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I - INTRODUCTION

The present case study deals with the problem of uranium hexafluoride

transportation by truck and train. It consists of a probabilistic risk assessment of the

potential hazards to the public that can ase from the trafic that will take place in France in

1990 'Me specificity of UF6 is that it presents both chemical and radiological hazards. But,

whatever the transported material, road traffic entails a risk of its own. Thus three kinds of

risks are assessed for natural, depleted and enriched uranium hexafluoride. These

assessments are the basis of a: cost-effectiveness analysis which deals with such safety

measures as using a protective overpack, avoiding populated areas and escorting the trucks.

2 - METHODOLOGY AND REFERENCE SYSTEM

The methodology of the study is sketched in Figure 1. Since probabilistic risk

assessment and ALARA studies have become quite frequent, as exemplified in the last

PATRAM symposium, the general methodology will not to be described further. We shall

straightforwardly address the successive steps as illustrated in Figure .
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Fig. 1. Schematic flow chart of the study

'Me reference year 1990 has been chosen for the purpose of this study. At that time

the ELTRODIF enrichment plant situated in the Rh6ne Valley win operate at full capacity.

France will be a net exporter of enriched uranium 'Me transportation system is assumed as

follows. atural uranium enters the only enrichment plant. Enriched uranium is shipped to
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the two French fuel fabrication plants that will use 60 % of the whole production, while the

remaining quantities will be shipped to the foreign customers. A simplification arises from

the fact that the conversion plant 12,000 t capacity of natural uranium), the enrichment

plant (capacity of 2 400 t of of uranium enriched at 325 %) and one of the fabrication

plants (500 t enriched uranium capacity) arr, located on the same ndustrial site. Depleted

UF6 is also stored on that same site. Accordingly, three classes of shipping routes have

been considered:

Class I the interplant movements within the Pierrelatte industrial area,

Class II: the medium range (85 km) shipments in the Rh6ne Valley from

enrichment to fuel fabrication plant, and

Class III: the long-range shipments corresponding to international exchanges.

Only the traffic on the French territory was taken into account.

Average shipping distance in this case is 900 Ian. This taffic takes

place along he major lines of communication of the country, which

means that the density of population is significantly higher than

French average.

Depleted and natural UF6 are transported in an industrial container, know as 48 Y

and whose average load amounts to 12 t of UF6 (8-1 t of U). Trucks carry each a single

container while rail cars carry two of thern. Enriched UF6 is shipped in a container known

as 30 B. Its content is 21 t of UF6 on the avrage. In case of truck transport, five packages

are shipped together; a rail car generally carries seven packages. Table I sums up the mean

features of such waffic, which could be associated with a 100-GWe nuclear fuel cycle at

equilibrium.

TABLE 
UF6 Traffic in France in 1990a

Depleted Natural Enriched

Truck 1 000 t (M) 1 000 t (M) 500 t (M)
12 000 t (I) 900 t UO

Train I 000 t (M) 500 t M)

a(I) (), M) are the different chmes of shipping routes corresponding respectively to 5, 85, 900 Ian.
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3 - ACCIDENT ENVIRONMENT AND PACKAGE RESPONSE

In comparison with the classical studies on UF6 =SPOrtation (I 2, the approach

adopted in the French studies, is mostly empirical. The methodology has been exposed

by Sousselier (41. In the case.of mechanical stresses, a statistical analysis of accident data

was used both to assess the distribution of severity indicators and to derive an empirical

relationship between failure and severity. Accident data were recorded on transportation

accidents involving hazardous materials. Then a relationship specific to the UF6 containers

was assessed by comparing them to ordinary tanks. In the case of fire, only the distribution

of fire duration was taken from statistical data thermal analyses and experiments resulted in

the use of two thresholds in fire duration corresponding respectively to a limited release and

to explosion. Since the first risk assessment of UF6 transportation, experiments and models

have been developed in the CEA (5). The 48Y package proved to be more sensitive to fire

than first expected. Eventually a 60-min threshold was adopted for explosive failure when

the whole package is exposed to a fire. A 30-min threshold was used in the case of a local

heat source leadin- to a limited release. Tables 2 and 3 present the results of these steps for

rail and road transportation. Only the accidents involving fire lead to important release

fractions. The good safety record of rail is obvious when looking at the probability per km

of occurrence of an accident. Considering the mathematical expectancy of released quantity,

the same conclusion can be derived.

TABLE2

Risk of releases in rail transportation (accident rate 9E-8)

Accident Occurrence of Risk of opening Release Expected release
scenario scenario given given the fraction given fraction given

an accident scenario an opening an accident
48 Y 30 B 48 Y 30B

Derailment 0.701 0.075 0.016 0.001 5E-5a 1E-5

Collision 0.227 0.016 0.003 0.001 4E-6 7E-7

Partial heating 0.004 0.060 0.3 0.1 2AE-4 1.2E-4

Global fire 0.00048 0.44 0.3 1 2E-4 1.5E-5

Trivial 0067 0 0 0 0 0

a 1E-3 = .001
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TABLE3

Risk of releases in road transportation (accident rate 9E-8)

Accident Occurrence of Risk of opening Release Fxpected release
scenario scenario given given the fraction given fraction given

an accident scenario an opening an accident
48 Y 30B 48 Y 30 

Collision or

overtum 0.924 0.015 0.003 0.001 1.4E-5a 2.8E-6

Partial heating 0.038 0.5 0.33 0.1 1.9E-3 1.3E-3

Global fire 0.006 0.7 0.41 1 4.2E-3 2.4E-3

Trivial 0067 0.032 0 0 0 0 0

a IE-3 = .001

4 - MAIN RESULTS

4.1 - Health consequences

The different accident sequences can result in three release fractions 0.001, 0. 1 and

1). In the last two cases the release height was assumed to be 25 m the first case was

considered as a ground release. Together with these release fractions, three materials had to

be considered: natural, depleted and enriched uraniurn A Gaussian plume model was used

for atmospheric transfer. Three kinds of health effects had to be considered: acute toxicity

of HF (lethal dose: inhalation of 50 mg), acute toxicity of U02F2 (lethal dose: inhalation of

150 mg) and the radiological risk. The latter involves here only delayed effects and risk is

assessed through the committed dose risk 3.6 Sv.g-I for enriched uranium, 09 Sv.g-I for

natural uranium, 056 Sv.g-I for depleted uranium).

According to these assumptions the acute toxicity of U02F2 is not a matter of

concern, since the lethal concentration of B is reached before the threshold for U02F2

which is furthermore subject to quick deposition on the ground. However that result is very

sensitive to the adopted value for the lethal dose. If it were 100 mg in the case of U02F2 as

suggested by Geffen W, this material would be responsible for all acute effects, and such

effects would be times higher than computed with the adopted hypothesis. The occurrence

of imediate deaths due to B toxicity is obse-zved in only one accident sequence that is

the release of the total cargo of a 48 Y container. Even so, fatalities occur in only one of the
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selected classes of meteorological conditions. The casualties associated with such a

sequence were estimated to range from 40 in urban areas to 03 in rural areas. The averagedi

figure along a long range itinerary (class I) is 26. This figure could be compared to the

0. 15 delayed health effects resui ting from the radiological collective dose of 72 man-Sv.

In addition to the dispersion model a demographic model was necessary. The

representation of the French population density in a grid of 10 by 10 Ian was the basis for

computing the densities along the shipping routes. Further simplifications allowed us to

distinguish only the three classes of itineraries previously described. The class HI

corresponds to an average density of 530 hab-lan-7, the class 11 to 1870 hab-km-2 and the

class I to 300 hab-km-2.

4.2 - Risk associated with the 1990 shipping program

Combination of all the preceding analyses allows computation of the risk to the

public due to accidents during the transportation Of UF6 in the case of the shipping program

described in Table 1. The total risk is 1.5 E-3 per year, which includes both expected acute

deaths due to toxicity of HF and late radiological effects assessed through the ICRP

relationship (50 man-Sv = I health effect). The risk ratio per km appears 10 times higher

than with the PNL study ). The higher population density accounts for a large part of this

difference 600 hab-km-2) instead of 90). Figure 2 allows some interpretation of the global

risk. The three kinds of shipped materials generate approximately the same risk. Even when

related to t-km or package-Ian the risks are of the same order of magnitude. The lowest risk

is the one of enriched UF6 shipments; however this relies on the assumption that the five

packages which constitute the usual cargo of a truck have independent behaviours under

accidental stress. If they were dependent, the five could burst out in a single accident and

HF concentration might then reach the lethal threshold; adopting this hypothesis results in

4E-4 effects for the annual risk of enriched UF6 shipments.
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Fig. 2 Radiological and chemical accidental risk

associated with the transport of UF6 in France in 1996.

The radiological risk appears to be about one-tenth of the chemical risk; it is also

associated with more frequent events of lower consequences. The chemical risk is itself

one-tenth of the number of casualties due to the road accidents linked to this program.

Another conclusion on the risk analysis is that such a program would result in one accident

ever thre - ars, one release every 90 years and oe release severe ebough to result in

fatalities every 900 years. All these comparisons are intended to provide some basis for

appraising the level of risk of the program.

- DISCUSSION AND CONCLUSIONS

Associated with the French traffic envisaged for France in 1990 (see Table 1) the

cost-effectiveness ratios of some safety measures have been computed within the

framework of the risk assessment model. Five of these alternatives are presented here (see

Table 4 Two of them consist of rerouting respective rail and road traffic in order to avoid

highly populated areas, namely Lyon and Paris. The average density is then lowered by a

factor of three, and so is the risk attributed to natural UF6 which is shipped along these

routes. The rerouting option was also envisaged for enriched UF6 traffic; in this case the

Rh8ne Valley is avoided and density drops to one-twentieth of its previous value. The

escort option was also envisaged. It is not very cost-effective as far as only the UF6 risk is

considered, but the interest of that option is its impact on the risk due to the road traffic
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itself. The adoption of a protective overpack for road transportation was examined last. It

turned out to be the most cost-effective alternative.

The results that appear in Table 4 are ranked according to their cost-effectiveness

ratios. However the interpretation of such a ranking requires an appraisal of the sensitivity

of the model. 'Me overall accuracy of the analysis is submitted to the same restrictions as

any probabilistic risk analysis, although the structure of the system studied here is

comparatively simple. But three specific features of this cost-effectiveness analysis should

be stressed in this respect. First, when the model is used for comparing two options, the

overall uncertainty need not always be taken into account. That is the case when the option

only involves populations densities. Second, one should not forget uncertainty about the

costs. These can depend on many parameters. For instance the use of train instead of truck

is generally cheaper, which makes shifting from road to a an ideally optimal solution.

But this can be among when inherent costs of a train are taken into account, such as loss of

flexibility in duration of the journey. In that case it appears meaningless to relate cost and

effectiveness with other criteria to reach an optimal decision.

TABLE4

Cost-effectiveness ratios for some safety alternatives

Avoided effects Costs Cost-effeCt. ratio
Description of the alternative (expected deaths) (US ($ spent per

life saved)

1. Rerouting rail traffic of ntural UF6

(Class III itinerary) 2.7 10-6 6.8 103 2.5 109

2. Escorting road traffic of natural UF6
(Class M itinerary) 6.2 10-4 S( 13 1,3(.1(6

(idem, but road traffic victims
taken into account) 3.1 10-3 go 103 26 106

3 Rerouting road traffic of enriched UF6

(Class II itinerary) 6 10-5 1.4 103 24 106

4. Rerouting road traffic of natural UF6

(Class M itinerary) 4.6 10-4 7.6 103 16 106

5 . Protective overpack natural UF6
on road (Class III itinerary) 4.6 10-4 5.7 103 12 106
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A third point is that the computed risks are mainly HF inhalation risks which are

better known than dose-effect relationship at low doses of radiation. This must be kept in

mind when comparing these cost-effectiveness ratios with figures obtained in other

examples of ALARA analyses in the nuclear field.

Such comparisons are indeed necessary to fully understand the meaning of the

results of cost-effectiveness analyses. When a priori figures are given they range from 30

(value derived from GNP per capita) to $1 000 per person-rem _O, that is between 15 and

$5E+6 per life saved. The ratios obtained here are somewhat higher even with the most

cost-effective options..

On the other hand the comparisons with a osteriori figures, that is with the

cost-effectiveness ratios of some safety options actually in use in the nuclear industry,

entails a different conclusion. For example, the implicit cost of human life associated with

the present system for liquid radwastes treatment in the french PVvrR plants has been

estimated to $30E+6 per life saved ). The implicit value of human life is not, by far, the

only criterion to decide upon the opportunity to reduce the risk of a given activity. As a

matter of fact, the decision to reduce risk is prior to most ALARA studies. The aim of the

analysis is thus to choose the best among alternative actions. 'Me type of study presented

here not only applies to this problem, but is also more reliable than when used in a more

general decisional context.
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