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The TREAT loss-of-flow tests L6 and L7 [1] have been analyzed using the
SAS3D accident analysis code. The impetus for the anaysis was the need for
experimentally supported fuel motion modeling in whole core accident studies
performed in support of licensing of the Clinch River Breeder Reactor
Project. The input prescription chosen for the SAS3D/SLUMPY fuel motion model
gave reasonable agreement with the test results. In principle, the approach
described in this paper should be applied to as many experiments as possible;
however, at the time the present work was initiated, only TREAT tests L6 and
L7 satisfied the requirements of having been performed with pre-irradiated,
nearly meter-length fuel pins using the 1.2-meter hodoscope coilimator [2,3]
viewing height.

Tests L6 and L7, each conducted with a cluster of three fuel pins, were
planned to simulate key events in the loss-of-flow accident scenario for the
Clinch River homogeneous reactor. They were designed so that the fuel pins
would fail into voided coolant channels at the approximate time when the peak
power was respectively 10 and 20 times nominal. Both tests achieved the ob-
jectives. The analysis of these experiments used a previously reported anal-
ysis [4] of test L7 as its starting point. An important aspect of the present
work was the use of essentially the same version of the SAS3D code as was used
in the whole core accident studies.

While it has ̂ een suggested [1] that the fuel motion in test L7 may have
been augmented by fuel vapor pressure, fuel vapor pressures did not exist in
test L6. The SAS3D/SLUMPY fuel motion model does not predict fuel vapor pres-
sure in either test and considers fission gas as the primary driving force for
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fuel motion. The amount of fission gas available to influence fuel motion was
established in two step process. First, the SAS3D steady state fuel charac-
terization routine was used to simulate the irradiation history of the test
fuel. Since knowledge of the axial and radial power shapes used in the actual
thermal irradiation was limited, the corresponding shapes measured in the
TREAT reactor were used. This approach is approximate not only because of the
power shapes used, but also because the fuel characterization routine in SAS3D
does not consider the radial power shape in determining the spatial distribu-
tion of fission products. Nevertheless, reasonable agreement with the fuel
restructuring observed in sibling pin examination [5] was achieved. In the
second step, the thermal history of the unrestructured fuel, as calculated by
SAS3D prior to the onset of fuel motion, was used in a FRAS3 [6] calculation
to predict the amount of gas residing within fuel grains and on grain bound-
aries at the approximate time of fuel motion initiation. Gas accumulated on
grain boundaries was assumed to be immediately available to influence fuel
motion while gas within the grains was released more slowly with a 0.1-second
time constant for molten fuel and a 3-second time constant for solid fuel.
Gas which had escaped the grain boundaries and entered into interconnected
porosity was assumed lost and unavailable to influence fuel motion.

While the analysis included consideration of both the fuel motion tests
and the heat balance transients run prior to the tests, primary attention was
focused on the fuel motion. The figure of merit by which fuel motion sim-
ulation is quantified and judged is a quantity called the relative fuel worth
(RFW). RFW is defined as the ratio of the reactivity feedback that would be
obtained if the observed fuel motion were to occur in an operating fast reac-
tor to the total fuel worth. This approach was implemented by Simms [7],
Results of nomina' calculations for tests L6 and L7 are shown in Figs. 1 and
2, where the RFW is r,hw • ;ss a function of TREAT reactor energy. The experi-
mental points in t-.fe figures are based on constant increments in the reactor
energy so that eac ? pci.-t has the same statistical significance. It is not
possible to determine , iamrlguously, based on the hodoscope data shown in the
figures, when fuel mo'icn began in the experiment; however, flow meter data
indicate that the earliest that fuel motion could have occurred is at reactor
energies of 500 MJ and 446 MJ respectively for tests L6 and L7. Because of
the systematic trends and the statistical scatter in the experimental data
prior to the time of fuel motion initiation, the comparison of the slopes of



the calculated and experimental RFW's when the RFW was less than about -0.02
was the primary criterion used to evaluate the quality of the SAS3D calcula-
tion of the experimental fuel motion.

To achieve the results shown in Figs. 1 and 2, attention focused on
three input parameters to the SAS3D fuel motion model. These were ERRRR, a
multiplier for the acceleration due to gravity; VISFU, a parameter which
increases the viscosity of mobile fuel when there are large amounts of solid
fuel present; and QSODUM, a parameter which establishes coupling between the
fuel motion and the coolant dynamics. The values for these parameters used to
obtain the calculated results in Figs. 1 and 2 are respectively, 0.2, 10000,
and 0.02. In addition, a fuel melt fraction criterion cf 0.5 was used to ini-
tiate the fuel motion calculation. Sensitivity studies were performed for
these parameters. These studies indicated relative insensitivity to the fuel
melt fraction criterion used to initiate fuel motion; rather strong sensitivty
to the gravity multiplier, particularly in test L6; strong sensitivty to the
viscosity parameter; and weak sensitivity to the value of the coupling param-
eter between fuel motion and the coolant dynamics models.

The analysis described in this paper provides an experimentally verified
means of modeling fuel motion in an operating reactor, provided the reactor
power is similar to the power levels achieved in the experiments. A funda-
mental difficulty with the work is that the parameter values used for the sim-
ulation of tests L6 and L7 are not necessarily unique. If additional experi-
ments were included in the analysis, a different optimal set of parameters
might result. This should not change the analysts results significantly for
power levels in the range covered by tests L6 and L7, but might give a very
different picture of the fuel motion at the higher reactor powers which
frequently occur in whole core accident studies.
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Fig. 1. Comparison of the measured and calculated relat ive fuel worths as a
function of TREAT energy during the L6 loss-of-flow transient
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Fig. 2. Comparison of the measured and calculated relat ive fuel worths as a
function of TREAT energy during the L7 loss-of-flow transient


