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3. Code or Program Applied: RELAP5-3D(  
4. Short Description of Code:

The RELAP5-3D( code has been developed at the Idaho National Engineering and Environmental Laboratory under the U. S. Nuclear Regulatory Commission, the U. S. Department of Energy, and a consortium of several countries and domestic organizations sponsorship as the latest in the series of the RELAP5 codes.

The specific applications of the code have included simulations of transients in LWR systems such as loss of coolant, anticipated transients without scram, and operational transients such as loss of feedwater, loss of offsite power, station blackout, and turbine trip.

The RELAP5-3D( code [1], [2] is based on a nonhomogeneous and nonequilibrium model for the two-phase system that is solved by a fast, partially implicit numerical scheme to permit economical calculation of system transient.

The code includes many generic component models from which general systems can be simulated. The component models include pumps, valves pipes, heat releasing or absorbing structures, reactor kinetics, electric heaters, jet pumps, turbines, separators, accumulators, and control components. In addition, special process models are included for effects such as form loss, flow at an abrupt area change, branching, chocked flow, boron tracking, and noncondensable gas transport.

The most important feature that distinguishes the RELAP5-3D( code from the previous versions is the fully integrated, multidimensional thermal-hydraulic and neutron kinetic modeling capacity.

The multi-dimensional component in RELAP5-3D( was developed to allow the user to more accurately model the multi-dimensional flow behaviour that can be exhibited in any component or region of a LWR system. Typically this will be the reactor downcomer, the lower plenum, the core, the upper plenum and the upper head regions. However, the model is general, and is not restricted to use in the reactor vessel. For example, it can be used for describing of steam generator. The component defines a one, two, or three-dimensional array of volumes and the internal junctions connecting them.

The geometry can be either Cartesian (x, y, z) or cylindrical (r, (, z). The number of volumes in a three-dimensional component is limited to 999.

The multi-dimensional neutron kinetic model in RELAP5-3D( is based on the NESTLE code [1], [3] which solves the two or four group neutron diffusion equations in either Cartesian or hexagonal geometry.  

The thermal-hydraulic models are removed from the NESTLE code in its RELAP5-3D( version and instead of it the RELAP5-3D( thermal-hydraulic models are used. It means that the so-called internal coupling between the RELAP5-3D( thermal-hydraulics and the NESTLE kinetic model exists.

5. Known approximations:

The RELAP5-3D( hydrodynamic model is a transient, two-fluid model for flow of a two-phase steam-water mixture that can contain noncondensable components in the steam phase and/or a soluble component in the water phase. A one-dimensional and a multi-dimensional hydrodynamic model are included in the code. 

The constitutive relations include models for defining flow regimes and flow-regime-related models for interphase drag and shear, the coefficient of virtual mass, wall friction, wall heat transfer, interphase heat and mass transfer, and direct heat transfer. Heat transfer regimes are defined and used for wall heat transfer. For the virtual mass, a formula based on the void fraction is used.

Heat structures provided in RELAP5-3D( permit calculation of the transferred across solid boundaries of hydrodynamic volumes. Modeling capabilities of heat structures are general and include fuel pins or plates with nuclear or electrical heating, heat transfer across steam generator tubes, and heat transfer from pipe and vessel walls. Heat structures are assumed to be represented by one-dimensional heat conduction in rectangular, cylindrical, or spherical geometry. Temperature-dependent thermal conductivities and volumetric heat capacities are provided in tabular or functional form either from built-in or user-supplied data.

The NESTLE neutron kinetics model coupled tothe RELAP5-3D( uses the few-group neutron diffusion equations. Two or four energy groups can be utilized if desired. Core geometries modeled include Cartesian and hexagonal. Three, two and one-dimensional models can be utilized. Various core symmetry options are available. Zero flux, non-reentrant current, reflective and cyclic boundary conditions are treated.

6. Mathematical Model:

The RELAP5-3D( thermal-hydraulic model solves eight field equations for eight primary dependent variables. The primary dependent variables are pressure (P), phasic specific internal energies (Ug, Uf), vapor volume fraction (void fraction) ((g), phasic velocities (vg, vf), noncondensable quality (Xn), and boron density ((b). For the one-dimensional equations, the independent variables are time (t) and distance (x). For the multi-dimensional equations, the independent variables are time (t) and distance (x, y, z for Cartesian; r, (, z for cylindrical).

 The basic field equations for the two-fluid nonequilibrium model consist of two phasic continuity equations, two phasic momentum equations, two phasic energy equations, one mass conservation equation for the total noncondensable component, and an additional field equation for the conservation of the solute.

 The semi-implicit numerical scheme is based on replacing the system of differential basic equations with a system of finite difference equations partially implicit in time.  The terms evaluated implicitly are identified as the scheme is developed. In all cases, the implicit terms are formulated to be linear in the dependent variables at a new time step. This results in a linear time-advancement matrix that is solved by direct inversion using a sparse matrix routine.

Finite differences are used to advance the heat conduction solutions. Each mesh interval may contain different mesh spacing, different material or both. The space dependence of the internal heat source may vary over each mesh interval. The time-dependence of the internal heat source can be obtained from reactor kinetics, one of several tables of power versus time, or a control system variable. 

The few-group neutron diffusion equations are spatially discretized utilizing the Nodal Expansion Method (NEM). Quartic or quadratic polynomial expansions for the transverse integrated fluxes are employed for Cartesian or hexagonal geometries, respectively. Transverse leakage terms are represented by a quadratic polynomial or constant for Cartesian or hexagonal geometry, respectively. Discontinuity Factors (DFs) are utilized to correct for homogenization errors. Transient problems utilize a user specified number of delayed precursor groups. Time discretization is done in a fully implicit manner utilizing a first-order difference operator for the diffusion equation. The precursor equations are analytically solved assuming the fission rate behaves linearly over a time step.

7. Features of Techniques Used:

RELAP5-3D( USER option was selected for the calculations [5]. In this option the user creates his own external procedure which computes the set of cross sections for a single node given by the material type in the node determined from the composition maps, the region average properties in the node specified in the zone maps for node, and the control fractions and insertion directions for any control rods associated with the node.
8. Computer, Operational System:

Workstation rez2, HewlettPackard, type: J6700, processors: 2(PA8700(750MHz),

operational system: HPUX11.0.
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10. Results:

Requested results are in the ASCII file DYN006_SOLNRI.TXT. The solution of the benchmark is described in [5]. The comparison with other solutions is presented in [6] and [7].

11. Comparison to Recommended Solution:

Not yet. Any of the presented solutions was indicated as a reference. The comparison with other solutions is given in [6] and [7].
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