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1.0 SUMMARY

TREAT F-series tests are being conducted to provide data on fuel motion
in an LMFBR durirg a hypothetical loss-of-flow accident. Fuel and fuel
boundary conditions in an LMFBR subassembly following sodium voiding and
dryout under loss-of-flow conditions are simulated in each F-series test.
Simulation is achieved with a single fuel element surrounded by an annular
nuclear heated wall in a dry {(no sodium) test capsule. Test Fl was conducted
with an irradiated fuel element to investigate the effect of fission gas on
fuel motion at design power levels following clad melting and drainage.

Prior irradiation of the F1 test fuel element was in EBR-~II subassembly
X096 (HEDL N-E) at a peak power rating and burnup of 12.0 KW/ft and 2.35 a/o
respectively. The fuel contained three structural zones and a central
void. An «nnular W-UO, cermet nuclear heated wall surrounded the fuel element
along the 13.5 in. fuel column. The nuclear heated wall prevented non-proto-
typical fuel or clad radial freezeout, and provided a well defined geometry
for fuel motion. Selection of the ar 1 inside the heated wall was made to be
representative of the area inside the perimeter of an LMFBR coolant channel.

Scram of the F1 TREAT transient occurred 14.3 seconds after initiation.
The final 10 seconds of the transient was conducted at constant reactor power
and generated approximatelv 11.6 kW/ft (peak) in the test fuel. Axial fuel
motion downward was first detected 13.2 seconds after transient initiation
by the fast neutron hodoscope. No net upward fuel motion was detected at
any time by the hodoscope. The hodoscope observed the fuel motion until 18.5
seconds after transient initiation; one-~half of the fuel motion observed by
the hodoscope occurred before reactor scram at 14.3 seconds. Final arrange-
ment of the test fuel was indicated by metallographic examination and posttest

neutron radiography. Metallographic examination and posttest neutron
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radiography showed that ex:ensive fuel melting and axial fuel draining oc~
curred. The fuel draining created a 6 in. axial region volded of fuel above
a 5 in. axial region filled with fuel out to the inner surface of the heated
wall. No molten fuel moved beyond the ends of the original fuel columm.
Extensive fuel swelling prior to gross axial fuel motion, and the presernce of

metallic phases in che molten fuel were significant features of the posttest

metallography.
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2.0 HARDWARE DESCRIPTION

The test vehicle for the F-series tests is a modified Mark-II lcop body
illustrated in Fig. 1. A single test fuel pin is in a sealed capsule which
is located at one end of the test train. The test train is inserted into the
loop from the top and sealed to the loop at the test trairn flange. Fig. 1
shows that the 13.5 in. long test fuel column is approximately centered in
the 48 in. high TREAT core. A B S1i thermal-neutron filter equivaleat to 18
mils thickness covers the outside of the loop body as illustrated. The pur-
pose of the filter is to harden the TREAT neutrcn spectrum sufficiently to
achieve the desired progression of melting in the cladding ard fuel, prier to
their motion in the test assembly. Dysprosium flux shaping collars were
installed on the outside of the neutron filters in order to shape the test
fuel axial power profile to that of EBR-II, the prior source of irradiation
of the F~series fuel pins. When the Mark-II loop body is used for tests
having flowing sodium, an electromagnetic pump is placed between the upper aand
lower bends. 1In the F-series, these bends were flanged off as indicated in
Fig. 1. A burst disc was incorporated in the F-series loop to vent the loop
to tne dump tank if high loop pressure were to develop. Fig. 2 is an axial
view of the F-series capsule located inside the Mark-II loop. Reference
between Figs. 1 and 2 may be made by locating the upper bend of the Mark-IT
loop and the fuel cclumn in each illustration. Fig. 2 was made to scale
axially but not radially. The test fuel pin is located at the radial center
of the sealed capsule. Axial motion of the fuel pin is constrained by a
tungsten pin through the lower fuel pin end plug, and a fuel pin retainer on
the top end plug. Note that the fuel pin retainer restricts downward but not
upward movement of the to; end plug. The fuel pin is surrounded radially

by a W-UO; cermet (nuclear heated wall), a thin molybdenum reflector, a
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stainless steel heat sink, and a stainless steel capsule wall. A scaled radial
cross-section with dimensions of the F-series capsule and loop in the fueled
region is shown in Fig. 3. Fig. 2 indicates that the heated wall extends 1
in. above the top of the fuel column and 13/16 ian. below the fuel column for
a total length of 15 5/16 in. Two iarge tantalum pieces are located just
beyond the ends of the fuel column. These pieces contain and align the
heated wall; and in addition, the lower piece serves as a fuel catcher.
Thermocouples 1 and 2 are locaped as shown just above and below the fuel
zolumn, respectively. These are type K, 40 mil stainless steel sheathed,
Chromel-Alumel thermocouples. The capsule was filled with Ar-37 He to 12,1
psia before each test. The pressure transducer (CEC model A-316 unbonded
strain gauge type, + 100 psi linear range) is located at the top oi the cap-
sule. Fig. 1 shows that the distance from the top of the fuel coiumn to the
pressure transducer diaphragm is 27.7 in. long in the Fl1 test. The fast-
neutron hodoscope line of sight is also shown iu Fig. 2. It extends 1 1/4 in,
above the original top of the test pin fuel column to 3 1/4 in. below the
test pin fuel column. Fuel motion is continuously monitored by the fast-
neutron hodoscope which was the principal test instrument for the F-series.
Filg. 4 shows the Fl test pin. The pin was wodified to fit into the F-series
test capsule by shortening the bottom end plug and drilling a hole through it
for the tungsten locking pin. Note also that the spiral wire wrap was removed
from the fuel pin. Table I summarizes data on the Fl fuel pin. Note that
the F1 fuel pin plenum pressure was reduced to 12.1 psig and resealed with

99% Xe, 1% He, prior to the test.
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TABLE I

Fl Fuel Pin Description

Type HEDL N-E

Pin Number N~077

Irradiated in EBR-II
Irradiated Peak Power 12.0 kW/ft
irradiated Peak Burnup 2.35 a/o
Preirradiation Composition 75% UG, — 25%Z PuDy
U235 Envichment 77 a/o

Fuel Column Axial Length 13.5 in.

Fuel Microstructural Dimensions {From Sibling Pins at Mid-Axis)

Central Void Radius 16 mils
Columnar Region Radius 65 mils
Equiaxed Region Radius 68 mils
Unrestructured Region Radius 100 mils

Clad Dimensions

Inner Radius 100 mils
Guter Radlus 115 mils
Fl Plenum Gas Composition 99% Xe, 17 He

Fl Plenum Gas Pressure 12.1 psig
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3.0 POWER GENERATION

The peak linear power rating of the test pin during the Fl test is pre-
sented in Fig. 5. Fig. 5 1s based upon data from F-series power calibration
experiments, and the actual Fl test power generation. Fig. 5 was constructed
without cons:idering power generation changes due to changes in fuel geometry
afier gross axial fuel motion begins at "l13 sec in the F1 test. Fig. 6 is
the relative axial test pin power generation determimed by radiochemistry on
fuel used in a calibration transient; this figure is normalized, so the rela-
tive peak axial power is unity. Relative fucl radial power gemeration re-
commended for the F-series 1s shown in Fig. 7. The radial powur prefile is
based upon radiochemistry performed on concentric cores of a few fuel pellets
irradiated in a fueled calibration transient. Cores from the pellets were ob-
tained by an ultrasonic trepanniag technique developed by Yaggeel!. Note that
the calibration fuel pellets did not have central voids, but the test fuel
pellets had central voids.

The peak linear power rating for the nuclear heated wall was 8.30 kW/ft
in the nominally flattop power portion of the Fl test tramsient, as deter~
mined by radiochemistry in a calibration transient. Note that this power
rating only applies for times before gross axial test fuel motion. The same
axial power shape used for the test fuel is recommended for the heated wall.
A ratio of 1.07 was used to describe the ratio of power generation in the
outer half of the heated wall compared to the inner half. This ratio was

based upon transport calculations performed for the F-series,
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4.0 RESULTS

4.1 Test Capsule Data

Fig. 8 summarizes the test capsule data during and just after the
Fl test. Data from the two thermocouples, the pressure transducer, and an
idealized TREAT power trace are presented with a common time abscissa in Fig.
8.

Neither thermocouple appears to have been ccntacted by hot clad or fuel
in the Fl test, although the upper thermocouple exhibited some interesting
behavior., The lower thermocouple (TC-2) exhibits a continuous temperature
rise during and just after the period of constant TREAT power. The upper
thermocouple (TC~1) rises at a faster rate than the lower thermocouple from
5 to 6.5 sec, After 6.5 sec TC-1l rises at a lower rate than TC-2. The
initial faster heatup of the upper thermocouple compared to the lower thermo-
couple could be explained by the establishment of upward convection currents
of capsule fill gas. By 6.5 sec the convection currents had started to
diminish. Note that TC-1 also exhibited two separate pauses in temperature
rise at 8.5 and 11 sec. It is possible that these pauses are due to some
disturbance in heat transfer by convection associated with motion resulting
from clad melting, and runoff; or incipient fuel motionm.

The capsule pressure exhibits a generally smooth rise over the period of
constant TREAT power. This pressure response can be explained by heatup of
the test capsule fill gas. No sign of an abrupt or even a gradual release of
fission gas into the capsule 1s apparent from the pressure transducer data.
Evidently, the presence of a much larger amount of capsule fill gas compared

to fission gas released by the fuel masked the detection of fission gas

release.
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Appendix A presents plots of raw test data that Fig. 8 1s based upon.
In addition, a plot of the thermocouple and pressure transducer dats up to
120 sec after test initiation is included in Appendix A.

4.2 Posttest Neutron Radiography and Metallography

Fig. 9 1s the posttest neutron radiograph of the Fl capsule. Pre-

test fuel column and heated-wali axial positions are showm for reference.
The interpretation of the radiograph in Fig. 9 was aided by metallography
performed on selected sections of the Fl test capsule. Final axial re-
location of the fuel was downward, as evidenced by a 6 in. region voided of
fuel above a 5 in. region of molten fuel. The molten fuel extends radially
tc the inside of the heated wall. Partially melted fuel segments exist above
and below the regions of extensive axial relocatiecn. Note that unmelted fuel
pellets are found near the cooler end of each partially melted segment. A
single unmelted fuel pellet at the top of the fuel column is the only fuel
found above the original fuel column position after the test. Examination of
the radiograph shows that the heated wall contained the test fuel adequately,
as can be judged by its undeformed appearance and almost total confinement of
the fuel within the inner diameter of the heated wall. What appears to have
been molten fuel leaking out of the heated wall in one location near the tcp
of the original fuel column is the only significant heated-wall breach.

Preliminary posttest metallography is available. The posttest metallo-
graphy provides a large amount of information or the final condition of the
fuel. Many more metallographic sections will be prepared, ;specially from the
5 in._region of molten fuel shown in Fig, 9, sc any conclusions drawn from the
preliminary metallography are subject to change. Information on the progression
of events leading to gross axial fuel motion in the high power fuel originally

at the fuel column mid-axis may be inferred by studying metallographic sectiomns
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of the lower power fuel that had just started to swell and melt at the end of
the test. Four sections prepared from the Fl test capsule are available and
are presented in Figs. 10 through 13. The app~oximate test capsule locations
of Figs. 10 through 13 are indicated in Fig. 9.

Fig. 10 shows the axial progression of fuel melting and swelling in the
second and part of the third pellets from the top of the pretest fuel column.
The pellet interface and the upper surface of the top pellet are indicated in
Fig. 10 for orientation. Evidently power generation was terminated just before
these pellets were to undergo gross axial fuel motion. WNear the top of the
second pellet very little change in pellet microstructure or dimensioms occur-
red except for a slight amount of swelling in the unrestructured fuel. The
axial power shape (Fig. 6) of the Fl test kept the fuel at the top of Fig. 10
at a lower temperature than the bottom. Note that the unrestructured fuel on
the right side of Fig. 10 exhibits more swelling than the left side. This
suggests that the right side of the pellet was hotter, and that there was a
general azimuthal variation in temperature. The outline of the pellets in
the neutron radiograph (Fig. 9) shows that one side of the top pellet wzs not
centered axially within the heated wall; such an uncentered condition could
cause an azimuthal temperature variation in these pellets. Swelling in the
top pellet was 20%Z in both the radial and axial directions implying that fuel
swelling was isotropic until contact with the heated wall. There are two
large pores in the lower right side of Fig., 10 that were inadvertantly filled
with a mixture of stainless steel cutting debris and epoxy during the metal-
lographic section preparation. Only a very small number of barely visible
metallic particles observed in Fig. 10 are though to be in the fuel as a result
of prior irradiation (metallic fission products) or the Fl test (stainless

steel clad). No evidence of stainless steel clad entering along cracks on the
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outsidz of the fuel pellets is apparent. As one proceeds downward axially and
inward radially the porosity shape in Flg. 1C becomes less angular and assumes
a more rounded shape. This change in porosity implies that at least the fuel
solidus temperature was attained In regions of less angular porosity. The
bottom of the lower pellet in Fig. 10 had swollen to 1.47 times its pretest
diameter; an increase to 1.55 times the pretest diameter is necessary for the
fuel pellet to expand out to the inside diameter of the heated wall. The
lower pellet in Fig., 10 was sliced through during the test capsule disassembly,
and it is possible that the fuel just below the slice in Fig. 10 had swelled
out: to the heated wall inside diameter. Near the bottom of Fig. 10 there is
an uneveness in the shape of the central void that suggests that molten, for-
merly colummar fuel had started to run down the central void.

Figures 6, 9, and 10 suggest a fuel motion scenario. Fuel metion was
intiatad in the middle of the fuel cﬁlumn and spread towards the ends aue to
the F1 axial power profile, Motion is initiated when a fuel pellet swelled
isotropically until constrained radially by the heated wall. Then molten fuel
in the upper half of the fuel column drained out of each pellet by running dowm
the central void towards an axial region almost completely voided of fuel.
This molten fuel collected in a molten fuel region below the voidad region.
Molten fuel motion after fuel melting in the lower half of the original fuel
column is less certain since drainage down the central void would be blocked
due to fiiling the central void of the unswelled pellets below with molten
fuel. For a fuel element near the center of an FFTF subassembly with fuel
swelled out to the inside slad dlameter, the fuel occupies 44.4% of the area
within the coolant channel perimeter. Before the F1 test, the fuel occupied
41.3% of the cross-sectional area inside the heated wall. Thus swelling in

the F1 test sufficient to cause a radial swelling constraint prior to molten
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fuel motion implies that a similar situation might occur in FFTF under similar
transient conditions. Note that the fuel motion scenar:o assumes that fuel
swelling is sufficent to insure a radial comstraint by the heated wall prior
to molten fuel axial motion occurs at all levels in the fuel column., A4s a
result of prior irradiation in EBR-II, the fuel near the ends of the fuel
column had a greater fission gas content than fuel near the middle. This
irplies that less fuel swelling occurred in the middle of the fuel column
before fuel melting was initiated.

Figure 11 is a section taken near the top of the 5 in. reglon of molten
fuel identified in Fig. 9. The molten fuel and heated wall are labeled in
Fig. 11 for orientation. Note that the heated wall sides are straight and
seemingly unaffected by the Fl transient. No evidence of melting of the U0,
phase in the heated wall has been observed. All the test fuel in Fig. 11 is
believed to have been fully molten (above the liquidus) at the end of the F1l
test. The large angular cracks found within the test fuel are believed to have
formed after solidification following the F1l test. There is little evidence
of gas or vapor bubbles in this fuel except fcr the onme large round pore iden-
tified in the figure. The large center void in the middle of the molten fuel
is not believed to be a remnant of the certral void in the pretest fuel column.
The void in Fig. 11 probably formed elther by posttest fuel shrinkage during
solidification from heat removal in the radial direction, or from a preference
for mclten fuel to run down the central vold creating a type of miniscus.
However, it is more likely that this is a solidification void. Note that the
left side of the void is smooth which is consistent with formation by solidi-
fication., This suggests that the angular outline of the right side of the
void is due to an inadvertent loss of fuel during specimen preparation, and

Fig. 11 is a distortion of the true size and shape of the solidification void.
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Fig. 11 Section Near Top of 5 ir.
Molten Fuel
Magnified 18 times
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Several particles of a light metallic phase are visible in Fig. 11. The smooth
round shape of these particles suggests that they were once molten. No chemi-
cal identification of these metallic particles has yet been made.

Fig. 12 is a large metallic particle found in the 5 in. region of molten
fuel about 2 in. below Fig. 11. No chemical identification of this particle
has been made, but its large size (90 mil diameter) suggeste that it is too
large to be a metallic fission product ingot in the fuel of this burnup. The
dendritic microstructure is typical of stainless steel cladding. Further,
there is evidence that this particle may be at least 1/2 in. long. How such
a large particle of cladding arrived at this axial level is an interesting
question. One goal of the Fl test was to completely drain the clad off the
fuei column before gross axial fuel motion occurred. A large ingot of melted
clad was indeed found near the bottom of the fuel colummn. Since the clad is
less dense than the fuel, it 1s possible that the drained clad rose up through
the molten fuel above it. The particle in Fig. 12 could be a drop of cladding
rising up through the molten fuel that was frozen in place when the fuel soli-
dified around it. Alternatively, it Is possible that the particle in Fig. 12
is from clad that either rose up through the molten fuel or dripped down from
the top of the fuel column and floated on top of the molten fuel. When the
molten fuel solidified furing cool-down after the Fl test, the molten clad
could have run down the central solidification void to solidify at the axial
level of Fig. 12. A careful metallographic examination may resolve exactly

how this particle of clad arrived at this axial level.

Fig. 13 is a section showing the bottom fuel pellet surrounded by clad
that had drained down the fuel column, The heated wall surrounds the once
molten clad. For orientation, the fuel, clad, and heated wall are identified

in Fig. 13. Several radial zones of microstructure ia the fuel are evident.
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Starting from the outside of the fuel the layers are:

1.

A thin 4 mil layer of porous fuel exhibiting inter-granular
swelling or cracking. The voids produced by the swelling or
cracking are perpendicular to the pellet radius.

An unrestructured layer ~15 mils thick. This layer is characterized
by coarse porosity, cracks, and some swelling. Some of the cracks
are partially healed and the regions next the cracks tend to be
preferen*tally swelled.

An equiaxed layer of ~17 mils thickness and 230 microns grain size.
This layer has both coarse and fine porosity. The fine porosity
exists both on grain boundaries and within the grain. This fine
porosity may be due to transient fission gas release.

A foamy layer of ~18 mils average thickneas. Extreme swelling
occurred in this layer from fission gas release in the Fl test.

It is implied that this layer did not melt since the fuel inside
and outside of this layer did not melt. As much as 300% swelling
occurrad in this fuel,

The central region of 184 mils diameter contains vestiges of colum-
nar grains., No evidence of melting was observed in this region.

The central fuel void did not extend down to this axial level.

Fig. 13 providss a lot of information of fuel response due to rapid heating.

However, neither the fuel microstructure nor the radial temperature profiles

in this pellet are typical of the rest of the fuel in the F1 test.

4.3 Hodoscope Results

A preliminary analysis of the hodoscope data show that starting

about 1 sec before scram, there 13 a slow loas of fuel from the top half of

the fuel pin. It should be emphasized that this is only a preliminary
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hodoscope analysis, and a more detailed analysis will be included in the F1
final report.

Due to the presence of the nuclear-heated wall, the signal-to-background
ratio of the F-series fuel pin was reduced compared to previous single fuel
pin tests conducted without heated walls. For a single fuel pin without a
heated wall observed by the hodoscope along a half reactor slot, a signal-to-
background ratio of 3.5 18 achievable. Since both the test fuel and the nu-~
clear heated wall generate neutrons in the F-series, the effective signal-to-
noise ratio for the test fuel was reduced to 1.5 as determined by F1l count-
rate profiles.

A series of hodographs (see Fig. 14) has been produced showing the time
histery of the fuel pin during the transient. The pin appears to maintain a
ramrod-straight appearance until close to scram, when it becomes apparent that
fuel has teen lost from the top half.

The fuel loss can be pinpointed more quantitatively by examining the
series of axial profiles in Fig. 15, These profiles represent averages taken
over an interval of 200 msec, except for six such profiles combined into an
average over the postscram period of 14.24 to 18.50 sec. At 13.04 sec, the
distribution appears within statistical fluctuations to be consistent with
earlier profiles in an intact pin. At 13.24 sec, there may be the first evi-
dence of fuel loss at the top third of the pin. This fuel loss generally con-
tinues through the remaining intervals, becoming fairly marked after scram.
In general, the fuel loss may have been initiated at 13.1 + 0.1 sec and ter-
minated some seconds after scram.

The loss appears to have been gradual, with at least half the loss in
the 1 second interval before scram and the other half afterward. Fig. 14 in-

dicated that fuel was lost from about two-thirds of the upper half of the fuel
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column. These interpretations must be qualitative at this atage, particularly
because of the large statistical uncertainty (indicated by the typical error
bars) of the postscram data.

There is some evidence of limited slumping to a region just below the
midplane; otherwise there is little statistically clesr sign of fuel having
drained, No significant iancrease in the fuel density appears to have taken

place in positions near the ends of the original fuel columm.
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5.0 THERMAL AND FUEL MOTION ANALYSIS

Calculations of fuel temperature and fuel motion for test Fl were per-
formed using the SAS code?Z.

Fig. 16 presents the test fuel radial temperature profiles calculated
for various times during the F1 test for the fuel segment at mid-axis, As is
shown by reference to the axial power profile in Fig. 6, the fuel at mid-axis
is the hottest fuel in the F1 test up until the time of gross axial fuel motion.
SAS considers fuel thermal expansion, so the radial temperature profiles in
Fig. 16 are plotted versus a fractional radial abscissa. Since the Fl test
starts at room temperature, the initial radial temperature profile is flat.
By 5.0 sec (just after attaining constant TREAT power) a parabolic tempera-
ture profile has been obtained. The temperature gradient becomes steeper due
to heat transfer to the clad until about 9.4 sec. Fimally the clad melts off
of the fuel column, and by 11.6 sec the radial temperature gradient has de-
creased. A SAS calculation of the radial temperature profile at 12.8 sec is
also presented in Fig. 16. At 12.8 sec the fuel solidus temperature has
almost reached the unrestructured fuel. BReyond 12.8 sec the fuel at mid-axis
is considered by the SLUMPY analysis.

Calculation of axial fuel motion using the SLUMPY3 module of the SAS
III-A code was made for the F1 test. Initiation of the SLUMPY calculation
was made when the fuel melt zone* reached the unrestructured fuel. Figs. 17,
18, and 19 graphically report the SLUMPY calculation at initiation of
SLUMPY, reactor power termination, and about 1 gsec after power termination
respectively. Note that the initiation time of the SLUMPY calculation (12.82

sec) 1s close to the time the hodoscope detected axial fuel motion (13.2 sec).

*Fuel outside melt zone has not started to absorb the heat of fusion.
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SLUMPY models fuel motion with a central compressible region of fission gas,
solid fuel, and molten fuel. This compressible region is assumed to have a
diameter equal to that of the inside of the heated wall. Relative demsities
of the nodes within the compressible region are indicated by the degree of
shading in Figs. 17, 18, and 19. Melt fractions* of these nodes are also
shown in these figs. Axial segments eof fuel above and below the central com-
pressible region are also indicated in these figures with vertical shading.
These upper and lower segments represent fuel that has not met the criterion
for SLUMPY initiation. Initiation of the SLUMPY calculation is in the mid-
axis of the fuel column as shown in Fig. 17. Note that this mid-axis fuel
generates the most power as indicated by the axial power profile in Fig. 6.
By reactor scram time (Fig. 18) the compressible region has grown to include
the upper two-thirds of the fuel column. After about 1 sec after reactor
scram, the compressible region has collapsed to occupy the central ome-third
of the original fuel column as indicated in Fig. 19. The upper one-third of
the original fuel column is voided and the lower one-third has not yet met
the SLUMPY criterion for initiation of the compressible region calculation as
shown in Fig. 19. A comparison of Fig. 19 and the posttest neutron radio-
graph (Fig. 9) show good qualitative agreement. The SLUMPY calculation is
sensitive to input assumptions such as energy depos :don after axial fuel
motion begins, fuel viscosity, and fuel fission g: . concentration. Details
of the input assumptions and a revised SLUMPY calculation, partially based on
information generated in the posttest metallographic examination, will be

presented in the final report.

*Fraction of fuel that has absorbed the heat of fusion.
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6.0 PRELIMINARY CONCLUSIONS

The following conclusions can be made based upon the posttest neutron
radiograph; and incomplete hodoscope and posttest metallography results:
1. Retained fission gas did not prevent an axial fuel collapse in test
Fl1.
2. Retalned fission gas did not cause any gross axial dispersion of
fuel prior to the collapse in test Fl.
3. The nuclear heated wall provided good test fuel radial boundary

conditions in test Fl.
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F1 Test Data
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