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INTELLECTUAL PROPERTY, COPYRIGHT, AND 

TERMS OF USE 

© 2026 Novonanmek Material Sciences Private Limited. All Rights Reserved. 

1. Proprietary Framework & Trademarks 

The concepts, terminology, structural taxonomies, and matrices contained within this 

document—including but not limited to Nuclear Repowering Interface Architecture (NRIA), 

Envelope Family (EF), Interface Architecture Class (IAC), Interface Boundary Point (IBP), and 

Heat Output Class (HOC)—are the exclusive intellectual property of Novonanmek Material 

Sciences Pvt. Ltd. The terms "NRIA", "Nuclear Repowering Interface Architecture", and 

associated classification codes are protected under trademark law. 

2. Permitted Internal & Educational Use 

Permission is hereby granted to academic researchers, engineering firms, utilities, and reactor 

developers to read, reference, and utilize the NRIA framework solely for internal, non-

commercial evaluation, academic research, and preliminary in-house feasibility studies. Internal 

use by a company to assess its own assets or technology compatibility is permitted, provided that 

any internal documentation explicitly cites the author and publisher as outlined in the "How to 

Cite" section. 

3. Commercial Software & Product Restrictions 

While internal utility assessments are permitted, no commercial entity may encapsulate, 

program, or integrate the NRIA taxonomy, the Table 4 Compatibility Matrix, or its defining 

algorithmic logic into any commercialized software applications, automated engineering toolkits, 

external SaaS platforms, or proprietary design engines intended for sale, lease, or third-party 

distribution without securing an explicit, prior written commercial license agreement from 

Novonanmek Material Sciences Pvt. Ltd. 

4. Authorized Certification & Compliance Limits 

The NRIA framework is an industry standard designed to classify compatibility. No project, 

plant design, software system, or hardware interface may be designated, marketed, or advertised 

as "NRIA Compliant," "NRIA Certified," or "NRIA Validated" unless such certification is 

officially issued directly by Novonanmek Material Sciences Pvt. Ltd., or by an engineering entity 
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explicitly authorized in writing by Novonanmek. Unauthorized use of these terms to imply 

compliance constitutes trademark infringement and unfair competition. 

LEGAL DISCLAIMER AND LIMITATION OF 

LIABILITY 

1. "As-Is" Conceptual Basis 

This paper introduces a high-level conceptual and architectural taxonomy for industry 

standardization. It does not constitute a final engineering design, a mechanical blueprint, a 

thermal hydraulic simulation, or a site-specific safety analysis. 

2. No Warranty or Guarantee 

This framework is provided on an "as-is" and "as-available" basis. Novonanmek Material 

Sciences Pvt. Ltd. makes no representations or warranties of any kind, express or implied, 

regarding the accuracy, completeness, operational viability, thermodynamic efficiency, safety, or 

regulatory compliance of the configurations described herein. Novonanmek explicitly disclaims 

all implied warranties, including but not limited to warranties of merchantability, fitness for a 

particular engineering purpose, and non-infringement. 

3. Absolute Limitation of Liability 

Nuclear engineering and power plant repowering involve ultra-hazardous activities and massive 

capital allocation. Any deployment, physical application, or computational simulation based on 

the NRIA framework is executed at the sole risk and discretion of the user. 

Under no circumstances shall Novonanmek Material Sciences Pvt. Ltd., its directors, employees, 

or affiliates be liable for any direct, indirect, incidental, special, consequential, or punitive 

damages—including but not limited to mechanical failure, radiation release, facility downtime, 

loss of revenue, regulatory fines, or capital loss—arising out of or in connection with the use, 

misuse, interpretation, or implementation of this framework, even if advised of the possibility of 

such damages. 
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HOW TO CITE THIS WORK 

For academic and professional citations, please use the following format: 

Sinha, A. (2026). Nuclear Repowering Interface Architecture (NRIA): Standardizing Nuclear 

Repowering—A Three-Point Framework for Classifying Turbines, Heat Output and Interface 

Architectures. Novonanmek Material Sciences Private Limited. Technical Report Ref: NRIA-

STD-2026-V1. Available at: novonanmek.com 
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Technical Sections 

1. Introduction 

Nuclear repowering is the conversion of an existing fossil-fuel power plant to nuclear heat while 

retaining, to the greatest practical extent, the existing steam turbine and conventional power 

island. 

The principal challenge in developing a repeatable repowering framework is that existing 

turbines are not identical. They operate across a range of steam pressures and temperatures, 

while different nuclear heat sources and integration arrangements provide fundamentally 

different thermal configurations. 

If every combination is treated as a unique engineering problem, nuclear repowering remains 

inherently bespoke. 

A standardized approach requires the opposite: a finite set of classifications and a finite set of 

allowable combinations. 

The Nuclear Repowering Interface Architecture (NRIA) establishes this through a simple three-

point structure: 

END 1 INTERMEDIATE END 2 

Envelope Family (EF) Interface Architecture Class (IAC) Heat Output Class (HOC) 

What is the existing turbine? 
How is the nuclear heat 
integrated? 

What class of heat output is 
being considered? 

Within the intermediate point, each IAC has a defined Interface Boundary Point (IBP) that 

establishes the physical separation between the Nuclear Domain and the Non-Nuclear Domain. 

The resulting framework is therefore: 

EF — IAC/IBP — HOC 

The purpose is not to prescribe a particular reactor, turbine modification or project design. It is to 

establish a common language and a finite compatibility space within which nuclear 

repowering can be classified. 
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2. End 1 — Classifying the Existing Turbine 

The starting point is the existing steam turbine. 

A repowering project inherits the thermodynamic characteristics of that turbine. NRIA therefore 

classifies existing turbines according to their original certified design conditions rather than 

treating each turbine as a unique case. 

Four standardized Envelope Families (EFs) are defined. The classification uses the turbine's 

certified main steam pressure, main steam temperature and hot reheat temperature.  

Table 1 — Envelope Families 

Envelope 
Family 

Main Steam 
Pressure 

Main Steam 
Temperature 

Hot Reheat 
Temperature 

Typical Classification 

EF-1 ≤ 18.0 MPa ≤ 541°C ≤ 541°C Subcritical / older fleets 

EF-2 18.1–26.9 MPa 542–582°C 542–582°C 
Modern subcritical / low-
end supercritical 

EF-3 ≥ 27.0 MPa 583–624°C ≥ 583°C Ultra-supercritical fleets 

EF-4 ≥ 27.0 MPa ≥ 625°C ≥ 600°C 
Advanced USC / next-
generation systems 

The EF is therefore a classification of the existing turbine envelope. It is not a classification of 

the nuclear technology. 

The framework deliberately limits the number of categories to four. Additional project-specific 

turbine categories would reintroduce the very bespoke classification that the standard is intended 

to eliminate. Final EF Section 

Thus, every repowering opportunity begins with one question: 

Which Envelope Family does the existing turbine belong to? 

3. The Intermediate — Five IACs and Three IBPs 

Once the existing turbine has been classified, the repowering configuration is described through 

one of five standardized Interface Architecture Classes (IACs). 

The IACs define the permitted structural arrangements for connecting the nuclear heat source to 

the existing turbine. Each IAC is a complete architectural configuration; projects are not intended 

to assemble arbitrary combinations of elements from different IACs. IAC-IBP 
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Table 2 — Interface Architecture Classes and Interface Boundary Points 

IAC Interface 

Architecture 

Basic Configuration IBP IBP Location 

IAC-A Direct Nuclear Steam Nuclear steam supplied 

directly to turbine 
IBP-1 Nuclear steam-generator 

outlet 

IAC-B Nuclear Steam + 

Electric Topping 

Nuclear steam passes 

through electric 

supplemental heating 

before turbine admission 

IBP-3 Immediately upstream of 

electric topping equipment 

IAC-C Nuclear Steam + 

Fired Topping 

Nuclear steam passes 

through fired 

supplemental heating 

before turbine admission 

IBP-3 Immediately upstream of 

fired topping equipment 

IAC-D Dual-Loop Hybrid Nuclear heat transferred 

through an intermediate 

heat-transfer loop 

IBP-2 Intermediate-loop heat-

transfer interface 

IAC-E High-Temperature 

Indirect Cycle 

Nuclear heat transferred 

through an intermediate 

loop into an 

indirect/advanced cycle 

IBP-2 Intermediate-loop heat-

transfer interface 

This produces an important simplification: 

Five IACs do not create five different types of nuclear/non-nuclear boundary. They 

collapse into three IBPs. 

The relationship is: 

IAC → IBP 

IBP IACs Using the IBP Boundary Concept 

IBP-1 IAC-A Boundary at nuclear steam-generation 
outlet 

IBP-2 IAC-D, IAC-E Boundary at intermediate heat-transfer 
interface 

IBP-3 IAC-B, IAC-C Boundary immediately before 
supplemental heating 
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The IBP is therefore not an additional independent choice. It is part of the architectural definition 

of the IAC. The standard explicitly defines the dependency as IAC → Integration Structure → 

IBP. IAC-IBP 

This gives the intermediate point of the framework a particularly clean structure: 

Five architectural classes → three standardized physical boundary points. 

4. End 2 — Heat Output Classes 

The other end of the framework is the Heat Output Class (HOC). 

The HOCs provide a standardized classification of nuclear heat-output capability. They are 

deliberately expressed as classes rather than as individual reactor designs. 

The purpose is therefore to establish a common vocabulary for describing the heat-output side of 

a repowering configuration. 

NRIA defines four Heat Output Classes. IAC-IBP 

Table 3 — Heat Output Classes 

HOC Description Temperature 

Range 

Defining Characteristic Typical 

Application 

Context 

HOC-A Direct Thermal 

Match 
≤500°C Reactor must match 

turbine temperature and 

pressure directly, with no 

supplemental heat 

Direct steam 

integration 

HOC-B High-Pressure 

Bulk Energy 
300–450°C High-pressure bulk energy 

with supplemental 

temperature addition 

Electric or fired 

topping 

HOC-C Fluid-Driven 

Isolation 

≥400°C primary 

temperature 

Medium-temperature heat 

requiring full isolation 

loop 

Intermediate-loop 

architectures 

HOC-D High-

Temperature 

Isolation 

>500°C for EF-

3; >550°C for 

EF-4 

High-temperature heat 

with advanced isolation 

and materials 

High-temperature / 

USC applications 

The HOC is therefore simply the heat-output classification at the second end of the 

framework. 
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It should not be interpreted here as a reactor-selection mechanism. The purpose of the 

classification is to provide a standardized label for the heat-output category associated with a 

permitted repowering configuration. 

5. The Standardized Compatibility Matrix 

The three elements can now be brought together. 

The existing turbine is identified by its EF. 

The integration arrangement is identified by its IAC, with the corresponding IBP automatically 

defined. 

The heat-output category is identified by its HOC. 

The resulting matrix shows the allowable and non-allowable combinations. 

Table 4 — EF × HOC Compatibility Matrix 

Envelope Family (EF) 
HOC-A — 

Direct Match 

HOC-B — 

Bulk Energy 

HOC-C — 

Fluid-Driven 

Isolation 

HOC-D — High-

Temperature 

Isolation 

EF1 — Subcritical 

(Low Grade) 
IAC-A PROHIBITED 

IAC-D / IAC-

E 
PROHIBITED 

EF2 — Subcritical 

(Standard Grade) 
IAC-A 

IAC-B / IAC-

C 

IAC-D / IAC-

E 
PROHIBITED 

EF3 — Supercritical PROHIBITED 
IAC-B / IAC-

C 
PROHIBITED IAC-D / IAC-E 

EF4 — Ultra-

Supercritical (USC) 
PROHIBITED PROHIBITED PROHIBITED IAC-D / IAC-E 

This is the central standardization result. 

The matrix does not attempt to design the plant. It simply answers: 

Given an existing turbine classified as EF-X, which interface architectures are permitted, 

and which Heat Output Class is associated with each permitted combination? 

The matrix consequently turns what would otherwise be a large number of individual turbine–

nuclear combinations into a finite set of standardized categories. 

6. Reading the Matrix 

The matrix can be read in either direction. 
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Starting with the turbine 

If the existing turbine is EF-1, the allowable configurations are: 

 IAC-A → HOC-A 

 IAC-D → HOC-C 

 IAC-E → HOC-C 

IAC-B and IAC-C are not permitted. 

If the turbine is EF-2, the allowable configurations expand: 

 IAC-A → HOC-A 

 IAC-B → HOC-B 

 IAC-C → HOC-B 

 IAC-D → HOC-C 

 IAC-E → HOC-C 

For EF-3, the allowable configurations are: 

 IAC-B → HOC-B 

 IAC-C → HOC-B 

 IAC-D → HOC-D 

 IAC-E → HOC-D 

For EF-4, the permitted configurations are limited to: 

 IAC-D → HOC-D 

 IAC-E → HOC-D 

The significance is not that one configuration is necessarily preferable to another. Rather, the 

matrix establishes the standardized solution space. 

7. The Three-Point Structure 

The complete framework can therefore be represented very simply: 

The table above is conceptual rather than a one-to-one mapping. The actual allowable 

relationships are defined by the compatibility matrix in Table 4. 

The important point is that the framework has three distinct classification points: 

1. Existing Asset — EF 

What turbine are we repowering? 
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Four standardized Envelope Families classify the existing turbine's thermodynamic envelope. 

2. Interface — IAC / IBP 

What standardized architecture connects the nuclear system to that turbine? 

Five IACs define the permitted architectures, while three IBPs define the corresponding 

nuclear/non-nuclear boundary locations. 

3. Heat Output — HOC 

What class of nuclear heat output is associated with the configuration? 

Four HOCs provide the standardized heat-output categories. 

Together: 

EF + IAC/IBP + HOC = a standardized repowering configuration. 

8. Why This Matters for Standardization 

The value of the framework is its finite structure. 

Instead of describing every repowering project through bespoke engineering terminology, the 

project can be described using a small number of standardized identifiers: 

EF-1 / IAC-A / IBP-1 / HOC-A 

or 

EF-3 / IAC-C / IBP-3 / HOC-B 

or 

EF-4 / IAC-D / IBP-2 / HOC-D 

Each identifier conveys a defined position within the standard. 

The framework therefore creates a common classification language for the repowering industry 

without requiring every project to create its own architecture. 

It also makes clear that the three points are not independent variables: 

 The EF describes the existing turbine; 

 The IAC describes the permitted integration architecture; 

 The IBP follows from the IAC; 
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 The HOC is the heat-output class associated with the allowable EF–IAC combination. 

The matrix is consequently the mechanism that connects the three points. 

9. Conclusion 

Standardization of nuclear repowering does not require every existing turbine, nuclear system or 

power island to be identical. 

It requires the interface between them to be classifiable. 

The NRIA framework achieves this by reducing the repowering landscape to three points: 

END 1 — Envelope Family 
Classification of the existing turbine 

INTERMEDIATE — IAC + IBP 
Classification of the permitted integration architecture and its nuclear/non-nuclear boundary 

END 2 — Heat Output Class 
Classification of the associated heat-output category. 

The five IACs collapse into three IBPs, and the four EF categories and four HOC categories are 

connected through a finite compatibility matrix. 

The result is a standardized map of who can sit where and which combinations are permitted. 

That is the essential purpose of the framework: 

Not to design every nuclear repowering project, but to define the finite set of configurations 

within which nuclear repowering can be standardized. 
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