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SPECIFICATION OF TEST CRITERIA AND PROBABILISTIC APPROACH : 
THE CASE OF PLUTONIUM AIR TRANSPORT. 

Philippe Hubert - Pierre Pages 
(Centre d'étude sur l'Evaluation de la Protection dans le domaine Nucléaire, Fontenay-aux-Roses, 
France) 

Claude Ringot - Erik Tomachesvsky 
(Commissariat à l'Energie Atomique - Institut de Protection et Sûreté Nucléaire, Fontenay-aux-Roses, 
France). 

Abstract 

The safety of international transportation relies on compliance with IAEA regulations which specify a 
série of test which the package is supposed to withstand. For Plutonium air transport some national 
regulations are more stringent then the IAEA one, namely the US one. For example die drop test is to 
be performed at 129 ras"1 instead of 13.4 m.s"1. The development of international Plutonium 
exchanges has raised the question of die adequacy of both diose standards. The purpose of this paper is 
to show how a probabilistic approach helps in assessing die efficiency of a move towards more 
stringent tests. 

1 Introduction 

Plutonium oxyde traffic is among the smallest of die nuclear fuel cycle. For example die traffic of 
French origin will reach between 10 and 20 tons in the early 90's. However, it is rather 10 000 to 
20 0001 which must be considered when the container is taken into account, due to die use of very 
strong packages. These packages reflects the high potential hazards of die materiel, die most important 
of diem being criticality and internal contamination due to airborne release (about 2 Sv per 1 pig 
inhaled). Almost all die transports are made in die Plutonium oxyde chemical form. 

The traffic is presently increasing and die air transport is likely to be growing up. It is more economical 
and, at die same times, helps gready in die physical context of tiiis sensible material. As any radioactive 
material transportation, die Plutonium oxyde is submitted to the IAEA regulations [1], more precisely 
to the requirements applying to type B packages which are not transportation mode dependant. 
However two points must be underlined : first the actual packages offer important safety margins widi 
respect to IAEA regulations; second, some national regulations, namely die US one, apply specifically 
to air transport, which are much more stringent dian the IAEA ones [2]. 

In this paper, a probabilistic approach will be used in order to compare die level of safety associated 
with the actual package and with potential packaging designs strictly conform to AIEA or US NRC 
standards. The analysis will be performed on the French package FS 47 from COGEMA. This 
comparison relies on CEA, COGEMA and CEPN studies which are still underway. Nevertheless the 
preliminary results are sufficient to demonstrate mat this approach is sound and provides clear guidance 
for setting up standards in this matter. 

2 Qualification criteria and nackaye ttesiyn nhigctives 

The package designed for Plutonium air transport has five main functions to perform : confining the 
material, preventing criticality, protecting from ionizing radiations, evacuating the heat generated by the 
Plutonium oxyde (which is in fact a mixture of various PWR irradiated fuel) and at last allowing the 
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handling and filling. All those functions must be kept under accidental conditions, so that mechanical 
and thermal protection are added to the primary functions. The level of safety of those protections is 
defined by the IAEA standard at an international level which specifies a série of tcr.s that a specimen of 
the package has to withstand. The US approach is basically rhe same, although there is a wide 
difference in test parameters (see Table I). 

MECHANICAL 

Drop/hard surface 

Drop/puncture probe 

THERMAL. 

Fire 

EXTERNAL PRESSURE 

Immersion/Water 

PASS CRITERIA 

*:Sequencial Testing 

1 
IAEA 

*9m (13,4 m.s-1) 

• l m (4,4 m.s-1) 
•15cm 

•800°C 30mn 

15m 8b 
•0 ,9m 8h 

A2 per week 

NUREG I 

• 1 2 9 m.s-1 

-7,7 m.s-1 
02,5- 20 cm 

•1000°C 60mn 

l m 8h 

Table 1: Regulatory tests 

At the present time, all packages withstand the IAEA test, but only experimental packages are in 
compliance with the US standard for Plutonium air transport. The above described tests can be 
compared to the "reference accidents" for nuclear power plants. However, the knowledge of the tests 
provides little information on the actual level of safety. First the test are not exactly representative of 
plausible accident situation. For example it is very seldom mat a hard target or "unyielding surface" 
such as the one specified in the regulations can be found. Second the designer usually provides the 
package with safety margins with respect to those test Third the pass criteria is very strict The 
qualification is not approved when a release is above about 5 mg of Plutonium mixture, mat is less than 
10"6of the total context At those levels, the threat to the health is not really a matter of concern. At 
last those criteria do not cover all possible accident scenario and the covered fraction is unknown. For 
those reasons, risk assessment on Plutonium transport have been performed ([3,4,51 or are presently 
under study. Also the coverage of accident situations has been analysed in the US [6,7] and in France 
[8]. Recently the CEC also asked a study on the specification of test criteria [9]. 

3 Air *eciA*nt Ptivirnnment and test criteria 

The air accident environment has been studied first in the US [7] and by the SRD [9]. CEPN is 
presently updating a survey on air plane accidents from 1975 to 1985. It contains about 160 accidents 
severe enough to kill at least one people and to destroy the aircraft A simplified event tree can display 
the main possible accident scenarios. Not all of them have been quantified due to the lack of data, or 
because they were judged not to be severe enough. At the present time it appears that the French survey 
confort the previous British analysis from SRD. Some questions are still to be solved, such as the 
explanation of in flight explosions which might be due to terrorism, but nevertheless 5 in flight 
collision out of 161 accidents were observed so that the in flight destruction of the plane cannot be 
discarded. Also it has been shown that accidents more severe than NUP.F.G criteria can be observed for 
example in Corsica (France) in 1978. An other difficulty is linked to the fire hazard, since the event tree 
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approach is not satisfactory. The probability of fire knowing an impact has occurred averages to 55% 
but increases to 75% when speed is higher than 200 knots. But at the same time the fire environment 
seems to be less severe ; the plane debris spread on about 1 km and the fire damage are usually 
described as "low" or "medium" for high speed impacts. When one looks only to fire duration (and 
assumes an 800°C temperature) 20 to 25% of fires are not covered by a 30 mn test, and 10 to 20% are 
still more severe than a 60 mn fire test, but the actual fire environment after an impact is likely to be 
very different from an engulfing fire. 

From now, the present analysis will focus on the mechanical stresses, following the steps described in 
figure 1. 

C ACCIDENT TYPES 
K 

J 
f Rates ) 

In-.tMct Velocity Distribution 

Impact Normal Velocity Distribution J 
equivalent Velocity Distribution 

I 
Equivalent Velocity Distribution 

for the package 1 

Flying Phases 
Categories 

Impact angles 

Target hardnesses 

Cell energy 
absorption 

Tie downs «ft 
interactions 

Itinerary analysis 

( 
ROUTE BASED DISTRIBUTIONS D 

Figure 1: The steps for the mechanical stress analysis 

The aim of die analysis is to arrive at velocities which are equivalent to an impact on a hard target. The 
rationale for this is mat test, design and computer codes refer to this kinds of impacts and therefore 
failure data correspond to this parameter. Four flying phases are not journey dependant. Take off, 
climbing, approach and landing and accident probabilities are given on a per flight basis (resp .76 10" , 
1.24 10™, 3.63 10"' and 1.37 10"7 according to [9]). The En Route probability is distance dependant 
and lies around 5.10"10 per km. As the severity of accidents is linked to the flight phase, the En Route 
category being the most severe, the overall distribution drifts when the duration increases. 

Target hardness has given rise to many studies and there is still some controversy on die figures and 
also on die proper physical phenomena which is of importance ([7,10,11,12]). The hardness is usually 
expressed thanks to an impact speed equivalent ratio. For example it is between 2 and 5 for light 
concrete, because impact speed on those ..^tenais has to be 2 to 5 times greater man on an unyielding 
surface in order to produce die same effect. It seems now possible to assume that hard limestone and 
granite behave like hard targets. In a first attempt for equivalent velocity distribution, it was assumed 
that the ratio was eidier 1 or 3. 

Assuming two kind of flights, short range (1) and long range (2), and two hypotheses for target 
hardness, 10% of hard soils outside the airport area (A) or 50% (B), we arrived at the velocity 
distribution of figure 2. 
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Velocity [m/s] 

Figure 2: Equivalent velocity distribution : probability of being above a given velocity. 

In any case it appears that the IAEA test covers a small portion of possible accidents. Interestingly 
enough 8 to 30% of accidents involve speed higher than 130 m s"1, Le. the NRC-NUREG criteria. 
Moreover, the distribution tail is quite heavy, and those proportions are not very sensitive to the 
velocity threshold. This confirm that those thresholds do not have a dramatic effect on risk reduction 
and that their settlemend must indeed proceed from an assessment of the efficiency of that measure. 

4 Failure of the package 

The real package under study is the FS47 of COGEMA. As such it complies with IAEA standards, but 
numerous studies have proven that it offers important safety margins. At this step it is necessary to 
assess failure thresholds with respect to accident environment. This relies on destructive testing, 
computations and also comparison with data on other package. The FS 47 is a quite heavy package 
(1.51) and carries from 15 to 17 kg of Plutonium (all isotopes included). It has been submitted to high 
pressure immersion test and proved able to withstand 3 430 bars [13]. The thermal computer code 
Delfine was applied to it and it concluded that it remains leak tight after a 1000°C fire for lh 30 [14, 
15). At last two high velocity impact (130 ms*1) were performed with 1/4 scale mock up [16]. The 
results showed the loss of leak tightness, but no loss of structure. The leakage might have taken place 
through small tortuous path, disconnected and about 1 cm long, due to some small tears. It seems 
reasonnable to think that less than 0.1% of the content has been lost. 

Other destructive tests were performed, especially on the US 6M package (80 kg with a 3 kg Pu 
content) [17,4]. Above 85 ms"1 trans of leakage were found, and above 110 ms"rstructural of the 
inner container were observed, but even though the releases remained moderate (1.5%). Computations 
assumed the leak tightness to be lost at about 75 ms*1 (equivalent velocity on an unyielding target). 
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From these experiments it result that there are many failure thresholds, each of the associated with a 
given level of release. The maximum observed releases is of 6% at 130 ms"1 witn an LLDI package at 
130 ms"1. The BNWL risk assessment assumed a 75 ms"1 failure threshold with a 10% release for the 
6M [4]. For British packages the SRD assumed 0.1%, should a release occur below 40 ms"1 and 1% 
above [9]. As a matter of fact, loss of tightness does not implies particulate releases. Some work has 
been done in order to associate leak path geometry, gazeous leak rate and particulate leak rate. It has 
been proved for example than a 3 atm.cnr s"1 of gaz leak rate is associated with less than 10"3 gh"1 of 
Plutonium oxyde powder [18]. Such a gross lack of tightness is therefore not linked to an important 
release. 

Some engineering judgment is still necessary to assess thresholds and releases. For the french FS 47 it 
seems reasonable to assume that there is no leakage below 90 ms"1, around 1% below 120 ms*1 and 
that an average of 10% can be considered above this figure. 

5 Conclusion 

A first approach of the test efficiency can be made here assuming three kind of packages. Two 
packages being strictly on the qualification standard basis, with no safety margin, and therefore 
reflecting the level of safety associated with the test specification, and a realistic package, with a 
threshold failure at 80 ms"1 (a conservative figure for the FS 47), can be compared on the basis of a 
given traffic : 1800 kg - 6000 km -1 year, involving twelve flights (see Table 2). 

I M P A C T S O F A N AIR T R A F F I C O F P u 0 2 
ISOOKg - 6 0 0 0 K m - 1 Y e a r 

P a c k a g e Probabi l i ty 
of acc ident 

I A E A str ict 4 .4E-5 
1 0 0 % r a l a a s * 

I A E A strict 4 .4E-5 
r e a l i s t i c r e l e a s e 

Ac tua l p a c k a g e 4 .4E-5 
r e a l i s t i c r e l e a s e 

N U R E G Package 4 .4E-5 
r e a l i s t i c r e l e a s e 

Probabi l i ty 
of open ing 

Hyp .A HypB 

4 - 4 E-5 

4 - 4 E-5 

0 .83 - 1.8 E-5 

0 .35- 1.31 E-5 

R e l e a s e 
(math .esp) 

Hyp.A HypB 

6 g 6 g 

0.3 g 0.3g 

O.07 g 0.13g 

O.025g 0.09g 

H y p A : 1 0 % of Hard soi ls on the r o u t e 
H y p B : 5 0 % of Hard soi ls on the r o u t e 

Table 2: Consequences of impact accidents for a Plutonium air traffic. 

Additional hypotheses had to be adopted, i.e. than a realistic release was of about 5%, half of it can be 
considered as respirable. Also two hypotheses on ground hardness were compared A(l0% of hard 
soils on the route), and B (50% of hard soil on the route). It can oe shown that the actual packages 
have a probability of opening which is between 2.5 to 5 times lower than an IAEA package with no 
margin. A further move towards a NUREG package would imply a new reduction factor between 1.4 
and 2.5. Looking at the mathematical expectation of the release (7.5 kg for the total cargo when all 
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containers are opened), the ratios are the same as above, but the absolute difference has also a msaning. 
Moving from actual packages to NUREG packages represent a gain of 0.04 g for the expected yearly 
release. 

Although there are still many hypothesis to check, it clearly appears that probabilistic safety analysis 
provides a new and fruitfull insight on this regulatory question. It is thus possible to base the decision 
on the initial risk level and the expected benefits, and eventually to compare this option to other risk 
reduction or risk mitigation measures (for example improving emergency response). 
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