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Direct containment heating is the mechanism of severe nuclear reactor

accident containment loading which results from transfer of thermal and chemi-

cal energy from high temperature, finely divided, molten core material to the

containment atmosphere. The Direct Heating Containment Vessel Interactions

Module, DHCVIM, has been developed at BNL to mechanistically model the mecha-

nisms of containment loading resulting from the direct heating accident

sequence. The calculational procedure is being used at present to model the

Sandia National Laboratory l/10th-scale Surtsey direct containment heating

experiments. The objective of the code is to provide a test bed for detailed

modeling of various aspects of the thermal, chemical and hydrodynamic interac-

tions which are expected to occur in three regions of a containment building:

reactor cavity, intermediate subcompartmcnts and containment dome. Major

emphasis is placed, at present, on the description of reactor cavity dynam-

ics. This paper summarizes the modeling principles which are incorporated in

DHCVIM and presents a prediction of the Surtsey Test DCH-2 which was made

prior to execution of the experiment. A more detailed description of the mod-

els is found in Ref. 1.

DHCVIM is a three-region integrated model, consisting of descriptions of

interactions within: (i) a pressurized melt injector vessel containing the

melt and driver gas, (ii) a reactor cavity model beneath the pressure vessel
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and (iii) a large containment volume. Figure 1 shows the three regions which

comprise the Surtsey l/10th-scale experimental test vessel. The mass, momen-

tum and energy balance equations for the liquid and vapor phases are solved

simultaneously for the three regions and lead to predictions of the pressure

and temperature responses of the Surtsey test vessel.

DHCVIM code uses a combination of Eulerian and Lagrangian approaches. A

Lagrangian approach is used for following particle trajectories through the

reactor cavity and through the vessel. It uses a one-dimensional, quasi-

Steady Eulerian approach for the vapor phase energy, mass and momentum bal-

ances in the reactor cavity. The containment vessel volume is treated using a

lumped-parameter methodology approach for the mass and energy balances.

Melt is assumed dispersed into droplets in the reactor cavity by the

blowdown gas as a function of local conditions beneath the melt injection ves-

sel. The rate of entrainment of melt into the gas flow field beneath the ves-

sel can be either modeled as a function of local flow conditions, or it can be

specified as input to the code. A Weber breakup criterion is implemented and

is used to predict the size of the droplets. The droplets continue to break

up along their trajectory if local conditions permit. Thus, the droplet size

distribution is a predicted quantity and is linked to the computed slip be-

tween phases.

Each melt droplet is assumed to be composed of three components: fuel

(alumina), metal (iron) and metal oxide. Each droplet is assumed to be com-

posed of a central core of alumina surrounded by a layer of iron and a layer

of iron oxide. The position, velocity, temperature, radius and mass of each

component are followed as a function of time for each droplet group which
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enters the flow. The metal reacts with either oxygen in the Surtsey vessel

atmosphere according to either a droplet-side or gas-side limited diffusion

process. The heat of reaction is treated as a droplet heat source. The rates

of heat transfer from droplets to the vessel atmosphere and to the vessel wall

are modeled.

The major experimental parameters which characterize the initial condi-

tions for Surtsey Test DCH-2 are shown in Fig. 1. It should be noted that

there is apparently some uncertainty regarding the temperature of the melt

within the melt generator prior to melt ejection. An objective measurement of

this temperature is not available. The temperature, based upon discussions

concerning this issue, may be as low as 2500K.

The predicted Surtsey containment vessel pressure is shown in Fig. 2. A

peak pressure rise of 0.347 MPa is predicted at 1.2 seconds into the tran-

sient. This corresponds to a peak pressure of 0.429 MPa, assuming an

Albuquerque atmospheric pressure of 0.082 MPa. The vessel temperature is pre-

dicted to reach a maximum of 1738K at the same time, as shown in Fig. 2. Cal-

culations indicate that 71% of the total chemical energy stored in the initial

melt of 80 kg is released during the transient.

Separate adiabatic equilibrium calculations, incorporating the chemical

reaction heat source, indicate a maximum of 203.0 MJ of thermal energy trans-

fer to the gas atmosphere, leading to a pressure rise of 0.647 MPa. The ther-

mal energy transfer computed by DHCVIM is less than 114 MJ, or less than 56%

of the adiabatic equilibrium maximum. The DHCVIM prediction of a pressure

rise of 0.347 MPa corresponds to 53.6% of the adiabatic equilibrium pressure

rise. Analysis of the computational results suggests that the difference

between the adiabatic equilibrium and DHCVIM calculated pressure rises is



attributable to a combination of melt retention in the reactor cavity and

melt droplet removal within the Surtsey vessel prior to complete transfer of

thermal energy and prior to complete chemical reaction.

The calculational procedure leads to prediction of the pressure and tem-

perature responses of the containment vessel, along with additional parame-

ters such as mass of oxygen remaining, chemical energy release, droplet and

gas velocities and temperatures, etc. These additional quantities will be

presented in the paper along with comparisons with actual experimental data

(if available).

References

1. Ginsberg, T., and N. K. Tutu, "DHCVIM - A Direct Heating Containment

Vessel Interactions Module," to be presented at 1987 ASME National Heat

Transfer Conference, Pittsburgh, PA (August 1987).



MELT
GENERATOR

CONTAINMENT
VOLUME

CAVITY

MELT COMPOSITION: 45% (WEIGHT) ALUMINA
55% IRON

MASS MELT: 80 kg
MELT TEMPERATURE (IN MELT PRESSURE VESSEL): 2800K
MELT VESSEL PRESSURE: 4.1 MPa
DRIVER GAS TEMPERATURE: 450K.
INITIAL CONTAINMENT VOLUME PRESSURE: 0.082 MPa
INITIAL CONTAINMENT VOLUME TEMPERATURE: 300K
DRIVER GAS: NITROGEN

Figure 1 "Surtsey" Vessel and Initial Conditions



- 6 -

O.D 0.4 0.5 1.2 t.S 2.0 2.4 2.8 3.2 3.6 4.0

0.0 0.4 O.B 1.2 I.G 2.0 2.4 2.S 3.2 3.E 4.0

Figure 2 Surtsey Vessel Pressure Rise and Temperature Trausient
Predicted for DCH-2
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