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ABSTRACT
In this paper we briefly present the package SAPHYR [1] (in French, Advanced System for
Reactor Physics) which is devoted to reactor calculations, safety analysis and design. This package
is composed of three main codes: APOLLO2 [2] for lattice calculations, CRONOS2 [3] for whole
core neutronic calculations and FLICA4 [4] for thermalhydraulics.
A brief presentation of each of those components is done in the full paper.
The code system is presented in the poster session and a demonstration is provided on a personal
computer, for interesting situations (Reactivity Insertion Accident…).
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1. INTRODUCTION
The package SAPHYR [1] (in French, Advanced System for Reactor Physics) is devoted to
reactor calculations, safety analysis and design. It is composed of three main codes,
APOLLO2 [2] for lattice calculations, CRONOS2 [3] for whole core neutronics calculations and
FLICA4 [4] for thermalhydraulics.
The SAPHYR code system is used to model various types of reactors, from PWRs and BWRs to
experimental reactors, from spatial power reactor designs to VVERs, from RBMKs to gas cooled
reactors.
SAPHYR is based on a modular structure that allows a great flexibility of use. A specific user
oriented language, and a shared numerical toolbox have been developed to chain the various
computation modules.
The code system is presented in the poster session and a demonstration is provided on a personal
computer, for interesting situations (Reactivity Insertion Accident…).

2. APOLLO2
The neutron and gamma multigroup transport lattice code APOLLO2 was previously
presented [2]. Since this presentation, a method of characteristics has been added [5] [6] [7] [8]
and the performances of the code have been improved.
APOLLO2 works with an arbitrary number of regions, groups, isotopes and burn up zones. The
operators and data structures have been designed for optimal calculation performances in the
100-group range, but reference calculations using a very fine energy mesh can be performed [9].
The main functions are shortly described hereafter.
The CEA93 multigroup isotopic library is based on the JEF2 evaluation. Transfer cross-sections
for some specific ‘isotopes,’ such as lead or light water, have been developed up to P5 order of
anisotropy. Various depletion chains are associated with the CEA93 library. The CEA93 does
not require any cross-section adjustments. Recently, gamma cross-sections have been introduced
in order to treat coupled neutron-gamma problems. APOLLO2 and its library are widely
qualified [10].
In order to provide better stability and enhanced accuracy, a continuous effort has been put into
the improvement and development of self -shielding methods [11]. The main directions of
research are improvement of the existing methodology (especially for mutual shielding effects),
development of new models and elaboration of fine-multigroup reference calculations.
Cross-section collapsing and homogenization is done either by direct flux weighting or via
equivalence theory (SPH formalism) [12].
APOLLO2 allows the use of various leakages models, the B1 homogeneous one and a P1corrected heteroge neous model called TIBERE [13].
American Nuclear Society Topical Meeting in Mathematics & Computations, Gatlinburg, TN, 2003

2/7

SAPHYR: A CODE SYSTEM FROM REACTOR DESIGN TO REFERENCE CALCULATIONS

Transport solvers based on the classical collision probability method have been, for many years,
implemented in APOLLO2. The transport solver (TDT) introduced in the APOLLO2 code [6],
provides an interface-current method with the ability of treating unstructured 2D meshes and the
3D geometries axially generated from these meshes. Recently, the method of characteristics has
been implemented in TDT allowing, thus, for consistent collision probability (CP) and
characteristics (MOC) solution that use the same set of trajectories for unstructured geometries.
Several acceleration techniques [15] have been developed for the MOC as well as generalized
quadrature formulas adjusted on the integration of Bickley-Naylor functions for a wide range of
optical thicknesses [14]. Finally, both the CP and the MOC can treat several types of periodic
lattices with the use of cyclic trajectories [14]. The discrete ordinates IDT solver [8] allows to
treat 2D and 3D Cartesian regular geometries with nodal and characteristics approximations.
Powerful DSA acceleration techniques have been introduced in IDT [16].
A user-friendly interface is provided with the code [17].

3. CRONOS2
The CRONOS2 code has been designed to provide all the computational means needed for core
calculations, including design, fuel management, operation and accidents.
It allows steady state, burn up and kinetic multigroup calculations of power distribution taking
into account the thermal-hydraulic feedback effects. All these calculations can be done without
any limitation on any parameter (energy groups, meshes...).
The CRONOS2 code is able to solve the diffusion and the transport equations. Both eigenvalue
and source calculations can be performed. The two main flux solvers in CRONOS2 are the
PRIAM solver and the MINOS solver.
• The PRIAM solver is based on an even parity formulation using a finite element
approximation (FEM) in space and a SN discrete ordinate in angle. This approach offers a
high degree of flexibility when defining the geometry: rectangular, hexagonal or cylindrical,
and more recently geometry based on triangular and curvilinear triangle elements [20].
Various boundary conditions (reflection, symmetry, periodicity, translation, albedos) are
available. Thanks to this method, CRONOS2 was one of the first codes to solve the 3D pinby-pin transport equation [21].
• The MINOS solver uses a powerful nodal method [22] for dealing with structured
geometries. It differs from conventional nodal methods in that it has a rigorous FEM
mathematical background using SPN approximation of transport equation. The main
advantage of this method is that it preserves the continuity of the current and that it is able to
take into account the discontinuities factors at the mesh interfaces. MINOS provides very fast
solution using SPN approximation that allows its use for routine calculation. [23] [24].
The resolution method for kinetic calculations is based on a scheme with an implicit time step (θ
method). The delayed neutron equations are integrated exactly. The method was extended to
SPN transport equations, taking into account the time dependence of all harmonics. The
Improved Quasi-Static method (IQS) is also available in CRONOS2 [18]. General perturbation
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calculation tools have been implemented and generalized to treat any order [19]. Either isotopic
and macroscopic depletion calculations are available.
The thermal hydraulics of the core can be dealt with by the FLICA4 code coupled with
CRONOS2 via the ISAS application (PVM). This coupling has a part to play in the study of
accidental situations such as main steam line break or control rod ejection.
There is a large range of processing possibilities regarding both cross -sections and geometry
modifications. The code also includes a number of graphical tools for pre and post processing.

4. FLICA4
The FLICA4 code [4] has been designed to provide all the computational means needed for
steady state and transient thermalhydraulic calculations, particularly two-phase reactor core
analysis.
FLICA4 is a 3D two-phase compressible flow code, specially devoted to reactor core analysis.
The fluid is modeled by a set of four equations: mass, momentum, and energy conservation for
the two-phase mixture, and mass conservation for the vapor. The velocity disequilibrium is taken
into account by a drift flux correlation. The vapor is set at saturation conditions. This four
equations model is well suited to describe two-phase flow conditions from PWR nominal
operating conditions up to boiling crisis.
A specific finite volume numerical method has been developed for FLICA4 [25,30,31]. This
method is based on an extension of Roe’s approximate Riemann solver to define convective
fluxes versus mean cell quantities. To go forward in time, a linearized conservative implicit
integrating step is used, together with a Newton iterative method. This kind of numerical method
has proved to be very accurate (low numerical diffusion) and efficient for the numerical solution
of the two-phase flow problem.
FLICA4 also features a 1D thermal module to solve the heat conduction in solids (fuel plates or
fuel rods) and the coupling with CRONOS2 when 3D neutronics is needed to compute the
thermal power [27,28,29].
A complete set of closure laws is qualified for PWR [26], but due to its large flexibility (modular
design of SAPHYR), FLICA4 provides numerous correlations for wall friction, drift flux, heat
transfer and critical heat flux, and many fluids can be calculated: liquids like lead or freons, or
gas like hydrogen or carbon dioxide.
FLICA4 includes an object-oriented pre-processor to define the geometry and the boundary
conditions. Radial unstructured mesh is available, without any limitation on the number of cells.
Zooming on a specific radial zone can be performed either with a non-conform radial mesh or by
a second calculation using a finer mesh coupled with the coarse one (for instance a sub-channel
calculation on the hot assembly).
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5. CONCLUSION
Thanks to a continuous developmental effort, the SAPHYR system is an outstanding tool
covering a large domain of applications, from sophisticated R&D studies that need state-of-theart methodology to routine industrial calculations for reactor and criticality analysis. SAPHYR is
powerful enough to carry out calculations for all types of reactors and is invaluable to understand
complex phenomena. SAPHYR components are in use in various nuclear companies such as
Electricité de France, Framatome -ANP, Cogema, SGN, Transnucléaire and Technicatome.
Waiting for the next generation tools (DESCARTES for neutronics and NEPTUNE for
thermalhydraulics) to be available for such a variety of use, with a better level of flexibility and
at least equivalent validation and qualification level, the improvement of SAPHYR is going on,
to acquire new functions constantly required by users and to improve current performance levels.
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