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ABSTRACT 

This paper describes the tests which have been performed in 
France: 
• first to verify the behaviour of 30B cylinders with their 21 PF.1 

protective overpack, 

• secondly to develop a better mechanical prou cuon of the valve. 

1 • The thermal tests have been performed on real packings filled 
with UF,. after the mechanical AIEA tests (free drop 9 m and 
1 m on a pitch). 

A methodical approach has been used with large thermal 
instrumentation: 

• tests with inert material, 
• transposition by calculât on of the results to the case of UF4 

filling, 

• confirmaurm tests with UF,. 

The results were very satisfactory, the maximal temperatures 
which were measured on the external overpack of the 30B cylinder 
being much lower than the Tilling temperature. 

2 • In the Mom Louis wreckage, some of the valves of 48 Y cylinders 
were damaged, as a consequence of the displacement of the 
prelecting cover, and two of them were so damaged as to enable 
water to oiler the cylinder. 

A new valve protector was designed and was tested under impact 
situations. 

Ttit tesi pfogiaiiune was performed with the two designs: the 
standard one and the new protecting coven. 

The tests have demonstrated that the new design which has the 
same weight as the original one and which may be used without any 
modifications of the cy under, has I better behaviour, increasing the 
safery during transport. 

INTRODUCTION 

In the last few years, tests have been carried in France to check not 
only the mechanical and thermal behaviour of the 30B cylinders 
equipped with the 21PF.1 overpack, but also to improve the 
protection of the valve of the 48Y cylinder against the different 
loadings lo which it can be subjected. 

1. THERMAL BEHAVIOUR OF THE 30B CYLINDER 
EQCIPPFD WITH THE 21PF.1 OVERPACK 

1.1 General 

The purpose of this study was to check the behaviour of the 
assembly consisting of the 30B cylinder, the 21 PF.1 overpack and 
the sample bottle, particularly concerning the resistance of the 
cylinder to breaking when the package is submitted to drop and fire 
accident conditions with an actual UF, content, test conditions 
which had never beer> previously achieved. 

The tests were carried out by the Commissariat à l'Energie 
Atomique ((TEA) on the test facility of the Centre d'Etudes 
Scientifique* et Techniques d'Aquitaine (CESTA) near Bordeaux. 

1J Nature of tests 

The same cylinder-overpack-sample boole assembly was sub
jected to three successive trials, with cumulative effect, in the 
following order (1]: 

- free 9 metre drop onto a concrete slab covered with a steel 
plate, the impact occurred at the generatrix corresponding to the 
joint of the two half overpacks, i order to obtain damage cor
responding to the maximum nsk with regard lo breaking in the 
subsequent fire test; 

• free 1 metre drop onto a metal bar rigidly welded to the steel 
plate of the target, the impact occurred in the vicinity of the 
central reinforcement and the wooden frame of the overpack, the 
most fragile part of the zone already exposed the 9 metre drop, 
without opening the package; 



• fire: after expert examination and instrumentation, the assem
bly already subjected to the preceding tests was placed 1 metre 
above the surface of a fuel source of kerosene on a specially 
designed stand; the joinl of the two half overpacks was placed 
vertically so that the zone exposed to attack in the two preceding 
tests was exposed to the flames, the duration of the fire being 
30 minutes. 

Different phases of the tests were filmed from different angles for 
subsequent examination and checking. 

Fat the fire test, die assembly was equipped with thermocouples 
connected to a temperature data acquisition system enabling 
monitoring and recording of data during test and subsequent 
cooling phase. 

U Test programme and results [2] 

The final purpose of the test programme was to carry out tests on 
a cylinder filled with UF.but, for safety reasons, as it was preferred 
not to take the risk of releasing a luge amount of UF, into the 
environment, nor to have a reaction between the UF, and the 
kerosene during the fire lest, a methodical approach by steps was 
provided for: 

• tests with inert ballast simulating UF,. 

• transposition by calculation to a test with UF, of the results 
obtained with inert matter, then examination of all experimental 
aspects from the safety viewpoint, 

• tests with UF, taking the appropriate precautions. 

1.3.1 Tests with men ballast 

The ballast used to simulate UF, consisted of a mixture of steel balls 
of 3 mm diameter and paraffin wax. This mixture was chosen 
because its physical properties are close to those of UF,: density, 
specific heat and thermal conductivity. Furthermore, the paraffin 
wax, which was introduced in liquid form at 60*C, is solid at 
ambient temperature and naturally sticks to the wall after cooling, 
making it possible to obtain a representative centre of gravity for 
the assembly, before the impact test. 

After the 9 metre drop, the joint of the overpack was slightly 
distorted, the wooden frames of the two half overpacks being 
damaged. Two attachment bolts broke. 

The puncture test with the bar resulted in substantial deformation 
and tearing of the overpack at the point of the impact. 

On opening the overpack for examination and instrumentation for 
lh» fir» test, i! was found that the cylinder had turned through aj>-
proxjmately 90° within the overpack. the only damage sustained 
was a dent 350 mm long, 200 mm wide and 25 mm deep caused by 
the bar. 

For the fire test, the damaged package was instrumented with 
28 thermocouples. Exposure to fire was extended to 90 minutes to 
study the safety margins. 

During the first 30 minute period, the hottest point on the outside 
of the 30B cylinder was 75°C. with an average of 58"C for all the 
points of measurement; the sample bottle was at 25°C. After 

90 minutes, these temperatures were respectively 170°C, 10TC 
and 70°C. 

After complete cooling, the cylinder was immerred in water at a 
depth of 0.9 metre for 8 hours without water en»<—-

After these tests, the cylinder was submitted at 80 1' *. hydraulic 
pressure of 28 bars without significant residual def .-rpjrion. 

13.2 Transposition of thermal results to fne test with UF, 

Using the preceding results, a calculation was made wruch showed 
that the temperarures reached by the cylinder in the lest with UF, 
would remain, after 30 minutes, well below the temperature main
tained at the time of filling (100°C) and that in the worst case, the 
amount of UF, melted would be very small. 

The risk of hydraulic bursting could therefore be excluded, but 
leakage by the valve or plug remained a possibility. 

U J Tests with UF, 

A new cylinder-overpack-sample boole assembly was used. The 
30B cylinder was filled with 2.150 kg of depleted UF, (U235 
content 0.2%). The sample bottle, which WK placed in its wooden 
box, contained 439 g of UF,. 

1.3.3.1 Drop and puncture tests 

The drop and puncture tests were carried out, as in the tests with 
inert ballast in the existing facilities, with the following results: 

• after the 9 metre drop test 

- the jomt between the two half overpacks was damaged and a 
4 cm gap formed at the point of the impact; 

- no bolts were broken but 3 nuts at the joint, on the side 
opposite the impact, were loosened; 

- the outer metal skin of the upper half overpack had a tear 5 cm 
long close to the central angle section. 

• after the puncture test 

- the outer metal skin of the overpack war rubsianually 
distorted and torn at the point of the impact. 

• after opening the overpack 

- no damage to the sample bottle or its packing was found; 

- the 30B cylinder had aimed through about 50 s within the 
overpack; 

- there was a dent in the cylinder, caused by the bar, 485 mm 
long. 7/V1 m_rn wide end 9 mm deep. 

1.3.3.2 Fire test 

For the fire test, a special area was fitted out. The damaged zone 
of the overpack was located at the bottom, exposed to the flames. 
The cylinder was placed so that the valve was at the top. 

To detect any leakage of UF, from the valve and plug and to direct 
any outflow away from the kerosene pan, rhe cylinder was specially 
equipped. Leakught lines were connected to the valve and drain 
plug; air circulation was provided in these lines which were 
connected to detectors. 



The package to be tested was instrumented with 32 thermocouples 
(see Figure 1): 

3 close to the overpack to measure the ambient temperature. 
â on the outer part of the 21PF.1 overpack. 
9 on the inner part of the 21PF.1 overpack, 
9 inside Lie 30B cylinder. 
1 on the drain plug line. 
1 on the rdler valve line, 
1 on the sample bottle. 

After 30 minutes of Tire: 

• no leakage of UF # was found; 

• the maximum temperature of the cylinder (see Figures 2 and 3) 
was 73°C, with «n average of 43°C for the 9 points of 
measurement (a maximum of 75*C occurring 6 minutes after 
extinguishing the fire); 

• the temperature of the lines, in the vicinity of the valve and drain 
plug, as well as at the sample bottle (see Figure 4) were respec
tively 34"C, 72"C and 16°C. The latter reached a maximum of 
82°C in the subsequent phase, the wood contained in the ends of 
the overpack continuing to bum. 

After opening the overpack it was found that: 

• the 30B cylinder has suffered no damage during the fire test; 

• the overpack joint on the site facing the fire was almost com
pletely charred, as weU as the greater part of the wood contained 
in the snds of the half overpacks; 

• the protective wooden box and the sample boule were intact. 

1.4 Conclusion 

The results obtained are satisfactory; the damage caused by the 
drop and puncture tests was very limited and did not affect the 
mechanical strength of the cylinder m any way. Also, during the 
fire, the maximum temperatures recorded inside the 30B cylinder 
remained well below the normal filling température, which 
eliminates any risk of breakage and shows that the cylinder 
equipped with its overpack could withstand considerably harsher 
temperature and duration conditions. 

To corr.ply with the tests specified for fissile packages, it would in 
addition be necessary to make allowance for the valve in the event 
of falling on one end. as although with regard to breaking of the 
container and the subsequent fire this could be considered to be a 
secondary aspect, in the event of i failure it could lead to leakage 
and the ingress of water after immersion. 

2. STUDY OF PROTECTIVE COVERS OF 48Y CYLINDER 
VALVES 

2.1 General 

Type 48Y cylinders are used for the transport of UF,. the uranium 
being depleted, natural or slightly enriched with a U235 content of 
less than \%. 

This packaging has a valve used for filling and draining. The valve 
is protected by a cover which, in the standard model [3], is secured 
to the skirt of the container with two set screws. 

After the wreck of the Mont Louis cargo ship in the North Sea with 
48 Y cylinders filled with UF, on board, the cover was found to give 
inadequate protection against impact. A number of valves were 
bent, resulting in loss of the leaktightness in one cylinda. This 
damage was in most cases the result of displacement of the covers. 
most of them being removed. 

After this incident, a new cover was designed in France with a view 
to improving protection of the valve in the event of impact. It was 
derived from those used for a number of years by COGEMA. 
COMURHEX and EURODIF at Pierrelatte for handling cylinders 
filled with liquid UF, at the sites. These companies, which have 
long experience of the use of packagings for UF,, found that these 
new covers were satisfactory, giving better protection of the valve. 
The unproved model of the cover consists in a frontal plate, a rein
forcement bearing on the rounded bottom of the cylinder and a 
curved plate secured to the skin of the cylinder by means of 4 set 
screws located inside the skin (see Figure S). 

2.2 Description of tests 

The tests were carried out at the COGEMA test facility at 
MoronviUiers, with a ballasted quarter-scale mock-up. As normal 
loading of a cylinder is not symmetrical with respect to the axis, the 
mock-up was provided with compartments to reproduce this 
asymmetry. The programme included two series of equivalent tests 
on packages equipped with standard and improved covers, in order 
to be able to compare deformation of the valve. In particular, the 
following tests were earned out; 

• 0.60 m diops onto rigid slabs to meet the type A requirements. 
to which the cylinder could be subjected providing international 
agreement were obtained, if allowance is made for both the 
chemical risks (corrosive and toxic) of UF4 and the presence of 
non-homogeneous deposits in many cylinders; 

« 1.80 m drops, covering all possible interpretations of the regu
lations and also making it possible to assess the safety margin 
onfh f*cn#r< In lk* nrw»Hina t#ctc with respect to the preceding tests. 

2.2.1 Tests on standard mock-up cover 

• 0.60 m drop onto a slab, the axis of the mock-up being perpen
dicular to the plane of the target, 

• 1.80 m drop onto a slab, the axis of the mock-up being perpen
dicular to the plane of die target, 

• 0.60 m drop onto a slab, the mock-up being at an angle with the 
vertical passing through its centre of gravity and the edge of the 
akin, 

• 1.80 m drop onto a slab, the mock-up being at an angle with the 
vertical passing through its centre of gravity and the edge of the 
skirt. 

• O.10 m drop onto • bar with frontal loading of the cover, 



• 0.30 m drop onto i bar with frontal loading of the oover, 

• 0.10 m drop onto a bar <•' lair»-»! loading of the cover. 

2.2.2 Tests on improved cover 

• 0.60 m drop onto a slab with the axis of the mock-up 
perpendicular to the plane of the target, 

• 0.60 m drop onto a slab with the mock-up at an angle, the vertical 
passing through its centre of gravity and the edge of the skin, 

• 1.80 m drop onto a slab with the mock-up at an angle, the vertical 
passing through its centre of gravity and the edge of the skirt, 

• 0.10 m drop onto a bar with frontal loading of the cover, 

• 0.30 m drop onto a bar with frontal loading of ÙV oover. 

• 0.10 m drop onto a bar with lateral loading of the cover. 

For frontal loading of the cover, the cylinder was slightly inclined 
with respect to the horizontal plane to allow the passage of the bar. 
The point of impact was located on the lower part of the cover (see 
Figure 6). 

For lateral loading of the cover, the cylinder was at 90* with respect 
to the preceding test position. The cylinder was also slightly 
inclined to allow passage of the bar (see Figure 7). 

2-3 Test results 

For the different types of drop, the tests gave the following results: 

• drop onto slab 

For the two types of coven, the drops did not damage the valve. 

• drop onto slab at as angle 

Height of drop 0.60 m: with the standard cover, the vaNe was 
bent; with the improved cover, it remained intact. 

Height of drop 1.80 m: with the standard cover, the valve was 
sheared off; with the unproved cover, it remained intact 

• drop onto bar 

Height of drop 0.10 m: the improved cover protected the valve 
m all cases, the valve remaining intact. However, with the stan
dard cover, it was sheared off in the case of lateral loading. 

Height of drop 0.30 m: in the case of frontal loading, the valve 
was damaged with both types of cover. It was bent with the 
standard cover and sheared off with the new model cover. 

In the event of a drop at an angle and impact en the valve, protection 
of the valve is considerably improved with the cover designed 
studied by COGEMA. Furthermore, as its weight remains within 
reasonable limits, being only slightly higher than that of the stan
dard cover, it can be handled wiu>out special tackle and its use 
would necessitate no special modification of the 30B cylinders. 
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2.4 Conclusion 

The tests confirmed what hid already been concluded when assess
ing the safety of handling 48Y cylinders in the plants and when 
loading at incidents (the wreck of the Mont Louis cargo shrp in par
ticular), i.e. thai the standard cover inadequately protects the valve 
against impact, particularly against lateral loads which can occur 
during handling. 
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