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0 J ABSTRACT 

* The INTERTRAN code was developed by the IAEA in order to provide member 
states with a simple and rapid method of assessing the risk involved in 
the transportation of radioactive materials and one which was applicable 
on a worldwide scale. 

** 
Before being used, this code must be validated and the CEA thus com
pared the results obtained with the conventional risk assessment methods 

*•* used by the CEPN with those derived from INTERTRAN. 

This paper gives the results of the studies made on the subject of road 
transportation of uranium hexafluoride in France. The conventional acci-

_4 dent risk assessment method gave a figure of 8.84 x 10 deaths/year, 
_2 whereas INTERTRAN announces 1.78 x 10 . T o these figures should be 

_2 
added 3.38 x 10 deaths/year, which is the intrinsic road risk, what
ever the goods carried. In relation to conventional estimates, the 
INTERTRAN forecasts are five times lower for the U risk and twenty times 
higher for the HF risk. The chemical risk is indeed the most prevalent one 
in this case. 

Other comparisons are needed to validate this code. 

International Atomic Energy Agency 
Commisariat à l'Energie Atomique 
Centre d'Etudes sur l'Evaluation de la Protection dans le domaine 
Nucléaire 
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I) PREAMBLE 

In 1977, the International Atomic Energy Agency's "Standard Advisory Group 
on the Safe Transport of Radioactive Materials", recommended that a risk 
assessment program in connection with the transportation of radioactive 
materials be launched. The purpose was to develop a simple risk assessment 
method which could be applied on a worldwide scale. 

In 1979, the creation of the INTERTRAN [l] code was entrusted to a working 
group led by the Swedes with a strong American participation, since the 
model is based on the RADTRAN II program produced by the SANDIA National 
Laboratories. 

The COC and then IBM versions of the code were sent to users in 1982 and 
1983. After some slight reworking of the program, computer runs began at 
the end of 1984 at the Commisariat à l'Energie Atomique (CEA). 

One of the first applications was the risk assessment of road transport
ation of uranium hexafluoride [ 2 ] , so that it could be compared with a 
study already made for the CEA by the Centre d'Etude sur l'Evaluation de 
la Protection dan, le domaine Nucléaire (CEPN) [ 3 ] . 
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DATA 

2.1 Material transported: UF, 

Depending on the uranium enrichment level , uranium hexafluoride UF, 

is considered to be depleted, natural or enriched. 

jJ/_6__l.depleted2 _naj:jj_roj._ind_enriched_to_J_e_s_s__than_lï is transported 

in DV08 containers (American designation: 48 Y). These are industrial 

type cylindrical casks i.20 m in diameter and 3.80 m long. They are 

made of 16 mm thick steel and weigh 14.9 tonnes when ful l with their 

maximum load of 12.5 tonnes of UF g , i .e . an equivalent of 8.4 tonres 

of uranium. 

UF6_enr2çhed_to_rrore_tlian_l% is transported in DV05 containers (Ameri

can designation: 30 B) equipped with an FS 50 protective shell (Ameri

can designation: 21 PFT). These are B(U) type cylindrical casks, 

0.75 m in diameter and with an overall length of 2.05 m. They are made 

of 12.7 mm thick steel and when equipped with their protective shell , 

their diameter is 1.10 m and their length 2.21 m. They weigh 

2.9 tonnes when ful l with their maximum capacity of 2.5 tonnes of 

UF,, i .e. an equivalent of 1.4 tonnes of uranium. 
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2.2 Quantity transported 

Weight Reciprocal Transported Number of Number Weight of 
U F6 of activity activity packages of U F6 

uranium 
(t) 

g/Ci Ci per 
transport 

transports 
year" 

transported 
t.year" 

depleted 8.1 2.10 6 4.05 1 120 1000 

natural 8.1 1.42 x 10 6 5.70 1 120 1000 

enriched 1.4 4.91 x 10 6 2.85 5 72 500 

2.3 Route 

The majority of UF, traffic is between the Pierrelatte plant and 
Le Havre, covering a distance of 900 km (see figure 1). 

In reality, nearly all this traffic is by rail, but for the purposes 
of this assessment attempt, the entire traffic was considered to be 
by road. 

Elsewhere, the CEPN has expressed the risk per package per kilometer 
for toth methods of transport (rail and road) [ 3 ] . 
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FIGURE No. 1: Route studied and identification of the 
fine grid pattern affected. 

Grid pattern of the Le Havre - Pierrelatte route. 
Large meshes = 10 000 km 2 

Fine meshes = luO km 2 



7 

2.4 Type of hazards 

In a moist atmosphere, uranium hexafluoride breaks down into UCLF^ 
and HF. The risks are therefore both chemical and radioactive. 

HF is a toxic gas. In the long term, fluorine can metabolize and cause 
bone damage. The danger is that of inhalation of hydrofluoric acid, 
likely to result in immediate effects. Leaving aside any effects 
leading to irreversible lesions, only lethal effects corresponding to 
an inhaled dose threshold are dealt with. 

The effects of UOoFj are due both to the fluorine and to the 
activity of uranium. A difference can be made between the early 
fatalities and the latent effects. 

The values adopted by the CEPN are as follows [3]: 

HF early fatality threshold level at 50 mg inhaled 
U0 2F 2 early 'atality threshold level at 150 mg of U inhaled 

(172 mg of U0 2F 2) 
U0 2F 2 latent effects -2 * 2 10 effects per m.Sv 

3.6 Sv per gram of enriched U inhaled 
0.9 Sv per gram of natural U inhaled 
0.56 Sv per gram of depleted U inhaled 

* i.e., 1.2 radiation induced cancers, 0.4 genetic effects in the 
first two ge.-srations, 0.4 genetic effects in the following genera
tions. 
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In the INTERTRAN code, the dose inhaled by an individual because of 

dispersable products is calculated. This dose depends on the radio

nuclides concerned and the organ affected. Radionuclide characterist

ics (ac t iv i ty , photon energy, decay period, etc.) and the ten types of 

organs are defined in the code i tse l f and cannot be modified in the 

data stream. 

The evaluation of chemical hazards due to a t ra f f ic accident under the 

INTERTRAN Code [l] is based on the following UF6 ose-effect values : 

Do>. effect values for uranium 

Amount Probability 

inhaled (mg) of fatality 

800 1.00 

500 0.95 

300 0.80 

200 0.70 

170 0.50 

140 0.30 

100 0.20 

70 0.10 

50 0 
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Dose effect values for inhaling 
hydrogen fluoride, 1-hour exposure 

Concentration of Probability of 
hydrogen fluoride fatality 

(mg.m ) 

800 1.00 

500 1.00 

300 1.00 

200 0.95 

170 0.75 

140 0.50 

100 0.30 

70 0.10 

50 0 
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3 ) DESCRIPTION OF THE INTERTRAN CODE 

This is a method of assessing the risk involved in the transportation of 
radioactive materials in normal conditions and in accident conditions. 

The INTERTRAN model [4] is associated with a breakdown of the assessment 
procedure into modules describing the conventional sequence of operations 
required, i.e., with regard to the accident part: 

1) Accident parameters and probability of occurrence. 
2) Fracture rule. 
3) Source term. 
4) Dispersal rule. 
5) Individual and collective exposure. 
6) Associated health effects. 

The preceding steps lead to accident or fracture probabilities per kilo
meter travelled by a package and (in given transport conditions) to the 
assessment of the consequences of a given type of accident (for example, a 
certain quantity of radioactive material released). By combining these 
steps with the models describing the actual conditions of the transport 
envisaged (method, route, etc.), in particular the demographic data for 
the regions travelled through, the (health) risk assessment associated 
with a given transport program is reached (figure 2). 
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Figure 2: Diagram of an accident risk assessment model in INTERTRAN. 
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Two types of data are generally required for each step in the procedure. 

The first concerns the parameters of the models used: for example the 

occurrence probability values for the various accident scenarios, or the 

various levels of seriousness of an accident. These values are generally 

considered iru. rnal to the program and could only be modified at code 

level (programming problem) and, of course only after examining the pos

sible implications of all these modifications on the results (modelization 

problem). In general, these data result from statistical analyses or theo

retical calculations which must be valid for all envisaged applications. 

The default values contained in INTERTRAN cannot be accepted without a cer

tain number of precautions. The second type of data, however, is particu

lar to the case examined and enables the methods or the values for certain 

characteristic variables of the package concerned to be specified, for 

example: method of transportation, type of route, type of package, etc. 

This latter type of data can only be the responsibility of the user and 

must be very generally covered by a code and a dota analysis for the case 

examined. 
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4J DESCRIPTION OF THE CEPN METHOD 

The methodological approach can be broken down into two parts. 

On the one hand, the creation of a physical model, taking account of all 
pertinent variables of the transportation system and aimed at providing a 
risk assessment as accurate as possible given the data available and the 
techniques used. 

On the other, the setting up of a decision making assistance model using 
the results of the previous model and allowing comparison between various 
safety policies. 

The method used in the physical model to evaluate the risk involved in the 
transportation of radioactive materials, is based on a sequential break
down of the problem. This comprises four steps: 

. firstly, analysis of the transportation system highlights the variables 
relevant to the problem, 

. the purpose of the next step is to determine the probability, given that 
an accident has occurred, of it being of a certain type and a certain 
severity, 

. the third step deals with examination of the opening of the container in 
various accident conditions and the consequences on the environment, 

. risk assessment constitutes the final part of the study. 

This process is illustrated in figure 3. The sequencing of the various 
steps is not automatic and the programs are adjustable. 



, — TRANSPORT SYSTEM 

•• ACCIDENT ENVIRONMENT 

I — RESISTANCE OF CASKS 

I — CONSEQUENCES OF ATMOSPHERIC TRANSFER 

I RISK LEVEL ASSOCIATED WITH A 

I TRANSPORTATION PROGRAM 

! ^ > 

I COST/EFFICIENCY ANALYSIS 

Figure 3: The assessment steps 
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4.1 General calculation model for the consequences of atmospheric transfer 

The following diagram shows the calculation stages for the health 

consequences of an accidental atmospheric transfer. 

Atmospheric transfer 

Meteorological 
conditions 
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(period, duration) 
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\ 

Final results: 

Health effects of transfer 

Integrated concentra
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(deposited quantities) 
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or latent) health 
effects associated 
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COMPARISON OF DATA 

The data common to both studies are [ 1 , 2, 3]: 

. the weights transported and the ^ujrt>eĵ _of_j>a£k£$e^^ per 

year (see 2.2 and 5.2.3), 

. the B2Bylation_densit^: 

- for INTERTRAN, the following distribution is calculated as a function 

of the route [5]: 

* rural area with 54 inhabitants/km2: 643» 

* suburban area with 700 inhabitants/km2: 32% 

* urban area with 6800 inhabitants/km2: 4% 

giving an average of 531 inhabitants/km2. 

- CEPN ca'culated an average of 530 inhabitants/km2. 

. the aç£içjent_rates on the roads are practically the same: 

- 1 x l O " 6 . ^ " 1 by INTERTRAN, 

- 0.9 x 10" .km by CEPN determined on the basis of analysis of the 

reports from the Interministeriai Committee on Transportation of 

Dangerous Materials (CIMTD); 
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• t^_IPi^iîrPJi;!SJ5i'J_-£2DËiîi2D5: adopted in the CEPN studies are the 

DOURY DN1 and DN10 categories (normal diffusion conditions, windspeed 1 

and 10 m/s), very similar to PASQUILL category D which, for INTERTRAN, 

led to the adoption of meteorological conditions D and F (neutral and 

high stability conditions, windspeed 4 and 1 m/s), whose respective 

probability levels are 0.85 and 0.15 and whose characteristics are as 

follows: 

D: neutral stability condition, windspeed 4 m/s, 

F: high stability conditions with low turbulent dispersal and windspeed 

1 m/s. 

The data which can be different for both studies are as follows [l, 2, 3]: 

• l§ÏÇl_2Î_9!I§ïiSï: °^ t n e accidents. 

- INTERTRAN gives a grid of 11 accident severity levels, taking account 

of the duration of the fire on the one hand, and the impact crushing 

force on the other. The limits given correspond to the IAEA tests plus 

an "excess" zone. 

- In its study, the CEPN identified the possible scenarios and attribu

ted probabilities of occurrence to them. It estimated the various 

levels of kinetic energy and their probable distribution. The failure 

rules for 48 Y and 30 B casks were extrapolated on the basis of obser

vations of the behavior of liquid hydrocarbons road tankers. 

With regard to fire at 800 °C, the explosive rupture levels are 60 

minutes for 48 Y and 90 minutes for 30 B, values which are based on 

calculations and tests conducted by the CEA. 
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The comparison between the probable occurrence of the various types of 
loading is given in the following table: 

Probability of occurrence in case of accident 

Loading INTERTRAN CEPN 

Mechanical only 0.9930 0.9820 

Thermal only 0.0064 0.0100 

Mechanical + thermal 0.0006 0.0080 

. Failure fraction 

- In INTERTRAN, the following failure fractions are considered: 

Duration of fire 48 Y 30 B 

0 to 30 minutes 

30 to 60 minutes 

> 60 minutes 

0.1 

1 

1 

0 

0.1 

1 

- Using actual complete rupture data, CEPN only reaches "1" for 48 Y 
after a fire of 60 minutes. 
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. dispersal 

- In INTERTRAN, the dispersal model used is the PASQUILL model in which 

the standard deviations of the basic formula depend on the windspeed 

and the distance from the release point. 

- CEPN uses the DOURY model in which the standard deviations depend on 

the transfer time (see chapter 4 for the organization of the models). 

In both cases the model is Gaussian. Comparative calculations have shown 

a high level of correspondence between the two types of categorization 

for average weather conditions, i.e.: Pasquill C and D and Doury DN2 to 

DN5 [6]. 

• utd.i2a.£îiy.iîy.:in.ï!ij£e.îLsff§££s. 

The CEA is currently conducting a special assessment of the INTERTRAN 

code with regard to tre problem of radiological protection. 
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6 RESULTS 

Summary of the estimates obtained with INTERTRAN in numbers of fatalities 
per year. 
Radiation hazard : 0. 
Chemical hazard : see table below. 

• 

U F 6 U risk HF risk Total risk 

Depleted 

Natural 

Enriched 

9.07 x 10" 6 

7.62 x 10" 6 

5.90 x 10" 6 

6.95 x 10~ 3 

6.95 x 10" 3 

3.91 x 10" 3 

6.96 x 10" 3 

6.96 x 10' 3 

3.92 x 10" 3 

Total 2.25 x 10" 5 1.78 x 10" 2 1.78 x 10" 2 

Summary of the estimates obtained with CEPN in numbers of fatalities per 
year. 
U : radiation and chemical hazard. 
HF : chemical hazard. 

U F6 U risk HF risk Total risk 

Depleted 

Natural 

Enriched 

0.45 x 10" 4 

0.48 x 10" 4 

0.26 x 10" 4 

2.90 x 10" 4 

3.08 x 10" 4 

1.68 x 10" 4 

3.35 x 10" 4 

3.56 x 10" 4 

1.94 x 10" 4 

Total 1.09 x 10" 4 7.66 x in" 4 8.85 x 10" 4 
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Note 1: It can be seen that in relation to those obtained by the CEPN, the 
estimates obtained with INTERTRAN are: 
- 5 times lower for the radioactive risk, 
- 20 times higher for the chemical risk. 
In both cases, the chemical risk is greater than the radioactive 
risk, by a factor of 1000 for INTERTRAN and 7 for the CEPN. 
(The current study on the radiological aspect of the INTERTRAN may 
provide an explanation for this difference). 

Note 2: Given that the number of fatalities indicated by the CITMD files 
is 12 per 100 accidents [3] , the expected fatalities due to road 
accidents should be added to the previous estimates, i.e.: 

UF6 Number of 

shipments 

Distance 

covered 

(km) 

Fatality 

rate 

(km'1) 

Road risk 

Depleted 

Natural 

Enriched 

120 

120 

72 

900 

900 

900 

1.2 x iO" 7 

1.2 x 1G"7 

1.2 x 10' 7 

1.30 x 10" 2 

1.30 x 10* 2 

0.78 x 10" 2 

Total 312 900 1.2 x 10" 7 3.38 x 10" 2 

It can be seen that the risk inherent in road transport is 
nonetheless higher than the total risk inherent in the material 
transported: 
- twice as high for INTERTRAN, 
- 50 times higher for CEPN. 

Note 3: As indicated in paragraph 2.3, nearly all UF6 ^ r a " s P ° r t a t 1 0 n i n 

France is by rail. The CEPN study [3] shows that rail transport is 
100 times safer than road transport. 
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7) CONCLUSION 

A single assessment comparison is insufficient to validate a code. This is 
why other comparisons will be made with other products transported and 
other methods of transport. Other users of the INTERTRAN code will carry 
out the same work and will make their contribution to the common effort. 

Depending on whether one has an optimistic or pessimistic outlook, the 
results obtained with a conventional study will either seem relatively 
close or far remote from those obtained with INTERTRAN. However, as the 
code models used are not yet perfect, one can hope to achieve the objec
tive set, that is: to create a fast risk-assessment method which can be 
used by people involved in safety analysis. 
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