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1. Introduction

It is the purpose of this paper to give the status of

significant computer codes developed within the Project "Core

Meltdown" of the Light-Water-Reactor Safety-Research Program

funded by the Federal Ministry of Research and Technology

(BMFT). The Project Core Meltdown was initiated as basic

research and development program to provide information for

LWR-risk analyses due to. hypothetical meltdown accidents. The

specific objectives of the analytical investigations are given

in Pig. 1.

Individual computer codes were developed by different

contractors listed in Fig. 2 and by the Kernforschungs-Zentrum

Karlsruhe (KFK, Pig. 3) to determine the course of the

hypothetical melt down accident. The accident was subdivided

into four phases; heat up of the core (1st phase), evaporation

of residual' water (2nd phase), heat up of reactor pressure

vessel (RPV) (3rd phase) and penetration of the concrete

foundation (4th phase). In addition, computer codes are

available to analyse pressure and temperature in the contain-

ment atmosphere. Tho four phases are shown schematically
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in Fig. 4-. The names of the codes available for investigation

of all four accident phases and containment response are

given in Fig. 5«

2. 1st phase: Core heat up until failure of the core support

structure

Two different sophisticated codes are available to describe

the course of the first phase (Fig. 5 ) . In MELSIM (RS 73 in

Fig. 2) the core, as well as its surrounding structure, is

modelled in r-z-geometry for both types of LWR. The code is

composed by a number of different modules, each describing a

group of physical sequences during the first phase. By example,

for a Boiling Water Reactor £BWR) the propagation of the

slumping isotherme (1900 C) and lowering of the upper part

of the core calculated by MELSIM is shown in Fig. 6. Starting

with a fully dry core immediately after blow down the fuel pins

start melting after 700 s. Because of the assymmetric axial

and radial power profile slumping occurs outside the centre

line especially in the lower part of the core. After 1000 s

considerable part of the core in the region around the axis

has reached the slumping criterion (1900' C). Anyway at the radial

boundary about 30 percent of the fuel elements are not damaged

at this time.

In the KAUHZ-code (RS 72 b in Fig. 2) the reactor core of a

PWR is represented by an average powered fuel pin which is

subdivided into several axial zones. All decay heat produced

in such fuel pins still covered by water will be assumed to

evaporate the water. The temperature of the fuel pin above the

water level will increase because the steam flowing off into the
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containment does not provide sufficient cooling. After the

temperature of an axial pin zone has reached the slumping

temperature of 1900° C /71_7, the mass of the zone drops in

the residual water. A 30 % reduction of the total decay heat

is assumed, to take into account release of gaseous and

volatile fission products (PNS 4243 in Fig. 3). Pig. 7 shows

the decrease of the water level and propagation of the melting

front calculated "by KAUHZ. Twenty minutes after blow down

residual water in the reactor pressure vessel (RPV) is at the

primary coolant pipe level. The upper grid plate level will

"be reached after approximately 40 min. After 1.65 hours all

water in the core region will be evaporated. At that time,

about 2/3 of the representative fuel pin is molten and the
•i

slumped fuel fragments may have damaged the core support structure.

dial

3. 2nd phase: Evaporation of the residual water

The analyses of the 2nd phase were made by WAVER (RS 72 b in

JPig. 2). In addition LUECKE (RS 211) has been developed by

Uni-Stuttgart to calculate the evaporation of residual

water in more detail. Calculations have shown that all the

water, originally contained in the bottom head of the RPV,

is evaporated 0.65 hours after damage of the core support

structure.

ie

4. 3rd phase; Heat up of the reactor pressure vessel

After evaporation of the residual water in the RPV, a pool of

molten fuel, steel and zircaloy called CORIUH/~~2_7 will react

with the pressure vessel steel. Heat transport from the melt

to the vessel wall takes place predominately by natural



convection. TIDEKAR .(RS 48/1 in Fig. 2) has been'developed to

investigate the thermohydraulic process within the molten mass.

Fig. 8 shows in the upper part the calculated streamlines and

isotherms, characterizing the movement of the fluid in the

spherical calotte of the RPV. The numerical values shown are

dimensionless.The heat transfer represented by relative Nusselt

numbers over angle is given in the lower par+: of Fig. 8.. The

Nusselt number decreases drastically with the distance from

the upper surface of the melt. As shown,the Ea-number which is

a dimensionless grouping characterising the natural convection

influences the heat transfer considerably.

Starting with heat fluxes at the outer layer of the melt

calculated by THEKAR, the temperature distribution was analysed

at the melt-covered and the dry parts of the pressure vessel

with the computer code RAUHZ (RS 72 b in Fig. 2). Fig. 9 shows

the temperature in the outermost layer of the RPV-wall covered

by the melt as a function of time. After approximately 15

minutes, the temperature of the outermost layer of the pressure

vessel has reached 1400° C at an axial location near the upper

surface of the melt. A temperature of 1400° C is considered as

the failure criterion for the pressure vessel, since metallur-

gical reactions were not found to substantially affect the

melting point of steel /

5* 4th phase: Destruction of concrete

The bottom of the reactor pressure vessel will fail and the

melt will come into contact with the concrete floor of the

reactor cavity. Up to now, calculations of the penetration

shape and the concrete destruction rate were made with the

computer code BETZ (RS 183 in Fig. 2). The theoretical model
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is based upon results of experimental investigation /~3_7«

BETZ contains an energy- and mass balance for the molten pool

and for the concrete. Because the heat conductivity of the

concrete is low, BETZ does not take into account the heat

transport into the concrete by conduction. However, the code

KAVERN has been developed, which does consider heat conduction.

In order to calculate the heat fluxes at the propagation front,

two detailed thermohydraulic models have been established.

The BETON (ES 166 in Pig. 2) and the FILM-code (PNS 4244 in

Fig. 3) determine the heat fluxes transferred to the concrete.

The BETON-model assumes that heat is transported to the concrete

by convection caused by rising single gas-bubbles. Fig. 10 sjhows

the results computed by BETOF in comparison with a temperature

field that has been obtained 'in model experiments by holo-

graphic interferometry. The measured and calculated temperature

fields show a thin termp.l boundary layer resulting in the large

heat fluxes depicted in the lowest part of Fig. 10. The tempe-

rature of the melt in contact with concrete stays constant due

to the mixing effect of the rising bubbles as can be seen by

the low number of isothermes within the melt in the calculated

and the holographic temperature fields. The FILM-code which is

integrated in WECHSL (PNS 4331 in Fig. 3) calculates the heat

transfer, assuming that a gas film will be generated between

the molten pool and the concrete.

Fig. 11 shows the geometry of the cavity at different times as

•calculated by BETZ. The melt penetrates the concrete' basement

of a standard FWR with a thickness of approximately 6 meters

in about 13.5 days. However a longer penetration time can be

expected because the calculation in Fig. 11 doesn't take into
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account the flooding of tht! melt by sump water resulting in

a considera'bly higher heat removal from the upper surface of

the melt.

6. Pressure and temperature in the containment

Pressure and temperature history in the containment atmosphere

can be analysed with the codes CONZU and COCO. Both models use

a one compartment containment, taking into account all masses

and energies entering the containment atmosphere during the

four accident phases as shown in Fig. 12. The heat transport

to the containment structures is also considered. Fig. 13 shows

the pressure in the containment from the beginning of the

evaporation of the residual water for 4- cases. These differ

in treatment of the hydrogen combustion and sumpwater ingression.

After 3»6 h a peak pressure of 6.5 bars will be reached if one

assumes that combustion of the H~ does not take place before

a combustible Hp-air-HpO mixture in the containment is formed.

With continuous Hp-combustion the maximum pressure during the

burning period will not exceed the maximum containment pressure

of 4.8 bar occuring immediately after blow down. The pressure

increase after 5 hours is caused by the assumption that the

surface of the molten pool will be flooded by sump water.

As a matter of this assumption high steam rates were generated

which enter the containment atmosphere.After approximately

2 1/2 days the pressure reaches twice the peak value after

blow down. Without sump water evaporation-pressure increases

not as rapidly due to the smaller mass and energy transport into

contairunentatmosphera. Starting with blow down on the top of

the triangle, volumes of steam, air and hydrogen in the con-

tainment during the hypothetical melt down accident are shown
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in Fig. 14. Because of the sump water ingression, resulting

in large steam contents in the containment, hydrogen production

by melt-concrete interaction will not be sufficient to exceed

detonation limits. With hydrogen combustion deflagration stops

at 70 v/o steam and JO v/o air content due to the fact that

whole the oxygen has been bumed.

7. Conclusions

Several sophisticated computer codes have been developed in the

Federal Republic of Germany to analyse hypothetical melt down

accidents for LWR's. It is planned tc integrate all computer

codes mentioned in Fig. 4 into an overall computer system

based on the modular data-bases system RSYST /~4_7 in order to

control the calculation and t'o manage the data transfer. The

principal output of the code'system includes the determination

of time and duration of the different phases during the hypothe-

tical core melt down accident as well as the pressure and

temperature response of the containment including the fission

product history.

Up to now calculations for melt down sequences with these codes

have been developed under the hypothetical assumption that after

a large LOCA the low pressure recirculation systems fail

totally. The results summarized in Tab. 1 indicate that for

a standard PWR, an overpressure failure of the containment is

not expected to occur before 2 "1/2 days. A more sophisticated

analysis of the hypothetical core meltdown accident requires

results of additional experimental and theoretical work which

is under progress in the Federal Republic of Germany.
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