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Abstract. The safety and security in transport [1-2] of radioactive materials (RAM) as well as for the transboundary transport vs. security regime is an important problem taking into consideration its potential risks over the environment and the radiological consequences due to carrying-out this activity [3-4] since the consequence of a nuclear or radiological event can be widespread. Romania has implemented national regulations (NTR-01BIS, NTR-02 and NTR-03) for a safe transport of RAM. The paper will be focus on the safety and security during transport of RAM including the transboundary transport. There are also presented specific aspects (potential environmental risks, impacts and possible radiological consequences associated) [3-4] related to the safety and security for the transboundary transport of RAM–a case study, i.e. through Danube River–transport of SNF from NPP Kozloduy (Bulgaria) to the Russian Federation. It is concluded that the transport of RAM in Romania including transboundary transport vs. security regime is in accordance with the national and international regulations and is maintained at a acceptable level of safety and security. 

1. Introduction
The transport of Radioactive Materials in Romania is carried-out under the Romanian Law-Order no.357/2005-Norms for the Transport of Radioactive Materials (NTR-01BIS). These norms commit themselves reinforcing of the necessary safety and security measures by specifying the transport security levels by establishing effective controls and to protect against, and ensure the timely detection of, the theft, loss or unauthorized use or removal of radioactive materials (RAM), to protect people and the environment. Also these norms evaluate effectiveness of a nuclear security regime and select most optimal security measures [2, 5, 6, 7]. The main categories of radioactive materials transported in Romania are: a). radioactive wastes, treated, packaged and transported to the National Repository, Baita [4]; b). uranium ore to the Uranium Concentrate Plant, Feldioara; c). uranium concentrate from Feldioara  to the CANDU Nuclear Fuel Plant, Pitesti; d) fresh CANDU nuclear fuel from Pitesti to the NPP CANDU Cernavoda; e). spent nuclear fuel (SNF) from NPP Kozloduy (Bulgaria) to Ukraine (Russian Federation) and vice versa, through River Danube–transboundary transport; f) radioactive sources to be used for industry purposes; g) others radioactive materials, such as: radioactive sources used in hospitals, research institutes, education, etc. The radwaste resulting from nuclear facilities is transported to the disposal site Baita, as shown in Figure 1. In order to approach the risk and the safety of radwaste transport, it was necessary to develop accident scenarios. During these hypothetical events a part of the content might be released from its packaging and could potentially affect the population and the environment. To assess possible radiological consequences it was necessary to analyze the characteristics of the transport procedures in terms of packages (geometry, radiological contents, dose rates, etc.), annual traffic, characteristics of exposures. The environmental impacts and risk assessment evaluation both for normal (accident-free) and for those resulting from potential transport accidents involving RAM shipments are presented.
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Fig. 1 The Transportation Routes for Radioactive Materials in Romania
Starting from the fact that the safety in the transport of radioactive materials is dependent on appropriate packaging for the contents being shipped, rather than operational and/or administrative actions required for the package, within INR Pitesti has been built a new qualification testing facility for type A, B and C packages, unique in South Eastern Europe.
2. The assessment of the risks and radiological consequences in transport of RAM, in Romania

The transport of RAM including radwaste is carried out under the authority of the Romanian National Commission for Nuclear Activities Control (CNCAN), [2, 5, 6, 7]. To evaluate the probabilities and collective dose for normal transportation and those resulting from accidents involving radioactive shipments, the IAEA computer code INTERTRAN II has been used. The collective doses assessed are: dose to public alongside route: 0.75x10-3 personSv/y; dose to public during stops: 1.12x10-5 personSv/y; dose to package truck crew: 1x10-3 personSv/y; dose to public sharing route: 0.3x10-4 personSv/y. The annual collective dose to members of the public of 2.17x10-3 person-Sv and can be compared with what is received due to naturally occurring cosmic sources: 1.8x10-3 Sv/y. The annual collective dose to a member of the public corresponds to 0.34x10-4 expected fatalities/y. The calculated individual dose is 0.25 (S/y and the associated latent cancer fatality risk is 1.2x10-8/y. The following assessment model has been used to assess the accident risk analysis, radiological consequences and safe for transportation of RAM in Romania.
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The accident risk analysis model

The defined accident scenarios were: impact with a bridge; collision with a second road vehicle; collision with a train at level crossing; collision with train on railway adjacent to route. The accident probabilities determined were: probability of impact only: 0.537x10-5/ (package journey); probability of impact and fire: 1.43x10-11/ (package journey). It is also assumed that, following packaging failure, the content may become available for dispersion in the air. Therefore, two impact release scenarios (possibilities) were taken into consideration: low wind speed condition and high wind speed condition. 
3. The Safety and Security of SNF Transboundary Transport from NPP Kozloduy to Russian Federation through the Danube River-a case study

Romanian Nuclear Regulatory Body–CNCAN is very much concerned about the transport of Spent Nuclear Fuel (SNF) from NPP Kozloduy (Bulgaria) to the Russian Federation. Potential severe accidents in the deep waters of the Danube River, such as: mechanical impact (collision) during transportation, fire, submersion in deep water and terrorist or sabotage attacks has to be taken into consideration.  

Since the primary objective for the safety and security in transport of RAM is to protect human health and the environment, the problem of the SNF transport through the Danube River was presented at the 7th Meeting of the IAEA Transport Safety Standard Committee–(TRANSSC) meeting, held in Vienna at the IAEA Headquarters on March 4-8, 2002, in Information Paper (IP 39).  The conclusion was that the risk and safety of SNF transport through the Danube River should be assessed.
Accident Risks During River Transportation-doses to the public and to emergency workers, following an event or accident that could release radioactive materials to the environment, may be calculated by considering the following: a) the severity of the accident; b) the conditional probability that an accident will belong to a particular severity category; c) release fractions (RF), which will vary according to the shipping cask and the physical form of the radioactive materials released from the cask, e.g. particulate, volatile, solid, gas, etc. The accident consequences for each severity category and risks will be calculated using severity levels and release fractions by means of a risk analysis computer code such as RADTRAN 5. 

Mechanical impacts-the barge carrying SNF shipment may be struck by a vessel traveling along the Danube River at a speed of 20 Km/hr or more, e. g., a barge or a string of barges carrying raw materials, a ship carrying passengers, a military guard fluvial vessel. The NEA (OECD) estimates that the probability that the ship could lose its cargo as a result of such an accident will be between 0.12% and 0.16% per year, a small but not negligible value. Nevertheless, there could be few accident scenarios in which the SNF shipment could be impacted i.e: a head-on collision with a faster naval vessel that has a rigid prow, impact with a support column for a bridge over the Danube, impact with a fluvial icebreaker, if the shipment is to be carried out during winter when the river it’s happen to be frozen. Considering the thickness of the metal shells of the cask and of the canister, it is very unlikely that such a collision will produce a puncture, serious enough to penetrate the cask shell and to lead to a possible release from its containment

Fire-if the barge carrying SNF shipment [8] through the Danube River is struck by a string of barges carrying flammable cargo, and the flammable storage tanks are punctured so the liquid was spilled onto the surface of the river, the barge carrying SNF shipment might be fully engulfed by fire.  A potential strong wind and a hot temperature (over 38(C) may contribute to the dispersal of the spilled burning liquid onto the surface of water.  It is estimated that the duration of the fire could exceed 3 to 4 hours.  In this case the inner wall of the cask could reach a temperature of about 350(C. At this temperature, degradation of the cask’s elastomeric seal could cause the cask seal to begin to leak, with a leak path that has a cross-sectional area of about 1mm2.  In addition, if the temperature exceeds 450(C, decomposition of the elastometric seal may be so extensive that the effective leak path has a cross-sectional area equal to the product of the closure circumference and the roughness height of the lid and the lid well where they contact inside of closure. Taking into consideration the relative low speed of the barge, the water currents and the relative small distance to the river banks, the duration of the fire might be limited, in which case such an event would not be likely to produce serious damage to the cask or release of its content.

Submersion in deep waters-following the initial collision with a string of barges [8] or other vessels traveling on the Danube, the shipping cask could fall into the waters of the river.  The average depth of waters is about 17m. In a collision with an icebreaker, a military vessel or a column supporting a bridge over Danube, the barge carrying the SNF shipment could be sunk. These impacts could stress the package beyond the failure point.  Water could also leak into the package. However, because the impact forces from such a collision are less than the forces on the cask generated during a regulatory drop test, cask failure is not expected. In more violent collisions the impact forces could be greater and regulatory conditions could be exceeded.

Terrorist attacks or sabotage attacks-for the competent authority (CNCAN), safety, security and physical protection during transportation of SNF shipment through the Danube River has been an ongoing concern.  Possible radiological impact of a breach following a shaped charge attack on a SNF cask [8] is of particular interest. SNF casks have very strongly constructed walls  [9] and lids (large wall thickness, typically 35 cm for a monolithic steel cask), and a high degree of shielding is needed to reduce penetrating radiation from radioactive decay, as well as a very high mechanical stability to effectively protect the spent fuel and to avoid any significant release of radioactive material in possible accidents during transport and storage. At the same time, these characteristics of the cask also give a very high degree of physical protection of the spent fuel against many conceivable malevolent actions. However, some anti-tank weapons which are available in the military domain, such as high energy density devices (HEDD), could locally breach the wall of a spent fuel cask and lead to the destruction of short sections of some spent fuel elements and result in a release of radioactive matter through the penetration hole. On this basis potential airborne releases of radioactive material can be estimated for the real cask and resulting radiation exposures for the population can be calculated. In order to estimate potential radiological consequences of such sabotage or terrorist attacks and to judge to what extent protective measures are required, it is important to have quantitative data on possible releases in such circumstances. Experimental results presented by (GRS) Germany [9]concerning the uranium mass released by HEDD attacks show that the release of particulate matter from the breached cask is predominantly a short-term release, and the particle size distribution has been measured for the size range below 12.5 (m . Less than 1% of the total release of fine (< 12 (m) particles was measured after 30 s. A sub-atmospheric pressure of 0.8 bars inside the cask had a noticeable effect on the amount of released particulate matter. The SNL [10] study on experimental data and calculations to define the potential hazard from a hostile attack on a metal spent fuel cask, by using a HEDD, produced penetration holes and resulted in fine fracturing of the fuel material in the path of the hole and in its immediate vicinity. These test results and calculations demonstrate, with a reasonable confidence level, that an individual at the site boundary would receive a dose below the limits for “accidental” releases as a result of an explosive sabotage attack on a fuel storage cask. Furthermore, it assumes an attack with a HEDD [9] of the general size and penetrating power as the one used in those experiments. Note: scenarios not included are: a) breaching of the VHLW package as a result of excessive stress (the IAEA cites “the good history of performance of elastomer seals, as demonstrated by a series of elevated-temperature tests done by SANDIA NATIONAL LABORATORY, which found very few failures”); b) corrosion of the river water (sweet) of Danube of the stainless steel VHLW canisters; c) theft of the SNF shipment following a terrorist (pirate) attack; d) sinking of the barge due to a strong storm and high waves; e) explosion on board at the towboat following by sinking of the barge; f) human errors during handling of the cask; In order to analyze the consequences and the risks of SNF shipment radioactive materials transportation (RAM), through the Danube River, the following computer codes can be used: RADTRAN 5, INTERTRAN 2 and RISKIND. RADTRAN 5 and INTERTRAN 2 can be used for the estimation of risks associated with incident free transportation of RAM and with accidents that might be occur during transportation. Note: incident-free (normal) transportation is defined as: transportation during which no accident, packaging or handling abnormality, or malevolent attack occurs; The RISKIND code can be used for calculation of the individual doses. 
4. Conclusions 
The safety and security for the SNF shipments during transboundary transport through the Danube River, vs. security regime in Romania is of maximum importance. The main objective is to protect the public against unreasonable risks from the transport of radioactive materials. It is concluded that the transport of RAM in Romania including SNF transboundary transport vs. security regime is in accordance with the national and international regulations and is maintained at a high level of safety and security. 
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