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I. INTRODUCTION 
 

        The PHISICS (Parallel and Highly Innovative 
Simulation for INL Code System) [1] suite of codes is 
under an intensive development at INL. In the last months 
new features have been added and improvements of the 
previously existing one performed. The modular approach 
has created a friendly development environment that 
allows a quick expansion of the capabilities. The spherical 
harmonics based nodal transport solver [2,3] has been 
improved while the implementation of a solver based on 
the self adjoint formulation of the discrete ordinate [4] is 
in the test phase on structured mesh. PHISICS now 
includes a depletion solver with the possibility of using 
two different algorithms for the solution of the Bateman 
equation: the Taylor development of the exponential 
matrix and the Chebyshev Rational Approximation 
Method [5]. The coupling with RELAP5 [6] is also 
available at least in the steady state search mode. This 
makes possible coupled neutronics-thermal hydraulics 
calculations and can also take advantage of the new cross 
section interpolation module. In this way the coupling 
could be performed using an arbitrary number of energy 
groups. 

 
II. INSTANT 
The nodal option, spherical harmonics based, transport 
solver INSTANT (Intelligent Nodal and Semistrucured 
Treatment for Advanced Neutron Transport) has gone 
through a more intensive validation and the thermal 
iterations have been accelerated by the introduction of the 
two grid acceleration [7]. The improvement derived by 
the introduction of such computational scheme is 
highlighted in Fig. 1. The implementation of the self 
adjoint discrete ordinate formulation of the transport 
equation is under way.  

 
III. Depletion Capability 
The previously developed depletion code MRTAU [8] has 
been integrated in the PHISIC environment. The 
algorithm initially implemented in the code has been 
modified and also the possibility of using the CRAM 
approach has been added. Some challenges in extending 

the Taylor expansion used by MRTAU (with matrix split 
between actinides and fission products) to a general order 
of accuracy has been encountered. For this reason, a more 
general expansion of the full decay/depletion matrix, the 
CRAM algorithm, has been adopted and also 
implemented. 
In order to test the code the old implementation has been 
taken as a reference and compared with the new 
algorithms. Fig. 2 shows the relative error (CRAM with 
3000 time step and 14th order as a reference) between 
CRAM 8th order and Taylor second order for different 
time step. CRAM results to be stable and accurate even 
for very large time step. Unfortunately, changes in the 
flux will preclude the usage of so large time step; 
therefore, the exponential matrix method might be still 
convenient for core depletion based calculation. In out of 
core decay or fuel cycle simulation, where the flux could 
be assumed constant, CRAM seems to be a better option. 
Further investigation is ongoing to assess computational 
time comparison and optimization of the Taylor and 
CRAM accuracy order. 
 
IV. Perturbation Analysis 
The implementation of the adjoint solution for the 
INSTANT solver has been completed for diffusion and 
transport. The realization of a module to perform 
Generalized Perturbation Theory [9] based analysis is 
ongoing. 
 
V. RELAP5 Coupling 
The coupling with RELAP5 is on progress, and at this 
time it is possible to run steady state search calculation. 
The major advantage of replacing the version of NESTLE 
module of the RELAP5 package by INSTANT is the 
capability of increasing the spatial approximation 
arbitrarily and/or the angular approximation. Moreover, 
the cross section dependence from temperatures of 
structures, moderator density, control rod insertion, and 
xenon concentration are treated externally from the 
RELAP5 allowing the extension to an arbitrary number of 
energy group. The final implementation of the coupling 
will include also the implementation of a time dependent 
driver for INSTANT that is under development. Fig. [3] 



shows the thermal group flux distribution with thermal 
feedback for one of the RELAP5 test cases (PWR 
rodded). 
 
V. CONCLUSION 
The development of the PHISICS suite of codes at INL is 
continuing on a fast pace. The continuous addition of new 
features is generating a valuable tool to the reactor 
designers that it is foreseen to be deployable soon  by the 
community. 
 

 
Fig.1: Number of thermal iteration by outer. 3D model of 
the MHTGR350 Benchmark Model with 26 energy group 
 

 
Fig. 2: Relative error (%) of CRAM 8th order and Taylor 
2nd order with varing time step (TS) after 100 days of core 
burn up(flux costant) and 100 day cooling down. 
 

 
Fig. 3: 2nd energy group for a PWR rodded RELAP5 test 
case 
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