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PREFACE

This report presents a computer program for simulating horizontal-flow barriers in the Modular
Three-Dimensional Finite-Difference Ground-Water Flow Model (MODFLOW) developed by the U.S.
Geological Survey. Users of the report are encouraged to notify the originating office of any errors found
in the report or in the computer program. Updates may be made occasionally to both the report and
computer program. Users who wish to be added to the mailing list to receive updates, if any, may send
a request to:

Paul A. Hsieh
U.S. Geological Survey, WRD
Mail Stop 496
345 Middlefield Road
Menlo Park, CA 94025

or

John R. Freckleton
U.S. Geological Survey, WRD
5735 Keamy Villa Road, Suite 0
San Diego, CA 92123
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DEFINITIONS OF SELECTED TERMS AND MISCELLANEOUS NOTES

Definitions

Executable program: An organized set of instructions that directs a computer in solving a particular
problem or performing a designated task. This is the program that “runs” on the computer.

MAIN program: The controlling program unit at which program execution begins. It controls the order
in which the primary modules are executed and it serves as a switching system for information.

Module: A collection of related source-code instructions to perform a functional task.
Package or PACKAGE: A collection of related modules (includes submodules).
Primary Module: A module that is called directly by the MAIN program.
Source code: The collection of programming language instructions, Fortran in this report, written by a

programmer.
Submodule:  A module that is called by other modules.
Subroutine: For this report, synonymous with module or submodule.

Notes

1. The source code used for the subroutines contained in this report is written in the Fortran computer
programming language and conforms to the Fortran  66 standard (American National Standards
Institute, 1966). The only exception to the Fortran  66 standard is that character strings in FORMAT
statements are in single quotes rather than Hollerith  constants. Most Fortran  66 compilers include
this capability. The modified MAIN program in this report includes conversions by McDonald and
Harbaugh (1988) to conform to the Fortran  77 standard (American National Standards Institute,
1978).

2. Rather than writing out a complete logical IF statement as it appears in the source code, the authors
simply refer to it, when it is used in the text, as an IF statement or an 'IF...CALL...' statement
(quotation marks included).

3. Fortran  allows for a program identification/sequence alphanumeric to be placed in columns 73 through
80 of a statement field. In the source-code listing for MAIN found in the text, those columns that
contain *HFB* identify code produced for this report.

4. In the text, the word ‘CALL’, written in capitals, refers to the Fortran keyword CALL and is sometimes
used as a verb as in ‘CALLed’  or a plural as in ‘CALLS’.

VI Definitions of Selected Terms and Miscellaneous  Notes
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Abstract

As an addition to the U.S. Geological Survey’s Modular Three-Dimensional Finite-Difference Ground-Water
Flow Model, the Horizontal-Flow-Barrier (HFB)  Package simulates thin, vertical low-permeability geologic features
that impede the horizontal flow of ground water. These geologic features are approximated as a series of horizontal-
flow barriers conceptually situated on the boundaries between pairs of adjacent cells in the finite-difference grid.
The key assumption underlying the HFB Package is that the width of the barrier is negligibly small in comparison
with the horizontal dimensions of the cells in the grid. Barrier width is not explicitly considered in the Package, but
is included implicitly in a hydraulic characteristic defined as either (I) barrier transmissivity divided by barrier width,
if the barrier is in a constant-transmissivity layer, or (2) barrier hydraulic conductivity divided by barrier width, if
the barrier is in a variable-transmissivity layer. Furthermore, the barrier is assumed to have zero storage capacity.
Its sole function is to lower the horizontal branch conductance between the two cells that it separates.

Documentation of the HFB Package includes data-input instructions, narratives, flowcharts, program listings, and
variables lists for the three primary modules and one submodule in the Package.

INTRODUCTION

In some aquifers there may exist thin, vertical low-permeability geologic features, such as vertical
faults, that act as barriers to the horizontal flow of water. These features can be simulated in the model
developed by McDonald and Harbaugh (1988) by reducing model grid spacing appropriately or by using
variable grid spacing in the region of the features to be modeled. However, reduced grid spacing may
result in an excessive number of model cells, and variable grid spacing is efficient (in terms of number
of model cells used for a feature) only if all the features to be modeled are parallel to either the row or
column direction of the model. In addition, the abruptness with which changing hydraulic properties are
modeled must be considered in order to avoid possible numerical difficulties. The Horizontal-Plow-Barrier
(HPB) Package, documented in this report, allows these features to be modeled without increasing the
number of model cells or using variable grid spacing; thus, the HFB Package may enhance model
efficiency.

The Horizontal-Plow-Barrier (HFB) Package consists of three primary modules and one submodule.
The documentation includes data-input instructions, narratives, flowcharts, program listings, and variables
lists for the three primary modules and one submodule.
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The HFB Package is designed to be totally compatible with the standard version of the Modular Three-
Dimensional Finite-Difference Ground-Water Flow Model (McDonald and Harbaugh, 1988), which
commonly is referred to as MODFLOW. The HFB Package can be incorporated into MODFLOW by (1)
designating an unused and unreserved element of the IUNIT array to serve as a flag for invoking the
Package, (2) inserting into the MAIN program of MODFLOW  three IF statements which, when true,
invoke CALLs to HFB subroutine modules, (3) adding the source codes of four HFB modules (three
primary modules and one submodule) to the MODFLOW  source code, and (4) for a typical computer
system, compiling and linking the code into an executable program. In the present case, IUNIT( 16) is
chosen to be the flag for invoking the Package.

ADDITIONS TO THE MAIN PROGRAM

The three IF statements added to the MAIN program of MODFLOW  are enclosed by boxes in the
listing of the modified MAIN program on pages 3-6 of this report. These statements cause execution of
CALLs to the three primary modules (HFB1AL,AL,HFB1RP, and HFBIFM) of the HFB Package when the
Package is invoked. The IF statement resulting in the CALL to module (subroutine) HFBlAL  can be
placed anywhere within the “allocate space” procedure of the MAIN program (McDonald and Harbaugh,
1988, chap. 3, p. l-2). However, the IF statement that results in a CALL to module HFBlRP should be
placed after the 'IF...CALL...'’ to module BCF1RP,  and the IF statement that results in a CALL to module
HFBlFM should be placed after the 'IF...CALL...'’ to module BCF1FM. In the event that the user is using
an alternative package to the Block-Centered Flow Package, then the IF statements resulting in CALLs
to the HFBlRP and HFBlFM modules should be placed after the statements that replace the ‘IF...CALL...’
to BCF1RP and BCFlFM,  respectively. The relations among the primary modules, submodule, and MAIN
program are shown in figure 1.

Figure 1. Relations among the primary modules, submodule, and MAIN program in the Horizontal-
Flow-Barrier Package.

INVOKING THE HORIZONTAL-FLOW-BARRIER PACKAGE

As described in this report, the HFB Package is invoked by assigning a nonzero  input unit number to
IUNIT(16) of the Basic Package input (McDonald and Harbaugh, 1988, chap. 4, p. 9). The Package is
invoked by entering a nonzero  input unit number in columns 46 to 48 of data-item 4 of the Basic Package
input.
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