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Abstract

Problems related to the handling, treatment, packaging, storage, transportation, and disposal of
radioactive wastes (radwastes) are very important and the responsibility for the safe
management of radioactive wastes for the protection of human health and the environment has
long been recognized. Safety and public welfare are to be considered within the radioactive
waste management, particularly in the field of transportation because of the potential risk that
it could pose to the public and to the environment. The IAEA regulations ensure safety in the
transport of Radioactive Materials (RAM) by laying down detailed requirements, appropriate
to the degree of hazard represented by the respective material, taking into account its form and
quantity. Risk assessment provides a basis for routing radwastes and developing mitigation
plans, prioritizing initiatives and enacting legislation to protect human beings and the
environment. Factors such as shipment cost, distance, population exposed, environmental
impacts or sensitivity, time in transit and infrastructure related issues, could be included in the
terms of safety and risk. The paper presents risk assessment activities aimed to evaluate risk
categories and the radiological consequences that may arise during normal (accident free)
transport and those resulting from transport accidents involving waste shipments in Romania.

1. A SURVEY OF RADIOACTIVE WASTE TRANSPORT IN ROMANIA

Since 1985, low specific activity radwastes from Romania have been transported
[1,2,3] by either road or rail and stored at the disposal site, BAITA. The quantities transported
in the past four years are shown in Table 1:

Table 1
Year

INR Pitesti (No. of packages), all by road
IAP Bucharest, all by rail

1995
140
438

1996
126
520

1997
98

238

1998
42

218

Figure 1 shows the routes for carrying the radwastes to the disposal center, in Romania.
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THE TRANSPORTATION ROUTES OF RADIOACTIVE MATERIALS (RAM), IN
ROMANIA

LEGEND: Transport of RAM by Road - • — — « _
Transport of RAM by Rail- «•» M «...
Transport of RAM by Sea - —-—-»—_—__

FIG. 1. Routes to the disposal site at Baita

The radwastes are generated by nuclear facilities [2] at the Institute for Nuclear Research
(INR) Pitesti, NPS CANDU Cernavoda and the Institute of Atomic Physics (LAP) Bucharest.
The capacity of the disposal is about 6,000 cubic meters, i.e. 25,000 drums of 220 liters each.
The transport of radwastes is performed under the authority of the National Commission for
Nuclear Activities Control (NCNAC).

2. THE EVALUATION OF RISK AND SAFETY IN RADWASTES TRANSPORT IN
ROMANIA

2.1 Evaluation of risk and safety in radwaste transport, by road

The assessment considers the decision to undertake the movements [3,4]. It is necessary
to make this assumption for the purpose of this assessment. Briefly, a package [5] consists of
a packaging and its radioactive contents [2,3,4] which is defined as a RAM which consists of
one or more isotopes each in a specified physical-chemical form. The evaluation of risk and
safety in radwastes transport, by road have been evaluated in two ways: a), for normal
transport (accident free transport), and b) for transport accidents.
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To determine the probabilities and collective doses for normal transport, the input data
required by the IAEA INTERTRANII computer code have been used. The IAEA regulation
limit of O.lmSvh"1 at 2m from the vehicle, assumed to be effectively 2m from the package
surface, is applied to all package movements. The entire shipment was treated as an effective
single package and given that the shipment dose rate is properly estimated, produces a better
estimate of incident free doses. The collective doses assessed are[6,7]:

dose to public alongside route: 0.75 x10'3 person. Sv/yr
dose to public during stops: 1,12x1 &6person. Sv/yr
dose to package truck crew: lx 10'3 person. Sv/yr
dose to public sharing route: 0.3x10~4 person. Sv/yr

The total annual collective dose to members of the public is 0.78x10~3 person. Sv and can be
compared with naturally occurring sources of cosmic radiation which in Romania [7, 8] give
SxlO^Sv.d"1. The total annual collective to members of the public is 0.78x10'3 person. Sv and
can be compared with naturally occurring sources of cosmic radiation which in Romania is 5/J
Sv/d or 1.825 mSv/yr/person. The additional collective dose due to package movements is an
insignificant percentage over natural background level. The annual collective dose to a
member of the public corresponds to 0.34x10'4 expected fatalities per year due to routine
transport. The individual dose is 0,22 pS/yr and the associated latent cancer fatality risk is
1.2xlO'8/yr. For a person exposed in a traffic jam, the individual dose is 10 u-S/yr
corresponding to a latent cancer fatality risk of lxlO~7/yr.

2.2 Quantification of accident severity

It is possible to postulate accidents which could compromise the containment or
shielding performance of the package (proved by mechanical testing) [6-8]. The accident risk
analysis model used for transport of radioactive wastes is shown in Figure 2:

Standard drum Risk model
(transport)

I
Population

density

Package
release model

J
Radiological.

risks

Health effect
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FIG. 2. The accident risk analysis model of radwaste transport.

A risk assessment of radwaste transport hazards for the route Bucharest - Baita was
carried out. Hazards were divided into impact and fire hazards. The accident scenarios [7]
defined for this assessment are: impact on bridge support, collision with second road vehicle,
collision with other truck vehicle or bus, collision with a train at level crossing and collision
with train on railway adjacent to route. For the estimation of potential accident probabilities
with radiological consequences, road transport accident information has been used. The
accident probabilities determined are: M-way (3.5 x 10"6/(vehicle km), N-roads (2.32 x 10'
5/(vehicle km), other roads (4.35x10"6/(vehicle km). For fire accidents, the probability of
ignition is 0.033, and the probability per year is 0.017; the probability that a truck to be
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involved in a collision with a tanker carrying petroleum was estimated at 2-5x10"u/truck km.
In view of the small number of incidents the larger value is taken for this assessment. There
were 75 rail level crossing accidents in Romania in 1996. The average probability was
estimated at 1.83xlO'9/(vehicle km). The determined road accident probabilities are:
probability of impact only: 0.53x10'5/(package journey); probability of impact and fire:
1.43x10"1'/(package journey). For 10 shipments per year, the accident frequencies are: a)
probability of impact only: 5.7x10"5/year; b) probability of impact and fire: 1.43xl0'I0/year. It
is also assumed that, following packaging failure, the content may become available for
dispersion in the air. Two impact release possibilities were taken into consideration: a) for
low wind speed condition; b) for high wind speed condition. The fraction of solid material
released from the package is recommended to be taken at the value of 10"3. For an impact in
low speed conditions, the package release fraction is taken to be 4xlO"6 and for an impact in
high speed conditions, the fraction taken is 10"4'

2.3 Risk assessment associated with waste transport by rail

The low level radioactive wastes are immobilized in a bituminous matrix [2, 5] and filled,
with concrete, into 220 liters stainless steel drum. The quantity and some selected
characteristics of the wastes are given below: a) Cumulative number of waste transport: 1699,
b) Cumulative number of rail car required for Waste Transportation: 6, c) Total Activity
Inventory (TBq): 0.5, d) Nominal Transport Container -dose rate (mSv/h: surface: < 0.2; at
lm from container: <0.01; at 2m from container: negligible. This rail route covers 764 Km
from Bucharest to Stei (see figure no.l). There is a single wagon with a capacity of 72
standard packages of 220 1 in volume. Road transportation is limited to a small fraction
(about 30 Km) of the journey, between Stei town and Baita (National Repository) where the
packages are transported by truck. In the period of 1994 to 1998, 1699 packages were
transported by rail to Baita, which means an average of 425 packages/y (6 shipments/y).
Transport and handling accidents may occur and pose a risk for human beings and the
environment. Particularly, members of the public may eventually be exposed via a number of
pathways to radiation from material that might be released into the environment subsequent to
an accident. The magnitude of such a release and the related frequency of occurrence depends
on a number of factors including the type and volume of waste being transported and the
severity and frequency of accidental events such as a collision, rail derailment, striking an
object, vehicle derailment, etc. Because the occurrence of such accidents is statistical in
nature, a probability risk assessment has been adopted in order to quantify the potential
radiological consequences and the expected probability of occurrence of such accidental
sequences. The type and frequency of transport, accidents including low and high
consequence events were analyzed. The risk assessment method adopted in order to quantify
the potential radiological consequences [8] and the expected probability of such accidental
sequence includes steps such as:
• characterization of the type and quantity of waste shipments;
• determination, selection and description of the type, severity and probability of occurrence

of transport and handling accidents;
• assessment of transport packaging and waste to specific mechanical impact and release

fraction;
• estimation of radioactive release and frequency of occurrence taking into account the

shipping patterns and the accident severity;
• assessment of potential radiological consequences for the spectrum of wealth condition

encountered along the rail transport route.
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From the available Romanian Railways database, rail accidents are classified on the basis
of the rail gauge and the type of train (passenger or goods). For the calculation of the accident
risks for this assessment, an accident rate of about lxlO"6 train.km was assumed to be most
representative. The train consists of about 12 wagons. Based on this adopted method, 9
severity categories were taken into consideration, representing the accidental load conditions
to a type A package: 3 mechanical and 6 combined-mechanical and thermal. Rail accident
involves: impact between train and road vehicles, derailment, collision between trains and
fire. The accident database does not classify rail accidents with negligible mechanical impacts
to the packages. For the mechanical impact load conditions experienced by a package based
on the train velocity prior to the accident event, three severity levels were defined to describe
these events: <40Krn/h, 40 to 80Km/h, >80Km/h. The potential thermal impacts includes: a
fully engulfing 30 minute at approx. 800° C, a fully engulfing 60 minute at approx. 800° C
fire. The predefined severity categories were analyzed assuming a relative frequency for
mechanical-only accident was determined to be 93%, of combined mechanical 5% and of fire
engulfing 2%. The are several kinds of operations contributing to the overall risk: rail
transport, road transport, marshalling yard operations and rail/road transfer activities. It has
been concluded that the transportation by rail over a distance of 764 Km represents the most
dominant risk contributor. The risk assessment results presented it referring to the total
volume of waste transport containers with bituminous wastes within the period 1985 -1998.

Radiological impacts from routine waste rail transportation [8]: the container dose rate has
conservatively been assumed to be on the order of 0.2mSv/h at lm from the container surface.
The computer code INTERTRAN 2 has been used to determine the collective dose and the
results are as follows: Crew: 1.57xlO'2 person. Sv/yr; Public: 2.39x10"2 person. Sv/yr. Total:
3.96x10*2 person. Sv/yr. It is to be noted that for members of the public, the radiological
impacts were calculated along the shipping route (performing the dose calculation over a
distance of 800 m on each side), and during stop time. Professional exposures concerning
crew of train and the personnel of the loading, a total collective dose of 0.01 person. Sv/yr has
been estimated, at each loading terminal. Radioactivity releases are not expected to occur in
close proximity of an accident site (at a probability level as low as 10"7, i. e. a chance of 1 in
10 million for the total volume of bituminous waste). If expressed as probability per year, the
corresponding value would be well below 10'8 per year. The potential radiological
consequences decline rapidly with distance from the accident site, and consequently, the
potentially adverse consequences of transport accidents are generally limited to the area in
close proximity of the accident site.

3. CONCLUSIONS

This safety assessment gives the accident probabilities and the frequency of accidents in case
of different scenarios assumed. The radiological risk in RAM transportation in Romania
results primarily from routine and accident exposure associated with the transport process,
expected fatalities representing an insignificant increase over natural background dose. The
absolute risk associated with RAM transport is generally lower than for other hazardous
(dangerous) materials. It is concluded, on the basis of the best estimation of these accident
probabilities, that the proposed RAM transport both by road and by rail is safe and would
have an acceptably low societal and individual expected risk value.
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