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PRECONDITIONED CONJUGAT’E-GRADIENT 2 (PCG2),
A COMPUTER PROGRAM FOR SOLVING

GROUND-WATER FLOW EQUATIONS

By Mary C. Hill

ABSTRACT

This report documents PCG2: a numerical code to be used with the U.S.
Geological Survey modular three-dimensional, finite-difference, ground-water
flow model. PCG2 uses the preconditioned conjugate-gradient method to solve
the equations produced by the model for hydraulic head. Linear or nonlinear
flow conditions may be simulated.

PCG2 includes two preconditioning options: modified incomplete Cholesky
preconditioning, which is efficient on scalar computers; and polynomial precon-
ditioning, which requires less computer storage and, with modifications that
depend on the computer used, is most efficient on vector computers. Conver- 
gence of the solver is determined using both head-change and residual criteria.
Nonlinear problems are solved using Picard iterations.

This documentation provides a description of the preconditioned conjugate-
gradient method and the two preconditioners, detailed instructions for linking
PCG2 to the modular model, sample data inputs, a brief description of PCG2,
and a FORTRAN listing.

INTRODUCTION

Purpose and Scope

Finite-difference numerical models commonly are used to investigate
ground-water flow systems. Effective use of these models requires that the
matrix equations they produce be solved efficiently, that is, that a correct
solution is produced using as little computer processing time as possible.
Effective use of the models also requires that the amount of computer storage
be minimized to allow for solution on small computers and to avoid over-
burdening large computers.

The purpose of this work is to document PCG2, a numerical code which
uses the preconditioned conjugate-gradient method to solve the matrix equa-
tions produced by the U.S. Geological Survey modular three-dimensional, finite-
difference ground-water flow model. Two preconditioning options are included
which have not previously been available for use with this model, and which
perform better than available solvers for many problems.
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