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The response of a 100-MWe modular liquid metal cooled reactor to unpro-
tected loss of flow and/or loss of primary heat removal accidents is analyzed
using the systems analysis code SASSYS [1,2,3]. The reactor response is
tracked for the first 1000 s following a postulated upset in the primary heat
removal system. The calculations do not take credit for the functioning of
any decay heat removal other than through the secondary system. In addition
to the power rating, other features of the reactor are an average sodium tem-
perature rise of 148 K, a sodium void worth {counting the core and upper axial
blanket) of 1.89 $, and 3.6 $ of Doppler feedback due to a uniform e-fold fuel
temperature increase.

An important aspect of the present analysis is the augmenting of the
reactivity feedbacks due to Doppler broadening, fuel axial expansion, and
coolant density changes with models to estimate the feedbacks due to radial
expansion (including subassembly bowing), caused by the heat-up of structural
material within the core, and changes in the relative position of the control
rods and the core. The feedback rate due to radial expansion is modeled as
the sum of two terms. The first term is proportional to the rate of change of
the coolant inlet temperature, and the second term is proportional to the rate
of change in the difference between the structure temperature near the subas-
sembly outlet and the inlet coolant temperature. Proportionality constants
were fitted to results from CORTAC [4] calculations. Five different models
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were considered in representing the feedback due to changes in the relative

position of the core and the control rods. In the first, the reactivity due

to such changes was neglected. In the second, only the elongation of the rod

drive-lines due to temperature changes in the outlet plenum were considered.

In the third, drive-line elongation in combination with thermal expansion of

the reactor vessel was considered, with the effective heated length of the

vessel about 4 m longer than the effective heated length of the drive lines.

The fourth model differed from the third in that the rod drive-lines were

assumed to be enclosed in shrouds that caused them to be washed primarily by

the colder sodium flowing through the control subassemblies. The fifth model

was the same as the fourth except that the effective heated lengths of the rod

drive-lines and the reactor vessel were assumed to be equal.

Several transients were considered in which variations were made in the

flow halving time and in the magnitude of the radial expansion feedback in

combination with the control rod feedback models. Approximately half of the

cases assumed loss of coolant flow with continued heat rejection from the pri-

mary system. The remaining cases combined a loss of flow with the cessation

of heat removal from the primary system. The total reactor power and the

decay heat power for two reference cases are shown in Figs. 1 and 2. The

flow halving time for these cases is 3.6 s, and the reactivity feedback due to

relative motion of the core and the control rods is neglected. In Case 1,

heat rejection from the primary system continues at a rate proportional to the

flow rate while in Case 2, heat rejection is completely stopped after 50 s.

The reactivity feedbacks attempt to adjust the reactor power to match the heat

removal rate from the primary system. This accounts for the more rapid power

decrease in Case 2. The average fuel temperature at the end of these tran-

sients is slightly lower in Case 2 than in Case 1, and the net reactivity in

both cases is only slightly subcritical. After the first 20 s, the only neg-

ative feedback mechanism is due to radial expansion, and this feedback is

dominated by the difference between the structure temperature near the subas-

sembly outlet and the coolant inlet temperature.

The reference calculations along with several of the other calculations

not described here suggest that more work is needed to develop models which

accurately characterize radial expansion feedback. Cases were observed when

the model used in the present work predicted a decrease in the magnitude of

this reactivity feedback when an increase would have been expected on the



basis of physical intuition. Questions have arisen regarding both the time

constant for radial expansion feedback as well as its magnitude. The present

analysis suggests that if the time constant is comparable to the thermal time

constant of the fuel and if both these time constants are comparable to the

flow coastdown halving time, and if the magnitude of the feedback is about

double that in the reference cases, reactor power oscillations may occur which

lead to coolant boiling. A tendency toward such oscillation is seen in Fig.

2; however, boiling is not expected in this case.

Because of the relatively small physical size of the reactor considered

in this analysis, the reactor vessel wall responded to temperature increases

in the primary sodium fairly quickly. As a result, in cases where both vessel

expansion and control rod drive-line expansion were taken into account, the

long term feedback due to the relative motion of the core and the control rods

was positive, and in cases where the effective heated length of the vessel was

greater than the effective heated length of the drive lines, continued to in-

crease with increasing time. Within the first few hundred seconds of a tran-

sient, this feedback was negative. It is believed that the support structure

for the control rods can be designed so that feedback will not increase indef-

initely and may, in fact, remain negative. Whether or not the early negative

feedback from this source will be needed will depend on the extent to which

future work can support the radial expansion reactivity feedback calculated by

the present modeling.

While the analysis suggests that the modeling of the reactivity feedbacks

due to radial expansion and perhaps to some extent due to relative motion of

the reactor core and the control rods may not be accurate in detail, it is

judged that the feedbacks due to these mechanisms is adequately modeled in a

more global sense. The results suggest that one need not be too concerned

about the performance or lack of performance of the secondary heat removal

system during the early part of a loss of flow accident in the primary sys-

tem. Such a conclusion is consistent with the results shown in Figs. 1 and 2

and is supported by all the calculations performed for this study. This does

not preclude, however, the need for a reliable means of removing decay heat in

the longer term.
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Fig. 1. Reactor power following a primary coolant
flow coastdown with a 3.6 second halving
time
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"] Fig. 2. Reactor power following a primary coolant
flow coastdown with a 3.6 second halving
time and a coincident loss of primary heat
removal
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