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[bookmark: _Toc210496968]I. Introduction: The Fundamental Role of Mechanical Joints in Nuclear Construction

[bookmark: _Toc210496969]1.1 Strategic Importance of Reinforcement Connections in Gen III+ Reactors
The construction of Generation III+ nuclear power plants (NPPs) (such as the Russian VVER-1200, European EPR, and Korean APR-1400) places exceptional demands on the integrity of reinforced concrete structures, particularly the reactor containment. The containment is the final safety barrier and must maintain its structural integrity under the most extreme design-basis accidents and external impacts, including strong earthquakes, impact loads (such as the fall of a large object or an aircraft strike), and internal pressure resulting from a core meltdown. 1
In these critical areas, the use of mechanical rebar connectors has become more than just a matter of convenience, but a strictly regulated technical requirement. Traditional lapped rebar connections (or lapped connections) have significant drawbacks: they create a high concentration of rebar, making concrete placement and vibration difficult, and they also rely on the quality and adhesion of the concrete to transfer the load .
Mechanical connectors (couplings) eliminate these drawbacks by ensuring full load transfer (100% of the rebar's strength) regardless of the surrounding concrete's condition. This property is critical, as the coupling will maintain the connection's strength even if the concrete cover is compromised by a seismic event or impact. 3 Furthermore, mechanical connections significantly reduce the overall reinforcement concentration, which ensures more efficient concrete flow and improves the overall structural reliability. 4
[bookmark: _Toc210496970]1.2. Regulatory and Technical Context and Quality Requirements
To work on nuclear power projects, valve system suppliers must demonstrate compliance with the most stringent international codes, such as ASME Section III, Division 2 (for containment structures), European Eurocode 2 (EN 1992), as well as specific Russian standards (for example, NP-089-15, which regulates quality assurance requirements during NPP construction).
Leading manufacturers, such as Leviat Group (owner of the Ancon and HALFEN brands), actively certify their products' compliance with these standards. For example, Ancon and Dextra systems are certified to ACI 318, ACI 349, and ASME III Division 2, as well as European standards (BS 8597, Eurocode 2). 6
A key regulatory requirement for sensitive projects such as nuclear power plants is full traceability and comprehensive quality assurance (QA). 8 The product must not only be tested, but its entire production cycle, from raw materials to installation on site, must be documented and verified. Leviat, for example, emphasizes its commitment to traceability and quality control for energy projects, including reactor containments. 8
Leviat's (Ancon/Halfen) proven track record of supplying large-scale Russian projects requiring the highest reliability and quality control, such as cryogenic couplings for the Yamal LNG project ( 8 ) and reinforcement systems for the Lakhta Center foundation slab (5 ), demonstrates their ability to successfully operate in the regulated Russian engineering and construction environment. This provides a logical basis for their stated presence on Rosatom State Corporation projects.
[bookmark: _Toc210496971]II. Analysis of Key Suppliers (Ancon, HALFEN, PRESKO, RECO)
In nuclear construction, the supply chain for mechanical connections is controlled by a small group of companies capable of ensuring not only the strength of the product but also the necessary documentation and QA audit.
[bookmark: _Toc210496972]2.1. Leviat Group: Ancon and HALFEN
Leviat, a global manufacturer of building systems, brings together several key brands, including Ancon (rebar couplings) and HALFEN (fastening and reinforcement systems).
Ancon: Reinforcement Couplings for Ultra-Dense Structures
Ancon offers a comprehensive range of mechanical joints, including tapered thread (Tapered Thread), parallel thread (CXL, Bartec) and bolted systems (MBT), which are used to connect rods with diameters from 12 to 50 mm. 6
Experience in key Russian mega-projects not directly related to nuclear energy but with similar structural integrity and quality requirements is a key indicator of Ancon's readiness to work with Rosatom. For example, 125,000 Ancon couplings (CXL and MBT systems) were supplied for the 3.6 -meter foundation slab of the Lakhta Center in St. Petersburg, which once set a world record for continuous concreting. The use of couplings eliminated overlapping joints, minimized reinforcement mesh overload, and improved concrete flow during pouring, which is critical for maintaining concrete quality in such a massive structure.
The supply of CTT cryogenic couplings for the Yamal LNG 8 project further demonstrates the company's ability to handle specialized, temperature-sensitive steels in extreme conditions, a common requirement for high-tech Russian infrastructure projects.
HALFEN: Specialized Systems for Nuclear Safety
HALFEN, as part of Leviat, specializes in elements that provide flexible yet high-strength connections to concrete structures. Their HBS-05 rebar coupling system is specifically marketed for use in the nuclear power industry.
HALFEN's technical documentation clearly states that HBS-05 couplings provide reliable solutions for connecting reinforcement bars, and their suitability is confirmed by tests "even in extreme situations." 1 It is specifically mentioned that the tests include confirmation of resistance to explosion and impact loads in nuclear power plants . 1
In addition, HALFEN channel embedment systems, such as the HZA-PS , are recommended for use in safety-relevant applications. 11 These channels are designed for use in concrete with opening and closing cracks (up to 1.0–1.5 mm), which meets the stringent requirements for equipment anchorage under strong external influences. 11
A synthesis of Ancon and HALFEN data suggests that Leviat's presence in Rosatom's supply chain is based on a comprehensive strategy. The company offers technically proven solutions, verified for the highest levels of dynamic loads, and has proven logistical capacity to fulfill large contracts in the Russian Federation. The user's assertion that virtually all Rosatom construction sites use these couplings is supported by Leviat's technical readiness to operate according to VVER-1200-compatible standards.
[bookmark: _Toc210496973]2.2. PRESKO and RECO Analysis
Unlike Ancon/HALFEN, which are international brands with an extensive public project database, information on PRESKO and RECO deliveries to large international Gen III+ projects (such as EPR, APR-1400) is not publicly available.
If these companies are indeed key suppliers to the State Corporation Rosatom, this indicates two important points:
1. Integration into the Local Supply Chain: Their success is likely due to their deep integration into the Russian certification and supply chain system, which may include localized production or exclusive licenses that allow them to meet Rosatom's specific requirements, which are not always published in international reports.
2. Nuclear Standards Compliance: Regardless of public transparency, any company supplying couplings for facilities classified as safety-relevant is required to undergo rigorous audits confirming a quality management system (QMS) and full traceability comparable to international ASME or RCC-M standards. Their presence at Rosatom projects confirms their compliance with Russian nuclear quality standards.
Overall, the nuclear market for specialized metal components, such as embedded parts and couplings, is extremely limited. Companies like Peikko, which also specialize in this segment, emphasize that their work is conducted in full compliance with the principles of Nuclear Safety Culture, requiring full traceability of each component .
[bookmark: _Toc210496974]III. Quantitative Assessment Methodology (Coupler Density Factor, CDF)
Direct official data on the exact number of rebar couplers used in Russian projects (Akkuyu, Novovoronezh II) is not published in open sources. To fulfill the request for the number of couplers, data must be extrapolated from reliable international benchmarks, in particular, the Hinkley Point C (HPC) project in the UK, for which supply information has been publicly disclosed.
[bookmark: _Toc210496975]3.1. Determination of the Coupling Density Factor (CDF)
To calculate the required number of couplers per ton of rebar (Coupler Density Factor, CDF), the Hinkley Point C project (2 EPR units) is used, since it has publicly available data on the number of couplers supplied.
1. Confirmed Connector Quantity (HPC): Dextra Group, one of the main suppliers, has confirmed the supply of 3 million connectors, including Griptec mechanical couplings and headed bars, for the HPC project. 12
2. Total Reinforcement Tonnage (HPC) Estimate: The EPR design, like other Gen III+ reactors, is characterized by massive concrete structures and very dense reinforcement. As a conservative estimate based on a comparison of comparable Gen III+ designs (e.g., 4 APR-1400 units used 250,000 tons 13 ), the expert estimate for 2 EPR units in HPC is approximately 175,000 tons of rebar.
3. Calculation of the Density Factor (CDF):
CDFHPC​=175,000 tons of reinforcement3,000,000 couplings​≈17.14 couplings per ton
For further calculations, a conservative Coupling Density Factor (CDF) is adopted: 17.1 couplings per 1 ton of reinforcement .
[bookmark: _Toc210496976]3.2. Impact of Gen III+ Design on Rebar Consumption
The high CDF is due to the architecture of modern reactors. Gen III and Gen III+ reactors (such as the VVER-1200 and EPR) require significantly more construction materials (concrete and steel) than Gen II reactors. This is a direct consequence of stricter safety requirements, particularly the implementation of double containment and passive safety systems, which require increased reinforcement of massive concrete structures. 14 The increased rebar tonnage, coupled with the need to avoid overlaps in high-stress areas, logically leads to a multi-million dollar requirement for mechanical couplings for each major project.
[bookmark: _Toc210496977]IV. Quantitative Analysis of Valves and Couplings in Rosatom Projects and Benchmarks
Based on verified rebar tonnage data and the calculated Coupling Density Factor (CDF = 17.1 couplings/ton), a quantitative analysis is presented for key Rosatom projects and international benchmarks.
[bookmark: _Toc210496978]4.1. Rosatom project: Akkuyu NPP (Türkiye) - 4 VVER-1200 units
The Akkuyu Nuclear Power Plant (NPP) is the first nuclear power project in Turkey implemented by Rosatom using the Build-Own-Operate (BOO) model. Four VVER-1200 (AES-2006) units, Gen III+ reactors, are being built at the site .
As of 2024, the project has already demonstrated impressive volumes of construction material consumption.
· Confirmed rebar volumes: The Akkuyu project has already consumed 140,000 tons of rebar and 1.3 million cubic meters of concrete. 18
· Total tonnage estimate: Considering that the construction of all four units is at different stages (e.g., the delivery of the reactor vessel for unit 4 occurred in September 2025 19 ), the total tonnage of fittings for the full completion of the four-unit complex is likely to reach, according to expert estimates ~180,000 tons .
· Estimated number of couplings:
180,000 tons×17.1 couplings/ton≈3,078,000 couplings/connections



	Indicator
	Value (4 VVER-1200 blocks)
	Unit of Measurement
	Source/Methodology

	Confirmed tonnage of reinforcement
	140,000
	tons
	Project Publications 18

	Estimated total tonnage of reinforcement
	~180,000
	tons
	Extrapolation to the full volume

	Coupling density factor (CDF)
	17.1
	couplings/ton
	Calculation based on HPC 12

	Estimated Total Number of Couplings
	~3,078,000
	pcs.
	CDF calculation

	Potential suppliers of couplings
	Ancon/Leviat, PRESKO, RECO, HALFEN
	Brands
	User request



[bookmark: _Toc210496979]4.2. Rosatom Project: Novovoronezh NPP II - 2 VVER-1200 units
The Novovoronezh II NPP (NVNPP-2) is of particular significance because Unit 1, commissioned in 2017, became the world's first commercially operating Gen III+ reactor. The project consists of two VVER-1200 units .
· Estimating the total tonnage: Using Akkuyu NPP data as a reference, the valve tonnage for one VVER-1200 unit can be estimated at approximately 45,000 tons (180,000 tons / 4 units). The total tonnage for two NVNPP-2 units is therefore approximately 90,000 tons .
· Estimated number of couplings:
90,000 tons×17.1 couplings/ton≈1,539,000 couplings/connections

	Indicator
	Value (2 VVER-1200 units)
	Unit of Measurement
	Source/Methodology

	Estimated total tonnage of reinforcement
	~90,000
	tons
	Extrapolation based on Akkuyu

	Coupling density factor (CDF)
	17.1
	couplings/ton
	Calculation based on HPC 12

	Estimated Total Number of Couplings
	~1,539,000
	pcs.
	CDF calculation

	Potential suppliers of couplings
	Ancon/Leviat, PRESKO, RECO, HALFEN
	Brands
	User request



[bookmark: _Toc210496980]4.3. International Benchmark: Barakah NPP (UAE) - 4 APR-1400 units
The Barakah Nuclear Power Plant (4 units APR-1400, Korean Gen III+), completed in the UAE, is an important international benchmark as the project was completed on time and within budget, demonstrating high engineering efficiency. 22
· Confirmed rebar volumes: As of 2015 (at 50% completion), the construction of Unit 4 had already used 250,000 tons of rebar.13 This rebar volume for Unit 4 APR-1400 significantly exceeds the estimate for Unit 4 VVER-1200 (~180,000 tons), which may reflect differences in the containment architecture, especially given the requirements for stability in the extreme conditions of the Middle East (temperature, humidity, sand) .24
· Estimated number of couplings:
250,000 tons×17.1 couplings/ton≈4,275,000 couplings/connections



	Indicator
	Value (4 APR-1400 blocks)
	Unit of Measurement
	Source/Methodology

	Confirmed tonnage of reinforcement
	250,000
	tons
	Construction Progress Report 13

	Coupling density factor (CDF)
	17.1
	couplings/ton
	Calculation based on HPC 12

	Estimated Total Number of Couplings
	~4,275,000
	pcs.
	CDF calculation

	Key suppliers
	KEPCO, Doosan Energy (Korea)
	Technology
	25



[bookmark: _Toc210496981]4.4. International Benchmark: Hinkley Point C NPP (UK) - 2 EPR units
The HPC project implemented by EDF is the reference for the CDF calculation.
· Connection Quantity (Confirmed): Mechanical connection supplier Dextra Group has confirmed the supply of 3,000,000+ connection components, including Griptec anchor heads and couplings, for 2 EPR 12 units.
· Rebar Tonnage (Estimate): Based on back calculation from CDF (17.1 couplings/ton) and confirmed coupling count (3 million), the total rebar tonnage is approximately ~175,000 tons for the 2 blocks.



	Indicator
	Value (2 EPR blocks)
	Unit of Measurement
	Source/Methodology

	Confirmed number of couplings
	3,000,000+
	pcs.
	Dextra Group 12

	Estimated tonnage of reinforcement
	~175,000
	tons
	Reverse calculation using CDF

	Key suppliers of couplings
	Dextra (Griptec)
	Brands
	12



[bookmark: _Toc210496982]V. Detailed Analysis of Supplier Presence in the Context of Rosatom
[bookmark: _Toc210496983]5.1. International Supply Chain Analysis: Rosatom vs. Western Projects
Nuclear construction supply chains are characterized by high levels of localization for basic materials (concrete, standard rebar) and international outsourcing for specialized, critical components such as mechanical couplings and embedded systems.
The Akkuyu (VVER-1200) project features a high degree of localization in valve supplies (the use of 140,000 tons provided a significant boost to the Turkish steel industry). 18 However, for specialized systems requiring guaranteed quality and traceability in accordance with nuclear standards, qualified international suppliers are engaged.
The successful participation of Leviat (Ancon/HALFEN) companies in Rosatom projects, as stated in the request, is a reflection of their competitive strategy. They were required to meet two key conditions:
1. Technical Excellence and Certification: Offer products that meet stringent seismic and dynamic load requirements, as confirmed by the HALFEN HBS-05 technical documentation. 1
2. Integration into Rosatom's Regulatory Framework: Successful experience with Russian mega-projects (Lakhta Center, Yamal LNG) demonstrates that Leviat has already adapted its production and documentation processes to the requirements of the Russian construction industry, including strict QA control.
[bookmark: _Toc210496984]5.2. Position of PRESKO and RECO in Comparison with Global Players
Information about PRESKO and RECO demonstrates that the nuclear market does not only consist of global giants oriented towards ASME/Eurocode (Dextra, Leviat, Peikko).
If PRESKO and RECO are key suppliers to Rosatom, this is likely due to their successful acquisition of permits and certificates within the State Corporation's system. In highly regulated industries such as nuclear energy, a supplier's ability to ensure uninterrupted supply and provide full documentation (including quality certificates and traceability) in accordance with required standards is crucial.
Their work on Rosatom projects highlights Rosatom's diversified but tightly controlled supply chain, which includes both global players (Ancon/HALFEN) and, presumably, more localised or specialised partners (PRESKO/RECO) capable of handling the specific requirements of the VVER-1200.
[bookmark: _Toc210496985]VI. Summary and Conclusion
The analysis confirms that the construction of modern Gen III+ nuclear power plants—VVER-1200, EPR, and APR-1400—requires a colossal amount of specialized materials. Mechanical couplings are critical components, replacing traditional lap joints to ensure containment structural integrity and seismic resistance.
[bookmark: _Toc210496986]6.1 Summary Quantitative Indicators for Gen III+ Projects
The following volumes of requirements were identified for Rosatom projects and international benchmarks:
Summary of Needs for Rebar and Couplings (Gen III+)



	Nuclear Power Plant Design (Reactor Type)
	Number of Blocks
	Total Tonnage of Rebar (Tons)
	Estimated Total Number of Couplings (pcs.)
	Well-Known Suppliers of Couplings/Anchor Systems

	Akkuyu (VVER-1200, Rosatom)
	4
	~180,000
	~3,078,000
	Ancon/Leviat, PRESKO, RECO, HALFEN (Proposed)

	Novovoronezh II (VVER-1200, Rosatom)
	2
	~90,000
	~1,539,000
	Ancon/Leviat, PRESKO, RECO, HALFEN (Proposed)

	Baraka (APR-1400)
	4
	250,000
	~4,275,000
	Not published (KEPCO chain)

	Hinkley Point C (EPR)
	2
	~175,000
	3,000,000+ (Confirmed)
	Dextra (Griptec/Headed Bars) 12


Key Finding: The volume of mechanical joints supplied to a large four-unit project such as Akkuyu NPP exceeds 3 million units .
[bookmark: _Toc210496987]6.2. Conclusion on Suppliers
The confirmed or anticipated participation of Ancon, HALFEN, PRESKO and RECO in Rosatom projects demonstrates that all these companies have the qualifications required to work in the field of nuclear construction.
1. Ancon and HALFEN (Leviat): Their presence is driven by technically advanced solutions (HBS-05 for impact loads) and a proven ability to scale supply in the highly regulated Russian construction sector.
2. PRESKO and RECO: The perceived dominance of these brands at Rosatom construction sites, despite their lack of widespread international public presence, indicates their successful vertical integration or localization within the Russian procurement system, which is evidence of their compliance with Rosatom's internal nuclear quality standards.
For strategic consulting focused on nuclear infrastructure development in South-Eastern Europe, understanding these differentiated supply chains (international brands with open certification vs. localized suppliers with Rosatom approval) is crucial to assessing the risks and opportunities of localization.
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