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Abstract

In the last two decades, population and energy requirements have drastically risen. Therefore, it is
necessary to provide an adequate amount of energy to the people and industries without affecting
global warming and the environment. So, several nuclear power plants are constructed to supply
the required demand of the power supply to the household and industries. Nuclear power plants can
produce more electricity while maintaining global warming norms. However, during production of
higher power from the plants, there are several issues raised, such as the sustainability and safety of
the nuclear power plant as well as the reliability of the plants. To resolve these issues to achieve
higher plant efficiency, safety of the plant, etc., during operations, several power plants are
constructed, such as boiling water reactors and supercritical water reactors to generate power at
higher efficiency, while single, two phase and supercritical based natural circulation loops are used
to improve the safety of the plant as well as used in operation to improve the power generation from
the plant. In past decade, supercritical water reactors and supercritical natural circulation loops
have been utilized to increase power generation and enhance the safety of the plant. This review
article discusses numerical and experimental investigations of supercritical water reactors and
natural circulation loops aimed at enhancing the safety, sustainability, and reliability of various
nuclear reactors based on previously published works by several authors, along with identified
research gaps and future work scopes.
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I. Introduction

Energy policy decisions are increasingly prioritizing low-carbon sources. In light of the global
economic downturn caused by COVID-19 and the discourse on climate change, nations are
modifying their energy policies to emphasize net-zero emission solutions that enhance return on
investment. Nuclear power reactors exhibit stability, consistency, low carbon emissions, and high
energy density. Moreover, the prolonged operational lifespan, low maintenance costs, and load-
following capability render nuclear energy a feasible substitute for fossil fuel sources. Also,
researchers are trying to remove heat in a compact area of a nuclear reactor, specifically electronic
parts using microchannel technology [1-2].These constraints pose a considerable risk to both
existing and planned nuclear power reactors. Next-generation reactors are being developed to
improve some bottlenecks and improve the safety and economic possibility of nuclear power
plants. These reactors demonstrate modularity, improved safety margins, and significantly lower
construction and operational expenses, while enabling localized micro-grids and various energy
applications. However, the rapid development of next-generation reactors to meet global net zero
targets requires significant investment and the application of advanced research approaches and
technology. This is evident due to the expensive experimental testing facilities necessary for safety
validation. Furthermore, researchers are increasingly reliant on computational approaches that
require significantly longer periods to converge [3-5].

The preliminary designs of SCWRs have been formulated in Canada, the European Union,
and Japan. The scientific term "supercritical" describes a state of a material when there is no
distinct boundary between the liquid and gaseous phases. The SCWR design was one of six
Generation IV system designs selected in a fourteen-country initiative, reflecting substantial
interest in collaborative Research and Development (R&D) to progress future nuclear energy
systems for deployment beyond 2030 [6-7]. Generation IV reactors, such as the Supercritical Water-
Cooled Reactor (SCWR), were developed to improve the efficiency and sustainability of nuclear
power facilities. Alongside these positive aspects of efficiency and design simplification, SCWRs
are designed to function at supercritical pressures and temperatures.Nonetheless, all such
developments include particular challenges related to reliability, sustainability, and safety, which
must be thoroughly acknowledged and handled. This approach achieves enhanced thermal
efficiency, estimated at 44-48%, in contrast to the 34-36% efficiency of current light water reactors.
Supercritical water reactors employ water at temperatures exceeding its critical point (374°C, 22.1
MPa) for cooling and moderation functions. The SCWR technology can provide thermal, fast, or
mixed neutron spectra, depending on the utilized pressure vessel or pressure tube system. It
reduces nuclear waste production and alleviates greenhouse gas emissions. The thermal efficiency
of SCWRs is augmented by the removal of fuel rods, hence generating an adequate energy output
that reduces the generation of radioactive byproducts and prolongs the fuel cycle's lifespan
through optimal fuel usage in nuclear power plants [8-9].

The word dependability of nuclear reactors denotes steady operation over a prolonged
duration with minimal significant faults. SCWRs seek to enhance reliability by employing simpler
designs, hence decreasing component quantity and minimizing system susceptibility to failure.
SCWRs enhance the overall reliability of a nuclear reactor by eliminating pumps, dryers,
pressurizers, and steam generators, hence reducing potential points of failure. Nevertheless,
operating under supercritical conditions presents drawbacks. Elevated temperatures and pressures
amplify the mechanical and thermal strains exerted on materials, necessitating the development of
novel materials capable of enduring these conditions. Although SCWRs possess significant
potential for reliability, further research in materials and a comprehensive understanding of the
related supercritical water chemistry under radiative circumstances are necessary. Sustainability
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in nuclear power pertains to effective fuel utilization and minimal environmental impact, while

also addressing long-term energy requirements. SCWRs promote sustainability through their
exceptional thermal efficiency, which optimizes fuel utilization and minimizes waste generation.
The efficient design indicates a diminished physical footprint and possibly reduced resource
consumption during construction and operation. Moreover, SCWRs can be designed to support
various fuel cycles, such as thorium or actinide recycling, enhancing fuel sustainability and
reducing the generation of long-lived radioactive waste. Indeed, the diversity of SCWR's design
will enable it to achieve numerous sustainability objectives and optimize fuel utilization by
reducing waste [10-15].

This paper provides a comprehensive analysis of current SCWRs, elucidating essential
elements of safety, sustainability, and reliability in nuclear power facilities. The approaches for
creating safety analysis tools for SCWR are outlined to elucidate the primary scientific difficulties
and the solutions applied at this stage. The steady-state and transient safety characteristics of
contemporary SCWR designs are analyzed comprehensively. The techniques for creating safety
analysis tools for SCWR are outlined to elucidate the primary scientific obstacles and the solutions
that have been executed thus far. The safety criteria of contemporary SCWR concepts are analyzed.
The review and debates accurately delineate the research status of SCWR concepts, the
development of safety analysis methods, and their safety attributes.

II. Literature Review
I. Safety and Reliability of the Supercritical Water Reactors (SCWRs)

Nuclear power plants (NPPs) are developed to generate higher energy to fulfill the demand and
supply of energy for households and industries. In order to provide the demand required by
various industries, NPPs are trying to produce the optimum quantity of energy. However, to
produce an adequate amount of energy, NPPs produce maximum quantity of heat generations,
which increases the core temperatures as well as drastic changes of density near the pseudo-critical
point that makes plants unstable. These phenomena affect the performance of the NPPs. Therefore,
it is necessary to investigates the fluctuation of the temperature and density with time and without
time for accurate prediction of the thermal hydraulic behavior of the supercritical water reactor
and supercritical natural circulation loops (SCNCLs) using various methods such as numerical and
experimental. These methods are capable of identifying the various factors that influence the safety
and reliability of the NPPs, SCWRs [16-18], and SCNCLs [19].

II. Safety Identification of the Safety Mechanism and Criteria for Nuclear Power
Plants

The fundamental principle of examining the safety of nuclear reactor plants involves combining all
components of the plant during operations, effectively managing and segregating all heat
generation components, and minimizing hazards to ensure the plant functions safely. The process
includes systematically varying the pressure at different mass flow rates during steady state, as
well as adjusting the mass flow rate, velocity, and temperature over time at various power levels to
determine the threshold criteria and mechanisms for identifying safe operational conditions. To
assess the safety or instability of supercritical water reactor-based plants, several authors
investigated transient instability using density wave oscillation, while for steady-state conditions,
they analysed the variation of pressure at different power levels relative to mass flow rate and
noted a negative pressure drop, indicating static instability that can be very harmful during the
startup of the nuclear plant. Furthermore, for full safety of the plants, researchers must examine
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various components of the reactors, such as fuel assembly and cooling systems, both steady-state

and transient processes, as well as the dryout condition of the plant during accidents like loss of
coolant accidents. In the NPP, two primary types of reactors operate based on the neutron
spectrum. Fast reactors, like the supercritical pressure water-cooled rapid reactor (SWER)
developed by Japan, operate at high temperatures. The fuel blanket serves as a moderator to
absorb neutrons during the fission process, generating high energy without impacting void
reactivity or the core design. Supercritical pressure and temperature-based reactors are working on
high temperatures, such as CANDU SCWR and U.S. SCWRs. Nonetheless, their coolant flow rate
and the utilization of control rods as a moderator ensure the safety of the core. In this reactor, two
cooling system passes are employed; the first generates power, while the second serves as a
passive system to regulate the reactor's temperature and maintain the operational conditions of the
SCWRs. In both cases, instability is likely, which is very harmful to the reactor. It can be seen that
the amplitude of the mass flow rate is increasing with time and becomes unstable, while the mass
flow rate with respect to time decreases and becomes stale. However, we refer to the mass flow
rate as neutral when it remains constant over time. These mechanisms are used to determine the
safety of the nuclear plants in terms of instability. Additionally, another approach for determining
the safety mechanisms of the nuclear reactor is to accurately estimate the melting temperature of
the core from a material perspective, which aids in preventing reactor accidents caused by
excessive heat generation within the core. This phenomenon strengthens the safety and reliability
of nuclear power plants, mitigates global warming, and improves the economy of the nation. This
method compares the wall temperature and the threshold limiting temperature of the core wall
during steady and transient states to ascertain the deterioration of heat transfer, which indicates
the safety criteria of the supercritical reactor and natural circulation loop. Figures 1 and figure 2
illustrate the schematic diagram of the nuclear reactor.
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Figure 1: Schematic diagram of US SCWR [18]
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Figure 2: Schematic diagram of CANDU SCWR [17]

Figure 3 and figure 4 illustrate the mechanics of nuclear reactor to assess the safety standards. It
can be seen from figure 3 that the wall temperature of the reactor exceeded the threshold limiting
value, which is 850°C which showed the DHT in the reactor.
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Figure 3: Mechanism of the DHT in the reactor to predict the safety of the reactor [16]
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Figure 4: Mechanism of the instability to predict the safety of the reactor [20]

III. Safety, Reliability and Sustainability of the Supercritical Water Reactor and
Supercritical Natural Circulation Loop Based Nuclear Power Plants

The demand for energy is increasing rapidly each day, necessitating fulfilment. In this context, our
main goal is to construct several nuclear power plants (NPPs) that can generate substantial energy
while also providing green energy, ensuring the safety and reliability of the NPPs and the
environment. SCWRs and SCNCLs are designed to provide high energy while maintaining the
safety and reliability of nuclear power plants. Nonetheless, both operate at high pressure and
temperature, improving the thermal efficiency of the nuclear power plant (NPP). However, due to
the significant change of the thermal physical properties of supercritical fluids (SCFs) near the
pseudo-critical point, supercritical water reactors (SCWRs) suffer instability, which presents safety
problems for the NPP.

This section discusses the safety, reliability, and sustainability of SCWR-NPP.There are
various numerical and experimental studies performed by numerous researchers to achieve higher
efficiency for the NPPs using water in different phases, such as single, two-phase, and
supercritical. Hennig [21] in 1999, reported the stability characteristic of the boiling water reactor
(BWR) and suggested that for achieving the higher efficiency, BWR-based NPPS experience
instability, which is harmful for the NPPs. Similarly, Stosic et al. [22] developed SWR-1000 BWR to
achieve higher thermal hydraulic performance as well as produce higher energy with a promising
innovative safety concept for NPPs. Also, Theriault [23] suspected the design of the BWR for
improving the safety of the NPPs by bifurcating the BWR into two important factors, like the
reactor system and containment design, which separately control the safety features of the NPPs.
Further, Su et al. [24] performed the comparative investigation of BWRs and SCWRs and reported
that SCWRs gave higher thermal efficiency as compared to BWRs. By using the water in a
supercritical state, the thermal efficiency of the plant is increased by 28.57% as compared to BWR
as well as providing higher safety by eliminating the dryer and separator from the SCWRs.
Further, by increasing the efficiency of the NPPs by utilizing the supercritical water, Cervi and
Cammi [25] investigated the instability, safety, reliability, and sustainability of the SCWR, and its
outcomes revealed that SCWRs provide higher stability at higher power ranges. Also, Wu et al.
[26] suggested that SCWRs provide higher safety due to their compact size and low fuel
consumption. They also proposed that due to the compact size of the SCWRs and safety features,
they can be used in various applications for generating high power density.
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Based on the several reports of found higher thermal efficiency using SCWR in the NPPs,

Zhao et al. [17] investigated instability characteristics and their consequences at operating
parameters like pressure drop in the channel. In this research, they utilized three fluid mixing
simulation techniques to evaluate the flow instability of the SCWR. The results demonstrate
increased marginal stability of the SCWR at an inlet loss coefficient of 20, which acts as a safety
factor for NPPs. A non-dimensional stability map was developed to ascertain the usual operational
boundaries for the reliability and safety of nuclear power stations (NPPs). In their subsequent
study, Zhao et al. [27] conducted a follow-up study on SCWR, examining flow instability in
relation to design parameters and pressure loss coefficients. Their findings indicate that the
stability zones of SCWR have expanded relative to BWR due to the use of a low loss coefficient for
the exit valve in the flow pipe beneath the core. Further, Chen et al. [28] developed a computation
code to predict flow instability in both single and parallel channels of the SCWR. The code
effectively predicts both static and dynamic instability, as well as the impact of numerous
characteristics, such as geometry and operating circumstances, on flow instability. Examinations
indicated that single-channel systems encounter more significant pressure drops, which is harmful
for the NPPs, as well as that single-channel systems do not provide significant safety for the NPPs.
Additionally, they proposed a safer and more reliable limit for SCWRs. Zhao [29] studied the flow
problems and safety of the single-channel U.S. SCWR using a matrix method. They found that the
decay ratio does not impact flow instability. However, the inlet orifice coefficient of the channel
makes it more stable and safer in comparison to the smooth inlet channel. Also suggested is the
manufacturing of the channels, which have different inlet orifice coefficient values for SCWR, to
provide safety during operations. Also, Shitsi et al. [30] examined dynamic wave instability (DWI)
across multiple channels with commercial 3D STAR-CCM+ software, demonstrating that SCWR
undergoes DWI and produced a stability map for SCWR to ensure the nuclear power plant
operates within stable and safe parameters.

Jyotish et al. [31] indicated that instrumentation and control systems are crucial for the safe
operation of nuclear power stations (NPPs). Also, Gabriel [32] has demonstrated a reliability
measurement precision of 99.9905% for safety-critical systems. Choi et al. [33] proposed that
supercritical water reactors (SCWRs) implement a sustainability program aimed at enhancing
reliability while reducing expenses through the optimization of safety margins. Utilizing decision-
making tools to identify hazards enables the execution of operations that are both secure and
economically efficient. Furthermore, innovations utilizing nuclear energy, such as helium-cooled
compact modular reactors, exhibit potential for enhanced sustainability due to their reduced
dependence on active safety protocols. Obaidurrahman et al. [34] conducted a study highlighting
the significance of reliability and sustainability via a comprehensive safety framework that
integrates essential safety principles, deterministic and probabilistic safety assessments, and
uncertainty evaluations of NPPs. These regulations ensure safety at every stage of the process,
from planning to finalization. The insights gained from previous nuclear incidents have resulted in
more stringent safety regulations and an enhanced emphasis on reducing the unpredictability of
safety assessments. Advancements in nuclear technology offer significant advantages; nonetheless,
concerns persist over public perception and the potential for catastrophic incidents. For nuclear
energy to have a future, these concerns must be addressed via transparent dialogue and
continuous efforts to enhance safety protocols. NPPs are reliable and durable, as demonstrated by
Kroger et al. [35], indicating they are a clean energy source. Nonetheless, previous accidents and
errors by individuals continue to evoke concerns around safety. The innovative design of
supercritical water reactors (SCWRs), akin to small modular reactors, aims to enhance safety and
public acceptance. = Kumar et al. [36-39] conducted a study examining the reliability and
availability across several power plants by analyzing different systems.
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Further, some active CANDU and USA SCWR and passive (SCNCL) systems are used to
provide the safety of the core as well as to be used as an operating system to produce energy. Rai

et al. [40-41] discussed the significance of Ledinegg instability and DWI, particularly within a
single-channel loop, to ensure the safety of nuclear power plants. Furthermore, they investigated
the impact of various operational and geometric parameters of the single-channel loop, which can
help improve the safety, reliability, and sustainability of NPPs at elevated power levels and during
accidents. In their subsequent study, Rai et al. [42-43] discussed improvements in SCWRs within
nuclear technology, addressed issues about the validation of safety analysis techniques and the
necessity for thorough accident assessments, which remain essential for the secure implementation
of nuclear power plants, and determined the stable and safe limits in both points of view, like DWI
stable and the material point of view, to protect the melting of the core by excess heating of the
core wall. Similarly, Swapneel et al. reported steady-state instability for SCNCL, which is used as a
passive system to protect the NPPs during operation and accidental conditions. Further, Upadhyay
and Dutta [44] established a stable and secure limit for the U.S. SCWR. Figure 2 illustrates that the
reactor is thermally stable; nonetheless, it poses a safety risk regarding materials, as the wall
temperature surpasses acceptable limits at a specific power level. According to the stable and safe
criteria of U.S. SCWR, a stable and safe operational limit has been established for the NPP at
specific power ranges, ensuring safety for the facility. Dutta et al. [45] developed a code, THRUST,
that can forecast the steady state and DWI of the CANDU SCWR, and the influence of various
parameters on this instability has been analyzed. They identified DWI in the SCWR and illustrated
both the reactor's marginal stability boundary and the stable and safe limits for the SCWRs. Dutta
et al. [46-47] examined the performance of the SCWR in both steady and transient states utilizing
two distinct computational approaches, THRUST and commercial software ANSYS, to determine
the DHT in the SCWR, which poses significant risks to the reactor.

It can be seen from figure 5 and figure 6 that the marginal stability of DWI and the marginal
safety limit of the SCNCL and SCWRs of CANDU and USA reactors are drawn. The reactor's
thermal hydraulic conditions are stable; nonetheless, the material temperature surpasses the
maximum allowable temperature of the reactor wall. Consequently, the reactor is deemed unsafe.
The reactor's established, stable, and secure limit has resulted in the formulation of a combined
stable and secure limit. SCWRs show a higher stable and safe zone as compared to SCNCL.
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Figure 5: Stable and safe limits of SCWRs [45-47]
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Figure 6: Stable and safe limits of SCNCL [20]
IV. Conclusions

In this present work, a thorough literature review of existing SCWR concepts and numerical and
experimental investigations has been carried out to discuss the safety, reliability, and sustainability
of high-pressure and temperature-based NPPs and determine their safety characteristics. Based on
the literature review, the following important findings are found, which are discussed below.

The design of a multi-flow pass in the SCWR core is the primary approach to eliminate the
transient flow instability, which provides the safety of the SCWRs. Supercritical fluid based NPPs
are more efficient than two-phase and single phase based NPPs as well as supercritical water
reactor plants are safer and more stable at high power as compared to boiling water reactors plant
due to absence of the separator and dryer from the plants.The mass flow rate relative to thermal
power is a distinguishing characteristic of SCWR, in contrast to PWR and BWR, which could
potentially lead to compromised safety performance. SCNCLs are one of the best solutions to
provide the higher safety of the NPPs during accidents as well as at normal operating
conditions.The CANDU SCWR and U.S. SCWR were examined to ensure that the wall
temperature of the core remains within safety limits during normal operation. Also, various
computational methods are used to determine the safe and stable zone based on the transient
analysis of the SCWRs and it is found that SCWRs are stable in point of TH, while in material point
of view, it is not safe.

References

[1] Rai, S. K., Goyat, V., Gupta, M. K., Ghangas, G., Bhatt, D., Uniyal, A.,and Shrivas, N. V.
(2025) Numerical and experimental heat transfer analysis of two-phase flow through microchannel
for development of heat dissipation correlation. Journal of Non-Equilibrium Thermodynamics,
50(4):585-602.

[2] Koo, M., Lee, W. K., and Lee, C. H. (1997) New reactor system for supercritical water
oxidation and its application on phenol destruction. Chemical engineering science, 52(7):1201-1214.

[3] Rowinski, M. K., Zhao, J., White, T. J., and Soh, Y. C. (2018) Safety analysis of super-critical
water reactors—A review. Progress in Nuclear Energy, 106:87-101.

[4] Wu, P, Ren, Y., Feng, M., Shan, J., Huang, Y., and Yang, W. (2022) A review of existing
supercritical water reactor concepts, safety analysis codes and safety characteristics. Progress in

1237



P Kumar, S K Rai, A Gupta, D Kumar, M Gupta, D Bhatt, M Gupta, G P Bagri RT&A, No 4 (89)
ADVANCES IN NUCLEAR REACTOR Volume 20, December 2025

Nuclear Energy, 153:104409.

[5] IAEA, 2014 Heat Transfer Behaviour and Thermohydraulics Code Testing for Supercritical
Water Cooled Reactors (SCWRs).

[6] IAEA, 2019 Status of Research and Technology Development for Supercritical Water
Cooled Reactors. IAEA. Vienna.

[7] Cervi, E., and Cammi, A. (2018) Stability analysis of the Supercritical Water Reactor by
means of the root locus criterion. Nuclear Engineering and Design, 338:137-157.

[8] Rai, S. K., Kumar, P., and Panwar, V. (2020) Numerical analysis of influence of geometry
and operating parameters on Ledinegg and dynamic instability on supercritical water natural
circulation loop. Nuclear Engineering and Design, 369:110830.

[9] Locatelli, G., Mancini, M., and Todeschini, N. (2013) Generation IV nuclear reactors:
Current status and future prospects. Energy Policy, 61:1503-1520.

[10] Abram, T., and Ion, S. (2008) Generation-IV nuclear power: A review of the state of the
science. Energy Policy, 36(12):4323-4330.

[11] Rai, S. K., Ahlawat, N., Upadhyay, R., Kumar, P., and Panwar, V. (2022) A study on the
effect of geometry and operating variables on density wave oscillation in a supercritical natural
circulation loop. Computation, 10(2):1-25.

[12] Buongiorno, J., and MacDonald, P. (2003)Supercritical water reactor (SCWR). Progress
Report for the FY-03 Generation-IV R&D Activities for the Development of the SCWR in the US,
INEEL/Ext-03-03-01210.

[13] Rai, S. K., Kumar, P., Tiwari, M., Panwar, V., Kumar, D., and Sharma, V. K. (2025) A
comprehensive overview of advancements, applications, and impact of supercritical fluid natural
circulation loops. Annals of Nuclear Energy, 211:110971.

[14] Schulenberg, T., Leung, L. K. H., Brady, D., Oka, Y., Yamada, K., Bae, Y., andWillermoz, G.
(2009) Supercritical water-cooled reactor (SCWR) development through GIF collaboration. In
International Conference on Opportunities and Challenges for Water Cooled Reactors in the 21st
Century, IAEA Publication, IAEA-CN-164-5506: 67.

[15] Upadhyay, R., Rai, S. K., and Dutta, G. (2018) Numerical analysis of density wave
instability and heat transfer deterioration in a supercritical water reactor. Journal of Mechanical
Science and Technology, 32:1063-1070.

[16] Zhao, J., Saha, P., and Kazimi, M. S. (2007) Hot-channel stability of supercritical water-
cooled reactors—I: steady-state and sliding pressure startup. Nuclear technology, 158(2):158-173.

[17] Rahman, M. M., Dongxu, J., Jahan, N., Salvatores, M., and Zhao, J. (2020) Design concepts
of supercritical water-cooled reactor (SCWR) and nuclear marine vessel: A review. Progress in
Nuclear Energy, 124:103320.

[18] Sharma, M., Pilkhwal, D. S., Vijayan, P. K., Saha, D., and Sinha, R. K. (2010)Steady state
and linear stability analysis of a supercritical water natural circulation loop. Nuclear Engineering
and Design, 240(3):588-597.

[19] Rai, S. K., Kumar, P., Panwar, V., Gupta, M. K., Bhatt, D., Kumar, D., and Gupta, M. (2025)
A Comprehensive Investigation of Computational Analysis on Flow Characteristics, Stability and
Safe Limits of a Supercritical Natural Circulation Loop for Different Heating Power
Profiles. Nuclear Engineering and Technology, 103858.

[20] Hennig, D. (1999) A study on boiling water reactor stability behaviour. Nuclear
Technology, 126(1):10-31.

[21] Stosic, Z. V., Brettschuh, W., and Stoll, U. (2008) Boiling water reactor with innovative
safety concept: The Generation III+ SWR-1000. Nuclear Engineering and Design, 238(8):1863-1901.

[22] Theriault, K. (2016). Boiling water reactors. In Nuclear Engineering Handbook:85-140. CRC
Press.

1238



P Kumar, S K Rai, A Gupta, D Kumar, M Gupta, D Bhatt, M Gupta, G P Bagri RT&A, No 4 (89)
ADVANCES IN NUCLEAR REACTOR Volume 20, December 2025

[23] Su, Y., Chaudri, K. S., Tian, W., Su, G., and Qiu, S. (2014) Optimization study for thermal
efficiency of supercritical water reactor nuclear power plant. Annals of Nuclear Energy, 63:541-547.

[24] Cervi, E., and Cammi, A. (2018) Stability analysis of the Supercritical Water Reactor by
means of the root locus criterion. Nuclear Engineering and Design, 338:137-157.

[25] Wu, P., Gou, J., Shan, ], Jiang, Y., Yang, J., and Zhang, B. (2013) Safety analysis code
SCTRAN development for SCWR and its application to CGNPC SCWR. Annals of Nuclear Energy,
56: 122-135.

[26] Zhao, J., Saha, P., and Kazimi, M. S. (2008) Core-Wide (In-Phase) Stability of Supercritical
Water-Cooled Reactors—I: Sensitivity to Design and Operating Conditions. Nuclear
technology, 161(2):108-123.

[27] Chen, J., Gu, H., and Xiong, Z. (2019) Development of one-dimensional transient model for

predicting flow instability at supercritical pressures. Progress in Nuclear Energy, 112:162-170.

[28] Zhao, J., Tso, C. P., and Tseng, K. J. (2011) SCWR single channel stability analysis using a
response matrix method. Nuclear engineering and design, 241(7):2528-2535.

[29] Shitsi, E., Debrah, S. K., Agbodemegbe, V. Y. and Ampomah-Amoako, E. (2017)
Numerical investigation of flow instability in parallel channels with supercritical water. Annals of
Nuclear Energy, 110:196-207.

[30] Jyotish, N. K., Singh, L. K., Kumar, C., and Singh, P. (2023) Reliability and performance
evaluation of safety-critical instrumentation and control systems of nuclear power plant. [EEE
Transactions on Reliability, 73(1):422-437.

[31] Gabriel, A. (2018)Funnel Risk Graph Method in the Design of Integrated Control and
Safety System (Doctoral dissertation, Victoria University).

[32] Choi, Y. J. (2019) Light Water Reactor Sustainability Program: Assessment of verification
and validation status-RELAP5-3D and RAVEN (No. INL/EXT-19-56151-Rev000). Idaho National
Laboratory (INL), Idaho Falls, ID (United States).

[33] Obaidurrahman, K., Arul, A.J., Ramakrishnan, M., and Singh, O. P. (2021) Nuclear reactor
safety. Physics of Nuclear Reactors (pp. 449-510). Academic Press.

[34] Kroger, W., Sornette, D., and Ayoub, A. (2020) Towards safer and more sustainable ways
for exploiting nuclear power. World Journal of Nuclear Science and Technology, 10(3):91-115.

[35] Kumar, P., Kumar, D., Chalisgaonkar, R., Sharma, V. K,, and Rai, S. K. (2024) A Critical
Review of Ram Methodology: Analysis and Performance Evaluation in Industrial Complexities.
Reliability: Theory & Applications, 19(4 (80)):83-89.

[36] Kumar, P., Sharma, V. K., and Kumar, D. (2024) Availability analysis for identification of
critical factor of a thermal power plant. Reliability: Theory & Applications, 19(3 (79)):717-724.

[37] Kumar, P., Tewari, P.C. and Khanduja, D.(2017) Six Sigma application in a process
industry for capacity waste reduction: A case study. Management Science Letters, 7.9:423-430.

[38] Kumar, P., Khanduja, D. and Tewari, P.C. (2017) Maintenance Strategy for a System of a
Thermal Power Plant. International Journal of Operations and Quantitative Management,23(1): 101-118.

[39] Rai, S. K., Kumar, P., and Panwar, V. (2021) Mathematical and numerical investigation of
Ledinegg flow excursion and dynamic instability of natural circulation loop at supercritical
condition. Annals of Nuclear Energy, 155:108129.

[40] Rai, S. K., Kumar, P., and Panwar, V. (2021) Numerical investigation of steady state
characteristics and stability of supercritical water natural circulation loop of a heater and cooler
arrangements. Nuclear Engineering and Technology, 53(11):3597-3611.

[41] Rai, S. K., Kumar, P.,, and Panwar, V. (2020) Computational analysis of static flow
instabilities in supercritical natural circulation loop. In Proceedings of International Conference on
Thermofluids: KIIT Thermo 2020 (pp. 387-395). Singapore: Springer Singapore.

[42] Suman, S., Upadhyaya, R., Raghuvanshi, N. S., Gupta, M. K,, Shah, S., and Alam, S. (2022)

1239



P Kumar, S K Rai, A Gupta, D Kumar, M Gupta, D Bhatt, M Gupta, G P Bagri RT&A, No 4 (89)
ADVANCES IN NUCLEAR REACTOR Volume 20, December 2025

A state of art review of instability in parallel channels of supercritical fluid in nuclear applications.
Materials Today: Proceedings, 62:226-232.

[43] Upadhyay, R., and Dutta, G. (2018) Identification of safe and stable zone of operation in
supercritical water reactor. Nuclear Engineering and Design, 328:209-227.

[44] Dutta, G., Zhang, C. and Jiang, J. (2015). Analysis of flow induced density wave
oscillations in the CANDU supercritical water reactor. Nuclear Engineering and Design, 286:150-162.

[45] Dutta, G., Maitri, R., Zhang, C., and Jiang, J. (2015) Numerical models to predict steady
and unsteady thermal-hydraulic behaviour of supercritical water flow in circular tubes. Nuclear
Engineering and Design, 289:155-165.

[46] Dutta, G., Zhang, C., and Jiang, J. (2015) Numerical analysis to investigate the effects of
thermal-hydraulic instabilities on deterioration heat transfer and wall temperature in the CANDU
supercritical water reactor. Journal of Nuclear Engineering and Radiation Science, 1(4):041011.

1240



