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 The Small Modular Advanced High-Temperature Reactor (SmAHTR) is a novel small reactor concept using liquid salt coolant and coated-particle fuel in a graphite matrix. The reactor has a thermal power of 125 MWth. This reactor is a “small version” of the Advanced High Temperature Reactor (AHTR). The AHTR concept cooled by a liquid salt was developed and studied at ORNL previously (Ref. 1). The excellent heat transfer characteristics of liquid salts are advantageous over gas coolants, enabling larger power densities and passive safety features. The SmAHTR combines three existing technologies: (1) high-temperature, low-pressure liquid salt coolant, (2) high-temperature coated-particle fuel, (3) and passive decay heat cooling systems by using Direct Reactor Auxiliary Cooling Systems (DRACS).
The vessel of the SmAHTR is 3.5 m in diameter and 9 m in height. The core consists of 19 vertical assemblies, each assembly being a hollow hexagonal graphite block, 4 m in height, 0.45-m flat-to-flat, with 91 pins inside, 72 of them fuel, and 19 of them graphite. The pins are 2.8-cm OD with a pitch of 3.08 cm. Additional reflector graphite blocks are located radially around the core. The liquid salt enters the core at 923 K (650ºC) and leaves at 973 K (700°C). Three main coolant circulation pumps, three intermediate heat exchangers (IHX) that remove the heat to the secondary side during normal operation, and three DRACS are all located inside the vessel. If forced coolant circulation stops, one-way fluidic valves at the bottom of the DRACS enable heat removal by natural convection to three natural draft air coolers (one for each DRACS).
The thermal-hydraulic RELAP5-3D code [Ref. 2] has been used to model the SmAHTR. The code has the properties of liquid salts incorporated [Ref. 3]. The primary coolant salt is FLiBe (2LiF-BeF2). The RELAP5 model of the core includes the 19 assemblies in 3 core rings, with one, six and 12 assemblies in each ring respectively, from center to periphery. The core is also subdivided into ten axial nodes with a cosine power distribution. The three IHXs and the three DRACS are also modeled by RELAP5. The DRACS model includes three simultaneous natural convection loops: one in the core, the DRACS loop with the hot side inside the vessel and the cold side inside the air cooler, and the air natural convection loop in the air cooler. Each DRACS is designed to remove 0.43 MW of power under natural convection conditions. The FliNaK salt (LiF-NaF-KF) is used in the IHX loops and NaF-ZrF4 salt is used in the DRACS loops. A schematic of the RELAP5 model of the primary side is given in Fig. 1. The RELAP5 model includes the secondary and the DRACS also.
Normal and abnormal operations have been simulated with RELAP5. During normal operation at full power (125 MWth), the DRACS are inactive, and forced convection through the core takes place with the three main pumps operating.  A total flow of 1020 kg/s circulates through the whole core. Full power operation with only two main pumps (out of 3) is also possible. A maximum fuel temperature of 1451 K (1178ºC) is calculated at the mid-plane of the center pin in the center assembly, which has the highest power of the core. A loss of forced cooling (LOFC) with scram transient was simulated, with reactor power falling to decay heat levels and heat removed by the DRACS. Natural convection flows of ~24 kg/s were calculated for the whole core with only 2 (out of 3) DRACS operating. The maximum temperature of the primary coolant was calculated to be 1000 K (727°C) at 7 h into the transient. Fig. 2 shows the temperatures of the coolant during the transient as calculated by RELAP5. Fuel and coolant temperatures remain well below limiting values. This transient appears to be rather benign. This RELAP5 model is being used to study other transients such as the LOFC without scram and to perform other parametric studies and further refinements of this reactor concept.
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Fig. 1.  RELAP5-3D model of the SmAHTR. Lower plenum, core with three rings, and upper plenum at left; the three main pumps, three IHXs, three DRACS and downcomer at right.
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Fig. 2.  RELAP5-3D calculated temperature of the coolant in the primary system after a LOFC. 
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