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One of the types of hypothetical accidents important in the safety

analysis of Liquid Metal Fast Breeder Reactors is that in which

fission gas release is postulated to occur from the plena of fuel

pins at such a rate that significant perturbation to coolant flow

occurs. Past consideration of such events has employed highly

conservative calculations in the interest of simplicity and

expediency. This paper describes a method developed to predict more

accurately the thermal consequences of such fission gas release

events.

The computation Is separated into two stages. In the first stage a

fluidic analysis is performed to predict the course of the released

gas and its affect on the coolant flow. The currently available

analytical tool for such an analysis assumes (conservatively, in

most cases) that the cladding breach which initiates the gas release

occurs simultaneously 1n all the elements involved (1, 2). A

hydrodynamic computation is performed in which the gas issues from

each plenum through at; orifice (which simulates the cladding breach)

and forms a bubble. The bubble covers the entire cross-section of the

sub-assembly. If the cladding breach 1s postulated at such a location

that pellets intervene between the breach and the plenum, the gas flow

rate 1s based on the flow resistance in the annulus between the pellet
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stack and cladding. The hydraulic resistances affecting the sodium

flow through the subassembly and the Inertia of liquid columns are

explicitly accounted for, and coolant flow perturbation by the g'as

1s then computed separately for each of the two gas-liquid Interfaces.

The computation yields time dependent displacements and velocities of

the gas-liquid interfaces.

The application of the above described method of computation has led

to predictions that release of fission gas could uncover significant

portions of the active fuel region under highly pessimistic assumptions

However, the thermal consequences of such an event would be accept-

able because, in the context of fuel element failure propagation,

a highly conservative evaluation concluded that no further pin failures

would ensue. The computational method described here was developed

so that the thermal consequences of such fission gas release events

could be assessed in more detail for the fuel pin and the associated

coolant. The more accurate method also permits a better understanding

of the safety margins available in the design against accident conditions

other than these in which failure propagation Is the main concern.

The thermal analysis employed the general purpose heat transfer code,

TRUMP (4). The thermal problem for the analysis is characterized, in

general, by heat generation varying in time and space, and coolant

flow velocity varying In time and direction. When flow reversal causes

gas-blanketing of a portion of the fuel region, the analysis considers

flow over a part of the fuel pin with the rest being insulated. A

single pin was modelled In the analysis so that bounding factors could

be applied for conservatism while preserving simplicity in the method.



The thermal analysis to simulate the above characteristics separated the

transient Into phases* each having coolant velocity in a single direc-

tion. Each phase was then treated as a re-start problem. For current

LMFBR fuel design, a fission gas release event has three velocity

phases. The nominal coolant flow is upward and 1s considered positive.

The first velocity phase consists of decreasing positive velocities

when the fission gas bubble retards the normal coolant flow. The

second velocity phase is flow reversal when the fission gas bubble pushes

the lower gas-liqu1d interface downward. The dynamics of gas flow into

the bubble and bubble expansion determines the onset of the third phase

when positive velocity resumes. The thermal transient is considered to

be over when the lower gas-11quid Interface rises past the top of the

active core region and Its original velocity Is restored. The coolant

temperature 1n the model 1s determined by conduction heat transfer into

the coolant node from the cladding.

In those cases where fission gas release causes active fuel to be uncovered,

the simulation of gas blanketing was effected by artifically decreasing

the thermal conductivity of the coolant in that region. The effect of

decreasing the coolant conductivity is to Insulate the cladding. Since

the region of gas blanketing changes with time, the simulation used a con-

ductivity which varied in time so that it remained constant at the normal

value until the particular node was uncovered. As the lower gas-liquid

Interface passed through the node, the coolant conductivity was ramped

down by about two orders of magnitude. The conductivity was kept at this

low value until the inter;ace rose back into the node, at which time it

was ramped back to the normal value. Thus, the time varying coolant thermal



conductivity was used as an artifice to simulate gas blanketing, because

the property was Invariant In all other respects. Since the variation

in time Is different for each of the coolant nodes, a unique identifica-

tion and conductivity-versus-time table was used for each node involved

in the clad uncovering.

The above method was applied for a postulated event 1n which a step

reactivity Insertion caused an Increase in predicted cladding tempera-

ture beyond a conservatively set failure threshold. All the fuel pins

In the assembly experiencing the highest temperatures were assumed to

fall simultaneously. Of two rupture locations examined, It was found

that clad rupture at the top of the core elevation caused a more severe

flow perturbation than at the top of the axial blanket. The most

simplified and conservative analysis for the thermal consequenses of

such an event has shown acceptable temperatures in the coolant, but the

margin of safety was uncertain (2). On the other hand the analysis using

the TRUMP code simulation showed that coolant boiling will be avoided

by a margin of approximately 350°F even though unrealistically pessimistic

assumptions were applied. Thus the method of greater accuracy improves ..

the confidence in acceptability of the consequences of a postulated

event. In addition, more detailed temperature profiles in time and as

a function of axial distance are available. The application of this method

to different initial conditions showed that the rise in the maximum

temperature of the coolant was not sensitive to the severity of the

flow transient for the range considered. This 1s because for cases when



flow reversal uncovers significant portions of the active region, the

restoration of flow 1s more rapid than the cases when the active core

1s covered with coolant during the whole transient*
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