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ABSTRACT

With two origind packages taken from the stock of used transport containers, seven drop tests were
performed. The test objects was agpplied with accderometers and dran gauges outsde and inside.
From the messured vaues diagrams for decderdion, velocity, and displacement, as wel as for dran
were generated. From the results information of the different behavior of the single components of the
package during the period of the impact were taken. This paper describes the tests and the reaults in
detall.

INTRODUCTION

In order to gan an extenson of the gpprova of the dready exiting shipping container ,,RA-3D“,
BAM, as the competent authority for safety assessment and quadlity assurance in Germany, requested
new drop tests The am was to show that under accident conditions no deformation could teke place
that would lead to an unaccepteblerise of criticality.

At the firg discusson with the goplicant in April 1998, it was decided thet lead pelets should be used
for the fabrication of the dummy eements in the drop tests Findly the gpplicant decided to perform
the drop tegting with fud assemblies loaded with naturd uranium pellets so that there was no question
that the test results were representative. This caused a problem for BAM because of the German Sate
authority has not given approvd for the handling of uranium a the drop test fecility in Lehre In
summer 1998, it was decided to condruct a specid IAEA target a the fabrication plant of “ENUSA”
near Sdamancain Spain in order to dlow getting an goprova within such short time.

A teg fadility was built a the ENUSA Factory a Juzbado, under the supervison and acceptance of
BAM, with a solid mass of aout 32 tons upon the factory ground. A specid authorizetion from the
Spanish Competent Authorities was dso obtained to peform this activity in Juzbado. The preparaion
required more time than expected, but in December 1998 the tests were carried out in the presence of

members of the Spanish and French authorities.

More detals concerning the test, the preparation, the package etc. are given in Perez Millan, P. [1]



A BRIEF DESCRIPTION OF THE PACKAGE

The tested packaging for the transportation of two fresh BWR fud assemblies conssted of an outer
wooden box and an inner double wdled container made of danless ded. The outer wooden box as
well as the inner container were lined with shock absorbing materid: honeycomb meaterid made of
hard peper and foam materid respectively. A schemdic view is given in Fgure 1. A pretest hed
shown tha the exiging design of the wooden box would not withgand a veticd corner drop.
Therefore, the front plates were srengthened with a sted frame. Each of the two test packages was
loaded with two fud assemblies, one with a 9 x 9 latice and one with a 10 x 10 latice The fud
assemblies were exactly like the sandard BWR fud assemblies desgns.

_—— outer container lid

inner container lid =

o

. _—— closure
lower tie plates ——— o

inner container ——____ fuel assemblies

- trunion

ethafoam and

end cal
honeycomb linner P

steel bracing — ~——outer container

Fig. 1: parts of RA-3D package

INSTRUMENTATION

In order to gan some underganding of the packages behavior during the impact, each test object was
goplied with acceerometers on the indde and outsde. A piezoressant type with ranges of 500 g and
5000 g respectively were chosen as accderometers. In order to obtain information about the dress in
the fud rods, some drain gauges were atached to some of the rods a specid postions. The cables
from the indrumentation insde the inner container were led to the outsde through a gap in the gasket
and through a hole in the wadl. Thus, the drength of the package was not effected by the
ingrumentation. In addition to the ingrumentation of the packages, each of the bars for the bar drops
(puncture test) was gpplied with four drain gauges. For acquistion of the measurements, a 32 channd
data acquidtion unit was used. With a sampling rate of 10 ps, 512000 samples were taken for each
channdl.



TEST SEQUENCE NO. 1

For this drop pogtion, a maximum effect on the endplaie, and on the end cgp of the inner container
respectively, was anticipated. The fud rods were expected to suffer the risk of buckling.

The sequence no. 1 consstsof a

(@ 1.2 mvertica corner drop, head down, c. g. above impact corner onto the flat target

(b) 9 m drop, in the same position, onto the flat target

() 1.0 mdrop, in the same position, onto a bar

and additionally a

(d) 1.0 m drop with the lid Sde onto a bar. Drop position: length axis horizontal, cross axis 25°
inclined, c. g. above impact point.

The package was applied with four accderometers in top position: one on each fud assembly, one on
the head closure of the inner container, and one a the plate of the outer container. For the horizontal
drop (d) two accderometers were inddled: one on the center of the bottom plate of the inner
container, and one on the bottom plate of the outer container.

Figure 2 shows the test object in drop podtion for the vertica bar drop (c). Figure 3 shows the object
during the horizonta drop (d) just before hitting the bar.
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Fig. 2: vertical bar drop (c) Fig. 3: horizontal bar drop (d)

For the 9 m veticd drop (b), an example of the results of the measurements is given in FHgure 4,
which shows decderation, veocity, and diglacement vs time On the diagram for vdodty in
paticular, you can see that the reections of the inner components of the package were ddayed in
relation to those of the outer container. This is an effect of the shock absorbing materid insgde each
container.



The curves for the velocity of the inner components show two phases, a first one with a soft rise of the
cuves, and a second one with a drong rise In the fird phase, the rise of the curves was nearly
identical to the one that occurred in the 1.2 m drop (8). Here the shock absorbing materid was il
working. In the second phese, the compressble materids were fully compressed. Therefore, the
decderation of the inner container and the fud assemblies rose to vaues nearly ten times higher than
in the firs phase. In the curves for the fud assemblies the shifts to negative velocity result from the
buckling of the handles.
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Fig. 4: decderation, velocity and displacements from the vertical 9 mdrop (b)

The curves for the displacement show that the inner container had moved ~ 160 mm, and the fud
assemblies had moved ~ 150 mm reative to the outer container. When the container was opened after
the test sequence, these values were confirmed by static control.

The corner drop onto the bar (€) was not more severe than the 1.2 m drop, dthough the shock
absorbing materid was dready fully compressed in the 9 m drop before. Thisis due to the fact thet at

the end of the impact, the container had dipped a little bit to the dSde, and thus the bar destroyed the
edge of the wooden box dong a stretch of about 300 mm.

As to the bar drop on the lid sde (d), Figure 5 compares the measured drain in the middle of three
rods with the velocity curve that was taken from an accderometer placed in the middle of the bottom
side of the container. It shows that when the bar penetrates the wooden container (during the first

40 ms) thereis nearly no effect on the velocity or the bending of the rods.



When the bar hits the inner container and buckles its lid (depth ~ 76 mm), we obsarved pesks of high
(bending) drain.
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Fig. 5: rod strain and velocity from the horizontal bar drop (c)

Figures 6 and 7 show the dtuation of the foot and the head Sde after opening the inner container test
sequenceno. 1.

Fig. 6: deformation of the handles Fig. 7: displacement of the fuel assemblies
after test sequence no. 1 after test sequence no. 2



TEST SEQUENCE NO. 2

The resson for carying out this sequence was to asess the damage that would happen to the
compatments of the inner container and the fud assamblies by a dap down impact, and to
demondtrate that the bar could not penetrate the inner container.

The sequence no. 2 congsts of a

(€) 1.2mdrop, 10° indined dap down on the flat target, Sde wal down, head region upward
(f) 9mdrop, 10° in the same pogition onto the flat target
(9) 25° indined drop on a bar, same sdewal down

The packege was applied with  seven
acdeometerss one a each end of the outer
container, one & each end and one in the middle of
the inner container, and one a each end of one fud
asembly. Eight dran gauges were fixed in the
middle section of the fud assemblies, each one to a
corner rod.

An example of the results of the measurements
taken in sequence no. 2 is given in Fgure 9. It
shows the veocity curves — tha is the integraed
decderation curves — for the outer container, the
inner container, and one fud assembly. One can see
the typicd effect of a dap down drop with
additiond accderation of the secondary impacting
end. A dg down impact can be divided into four
phases:

Phase 1 (rectilinear and rotational movement):
The object hits the target with the primary impect
edge (A). The laerd drop velocity changes to
rotationd veocity, with the impact point A &s
center of rotation. The impact edge suffers dadtic-
- ' plesic deformation. This phase ends when the
. ~ L+ . W vdodity of theimpact point is zero.
Fig. 8: RA-3D in position for 9 m dap down drop (f)

Phase 2 (rotational movement): In the beginning of phase two, the object has only rotationd Speed
with the center of rotation in point A. Now the dadtic deformation of the impact edge springs back, o
that this edge is accderated. This accderation produces a smdl rectilinear component and adds
rotationa velocity around the center of gravity. Therefore, for the sum of both rotationd velocities the
center of rotation moves a little bit from the impact point A towards the center of gravity. The force of
gravity acts around the impact point and adds another smdl component to the rotationd veocity.
This phase is completed when the contact of point A with the target ends.



Phase 3 (rotational and rectilinear movement): While the object has no more contact with the
target, gravity adds laterd accderation to it. The result is a negligible component of trandationd
veodty in downward direction, additiond to the rotationd veocty resulting from the sum of phese
one and two. In certain cases this phase does not occur, eg. in the case of the 9 m drop with the RA-
3D (f), but could dearly be seenin theresults of the 1.2 m drop (€), not given in this paper.

Phase 4: (secondary impact of edge B): This phase is amilar to phase 1, with the difference that the
initid veocty is (@mogs) only rotaiond speed. The find veodity is rotaiond veocty in the inverse
direction, with edge B as center of rotation.

This is a rough description of the mechanics of a dap down impact. In the case of an object with loose
components, al phases can be effected by the forces interacting between these components. This

happened to the RA-3D package.
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Fig. 9: velocities from the 9 m dap doan drop (f)

When the difference vio=Ve-va is cdculaed, the trandation component is eiminated and the result is
the rotationd velocity rdating to point A. A diagram of these differences is given in the lower part of
Foure9.

In both parts of Figure 9, there is a delay between the resctions of the different components. The
explanation for this is the fact that in the previous 1.2 m drop the honeycomb materid ingde the outer
container was patly compressed, and thus the inner container had some clearance ingde the outer
container. This makes it possble for the inner container to move reative to the outer container. More



information on the moving of loose masses during the drop is given in [2] and [3]. When the outer
container hits the target, the inner containg and the fud assembly continue their free drop indde the
outer container, and therefore the beginning of the decderation of these components is time delayed.
From the digplacement curves — not given in this pgper — we deduced that there had been clearance of
about 60 mm ingde the outer container. In the lower part of Figure 9 it can be seen quite dearly that
there is a vibration of the rotationd speed of the inner container relative to the speed of the outer
container. So it seems that a the moment when the secondary end of the outer container hits the
target, the inner container is in an upwad pogtion, which would explain its time dday for the
secondary impact.

Some other effects can be seen in the Figured. For the outer container, the curves for the decderation
show veay deep gradients, that is high vaues of decderation (maxima 650 g and 1150 g). The
gradients of the curves for the inner contaner and the fud assembly are very different. At the
beginning of the primary impect, they are very soft and correspond to those of the previous 1.2 m
drop. Then there is a sudden increase of the gradients to vaues up to ~250 g for the inner container
and 450 g for the fud assembly (secondary impect: ~450 g for inner container, fud assembly vaue
logt). The sgnificant difference between the vaues of the outer container and the vaues of the inner
container shows that the inner shock absorbing materids did agood job. The bends in the curves for
the inner components show that the shock absorbing materia was compressed too early.

The deformations resulting from dl three drop tests of this sequence are
shown in Fgure 10. One can see dearly the dent in the 9de wdl of the
inner container, caused by the drop onto the bar. This dent is the center
point of the bending of the lower (in drop direction) fud assembly. The
globd compresson of this fud assambly is predominantly an effect of
the 9 m drop. The upper podtioned fud assembly is twided in its
longitudind direction, but its cross section is (nearly) not effected. This
unexpected twiding is a result of the 9 m drop and indicates that the
impact forces caused atorque moment.

The find ingpection showed that no rod of the fud assemblies had been
broken. The criticdity andyds led to the condusion that the deformation
did not result in an unacceptable increase of criticdity.

Fig. 10: opened inner container after test sequence no. 2
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