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Advanced Reactor Integrated Energy System - 
Thermal Energy Storage Island Design 

1 INTRODUCTION 

In the rapidly evolving landscape of energy supply and distribution, flexibility has become a prized 

attribute, surpassing the traditional notions of stability and baseload generation capability. This shift in 

priorities is particularly evident in regard to nuclear power plants (NPPs), for which adaptability is 

becoming more important than the ability to generate a constant output. As we rethink our energy 

infrastructure and resources so as to embrace the rise of distributed energy generation, the inherent 

variability in net demand continues to expand. Moreover, use of nuclear energy as a source of heat for 

decarbonizing the industrial sector is becoming a very pressing topic. It is in this context that advanced 

NPPs have become poised to enter a more competitive energy market, delivering both flexible electricity 

and heat. This shift is motivating the exploration of thermal energy storage (TES) systems to empower 

NPPs by imparting nimble responsiveness to market fluctuations, flexible heat delivery capabilities, and a 

redefined role in the energy field. TES systems offer the unique advantage of storing nuclear energy, in its 

original form, as heat, thus affording unparalleled flexibility in terms of its subsequent utilization. 

2 BACKGROUND 

The main topic of this research is integrated energy systems (IES) designed for pairing industrial 

thermal energy loads with advanced reactors (ARs). The Idaho National Laboratory (INL) Crosscutting 

Technology Development IES program and the National Reactor Innovation Center (NRIC) are seeking 

to develop, design, and construct an AR-IES demonstration platform that couples the thermal output from 

an AR operating at the INL/NRIC Demonstration of Microreactor Experiments (DOME) test bed in the 

Experimental Breeder II dome to a variable capacity load emulator (i.e., air-cooled radiator) and sensible 

TES via a molten salt thermal energy transfer fluid. Though a two-tank TES system was selected as the 

representative storage technology for demonstrating the use of TES within an integrated system, it should 

not be interpreted as being the primary storage option for all AR-IES. 

1.1 Demonstration Site 

INL is a unique asset within the Department of Energy complex, being a facility with a long history 

of developing and demonstrating various types of low-power reactors. The facilities located within INL 

reactor sites operate inside mature nuclear safety bases and are manned by qualified nuclear operations 

staff. One such facility under development is the INL/NRIC DOME test bed in the Experimental Breeder 

II dome, located within the Materials and Fuel Complex (MFC). The DOME project aims to modify 

MFC-767, MFC-768, and the surrounding area to create a test bed that supports the demonstration and 

operation of Ars currently being designed for operation at MFC. MFC-767 is an ideal AR location, as it 

formerly housed a similar-sized reactor. Such attributes, along with the available space and ongoing 

design development, well equip the DOME Project to effectively coordinate with the AR-IES Project in 

designing, constructing, and operating in a manner consistent with established nuclear safety 

processes/protocols. 

The AR-IES demonstrates the transfer of reactor thermal energy generated at a constant rate and 

temperature, as well as energy storage for users needing thermal energy at variable rates and/or different 

temperatures. 
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1.2 Thermal Energy Storage Overview 

TES technologies enable the accumulation and release of energy through the heating of a heat transfer 

medium in storage medium. When integrated with nuclear systems, TES systems store excess thermal 

energy that can later be harnessed for power generation during periods of high demand—thus improving 

NPP efficiency and grid synchronization—and can serve as a buffer and management solution in 

transferring heat to industrial processes. The TES technology chosen for this project (i.e., the two-tank 

molten-salt system) is cost-effective and compatible with both existing and future nuclear systems, due to 

its flexible temperature operating range. This technology incorporates two separate storage tanks and can 

be classified into direct and indirect heating setups. The molten salts that serve as the heat transfer fluids 

afford stability, low costs, and increased safety. This approach shows promise in regard to optimizing 

energy management in both nuclear and renewable energy applications. Figure 1 shows an example of a 

typical two-tank molten-salt system coupled to a NPP. 

 

Figure 1. Example of a TES system coupled to a NPP. 

3 AR-IES System Description 

This section provides an overview of the envisioned system shown in Figure 2 through Figure 4. A 

more detailed description is provided in the Appendix. 

Allocated Space: It was proposed that the platform be located within 10–200 ft of the DOME site (exact 

location to be determined), on a transportable skid. 

Charge-Side Heat Exchanger: One heat exchanger (gas-to-molten-salt heat exchange), with gas from 

DOME (as the reactor is being tested in DOME) being circulated through the IES charge heat 

exchanger. 

TES System: Two sets of TES tanks, one set to store cold salt and the other to store hot salt. Each of the 

two cold and hot tank sets will include one to four tanks. 

Piping and Pumps: For drawing molten salt from the TES tanks, then pushing it through the platform heat 

exchangers and back around to the TES tanks. 

Discharge-Side Controllable Load: The discharge side of the TES tanks is connected to a 

variable/controllable heat load emulator that rejects heat to the atmosphere via an air-cooled radiator 

or chiller plant. 
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Figure 2. 3-D schematic of the envisioned AR-IES island. 
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Figure 3. 2-D sketch of the envisioned AR-IES island. 
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Figure 4. 2-D concept of operation for the AR-IES island. 

4 Design and Operating Conditions 

The AR-IES will feature the design and operating conditions listed in Table 1. The design 

temperatures and flow rates were selected to accommodate the expected heat loads and temperature of a 

universal high-temperature gas-cooled microreactor at DOME. Because HITEC molten salt (NaNO3-

KNO3-NaNO2, 7-49-44 wt%) has a relatively low melting point (142°C) and a high operating temperature 

range (stable at up to 550°C), the system is capable of storing high-temperature heat at around 420°C. 

Table 2 shows the thermophysical properties of the molten salt when at the nominal temperatures. The 

maximum design temperature and pressure was established as 750°C and 7 MPa on the heat delivery side 

(hot air, reactor heat) of the charge heat exchanger, which was sized to 2 MWth. The nominal flowrate 

was based on a heat transfer analysis of the flowrate required to heat the molten salt from 420°C to 

267°C, using 2 MW of heat input from the charge heat exchanger. The discharge (heat rejection side) was 

similarly sized so as to reject up to 2 MWth from the storage system. 

Table 1. Nominal design and operation conditions for the AR-IES. 

Condition Nominal Value 

Hot molten salt temperature  420°C 

Hot molten salt pressure  120–400 kPa 

Cold molten salt temperature 267°C 

Cold molten salt pressure  120–400 kPa 

Compressed hot air or gas maximum temperature 750°C 

Compressed hot air or gas maximum pressure 7000 kPa 



Table 1. (continued). 
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Condition Nominal Value 

Nominal charge heat exchanger duty 2 MWth 

Nominal discharge load duty 2 MWth 

Nominal molten salt mass flow at nominal duty 10.7 kg/s 

Nominal storage duration 4 hours 

Nominal storage capacity 4 MWhth 

Molten salt mass 225,500 kg 

Molten salt volume 125 m3  

Tank built-in heaters heat tracing temperature 420–450°C 

  

 

Table 2. HITEC thermophysical properties at nominal temperatures. 

Temperature 

Density 

(kg/m3) 

Thermal Cond. 

(W/m-K) 

Viscosity 

(cP) 

Heat Capacity 

(kJ/g-K) 

267°C 1884 0.5717 4.595 1.293 

370°C 1809 0.6379 2.055 1.190 

420°C 1772 0.6822 1.581 1.135 

 

5 Project Status and Summary 

The operating conditions and design requirements have been identified and documented in a 

functional and operational document (i.e., FOR-856) that has already been reviewed in the electronic 

change request (eCR) system (see Appendix A). Comments obtained via this review were incorporated 

into the final version and entered into the INL Electronic Document Management System (EDMS). When 

the project proceeds to the next step, FOR-856 will be submitted to engineering services for use in 

designing the piping, necessary support structures, and utilities needed to operate the AR-IES. A design 

review, involving both internal and external stakeholders, will be conducted for the AR-IES design, 

though additional meetings must be held prior to finalizing the design and moving forward with 

procurement following the formal program approvals. A Concept of Operations (Con-Ops PLN-6732) has 

also been drafted and reviewed (see Appendix B). A funding determination for the project 

(WES-EST-23-488) was completed by Walsh Engineering Services. Two formal quotations from two 

different vendors were received, and there were found to align with INL’s internal funding determination 

estimates. 
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