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HUMAN RESOURCES FRAMEWORK FOR NUCLEAR CONSTRUCTION: ORGANIZATIONAL MODEL, QUALIFICATION STRUCTURE AND STAFF TRAINING SYSTEM FOR CONSTRUCTION AND INSTALLATION ORGANIZATIONS
[bookmark: _Toc224030450]Annotation
This analytical report is a direct development and detailing of the fundamental macroeconomic study "CONSILIO: Global Nuclear Renaissance (2026–2040): Window of Opportunity, Resource Constraints and Macroeconomic Risks" .
In our previous work, we conducted a global market analysis and demonstrated that the main challenge to achieving the announced global capacity will be a severe shortage of qualified human resources. We determined the scale of the task by calculating, based on data from modern designs (VVER-1200, EPR, AP1000, Hualong One), that peak construction of a typical two-unit high-capacity NPP (total 2400 MW) requires the mobilization of 1,700–3,400 engineering and technical personnel (ETP) and 6,800–13,600 skilled workers.
While the previous work answered the question, "How many resources are needed globally?", the goal of this report is to answer the questions, "How are these resources structured? How are they organized into an efficient megaproject construction machine? What is the anatomy of a modern construction and installation organization capable of implementing such a project while complying with nuclear safety requirements?"
[bookmark: _Toc224030452]1. Research boundaries and key assumptions
To construct a relevant model of the “Theoretical SM Company”, we introduce a number of important boundary conditions:
1. Localization level. The baseline scenario for our modeling is the construction of a nuclear power plant in a country with a developed industrial base striving to maximize national content. We assume that, on average, 70% of all construction and installation work (C&I) is performed by local resources (national companies and personnel).
2. Elimination of design and survey stages. This analysis completely excludes the basic design (Basic Design/Project Documentation) processes, as well as the entire range of pre-design engineering surveys (geology, geodesy, ecology). These stages are traditionally performed by specialized design and survey institutes (the General Designer) and are beyond the scope of a classic design and survey organization.
3. Variability of Detailed Design. We recognize that the scope of detailed design (DD) performed directly by the design and engineering company (e.g., development of work execution plans (WEP), process maps, and detailed structural drawings) is not constant. It strictly depends on the terms of the specific EPC contract and the division of responsibilities with the General Designer. In our model, the number of relevant engineering personnel is proportional to this contract scope. The report provides a clear definition of Detailed Design .
4. General Contractor Model. We consider a company with the competencies and resources to perform the functions of general contractor or leading industry contractor (e.g., for a "nuclear island") as the object of analysis .
The scope of this study is strictly limited to the organizational structure of the Theoretical QS deployed directly at the NPP construction site (on-site). The functioning of the corporate center, head office, and other geographically remote company divisions (off-site) is beyond the scope of this analysis.
We understand that the actual site structure is always an ecosystem comprising numerous local subcontractors, the number and specialization of which vary depending on the contract terms and the specific country. Our task is to model the core management, key technical competencies, and critical personnel that ensure the integrity and safety of the construction process.
5. [bookmark: _Toc224030453]Separation from construction personnel. We clearly distinguish between construction and operating personnel. We recognize that the work of NPP operating personnel begins 24-36 months before the physical start-up and continues for at least 60 years (excluding service life extensions), unlike construction personnel, whose need disappears by the time the NPP is commissioned (excluding repairs and reconstruction). The issue of releasing construction personnel after the completion of a megaproject is the subject of a separate study.
[bookmark: _Toc224030454]2. Interaction interfaces (site ecosystem boundaries)
Although the scope of this analysis is strictly limited to the structure of the Theoretical QS deployed directly at the construction site (on-site), the operation of a nuclear power plant megaproject is impossible in a vacuum. The effectiveness of a construction and installation organization is determined by how clearly its interfaces are structured at the system's boundaries: both within the site ecosystem and in interactions with the external corporate world.
Below are described two critical interaction loops that ensure project manageability with the stated localization level of 70%.
[bookmark: _Toc224030455]2. 1. Internal interface: General contractor ↔ Local subcontractors (On-site / On-site)
The model of large-scale involvement of national construction companies requires a strict separation of roles. The general contractor does not duplicate the resources of subcontractors, but rather establishes a management and oversight umbrella over them.
· Separation of functions ("Brain, Eyes, and Hands"): The general contractor consolidates Category 1 (Field Engineering — project planning technologists) and Category 2 (QA/QC Personnel), acting as the absolute technological "brains" and independent "eyes" of the project. Category 3 (General Skilled Craft — concrete workers, reinforcement workers), representing the production "hands," is delegated to local subcontractors.
· Interaction Protocol: The General Contractor's engineers provide subcontractors with adapted working drawings and approved Work Procedure Plans (WPP). The subcontractor performs the physical work (construction and assembly work), but does not have the right to independently accept critical structures. Any hidden stage of work (e.g., reinforcement before concrete pouring) is accepted exclusively by the General Contractor's independent technical supervision inspectors (QA/QC).
· Monopoly on Critical Competencies: Personnel performing installation and welding of primary circuit equipment (Nuclear-Grade Skilled Craft) are generally not subcontracted. This elite resource ("nuclear special forces") remains directly subordinate to the General Contractor to ensure radiation safety and minimize the risk of defects along the critical path of the project.
[bookmark: _Toc224030456]2. 2. External interface: Site ↔ Corporate center / Designer (On-site / Off-site)
The on-site production process constantly faces the need to resolve technological and logistical conflicts with units located thousands of kilometers from the nuclear power plant.
· Field Engineering ↔ General Designer Interface (Field Engineering vs. Design Authority): Field Engineers do not have the authority to independently change design solutions in the event of spatial clashes or the impossibility of assembling a unit according to the detailed design drawings. A strict legal interface is used for this: the field engineer generates an official Change Request/Technical Query and sends it to the General Designer's off-site institute (or to the Author's Supervision Authority representative). Only after official approval are the changes transferred to the as-built documentation (As-Built).
· Site Support vs. Corporate Procurement Interface: Site support personnel (Category 4) are responsible for physical acceptance, incoming quality control (IQC), and ensuring special storage conditions for long-cycle equipment (LLIs — reactor vessels, steam generators, turbines). However, the actual process of vendor selection, contracting, manufacturer audits, and backbone logistics is handled by off-site structures. The boundary of responsibility (interface transition point) is the NPP construction site gate and the signing of the incoming inspection certificate.
Section Conclusion: Successful EPC contract implementation requires on-site personnel (especially the SMT and Field Engineering teams) to be proficient in interorganizational communication protocols. Delays at these interfaces—when a subcontractor is idle awaiting FCR approval from a remote designer, or when the site is unprepared to receive heavy equipment from corporate logistics—are the main drivers of financial and time losses in nuclear construction.


[bookmark: _Toc224030457]3. Methodological digression: terminological basis of qualifications
Before moving on to the analysis of the structure, it is critical to establish the distinction between three fundamental concepts that are often mistakenly used as synonyms in workforce planning.
3. 1. Field of Study/Major: This is the area of knowledge a person studied at a university or college. It defines their theoretical outlook.
· Examples: PGS, “Nuclear Power Plants”, “Welding Production”, “Applied Geodesy”.
3. 2. Academic Degree / Qualification: This is the academic level of education, reflecting the depth and duration of study.
· Examples in the Russian Federation: Bachelor (4), Specialist (5-6), Master (6), Technician.
· Examples in Europe (Bologna system): Bachelor (Laurea Triennale, 3), Master (Laurea Magistrale, 2).
3. 3. Position (Job Title): This is a specific functional unit in the organization's staffing table . It defines what a person does here and now.
· Examples: Chief Project Engineer, Leading Production and Technical Department Engineer, Nuclear-Class Electric Welder.
Key point: Having a specialty and diploma qualification is a mandatory, but not sufficient, requirement for a position at a nuclear power plant. The gap between these two is covered by experience, specialized training, and certification (admission).
[bookmark: _Toc224030458]Comparative Analysis: Russian Federation vs. Italy (Politecnico di Milano)
To illustrate the universality of the high demands placed on nuclear engineers, despite differences in educational systems, let us compare the training of a civil engineer (designer/technologist) in Russia and at the Milan Polytechnic University (Politecnico di Milano).



	Comparison criterion
	Russian Federation (Traditional + Bologna model)
	Italy (Politecnico di Milano) (Bologna model)

	Basic system
	The strong tradition of Specialist (5-6 years) for nuclear engineers and builders of unique structures is maintained, in parallel with the Bachelor (4) + Master (2) system.
	Strict two-tier system (3+2): Laurea Triennale (Bachelor, 3 years) + Laurea Magistrale (Master, 2 years).

	Example of a specialty according to a diploma
	"Construction of unique buildings and structures" (Specialist's degree) or "Construction" (Bachelor's/Master's degree).
	"Ingegneria Civile" (Civil Engineering) or "Ingegneria Edile - Architettura" (Structural Engineering and Architecture).

	Example of Diploma Qualification
	Civil Engineer (Specialist) or Master of Engineering and Technology in the field of "Construction".
	Dottore Magistrale in Ingegneria Civile (Master of Civil Engineering).

	Path to Position (e.g. Nuclear Power Plant Design Engineer)
	A graduate (Specialist/Master's degree) takes up a position as an engineer without a category. To gain the right to make independent decisions, a three-year internship and internal certification are required.
	The graduate (Laurea Magistrale) must pass the state examination (Esame di Stato) to be included in the register of professional engineers (Ordine degli Ingegneri), after which he undergoes specialization in a company.

	Conclusion
	The Russian system often provides a narrower and deeper specialization right away (for example, “nuclear power plant builder”).
	The Italian school (Polimi) provides a strong fundamental base (mathematics, physics, strength of materials) at the undergraduate level, and specialization occurs in the master's degree and on the job.



· In the Russian Federation, a strong tradition of Specialist degrees (5–6 years) remains, alongside the Bachelor's (4) + Master's (2) system. Graduates of this Specialist degree receive the qualification of Civil Engineer .
· In Italy (Polimi), the strict Bologna system applies: Laurea Triennale (Bachelor's, 3 years) + Laurea Magistrale (Master's, 2 years). Graduates receive the qualification of Dottore Magistrale in Ingegneria Civile ( Master's Degree in Civil Engineering ).
Conclusion: Despite the different titles, the knowledge required of engineers in senior positions (Designer, Production Engineering Technologist) is the same in both Moscow and Milan (equivalent to a Master's/Specialist). Attempting to replace an engineer with a Master's/Specialist degree with a Bachelor's degree in senior positions poses critical risks to the project.



[bookmark: _Toc224030459]4. Professional and qualification structure of the general contractor's QMO
The general contractor's organizational structure at a nuclear power plant construction site is built on the principle of a rigid matrix hierarchy with mandatory independent control loops. Unlike civil construction, the QMO structure at a nuclear facility is designed to eliminate pressure from the production unit, which is driven by deadlines, on the engineering and quality control units.
The structure of the on-site office of the Theoretical SMO is divided into five key areas (directories):
[bookmark: _Toc224030460]4. 1. Site Management
The highest level of hierarchy on the site.
· Site Manager (Project Director): The individual with exclusive authority to manage all on-site resources. Accountable for the final result to the corporate center (off-site) and the Client.
· Project Management Office (PMO & Project Controls): The project manager's "headquarters." It doesn't directly manage workers, but it accumulates progress data (Primavera), generates Level 3 and 4 schedules, and manages costs and risks directly in the field.
[bookmark: _Toc224030461]4. 2. Independent control loop (Quality & HSE Directorate)
A critical feature of the NPP structure: This unit reports directly to the Site Manager (or even to the off-site headquarters) and is completely removed from the control of the Construction Director.
· Quality Assurance (QA/QC): QMS auditors, technical supervision inspectors, and NDT inspectors. They have absolute veto power (Stop Work Authority) over any production process that poses a threat to radiation safety.
· Health, Safety, and Environment (HSE): Occupational Health and Safety Inspectors. Ensure the implementation and strict enforcement of a Safety Culture among all subcontractors.
[bookmark: _Toc224030462]4. 3. Engineering and technological circuit (Technical Directorate)
The site's "intellectual center." Translates global design solutions (Detailed Design) into operational instructions for work teams.
· Field Engineering: Work preparation developers and technologists. Resolve technical conflicts on-site.
· Dimensional Control: Elite surveyors generating As-Built 3D models for the alignment of long lead equipment (LLIs).
· Subordination: Works in conjunction with the production unit, but maintains technological independence in approving work methods.
[bookmark: _Toc224030463]4. 4. Construction Directorate
The "muscles" of the project. The largest unit directly performing the physical volumes of work (construction and installation work).
· Construction Manager: Manages all physical operations. Superintendents report to him for key facilities: Nuclear Island, Turbine Island, and Auxiliary Buildings.
· Subcontractor Management: The General Contractor's Supervisory Staff performs daily coordination and supervision of thousands of General Skilled Craft workers mobilized by local subcontracting organizations.
· In-House (Nuclear-Grade Craft): Direct management of elite teams of nuclear-grade welders and fitters.
[bookmark: _Toc224030464]4. 5. Supporting circuit (Commercial & Administrative Directorate)
Infrastructure foundation of the site.
· Site Procurement: Management of Class 1 warehouses, receipt and coordination of critical materials (Material Coordinators).
· Contract administration: Legal support of contracts with subcontractors, settlement of claims in the field.
· Support services: Document Control, Timekeepers, Camp Management.

Below is a practical example of structuring a QMS for the construction of the Pash-2 NPP. This detailed breakdown demonstrates more than just a list of people, but a rigorous management mechanism whose checks and balances guarantee the safe construction of the reactor.
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[bookmark: _Toc224030465]5. Classification of professions for nuclear power plant construction
In Western practice (IAEA standards, FIDIC contract base, US NRC standards and European EUR standards), the classification of NPP construction personnel is based not on the familiar concepts of "engineering and technical personnel" and "workers", but on the functional role on-site, direct or indirect participation in the creation of a physical facility and the degree of influence on nuclear safety.
single , consolidated document with a title like "Classification of Professions for Nuclear Power Plant Construction" in international practice . This classification represents an industry consensus, formed at the intersection of three sets of strict regulatory standards: nuclear safety, cost engineering, and international contract law.
Moreover, all of the construction management standards listed below clearly distinguish between the corporate and site levels. As we previously stated, in the context of applying these standards, we consider only the company's on-site structures (the site management team and production personnel) and do not consider off-site divisions (head offices).
Here are the exact names and details of the documents that define this structure:
[bookmark: _Toc224030466]5. 1. Nuclear Safety and Quality Assurance Standards (IAEA & ASME)
This group of documents normatively establishes the separation of production personnel (Field Engineering / Craft) from control personnel (QA/QC).
· IAEA SSG-38 (Specific Safety Guide No. SSG-38: "Construction for Nuclear Installations")
· Publisher: International Atomic Energy Agency (IAEA).
· What it defines: Section 3 “Management and Organization” directly prescribes the creation of an independent organizational structure at the construction site (on-site organization), the separation of the functions of performing work (construction) and their verification (quality control/inspection).
· ASME NQA-1 (Quality Assurance Requirements for Nuclear Facility Applications)
· Publisher: American Society of Mechanical Engineers (the de facto global quality standard for nuclear power plants, used in many projects).
· What it defines: Part I, Requirement 1 (Organization) establishes a strict requirement: personnel performing quality control (QC Inspectors, NDTs) must have organizational independence from those managing deadlines and production (Site Managers, Field Engineers). This is where the separate category of Quality & HSE Oversight comes from .
[bookmark: _Toc224030467]5. 2. Standards for Cost Engineering and Project Management (AACEI)
This set of standards classifies personnel based on their contribution to the creation of physical volume (Direct vs. Indirect). This is necessary for cost estimates for megaprojects.
· AACE International Recommended Practices (RP)
· Publisher: International Association for the Advancement of Cost Engineering.
· What it defines: RP 10S-90 (Cost Engineering Terminology) and RP 21R-98 (Project Code of Accounts) formally introduce and codify the terms Direct Labor (Craft Workers who physically build the facility) and Indirect Labor / Field Non-Manual (SMT, Field Engineering, Support Staff who provide on-site construction but don't swing a hammer).
[bookmark: _Toc224030468]5. 3. International contract standards (FIDIC)
This group consolidates the concepts of key management personnel of the site.
· FIDIC Contracts (usually "Yellow Book" or "Silver Book" for EPC contracts)
· Publisher: International Federation of Consulting Engineers.
· What it defines: Article 6 (Staff and Labor) regulates the use of personnel on-site. It introduces the legal concepts of Contractor's Representative (Site Manager) and Key Personnel (Key Personnel are those engineers and highly skilled nuclear-grade workers whose replacement on-site requires formal approval from the Client due to their criticality to the project).
[bookmark: _Toc224030469]5. 4. Industry Qualification Standards (INPO/EPRI)
· INPO 06-003 / ACAD documents
· Publisher: Institute of Nuclear Power Operations (USA, but standards are globally adapted by WANO).
· What it defines: It establishes requirements for contractor personnel qualifications (Contractor Personnel Qualification). This is where strict criteria for Nuclear-Grade Skilled Craft are established (for example, requirements for welders to be certified according to ASME Section IX or EN/ISO standards).

The presented on-site classification of personnel of a construction and installation organization is based on the principles of organizational independence enshrined in the IAEA SSG-38 guide and the ASME NQA-1 quality standard, as well as on the principles of the cost division of labor (Direct/Indirect Labor) in accordance with the recommendations of AACE International and FIDIC contractual standards.
When formulating definitions, we strictly adhere to the rule we have established: we consider exclusively personnel based and functioning directly at the construction site (on-site personnel), and completely exclude from the perimeter corporate and support structures outside the site (off-site / home offices).
Below is the standard industry classification adopted in international megaprojects.
[bookmark: _Toc224030470]5.5. Normative industry classification adopted in international megaprojects
[bookmark: _Toc224030471]5. 5. 1. Management & Engineering Professionals Category
This category includes specialists (“white collars”) who plan, organize and control the construction process directly “in the field”.
· Site Management Team (SMT) / Site Management Team:
· Definition: Senior and middle management of the on-site office responsible for achieving project objectives in terms of time, budget and safety at a specific site.
· Key positions: Site Manager, Construction Manager, Project Controls Manager.
· Field Engineering Staff / Site Engineers (Production and Technical Personnel):
· Definition: Qualified engineers located on site to resolve technical issues that arise during construction and installation work, adapt working drawings to real conditions, and develop organizational and technological documentation (work methods).
· Key positions: Field Engineer, Method/Process Engineer , Construction Engineer.
· Supervisory Staff / Line management staff:
· Definition: Specialists who directly supervise work teams and sections on a daily basis. They act as a link between engineers and workers.
· Key positions: Superintendent, General Foreman, Foreman.
[bookmark: _Toc224030472]5. 5. 2. Independent control and safety category (Quality & HSE Oversight)
A group of critical importance to the nuclear industry, organizationally independent from the Construction Directorate.
· QA/QC Personnel / Quality Assurance and Quality Control Personnel:
· Definition: Certified specialists who perform independent verification of compliance of work performed, materials and equipment with design requirements and nuclear standards (ASME, RCC-M, PNAE G).
· Key positions: QA Auditor, QC Inspector, Dimensional Control Engineer, Welding Inspector , NDT Technician.
· HSE Personnel / Health, Safety and Environment Personnel:
· Definition: Specialists who ensure compliance with safety standards and safety culture on site.
· Key positions: HSE Manager, Safety Officer.
[bookmark: _Toc224030473]5. 5. 3. Direct Craft Labor category
In Western terminology, workers directly performing construction and installation operations are called craft workers or direct labor. This group is strictly segmented by their security clearance level for nuclear systems (SSCs - Structures, Systems, and Components important to safety).
· Nuclear-Grade Skilled Craft (Key Personnel)
· Definition: Elite workers who have undergone extensive specialized training and have personal permits (certificates) to perform work on equipment and pipelines that are critical to the safety of nuclear power plants.
· Key positions: Nuclear-Grade Welder , Precision Pipefitter, Millwright (Rotating Equipment/Turbine Fitter).
· General Skilled Craft (Civil & Structural) / Skilled workers of general construction profile:
· Definition: Workers who construct major building structures (usually buildings and structures that do not belong to safety classes 1 and 2).
· Key positions: Ironworker / Rebar Worker, Concrete Finisher / Concrete Pourer, Carpenter, Electrician.
[bookmark: _Toc224030474]5. 5. 4. Indirect Support Labor
Personnel who are on-site but not directly involved in the physical construction of structures or the engineering management of the process.
· Site Support Staff:
· Definition: Specialists providing logistics, document management, material accounting and the functioning of on-site structures.
· Key positions: Material Coordinator (Materials Coordinator/Storekeeper), Document Controller (Document Management Specialist), Timekeeper (Timekeeper), Heavy Equipment Operator (Heavy Equipment Operator/Crane Operator - in some classifications it belongs to Direct Labor, but in management it is often allocated to logistics ).
This classification allows international EPC contractors to clearly allocate budgets (Direct vs. Indirect costs) and establish strict qualification filters specifically for those groups whose on-site error could lead to a radiation accident.
[bookmark: _Toc224030475]5.6. The phenomenon of higher education in critical competencies among workers (“engineers-workers”)
In the traditional construction industry paradigm, a higher education is the exclusive preserve of engineering and technical workers (ETW) and managers. However, at nuclear power plant construction sites, particularly among highly skilled nuclear workers (Nuclear-Grade Skilled Craft, Group VK-2), the phenomenon of the "engineer-worker" is widespread—a specialist who physically performs assembly or welding operations "in the field" while holding a bachelor's, specialist's, or master's degree (e.g., in Welding, Applied Geodesy, or Materials Science).
This situation isn't a personnel anomaly or a consequence of an oversupply of engineers. It's an objective industry necessity, dictated by the extreme level of responsibility and technological complexity of the megaproject.
[bookmark: _Toc224030476]5.6. 1. Why is such a situation possible and appropriate?
The emergence of a layer of workers with higher education is due to three key factors:
· Cognitive complexity of operations: Manual or semiautomatic welding of primary circuit equipment (e.g., the Main Cooling Pipeline — MCP) made of austenitic steels requires more than just fine motor skills. The worker must understand the physics of the welding arc, metallurgy, the thermodynamics of weld crystallization processes, and the causes of hidden defects. Similarly, precision geodesy (Dimensional Control) during reactor vessel assembly requires mathematical spatial reasoning and knowledge of error theory.
· Equipment evolution: The tools of an elite nuclear power plant worker (orbital welding systems, 3D laser trackers, robotic total stations) are comparable in complexity to an IT infrastructure. Managing them requires comprehensive engineering training.
· Economic and status pragmatism: In the nuclear industry, the salary of a 6th-grade electric welder with Rostekhnadzor (or ASME IX) certification for welding critical safety systems often exceeds the salary of a lead production and technical engineer or a mid-level manager. This encourages graduates of technical universities to consciously choose a career as a blue-collar elite.
[bookmark: _Toc224030477]5.6. 2. How convenient is this for the construction and installation organization (CIO)?
Having a higher education for Category BK-2 workers is a huge advantage for an EPC contractor:
· An "equal" interface: This worker is comfortable reading complex isometric drawings, understands tight tolerances, and speaks the same technical language as field engineers and quality assurance inspectors. This eliminates the "broken telephone" effect when assigning tasks.
· Conscious Safety Culture: The engineer-worker understands the physical meaning of safety requirements. He understands the radiation consequences a microcrack in his weld will have after 30 years of operation, and therefore acts as the strictest controller of his own work.
· Adaptability to innovation: This category of personnel masters new installation technologies much faster and easily passes international certifications (for example, when adapting to RCC-M or EN standards).
[bookmark: _Toc224030478]5.6. 3. How common is this in the industry?
On the scale of the entire construction site, this phenomenon is not widespread - among general construction workers (General Skilled Craft - concrete workers, reinforcement workers), the proportion of people with higher education is statistically insignificant.
However, in the targeted narrow stratum of Nuclear-Grade Skilled Craft (which makes up 10-15% of all on-site workers), this practice is widespread.
· In Russian practice (Rosatom projects), welding foremen, welding operators of automatic systems during the installation of reactor installations, and surveyors performing the adjustment of large-tonnage equipment (LLIs) have a specialized higher technical education in 40–60% of cases.
· In Western practice (EDF, Westinghouse projects), this phenomenon is formalized through the Technician/Advanced Craft training system , where, in order to gain access to critical systems, a worker must undergo training equivalent in academic hours (in colleges or institutes tied to the vendor) to an engineering bachelor's degree.
Conclusion: When planning the mobilization of elite workers, the general contractor should specifically target not only secondary vocational education institutions (SVE), but also graduates of specialized technical universities, offering them attractive conditions for work directly on the production line.









[bookmark: _Toc224030479]5.7. Table. Classification of professions for nuclear power plant construction

	[bookmark: _Toc224030480]CATEGORY
	DEFINITION
	KEY POSITIONS

	1. Management & Engineering Professionals

	This category includes specialists (“white collars”) who plan, organize and control the construction process directly “in the field”.

	· Site Management Team (SMT) / Site Management Team:
	Senior and middle management of the on-site office, responsible for achieving project goals in terms of time, budget and safety at a specific site.
	Site Manager, Construction Manager, Project Controls Manager.

	· Field Engineering Staff / Site Engineers (Production and Technical Personnel):
	Qualified engineers are on-site to resolve technical issues that arise during construction and installation work, adapt working drawings to real conditions, and develop organizational and technological documentation (work methods).
	Field Engineer, Method/Process Engineer , Construction Engineer.

	· Supervisory Staff / Line management staff:
	Specialists who directly supervise work teams and sections on a daily basis. They act as a liaison between engineers and workers.
	Superintendent, General Foreman, Foreman.

	2. Independent control and safety category (Quality & HSE Oversight)

	A group of critical importance to the nuclear industry, organizationally independent from the Construction Directorate.

	· QA/QC Personnel / Quality Assurance and Quality Control Personnel:
	Certified specialists who perform independent verification of compliance of work performed, materials and equipment with design requirements and nuclear standards (ASME, RCC-M, PNAE G).
	QA Auditor (QMS Auditor), QC Inspector (Technical Supervision Inspector), Dimensional Control Engineer, Welding Inspector (Welding Inspector) , NDT Technician (Non-Defectoscopist).

	· HSE Personnel / Health, Safety and Environment Personnel:
	Specialists who ensure compliance with safety standards and safety culture on site.
	HSE Manager, Safety Officer.

	3. Direct Craft Labor category

	In Western terminology, workers directly performing construction and installation operations are called craft workers or direct labor. This group is strictly segmented by their security clearance level for nuclear systems (SSCs - Structures, Systems, and Components important to safety).

	· Nuclear-Grade Skilled Craft (Key Personnel)
	Elite workers who have undergone extensive specialized training and have personal permits (certificates) to perform work on equipment and pipelines critical to the safety of nuclear power plants.
	Nuclear-Grade Welder , Precision Pipefitter, Millwright (Rotating Equipment/Turbine Fitter).

	· General Skilled Craft (Civil & Structural) / Skilled workers of general construction profile:
	Workers constructing the main building structures (usually buildings and structures that do not belong to the 1st and 2nd safety classes).
	Ironworker / Rebar Worker, Concrete Finisher / Concrete Pourer, Carpenter, Electrician.

	4. Category of indirect and auxiliary personnel (Indirect Support Labor)

	Personnel who are on-site but not directly involved in the physical construction of structures or the engineering management of the process.

	· Site Support Staff:
	Specialists providing logistics, document management, material accounting, and on-site operations.
	Material Coordinator (Materials Coordinator/Storekeeper), Document Controller (Document Management Specialist), Timekeeper (Timekeeper), Heavy Equipment Operator (Heavy Equipment Operator/Crane Operator - in some classifications it belongs to Direct Labor, but in management it is often separated into logistics ).



[bookmark: _Toc224030481]6. Quantification of the personnel model: percentage decomposition of on-site personnel
Translating the macro forecast of the total number of personnel (8,500 – 17,000 people at the peak of the construction of a two-unit NPP) into an operational model requires a clear understanding of the proportions of each functional category directly at the construction site.
The specific nature of nuclear construction, characterized by unprecedented requirements for traceability and quality control, dictates a unique on-site personnel structure. The proportion of engineering and control personnel (Management, Engineering, QA/QC) is significantly higher here than in civil or traditional industrial construction, reaching 18–20% of the total site workforce.
The table below shows the percentage decomposition of on-site personnel in accordance with Western classification (AACEI, FIDIC).
The calculation of absolute values was made for the range of peak mobilization of 8,500 – 17,000 people (baseline scenario: two-unit high-capacity nuclear power plant, 70% localization of construction and installation work).

[bookmark: _Toc224030482]6.1. Table. Percentage decomposition and distribution of on-site personnel
	STAFF CATEGORY (INTERNATIONAL CLASSIFICATION)
	SHARE OF TOTAL NUMBER OF ON-SITE STAFF (%)
	ESTIMATED PEAK NUMBER (PEOPLE)
	SPECIFICITY OF STAFFING (GENERAL CONTRACTOR VS. SUBCONTRACTORS)

	1. Management and Engineering
	~13 - 15%
	1,100 – 2,550
	The General Contractor's core team. SMT and Field Engineering (PPR Technologists) are primarily drawn from the EPC contractor's staff to maintain full technical control over the project. Supervisory Staff (foremen) are distributed among the subcontractors.

	2. Independent control and safety (Quality & HSE Oversight)
	~6 - 7%
	510 – 1,190
	Absolute monopoly of the General Contractor/Client. QMS auditors, welding inspectors, and Level III flaw detectors cannot be outsourced to local construction companies to avoid conflicts of interest.

	3. Direct Craft Labor
	~70 - 73%
	5,950 – 12,400
	Zone of maximum localization.
• General Skilled Craft (concrete workers, reinforcement workers) is 90% made up of local subcontractors.
• Nuclear-Grade Skilled Craft (nuclear-grade welders) - about 10-15% of all workers - are often the General Contractor's own, carefully protected resource ("nuclear special forces").

	4. Indirect and support staff (Indirect Support Labor)
	~7 - 8%
	600 – 1,360
	Mixed organization. Management of critical logistics (LLIs) and Class 1 security warehouses remains with the General Contractor. Basic document flow and accounting are distributed across all on-site organizations.

	TOTAL BY CONSTRUCTION SITE (ON-SITE)
	100%
	8,500 – 17,000
	The overall ecosystem of the site (General contractor + all subcontractors).




The key conclusion from the quantitative decomposition: A 70% localization strategy means that the General Contractor (GCC) delegates primarily large-scale general construction work (part of Category 3) to local companies. At the same time, the project's "intellectual and control framework"—the project planners (Category 1), QA/QC personnel (Category 2), and the elite primary circuit equipment installation workers (Nuclear-Grade Craft)—remain the direct responsibility and the main HR challenge of the EPC contractor itself. It is these relatively small but critically important groups that require 5 to 9 years of cumulative training.

[bookmark: _Toc224030483]7. Qualification structure and training life cycle
The complexity of staffing nuclear power plant construction lies not only in the number of personnel but also in the multi-stage training system. A basic education diploma is merely an entry ticket into the industry.
Below is a detailed matrix that reveals a specialist's path from basic education to obtaining the right to independently work on a nuclear power plant construction site.
To understand the actual timeframes and costs of training, it is critical to divide the process into successive phases of the qualification life cycle.
Below is a matrix where the training cycles (including the IAEA paradigm) are superimposed on the on-site staff structure from the uploaded document.
[bookmark: _Toc224030484]7.1. Detailed matrix of personnel training of the Theoretical SMO (On-site Personnel)
The matrix presented below is strictly limited to the organizational structure of the Theoretical QS deployed directly at the NPP construction site (on-site). Corporate-level management and support processes implemented off-site (off-site/home offices) are beyond the scope of this analysis.
The table integrates the Western functional classification of personnel (Management & Engineering, Quality Oversight, Direct/Indirect Labor) with the three-level SAT (Systematic Approach to Training) training model recommended by the IAEA.
The cumulative training period reflects the total estimated time from the applicant's admission to an educational institution until the specialist receives the right to independently conduct responsible work on the "nuclear island".


[bookmark: _Toc224030485]7.2. Table. Detailed matrix of training of QMO personnel (On-site Classification)
	CATEGORY AND FUNCTIONAL GROUP
	1. BASIC EDUCATION (ACADEMIC FOUNDATION)
	2. SPECIAL TRAINING AND PREPARATION (C&I SPECIFICS)
	3. ON-THE-JOB TRAINING
	4. CERTIFICATION AND APPROVAL
	Cumulative period until independent work

	1. Management & Engineering Professionals

	Site Management Team (SMT)
(Site managers, construction directors) 
	Higher technical/managerial (Master's/Specialist's degree).
	Study of international contracts (FIDIC), in-depth management of mega-projects.
	Experience in engineering and management positions at large facilities.
	Internal assessment of the QMS, confirmation of qualification by the Customer.
	

	
	Duration: 5.5 – 6 years
	Duration: 3 – 6 months.
	Duration: From 5 years
	Duration: 1 month
	10+ years

	Field Engineering Staff
(Field engineers, PPR technologists) 
	Higher technical education (Master's degree / Specialist's degree).
	Advanced software (BIM, Primavera), study of AE standards (NP, PNAE G).
	Work as a linear engineer of category 3-2 before receiving the right to sign.
	Rostekhnadzor approval, certification in national registers of specialists.
	

	
	Duration: 5.5 – 6 years
	Duration: 1 – 3 months.
	Duration: 2 – 3 years
	Duration: 1 month.
	8 – 9 years old

	Supervisory Staff
(Site managers, foremen, masters) 
	Higher technical / secondary vocational education .
	Executive documentation for nuclear power plants, occupational safety standards and team management.
	Work as an assistant foreman or a backup foreman.
	Permits for industrial safety, occupational safety and electrical safety.
	

	
	Duration: 4 – 5 years
	Duration: 1 – 2 months.
	Duration: 1.5 – 2 years
	Duration: 2 weeks
	6 – 7 years old

	2. Independent control and safety category (Quality & HSE Oversight)

	QA/QC Personnel
(Technical supervision inspectors, flaw detectors, welding inspectors) 
	Higher technical / secondary vocational education .
	Training in control methods (ultrasonic testing, RK), ASME standards, PNAE G.
	Accumulation of practical experience at the facility to the II-III qualification level.
	ISO 9712 level certification. Independent audit.
	

	
	Duration: 3 – 5.5 years
	Duration: 1 – 2 months. to the method
	Duration: From 3 to 12+ months.
	Duration: 1 month.
	5 – 7 years

	HSE Personnel
(Occupational health and safety culture specialists) 
	Higher / Secondary vocational education .
	Safety Culture, specifics of industrial safety at nuclear facilities.
	Internship on site.
	Permits for fire safety, high-altitude work, and fire safety.
	

	
	Duration: 4 – 5 years
	Duration: 1 – 2 months.
	Duration: 1 – 3 months.
	Duration: 2 weeks
	4 – 5.5 years

	3. Direct Craft Labor category

	Nuclear-Grade Skilled Craft
(Nuclear-grade welders, critical equipment assemblers) 
	SPO (College) / Higher technical .
	Special preparation (WTS), welding of special steels (austenite).
	Practice on mock-ups until it becomes automatic.
	Certification (NAKS AEU / ASME IX), execution of “permissible joints” on site.
	

	
	Duration: 3 – 5 years
	Duration: 3 – 6 months.
	Duration: 3 – 6 months.
	Duration: 1 – 2 months.
	5 – 7 years

	General Skilled Craft
(Reinforcement workers, concrete workers, carpenters, electricians) 
	Vocational education /vocational training.
	Basic adaptation courses (special concrete for nuclear power plants, 5S rules).
	Work in a team under the supervision of a foreman.
	Assignment/confirmation of rank, basic safety clearances.
	

	
	Duration: 1 – 3 years
	Duration: 1 month.
	Duration: 1 – 3 months.
	Duration: 1 week
	1.5 – 3.5 years

	4. Category of indirect and auxiliary personnel (Indirect Support Labor)

	Site Support Staff
(Materials coordinators, timekeepers, document management specialists) 
	Higher / Secondary vocational education .
	Study of corporate ERP systems and requirements for storage of nuclear power plant equipment.
	A probationary period with immersion in on-site logistics processes.
	Internal assessment of the QMS.
	

	
	Duration: 3 – 5 years
	Duration: 1 month.
	Duration: 1 – 3 months.
	Duration: 1 week
	3.5 – 5.5 years



[bookmark: _Toc224030486]8. Competency life cycle and personnel training system
[bookmark: _Toc224030487]8.1. Qualification paths, terms and formats of training
Paradigm for continuous competency development (IAEA SAT)
For the megaproject's CMO, we are implementing a three-stage training model based on the IAEA Systematic Approach to Training (SATT):
1. Foundation level (Academic Foundation): OBTAINING a university/college diploma.
2. Professional level (Specialization & Authorization): Obtaining “atomic” hard skills, internship and certification.
3. Continuing Development level.
Below is a detailed matrix of the Theoretical QMO training trajectories.
[bookmark: _Toc224030488]8. 2 . Detailed matrix of training trajectories of the Theoretical SMO
Below is a complete, detailed matrix outlining the competency lifecycle for all categories of Theoretical QMO personnel. The matrix combines academic education, specialized training (fine-tuning), hard skill development (internship), and legal clearance (certification).
Explanations for the matrix columns:
1. Basic education (Foundation): Basic specialized education (university, college), providing a diploma and basic qualification (engineer, technician, worker).
2. Second (related) education (Expansion): Obtaining an additional qualification that enhances the main one (for example, economics for an engineer). Optional.
3. Specialized education (Professional retraining/Continuing professional education): Long-term programs (over 250-500 hours) that provide the right to engage in a new type of activity (for example, retraining a civil engineer for industrial and civil construction in the specifics of a nuclear power plant).
4. Specialized training and education (hard skills, software): Short-term training in specific skills, software (Primavera, high-level BIM), industry standards (NP, PNAE G).
5. Internship and Practical Training (Gaining Experience): Mandatory work under the supervision of a mentor on a real site/project to gain practical skills before being allowed to work independently.
6. Certification and Admission (Entry Barrier): A formal procedure for testing knowledge and skills (exams, "admission joints" for welders) to obtain the legal right to work independently at a nuclear facility.
7. Cumulative preparation period: The total estimated time from an applicant's admission to an educational institution until the specialist receives the right to independently carry out responsible work.
[bookmark: _Toc224030489]8. 3. Specialized formats and training tools for nuclear construction
To improve the effectiveness of training and accelerate the development of hard skills, the Theoretical SMO uses specialized formats that go beyond classic lectures and internships.
8.3.1 . Safety Culture (Safety Culture Induction)
This is a short (4-16 hours) but mandatory course for 100% of QS personnel (including the AOSP and purchasing staff) prior to their first deployment to the NPP construction site. The course is aimed at developing an understanding of nuclear and radiation safety principles, the absolute priority of safety over deadlines and budgets, and accountability for every action.
8. 3 . 2. Process Factories (Lean Construction Tools)
Simulation sites at the QMO/Vendor Training Centers, where models and game mechanics are used to practice lean manufacturing principles on the construction site. The goal is to teach personnel (both workers and engineering/production technicians) to identify waste, standardize work, balance teams, and use visual management tools (5S, KANBAN) directly at the nuclear facility.
8.3.3 . Simulation Training and Mock-ups
In nuclear construction, where the cost of error during the installation of unique technological equipment is unacceptable, simulation training is a critical format.
· Mock-up simulators for Critical Competency workers (Group VK-2): Manual arc and argon-arc welders practice their skills on mock-up simulators simulating the confined conditions of a containment space (e.g., mock-ups of steam generator nozzles or fixed joints in the main circulation system). Practice with acceptable joints continues until the manual skill is honed to the point of automatism.
· Surveyor Simulators (Group VK-1): Practice on control and measurement mockups simulating the precision installation of a reactor vessel or turbine shaft line. This course teaches how to operate robotic total stations and laser trackers in conditions as close as possible to real installation clearances (tenths of a millimeter).
· Simulators for commissioning engineers (line personnel): Use of specialized software (process system simulators) that simulate the operating logic of NPP systems (primary and secondary circuits). This teaches commissioning engineers to understand the end-to-end process connections of systems long before their physical installation.
[bookmark: _Toc224030490]9. Conclusion. The cost of human capital for nuclear power plants
The professional qualification structure of the personnel of the Theoretical SMO and the detailed matrix of training trajectories clearly demonstrate that the price of human capital for a nuclear megaproject is calculated not only by the financial costs of training, but also by the cumulative time required for its creation.
The barrier to entry for key positions in the industry is extremely high. Training a fully qualified Production and Preventive Maintenance Technologist takes up to nine years , and a nuclear-grade welder (certified at the Central Heating and Cooling Center) takes up to six years .
Attempts to expedite this process by shortening internship stages or "easing" certification barriers lead to unacceptable risks to the plant's nuclear and radiation safety. An EPC contractor initiating a project must invest in training the engineering and technology corps (VK-1 Group) and the elite workers with critical competencies (VK-2 Group) well before the first concrete is poured, using specialized training formats (Vendor's Training Schools, simulators, and containment mockups) to precisely fine-tune specialists to nuclear standards.
In the context of the formation of this matrix, it is necessary to establish a strict limitation: we consider only the company's on-site offices and do not consider off-site structures (head, home, and corporate offices are excluded from the analysis).
Below is a revised Summary Table focusing on the risks of personnel shortages and assessing the possibility of attracting (transferring) specialists from related industries in strict accordance with the international classification.


[bookmark: _Toc224030491]9.1. Summary table of risks of shortage, universality and preparation strategies (On-site Classification)
	CATEGORY AND FUNCTIONAL GROUP
	RISK OF STAFFING SHORTAGE
	VERSATILITY (READY FOR TRANSFER FROM OTHER INDUSTRIES)
	STRATEGY FOR PREPARATION AND COMPENSATION OF THE DEFICIT

	1. Management & Engineering Professionals

	Site Management Team (SMT)
(Site managers, directors) 
	High
	Average . Managers from the oil and gas (O&G) or heavy chemical industries can adapt, but they critically lack an understanding of nuclear safety culture.
	• Early headhunting (3-5 years).
• Cross-industry adaptation programs for mega-project managers with a focus on nuclear standards.

	Field Engineering Staff
(PPR Technologists, Field Engineers) 
	Critical . The main risk of project termination is the lack of competent solutions "in the field."
	Low . Civilian civil engineers are unfamiliar with PNAE G and ASME standards and the specifics of nuclear design. Transfer requires 1-2 years of retraining.
	• Advanced targeted training in specialized universities.
• Formation of an on-site mentoring institute.
• Maximum digitalization (BIM) to reduce the workload on engineers.

	Supervisory Staff
(Site managers, foremen, masters) 
	High
	Medium-High . Industrial construction specialists transition well, provided they are trained in the specifics of nuclear power plants.
	• Active recruitment from related heavy construction industries.
• Strict adaptation courses on safety culture and executive documentation for nuclear power plants.

	2. Independent control and safety category (Quality & HSE Oversight)

	QA/QC Personnel
(Auditors, technical supervision inspectors and NK) 
	Critical (especially for Level III NDT inspectors and welding inspectors).
	Low . Specific, often international (ISO, ASME) certificates and approvals are required specifically for nuclear facilities.
	• Creation of our own accredited control laboratories on site.
• Continuous investment in increasing the levels (from I to III) of full-time flaw detector operators.

	HSE Personnel
(Occupational health and safety, industrial safety and environmental protection personnel) 
	Average
	High . The basic principles of PB are identical. Easy transfer from any industrial sector.
	• Short-term retraining courses (radiation safety, specifics of work in a containment volume).

	3. Direct Craft Labor category

	Nuclear-Grade Skilled Craft
(Nuclear-grade welders, turbine fitters) 
	Critical . Elite blue-collar workers.
	Extremely low . It's practically impossible to find welders with a ready-made permit for primary circuit equipment on the open market.
	• Creation of vendor training schools (WTS) on-site.
• Mandatory practice of manual skills on mock-ups.
• Long-term retention of the trained kernel.

	General Skilled Craft
(Reinforcement workers, concrete workers, electricians) 
	Low . Mass recruitment is covered by the local market.
	Very high . 100% ready for transfer from any civil or industrial construction.
	• Mass recruitment in the local market.
• Quick adaptation courses (1-4 weeks) on special concrete and rules of conduct at the NPP site.

	4. Category of indirect and auxiliary personnel (Indirect Support Labor)

	Site Support Staff
(Materials coordinators, storekeepers, document specialists) 
	Minimum
	Absolutely . Warehouse and document management skills are universal for any business.
	• Recruitment on the open local labor market.
• Introductory briefings on working with internal ERP systems and NPP nomenclature.






[bookmark: _Toc224030492]9. 2. Table of the best strategies and centers for training QMO personnel (Russia and Europe)
	CATEGORY AND FUNCTIONAL GROUP (ON-SITE)
	THE BEST TRAINING AND CERTIFICATION STRATEGY
	LEADING INSTITUTIONS/TRAINING PLACES (RUSSIA)
	LEADING INSTITUTIONS / TRAINING LOCATIONS (EUROPE)

	1. Management & Engineering Professionals

	Site Management Team (SMT)
(Site Management Team)
	• Executive MBA programs with a focus on mega-projects.
• International certification of project management (IPMA, PMI) and contracts (FIDIC).
	• Rosatom Corporate Academy.
• Moscow School of Management SKOLKOVO (programs for executives).
	• INSTN (National Institute of Nuclear Sciences and Technologies, France).
• SDA Bocconi / INSEAD (Project Management).

	Field Engineering Staff
(Site Engineers / PPR Technologists)
	• Specialized Master's/Specialist's degree (PGS, NPP).
• Additional vocational education (AVE) in BIM modeling and nuclear construction technologies.
	• National Research Nuclear University MEPhI (Moscow/Obninsk).
• National Research University MGSU (Moscow).
• Peter the Great St. Petersburg Polytechnic University.
	• Politecnico di Milano (Polimi, Italy).
• KIT (Karlsruhe Institute of Technology, Germany).
• University of Manchester (Dalton Nuclear Institute, UK).

	Supervisory Staff
(Line management personnel)
	• Intensive courses in production management.
• Internal programs for developing personnel reserves (from foreman to site manager).
	• Rosatom Technical Academy.
• Industry centers for the development of QMO competencies.
	• Corporate universities of vendors (EDF, Framatome).
• TÜV Academy (line management).

	2. Independent control and safety category (Quality & HSE Oversight)

	QA/QC Personnel
(Quality Assurance and Control Personnel)
	• Continuous independent certification in Non-Destructive Testing (NDT) methods from level I to III.
• Study of ASME, RCC-M, PNAE G codes.
	• NIIKIMT-SMU (training center).
• NAKS Certification Centers.
• Certification centers of RONKTD (Russian Society for Non-State Regulation).
	• TWI (The Welding Institute, UK).
• Institut de Soudure (Welding Institute, France).
• EFNDT (European Federation of NDT) accredited centres.

	HSE Personnel
(Occupational health and safety, industrial safety and environmental protection personnel)
	• International certification in the field of industrial safety.
• Behavioral audit and safety culture training.
	• Training centers of Rostekhnadzor.
• All-Russian Research Institute of Labor of the Ministry of Labor of Russia.
	• NEBOSH/IOSH Accredited Centres (UK/EU).

	3. Direct Craft Labor category

	Nuclear-Grade Skilled Craft
(Highly skilled nuclear workers)
	• Advance creation of Vendor's Training Schools (WTS) directly on-site .
• Mandatory development of manual skills on mock-ups of the hermetic volume.
	• Specialized training centers of Rosatom (for example, in Volgodonsk, Novovoronezh).
• Qualification Assessment Centers (QAC) at NAKS.
	• Campus Métiers de l'Innovation / Framatome Welding Schools (France).
• Local WTS deployed by the EPC contractor on site.

	General Skilled Craft
(Skilled workers of general construction profile)
	• Dual education (theory in college + practice on a construction site).
• Short-term adaptation courses (concreting of nuclear power plants).
	• Regional colleges (SPO) in the region where the NPP is present.
• Educational and training grounds of local SMOs.
	• Local VET (Vocational Education and Training) centres in the country of construction.

	4. Category of indirect and auxiliary personnel (Indirect Support Labor)

	Site Support Staff
(Site support staff)
	• Short-term onboarding (On-the-job training).
• Briefings on electronic document management (EDM) and logistics ERP systems.
	• Corporate CAs based on the QMO itself.
• Local market of educational services (short-term courses).
	• In-house corporate training based on the EPC contractor.





[bookmark: _Toc224030493]10. Summary Roadmap for the mobilization of CMO personnel
An analysis of the cumulative timeframe for on-site personnel training irrefutably proves that staffing for the NPP megaproject is on the critical path of the implementation schedule. Forming a personnel framework cannot begin at the signing of the EPC contract—by that time, an elite engineering and operational special forces team must already be in place.
Below is a strategic roadmap for advanced mobilization, based on the competency life cycles (SAT) and focused exclusively on the formation of an on-site QMO structure.
Stage 1. Formation of the fundamental core (T minus 7–9 years before the “First Concrete”)
· Focus: Category 1 (Field Engineering Staff) and Category 2 elite (QA/QC).
· Actions: Launch of targeted recruitment programs at specialized technical universities (Master's/Specialist's degrees). Beginning of an 8-9-year training cycle for future Project Planning Technologists, Site Design Engineers, and Dimensional Control specialists. At this stage, the Academic Foundation is established.
Stage 2. Specialized fine-tuning and recruiting (T minus 4–5 years)
· Focus: SMT (Management Team), Category 3 (Nuclear-Grade Skilled Craft) and Line Engineers.
· Actions: * Beginning of hunting and retraining of managers (Site Managers) from related industries (oil and gas, heavy chemicals) with their immersion in Nuclear Safety Culture.
· The start of training future nuclear-grade welders in colleges (SPO) with an eye on their further specialization.
· Formation of a staff of non-destructive testing inspectors (NDT) and launch of the process of their gaining practical experience to obtain II and III qualification levels (ISO 9712).
Stage 3. Deployment of on-site training infrastructure (T minus 2–3 years)
· Focus: Preparation for mass training of manual skills and adaptation.
· Activities: Design and physical deployment of vendor training centers (VTS) and process "Factories" at or near the future site. Installation of mock-up containment units (mock-ups) to initiate continuous training for welders and primary circuit equipment assemblers until their skills are fully automated.
Stage 4. Management mobilization and site preparation (T minus 1 year)
· Focus: SMT, HSE Personnel, Site Support Staff.
· Actions: * Physical mobilization of the Management Team (SMT) and the Quality Director (QA/QC Director) to the site to set up processes and interfaces.
· Deployment of on-site logistics, warehouses and implementation of electronic document management (EDMS/ERP).
· Setting up a security system and launching a mandatory Safety Culture Induction course for all arriving persons.
Stage 5. Start of construction and mass localization (T = 0, “First concrete”)
· Focus: General Skilled Craft (local subcontractors) and Supervisory Staff.
· Actions: Mass recruitment of general construction workers (concrete workers, reinforcement workers) on the local labor market. Launch of a short-term (1-4 week) adaptation course on special concrete for nuclear power plants. Placement of line engineering and technical personnel (foremen, masters) to strictly supervise subcontractors.
Stage 6. Peak of technological installation (T plus 2–3 years after “First concrete”)
· Focus: Highest point of elite mobilization (Nuclear-Grade Craft, Dimensional Control, QA Auditor).
· Actions: Beginning installation of long-lead manufacturing equipment (LLIs). Mass deployment of "nuclear special forces" (main circulation line welders, precision fitters) to the site, who have completed 5-7 years of training and successfully passed "weld approval tests" at on-site training centers. Maximum workload for independent technical supervision.
Conclusion: A general contractor that fails to launch Phases 1 and 2 5-9 years before the project start will inevitably face a critical shortage of engineers and welders at Phase 6, which will lead to a delay in the implementation of the megaproject.
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