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Содержимое, созданное искусственным интеллектом, может быть неверным.]
Multimodal plan . Logistics audit and seismic verification . Advanced site readiness 
This document is a development of those previously developed by NUCON and CONSILIO B document “ Strategic management of customer costs (Owner's Costs) in Nuclear Energy in Serbia " and "Some Logistics Issues in the Construction of Nuclear Power Plants in Serbia" can be considered as a rationale for inclusion in the National Nuclear Energy Development Plan of Serbia. It aims to minimize the risks identified during the "infrastructure reactivity" analysis of other nuclear power plant construction projects .
1. Logistics audit: Definition and regulation
A logistics audit (in the nuclear energy industry) is a systematic process of independent assessment of the state of the transport infrastructure, human resources, and administrative regulations for their ability to ensure the uninterrupted delivery of long-cycle equipment (LCE) and construction materials in accordance with the project schedule .
1.1. Regulatory documents:
The basis for conducting such an audit are international standards and national requirements:
· IAEA Safety Standards Series No. SSG-16 "Establishing the Safety Infrastructure for a Nuclear Power Programme": Recognizes the need to assess the physical infrastructure in Phase 1 and Phase 2 of a nuclear power program .
· IAEA Nuclear Energy Series No. NG-T-4.4 "Economic Evaluation of Nuclear Power Plant Projects": Classifies logistics study costs under Account 70.3 .
· IAEA Nuclear Energy Series No. NP-T-3.21 "Procurement Engineering and Supply Chain Guidelines": Describes requirements for supply chains and the integration of various modes of transport to ensure nuclear safety.
· Energy Law of the Republic of Serbia (Zakon o energetici): As amended after the lifting of the moratorium (November 2024), requiring a comprehensive assessment of infrastructure readiness .
· Convention on International Multimodal Transport of Goods: Defines the legal liability of multimodal transport operators.
To ensure the timely implementation of the nuclear power plant project, the Republic of Serbia must initiate a comprehensive audit of transport corridors as early as the PTI stage (2026–2027). This is necessary to ensure the unimpeded delivery of heavy, long-lead equipment (LDLE), the weight and dimensions of which exceed standard standards.
1. 2. Why is an audit necessary BEFORE choosing a vendor?
Conducting the Preliminary Technical Inspection (PTI) audit in 2026–2027 is critical for the following reasons:
1. Site verification: Logistics determines the viability of a selected site . If bridges or gateways (e.g., "Djerdap") cannot be reinforced to support the weight of a specific vendor's reactor, the site will be deemed unsuitable even before legal obligations are met .
2. Formulation of RFI/RFP conditions: The audit results allow us to include clear restrictions on the dimensions and weight of modules in the vendor's request for proposals, which will eliminate any "surprises" at the construction and installation stage .
3. Preventing "infrastructure lag": The experience of the Akkuyu NPP has shown that reactive development of logistics in parallel with construction leads to an increase in owner's costs by 25-30% .
4. Synchronization with national plans: The audit allows for the integration of NPP needs into Serbia's road and rail modernization plans today.
1. 3. Multimodal plan: Essence and standards
A multimodal plan is a unified transportation strategy that combines two or more modes of transport (water, rail, road) under a single management system in order to optimize delivery times and ensure the safety of oversized, heavy cargo .
Multimodal plan In foreign literature it is often referred to as Freight Management Strategy (FMS) or Integrated Strategy for the movement of freight .
The availability of the Multimodal Plan and its audit should precede the adoption of the final investment decision ( FID ), planned for 2028 and beyond . This will allow Serbia to act as a qualified customer in the selection of vendors and technologies .
of Transport Arteries and Intermodal Nodes is the basis of the logistics section of the presented Audit Plan .
The plan addresses these elements in detail within the Owner's Costs framework (IAEA Account 70.3), highlighting them as critical success factors for the project :
· Transport arteries:
· River route: The Danube is seen as an ideal artery for the delivery of super-heavy equipment (for example, reactor vessels weighing between 330 and 500 tons) .
· Roads: The plan includes an engineering analysis of every kilometre of the route, including strengthening bridges and removing obstacles (power lines, signs) along the route from the pier to the nuclear power plant .
· Railways: The use of rail transport and the revision of national infrastructure to meet construction needs are considered .
· Intermodal hubs (Logistics hubs):
· The plan points to the need to modernise berths and ports (for example, Belgrade or Smederevo), which currently do not have cranes with the required lifting capacity .
· It is planned to create specialized terminals for the transshipment of equipment and the integration of various modes of transport (river - road - railway) .
· The development of these nodes should be completed within the PTI phase (2026–27) to avoid infrastructure gaps during the active construction phase .
In the context of Serbia, this means synchronising the Danube-Railway-Spectral route through the creation of a Multimodal Plan .
Comparative analysis of logistics shoulders

	Parameter
	River route (Danube)
	Motor transport (trawls)
	Railway

	Load capacity
	Extreme (600+ t)
	High (up to 400-500 t)
	Medium/High (up to 200-300 t)

	Restrictions
	Seasonality (water levels)
	Geometry of roads, bridges
	Dimensions of tunnels, contact network

	Price
	Minimum per ton
	Maximum
	Average

	Role in the project
	Reactor vessel, PG
	Large blocks, special cargo
	Cement, reinforcement, rolled metal products


1 . 4 . Recommendation for Audit Multimodal plan :
It is necessary to simulate critical junctions (Digital Twin logistics) for all three modes of transport. Serbia's railways are currently undergoing active modernization (the Belgrade-Budapest line, etc.), and it is crucial to synchronize the parameters of the new tracks with the dimensions of future nuclear cargoes today to avoid the need to dismantle new bridges or overhead lines in the 2030s.
Including the rail segment in the logistics audit transforms it into a fully-fledged multimodal plan . Although reactor vessels are most often delivered by water and special lowboys, rail is the workhorse for delivering millions of tons of inert materials, fittings, and auxiliary equipment.
1 . 5 . Standard Contents of the Multimodal Plan (Serbia)
Typical content Multimodal plan for the transportation of super-heavy and oversized cargo (SHG) ( Heavy Lift and Out-of-Gauge (HL/OOG) was developed taking into account the specifics of Serbia's infrastructure and the requirements of the PTI phase (2026–2027) . This document is a key instrument for protecting the interests of the Serbian Customer and preventing an "infrastructure gap".
, the following terms are most often used to designate oversized and heavy cargo ( OHC ):
· HL/OW (Heavy Lift / Overweight) is the most common abbreviation for extra heavy and oversized loads .
· OOG (Out Of Gauge) is a term that focuses on cargo that is outside the standard transport dimensions .
· Super-heavy and oversized cargo is a full description often used in technical documentation during infrastructure audits .
· Project Cargo is a collective term for industrial equipment (such as reactor vessels or steam generators) that requires a customized transportation plan .
In the following project Plan​ The audit of the Multimodal Plan for Serbia would most professionally sound the use of Heavy Lift and Out-of-Gauge (HL/OOG) cargo .
1 . 6. Audit Plan​
1. Introduction and strategic objectives
· The objectives of the plan within the framework of the implementation of the National Nuclear Program.
· The role of multimodal logistics in ensuring the “first concrete” schedule by 2035.
· Determination of areas of responsibility between the state SPV and the future vendor (demarcation of obligations).
2. Regulatory framework and standards
· Compliance with IAEA methodology (IAEA Nuclear Energy Series No. NG-T-4.4).
· Harmonization with Serbian legislation in the field of transport and energy.
· International requirements for the transport of nuclear fuel and equipment (IAEA Account 70).
3. Analysis of the river transport corridor (Danube)
· Hydrotechnical audit: Analysis of the depths and capacity of the Djerdap I and Djerdap II locks.
· Port infrastructure: Assessment of the capacities of the ports of Belgrade, Smederevo and Prahovo for receiving cargo weighing 330–500 tons.
· Special equipment: Need for unique floating cranes and specialized barges.
4. Analysis of ground transport routes (Roads and bridges)
· Inspection of bridge structures: Technical inspection of the load-bearing capacity of bridges on routes from unloading ports to the NPP site.
· Geometric analysis: Identification of limitations on turning radii, power line heights and road junctions.
· Modernization plan: List of necessary works to strengthen the road surface and construct bypass roads.
5. Railway logistics
· Railway track audit: Assessment of axle loads and tunnel dimensions for the passage of multi-axle transport vehicles.
· Bottlenecks: Audit clearances in tunnels and under bridges (especially in areas with old electrification), where the overhead contact line height may become an obstacle for oversized loads.
· "The Last Mile": Design of access roads directly to the reactor island and production base.
· Special wagons and transporter fleet: Analysis of the availability in the region or the possibility of renting specialized articulated railway transporters for the transportation of oversized cargo .
6. And intermodal solutions
· Evaluation of the possibility of creating temporary River-Railway or Railroad-Spectral transshipment terminals in the immediate vicinity of the site.
· Design of platforms for transshipment of cargo from water/rail to road trucks.
· Design of access roads directly to the PBS (Production Base of Construction) area should be included in the Owner's Costs , since the railway inside the site is part of the physical security and supply logistics system.
7. Production base for construction (PBS) and warehouse logistics
· Temporary buildings and structures (TBS): Plan for the deployment of concrete plants and reinforcement shops.
· Specialized warehouses: Requirements for storage of long-cycle equipment (LCE).
· Residential Campus: Providing logistics and living conditions for thousands of professionals.
8. Risk management and security
· Physical protection: Ensuring the safety of the CTG along the entire route.
· Environmental monitoring: Reducing the impact of logistics operations on the environment (within the framework of the EIA).
· Public awareness: PR support for the transportation of heavy components to reduce radiophobia.
9. Financial justification (Owner's Costs)
· Budgeting according to Account 70.3: Calculation of required investments in excess of the EPC contract (5–8% of the total cost).
· Liquidity protection: Justification for the allocation of funds from the state budget for the advanced development of infrastructure.
· Comparative calculation: Cost estimate for SMR (€125 million) versus EPR (€450 million) in terms of logistics.
10. Implementation Schedule and Action Plan (2026–2035)
· Data collection and simulation phase (2026).
· Verification and technology selection stage (2027).
· Completion of the infrastructure outline up to the moment of “first concrete”.
1 . 7. Why is this important for Serbia?
This plan avoids infrastructure reactivity —a situation where road construction begins simultaneously with concrete pouring, which, in the Akkuyu example, led to a 25–30% increase in costs . Centralizing the management of these processes within a dedicated project office (SPV) ensures that "hidden costs" become transparent and manageable investments in national security.
Including this plan on the NEPIO agenda will allow Serbia to immediately transition to the "Qualified Contractor" model, avoiding hidden costs at later stages.
2. Seismic verification
Seismic verification is a comprehensive process to confirm that the selected nuclear power plant construction site is technically capable of withstanding maximum design earthquakes without compromising the facility's safety functions. In the Balkan region, characterized by high seismic activity, this process is more than just a formality; it is a tool for protecting the project from legal blockages and financial losses.
2. 1. Basic Provisions and Objectives
Seismic verification is aimed at solving three fundamental problems:
· Hazard identification: Identification of active faults and earthquake hazard zones within a radius of up to 5 km from the site.
· Quantitative assessment: Determination of ground motion parameters (acceleration, frequency content) that will be incorporated into the power unit design.
· Legitimization: Creating an evidence base for Environmental Impact Assessments (EIAs) that is robust against challenge in international courts.
2. 2. Regulatory framework
Verification is carried out in strict accordance with international standards, ensuring recognition of the results by the IAEA and European institutions:
· IAEA SSG-9 (Rev. 1) "Seismic Hazards in Site Evaluation for Nuclear Installations": The primary standard governing seismic hazard assessment methods.
· IAEA Safety Standards Series No. SSG-16: Requirements for the Establishment of Safety Infrastructure.
· Euratom Standards: Safety requirements for nuclear installations in EU and candidate countries.
· National standards of Serbia: Harmonized with international rules after the lifting of the moratorium.
2. 3. Verification stages when there are several candidates
If a specific site has not yet been identified, seismic verification is conducted using a general-to-specific approach as part of the site selection process (Siting), divided into several stages with varying intensity and cost. This is critical for the PTI stage (2026–2027), as seismic surveys often serve as a "filter" that eliminates unsuitable locations before expensive surveys begin.
The process is governed by the IAEA SSG-9 standard and involves a gradual narrowing of the selection funnel.
1. Regional screening stage (Desktop Study)
At this stage, all potentially interesting regions are explored (for example, 5–7 locations along the Danube and Sava).
· Volume: Analysis of existing tectonic maps, catalogs of historical earthquakes and Earth remote sensing data.
· Labor costs: Minimal (working with archives and databases).
· Objective: To exclude zones with known active faults (“exclusion criteria”).
2. Comparative evaluation (Ranking Phase)
2-3 most promising sites are selected (“candidate sites”).
· Scope: One to two temporary seismic stations are installed at each site to measure background noise. Primary geophysical profiles (soil tapping) are conducted.
· Labor costs: Increase due to field trips.
· Objective: To rank sites according to the degree of seismic risk and the complexity of engineering preparation of foundations.
3. Detailed verification (Site Characterization)
Conducted for a preferred site (Preferred Site) and one backup option (Alternative Site).
· Scope: Full-scale seismic microzonation (SMR). Installation of a full-scale network of stations (4–6 units) at each of the two sites.
· Surveys: Drilling deep wells and determining the velocities of shear waves ($V_{s30}$) directly in the area of the proposed development.
· Objective: To produce a final EIA report that will legally defend the choice of this particular location before international regulators.
2. 4. Optimization of cost and labor costs
Conducting full verification for 3-4 sites at once is not cost-effective. To optimize Owner's Costs (Account 70.2), the following strategy is used:
	Number of sites
	Depth of development
	Estimated value (total)

	5–7 (Regions)
	Only archival data and satellite images
	Included in the total costs of PTI (€0.5–1 million)

	2–3 (Candidates)
	Express geophysics, 1–2 wells
	€3.0 – 5.0 million

	1 (Main) + 1 (Spare)
	Full cycle of IMR according to IAEA
	€10.0 – 15.0 million (for large blocks)


2. 5. Planning features for 2026–2027
To avoid overpaying, Serbia must complete the screening stage in 2026 and complete detailed verification of up to two sites by early 2027. This will allow:
1. Allocate budget: Do not spend resources on research where logistics (Account 70.3) will be too expensive.
2. Synchronize data: The main site seismic data must be accumulated for at least 12-24 months prior to the license application.
2. 6 . Seismic verification plan for the site for the PTI stage (2026–2027)
At the preliminary technical study (PTS) stage, verification should be performed according to the following schedule:
Phase 1: Data Collection and Monitoring (2026)
· Deployment of a local seismic network: Installation of a network of stations around a potential site to record microseismic activity in real time.
· Deep seismic sounding: Conducting research to a depth of up to 500 meters to determine the velocity characteristics of S-waves ($V_{s30}$).
· Paleoseismological surveys: Analysis of historical earthquakes over the past 2000 years to verify long-term fault activity.
Phase 2: Analysis and Integration (2027)
· Seismic microzonation (SMR): Detailed mapping of a site taking into account local soil conditions that can enhance the seismic signal.
· Calculation of “beyond design baseline” scenarios: Modeling the stability of NPP systems to loads exceeding design values by 40–50%.
· Preparation of the seismic EIA block: Formation of a section of the environmental report, verified by international auditors, to remove claims from neighboring countries (for example, Austria).
2. 7. Why is this critical for the budget (Owner's Costs)
Seismic costs are charged to Account 70.2 and represent approximately 15% of the customer's total cost budget.
· Risk of Ignoring: Any inaccuracy in the seismic data in the EIA report could lead to years of litigation, as happened with the Akkuyu NPP project, which effectively delays the issuance of a construction license.
· Savings: High-quality verification at the PTI stage (2026–2027) allows for the selection of the optimal cooling technology and foundation design, avoiding costly redesigns on the fly.
3. Demarcation of obligations and timeline
To prevent a shortage of advanced readiness , the following schedule for implementing these activities within the Owner's Costs framework is proposed:

	Event
	Start date
	Responsible party
	Result (Deliverable)

	Logistics audit
	T+0 (2026)
	Ministry of Transport / Customer
	Map of KTG routes with a list of necessary bridge reinforcements.

	Seismic monitoring
	T+0 (2026)
	Geophysical Institute / Customer
	Background seismicity database for licensing.

	Seismic EIA block
	T+12 months
	International consultant
	Verified, lawsuit-resistant report.

	Infrastructure preparation
	T+24 months
	Government of Serbia
	Readiness of roads and berths to receive the first cargoes of the PBS.



Conducting a Logistics Audit and in-depth Seismic Verification at an early stage is not just a technical necessity, but a tool for political and financial protection of the project .
Without a detailed seismic justification, the EIA risks being blocked in international courts, and without a logistical audit, construction will face critical delays during the equipment delivery stage, which will significantly increase the financial burden on the state.
Seismic monitoring data should be open to the international scientific community . This is the best way to build trust in the project and neutralize external political pressure even before the equipment is ordered.
4. Resource assessment for pre-project studies (Logistics and Seismic)
This section has been prepared for inclusion in the financial justification for the PTI phase (2026–2027) . The assessment is based on the IAEA's international benchmarks for newcomer countries and is adapted to the specific infrastructure of Serbia .
To ensure “advanced readiness” and protect the budget from infrastructure risks, at the PTI stage it is necessary to allocate targeted funding for two key groups of research .
4. 1. Multimodal logistics audit (HL/OOG Cargo)
The audit is aimed at verifying transport corridors for the delivery of super-heavy equipment (reactor vessels, steam generators) .
	Parameter
	SMR (300 MW)
	EPR/VVER (1200-1600 MW)

	Estimated value
	€1.5 – 3.0 million
	€5.0 – 8.0 million

	Labor costs (expert hours)
	8,000 – 12,000 h.
	25,000 – 40,000 h.

	Duration of the event
	12 months
	18–24 months


Main labor costs:
· Field surveys (60%): Inspection of the bearing capacity of bridges, measurements of the Danube depths, instrumental measurement of tunnel dimensions .
· Modeling and simulation (30%): Creation of digital twins of routes to verify the passage of critical nodes .
· Legal approval (10%): Development of interdepartmental regulations for the transportation of oversized cargo .
4. 2. Seismic verification and microzonation
A set of studies to justify the safety of the site in accordance with the IAEA SSG-9 standard .
	Parameter
	SMR (300 MW)
	EPR/VVER (1200-1600 MW)

	Estimated value
	€3.0 – 5.0 million
	€10.0 – 15.0 million

	Labor costs (expert hours)
	10,000 – 15,000 h.
	35,000 – 55,000 h.

	Duration of the event
	14–18 months
	24 months (minimum)


Resource allocation:
· Seismic monitoring (40%): Deployment and maintenance of a local network of stations (minimum 1-2 years of observations) .
· Geophysical surveys (35%): Well drilling (up to 500 m) and deep sounding to determine $V_{s30}$ parameters .
· Paleoseismological analysis (25%): Study of fault activity over the past 2000 years to verify the maximum estimated earthquake .
4. 3. Consolidated financing requirements (Account 70.2 and 70.3)
These expenses are part of the general Owner's Costs budget and must be included in a protected line item of the Serbian budget for 2026–2027 .
C_{PTI} = C_{Logistics} + C_{Seismic}

	Object
	Total for audit and verification
	Share of total owner's costs

	SMR (Small Modular)
	€4.5 – 8.0 million
	~10–12% of OC

	EPR (Big Block)
	€15.0 – 23.0 million
	~8–10% of OC


Note: The amounts shown cover only the engineering and research portion. Costs for physical strengthening of bridges, construction of piers, and land acquisition (Account 70.3.1) are calculated separately based on the results of this audit .
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