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The use of a MgO delay bed as a sacrificial material to accommodate core

debris within the reactor cavity following a major core disruptive accident

involving reactor vessel and guard vessel failure has been considered as one

of the likely core retention concepts in LMFBR safety studies. The primary

objective of this concept is to prevent direct contact of sodium with concrete

so as to minimize the sodium-concrete interactions which result in gas

evolution from the concrete structure and the chemical energy release.

Another important objective is to provide an effective means of decay heat

removal utilizing the large thermal mass of the MgO bed. As the molten debris

pool grows into the bed, there is a continuous dilution of the heat sources.

This, together with the fact that the decay power level of the fuel is

dropping with time, would eventually lead to freezing of the pool. To ensure

that a permanently coolable situation can be achieved under various accident

conditions, however, it is necessary to understand the entire spectrum of core

debris-basemat interactions in the MgO-lined cavity.

For this purpose, characterization has been made of the nature of

phenomena involved in the interactions and the potential sequence of their

occurrence. A flow diagram for accident progression has been constructed to

describe the likely events that may take place in the cavity. The transport

rate and mechanism as well as the time scale of each event have been

determined by a scoping analysis. Among others, the Inversion of the molten

MASTER
*Work performed under the auspices of the U. S. Department of Energy.

DISTRIBUTION OF THIS DOCUMENT \S



-2-

oxide pool and its overlying molten steel layer is found to have an important

impact on the subsequent pool growth and freezing processes. Layer Inversion

occurs when the density of the pool becomes smaller than the density of steel

as MgO Is dissolved in the oxide phase. Following this event, there will be

no basemat penetration in the downward direction until the steel barrier is

depleted. The potential mechanisms for steel depletion are boil off, chemical

reaction with MgO,and drainage down Into the MgO bed. Basemat penetration in

the sideward direction, however, will continue to proceed. This "directional"

pool growth process may substantially alter the pool geometry.

The final goal of the analysis is to demonstrate that pool freezing would

eventually occur. A freezing criterion has been established based on the

assumptions that at incipient freezing the pool is hemispherical, no

functional heat exchanger is available, and the MgO delay bed remains larger

than the pool. Freezing Is predicted to proceed when the rate of decay

heating of the pool becomes smaller than the steady-state heat conduction loss

of the system. Treating the W^-MgO mixture as an ideal solution, the time T

for incipient freezing of the pool 1s given by

Ptr) - 9-58.kP00V (TEUT " TMg0 )
 f S +

Where P{T) IS the total decay power, p the density, k the effective thermal

conductivity, TEjjy the U02~MgO eutectic temperature, T^QQ the cold-end temper-

ature of the MgO substrate, Wyg the iruel Inventory, and WMg0(x) the amount of

MgO dissolved in t',e pool. The validity of the above equation has been

discussed in a related study.1 Since P Is a monotonically decreasing function

of time whereas WMgQ is a monotonicaily Increasing function of time, sustained

pool freezing will occur In the system beyond the critical time T .
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Table 1 summarizes some important results of the analysis for a 1000 MW

pool-type LMFBR plant. Two extreme cases are presented. In case A, the

accident flow path is such that there is no melting of the solid debris until

all the sodium in the cavity has been depleted by boiling. This corresponds

to the situation in which dryout never occurs in the system. !n case B,

debris melting commences long before the depletion of sodium, corresponding to

the situation in which dryout occurs immediately after the formation of the

debris bed. The number in the parenthesis in the second column, obtained by

assuming half of the decay energy being removed by sodium boiling, represents

the sensible and latent heat in the remaining mass of sodium. Markedly

different time scales are observed in the two cases. In particular, steel

boiling is shown to last for ~ 14 hours in case A whereas in case B it is ~ 4

hours. The aspect ratio of the pool at the end of the steel boiling period

would be quite different for the two cases. This in turn would profoundly

affect the subsequent pool growth behavior.^ in addition, incipient freezing

Is found to occur at a much later time in case B relative to case A. These

results clearly indicate the need to accurately determine the accident

scenario. Meanwhile, detailed physical modeling of all the major events are

required to properly evaluate the MgO delay bed concept.
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Tabie 1 . Major Events During Core Debris-Basemat Interactions
In a

Description
of the
Event

Case A

Depletion of Sodium
by Boiling

Melting of Steel
Molten U02/Mg0

Pool Formation1'1'
Depletion of Steel

by Boiling
Pool Growth to

Incipient Freezing

Case B

Melting of Steel
Molten UO2/MgO

Pool FormatIon**
Depletion of Steel

by Boiling
Pool Growth to

Sodium Depletion
Pool Growth to

Incipient Freezing

1000 MW Pool-Type

Total
Energy

Involved,
FPS*

4775

11

83

86

6603

22 (4764)

166 (4681)

172 (4595)

9190 (0)

4016 {—)

LMFBR Cavity

Total
Decay
Energy,
FPS

4802

4813

4896

4982

11585

49

215

387

9577

13593

T1me+ of
Occurrence, S

1.55 x 106

1.56 x 106

1.61 x 106

1.66 x 106

7.62 x 106

2.16 x 103

1.59 x 104

3.12 x 104

5.28 x 106

1.05 x 107

Duration
Day

18.0

0.1

0.5

0.6

69.0

0.01

0.17

0.18

61.0

60.0

*0ne full power second (FPS) 1s equal to 2.74 x 106 KJ.
deferring to the time after reactor shutdown; Ini t ia l time ~ 1000 S;
Ini t ia l debris conditions: MgO bed at 300 K; 3 x 106 Kg of sodium,
1 x 105 Kg of fuel, 3.2 x 104 Kg of steel, all at 773 K.

+*Bulk pool density becomes smaller than the density of steel resulting in
layer inversion.
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