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Содержимое, созданное искусственным интеллектом, может быть неверным.]
Some logistical issues during the construction of a nuclear power plant in Serbia
Below is an analysis of the logistical component of a hypothetical nuclear power plant construction in Serbia, based on the actual maximum weights of Generation III+ reactor components.
Part 1. Comparison of maximum weights of reactor components
When planning the logistics of nuclear power plant construction, the weight and dimensions of the reactor vessel and steam generators are critical parameters , as these are the heaviest components that must be delivered to the site in their final form. Equipment such as turbines and generators are also heavy, but can often be delivered in sections.
Below is a table of maximum (dry transport) weights of the heaviest non-separable component of the primary circuit for key global Generation III+ NPP projects.
	Country
	Reactor Project / Vendor
	Heaviest component (transport weight)
	Specified Weight, tons

	South Korea
	APR1400 / KEPCO
	Reactor pressure vessel (RPV)
	~460

	China
	Hualong One (HPR1000) / CGN-CNNC
	Steam Generator (SG)
	~365

	USA
	AP1000 / Westinghouse
	Steam Generator (SG)
	~340

	Russia
	WWER-1200 / Rosatom
	Reactor pressure vessel (RPV)
	~330

	France
	EPR/EDF
	Steam Generator (SG)
	>500*


*Note: EPR steam generators are considered the largest and heaviest in the world. The exact dry shipping weight may vary depending on the specific project (Flamanville, Olkiluoto, Hinkley Point) and the method of transportation, but it consistently exceeds 500 tons.
Part 2. Transport weight of the turbine generator
While the reactor vessel and steam generators are the heaviest components of the Nuclear Island , the turbine generator stator is the heaviest single component of the Turbine Island .
In your analysis of Serbia's transport infrastructure, the weight of the turbine generator should be on par with the weight of the reactor vessel.
For modern Generation III+ nuclear power plants with a capacity of 1200–1600 MW, the generator stator (the heaviest non-dismountable part) has a colossal mass.
	Nuclear Power Plant Project / Vendor
	Electrical power
	The heaviest component of the turbine island (Transport weight)
	Estimated stator weight, tons*

	EPR / EDF (France)
	~1600 MW
	Generator stator (GIGATOP or similar)
	~450 – 530

	APR1400 / KEPCO (Korea)
	~1450 MW
	Generator stator
	~400 – 490

	WWER-1200 / Rosatom (Russia)
	~1200 MW
	Generator stator
	~330 – 390

	AP1000 / Westinghouse (USA)
	~1100 MW
	Generator stator
	~280 – 340


*Note: Weight varies greatly depending on the turbogenerator manufacturer (Alstom/GE, Siemens, Doosan, Power Machines) and the selected cooling system (hydrogen/water).
Weight summary: The turbine generator stator weight for the most powerful reactors (EPR, APR1400) is comparable to or even exceeds the reactor vessel weight. Therefore, you will have at least two types of super-heavy loads (400+ tons) on site , which will require a unique logistics solution.
Part 3. Specifics of turbine generator logistics
Although the generator's weight is comparable to that of the reactor, its logistics have several key differences that need to be considered in the preliminary analysis for Serbia:
1. Delivery geography: The generator is typically manufactured at a different plant than the reactor vessel. The APR1400 reactor vessel comes from South Korea. However, the turbine and generator can be manufactured in Korea (Doosan), France (Alstom/GE), or Germany (Siemens). This changes the delivery routes to European seaports, but the Danube remains the main route to Serbia.
2. Dimensions: The generator stator, although shorter than the reactor vessel (which can reach 12-14 meters in transport form), often has a larger diameter (up to 4-5 meters). This creates additional dimensional restrictions when passing under bridges on the Danube (during high water levels) or when transporting on roads (power lines, road signs).
3. Load Sensitivity: The generator is a highly complex electrical device with precision windings and an insulation system. It is much more sensitive to vibration, shock, and temperature changes during transport than the steel reactor vessel. Specialized barges and SPMTs (modular trailers) must be equipped with load monitoring and damping systems . Violation of transport conditions can lead to insulation damage, requiring months of on-site repairs.
Part 4. Logistics analysis of Serbia's infrastructure
The news of transporting super-heavy equipment truly raises concerns about the logistical limitations in Serbia. Transporting such cargo requires unique engineering solutions and specialized equipment.
Road infrastructure
· Restrictions: In Serbia, as in most EU countries, the standard limit for heavy-duty vehicles is a gross vehicle weight of 40 tonnes . Any load exceeding this weight is considered oversized and/or super-heavy .
· Procedure: For the transportation of cargo weighing 300–500 tons (such as reactor vessels or steam generators), an individual logistics project must be developed .
· Feasibility:
· Feasible: Delivery is possible. This is achieved using specialized modular trailers with multiple axles (Self-Propelled Modular Transporters ( SPMTs )), which distribute the load over a larger area of the road.
· Constraints: This is an extremely expensive and slow process. The route from the river port to the construction site must be thoroughly surveyed. This may require bridge reinforcement (for example, the installation of temporary supports), the removal of road signs, traffic lights, and power lines along the route, and even a complete shutdown of traffic. Every kilometer of the route is a unique engineering operation overseen by police and road services.
River infrastructure
River transport is the most preferred and cost-effective way to deliver super-heavy equipment for nuclear power plants to Serbia.
· The Danube River: It is the main waterway of Serbia (part of the Pan-European Corridor VII), fully suitable for transporting super-heavy loads.
· Depths: The Serbian section of the Danube (from the border with Hungary to the borders with Bulgaria and Romania, including the Djerdap Gorge) maintains a minimum navigational depth of approximately 2.5 meters, even during periods of low water. Specialized shallow-draft heavy-lift barges can navigate this route. During the rest of the year, depths are often 3.5–5 meters.
· The Sava River: Navigable upstream from Belgrade, but conditions are more variable than on the Danube. Depths can be shallower, and navigation depends on the season. Delivery to a site on the Sava (for example, near Obrenovac) is possible, but would require more detailed bathymetric surveys and possibly dredging.
· Port infrastructure: This is a key constraint in Serbia.
· Serbia lacks specialized stationary port cranes capable of lifting a reactor vessel weighing 460 tons (like the APR1400) or even 330 tons (like the VVER-1200) . The Port of Belgrade or specialized berths (for example, in Smederevo for the steel mill) can handle cargo weighing 100–150 tons.
· Solution: To unload reactor components, specialized ultra-heavy-duty mobile cranes (wheeled or tracked) must be delivered and installed at the selected port, or specialized barges with a roll- on/roll-off system must be used , where the SPMTs, loaded with cargo, roll directly onto the berth from the barge. This requires the development of specialized berths with high load-bearing capacity.
General conclusion of the analysis
The logistics of delivering super-heavy components for nuclear power plants to Serbia is technically feasible , but represents a complex engineering and organizational challenge .
1. The main route is the Danube. Equipment must be transported from seaports (for example, Constanta on the Black Sea or Rotterdam on the North Sea via the Main-Danube Canal) via the Danube. The Danube in Serbia provides sufficient depth for specialized barges.
2. The bottleneck is the port and the road. The main difficulties will arise during unloading from the barge to the shore and subsequent transportation to the site. This will require:
· Use of unique lifting equipment and transport modules (SPMT).
· Significant temporary modernization of the road infrastructure on the Port-NPP route.
The logistics of heavy-duty equipment for the Serbian nuclear power plant is a crucial factor in ensuring the project's feasibility within the stated timeframe. Below is a comprehensive analysis, including the capabilities of specialized companies and the geotechnical aspects of the coastal soils of the country's main waterways.
Part 5. Subjects of logistics analysis of transport infrastructure in Serbia
To conduct preliminary analysis, identify bottlenecks, and set objectives, companies with deep expertise in the design of transport systems, multimodal transportation of super-heavy loads, and knowledge of local specifics are needed.
For a full analysis that includes water , rail and road transport, Serbia will need to engage multimodal logistics integrators or a consortium of companies.
1. Engineering and design institutes of Serbia:
· The Road Institute (Saobraćajni institut CIP): Serbia's leading design organization in the field of transport infrastructure (roads, railways, bridges, ports). It maintains a comprehensive database on bridge load-bearing capacity and road network constraints.
· Water Management Institute "Jaroslav Černi": Main expertise in river navigation, bathymetry (depths) of the Danube and Sava, as well as geotechnics of coastal soils and design of berthing structures.
· RZD International (a subsidiary of Russian Railways) focuses primarily on railway infrastructure . They are ideally positioned to analyze track load-bearing capacity, tunnel and bridge dimensions, and the feasibility of delivering cargo from river ports to the NPP site by rail, if such a route exists or is planned. As part of a comprehensive logistics project, they can handle the "Railway Logistics" section:
· Analysis of existing unloading stations near the proposed sites.
· Design of access roads directly to the reactor compartment.
· Development of loading schemes for specialized rolling stock.
2. Specialized logistics companies (Extra heavy loads):
· Global leaders (with offices or experience in the region): Companies like Mammoet , Sarens , or ALE (Sarens Company) . They specialize exclusively in lifting and transporting loads weighing from hundreds to thousands of tons. They conduct "Surveys of Route," which includes laser scanning of dimensions, calculations of the bearing capacity of roadways and bridges, and offer turnkey engineering solutions (use of SPMT, temporary bridges, dredging).
· Local transport integrators: Large Serbian companies (e.g. Milšped , Transfera ) can act as general logistics contractors, combining the expertise of local subcontractors in river freight, road haulage and crane work.
Part 6. Analysis of coastal soils of the Danube and Sava and connection with European NPP experience
The choice of a nuclear power plant site is inextricably linked to the source of cooling water, which dictates its location on the banks of large rivers. Coastal soils must have high bearing capacity to support the weight of the reactor building (tens of thousands of tons) and be seismically stable.
Geotechnical characteristics of coastal soils in Serbia
The Serbian sections of the Danube and Sava are characterized by complex and varied alluvial (river) deposits.
· Danube (Serbian section):
· Soils: These are primarily composed of thick layers of sand, gravel, and sandy loam (alluvial aquifer). These soils have good bearing capacity after appropriate preparation (e.g., vibratory compaction), but are sensitive to changes in groundwater levels.
· Specifics: In the Vojvodina region (Northern Serbia), loess deposits are found, which can subside when soaked. In the Djerdap Gorge area (Eastern Serbia), the shores become rocky and steep, providing ideal load-bearing capacity but greatly complicating the construction of piers and vehicle logistics.
· Sava (Serbian section):
· Soils: Characterized by a high content of fine-grained sediments (silts, clays, loams) . These soils have a lower bearing capacity than the Danube gravel sands and are more susceptible to settlement under load.
· Specifics: The Sava River floodplain is very wide and subject to regular flooding. Significant engineering work will be required to construct dams and raise the site level (vertical planning), as well as the use of deep pile foundations.
European experience: Nuclear power plants on alluvial river soils
Placing nuclear power plants on riverbanks with difficult soil conditions is standard practice in Europe. Foundation safety is ensured not by ideal natural conditions, but by high-tech engineering solutions .




	River
	Nuclear power plant
	Country
	Reactors
	Geotechnical solution

	Danube
	Paks
	Hungary
	WWER-440 (active)


WWER-1200 (under construction)
	The site is located on deep alluvial sand and gravel. Heavy slab foundations with pre-compacted soil (vibroflotation) were used to prevent liquefaction during seismic events.

	Danube
	Kozloduy
	Bulgaria
	WWER-1000
	The site is located on floodplain alluvial deposits. Extensive soil improvement and the use of slab foundations were required. A specific feature is its proximity to the Vrancea seismic zone (Romania).

	Rona
	Bugey​
	France
	PWR (EDF)
	Situated on the alluvial soils of the Rhone Lowland, the structure utilizes slab foundations with a combination of bored piles.

	Loire
	Chinon​
	France
	PWR (EDF)
	The site is located on the floodplain of the Loire River. Significant pile foundations and flood protection work were required.



Conclusion of the coastal soil analysis:
1. The Danube is preferable. The geotechnical conditions on the Danube are generally better (sands, gravel) than on the Sava (clays, silts), providing higher natural bearing capacity. This will reduce foundation preparation costs.
2. Pile foundations are mandatory. Regardless of the river chosen, in Serbia, floodplain soils will require the use of slab foundations combined with deep pile fields (down to bedrock or dense strata) to ensure the absence of unacceptable settlements and seismic stability.
3. Logistics and berths. Complex coastal soils (the high floodplain of the Sava or the Danube cliffs in Djerdap) require unique engineering designs for the construction of berths capable of supporting the unloading of extremely heavy equipment (Ro-Ro or crane unloading).
Summary of the logistical and geotechnical analysis of the project for Serbia
A preliminary analysis of Serbia's transport infrastructure should include at least two extremely challenging logistical challenges :
· Task A (Nuclear Island): Delivery of the reactor vessel (~330–460 t) and several steam generators (~340–500+ t).
· Task B (Turbine Island): Delivery of a generator stator (~330–530 t) and several turbine cylinders (~100–200 t).
Both tasks require:
1. Multimodal route using the Danube.
2. Modernization of berthing infrastructure (Ro-Ro).
3. Use of specialized SPMT modules with a large number of axes.
4. Temporary strengthening of road structures (bridges) on the route from the Danube to the nuclear power plant.
The implementation of the nuclear power plant project in Serbia by ~2040 requires the immediate launch of a comprehensive logistical and geotechnical study.
· Who is conducting the project: A consortium is needed: Serbian institutions (CIP for roads/ports, Jaroslav Cerni for waters/soil), specialized global leaders in heavy-duty logistics (Mammoet/Sarens), and possibly RZD International (exclusively for the rail sector). A logical way to begin the work would be for reputable companies to provide a joint assessment of the problem and comment on it, of course, expressing their own position.
· Infrastructure bottlenecks: These are not insurmountable, but will require multi-million dollar investments in temporary bridge reinforcement, construction of dedicated berths and the use of SPMT.
· Soils: These are not an obstacle when using modern Foundation Engineering technologies (pile foundations, soil improvement), and the experience of the Paks NPP on the Danube is a direct analogue for Serbia.
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