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1.0 INTRODUCTION

The TREAT experiments simulate fuel rod failure under
loss—-of—-coolant accident conditions for a PWR or BWR. This
experiment used a 7-rod cluster of 27-in. long Zircaloy-clad
U0, fuel rods with the center rod containing fission products
from a 650 Mwd/ton irradiation in the MITR. Prepressurization
of the rods with 115 to 215 psia helium (77°F) simulated
fission gas released from a 10,000 Mwd/ton burpup. The fuel
rod failure test was performed in TREAT by operating the
reactor at steady power for about 20 sec so that fission heat
in the 7-rod cluster raised the cladding temperature 72°F/sec.
A flowing gas mixture of steam and helium carried fission
products released from the center rod into two sequentially
operated fission product collection sYstems. The first ex-
periment was performed September 12, 1969, and a detailed
description of the experimént design and a preliminary
evaluation of the test results follows.

2.0 DESCRIPTION OF EQUIPMENT — TREAT FUEL ROD
FAILURE EXPERIMENT FRF-1

2.1 General Description

A photograph of the in-reactor components of the equip-
ment is shown in Fig. 2.1. Fuel rod cladding was a nominal
0.564 in. diameter and the rods were located on an equilat~
eral triangle spacing 0.75 in. apart. The rods occupied
51% of the cross=-sectional area in the triangular lattice
and 46% of the area within the 2~3/16 in. 1.D. Zircaloy
sleeve surrounding the rod bundle. Steam flowed up through
the rod bundle at a rate of 11 £/min (STP) along with 1.8
¢/min (STP) helium at a pressure of about 19 psia. The steam-—
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Fig. 2.1. In-Reactor Components of TREAT Fuel Rod

Failure Experiment.



helium mixture carried fission products from the ruptured
rods through the filter packs where most of the aerosol
particles and iodine were collected. The entire steam system
was preheated electrically to 130°C to prevent condensation
of steam. The primary vessel was well insulated to prevent
overheating of the reactor fuel when the experiment fuel rod

bundle was heated to a much higher temperature,

The flow system is shown in Fig. 2.2. Constant heat
input of 440 watts to the steam generator provided 9 g/min
steam flow to the bottom of the rod bundle. Helium at 1.8

Z/min (STP) was mixed with the steam in the generator, and
the mixture passed through a filter pack upon leaving the
primary vessel, Chemically reactive compounds of the fis-
sion product iodine deposited on silver-plated surfaces
and aerosol particles were collected on three fiberglass-
asbestos filters in series. A high-efficiency silver-plated
diffusion coil behind the filters trapped reactive iodine
desorbed from particles on the filters. The steam was con-
densed and the helium carried remaining volatile fission
products through a warm iodine-impregnated charcoal trap for
collection of CH;I and through liquid-nitrogen-cooled char-
coal traps for collection of xenon and krypton. Effluent
helium was monitored by rotameter and wet test meter. Hydro-
gen formed by reaction of steam with zirconium appeared as
effluent gas flow greater than the controlled helium flow
rate, A second identical fission product collection system
was used after the first 90 sec in order to determine what
fission products were slowly released after the initial
rupture. Back-purging of Filter Pack No. 2 with helium pre-
vented accidental contamination when Fission Product Col-

lection Unit-1 was in use.
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2.2 Fuel Rod Construction

Details of fuel rod construction are given in Table 2.1.
The four rods with Zircaloy-2 cladding were surplus rods of
commercial manufacture built to Dresden-I dimensions. The
rods were used '"'as-received'" so that precise internal dimen-
sions are not yet available. Nominal dimensions were:
cladding, 0.564 in. dia and 0,033 in. wall thickness, and
UG, dia 0.492 in. The three rods with Zircaloy-4 cladding
were assembled at ORNL using cladding of recent commercial
manufacture. All rods had a combined fuel and plenum length
of 26-7/8 in. Selected pellets from extra "Dresden-I" rods
were used for fuel. The pellets averaged 0.62 in. long and
had an 0/U ratio of 2.001. The immersion density at 25°C
in water averaged 10.34 (94.4% of theoretical), enrichment
was 1.51%, and impurities were less than 100 ppm for each
element identified. All cladding was inspected ultra-
sonically for flaws using a 0.002 x 0,002 x 0.5 in, groove
as a standard. No defects were detected in these rods al-
though most of the rods from the Dresden-1 size batch showed
defects. The plenums of the three Zircaloy-4 rods each con~
tained a spring wound from 1/16 in. dia Zircaloy wire, The
spring deflection was 0.12 in./in.~1b, but the rods were
assembled without compression on the springs. A 3/8 in. long
Zircaloy cylinder with a 1/16 x 1/16 in. groove for free gas

passage was located between the spring and first pellet,

A 1/8 in. dia Zircaloy tube with 1/16 in. dia hole was
welded to the top of each rod for pressurizing. The rods
were held at 255°F and evacuated overnight for drying and
outgassing. The void volume was measured by expanding helium
into the rod from a known volume. Pressure was increased to
the desired level and the tube was pinched from the outside
onto a 1/16 in. dia gold wire located in the tube. The
pinch-seal was checked for leakage and the tube then cut and

seal welded. A final leak check was made with a mass



Table 2.1,

Fuel Rod Characteristics

ROD IDENTIFICATION: CENTER 4-1 4-2 R I H L
Cladding Material: Zr—-4 Zr=4 Zr-4 Zr-2 Zr-2 Zr-2 Zr-2
Cladding, 0.D., in, 0.5637 0.5638 0.5638 ~0.564 ~0.564 ~0.564 ~0,564
Cladding, I.D., in. 0.4986 0.4989 0.4989
Wall Thickness, in,. 0.033 0.033 0.033 ~0,033 ~0,033 ~0,033 ~0,033
Pellet Dia., in, 0.488/0.489 0.496/0.497 0.496 ~0,492 ~0.492 ~0.492 ~0,492
Pellet Length, in. 5/8 5/8 5/8
Gross Wt., g 965 1023 975 1074 1038 1096 1094
vo, wWt., g 766 820 767 884 848 906 905
Plenum Length, in. 2-5/8 1-1/8 3-5/16 0
Plenum Volume, cm® 7.55 3.23 9.51 0
Clad Gap and Pellet

Gap Voids, cm?® 3.54 2.74 1.45 4,01 7.18 2.5 2.9
Pressure Cell and

Tubing, cm® 0 0 0 0 0 ~3,0 ~3.0
Total Gas Space, cm’® 11.09 5.97 10.96 4,01 7.18 5.50 5.92
Pressure, psia He at

25°C 215 215 215 215 115 133 207
Helium in Rod, cm?® (STP) 149 80 147 54 52 46 76




spectrometer helium leak detector. After assembly, the
Zircaloy—-4 rods were autoclaved for 2 days in 1500 psi steam
at 750°F. The helium fill pressure range of 115 to 215 psia
(77°F) was based on estimates of fission gas pressure in a
BWR calculated by the D’ (empirical) method.1 This calcu-
lation showed that most of the rods would contain pressure
below this range, but that most of the volatile fission
products released from UO, into the rod void spaces would

be contained in rods with pressures above this range,

The differences in rod construction were made to see if
any one variable strongly influenced the characteristics of
clad swelling and rupture. Two cladding alloys were used,
pellet to clad gap ranged from 0,002 to 0.010 in. on the
diameter, total void volume ranged from 4.0 to 11.1 cm3, and
internal pressure ranged from 115 to 215 psia (77°F). Rods
H and L were each connected to a strain gauge pressure trans-
ducer for continuous monitoring of internal pressure. Both
rods had two Pt vs Pt-Rh thermocouples made of 30 gauge wire
spot-welded to the cladding, but two of these thermocouples,
one on each rod, were damaged after initial assembly when

alterations were made to allow increased linear expansion.

2.3 Fuel Rod Suspension

Rods H and L, which were connected to pressure cells,
were hung from the top support spider and tightened to the
spider so that rotation or other movement at that location
would be highly restrained. These rods and all others had
1/32 in. clearance on the dia with the bottom spider spacer,
The other rods rested on a bottom support plate without any
restraint on rotation. The top end of these rods had 1/64
in. clearance on the diameter in holes in the upper support
spider. All rods had 5/16 in., available for linear ex-
pansion. The rods were not clipped or supported other than
at the ends.



2.4 Center Rod Irradiation

The center rod was placed in a special irradiation
capsule and irradiated as experiment ORNL-58-2 in the MTR
from June 11 to June 25, 1969, for 13.125 full power days.
The design linear power heat rating for the irradiation was
15 kw/ft avg which was the same as the hotter rods of a
modern BWR. Magnesium alloy spacers between the rod and
outer stainless steel container provided the proper tempera-
ture drop between the fuel rod cladding and the relatively
cool MTR cooling water. After the irradiation the rod was
neutron radiographed and gamma scanned with a lithium-
drifted germanium scintillation crystal and a 0.005 in.
slit-width collimator, The neutron radiograph showed that
a central void did not form in the UO, pellets. An axial
void would be expected from grain growth and sintering with
sufficient time at temperatures above 1900°C. The gamma scan
showed uniform fission product concentrations at pellet
centers and at pellet interfaces., Previous experience with
a group of special capsules showed a correlation between high
heat rating, central void formation and the presence of
radiation peaks at pellet interfaces caused by migration of

fission products.z’3

After gamma scanning, the rod was re-
moved from its irradiation capsule and installed in the center
of the TREAT experiment bundle in the TAN (Test Area North)

hot cells at the National Reactor Testing Station.

3.0 EXPERIMENTAL PROCEDURE

The experiment was installed in TREAT, the entire flow
system was tested with 30 psig helium for leakage, flow con-
trol valves were tested and the steam safety shutoff system
was tested. Two calibration transients were performed at low

reactor energy output to confirm the calculated rise in cladding



temperature for a given reactor energy release. The first
calibration transient was performed with the experiment
evacuated and initially at room temperature to minimize heat
loss. The second transient was performed with steam flow
and the experiment preheated. Temperature response to the
three transients is summarized in Table 3,2. The increase in
primary vessel temperature resulted from reactor gamma heat-
ing.

The loss~of-coolant transient proceeded according to

the following schedule:

-14 min Steam flow started (11 £/min STP), helium
flow:

1.8 £4/min (STP) through primary vessel and
1.8 £2/min (STP) additional purge through
Filter Pack~-2.
0 min Start of TREAT transient.
8 sec Reactor power steady at 30 Mw.
28 sec Reactor power decreasing from 30 Mw
Rods H and L. rupture. Maximum measured
cladding temperature of 1770°F reached.
Primary vessel pressure increase from
7.6 to 10.5 psig caused mainly by helium
released from rods.
90 sec Flow changed to Fission Product Collection
Unit-2.
10.5 min Heat to steam generator turned off.
16.25 min Flow changed back to Unit-1.
18 min Steam generator bypassed.

30 min Flow stopped.



Table 3.2, Tenmperature Response to Reactor Transients

TREAT Duration TC=-3
Integrated of TC-7 TC-9 (Primary
Power Reactor Power (Rod H) (Rod L) Vessel)
Mwsec sec °F °F °F
Calibration Transient #1: Start 0 0 94.6 95,4 84
End 38.9 2 229.5 233.6 86
Calibration Transient #2: Start 0 0 365 365 327
End 195,3 10 918 903 343
Loss-of-Coolant Transient: Start 0 0 361 356 331

End 556 20 1771 1679 388

0T
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4.0 EXPERIMENTAL RESULTS

4.1 Data Obtained During In-TREAT Experiment

Measured reactor power, cladding temperature and rod in-
ternal pressures are shown in Fig. 4.3. TC-7 was 9-5/16 in,
below the top of rod H at a location receiving 99% of the
peak flux. TC-9 was 6-1/4 in. below the top of rod L where
the flux was about 94% of the peak. The cladding tempera-
ture rate of rise averaged 72°F/sec. Pressures in rods H and
L. are shown as recorded without any correction for zero bias
or zero shift due to temperature or radiation. The initial
pressures in rods H and L preheated to 300°F should have been
189 and 293 psia, respectively, and the pressures after rup-
ture should have been equal to the primary vessel pressure,
23 psia. Peaking of the pressure curves at 23 sec (1560°F)
probably corresponds to the beginning of significant volume
increase by swelling. The pressure increase in these two
rods should have been slower than in other rods because of

the unheated gas volume in the tubing and pressure cell.

System pressures and flow rate are shown in Fig. 4.4,
Primary vessel pressure was obtained from gauges located
outside of the reactor so that response was slow. A sensi-
tive pressure cell located close to the primary vessel
failed during mockup testing and could not be replaced.
Therefore the individual pressure pulses from rupturing rods
were not obtained. The large rise in pressure between 25 and
30 sec indicates that most of the rods failed within this
time span. The decrease in primary vessel pressure at 90 sec
when flow was changed is a result of less flow restriction
in Unit-2. The gradual rise in pressure after 150 sec is
undoubtedly due to a buildup of flow restriction in one of
the freeze traps. Increased flow rate of steam leaving the

primary vessel between 25 and 35 sec results from higher
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pressure in the primary vessel. The slightly lower flow rate
between 36 and 60 sec may represent a conversion of steam to
hydrogen. This reaction is on a l-to~-1 volume ratio, but the
rotameter does not respond significantly to hydrogen because

of its low density.

The wet test meter at the outlet of the flow system
measures combined helium and hydrogen flow. The effluent gas
volume curve in Fig. 4.4 was obtained from wet test meter
readings with the constant helium flow subtracted, No cor-
rection was made for the effect of tewmperature increase or
pressure changes in the primary vessel, or for helium re-
leased from the rods. The volume of helium released from
the rods was 775 cm® at 12.5 psia and 77°F, the ambient
conditiouns of the wet test meter. Temperature and pressure
changes in the system account for about 1.3 liters of helium
effluent between times 0 and 120 sec. Therefore we estimate
the volume of hydrogen generated by metal-water reaction to
be 1.2 + 0.6 liters (STP). This is equivalent to about 0.3%

metal-water reaction based on total cladding volume.

4.2 Fission Product Release

All of the planned samples have been submitted for radio-
chemical analysis, but only 10% of the analyses have been re-
turned. In general, the fission product collection systems
functioned as planned and the distribution of fission products
was as expected., ITodine and cesium were the principal com-
ponents of an NH,OH rinse of the primary vessel., The dif-

131

fusion coils showed the I gamma spectrum above a ""fuel"

spectrum. The first filter of Unit-1 is shown in Fig. 4.5
and showed a strong "fuel" gamma spectrum. The screen
pattern is from a covering screen. The second and third

filters appeared clean but contained a small amount of 1311.

The backup diffusion coil also collected some 1311. Loose

particles, probably fuel from some of the outer rods,
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Fig. 4.5. First Filter of Fission Product Collection
Unit-1, TREAT Experiment FRF-1.
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collected around the entrance screens and diffusion coils of
Unit-1. The Unit~2 filter pack did not contain visible
particles.

131

The steam condensate contained a trace of I, and more
131 . 85 131
I was found in the heated charcoal traps. Kr, mXe,
and 133Xe were found in the cold charcoal traps. Total fis-

sion product release was somewhat less than expected, re-
flecting the short (13-day) irradiation of the center rod

and possibly a linear power rating lower than requested.

Some volatile short half-life fission products were
collected on the charcoal traps. These fission products were
formed during the TREAT transient and may be useful as a
measure of the "heating burst.'"” The "heating burst" is the
amount of fission gas above that expected by diffusion when
U0, is first heated.4 TREAT-generated fission products
would be released mainly by heating and cooling bursts, but
MTR-generated fission products would be released from UO,
by diffusion and recoil in the MTR as well as by heating and
cooling bursts in TREAT. Diffusion in the MTR is meant to
include release by grain growth and other postulated high-
temperature release mechanisms. The short half-life fission
products were identified by following the decay rate since
quantitative gamma spectrometric analysis could not be ar-

ranged at the late hour of loss-of-coolant transient. 1341

and 1351 were identified in the heated charcoal trap and

87 88

Kr and Kr were the predominant short half-life fission

products in the rare gas charcoal traps.

4.3 General Description of the Bundle as Removed
from the Capsule

The experiment was dismantled in the TAN facility hot
cells. The bolts holding the top end-cap were unscrewed and
the capsule was upended to slide the rods part way out of
the capsule. Photographs were taken of the rods as they were
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removed to illustrate the relative positions of the ruptures
and the overall appearance of the rupture region. The fields
of view of the various photographs are illustrated in Fig, 4.6.
The photographs, Figs. 4.7 through 4.16, show that the ruptures
occurred on the inside of the rod bundle. It must be presumed
that the inside of the bundle was hotter than the outside due
to the relatively cooler outer sleeve. Figures 4.7 and 4.8,
taken from approximately the same positions, show a small
fragment of cladding from the rupture region of the center

rod. Figure 4,9 is an overall view of the partially removed
bundle taken at the same angle as Fig. 4.8. The small clad~-
ding fragment seen in the two previous figures is no longer
seen and has presumably fallen to the hot cell floor during
handling of the assembly. Figure 4.10 shows the closest
approach, except for point contact betWeen a rupture and an
adjacent rod, of any of the rods along any appreciable length
of the bundle, Figures 4.11 and 4.12 are two other views

taken around the bundle.

We realize that the positions of the rods in the bundle
before and after removal from the capsule may differ. Be-
cause there was considerable bowing of the rods during the
test, and because such bowing could have been elastically
restrained by the surrounding Zircaloy sleeve, the rods may
have been in moré intimate contact than is shown in the
photographs.

Figure 4.13 is an overall view of the bundle taken at a
point opposite Fig. 4.9. Figure 4.14 is a composite showing
the bulge in the center rod and the entire length of the
rupture zone of the bundle. Figure 4,15 shows the rupture
in rod R straddling rod 4-2. Figure 4,16 shows the center
rod after removal of rod 4-1. The relative positions of the

rods in this photograph were shifted when 4-~1 was removed.
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Fig. 4.6 Diagram of the Cross Section of the TREAT
Bundle Illustrating the Directions (a through j) From
Which Photographs Were Taken. The diagram represents the
bottom of the rod cluster, but it is also the view of the
upended bundle as seen from the top of the hot cell.
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PHOTO 98114

Fig. 4.7 Periscope View (a) of Rods R, 4-2 and L
(left to right). The rupture in rod R is visible as
well as the cladding fragment from the center rod rupture.
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PHOTO 98115

TOP OF

’// BUNDLE

Fig. 4.8 View (b). Same as Fig. 7, Except for
Slight Rotation of the Bundle to Allow Better Examination
of the Fragment.
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PHOTO 98117

TOP OF BUNDLE

Fig. 4.9 View (c). Overall View of the Bundle
After Approximately 75% Withdrawal From the Capsule.
The rupture region is visible near the center of the
photograph.
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PHOTO 981416
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Fig. 4.10 View (d). Photograph of Rods 4-2, L,
I and H (left to right). The close approach of Rods L
and I is apparent.
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PHOTO 98118
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’// BUNDLE

Fig. 4.11 View (e). Photograph of Rods L, I and H.
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PHOTO 98119

Fig. 4.12 View (f). Photograph of Rods I, H, 4-1
and R. The center rod is just visible.
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PHOTO 98120
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N

Fig. 4.13 View (g). Overall View of the Bundle
Approximately 180° from Fig. 4.9.
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PHOTO 98121

Fig. 4.14 Views (h and i). Photographs of Rods H,
4-1 and R. A portion of the rupture bulge in the center
rod is visible. Two photographs have been mounted to
show the entire length of the rupture zone of the bundle.
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PHOTO 98122

TOP OF

/ BUNDLE

Fig. 4.15 View (j). Photograph of Rods 4-1, R,
4-2 and L Showing the Rupture in Rod R Straddling

Rod 4-2.
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PHOTO 98123

TOP OF
BUNDLE

Fig. 4.16 Photograph of Rods H, Center and R After

Removal of Rod 4-1. Rod R has been rotated approximately
120° from its burst position.
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4.4 General Description of the Rods

The bundle was further dismantled and the rods were laid
out and photographed both in plan and in elevation at the
rupture, A montage is shown in Figs. 4.17 and 4.18. The
horizontal background lines represent one inch intervals down
the lengths of the rods and are referenced to the top shoulders
of the rods. The numbers associated with the rods are diam-
etral expansions in percent measured in plan and elevation.
The rods are arranged so that the ruptures are in the correct
axial positions relative to one another. All ruptures oc-
curred within less than two inches axial distance along the
bundle., It was apparent that rod rotation occurred between
individual rod bursts. It was impossible to find a single
overall position for the seven rods that could explain all
of the burst markings on the rods. Future TREAT experiments
will be run with the rods pinned so that rotation cannot

occur.

The rods were examined for bowing by placing them
against a large, vertical sheet of graph paper so that the
maximum bowing was perpendicular to the axis of view through
the window of the hot cell. The rods were photographed and
the amounts of bowing and the positions of the rod ruptures
were measured on the graph paper. Figure 4.19 illustrates
the rods in position against the graph paper. The maximum
bowing occurred in rod H. The surface at the point of
maximum concavity, opposite the rupture, underwent a lateral
displacement of approximately 0.235 inches. Both bowing and
swelling contributed to this displacement. Assuming a swell-
ing of 30%, based on uniform swelling and neglecting the
rupture bulge, it was calculated that the rod axis was dis-
placed approximately 0.15 inches from its original centerline.
Since the maximum radial clearance between the rods and the
Zircaloy sleeve was approximately 0.060 inches, it is probable
that either the rods started bowing, hit the sleeve and then
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_9 INGHFS FROM SHOULDER

14 CENTER

Fig. 4.17 A Montage Showing Plan Views of the
Ruptures in the Rods. The ruptures are in their correct
axial positions relative to one another. The percentage
figures represent maximum diametral expansion. Rod 4-2
shows a thick powder buildup on the same level as the

rupture in rod I. Rod R shows traces of the same powder.
The powder was reddish-brown in color.
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9 INCHES FROM SHOULDER

CENTER

14 , BOTTOM © VIEW

Fig. 4.18 Similar to Fig. 4.17, Except that the
Views are in Elevation.
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PHOTO 98124
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I 4-1 R C 4-2 L H
Fig. 4.19 Photograph of the Rods Taken Against the
Large Sheet of Graph Paper to Show Maximum Bowing. The

Rods are I, 4-1, R, Center, 4~-2, L and H, from right to
left.
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rotated to allow further bowing to take place, or else bowed
initially in a direction parallel to the circumference of the
bundle. This is consistent with the remarks concerning rod

rotation in the previous paragraph.

As was shown in the montages in Figs. 4.17 and 4.18, the
amounts of swelling and the appearances of the rupture regions
varied greatly among the seven rods. All of the rods were
prepressurized with helium gas to simulate fission gas build-
up. The pressures varied as follows: Rods 4-1, 4-2, R and
the center rod had 215 psi initially; rod L had 207 psi; rod
H had 133 psi and rod I had 115 psi. Pending metallographic
evaluation it can be generally stated that the lower the
initial pressure, the smaller the rupture size and the smaller
the amount of swelling. It is impossible at this time to
evaluate all the factors relating to the rupture character-
istics of the rods.

4.5 Calculation of Flow Channel Obstruction
from Rod Swelling

A somewhat pessimistic set of data has been obtained for
rod swelling based on the assumptions illustrated in Fig.
4.20. The original rod was assumed to swell while main-
taining a circular cross section and then to burst as shown
in the figure. Measurements were made at 1/2 inch intervals
(true scale) of the apparent diameters of the rods shown in
plan and elevation in Figs. 4.17 and 4.18. The cross-
sectional area increases were then calculated according to
the equations in Fig. 4.20. The results are shown in Table
4.3 together with the estimated remaining flow area. Although
the rods were tested in a triangular array in the TREAT cap-
sule, the calculations for Table 4.3 are based on the square
array that corresponds to present day light-water reactor
practice. Such an array is shown in Fig. 4.21 together with

the areas of interest to the calculations,
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Fig. 4.20. Diagram and Equations Illustrating the

Assumptions Made in Calculating Cross-Sectional Area
Increases for the Rods.



35

Table 4.3. Area Calculations for the TREAT Experiment

Distance from Average Remaining
Upper Shoulder Expanded Remaining Flow Area
of Rod Rod Area  Flow Area (% of
(in.) (in.2) (in.2%) Orig. Area)
10 1.460 0.719 60.5
10.5 1.562 0.617 51.9
11 1.640 0.539 45.4
11.5 1.676 0.503 42.3
12 1.681 0.498 41.9
12.5 1.497 0.682 57.4
13 1.360 0.819 68.9

The flow area remaining after expansion and bursting of
the rods is plotted in Fig. 4.22 against the distance
from the top shoulders of the rods. It is seen that,
even with the pessimistic approach used in the calcu-
lations, the final flow area did not drop below 40% of
the original area. Since, in the calculations, it was
assumed that the areas within the flared lips of the
ruptures were lost as flow areas and since such areas
could probably still support some flow, it is probably
safe to assume at least 50% of the original flow area

remained,

4,6 Flux Profile Obtained From Gamma Scans
of Outer Rods

A short section of the center fuel rod 15 in. below the
shoulder was cut out for burnup analysis and metallographic

examination. The remainder of the center rod and all six
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outer rods were returned to ORNL where they will undergo
further metallographic examination. The six outer rods were
gamma scanned for flux profile and to look for fission pro-
ducts and fuel blown out from the center rod. Specific
activity of the center rod fuel is about 10% higher than
that of the outer rods., The greatest amount of '"contami-~
nation" from the center rod was found on rod H in a zone
from 12 to 8 inches below the top shoulder. Rod I had one-
third as much contamination in a zone 12.5 to 9.5 in. below
the top shoulder. Rod L had some contamination between 6.5
and 3.5 in. below the top shoulder.

The average flux profile found by the gamma scan is
shown in Fig. 4.23 along with an unperturbed curve expected
if a TREAT fuel element occupied the experiment location.
Significant flux depression occurred in the lower half of
the experiment from a heavy molybdenum liner placed there
to hold and freeze melted Zircaloy cladding that might result
from an accidental full-power TREAT transient. Now that
precise reactivity data have been obtained; we can thin out
and relocate the molybdenum liner to help flatten out the

flux profile.

5.0 WORK IN PROGRESS

5.1 Further Analyses of FRF~1

Fission product analyses will continue including burnup
of the center rod (from MTR irradiation) and outer rods
(from TREAT). Fuel will be removed from the cladding per~
mitting easy and accurate measurements of cladding character-
istics in both the ruptured and unswollen regions. Calcu-

lations of heat loss from outer rods will be made.
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5,2 Plans for FRF~2

Experiment FRF-2 will use all Zircaloy-4 cladding on
the 7-rod bundle., The center rod is now in the ETR for a
planned 3000 Mwd/ton irradiation and is scheduled out Nov. 8.
It was pressurized to 65 psia (25°C) with helium and we plan
to use this same pressure in all outer rods, Twelve thermo-
couples will be placed on the rods to determine precise
temperature differences. Two rods will be pressure-monitored,
and the primary vessel pressure will also be recorded with
fast~response equipment. A gold-plated heat-reflective
sleeve will surround the rod bundle to test the effect of
less heat loss from the outer rods. Only one filter pack
will be used to allow space for raising the primary vessel
4 in. so that peak flux occurs lower on the rods away from
the rod plenums. Two separate fission product collection
units will be used as before downstream from the in-reactor
equipment. The FRF-2 experiment is scheduled for January,
1970, and the same temperature rate of rise is planned. A
new computer-controlled reactor control system is scheduled
to be installed in TREAT by December, 1969, which will permit
a higher maximum clad temperature for a longer time. The
fuel rods will be pinned into place to prevent rotation

during the test.

6.0 CONCLUSIONS AND RECOMMENDATIONS

The first TREAT; fuel rod failure experiment, FRF-1,
performed satisfactorily as designed. The experiment simu-
lated the post-blowdown phase of a loss~of~cocolant accident
by using UO, pellets as the very realistic heat source in a
7-rod bundle. Fission products released from the center rod
into the flowing steam atmosphere were collected and the

samples are undergoing radiochemical analysis.
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At this time only limited counclusions concerning the
cladding behavior can be drawn from this experiment. More
detailed evaluation must wait for metallographic examination

of the rods.

In general, the rods appeared to behave in a ductile
manner with considerable bulging taking place before rupture
occurred, The rupture edges were thinned from the original
wall thickness and, in the case of rod R, seem to be able to
undergo bending without fracture. The fuel pellets, as seen
through the ruptures, were unbroken except for the center
rod. The ruptures were all toward the inside of the rod
bundle indicating a higher cladding temperature away from the
relatively cool Zircaloy sleeve that surrounded the buandle.
It is probable that the cool sleeve reduced the amount of
swelling of the rods and also acted as a restraint against
bowing of the rods. The original clearance between the rods
and the sleeve was approximately 1/16 inch and many of the

rods bowed considerably more than this.

Preliminary calculations showed the coolant channel
cross—sectional area to have been decreased a maximum of 58%
by the swelling of the rods. If the rods had not been cooled
by the sleeve it is probable that a larger amount of the
channel would have been blocked. The rupture points of the
rods made contact with adjacent tubes in most instances, but
the tube surfaces did not appear to be in intimate contact
over any appreciable distances, Again, it is possible that
the sleeve acted as a restraint and that the rods separated

when the bundle was withdrawn from the capsule,

Preliminary evaluation of the first test brings several
considerations for changes to be made in future TREAT experi-

ments:
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More thermocouples are needed for a comprehensive
evaluation of the temperature profiles in the
bundle. Both axial and radial temperature gradi-

ents must be evaluated.

Heat losses from the outside rods to the sur-
rounding sleeve should be curtailed either by
a highly reflective sleeve or else by provisions
for rapid heating of the sleeve to simulate sur-

rounding fuel rods.

The surrounding sleeve should be enlarged to avoid

interference with the rods.

Rotation of the rods should be prevented and

positive axial positioning should be available.

The end restraints should be tailored to more

closely approximate actual reactor conditions.

The cladding should be characterized with respect
to wall thickness variations, texture and micro-

structural conditions,.

Some means should be provided for maintaining the
spatial relationships among the rods so that
accurate post-test coolant channel measurements

can be made.
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