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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 this concept can be found in Ref. 1. The excellent heat transfer characteristics of 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 molten salt coolant, (2) high-temperature coated-particle fuel, (3) passive pool-type design, and (4) Brayton power cycle. This concept was originated at Oak Ridge National Laboratory (ORNL) and developed by a research consortium [Ref. 1].
Trade studies to examine different variants are being considered. ORNL is developing a 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. 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 (IHX) that remove the heat to the secondary side during normal operation. If forced coolant circulation stops, a one-way fluidic valve opens and 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 (outside air) takes place through the Direct Reactor Auxiliary Cooling Systems (DRACS). The primary pumps, IHX, PRACS, and DRACS are located inside the buffer tank.
The thermal-hydraulic RELAP5-3D code [Ref. 2] has the properties of molten salts incorporated [Ref. 3] and has been used to model the AHTR. The primary coolant salt is FliBe (2LiF-BeF2). The RELAP5 model consists of 26 assemblies in 3 core rings and 1 PRACS module modeling 1/8 of the reactor. The core rings are subdivided into ten axial nodes. A schematic of the model is given in Figs. 1 and 2. During normal operation at full power (2400 MWt), the PRACS loop is inactive, and forced convection through the core takes place. A total flow of 10,000 kg/s is calculated through the whole core. Coolant temperatures are 850ºC (inlet) and 950ºC (outlet). A maximum fuel temperature of 1248ºC (below the limit of 1250ºC) is calculated for the assembly with the highest power at the center 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 PRACS into the buffer tank. Natural convection flows between 140 and 290 kg/s were calculated for the whole core (for one PRACS the flows were between 17.5 and 36 kg/s). During the first few hours of the transient, PRACS removal capabilities are below decay heat levels, and the temperature of the coolant leaving the vessel increases by about 30ºC. After that time, the coolant temperature decreases. This transient appears to be rather benign. This RELAP5 model will be used to study other transients like the LOFC without scram and to perform parametric studies of this reactor concept.
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Fig. 1.  RELAP5-3D model of the AHTR. Core with three rings at left, PRACS at right.
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Fig. 2.  Isometric view of the model with coolant temperature distribution (K) under natural  

           convection. Three-ring core with bottom and top plena is at left, PRACS at right.
