




















































































































































































































ORNL PHOTO 7877-85
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Fig. 12.9. Deformation in the wedges that hold the inner
assembly in position resulting from the drop tests.
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Fig. 12.10. Inner assembly with typical displacement of the
poison rods marked on the photograph.
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pellets in tube B had cracked, causing the stack within the tube to be
~10 mm (~0.45 in.) shorter than its original length (Fig. 12.11). The
broken pellets generally remained in pieces, thus contributing to the
overall criticality control. The pellets in the remaining tubes were
still in pristine condition, with no void space in the end when the tube

was placed upright.
13. SUMMARY OF DROP TEST RESULTS

13.1 VERTICAL BOTTOM DROP TEST (TEST 1)

An accelerometer mounted on the canister measured a maximum ver-
tical acceleration of 981 m/s2 (100 g). This is well above the 392-m/s?
(40~g) magnitude observed in the reference cask quarter-scale tests.
Test parameters and impact loads recorded in the tests are shown in
Tables 13.1 and i3.2,

After the drop, no leakage was detected around the Thaxton plugs,
inlet/outlet couplers, or the other quick-disconnect fittings. A
pressure check indicated an internal pressure of 110 kPa, gauge (16
psig). This slight increase over the pretest value resulted because of
an increased temperature inside the canister. Although one of the caps
on the quick-disconnect fittings came off, the pressure boundary was
maintained. These caps function only as backup seals.

X-ray techniques were used to nondestructively examine the canister
internals. The only measurable deformation from the drop was a dome-
like area on the reduced thickness region of the retention plate under
the center poison rod. That condition would permit a maximum axial

movement of the center poison tube of 0.48 em (0.187 in.) and was judged
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Fig. 12.11. X-ray photograph of the absorber rods after the
drop tests. The dark spaces are vacancies resulting from cracked
pellets,
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Table 13.1. Parameters for drop tests on knockout defuelir; -anister

Configuration Test parameter Reference cask
Test Canister Frozen Drop Target load measurement?
: No. orientation debris height (m/s2) (m/s2)
1 Impact on bottom Yes 9 m 588—785 392
2 Side impact Yes 9 m 7851177 588
3 Impact on top No 9 m 588—785 392
4 Side impact/torque Yes 9 m 7851170 588

aReference cask impact (m/s?) loads from measurements made during
quarter—-scale drop test of shipping cask.

Table 13.2. Impact loads recorded in drop tests on knockout
defueling canister

Minimum
Cask test target Test

Test Canister reference® load results
No. orientation (m/s?) (m/s?) (m/s?2)

1 Impact on bottom 392 588 980

2 Side impact 7 588 785 1177-1569

3 Impact on top 588 588 883

4 Side impact/torque 588 785 775b

aReference cask impact (m/s2) loads from measurements made during
quarter-scale drop test of shipping cask.

bAan average value of 618 m/s2 at one end of the CSV and 922 m/s? at
the other end. A secondary impact in Test 4 put a side load of at least
4904 m/s? on the canister, although the position of the debris put
little of the load on the internals.
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insignificant with respect to the criticality analysis. No structural

defects were observed during the final post-test examination. No simulated

debris had migrated into the sump region below the lower support plate. ‘

13.2 SIDE IMPACT (TEST 2)

In the second test, the canister (in its CSV) was orieunted in a
horizontal position fcr the drop. The simulated fuel debris was located on
the row of support plate legs opposite those used in the first test
(Fig. 6.1, Configuration B).

As in the preparation for the first test, the canister was placed
horizontally and chilled to approximately -14°C (6°F). Note that,
during freezing, the canister had been rotated 180° so that the debris
was attached to Tube C. After removal from the refrigerated truck,
the internal pressure of the canister was checked at 110 kPa, gauge (16
psig). The canister was placed in the CSV with the mass in the upper
half, and wooden wedges were used to maintain this orientation with
respect to the CSV. Accelerometers were attached to both ends of the
canister. The test package was then raised to a height of 9 m (30 ft),
released, and allowed to free fall onto the impact pad.

A maximum acceleration of 1569 m/s? (160 g) (on the canister top
head) and 1177 m/s2 (120 g) (on the canister bottom end) were measured
during the impact. These values are well above the 588 m/s2 (60 £)
measured in the shipping cask tests. Visual examination found that the

bottom end of the test package impacted ~0.03 s before the top end,

which accounts for the differing accelerometer readings.
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No leakage was detected. After the drop, the pressure check showed
no change from the pretest value of 110 kPa, gauge (16 psig).

X-ray examination of the canister internals indicated that only a
minor deformation of one of the small poison rods had occurred during
this drop test. 1In the top span (and above the upper support plate),
rod C had been displaced laterally by ~3 mm (~0.13 in.). In all other
spans, the rod remained in its initial condition. All other rods or sup-
port plates were undamaged. The simulated fuel debris remained in the
prescribed area and had not migrated into the region above the upper
support plate or below the lower support plate.

Some minor shifting of the as-built gap between the poison pellets
was noted. A 6.0-mm (0.25-in.) maximum cumulative void was permitted
by design in the pellet stack for considerations during loading of the
pellets. This small shifting of the gap (or pellets) is not significant

with respect to the criticality analysis.

13.3 VERTICAL TOP HEAD DROP TEST (TEST 3)

The third test in the series was a vertical drop with the impact on
the top head of the canister. Since the debris was not frozen as in the
previous test, it quickly filled the lower region of the inverted
canister, Minor modification to the upper support plate (Sect. 8)
prevented all but a small amount of debris from entering the plenum
region between the upper support plate and the upper head. This was
later verified by the post-drop X rays.

Ambient temperature during the test was approximately 16°C (60°F)

at the test site. After the canister was pressurized to 103 kPa, gauge
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(15 psig), it was loaded into the CSV for the vertical drop. Raised to a
height of 9 m (30 ft), the canister/CSV assembly was released and
allowed to free fall onto the impact pad. A tether system of cables
prevented a canister slap-down after the vertical impact.

Accelerometers mounted to the top of the canister measured a maxi-
mum impact loading of 883 m/s2 (90_&) during the test. This is well
above the 392 m/s2 (40 g) experienced in the shipping cask testing.

As in the previous drop tests, no leakage of the simulated fuel
mixture from the canister had occurred. The post-drop pressure check
indicated a minor reduction in the internal pressure to 102 kPa, gauge
(14.75 psig), compared to the initial value of 103 kPa, gauge (15 psig);
however, the pressure difference was within the accuracy of temperature
and/or instrument measurements. To illustrate the tightness of the
canister, a second pressure check made later also read 102 kPa, gauge
(14,75 psig), thus verifying irs stability over time. One of the Hansen
caps had come off of a quick-disconnect fitting; but, as discussed in
relation to the results of the first drop, this had no effect on the
primary seals of the canister.

X-ray examination of the canister indicated that some bending of the
two upper support plates had occurred. (Post-test measurements showed a
maximum axial movement of 15 mm (<0.6 in.) at the outer extremity of the
spider). No deformation of the poison tubes due to this test was
observed. The X rays also revealed that several poison pe .lets had suf-

fered minor cracking. No deformations were noted that would approach

those assumed for the criticality analyses.
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13.4 SIDE IMPACT/TORQUE (TEST 4)

To evaluate the effect of a possible torsional moment developing
from an offset center of gravity of the fuel debris, a fourth drop test
was performed. This test was almost identical to the second test,
except that the [iozen fuel debris was rotated 90°, rather than 180°,
from vertical. With this configuration, the inertia of the debris would
cause rotation of the debris around the center strong=-back tube.

Placed in a horizontal position, the canister was chilled to well
below freezing. The debris/water mixture completely encased the "A"
tube while only partially enveloping the "B" tube, as shown in Fig. 6.1,
Configuration D, At the time of the drop, the internal canister
pressure was 107 kPa, gauge (15.5 psig).

The canister was positioned within the CSV with the debris mass
offset to the side. Wooden wedges were used to maintain this orientation
during the drop. Considerable difficulty was encountered in trying to
keep the canister from rotating within the CSV before the wedges could
be installed. (This indicates that, under actual shipping conditions, a
torsional load would cause the canister to rotate within the cask,
rather than stressing the internals as was done in the test).
Accelerometers were attached to the top and bottom heads. At the time
of the drop, the canister temperature was =2°C (29°F). The canister/CSV
was raised to a height of 9 m (30 ft), released, and allowed to free
fall onto the impact pad.

Because the simulated fuel mass in the canister was rotated in the

CSV, the center of gravity did not coincide with the geometric center of

the tast piece. Hence, the test piece did not hang in a strictly
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vertical attitude. As it fell, it rotated sligiitly and impacted at an
angle of ~22° from vertical. The energy absorbers were only partially
effective, crushing slightly before shearing the foam blocks at a 45°
angle. With only part of the impact energy dissipated, the top-heavy
CSV rotated ~90° and struck the armor plate surface of the impact pad.
The accelerometer on the canister bottom indicated an initial ver-
tical impact loading of 618 m/s2 (63 g), while the canister top accel-
erometer indicated a vertical impact loading of 922 n/s2 (94 g)» During
the second impact, as the CSV hit the armor plate, the accelerometers
measured esti-ated loads of over 4903 m/s2 (500 g). This second load
was sustalned over a 0O.1-s time period. The canister pressure had
increased tc 114 kPa, gauge (16.5 psig), when measured after the drop,

and no leakage was observed.

13.5 POST-TEST EXAMINATION

After Test 4, the canister was transported to the machine shop,
where the top and bottom heads were removed. A third cut, ijust above
the bottom support plate, was made which allowed the internals to be
taken out of the canister shell (Figs. 12.4 and 12.8). The separation of
the internals and the outer shell was easily accomplished. No binding
occurred as the internals were withdrawn, even though two of the support
webs had minor deformations that resulted from the third drop.

A visual inspection of the major subassemblies was conducted. The
four recombiners that were welded to the inside of the bottom head were
intact. No visible damage to the screen and recombiners located in the
top head (Fig. 12.4) and bottom head (Fig. 12,2) was evident, All

poison tubes appeared to be straight. All welds were undamaged, as
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shown in Figs. 12,4 and 12.8, although minor bending of two support
plates was observed. No fuel debris had migrated to the region below
the 1lower support plate. Figure 13.1 shows the top of the lower sup-
port plate, including the filter screen and its welds. The lower sup-
port welds were found to be sound (see Fig. 12.3). Post-drop
measurements were made by the Metrology Department at ORNL. A summary
of the dimensional results is presented in Tables 13.3 and 13.4. Table
13.3 1lists the measured positions of the poison rods and ths. allowable
limits, and Table 13.4 lists the dimensions of the support plates before
and after the drop tests and gives the changes in these measurements.

In general, very little deformation of the intc.-nals occurred.
Only a minor displacement near the end of two of the four outer poison
tubes (maximum displacement of 4.6 mm (0.182 in.) was noted. This was a
local condition affecting only one span between support plates. Two
support plates exhibited some out—-of-plane bendirng. This occurred
during Test 3, vertical impact on top head, due to the shifting of the
simulated fuel debris. The two worst-case platz legs had been bent 14
and 7.5 mm (0.547 and 0.297 in.) from their initial condition, but this
did not affect the positioning of the four outer tubes. The localized
dome-like deformation of the retention plate was determined to protrude
10 mm (0.4 in.) above the plane of the plate. Deformation of the tip of
the chock block that had been encased in the frozen debris for Test 4
indicated that a significant torsional load was present.

Pressure measurements taken before and after each drop test

revealed that the canister remained leak-tight throughout the entire

test series. The slight pressure rise was the result of an increase in
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ORNO PHOTO 7872-85

Top surface of the lower support plate of the

knockout defueling canister after drop testing,

13.1.

Fig.
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Table 13,3. Poison rod deviations from vertical after drop tests

Calculated
. Projectedb maximum
Measured deviation? maximum allowable
{(mm) displacement displacement®

Poison rod x axis y axis (mm) (mm)
Quter tube A 0.177 0.38 5.82 19--25.4
Quter tube B 3.66 1.35 9.27 19-25.4
Outer tube C 0.86 0.41 6.35 19-25.4
Outer tube D 0.56 4.60 10.01 19-25.4
Center tube 0.33 0.13 6.22 19-25.4

3Centerline displacement values from original measurements at
mid-span between support plates and at tip.
bThis projection is based on the sum of the maximum possible move-
ment of the rods within the support spiders and the maximum deformation
resulting from the drop tests.
CCalculated maximum allowable tube displacements used in the criti-
. cality analysis varied from 19 to 25.4 mm along the canister length.

Table 13.4. Measurements of support plate deformation
after drop tests

Distance from the bottom plated

Before After
Support test test Changeb
plate (cm) (cm) (mm)
U 39.77 39.73 0.36
T 79.93 79.89 0.41
S 119.62 119.58 0.41
R 159.58 159.58 0
Q 199.51 199.63 1.19
P 239.44 240.83 13.83
0 279.52 280,27 7.54
N 320.72 320.99 2.77

4Measurements were made from the top of the bottom
support plate to the top of the next plate only at
position A. Plate deformation was approximately the same in
positions B, C, and D (see Fig. 5.1).

bChange in location relative to the bottom support
plate.
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internal temperature while the drop tests were being conducted (Table

13.5).
Table 13.5. Internal pressure changes measured in
drop tests on knockout defueling canister
Pressure measurements?@
Test Before test After test
No. Orientation ‘(kPa) (psig) (kPa) (psig)
1 Impact on bottom 103 15 103 15
2 Side impact 103 15 110 16
3 Impact on top 103 15 102 14,75b
4 Side impact/torque 107 15.5 114 16.5

8Minor pressure variations were caused by changes in
canister temperature.

bchecked immediately after the test and several hours
after the test, with identical results,

14, SUMMARY OF RESULTS

A review of the results from the post-test examination and the
observations made after each test in the sequence indicates that no
significant deformations occurred in the knockout canisters as a con-
sequence of the drop testing. 1Including manufacturing tolerances and
clearances, the range of possible tube dislocations is well within the
range of assumptions used in the criticality analysis.

No fuel debris migrated into the region below the lower support
plate as a result of these drop tests, nor were any migration paths
opened. This validates the assumptions used in the criticality analysis.

Measurements made on the shell after the drop tests indicated no

significant change from the initial condition.
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The canister remained pressure-tight after the drop tests, as
demonstrated by the pressure checks made before and after the impacts.
No simulated fuel debris lecakage from the canister was observed. A
protective cap was lost from one of the quick-disconnect fittings during

the vertical impacts, but this was a secondary seal and its removal did not

affect the performance of the canister.
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KNOCKOUT DEFUELING CANISTER

1 ) APPENDIX A. TEST CRITERIA AND DATA FOR DROP TESTS ON THE
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Table A-1. Test criteria for TMI-2 knockout canisters

© Maintain a poison tube array within the limits established by the
criticality analysis.

l — Maximum lateral displacement of any of the five poison tubes is
less than 1.,9/2.5 cm (0.75/1.002 in.) from its theoretical
location.

— No significant axlal movement.

— No breach of the boundary of the poison tubes.

® Maintain structural integrity of outer shell and internals after
shipping accidents.

— Remains pressure tight.

— No gross structural deformations that compromise canister
integrity,

— No debris in lower head region.

4pisplacement limit varies with axial positiom.
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Table A-2. Accelerometer sensitivities and ranges

Test Accelerometer Serial Sensitivity Accelerometer
No. Block plane No. (mV/g) range (g) .
1 A X NF83 0.519 +100
Vertical A y NE87V 0.537 £100
(Top up) Shell z NF92 0.503 +100
B X NF98 0.518 +100
B y NE99V 0.517 +100
B z ND72 0.2874 +260
2 A X NE99V 0,517 +100
Horizontal A y JF44H 0.2822 +200
(Side D up) A z NF98 0.518 +100
B X NE87V 0.537 +100
B y LP22 0.2422 +200
B z NF83 0.519 +100
3 A X NE87V 0.537 +100
Vertical A y RF83 0.519 2100
(Top down) A z LP22 0.2222 £240
Shell z JE144 0.2654 +200
B y NE99V 0.517 £100 .
B z JF44H 0.2822 +200
4 A X NE87V 0.537 +100
Horizontal A y KF88 0.2555 +200
(Side D up, A z NF83 0.519 +100
with torque) B X NE99V 0.517 +100
B y JF44H 0.2822 +200
B z NE92V 0.450 +100
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APPENDIX B. ACCELEROMETER TRACINGS OF DROP TESTS
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. APPENDIX B

| [
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