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Abstract — The safety of spent fuel transport casks in severe accident conditions is always a matter of concern. This paper
surveys German missile impact tests that have been carried out in the past to demonstrate that German cask designs for transport
and interim storage are safe even under conditions of an aircraft crash impact. A fire test with a cask beside an exploding propane
vessel and temperature calculations concerning prolonged fires also show that the casks have reasonably good safety margins in
thermal accidents beyond regulatory fire test conditions.

IMPACT TESTS SIMULATING AIRCRAFT CRASHES

The licensing process in Germany for spent fuel
interim storage sites has to consider a hypothetical mili-
tary aircraft crash(1). At the beginning of the develop-
ment of spent fuel transport casks intended to be used
for interim storage in Germany, six missile penetration
tests were performed onto cask specimens. These miss-
ile penetration tests were carried out on a military test
site(2) using a facility to accelerate steel missiles of up
to 600 mm diameter, with a maximum mass of 1000
kg, to a velocity of approximately 300 m.s�1. The miss-
ile was designed to simulate the impact of the hardest
aircraft parts, like the jet engine, and consisted of a steel
tube 5 m long, with a diameter of 600 mm, an outer
wall thickness of 5 mm and a dome-shaped head. In the
centre of the tube a thick-walled boiler pipe was sup-
ported by a cross of thick steel plate. The total missile
mass was 1000 kg and the velocity around 300 m.s�1.
The maximum impact force, the force and energy input
per area and the force–time function of that missile
impact conservatively cover the hypothetical impact of
hard components of military as well as of civil aircraft.
Figures 1 and 2 show the cask specimens after the most
representative missile impact tests.

Figure 1(a) shows a CASTOR IIa cask with shortened
length but full size diameter prepared for the test, pos-
itioned before a concrete slab in front of a hill of earth.
The missile impact occurred perpendicular to the centre of
the lid so as to cause maximum damage to the lid system.
Figure 1(b) shows the cask lid area immediately after the
shot. The post-test investigation showed that there was no
loss of integrity of any cask component (lids, screws, seals)
relevant to safety. Only slight permanent bending occurred
at the outer protection lid and the secondary lid; no defor-
mation occurred at the primary lid inside the containment
system and specific leaktightness of the primary lid met-
allic seals was still present.

Figure 2(a) shows a full-size TN 1300 cask after a per-
pendicular central missile impact onto the lid system with
only slight bending of the outer protection lid. Figure 2(b)
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shows the same type of TN 1300 cask after a missile
impact perpendicular to the ductile cast iron wall of a
standing cask; a fragment of the steel missile (that during
the impact is mainly fragmented) is still connected to the
cooling fins of the cask wall. Even in this case no loss of
integrity or permanent deformation of the cask wall
occurred. Transfer of the results of the missile experiments
to other cask designs is possible only if equal or similar
construction features of the components of the containment
system in relation to the test specimens are adopted; in that
case results of missile impact calculations can be compared
with experimental results(1).

IMPACT OF A SPENT FUEL CASK FROM A
PROPANE TANK EXPLOSION

BAM carried out a combined fire test with a propane
rail tank car and a CASTOR THTR/AVR cask pos-
itioned directly beside it(3). Due to rupture of the pro-
pane vessel followed by a boiling liquid expanding vap-
our explosion (BLEVE) the CASTOR cask was hit by
the rail tank car directly accelerated onto the lid end of
the cask. Due to the explosion and the impulse of the
fragments of the tank car the cask was thrown out of
the test facility (Figure 3).

The centre of gravity of the cask was moved horizon-
tally 7 m and vertically 2.5 m. The cask rotated 200°
around the centre of gravity. If only gravity is respon-
sible for the vertical movement, from the formula for
the horizontal drop we get a flight time t (in seconds)

t = √2h/g = 0.71

For a flight distance of 7 m a horizontal velocity of v
= s/t = 9.8 m.s�1 is necessary. Under the assumption
that the cask was accelerated over a time of 20 ms, equal
to the missile impact time reported above, an acceler-
ation of a = 2v/t = 27.6 m.s�2 occurred.

The translation energy in this case is

Etr = mv2/2

= 22,450 kg � (9.8 m.s�1)2/2 = 1.08 � 106 N.m

For the rotation energy we get an angular velocity � of
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(200/2�)/0.71 s or 44.8 s�1 and the mass inertia moment
of a full cylinder

� = m(3R2 + L2)/12

where R = 0.7 m, L = 2.72 m, m = 22,450 kg and there-
fore � = 16,600 kg.m2. Also

Erot = ��2/2

= 16.7 � 106 N.m

The total energy input (Etr + Erot) estimated by this
idealised calculation is 17.8 � 106 N.m. This value is
much smaller than the energy input E = 45 �106 N.m

Figure 1. Aircraft crash simulating missile impact test onto a CASTOR IIa cask specimen: (a) position before the test; (b) lid
area after the test.

Figure 2. Aircraft crash simulating missile impact tests onto a TN 1300 full-size prototype: (a) after central impact onto the lid;
(b) after impact onto the cask wall.

we obtained in the above mentioned missile impact
tests. Consequently no deformation of the lids was
found. It also can be concluded that the propane tank
explosion test would cause damage to other (bigger)
casks that are still covered by the missile impact
reported in the previous section.

SAFETY MARGINS OF SPENT FUEL CASKS IN
A FIRE ACCIDENT

In a fire the typical monolithic spent fuel transport cask
design commonly used in Europe has reasonably high
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safety margins because the melting point of the iron alloys
of the structural components is well above maximum fire
temperatures. Materials of concern are the plastic materials
of the neutron shielding and elastomer gaskets. While the
partial loss of the neutron shielding is very often not criti-
cal for safety because shielding which still exists due to
other metal components, the loss of leaktightness could be
the event with the biggest consequences.
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Figure 3. Fire test with a propane tank car and an original CASTOR THTR/AVR spent fuel cask. The diagram shows the test
arrangement and movement of the CASTOR cask after the explosion and crash of the rail tank care fragments onto the cask.
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Figure 4. Reference cask components (lower half of the figure) and FEM model (upper half of the figure).
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Figure 5. Temperature profile of the reference cask in a 1 h fire (cask with primary and secondary lid, without impact limiters).

Permeation through and failure of elastomeric ‘O’-
rings (152 mm � 5.3 mm) had been investigated at high
temperatures in a mixed helium/air atmosphere(4). The
experimental heating rate in a furnace was very similar
to a calculated temperature rise in the outer lid sealing
region of a transport and storage cask for spent fuel
exposed for 4 h to an ambient fire temperature of
800°C(5). Helium permeation increases with increasing



B. DROSTE, H. VÖLZKE, G. WIESER and L. QIAO

316

time/temperature until elastomer destruction causes high
leakage for EPDM seals at about 380°C, for Viton seals
at about 390°C, and for silicone seals at about 400°C.

To estimate the thermal behaviour of FEM casks a
two-dimensional model of a reference cask (see Figure
4) similar to the actual German cask designs was
developed. Using the IAEA regulatory fire test con-
ditions the heating of the cask structure was calculated.
Figure 5 shows, the temperature distribution before and
after a 1 h fire for a cask not equipped with an impact
limiter. A 1 h fire is the thermal test that has been
derived as an appropriate scenario for Type C packages
in a fire after an aircraft crash. As a point of specific
interest the temperature–time development at the pos-
ition of the primary lid seal was calculated. In this case
we applied a more realistic transport cask model where
the lid area is covered by an impact limiter that (for
simplification in this calculation) completely isolates the
covered area (lid surface and 18.7% of cylinder surface).
In Figure 6 the temperature increase up to the maximum
temperature of the primary lid seal for fires of 1, 2, 3
and 4 h duration is shown.

Even after a 4 h fire the seal temperature is well
below any critical temperature; every elastomeric or
metal seal would still function well at these tempera-
tures as long as no significant changes in the flange/seal
geometry occured under these conditions. Due to trans-
ient heating, and due to the temperature gradient
deformation of the cask body, the lids and the bolts will
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Figure 6. Temperature increase at the primary lid seal of the Figure 7. Relative displacements at the position of the primary
reference cask with impact limiters. The fire temperature was lid seal of the reference cask with an impact limiter. The fire

800°C. temperature was 800°C and the duration of the fire 1 h.
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occur. A complete assessment of the influence of fire
consequently has to be completed by estimating thermal
stresses as well as radial and axial movements of the
flange surfaces at the seal.

As an example Figure 7 shows the calculation of the
axial and the radial displacements of the surface at the
position of the primary lid seal. The displacements shown
do not reduce the sealing function. It is important to know
that even bigger flange surface displacements are not criti-
cal for the seal behaviour. Elatomeric seals in particular are
not greatly influenced by flange displacements, and tests of
Helioflex metal gaskets with a radial displacement (sliding)
of up to 1.5 mm did not cause leakage rates above the
specified leakage rate of 10�7 Pa.m3.s�1(6). The influence
of those geometric changes has to be investigated carefully
for any specific case. Generally the geometric changes in
the sealing system caused by elastic deformation are
reversible and occur only for short time periods similar to
the duration of the fire; after this short time the lid system
returns to its original geometry. Thus an activity release
above the regulatory limits of A2/week will not occur even
after very long fires.

CONCLUSIONS

The reported tests and calculations demonstrate the
high safety margins of monolithic spent fuel transport
and storage casks. Even the mechanical and thermal
impacts resulting from an aircraft crash would not be
sufficient to deteriorate the primary safety functions.


