs, Z. Hozer, E. Vegh: SUB A - a severe accident
simulator for Paks NPP. International Topical Meeting on Severe Accident Risk and
Management. Piestany, Slovakia. June 1997.

[3] Gy. Gyenes: Results and difficulties experienced at MELCOR 1.8.2. and MELCOR
1.8.3. calculations. MELCOR Co-operative Assessment Program Annual Meeting.
Bethesda, Maryland (USA). 30 April - 2 May 1997.



- 40 -

Paks CL LBLOCA

CO
CD

g
CO

CD

c
CD

"co
03sz

100

80 --!

60 -

40 h

20 -

0

ill .
• i ;

\

K
| \

C

dec

X

total decay
core: decay

oxidation
nemica
ay hea

cavity
: cavity

5000 10000 15000 20000 25000 30000 35000 40000
time [s]

Figure 3
Cold leg large break LOCA

Different heat generation sources
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Figure 5
Cold leg large break LOCA

Different core materials in the cavity

Paks CL LBLOCA

en

CO

o
Eo
COw
CO
E
w
CO

en
X)
CD
CO
CO
_CD
CD

25000

20000

15000 -

10000 -

5000 -

0

t

I-

...

oiai
H2 -

120 ••••
/TV

— • "

/

•• — '

/

y

/A

1 1 1

0 5000 10000 15000 20000 25000 30000 35000 40000
time [s]

Figure 6
Cold leg large break LOCA

Different gases released from the cavity



- 42 -

CD
CO

£Z

g
cd
CD
c
CD
cn

•4—'

CO
CD

SZ

100

80

60 -

40 •

20 -

0

Paks TMLB

icriemicai cavity
heat cdvitydecay

total de^cay
core t'

oxidation

0 10000 20000 30000 40000
time [s]

Figure 7
Station blackout without Diesel generators

Different heat generation sources
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Figure 9
Station blackout without Diesel generators

Different core materials in the cavity
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Station blackout without Diesel generators

Different gases released from the cavity
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