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Abstract 

Analyses on external cooling of a melt pool in the lower head of the reactor pressure vessel (RPV) or of gap 
cooling inside the RPV means to consider limiting configurations for coolability. However, before running into 
such configurations, the formation of particle agglomerations (debris) can be expected in the most relevant 
scenarios. Analysis of such configurations shall help to identify conditions to avoid such limiting cases, to 
assess the available time spans to reestablish cool ability by water injection and to evaluate constructive or 
procedure means to support it. 

The potential of long term coolability of debris beds can in principle be investigated by the modules W ABE-
2D and MESOCO-2D developed at IKE in the frame of the KESS code system for implementation in 
ATHLET-CD. W ABE-2D describes separated two phase flow of water and steam in a debris bed submerged in 
a water pool under various boundary conditions of coolant inflow (gravity induced inflow from an overlying 
water pool yielding counter-current flow of water and steam in the bed or imposed inflow from the lateral 
boundaries respectively the bed bottom result in co-current flow situations). Coolant boil-off, dry zone 
formation and extension in the bed are considered by W ABE-2D. If a sufficient coolant supply can not be 
established the dry zone will expand up to total bed dryout and temperatures will rise up to particle melting. 
The thermal non-equilibrium between particles, liquid and steam is taken into account by W ABE-2D. This 
extends the range of coolability investigations and enables to analyse quenching of hot debris beds. 

For the simulation of melting, melt relocation and refreezing including melt pool formation on crusts in a 
porous solid matrix the module MESOCO-2D has been developed. Gravity as well as capillary forces are taken 
into account for the melt flow. Forced and natural convection gas flows are also described in 2D. Thermal non
equilibrium between solid matrix, melt and gas is taken into account. 

Up to now W ABE-2D and MESOCO-2D have been developed as separate modules. Both modules will be 
combined to an integrated model for safety related analyses to evaluate conditions for a long term cool ability 
as well as the safety margin to vessel failure. The effectiveness of cooling mechanisms and accident 
management measures to prevent RPV failure can be checked. 

1 Introduction 

In the course of the TMI-2 accident larger masses of 
melt (20 t) were relocated from the core into the 
water filled lower head of the RPV /1/. There the 
core material formed a particulate· bed of fragments 
and crusts with a melt layer above. The results of the 
TMI-2 Vessel Inspection Program (VIP) 12,31 
revealed that an elliptical "hot spot" located near the 
center of the lower head showed a severe thermal 
history up to 1050-1100 °C for about 30 minutes. 
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The cooling mechanisms which caused a cool down 
to 700-800 °C and prevented vessel failure, e.g. heat 
removal due to coolant circulation in a gap between 
the debris and the RPV wall as well as the heat 
removal capability from the debris are currently 
under investigation in the frame of several 
experimented and analytical research projects. 

Currently, in the frame of two projects sponsored by 
BMBF the in-vessel phenomena during late phase 
core degradation in Light Water Reactors (KESS-



project) and the cooling mechanisms in debris beds 

during quenching (DEBRIS-project) are investigated 

at IKE. The KESS /4,5/ code simulates the relevant 

processes during the early, transition and late phases 

of a core meltdown accident. Up to now most of the 

KESS modules have been implemented in the 

German system code ATHLET-CD. The modules 

for the simulation of the central processes during the 

later phase of core degradation are: 

• W ABE-2D (Water bed) /4,5,6/: coolant boil-off 

in severely damaged core regions as well as in 

debris beds in the lower head of the reactor 

pressure-vessel (RPV), quenching of hot, dry 

debris beds and degraded structures 

• MESOCO-2D (Melting and Solidification of 

Core Material) /4,5,6/: melting and melt 

relocation, refreezing, crust and melt pool 

formation in a degrading core and in debris beds 

• IKEJET IIKEMIX (ill breakup and mixing) 

/5,7/: melt relocation from the core into the 

water-filled lower head of the RPV: interaction of 

the melt jet with a coolant, fragmentation 

processes, formation of a debris bed. 

The examination of the melt relocation modes and 

the fragmentation processes (IKEJET IIKEMIX) 

gives important information on the possible mass, 

composition and debris size distribution of the 

relocated core material in the lower head. This paper 

concentrates on the discussion of the modules 

W ABE-2D and MESOCO-2D. 

The objective of the DEBRIS-project is the 

refinement of the model W ABE-2D~ The modeling 

work is supported by model orientated experiments 

at IKE from which improved relation for the 

exchange terms (friction between debris and a 

steam/water flow, heat transfer during quenching of 

hot dry debris) will be deduced. 

In the literature the extreme case of an extended melt 

pool in the lower head is discussed. This configura

tion represents an ultimate case which must be 

avoided due to its difficult coolable state. During the 

evolution starting from debris bed formation (loose 

debris, crusts) in the water filled lower head via dry 

zone formation up to total dryout and formation of 

an extended melt pool several coolable configura

tions may be possible. 

The modules W ABE-2D and MESOCO-2D are able 

to simulate the relevant processes which determine 
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the cool ability over a large variety of such 

configurations. The model features of W ABE-2D 

and MESOCO-2D are summarized briefly. Calcula

tions for model validations as well as results of 

cases with inhomogeneous debris beds (regions of 

smaller porosity and higher decay power) are 

presented. These results reveal 2D-effects with self 

regulatory cooling mechanisms which help to 

stabilize dry zones in a boiling bed and may support 

long term coolability. 

2 Model Features of W ABE-2D 

W ABE-2D is designed to simulate the coolant boil

off in a debris bed submerged in a water pool as well 

as quenching of hot dry debris in r,z- or x,y

geometry /5,6/. The model is based on a quasi

continuum approach. During coolant boil-off co- or 

countercurrent vapor and liquid flow in the bed, dry 

zone formation and extension are considered. The 

dry zone will extend up to a complete bed dryout if 

sufficient coolant supply for heat removal cannot be 

established anymore. Then the extending dry region 

will heatup due to less efficient heat removal 

mechanisms (heat conduction, radiation and single 

phase heat transfer). For the description of the 

processes transient conservation equations for mass 

(liquid, vapour) and energy (liquid, vapour, part

icles), steady state momentum equations according 

to Ergun /8/ and an additional equation to calculate 

local pressure differences· between the liquid and 

vapor phase due to capillary effects are used. 

Because of the three separate energy conservation 

equations thermal non-equilibrium between the 

particles, liquid and vapor can be taken into account. 

This extends the range of investigations of W ABE-

2D and enables the model to analyse quenching of 

hot debris. However, up to now constitutive'relations 

for momentum and energy transfer are used which 

are restricted to debris beds composed of spherical 

particles with locally uniform diameter: 

• the pressure loss of a liquid/vapor flow in the 

debris bed is calculated with an empirical 

momentum equation for each phase according to 

Ergun /8/, which has been modified by relative 

permeabilities and passabilities, 

• capillary pressure which may induce a liquid 

flow along a liquid fraction gradient (liquid 

fraction: volumetric fraction of liquid in the pore 



spaces) is taken into account by the relations of 
Leverett /9/ and Reed 110/, 

• in the present version of W ABE-2D heat transfer 
only between the particles and the coolant is 
considered. Liquid and vapor phase are assumed 
to be in thermal equilibrium. At present heat 
transfer coefficients according to relations of 
nucleate and film boiling heat transfer are used. 

Currently at IKE a test facility (system pressure up 
to 4 MPa) is under construction in which model 
orientated experiments will be performed to deduce 
improved expressions for the pressure drop of 
water/steam flows in a inductively heated particulate 
bed as well as particle-to-coolant heat transfer data 
during quenching of hot dry debris. Different 
particle diameters in the range between 2 and 6 mm 
will be considered. 

3 Comparison ofWABE-2D Results with Data 
on the DCC-2 Test Series 

For a first check results of W ABE-2D have been 
compared with experimental data of the DCC-2 test 
series (Degraded Core Coolability, test series 2) 1111. 
The test series were performed in the Annular Core 
Research Reactor (ACRR), Sandia National 
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Figure 1: Sketch of the DCC-2 test setup: debris 
bed with overlying coolant pool. 

Laboratories, with a debris bed (height H = 0.5 m, 
bed diameter D = 0.06 m) compared of U0

2
-parti

cles of 1.42 mm in diameter and an average porosity 
of £ = 0.41. The debris bed is located in a cylindrical 
crucible. Both, the lateral walls and the bottom plate 
is adiabatic an impermeable. Liquid enters the bed 
from an overlying coolant pool (Fig. 1). 

The local heat generation rate in the debris bed is a 
function of axial location and local liquid fraction. A 
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Figure 2: Comparison of axial liquid fraction profiles calculated by W ABE-2D, PAHR-2D LWR and 
ENTH, DCC2 test (p=0.62 MPa, d = 1.42 mm, £=0.41, H=0.5m, D=0.06m). 
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relation between the reactor power (ACRR) and the 

local heat generation rate is given in 112, 13/. At the 

beginning (t = 0 s) of the considered test the pore 

spaces are filled with liquid. The liquid and particle 

temperatures are adjusted to the saturation 

temperature of the coolant corresponding to a system 

pressure p of 0.62 MPa (thermal equilibrium· 

condition). The reactor power (ACRR) is switched 

to P = 255 kW. After a steady state bed condition 

has been established a power ramp up to P = 625 kW 

(ACRR) was carried out. 

The experimental conditions (saturation temperature, 

limited power steps) of the DCC-2 tests support the 

assumption of thermal equilibrium between particles 

and the coolant. The assumption is confirmed by the 

good accordance between experimental data (dryout 

heat flux, location and time of dry zone formation) 

and already performed model calculations, e.g. that 

of Brealey 112, 13/ (ENTH-code, 10, transient, 

thermal equilibrium) and Mayr et al. 1141 (2D-code 

PAHR-20 LWR, transient, thermal equilibrium, r,z

geometry). 

To compare the already existing data with the results 

of W ABE-2D (thermal non-equilibrium model), a 

heat transfer coefficient of a = lOS W/m2K was 

assumed to balance temperature differences between 

the particles and the coolant within a short time 

period. In Fig. 2 the liquid fraction profiles 

calculated by WABE-2D, PAHR-2D LWR and the 

ENTH-code for the steady state bed condition (P = 
255 kW ACRR) and the axial liquid fraction 

development in dependence of time up to dry zone 

formation are shown. 
For P = 255 kW the steady state condition was 

reached within 5-6 s by all models. The liquid 

fraction profiles are in good accordance with each 

other. One hundred seconds after the power ramp 

was carried out (P = 255 ~ 625 kW) a dry zone (s = 
0, 0.16 < z < 0.21 m) was detected during the 

experiment 111/. The results ofPAHR-2D LWR and 

of ENTH (only the calculated dry zone extension is 

shown) are in quite good agreement with the 

observed dry zone extension. At 100 s a liquid 

fraction profil without dry zone was calculated by 

W ABE-2D, however, the liquid fraction minimum (s 

= 0.08) is located at the same bed height where the 

dry zone formation was detected during the experi

ment. The different results are currently under in

vestigation. Nevertheless, in view of the presently 

existing uncertainties this first check demonstrate 

resonable results of W ABE-2D which are in good 

accordance with the other models. 

4 Influence of 2D-Effects on Debris Bed 
Cool ability 

To investigate the influence of 20-effects on debris 

coolability calculations with W ABE-2D on test 

cases were done. For the analyses a debris bed with a 

diameter D of 1 m and a height H of I m was 

examined. As a base case a debris bed with a 

uniform porosity (8 = 0.5), particle diameter (d = 1 

mm, U02) and specific power density (q = 160 W /kg 

U02, 0.8 MW/m2) was assumed. The specific power 

was raised from q = 0 (t = 0 s) to 160 W/kg linearly 

within 50 s and was then kept constant. The test 

arrangement is comparable to that shown in Fig. 1. 

20-effects were considered by assuming a debris 

bed with a 

• locally reduced porosity ofe = O.3(case 1) 

• case 1 + radially decreasing specific power 

density (case 2) 

• lateral coolant influx (case 3). 

The analysis of the base case reveal a typical 1D 

behavior. After t = 50 s at constant bed power a 

uniform counter-current flow regime has been 

established. Due to intensive vapor generation the 

in flowing liquid from the overlying coolant pool is 

hindered. With increasing time the local liquid 

fraction in the bed decreased gradually. After 200 s a 

dry zone has formed extended over the whole bed 

radius. Particle temperature raised and the dry zone 

expanded up to a total bed dryout. 

The analysis of the debris bed with an assumed 

locally reduced porosity (I:: = 0.3) inside the area 0.0 

< r < 0.5 m, 0.45 < z < 0.6 reveal a different beha

vior (case 1). Due to a larger solid fraction the power 

density is about 40 % larger in the denser part of the 

bed compared to the base case condition. In addition, 

smaller pore sizes respectively a reduced cross 

sectional area for liquid and vapor flow induce larger 

pressure loss which locally deteriorate coolability. In 

Fig. 3 the liquid fraction and liquid velocity 

distribution (upper row) as well as the particle 

temperature and vapor velocity distribution (lower 

row) are shown at t = 50, 100 and 200 s. The scales 

(upper and lower row) represent the local liquid 

fraction and particle temperatures. 
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Figure 3: Calculated liquid fraction and liquid velocity (upper row) as well as particle temperature and vapor velocity distributions (lower row) 
at times t = 50, 100, 200s (case 1, H = 1m, D = Im,E = 0.5/0.3, d = Imm, p = O.IMPa). 
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Figure 4: Radial power density distribution for 

case 2 (top), liquid fraction and liquid 

velocity (middle), particle temperature 

distribution and vapor velocity (bottom) 

at time t = 200 s. 
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At t = 50 s liquid and vapor are flowing upwards 

because the specific power density is increased up to 

160 W/kg DOl' Generated vapor which cannot 

escape fast enough through the pore spaces pushes 

liquid out of the bed. The vapor pressure is even 

high enough that liquid is pushed out of the denser 

part (s = 0.3) towards the bed bottom. At t = 100 s 

the whole area of reduced porosity and a smaller 

region below is dried out. 

Above the dry region the vapor pressure is reduced 

due to a reduced vapour production from below. So, 

liquid influx from the overlying coolant pool (see 

Fig. l) is facilitated. The locally increased liquid 

supply and liquid flow around the dry zone stabilize 

its upper and lateral boundary. Vapor generated in 

the lower part of the bed is flowing upwards around 

the dry zone. This explains a laterally and upwards 

directed expansion of the dry region (t = 100,200 s, 

upper row). The difference in liquid fraction 

between the inner and outer part of the bed induces a 

hydrostatic pressure difference which enhances 

lateral liquid inflow and help to stabilize the lower 

boundary of the dry zone. 

In comparison to the base case (uniform bed 

structure) a lateral dryout of the bed does not take 

place. On the 0tle hand the inhomogenity cause a 

locally reduced coolability. On the other hand 

coolabihyenhancing mechanisms in the global 

behavior, like the formation of separate flow paths' 

of escaping vapor and inflowing liquid (e.g. above 

the dry zone) cause a reduced pressure loss of each 

phase which support the global coolability of this 

configuration. If sufficient liquid is available a 

sustained stabilization of the dry region and a long 

tenn cool ability may be possible. 

An even more pronounced effect to stabilize the dry 

zone was observed in the case with an assumed 

radially decreasing power density, case 2 (Fig. 4). 

The geometry and the bed data are identical, the 

average bed power is comparable to case 1 (s. Fig. 

3). Due to the radially decreasing vapor generation 

rate the pressure loss during liquid inflow is even 

lower, especially in the outermost bed region. This 

favors a higher availability of coolant for heat 

removal from the dry zone and improves the global 

cool ability of the bed. Although higher particle 

temperatures (due to a larger power density in the 

innennost region) were calculated in comparison to 

case 1, the extension of the dry zone remains nearly 

the same. 
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Figure 5: Possible liquid inflow conditions for debris located in the lower head. 

Depending on the location and geometrical 
configuration of the debris bed in the RPV (Fig. 5), a 
liquid inflow via the lower or/and lateral boundary is 
possible. The lateral coolant inflow (Fig. 5, right) is 
induced due to hydrostatic pressure differences 
between the surrounding liquid pool and the coolant 
column in the boiling debris. Such influxes result in 
a co-current flow of liquid and rising vapor and will 
effect a lower pressure loss for each of the phases. 

In a test case (geometric and bed data of the base 
case) a given lateral coolant inflow near the bed 
bottom was considered. Several liquid mass flow 
rates up to m = 5 kg/m2s were assumed. After dryout 
the lateral coolant influx effects a limited extension 
and stabilization of the dry zone. Due to a higher 
coolant availability inside the bed, even a small 
reduction of the dry region was observed with 
increasing time (in the case of m == 5 kg/m2s). A 
lower pressure loss favors the accessibility of the 
coolant within the whole bed and enhances its global 
coolability. 

5 Late-phase melt progression model 
MESOCO-2D 

If a sufficient coolant supply cannot be established 
anymore, a dry zone may extend up to a total bed 
dryout. Particle temperature will raise up to melting. 
MESOCO-2D describes solid heatup, melting, melt 
relocation, solidification and melt pool formation on 
a crust, remelting and crust failure in a degrading 
core as well as in a debris bed in the lower head. A 
detailed analysis of these processes is necessary to 
evaluate the time span during which configurations 
develop which remain cool able (to be checked with 
W ABE), with the extreme case of a melt pool in the 
lower head, and finally the time available up to RPV 
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failure. these times give margins for mItIatmg 
additional cooling measures. Further, the analysis of 
the development of the debris bed states gives a 
basis for evaluating the kind of limitations to 
coolability occurring before the melt pool case will 
be reached. 

The relevant processes are modelled in r ,z- or x,y
geometry. Transient conservation equations for mass 
and energy are used for each of the phases (solid, 
melt and gas). Thermal non-equilibrium between the 
solid matrix, melt and gas is taken into account. 
Melting and freezing rates are determined from the 
net heat flux from solid and liquid into the phase 
interface divided by the latent heat of fusion. For 
heat transfer between solid and interface, heat 
conduction is assumed. Heat transfer between 
interface and liquid is calculated according to 
correlations for forced convection of melt flow. 

For simplification, quasi-steady state approaches are 
used for the momentum conservation equations of 
melt and gas.· The Ergun formulation of friction 
pressure loss is used, Gravity, hydrostatic pressure 
differences as well as capillary pressure are taken 
into account as driving forces for the melt flow. 
Melting and refreezing is described for 3 material 
components, a metallic V-Zr-O composition as well 
as the ceramic components V02 and Zr0

2
• For debris 

beds with metallic Zry constituens the exotherm 
Zry/Hp-reaction is modelled. The hydrogen 
production as well as the energy release due to 
reaction enthalpy are quantified and hydrogen is 
taken into account in the gas phase by means of a 
separate mass conservation equation. Conduction as 
well as radiation (particle-particle, debris-surroun
ding structures) are modelled for the solid. Heat 
transfer to the gas is described locaily by means of 
forced convection correlations. Like in the W ABE-



2D model the constitutive relations are presently 

restricted to debris configuration with spherical 

particles and locally uniform diameter. The 

implementation of relations for energy and 

momentum transfer for debris beds consisting of 

fragments of different size and shape, crusts and 

blockages is intended in the future development. 

6 Pre-test analysis of PHEBUS FPT -4 with 

MESOCO-2D 

For the layout of the planned PHEBVS FPT-4 

experiment at the Research Centre Cadarache (CEA) 

an international effort was initiated. The aim of the 

FPT -4 test is the investigation of fission product 

release from severly damaged core configurations 

including debris and melt pool upon a crust. The test 

will be carried out in a setup consisting of a debris 

bed composed of a mixture of V02 and Zr02 

particles (mass relation 80120, total mass 6 kg, 

porosity 50 %, average particle diameter 4 mm). The 

debris bed will have a diameter of 6.8 cm and a 

height of 36 cm. The bed is surrounded by a liner 

and a shroud with several layers of insulation 

material to protect the setup against melt attack and 

to avoid heat losses. A detailed description of the 

planned test setup is given in /15/. From below the 

bed is cooled by a gas flow (steam or 

steamlhydrogen mixture) which also acts as a 

transport medium for released fission products. 

Pre-test calculations with different codes (ICARE 

(CEA) , DEBRIS, MERIS (SNL) and MESOCO) 

have been performed to support the experimental 

team in the layout of the experiment. Main aims of 

these calculations were to predict the amount of 

molten material and the phenomenology of melt 

relocation (position and downwards and lateral 

progression of crustlmelt pool configurations) 

depending on the experimental conditions (e.g. 

debris bed composition, heating power and gas mass 

flow rate and composition). These data can be used 

to prevent potential damage of the test setup and to 

find adequate stopping criteria e.g. based on shroud 

temperatures. 

For the MESOCO-2D calculations the debris bed, 

the radial shroud as well as part of the lower 

structures (thoria'insulation, steel plate) have been 

modeled. For the top surface of the bed, radiation 

against the upper structures (at steam saturation 

temperature), which have not been considered, has 

been assumed. For the material interactions between 
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V0 2 and Zr02, a simplified approach has been 

applied in a first step. Melting and refreezing ofUO) 

and zr02 first takes place at the melting temperature 

of the eutectic point (-2870 K) and with eutectic 

composition (-48 Mol% Zr02) according to the 

quasi-binary U02-ZrO) phase diagramm. After 

consumption of the available Zr02
, the remaining 

VO) melts at the melting temperature of VOl' A 

more detailed modeling of V02-Zr0
2 

material 

interactions based on phase diagrams is underway, 

but was not yet available for the calculations. 

A uniform specific power distribution in the bed has 

been assumed. The, total bed power was raised by 

several steps (calibration plateaus) to a final value of 

20 kW after 4000 s. A constant mass flow rate of 0.8 

gls of gas composed of 20 Mol% hydrogen at 440 K 

was assumed at the bottom. First calculations with 

MESOCO-2D have been carried out with the 

assumption of thermal equilibrium between melt and 

solid (forced by very large heat transfer coefficients 

of 106 W/(m2K) between melt, solid and phase 

interface). 

Due to the cooling by the gas flow, prior to first 

melting a strong axial temperature profile exists in 

the bed in addition to the radial temperature profile 

imposed by heat losses to the shroud. Melting 

therefore first starts along the centerline in the 

uppermost quarter of the bed at :::; 4200 s. The melt 

relocates downwards, increasing on the one hand the 

temperatures in lower regions. On the other hand, it 

refreezes, forms a region of reduced porosity and 

later densifies to a crust. The downwards progres

sion is slowed down strongly due to the axial 

temperature gradient. As more melt is produced and 

flows downwards, it accumulates on the crust and 

begins to form a melt pool. Due to the hindered 

downwards progression of the pool/crust 

configuration the pool is forced to extend radially. 

Finally a configuration is reached in the calculation 

with a melt pool extending over the whole cross 

section, located axially approximately in the middle 

of the bed. This corresponds to similar results 

obtained with other models (ICARE, DEBRIS, 

MERIS). This behavior predicted by the models 

poses several problems for the experimental layout. 

On the one hand, the melt may attack the radial 

shroud, and, on the other hand, the gas flow is 

blocked by the crust/melt pool. 
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Figure 6: Results ofMESOCO-2D pre-test calculation on PHEBUS-FPT4 considering thermal 
non-equilibrium between melt and solid at times t = 4750s (a) imd 4800s (b). 
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A further calculation has been carried out with 

MESOCO-2D assuming now thermal non

equilibrium between solid and melt. Major effects of 

thermal non-equilibrium are that melt may more 

easily overheat, especially when accumul~ted in a 

pool which still includes solid parts, and that melt 

can penetrate further downwards into colder regions 

before it completely freezes. Therefore, additional 

effects can be expected in contrast to the calculations 

with thermal equilibrium. 

Fig. 6a shows the results for the calculation at 4750s. 

Up to this time results are similar to the former case 

with thermal equilibrium. Significant melt masses 

have been produced and have accumulated in a melt 

pool on a crust. A voided region has formed above 

the pool. Due to slowed axial relocation the melt 

pool has extended radially, fonning the "nose" in the 

porosity profile. However, the accumulated melt in 

the pool now is significantly overheated (-150K): 

The results of Fig. 6b at 4800s show that further 

heating and melt accumulation lead finally to a 

failure of the lateral crust. The outflowing 

overheated melt has remelted parts of the lateral 

crust and has relocated downwards, forming a 

densified region in the outer region of the bed after 

refreezing. Only a smaller part of the melt remains in 

the melt pool in the center. Thus, lateral extension is 

at least partly and temporarily stopped due to 

superheating of melt and subsequent pronounced 

downwards flow after lateral crust failure. 

7 Summary 

W ABE-2D and MESOCO-2D describe the relevant 

processes during coolant boil-off, dry zone 

formation and extension up to total bed dryout as 

well as melting, melt relocation, crust and melt pool 

formation. Both modules have been developed at 

IKE as separate modules. Due to a lack of experi

mental data W ABE-2D calculations were carried out 

with assumed test cases to investigate 2D-effects 

(e.g. region with reduced porosities, lateral coolant 

influx) on dry zone extension and coolability. The 

resul ts reveal interesting counteracting tendencies in 

the debris bed behavior. Despite of local enhanced 

bvapour generation (due to heigher power density, 

reduced porosity) and dryout self regulatory 

mechanisms support the global coolability of the 

bed. If sufficient coolant is available a sustained 

stabilization of dry zones and a long term coolability 

of the whole bed may be possible. Further 
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calculations are necessary to investigate the cooling 

mechanisms. 

The processes referring melt propagation, crust and 

melt pool formation are described by MESOCO-2D. 

Results of calculations for the planned PHEBUS 

FPT -4 experiment show that cooling from the 

bottom can significantly slow down axial melt 

relocation. Melt accumulation leads to a counterplay 

between lateral and axial extension of the melt pool, 

depending on the cooling conditions. Such effects in 

general determine the temporal behaviour of 

melt/crust configurations. They finally give the 

initial conditions, e.g., for the configuration of a 

large pool in the lower head and thus determine the 

conditions for coolability. The calculations on FPT-4 

in addition show, that melt superheating can lead to 

additional effects, delaying at least temporarily the 

extension of melt pools and favouring subsequently, 

after crust failure, axial melt progression with 

distribution of melt over larger regions. Further 

model improvements will be necessary to be able to 

extrapolate the model results to realistic conditions. 

Using WABE-2D and MESOCO-2D an assessment 

of coolability for possible debris configurations in 

the lower head is possible. Both modules will be 

combined to an integrated modul for improved 

analysis, especially for considering the influence of 

molten parts on the coolabiltyduring water injection. 

Furthermore, analyses will be performed on the 

effectivity of cooling measures and the available 

time spans until the limiting case df a melt pool will 

be reached. 

Beside the integrated model development future 

work will concentrate on the refinement of con

stitutive relations for momentum and energy 

transfer. In 1998 model orientated experiments (up 

to 4 MPa system pressure) will be carried out at 

IKE. Debris beds with particle diameters in the 

range between. 2 and 6 mm will be examined. For 

the evaluation of improved relations for the two

phase pressure drop different flow regimes will be 

adjusted in the bed. In another test series heat 

transfer relations during quenching of hot debris will 

be deduced. In a first step bed temperatures up to 

1100 °C will be examined. 
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