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Abstract

New innovative intermodal rail freight paradigm highlights existing issues in the rail freight transport based on the market needs, and proposes an innovative solution for small shipments and/or short distances. The proposed solution is based on a combination of well-known solutions and improvements in organization. An ideal freight transport technology for small shipments and/or short distances is a »truck on the rail«, which can be coupled to a long train formation and uncoupled to a single, self-propelled, bi-directional, fast moving »railway-truck(s)«, loaded/unloaded by using innovative transhipment technologies and performing the transport under the same driving priority conditions as passenger trains. 
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1. Present State in the Rail Freight Services
European railway system was established over 170 years ago with a purpose to supply coal for the steam engines of the »industrial revolution« industry. The rail technology has improved through the invention of diesel and electric engines, automated shunting yards, and modern rail control systems, but the basic rail freight process does not distinguish from those our ancestors used to know.

Conventional rail freight supply quality is characterised by: slow loading and unloading of terminals, low utilization of train assets, over-engineered railway vehicle assets with industry- specific technology, inadequate monitoring of train and cargo conditions, high entry costs for new market entrants, slow transit times compared to road-based equivalents, etc. Train departures are built around large slow-moving train formations, supporting the rail operator’s position, which are not aligned with the shippers/receivers’ needs for regular, routine and precise movements.

Industrial areas dominated by heavy industry, such as the Ruhr in Germany, British Midlands, Southern Belgium and Northern France, which used to utilise conventional rail freight systems, have developed new industries providing for innovative structure of products and new freight transport demands. Both, the manufacturing systems and the structure of manufacturing industry have changed. Modern manufacturing concepts, such as Lean Logistics and JIT imperatives call for a more sophisticated transport paradigm.

Modern transport demands conflict with conventional supply quality provided by the rail freight transport. The rail keeps providing the market with a supply-side set of products and services, which are actually self-limiting in terms of their market penetration and attractiveness for shippers. Consequently, the rail has either withdrawn or been forced to leave the key high-value and time-sensitive markets. 

In Europe, domestic and cross-border rail freight transport, including intermodal road-rail freight transport, are currently limited to the transport lines with large volume of transported goods carried over long distances. Railway companies tend to emphasize their »corridor strategy«, demanding long trains, huge terminals and shunting infrastructure. Results of the rail restructuring strategy are obvious; namely, during the nineties, less than 22% of the railway network carried about 60% of the freight volume transported by the European rails (Eufranet, 2001, p. 68).
This strategy has resulted in abandonment of a dense network and in dangerous reduction of the feeder services. The rail has responded to decreasing revenues by introduction of a nearly continuous cost-reduction process based on reduction or removal of services and track networks, which has actually resulted in pushing residual traffic even faster off, to competing modes (Bozicnik, 2004).

New shippers’ requirements (quality of service, reliability, availability, door-to-door services, and management competence) have been better addressed by the road sector, which resulted in its present domination in the freight transport market (Thalmann, 2000). In contrast to the rail, road transport is seen as a low cost, flexible, available and reliable freight transport option. It has ensured this position partially through its own relentless product and service development activities, as well as by taking advantage of the rail’s failure in identifying its core traffic and reacting positively to the competition in this field.

The road transport is facing some problems, which are likely to render it a victim of its own success. Universal problems of the road transport include: longer journey times due to congestions; by considerations, the cost of fuel has been driven beyond control of the road transport sector; the EU »Working Time Directive«, which potentially threatens the road-based logistics systems developed before this constraint came into force, etc. Nevertheless, the road transport remains an innovative and responsive transport solution driven by the commercial demand of market imperatives. 

A decreasing market share of the railway freight sector may be summarised by the following findings (Nieuwenhuis, 2005):

· Decentralisation and spatial distribution of production, procurement, distribution and consumption. They resulted in spreading of the transport over numerous transport routes, with smaller, but more frequent quantities in individual routes; 

· Changes in the structure of transported goods resulting in a decline of bulk goods (coal and steel industry) and reduction of shipment loads in forwarded goods; 

· New quality requirements for freight shipments: extended delivery intervals, tracking of cargo, and monitoring of the freight procedures; 

· Liberalisation of the road freight sector in EU starting in 1985, which has resulted in severe competition, causing a strong decline in the freight transport prices, 

· Inadequate response of the railway freight services to new market requirements. 

In order to justify keeping and strengthening of the rail position in the market, all of the above-mentioned issues will have to be addressed, either in conventional or innovative sense.
2. Freight Transport Market Demand

It is necessary to have the market of rail transport services adjusted to the nature of both, supply and demand (Ohnel, 2003, p. 735-751), which should be done in close co-operation with transport operators and shippers. According to the data available, however, the structure of the rail freight (intermodal) services offered at present is in a severe contrast with the market needs. 
Under the existing (intermodal) rail freight technological paradigm, competitiveness of the rail freight services (intermodal services) at short distances (up to 200 km) and medium distances (between 200 and 500 km) is very limited. Conventional intermodal transport is generally competitive at distances exceeding 500 km (Klink, 1998, p. 1-9) or only slightly shorter distances (e.g., container shuttles to and from ports) (Rutten, 1998, p. 279-298). 

On the other hand, if compared by the volume of the transport needs for distances up to 500 kilometres, there are rather small market needs for the transport at distances exceeding 500 km (Figure 1). In the European Union, only 22% of transport services (tkm) include distances over 500 km (European Commission, 2002). 
Figure 1: Transport Volume according to Distance
During the last decades, the freight transport trends in the European Union may be characterised by a sharp increase in the volume of goods transported (especially following the recent enlargement), and by a high priority given to the road transport, even in the long-distance haul market segment. In general, it may be established that although especially new Member States have sufficient rail network available, both in terms of its length and capacity, the share of the rail transport has been decreasing rapidly.

As shown in Figure 2, recent developments in Slovenia are similar. It is obvious that total volume of the transported freight has increased steadily. During the entire observed period, 1992-2005, the rail transport has been relatively stable. The road transport, in contrast, has grown rapidly, particularly after 2003, contributing thus to decreasing of a relative share of the rail transport in the total volume of transported goods. 

Figure 2: Road / Rail Freight Transport in Slovenia 1992 – 2005 (in tkm)


 Source:  Bozicnik, S., 2007, p. 30
Most recent data for Slovenia also shows that in 2005, only 16% of the total volume of goods were transported by rail and 84% by road (Bozicnik, S., 2007, p. 31). If short transport distances (up to approx. 200 km) for small shipments could be covered by rail, Slovenia would have faced substantially smaller congestions, air pollution, and other problems related to road transport.

It may be established that the main reason for the failure of the rail freight sector lays in the fact that it has not responded to the changing market requirements. Other transport and logistics services have shifted their focus towards differentiation of their products and services in order to keep their margins and increase their market shares, while railways keep offering predominantly non-differentiated transport services. 

In order to achieve any significant impact on the freight transport modal-share in the future, the rail freight (intermodal) transport should be capable to compete in the most important market niches, i.e., at the transport distances up to 500 kilometres. 

If competitive rail freight (intermodal) transport systems are introduced in the transport distances up to 200 km, po​tential market for intermodal transport may increase by four times. In order to ensure success of the rail freight system in the new perspective market niches, the rail freight systems will have to introduce radical innovations.
3. Innovations in the Rail Freight Sector

So far, highly specialized knowledge and expertise of the railways, ranging from producing of locomotives to designing of schedules, etc., have proved to be extremely resistant to innovations. On the other hand, research and development activities for railways are normally concentrated in a few (mainly monopolistic) enterprises (Rudel, 2001, p. 4).

There are numerous historical cases clearly demonstrating that the evolution of technologies is often locked-in by organisational and institutional factors. They create a major barrier to innovations hampering the process of selection of technological innovations (Rudel, 2001).

The ongoing policy debate in the EU has neglected, to certain extent, technical innovations and their potential contribution to a decrease in domination of the road haulage industry in the market. 
European railways have carried out relatively small number of development projects focused on short- and medium transport distances.
Innovations in the railways have been regarded as an isolated, purely engineering activity, generally missing an effort to make a significant change in the technology and market impact (March, 1991, 71-87 and Nelson 1983). 

Rapid growth of the transport volume, congestions on the roads and availability of the rail infrastructure, especially in the new member states, require introduction of innovations also in the rail freight sector, particularly for small shipments at short- and medium distances. 
4. Possible Solution: Innovative Rail Freight Paradigm for Small Shipments at Short Distances 

Konings and Kreutzberger (Konings, 2001), as well as Trip and Bontekoning (Trip, 2002, p. 221-229) argue that competitiveness of the rail transport for small shipments over short distances requires a quality leap, mainly through innovative train operation principles and terminals offering low fixed costs. 

According to Bukold (Bukold, 1994, p. 133-138), the new rail freight paradigm for transport of small shipments over short distances requires a move away from the conventional approach, aiming at higher productivity by means of mass production and concentration on economies of scale. A new approach is necessary; it should be based on flexible capacity management supporting low-risk capacity utilisation, and on less concentrated facilities (Bärthel, 2004, p. 404).

Such alternative approach assumes acknowledgement of specific requirements in the markets of small flows over a short distance, and designing of a new system, accordingly. The research of Woxenious (Woxenious, 1998) has shown that this challenge requires an extensive system approach, in-depth knowledge of the competitive situation affecting a well-defined market, and a close cooperation between the actors involved. 

Our suggested solution for the rail freight system for small flows over short distances represents a combination of already known solutions and/or concepts in the field of »hardware equipment«, namely, trains and innovative transhipment technologies, and organizational solutions, such as flexible timetable setting (on-line approach to the vacant rail infrastructure). We believe that only an interdisciplinary and supportive system approach will provide for desired positive results of the model presented in this paper. In our opinion, simultaneous introduction and use of all three constitutive subsystems (Figure 3) in a friendly transport policy environment will enable successful results. 
Figure 3: Three Subsystems of the New Rail Freight Paradigm
Adequate transport policy support for the development, testing and introduction of the new innovative rail freight solutions is necessary, especially in the new Member States. In these countries, conditions and mechanisms of a free market are not likely to be sufficiently mature for a free-market based and controlled changes in the rail transport sector. 

According to our understanding, theoretically, the ideal freight transport technology for small shipments over short- and medium distances should be based on integration and combination of a truck (high flexibility) on the rail (mass production). 
4.1 The Core Vehicle

So far, there are two innovative vehicle solutions known, namely the Cargo Sprinter of the German Railways, and the TruckTrain® conceptual solution of the UK. 

Cargo Sprinter is a modular five-wagon train using railcars instead of locomotives powered by truck-diesel engines. The advantages making the Cargo Sprinter suitable for short distances include the following: no locomotive shunting is required; automatic coupling system eases coupling and sharing between the Cargo Sprinter units; and it is a modular system. Its configuration makes it suitable for a circle-train or feeder concept because of its relatively low top service speed. 

The TruckTrain (Mortimer, 2004) consists of a short, self propelled, bi-directional and high performance train model. The concept is built around a short train formation, typically of 3-5 vehicles permanently linked with driving cabs at each end of the train formation. Each 4-axle vehicle is powered by its own power pack (diesel engine and alternator) having all axles powered. The power pack and all auxiliary equipment are housed under the main frame of each TruckTrain vehicle. The high installed power provides for a required high-speed capability at full load (payload of 60 tonnes per vehicle), and all axles motored provide for a high adhesion factor required. The diesel power source could be replaced by a 'straight' electric power drawn from the overhead catenary, using multiple voltages to allow movement over different national systems. 

Train formations may be automatically linked in multiple formations in order to respond to varying traffic and operational circumstances. The installed power (550 kw per vehicle, with all axles powered) provides for a sufficiently high power-to-weight ratio allowing the TruckTrains to operate at inter-urban passenger train speeds. This eases planning of the train paths and schedules, as performance of such trains achieves or exceeds performances in some passenger train formations, even at full service weights. A design speed of 140-160 kph has been targeted. The core design can be used for intermodal traffic, including 45’ dimension containers. 

In the flat deck version, the cargo deck height is designed to be less than a metre above the rail. This ensures compliance with the loading gauge in the UK allowing three 20’ containers or an equivalent to be carried on each vehicle in the train formation (as found out under the EC funded project IRIS operating a demonstrator concept train formation using a multi-purpose vehicle derived from the Windhoff Cargo Sprinter, the cargo deck on the power cars of the trial vehicles was too high to allow movement of the 8’6” containers). 
The original concept of the TruckTrain was built around the palletised freight market with the trains being deployed to move cargo between the production and primary distribution centres. 

This concept is still applied and would employ a large proportion of the flat frame intermodal design, by using a covered superstructure to accommodate the palletised commodities (Figure 4).
Figure 4: TruckTrain for Palletised and/or Container Freight Market
The major gains are made by development of an economically competitive traction for short trains by using core technologies inspired largely outside the railway domain.

Automatic linking of the basic self-propelled train units (Figure 4) into multiple formations brings along several advantages in terms of possibilities of adopting the »truck-train« to actual transport demand volume and needs. In practice, the use of the »truck-train« transport units may include the following possibilities:
· Direct transport (door-to-door) of a single »truck-train« unit (Figure 4) from sidings to sidings (from warehouse to warehouse, from terminal to terminal, etc.);
· Automatic linking of several single units coming from different destinations (sidings) for the purpose of larger and more efficient transport formations on the trunk lines. At the end, an individual »truck-train« unit would transport the goods to the destination, i.e., to the companies' sidings, logistics centres, etc. Consequently, there is no need for large railway (shunting) terminals;
· Automatic linking of a single »truck-train« unit to the passenger trains at the trunk lines (part of the door-to-door transport route).

In practice, there are market needs for both, the »Cargo Sprinter« type, as well as the »TruckTrain« type of freight train units. In general, in most of the new Member States, the »Cargo Sprinter« version would match the needs for short-distance feeder services. On the other side, it should be taken into account that the »Cargo Sprinter« train version is too weak for serious use on the trunk lines. In such lines, there would be a stronger and more sophisticated »truck-train« version necessary. 
In fact, there is a great variety of technical solutions and characteristics of the basic train units possible in terms of length (3-5 TEU), transport needs (palettes, containers, swap bodies), speed (80-160 km/h), etc. 

A new version of trains will have to be capable to respond to the cargo demands on a vastly reduced timescale compared to the present methods, which actually take the rail out of consideration for large parts of the market. This applies particularly to the intermodal sector (Mortimer, 2006, p. 86-87).

The new train concept initiative is as much a challenge in terms of operational and planning methods as it is a challenge to conventional rail vehicle technology. 
4.2 Service Capacities and Economic Aspects of TruckTrain 

Short bi-directional formation of the train allows access to complex networks, branch lines, and private sidings, without re-marshalling the train or providing any escape loops. The short- formation trains would be able to operate to/from company warehouses, sidetracks, sidings, smaller local terminals or large terminals without requiring excessive road transport operations. Many sidings and sidetracks could be activated or re-activated on a competitive basis for both, logistics and city logistics purposes. 

Small or austere sites could be activated at lower costs, and shorter dwelling time of trains may be ensured through the adoption of tight access regimes allowing only active cargo close to the train. Introduction of short, fast, highly productive trains mean that more destinations should be served more frequently than it is possible now, by using the orthodox train technology and operating methods. 

The economics of operation demonstrate that such solutions could provide for potential savings of over 27% against the use of road for the transport performed in a specific sector of less than 120 miles (200 km), provided that a transport value of ~£1.7 Million is achieved annually. The sample calculation was based on two round trips daily between Southampton and Cardiff, a route not well served by orthodox rail, and included an extended dwell time at an intermediate marshalling point (Mortimer, 2001, p. 73-98).
4.3 Transhipment Technologies

Generally, we agree with Woxenius pointing out that, most often, the railways have underestimated the need to derive their functions from specific demand characteristics and the train operation principles (Woxenius, 1997). Numerous transhipment technologies have been developed over the years. By now, in several countries, the use of innovative transhipment technologies was rather limited. No dominating technology approach has been developed in this field so far, which is also a logical consequence of very specific needs in various freight market segments. 

Amongst several existing innovative transhipment technologies, there may be found various interesting customer- and market-specific solutions (see INHOTRA, 2002). The transhipment solutions should be considered as a constitutive part of the suggested rail freight paradigm focused on small shipments over short- and medium distances. The transhipment equipment necessary for containers and swap bodies may be installed either on trucks or, if necessary, also on the train. 
Fundamental requirements for any design seem to be its effectiveness, low costs, flexibility, reliability and scalability and its close links to the needs of specific rail freight services and the network context.

Horizontal transhipment technology and innovative vertical transhipment technologies are considered optimal for the proposed concept.
4.3.1 Horizontal Transhipment Technology 

The Mobiler solution (Switzerland) is - in purely technological terms - a rather simple and low-cost horizontal transhipment solution for loading and unloading of containers and swap bodies from rail to road and vice versa (see Figure 5).

Figure 5: Rail/Road and Road/Road Transhipment Solution
The Mobiler is a kind of double fork mounted on a conventional truck. An average transhipment process lasts about 5-10 minutes. 
The Mobiler system can easily transform any conventional truck (and track!) to a mobile intermodal terminal. The only infrastructure this »terminal« needs is sufficient space for the truck to operate alongside the railway vehicles. This type of technology and the TruckTrain allow for any siding or side track to be easily transformed in an »intermodal terminal«. 

Recent introduction of the Mobiler system in Switzerland has proved that there are new perspectives possible for horizontal transhipment and the use of railways, in general. In addition, it reshapes the entire logistics chain (Rudel, 2001).
4.3.2 Vertical Transhipment Technologies
There are several interesting vertical transhipment solutions already available on the market, such as EKA Stevadore (UK), Seitenlader (Germany), Hammarlift (New Zealand), Sidelifter (USA), etc. (INHOTRA, 2002). Individual solutions differ from one producer to another, but the basic concept is similar, more or less adapted to the needs of specific transhipments from/to trucks or wagons (see Figures 6 and 7). 

Figure 6: Side Loading Transhipment Truck/Train Solution
Figure 7: Side Loading/Unloading from/to Truck or Train
It should be noted that all transhipment solutions mentioned above may be installed either on trucks and/or on the “TruckTrain”. It is necessary to point out that this fact provides for new application opportunities in the potential rail freight paradigm for short and medium distances and small shipments. The transhipment operations to and from the »truck-train« do not depend on availability of expensive rail terminals and their equipment. The solution enables significant flexibility of the proposed rail freight paradigm, both in terms of place and time of freight operations.
4.4 New »On-line« Timetable Setting Concept

One of the most important solutions required for the implementation of the suggested new rail freight paradigm is the issue of providing for access to the vacant railway infrastructure. Implementation of the suggested idea, therefore, requires also fundamental reorganisation of the methods used by the railways in the development and application of timetables. 

Considering software solutions available for modelling and assessing of the railway timetables, such as, Railsys, TPS/Strax, Opentrack, etc., we may establish that none of the analysed software packages offers a perfect solution for the required function, i.e., for an on-line planning of access to the vacant railway infrastructure. 

It may be established also that the technological level achieved in this field is already sufficiently mature to allow for appropriate solution of the problem, if such specific task is required. In order to enable introduction of the proposed concept, however, in addition to the necessary software solution, there are also other technical and organizational conditions and problems, which have to be solved by the railways. 

In general, the railways are lagging behind in the use of ITS technologies. An on-line timetable setting, together with the GPS-based tracking and tracing applications, may also trigger a change in rather conservative basic safety requirements of the railways. Appropriate development in this field will result in increasing the rail infrastructure capacity by itself! 

The first encouraging results at the EU level are already shown by the PARTNER Project -  Path Allocation Re-engineering of Timetable Networks for European Railways (Lischke, 2005). The results of this project demonstrate a new way of the train path allocation and assembling along international corridors, towards a faster and more coordinated railway infrastructure capacity management. The PARTNER will assist two neighbouring infrastructure managers with development of a common understanding concerning the effects of international train paths. 
It may be concluded that there are ‘software’ solutions, which govern business integration and timetable planning. If the railways are in position to meet the required quality of transport services, there may be new, very promising transport markets attracted through the proposed new rail freight paradigm.
4.5 Transport Policy Support 

It should be quite obvious that in an innovation-oriented approach, the transport policy makers have to take a different role (Kemp, 1997). Their role should not concentrate on defining a certain »road toll« or determining the »freight volume« to be transported by road or rail. The transport policy makers should become a major driving force in the transformation of the road dominant production paradigm. The tasks of the innovation-oriented policy are twofold: 

First, the policy should support innovations by creating the framework conditions for development and testing of new promising technologies. This way, a market-based selection process of the best technological options would be assured. 

Second, the transport policy makers should develop a »user friendly« environment for active use of new technologies, through designing a framework for the promotion instruments, which would enable the widest and fastest possible use of new technological options  (comp. Rudel, 2001)

The ongoing liberalisation process in the EU railways based on the adopted »first and second railway packages« is expected to improve the quality of the rail transport services. By means of the liberalisation process, the EU transport policy foresees to overcome national monopolies and enhance competition in the market. The competition is expected to increase the overall productivity of the rail transport sector, while also enhancing private investments in the rail sector and opening access to the market for new entrants.

Provided that free access of international rail transport providers (logistics operators) to the national railway infrastructures is actually assured in practice, the suggested new rail freight paradigm may be considered, in the course of time, very realistic.
5.  Conclusions 
The case of the Light-combi project in Sweden (Bärthel, 2004) or Cargo Sprinter in Germany, show that success of radical innovations in intermodal transport is highly uncertain and a large number of barriers have to be overcome. On the other hand, the success of the Mobiler system in Switzerland shows that changes are possible, provided that an interdisciplinary support is assured. 

If the rail is supposed to attract seriously some new and very promising freight markets (short distances, small consignments), it will have to match the road transport competition in terms of both, the quality of freight services and their costs, which will require a fundamental shift in the overall service operations. 

In our opinion, introduction of the proposed new rail freight paradigm may be successful in the future only if all three suggested system solutions, namely, the vehicle, transhipment technology and organisational issues, are developed and introduced simultaneously, as a new rail freight concept. In addition, a positive and enabling transport policy environment should not be neglected, as well.

The ideal freight transport technology for small shipments and/or short- and medium distances would be a combination of a truck (high flexibility) on the rail (mass production). The basic concept suggests the use of multi-purpose, bi-directional train formations, which can be easily coupled, if necessary, to a long train formation and/or decoupled to shorter self-propelled, fast moving »railway-truck(s)«, deployed in the entire railway infrastructure by the innovative transhipment technologies, and providing services according to the market needs and available vacant rail infrastructure. 

Reorganisation of the railways in terms of providing for flexible on-line exploitation of railway infrastructure is of a vital importance for the success of the suggested new rail freight paradigm. In case of the »truck-train« solution, there is a flexible, on-line approach required, ensuring the train paths on the rail infrastructure system under the same driving priority conditions as passenger trains. 
The results of the TruckTrain® experiment suggest that the proposed new rail freight paradigm could make the rail a more competitive and attractive option for shippers, receivers and operators, not only on the truck lines, but also on feeder lines, sidings, side tracks and in the field of city logistics. Very promising economic parameters confirm that the rail freight operations may be profitable also at short distances of about 200 km or less, provided that the required transport volume is ensured. 

The scale of the market opportunities (including high value and perishable goods) suggests the rail may re-establish itself as a competitive player also in the markets where it has not succeeded to be a credible partner by now. 

Finally, yet importantly, the proposed concept is considered necessary also because of the congested road infrastructure limiting the development possibilities of the road transport already in the near future. There are realistic possibilities to take advantage of the proposed concept also in the new EU Member States, since they have well-developed rail infrastructure capacities available.    
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Figure 1: Transport Volume according to Distance
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Figure 2: Road / Rail Freight Transport in Slovenia 1992 – 2005 (in tkm)
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Figure 3: Three Subsystems of the New Rail Freight Paradigm 
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Figure 4: TruckTrain for Palletised and/or Container Freight Market 
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Figure 5: Rail/Road and Road/Road Transhipment Solution 
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Figure 6: Side Loading Transhipment Truck/Train Solution 
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Figure 7: Side Loading/Unloading from/to Truck or Train 
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