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1. Bases of the safety of radioactive material transport 

The safety of the transport of radioactive material presenting a 

high level of danger is based upon the existence of several lines of 

defense, a principle which is widely applied in nuclear safety. 

Thiee lines ol defense can be distinguished : 

- reliability of the conveyance, which partly conditions the 

probability of accident, 

- package design, which ensures safety functions are fulfilled in case 

of accident, 

- emergency planning to protect people and environment, should 

packages be damaged in an accident. 

2. Case of air transport 

In the case of air transport, a strict application of regulatory 

requirements, as laid down by the International Civil Aviation Organization 

(ICAO), does not ensure that the second line cf defense, the package 

design, is efficient enough. This is because the safety standards used for 

multimodal aproval of package designs encompass only a small fraction of 

conditions likely to be encountered in an aircraft accident, even when 

taking Into account soil plasticity and yielding of aircraft structures. 
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Meanwhile, risk assessment studies based upon worldwide statistics of 

aircraft accidents result in risk estimates lower than those corresponding 

to other transport modes. 

In spite of these satisfactory results, the low level of safety 

formally attached to the package disign, for air transport, cannot l-r lead 

to difficulties. Such difficulties, associated with the irrelevancy o* the 

regulatory aproval of package designs according to present multimodal 

safety standards, have already found expression in divergences between 

various concerned countries as regards their approach to the question of 

air transport of radioactive material. Moreover, a release of radioactive 

mattrial, according to present multimodal safety standards, cannot be 

excluded in case of an aircraft accident ; the capacity of the various 

concerned countries to face a possible high consequence accident, in a wide 

variety of possible situations, is therefore in question. 

The above considerations, together with a possible increase of the 

volume of radioactive material air transport, incites to modify the 

regulation concerning the air transport of radioactive material presenting 

a high level of potential danger. 

3. Objectives of a modification of the regulation 

The regulation should be modified in such a way that the packages used 

for the air transport of radioactive material presenting a high level of 

potential danger be designed to fulfill their safety functions for a large 

fraction of the conditions likely to be encountered In an aircraft 

accident. 

When establishing the <-afety standards for the qualification of 

packages for air transport, ire should aim at encompassing a fraction of 

foreseable aircraft accidents similar to the one corresponding to land 

transport accidents when using present multimodal standards. 

.../... 
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One should remind at this stage that packagings designed according to 

present multimodal safety standards show significant safety margins as 

concerns their mechanical and fire resistance. Therefore, if packagings for 

air transport were now designed according to upgraded safety standards as 

proposed above, one could expect that they vould stand practically any 

aircraft accident without giving rate to significant consequences. 

Consequently, it shorld be possible to acknowledge that existing first 

aid emergency plans could apply to a crash of an aircraft containing 

radioactive material, without significant additional risk to the rescue 

squads coming i'rom the radioactive material packages. The "nuclear" aspect 

cf emergency planning could therefore be limited to the recovery and 

evacuation of the packages. On the other hand, to ensure the safety of the 

packages recovery c otions, which could contingently be delayed, the 

qualification of pack $es for air transport should take into account the 

necessity that certain safety functions be fulfilled in adverse conditions 

such «. the burial or the deep i.nmersion of the packages. Indeed, one can 

expect, especially if the accident involves nuclear material, that all 

efforts will be deployed to recover the packages even if it takes time. 

4. Proposal for a modification of the regulation 

The bases for a modification of the regulation could be the following. 

4.1 Method and delay 

a) It is convenient to follow the revision procedure implemented by 

the AIEA on the recommendation of SAGSTRAM ; this process is already 

engaged : consultant meeting report (1), technical committee meeting 

planned Deceiver 5-9, 1988. 

b) The delay for obtaining a revision of AIEA Safety Series n° 6 

should be the shortest one compatible with the revision procedure. 

.../... 
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4.2 Administrative arrangements 

a) The present level of multimodal aproval %s defined in AIEA Safety 

Series n° 6 (1985) should be maintained. 

b) For packages to be used In air transport of radioactive material 

presenting a high level of potential danger, the multimodal aproval should 

be completed by a special "air" aproval base upon upgraded safety 

standards. 

4.3 Technical arrangements 

a) For the definition of radioactive material presenting a high level 

of potential danger, one should refer ,-r» the following criteria : 

. as concerns the radioactivity content of a package, an activity 

greater than 3000 A. (or 3000 A.) or 1000 TBq, 

. as concerns the criticallty risk, the existing criteria used for the 

<i°£inition of a fissile material package. 

The critérium proposed for the radioactivity content is already used 

for the notification to competent authorities of shipments considered as 

presenting a high level of potential danger (see bottom note). The 

criterion proposed for the fissile material is mainly related to the 

question of post-accident packages recovery, as explained below. 

b) Safety standards to apply in designing packages used in the air 

transport of material defined in paragraph a) above are proposed here 

after. They have been derived from studies, performed for the French Atomic 

Energy Commission (2, 3), which also refer to other similar studies at 

SANDIA National Laboratories (U.S.A.) and at Safety and Reliability 

Directorate (Great Britain). 

Note : this critérium is still under discussion ; according to the present 

characteristics (traffic, package designs, source designs) of the air 

transport of non fissile packages with a high radioactivity content, this 

question presents however a lower level of priority than the question of 

the air transport of fissile packages. 
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Demonstration of compliance with these safety standards can be 

accomplished either by tests, or calculations, or both. The following 

proposed requirements should be applied individually, and not sequentially, 

to a package design already certified for multimodal utilization according 

to AIEA Safety Series n* 6 (1985). 

Indeed, it seems unnecessarily restrictive and scarcely consistent 

tilth available data on aircraft crashes to combine a maximum fire with a 

maximum mechanical loading. Therefore the mechanical-thermal test sequence 

provided for in the multimodal aproval process could be considered as 

sufficient to cover combined effects, provided a consensus of experts is 

obtained on this question. 

From a general point of view, it would be desirable for the experts to 

work with a common data base relating to air transport accidents. 

Impact velocity : the impact velocity on an unyielding target which a 

package should stand shall encompass a large fraction of foreseable 

accidents, using pessimistic assumptions about soil stiffness, for various 

possible routes. A velocity of 90 m/s seems to respond to these conditions 

as Figure 1 shows. This velocity, associated with an unyielding target, is 

equivalent to much higher velocities on actual soils. Figure 1 also shows 

that the frequency distribution curve decreases very slowly beyond 90 m/s ; 

impact velocities of about 250 m/s on an unyielding target would hardly be 

sufficient to cover all known accidents. Moreover, statistics on accidents 

with high impact velocities are poor, so that fixing an upper limit to the 

Impact velocity would be rather arbitrary. On the contrary it appears 

possible to agree upon a frequency distribution curve, below 90 m/s. 

As concerns low mass packages (weighing less than 500 kg in the 

present regulation) the necessity of a crush test has to be examined. 

.../... 
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Fire : fire temperature and fire duration should, in a similar way as 

for the impact velocity, be selected so that a large fraction of foreseable 

fires are encompassed. The maximum fire approach should not be used, not 

only because it is in contradiction with accepted safety practices, but 

because it would be difficult to define. In this connexion, it would be 

excessively conservative to derive fire characteristics from the assumption 

that the whole kerosene content of the plane is spread over an area just 

limited to the fuselage projection, an assumption made In reference (4). 

It is proposed to select a fire temperature equal to 800°C and a fire 

duration of 1 hour. These characteristics are considered as sufficiently 

severe so as to envelop a large fraction of accident conditions. The 

temperature value of 800°C is chosen, for practical reasons, to ensure 

continuity with the test conditions provided for in the multimodal aproval. 

In addition, the necessity of an additional high temperature short 

duration fire test should be discussed ("fire ball" test), such a fire 

corresponding to a possible burning of kerosene aerosols. 

Finally, the qualification of packages with respect to fires should 

also Include their resistance to "cold shocks" resulting from the action of 

extinguishing agents such as water or carbon dioxide. 

Immersion : the package should resist without loss of its safety 

functions an Immersion in water at a depth equal to 200 meters. This is a 

generalization, to packages transported by air, of the requirement 

applicable, in the AIEA Safety Series n° 6 (1985), only to spent fuel 

packages. Such * requirement would ensure against any radioactive 

consequence in the short term in case of an Immersion of the package at 

depthcs lower than or equal to 200 meters. It would permit the recovery of 

the package without having recourse to heavy protective équipement. 

However, the proof of the leaktlghtness of the package after a long 

immersion time would not be required, as in the present regulation. The 

radioactive risk resulting from a possible loss of leaktlghtness of a 

package having suffered a long immersion appears in general possible to 

cope with, provided appropriate containment vessels and handling devices 

are made available. On the contrary, a criticallty risk would make the 

.../... 
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packages recovering quite problematic. For this reason, it is proposed to 

require that packages be subcritical even with water inside the containment 

system. This last requirement would also make it possible to recover 

packages immersed at depthes greater than 200 meters. 

Puncturing and tearing : the lack of reliable data would lead to an 

arbitrary choice of test conditions. The main interest of such tests would 

be : > check the resistance of the thermal shield of the package to local 

mechanical loads. The sequential tests provided for in the multimodal 

aproval should be considered as sufficient for this purpose. 

Burial : the package should stand without loss of its safety functions 

a total burial in a standard soil representative of soft, low 

heat-conductivity soils. Only one individual package should be considered 

for this test. 

c) Acceptance criteria for the certification of package designs used 

for air transport should be the same as those used in the multimodal 

certification as concerns biological shielding, containment system and 

provisions against crlticalicy. For this last point» however, it is 

proposed as indicated above to prove subcriticality of packages, even with 

water Inside the containment system, for undamaged as well as for damaged 

packages. 

As concerns the acceptance criteria for radioactivity release rate in 

accident conditions, it would have been possible (see reference S) to adopt 

values less stringent than the usual ones (A2/week). Rowever, such an 

approach does not lend itself to practical design rules. Design rules 

Indeed have to be simple and easy to control : for example, to comply with 

the usual regulatory release rate criteria for accident conditions 

necessitates to prove the absence of plastic deformation in the region 

where seals are located ; which kind of design rule could be derived from a 

possible relaxing of the release rate criteria is not easy to find. 

• •*/••• 
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Moreover, the utilization of the same criteria for the "air" aproval 

as those used for the multimodal aproval presents the obvious advantage of 

continuity, so that it would be possible to simply characterize the 

upgraded performances provided for by the "air" aproval. This would not be 

the case if both safety standards and acceptance criteria were modified, 

the first ones being strengthened whereas the second ones would the 

relaxed. 

Finally, the utilization of the same acceptance criteria provides the 

necessary insurance that the level of exposition to radiations of concerned 

people (public, passengers, members of the crew, firemen, rescue squads) 

would not hinder rescue operations and packages recovering. 

.../... 
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FIGURE I 
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