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 The Advanced High-Temperature Reactor (AHTR) is a novel reactor concept using liquid-molten salt coolant and coated-particle fuel in a graphite matrix. This reactor is a “coolant variant” of the Very High Temperature Reactor (VHTR), a GEN-IV concept cooled either by gas (helium) or by a liquid salt. An overview and status of the AHTR concept can be found in Ref. 1. The excellent heat transfer characteristics of liquid-molten salts are advantageous over gas coolants, enabling larger power densities and passive safety features. The AHTR combines four existing technologies: (1) high-temperature, low-pressure liquid salt coolant, (2) high-temperature coated-particle fuel, (3) passive pool-type design, and (4) Brayton power cycle. The AHTR concept was originated at Oak Ridge National Laboratory (ORNL) and developed by a research consortium [Ref. 1].
A variant of this concept, using prismatic fuel assemblies, has been designed to some detail by the University of California, Berkeley (UCB) [Ref. 2]. ORNL is developing a different variant, with separate fuel pins (bundles) in direct contact with the coolant. In this variant, the core consists of 211 vertical assemblies, each assembly being a hollow hexagonal graphite block, 8 m in height, 0.45-m side-to-side width, 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. Coolant temperatures are 850ºC, inlet, and 950ºC, outlet. Additional reflector graphite blocks are located radially around the core and axially on top and below the core. The vessel diameter is 6.2 m, and the vessel height is 12 m (including core, axial reflectors, and lower and upper plena). The vessel is located inside a large buffer tank, 16 m in diameter and 14 m in height, with liquid salt at about 500ºC. The vessel is connected through four loops with four pumps to eight intermediate heat exchangers (IHXs) that remove the heat to the secondary side during normal operation. If forced coolant circulation stops, heat in the vessel will be removed by natural convection by eight Pool Reactor Auxiliary Cooling Systems (PRACS), transferring heat from the vessel to the buffer tank. Heat removal from the buffer tank to the environment takes place through the Direct Reactor Auxiliary Cooling Systems (DRACS). The primary pumps, IHX, PRACS, and DRACS are located inside the buffer tank.
In this paper, decay heat calculations after reactor scram have been performed using a lumped parameter model with two nodes: one for the reactor vessel with the fuel, reflectors, and coolant, plus the IHXs, primary pumps, and PRACS, and the other node for the buffer tank with the DRACS. Heat is added to the first node by the decay heat of the fuel. Heat is removed from this first node into the second node via the PRACS. The buffer tank node has heat added via the PRACS (from the reactor vessel) and heat removed via the DRACS. A simple computer program was developed to calculate the average temperature of the two nodes as a function of time, and results are given in Fig. 1. Results indicate an increase in the average core/vessel temperature of 16ºC peaking at 6.2 h (22,320 s) after transient initiation and a buffer tank temperature increase of  85ºC at 13 h (46,500 s) into the transient. The initial average temperatures employed are 900ºC (1173 K) for the core and 500ºC (773 K) for the buffer tank.  During the first 6.2 h, the decay heat input into the core is larger than the heat removed by the PRACS, and the temperature of the core/vessel node increases. After 6.2 h, the PRACS removes more heat than the decay heat input into the core; therefore, the core/vessel temperature decreases. Similarly, before 13 h, DRACS removes less heat than PRACS inputs into the buffer tank, and the buffer tank temperature increases. After 13 h into the transient, DRACS removes more heat than the PRACS input, and the buffer temperature decreases. These results are similar to the results obtained in Ref. 2 for this concept with prismatic fuel. The results are typical of reactor configurations inside big pools or buffer tanks (either with sodium or liquid salt). The thermal inertia of the pool or buffer tank can absorb large amounts of heat with only moderate increases in temperature over long times. Results of the transients studied for this concept are well below limits, with the liquid salt below its boiling temperature (1770 K).
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Fig. 1. Calculated temperatures of the two nodes: core/vessel and buffer tank after reactor shutdown.

