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In this work, we present a closure-indipendent Roe solver for free-surface, two-phase flows over mobile bed. These geophysical flows, characterized by the presence of a mixture of solid particles immersed in a fluid, are mathematically described by a hyperbolic system of partial differential equations, with non-conservative terms and highly nonlinear relations between primitive and conserved variables. Based on the rheological properties of the fluid and on flow conditions, different algebraic closure relations can be adopted inside the system to define resistance and solid phase concentration as a function of the flow variables. These affect significantly the entire system of governing PDEs, the relevant eigenstructure and, consequently, any finite-volume numerical methods based on upwind Godunov-type fluxes. 
In the Roe approach, an approximate solution of the Riemann Problem is obtained from a locally linearized problem. A Jacobian matrix of the system must be derived as a function of proper averages of the primitive variables, such as some constraints are satisfied. The formulation of the solver depends on the closure relationship used in the governing system, and based on the closures adopted, not only different Jacobians are obtained, but also the derivation can be quite easy or extremely complicated.

The well-balanced Roe solver presented here is based on a novel Multiple Averaged States approach that allow a straightforward determination of the Jacobian matrices to be used in the Roe solver. Moreover, the formulation is completely independent from the adopted closure relation and gives the solver a quite general applicability. In addition, the resulting solver is fully two-dimensional and exactly well-balanced. 

Several applications and test cases, corresponding to regular sediment transport (Meyer-Peter & Müller formula) and debris flow conditions, show the capabilities of the method. 

