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MODIFICATIONS OF THE U.S. GEOLOGICAL SURVEY MODULAR, FINITE-DIFFERENCE, GROUND-
WATER FLOW MODEL TO READ AND WRITE GEOGRAPHIC INFORMATION SYSTEM FILES

By Leonard L. Orzol and Timothy S. McGrath

ABSTRACT

This report documents modifications to the U.S. Geological Survey modular, three-dimensional,
finite-difference, ground-water flow model, commonly called MODFLOW, so that it can read and write
files used by a geographic information system (GIS). The modified model program is called
MODFLOWARC.

Simulation programs such as MODFLOW generally require large amounts of input data and
produce large amounts of output data. Viewing data graphically, generating head contours, and creating
or editing model data arrays such as hydraulic conductivity are examples of tasks that currently are
performed either by the use of independent software packages or by tedious manual editing, manipulating,
and transferring data. Programs such as GIS programs are commonly used to facilitate preparation of the
model input data and analyze model output data; however, auxillary programs are frequently required to
translate data between programs. Data translations are required when different programs use different
data formats. Thus, the user might use GIS techniques to create model input data, run a translation
program to convert input data into a format compatible with the ground-water flow model, run the model,
run a translation program to convert the model output into the correct format for GIS, and use GIS to
display and analyze this output. MODFLOWARC, avoids the two translation steps and transfers data
directly to and from the ground-water-flow model.

This report documents the design and use of MODFLOWARC and includes instructions for data
input/output of the Basic, Block-centered flow, River, Recharge, Well, Drain, Evapotranspiration, General-
head boundary, and Streamflow-routing packages. The modification to MODFLOW and the Streamflow-
Routing package was minimized. Flow charts and computer-program code describe the modifications to
the original computer codes for each of these packages. Appendix A contains a discussion on the operation
of MODFLOWARC using a sample problem.

INTRODUCTION

The increased use and importance of ground water as a source of water supply has led to the need
for understanding and managing ground-water resources. A three-dimensional, finite-difference ground-
water-flow model, developed by McDonald and Harbaugh (1988) and referred to as "MODFLOW", is used
extensively by the U.S. Geological Survey (USGS) and others to simulate ground-water flow. Requirements
for constructing and operating the model include compiling and manipulating large and unwieldy data
sets. The graphic and analytical capabilities of a geographic information system (GIS) facilitate
manipulating, editing, viewing data graphically, or generating contours for large input and output array
data sets. ARC/INFO! software is used in numerous USGS offices and in many other agencies to manage
these large spatial and relational data sets.

1 ARC/INFOIs aregistered trademark of Environment Systems Research Institute. The use of trade or product names in this report
is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey.



ARC/INFO software can facilitate the initial preparation of data arrays for a ground-water-flow
model. The initial data are frequently derived from a collection of non-gridded observations such as well
pumpage or hydraulic conductivity. ARC/INFO can be used to process the data into the gridded form
required for input to the ground-water-flow model. The data can be graphically displayed if desired at any
stage of the process.

ARC/INFO software also can be useful for manipulating data during model calibration. The user
can graphically display the gridded data sets, interactively select areas that need correction, and edit these
values. Using this technique, sensitivity analysis of a ground-water-flow model becomes less unwieldly.
The results of various simulations can be displayed, and differences can be analyzed.

A two-step approach commonly is required to use data stored in ARC/INFO datafiles in a ground-
water-flow model. In the first step, data are rewritten from thebinary format used by ARC/INFO software
to the American Standard Code for Information Interchange (ASCII) format needed for input to the ground-
water-flow model. After running the ground-water flow model, the second step consists of rewriting the
output data from the simulation in a format acceptable for ingut into ARC/INFO datafiles. MODFLOW
was modified so that it can directly read ARC/INFO data. The modified program, called MODFLOWARC,
was developed using FORTRAN subroutines available within the ARC/INFO software to take data stored
in the binary format of ARC/INFO datafiles and transfer these data into the ground-water flow model.
MODFLOWARC performs no data modifications or transfom‘lations.

Purpose and Scopé

The purpose of this report is to serve as a user’s manual for operating MODFLOWARC, an enhanced
version of MODFLOW that can transfer data directly between ARC/INFO software and the ground-water-
flow model. MODFLOWARC is designed for individuals who have a working knowledge of the flow
model developed by McDonald and Harbaugh (1988). This knowledge of the ground-water flow model
must include the input data used by the program code, and the initial control records within ASCII files that
are used to direct the operation of individual packages (grouped subroutines or modules) within the flow
model. Each package deals with a specific aspect of the simulation, such as flow to or from rivers.

Organization and Nomenclature

The documentation of this report includes: (1) a description of the overall design of the extensions to
MODFLOW contained in MODFLOWARGC; (2) discussions of input instructions and modifications for the
different packages of the ground-water-flow model by McDonald and Harbaugh (1988) and the
Streamflow-Routing package added by Prudic (1988); (3) a discussion of the installation and operation on
different computer systems; (4) an appendix describing a test problem using MODFLOWARC.

The names of variables, modules, and submodules used\ to explain the operations of
MODFLOWARC were derived from names used in the original ground-water-flow model (McDonald and
Harbaugh, 1988). As an example, input data describing IBOUND arrays are read by the BASIRP module
within the Basic package. The equivalent module within the MODFLOWARC is called BASTIRPARC and
the variable name searched for in the ARC/INFO datafiles is IBOUND. Code that has been added to the
original FORTRAN program code of the model will be referred to as an "arc-section.”

MODFLOWARC DESIGN

The design of MODFLOWARC parallels the design of the ground-water flow model program
MODFLOW. The suffix, ARC, was added to the new and modified modules. Modifications to the code of
MODFLOW were minimized.

MODFLOWARC uses FORTRAN subroutines provided as part of ARC/INFO. This set of
subroutines, collectively described as a low level, machine indtLpendent module (Environment Systems



Research Institute, Inc., 1989), opens, closes, sorts, and performs various other functions on ARC/INFO
files. A significant advantage of the subroutines is that the item names of data stored in ARC/INFO files
(the names for the arrays of values of input/output data) and their individual formats are easily obtainable.
The item names adopted within the new modules or submodules of MODFLOWARC match the variable
names used by the flow model. To read ARC/INFO data, MODFLOWARC opens an ARC/INFO file and
the item names are retrieved and verified for the matching ground-water, flow-model, program-variable
name. The matched item’s format is also retrieved. In this manner the user does not need to supply the
format. When writing ARC/INFO data, MODFLOWARC specifies formats. A limitation is that ARC/
INFO software does not support scientific notation.

INSTALLATION AND OPERATION OF MODFLOWARC

MODFLOWARC should work on any computer that has ARC/INFO software (version 5.01). It has
been tested on a Prime computer and a Data General Aviion computer. The MODFLOW ARC modules use
FORTRAN library subroutines within ARC/INFO software (ISP module). These library subroutines are
available from ESRI (Environment Systems Research Institute) and must be installed on the system along
with the necessary software to compile and load FORTRAN programs. The ARC/INFO libraries are
usually found on a Prime computer system under an ARC50>LIB directory or on a computer using UNIX
under an /ARC50/LIB/ directory.

Installation involves two steps: (1) compiling the modules of MODFLOWARC and (2) linking the
compilied modules of MODFLOWARC with the computer system hbrarles, if needed, and ARC/INFO
libraries to produce an executable program.

Operation of MODFLOWARC follows a three-step process: (1) user activates the ARC/INFO
software by issuing the "arc" command; (2) user runs the AML program MODFLOWARC.AML within the
ARC/INFO software by next issuing the command "&r modflowarc filename_argument"
(filename_argument is discussed below); and (3) the AML program, MODFLOWARC.AML, passes
program control to MODFLOWARC.F77. The latter two steps without user commands.

The user supplies a filename_argument when running MODFLOWARC.AML at the "arc” prompt.
The filename_argument consists of an ASCII file containing unit numbers and filenames of the files that
must be opened for a model simulation. Each line in this filename_argument file is a unit number followed
by the associated filename in free format with the filename surrounded by single quotes such as
‘modflow list’. The user builds this file in a definite order. The first record consists of the unit number and
filename for the Basic (BAS) package input. The last record is the unit number and filename where all
printer output is directed. All remaining unit numbers and filenames are included in any order between
these two entries. If unformatted files are used for a model simulation, the user specifys the unit numbers
of these files as negative. For an example, if the starting heads were recorded in an unformatted file in a
previous simulation, then the user sets the unit number for the file containing the starting heads data as
negative for the next simulation.

INSTRUCTIONS FOR INPUT AND OUTPUT DATA FOR MODFLOWARC

During the data input phase, MODFLOWARC reads array control records similar to the original
control records of the ground-water flow model, except that an additional variable follows: either the ITMP
variable for the Drain, Well, River, General-head boundary packages; or the print variable IPRN for Basic,
Block-centered, Recharge, and Evapotranspiration packages; or the print variable IPTFLG for Streamflow-
routing package (Prudic, 1988). This additional variable isa complete path to the file within the ARC/INFO
database containing input data to be read. This specified path is dependent on the computer in use. If this
additional input variable is blank, then the module operates exactly in the manner of the "original" module.

The input data within each ARC/INFO file is organized by items and each item has a user defined
data format. MODFLOWARC uses the names of these items to locate and read input arrays. The names of



the items are preset within MODFLOWARC and are described in the following input examples for each
package of the ground-water flow model. For example, the Basic (BAS) package of MODFLOWARC reads
in the IBOUND array values using the root name IBOUND_ and attaches a suffix representing the layer
number such as IBOUND_1 for the IBOUND array values for layer 1. The user defines the data format
within each ARC/INFO file for input arrays as either integer, floating point, or numeric. MODFLOWARC
uses the complete path supplied by the user to locate the directory and file containing the input data; then
retrieves the array values using the preset item names. One record is needed for each model cell within the
specified ARC/INFO file for two and three-dimensional arrays, however, for one-dimensional arrays one
record is needed for each model layer. For example, the threerdimensional IBOUND array will need a
record for each cell and the one-dimensional TRPY array will need a record for each layer. In the example
inputs for each package that follow this section of the report, the input item names and record structure are
described for the one-, two-, and three-dimensional arrays.

The input for the Streamflow-routing package (Prudic, 1988) is slightly different than the input to the
packages in the original model. The original Streamflow-routing package reads input data for streams,
diversions, and tributaries from one file. ARC/INFO datafiles are not easily constructed to store these data
in such a form. MODFLOW ARC needs these data separated into one ARC/INFO datafile for stream data,
one for diversion data, if needed, and one for tributaries data, if needed. The user must add a suffix to the
names of these ARC/INFO datafiles containing these data, such as STREAMS_1 for stream data. The suffix
contains the stress period during which these stream data are read. The under-score preceding the stress
period is mandatory. MODFLOWARC reads the specified path to the stream data (specified path after the
print flag IPTFLG) and uses the suffix to locate and read the ARC/INFO datafiles containing diversion and
tributrary data. The user formulates the filenames for the ARC/INFO datafiles containing diversion and
tributrary data by adding this suffix to the root TRIB_ for diversion data and DIV _ for tributrary data. For
example, stream data is stored in an ARC/INFO datafile, STREAMS_1, while, the tributary and diviersion
data are stored in two ARC/INFO datafiles called TRIB_1 and DIV_1 (where 1 represents the stress period
1.

When recording output data from MODFLOWARGC, the user sets package record/print flags such
as IWELCB for the Well (WEL) package, head and drawdown putput flag, IHEDFL, and cell_by_cell flow-
term flag, ICBCFL, like the original output operations of MODFLOW and the Streamflow-routing package.
To record cell_by_cell budget data in unformatted files or ARC/INFO files, the user sets the individual
package record/ print flag such as IWELCB for the Well (WEL) package greater than 0. In the original
model, these record/print flags are set to unit numbers for recording output data and to less than 0 to print
output data. Also, the user sets ICBCFL to greater than 0 to record output data to unformatted files and to
less than 0 to record output data to ARC/INFO files. To record heads and drawdown output data, the user
sets head and drawdown output flag, IHEDFL, to greater than 0 to record output data to unformatted files
and to less than 0 to record output data to ARC/INFO files.

However, the user must supply an additional item, OUTPATH, to the control record for each of the
output control modules BASIRPARC and BASIOCARC. BASIRPARC module reads the print formats and
unit numbers for the head and drawdown output data: IHEDFM, IDDNFM, IHEDUN, and IDDNUN. This
additional variable is a path name to the directory where output head and drawdown data from the
ground-water flow model are recorded. If IHDDFL is set to less than 0 for head and drawdown output
arrays, the OUTPATH variable immediately follows after the unit number for drawdown, IDDNUN.
BAS1OCARC module reads the head/drawdown output code, the output flag for head /drawdown data,
budget print flag, and the cell_by_cell flow-term flag: INCODE, IHHDFL, IBUDFL, and ICBCFL. If the cell-
by-cell flow-term flag, ICBCFL, is set to less than 0, then the OUTPATH variable immediately follows the
ICBCFL. This additional variable is a path name to the directory where output budget data from the
ground-water-flow model are recorded.

Specific Arc/Info output file names for the individual pad ges within the ground-water-flow model
are created by the MODFLOWARC modules. MODFLOW ARC formulates filenames from a root name
derived from the package name such as WELBUD is from the Well (WEL) package and then appends a

|



suffix. This suffix is composed of the stress period and the time step within the stress period when data was
recorded. The stress period and time step are appended together in this order and are separated by
underscores. For example, the root name WELBUD is used for well output budget data and is appended
by stress period 1 and time step 2 and output data is recorded in an ARC/INFO file named WELBUD_1_2.

With MODFLOWARC the output for the Streamflow-routing package (Prudic, 1988) has been
enhanced; however, the user can still record output data for stream outflow and leakage separately. To
record stream outflow and leakage data, the user sets stream record/print flags, ISTCB1 and ISTCB2, to
greater than 0. If the cell-by-cell flow-term flag, ICBCFL, is greater than 0, stream output data is recorded
in two unformatted files, and if the ICBCFL is less than 0, stream output data is recorded in two separate
ARC/INFO files, LKGBUD_1_2 (stream leakage) and FLOBUD_1_2 (stream outflow) (stress period 1 and
time step 2). These data are recorded for each cell and not by stream segment or reach within each segment
(see Prudic (1988) for discussion of stream segment and reaches). However, input data for the streamflow-
routing package is grouped by stream segment and reach. During model calibration, the user may wish to
calibrate streamflow output data by stream segment and reach. An additional module is incorporated into
MODFLOWARC to record streamflow output data by stream segment and reach in an ARC/INFO file. For
an example, streamflow output data by stream segment and reach is recorded to ARC/INFO file,
STRSEG_1_2, for stress period 1 and time step 2. This additional module is called STRISRARC. The user
sets streamflow print flag, IPTFLG, to less than 0 and cell_by_cell flow-term flag, ICBCFL, to less than 0 to
record streamflow output data by stream segment and reach to an ARC/INFO file.

The following sections describe how to modify the sample inputs for each package to activate the
modules of MODFLOWARC. The modifications are in bold print. The original variable names and format
are maintained for each package. If no changes occur, the definitions for each module, submodule, and
code variables are not repeated. New program variables or options are defined.

Basic Package Input

Input is read from the fortran unit specified by the user in an ASCII file that is read by the main
program, MODFLOWARC. The user specifys this ASCII file as an argument when issuing the command
"&r modflowarec filename_argument”. The following information is sample input to the BASIRPARC
module of MODFLOWARC and excludes output control records. Modification to MODFLOW are shown
in bold type.

FOR EACH SIMULATION
BASI1DF
1. Data HEADNG(32)
Format 20A4
2.  Data HEADNG (continued)
Format 12A4
3. Data NLAY NROW NCOL NPER ITMUNI
Format 110 110 110 110 110
4. Data TUINT(24)
Format 24134
BASIAL
5. Data IAPART ISTRT



Format 110 110
BASIRPARC

6. Data IBOUND(NCOL ,NROW)

Module  U2DINTARC
(Arc/Info item root name is IBOUND_xx; xx are for appropriate layer and one record for
each cell) ‘

7. Data HNOFLO
Format F10.0

6. Data SHEAD(NCOLNROW)

Module = U2DRELARC ‘
(Arc/Info item root name is SHEAD_xx; xx are for appropriate layer and one record for

each cell)
BASIST
8. Data PERLEN NSTP TSMULT
Format F10.0 110 F10.0
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Basic Package Output

Output control is read from the unit number specified by IUNIT(12). The following information is
sample input set for output control to the BASIRPARC and BASIOCARC modules of MODFLOWARC.
Modification to MODFLOW are shown in bold type.

FOR EACH SIMULATION
BASIRPARC
1.  Data IHEDFM IDDNFM IHEDUN IDDNUN OUTPATH
Format 110 110 110 110 A80
FOR EACH TIME STEP
BAS10CARC
2. Data INCODE IHDDFL IBUDFL ICBCFL  OUTPATH
Format 110 110 110 o A80
3. Data Hdpr Ddpr Hdsv Ddsv
Format  I10 110 110 110

IHDDFL--is a head and drawdown output flag.
If IHDDFL = 0, neither heads nor drawdowns are printed or saved on disk.
If IHDDFL > 0, heads and drawdowns are printed or saved according to the flags for each
layer specified in input item 3 (ASCII option).
If IHDDFL < 0, heads and drawdowns are printed or saved according to the flags for
each layer specified in input item 3 (ARC/INFO option).
ICBCFL--is a cell-by-cell flow-term flag. 1
If ICBCFL = 0, cell-by-cell flow terms are not printed or saved on disk.
If ICBCFL > 0, cell-by-cell flow terms are printed or saved according to the flags for each
layer specified in input item 3 (ASCII option).
If ICBCFL < 0, cell-by-cell flow terms are printed or saved according to the flags for each
layer specified in input item 3 (ARC/INFO option).
OUTPATH-is a directory path to the ARC/INFO subdirectory where the output values for head,
drawdown, and cell-by-cell flow terms for the individual packages, if activated, of the ground-water
flow model are recorded during each model simulation.
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Block-centered Flow Pac : ge Input

Input control for the Block-centered flow Package is read from IUNIT(1). The following information
is sample input to the BCFIRPARC module of MODFLOWARC and excludes output control records.
Modification to MODFLOW are shown in bold type.

FOR EACH SIMULATION ;
!
BCF1AL '
1. Data 1SS IBCFCB |
Format  I10 110 |
|
2. Data LAYCON(NLAY) |
Format 4012
BCFIRPARC
3. Data TRPY(NLAY)

Module = UIDRELARC |
(Arc/Info item root name is TRPY; one récord for each model layerl)

4. Data DELR(NCOL)

Module  UIDRELARC
(Arc/Info item root name is DELR; one record for every column)

5. Data DELC(NROW)

Module  UIDRELARC |
(Arc/Info item root name is DELC; one r#cord for every row)

IF THE SIMULATION IS TRANSIENT

6. Data SF1(NCOL,NROW)

Module = U2DRELARC

(Arc/Info item root name is SF1_xx; xx are for appropriate layer and one record for each
cell)

IF THE LAYER TYPE CODE (LAYCON) ISZEROOR TWO |

7.  Data TRAN(NCOL,NROW)

Module  U2DRELARC
(Arc/Info item root name is TRAN_xx; xx are for appropriate layer and one record for each

cell) ‘
|

IF THE LAYER TYPE CODE (LAYCON) IS ONE OR THREE

8. Data HY(NCOL,NROW)

Module = U2DRELARC
(Arc/Info item root name is HY_xx; xx are for appropriate layer and one record for each cell)

10



9. Data BOT(NCOL,NROW)

Module = U2DRELARC
(Arc/Info item root name is BOT_xx; xx are for appropriate layer and one record for each
cell)

IF THIS IS NOT THE BOTTOM LAYER

10. Data VCONT(NCOL,NROW)

Module = U2DRELARC
(Arc/Info item root name is VCONT_xx; xx are for appropriate layer and one record for
each cell)

IF THE SIMULATION IS TRANSIENT AND THE LAYER TYPE CODE (LAYCON) IS TWO OR THREE

11.  Data SF2(NCOL,NROW)

Module  U2DRELARC
(Arc/Info item root name is SF2_xx; xx are for appropriate layer and one record for each
cell)

IF THE LAYER TYPE CODE (LAYCON) IS TWO OR THREE

12.  Data TOP(NCOL,NROW)

Module = U2DRELARC .
(Arc/Info item root name is TOP_xx; xx are for appropriate layer and one record for each
cell)

11



*30eds Yue[q B YIM JUSWIOD 33 woyy pajeredas aq ysnu yred ayj ‘Sp100a1 [0IIU0D 353Y} 0} SPUSUIWOD SPPe Jasn

9y} J] "PI013I [OHUO0D 3Y3 JO [ G Uwnjod ut Jre3s isnwr Yied sryy Surdynuspr urns Jo10e1eyd SY ], S3[Iy OJU] /DXy WOl peas ale (1aj1nbe ayj jo uoneasia)

JOL Pue ‘(JUarLya0d 33e10is AIepu0das) 74S “(ANANdNPU0d [ed1149A) INODA ‘(Wonoq taymbe ay jo uoneaspd) LOg (smox Suore Ayapdnpuod

dnnerpAy) AH ‘{(smoi Suofe Ayaissnusuery) NVILL ‘(uapya0d a8erols Arewrid) 145 ‘(194 yoes 10§ smol Suoje Ayarssrusues; 03 suwnjod Juope
Ayarssnuusuely jo ogel) X RLL “(uondatrp uwn(od ay3 ut Supeds pud) D3 ‘(uondaarp moi ayj ur Supeds pul) Y1 10j sonjea Aesre 3y,

SNVILIOY VIOANI<ATdNVS<JANIMDE
ANODAHIAIDYVIOINI<HTdIN VS<INIMDZI

SNVALIOYVIOINI<TTdIN VS<ANIMOE
ANOJAHIAIDUVIOANI<T'TdINVS<ANIMOTI

HNOLLOHI DU VIOANI<ATdIN VS<UNIM D9
ANOJAHi DY ViOANI<ATdIN VS<INIM D9
ITIAIDAVIOANI<TTdINVS<ANIMDE
ATIAIOVVIOINI<HTIN VS<UNIMOE
AJOYLOSINViDYVIOANI<TTIN VS<UNIMDE

@004 LNdNI

(€110’
(e151)8-3'%

€IS10°1
(e1s1)8-a'%

(€151)00
(e1s1)0°0
(€1s100
(€1S1)0°0
(€1s1

L g}

v wn v nwn

12

€ YHAVTAVIIV SNVUL 04 YOOI TOULNOD L

TYFAVT AVIIV ANODAH-LYTA

YOd IODTA TOUALNOD 01

TYHAVT AVIEV SNVIL 404 QUOOTI TOULNOD L

T IYEAVTAVIIV SWOLLOE 04 QI0DTY TOULNOD
T [ YHAVTAVIYVY ANODXH Y04 QYODTH TOULNOD
[ JHAVT AVIIY OT4d Y04 AOOTI TOALNOD
[YIAVT AVHIY Y130 JOd QUO0DTA TOELNOD
[ YHAVTAVIIY AdYL JOd QAODOTA TOULNCD

[ YFAVTAVIIY ANODAH-LYIA

YOJ IOOTH TOALNOD 01

NOOAVT

NOLLVNV1dXd

- N N T n 0

{g240841 ‘ssT1}

JACANT
viva



River Package Input

Input is read from unit specified in IUNIT(4). The following information is sample input to the
RIVIRPARC module of MODFLOWARC and excludes output control records. Modification to
MODFLOW are shown in bold type.

FOR EACH SIMULATION
RIVI1AL
1. Data MXRIVR IRIVCB
Format 110 110
FOR EACH STRESS PERIOD
RIVIRPARC
2. Data ITMP RIVPATH
Format 1o AS80
3. Data LAYER ROW COLUMN STAGE COND RBOT

Format  User specified when ARC/INFO file was created
(Arc/Info item root names are LAYER, ROW, COLUMN, STAGE, COND, and
RBOT)

RIVPATH is a complete path to an ARC/INFO file containing values for layer, row, column, stage, cond,
and rbot variables, respectively.

13
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Recharge Package Input

Input is read from unit specified in IUNIT(8). The following information is sample input to the
RCH1RPARC module of MODFLOWARC and excludes output control records. Modification to
MODFLOW are shown in bold type.

FOR EACH SIMULATION
RCHI1AL
1. Data NRCHOP IRCHCB
Format 1o 1o
FOR EACH STRESS PERIOD
RCHIRPARC
2.  Data INRECH INIRCH
Format 110 110
3. Data RECH(NCOL,NROW)

Module U2DRELARC
(Arc/Info item root name is RECH; one record for each cell)

IF THE RECHARGE OPTION IS EQUAL TO 2
4. Data IRCH(NCOL,NROW)

Module U2DINTARC
(Arc/Info item root name is IRCH; and one record for each cell)

15
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Well Package Input

Input is read from unit specified in IUNIT(2). The following information is sample input to the
WEL1RPARC module of MODFLOWARC and excludes output control records. Modification to
MODFLOW are shown in bold type.

FOR EACH SIMULATION
WEL1AL
1. Data MXWELL IWELCB
Format 110 110
FOR EACH STRESS PERIOD
WELIRPARC
2. Data ITMP WELPATH
Format 1o A80
3. Data LAYER ROW COLUMN Q

Format User specified when ARC/INFO file was created
(Arc/Info item root names are LAYER, ROW, COLUMN, and Q)

WELPATH is a complete path to an ARC/INFO file containing array values for rates of recharge to or
discharge from pumping wells for the Well package for each stress period.
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Drain Package Input

Input is read from unit specified in [UNIT(3). The following information is sample input to the
DRN1RPARC module of MODFLOWARC and excludes output control records. Modification to
MODFLOW are shown in bold type.

FOR EACH SIMULATION
DRN1AL
1. Data MXDRN IDRNCB
Format 110 110
FOR EACH STRESS PERIOD
DRN1RPARC
2.  Data ITMP DkNPATH
Format 110 AS0
3. Data LAYER ROW COLUMN ELEVATION COND

Format  User specified when ARC/INFO file was created
(Arc/Info item root names are LAYER, ROW, COLUMN, ELEVATION, and
COND)

DRNPATH is a complete path to an ARC/INFO file containing values for layer, row, column, elevation,
and cond variables, respectively.
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Evapotranspiration Package Input

Input is read from unit specified in [UNIT(5). The following information is sample input to the
EVTIRPARC module of MODFLOWARC and excludes output control records. Modification to
MODFLOW are shown in bold type.

FOR EACH SIMULATION
EVTI1AL
1.  Data NEVTOP IEVTCB
Format 1o 1o
FOR EACH STRESS PERIOD
EVTIRPARC
2. Data INSURF INEVTR INEXDP INIEVT
Format 110 1o 110 1o
3. Data SURF(INCOL,NROW)

Module U2DRELARC
(Arc/Info item name is SURF; one record for each cell)

4. Data EVTR(NCOL,NROW)

Module U2DRELARC
(Arc/Info item name is EVTR; one record for each cell)

5. Data EXDP(NCOL,NROW)

Module U2DRELARC
(Arc/Info item name is EXDP; one record for each cell)

IF THE ET OPTION IS EQUAL TO TWO

6. Data IEVT(NCOL,NROW)

Module U2DINTARC
(Arc/Info item name is YEVT; one record for each cell)
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General-Head Boundary Package Input

Input is read from unit specified in IUNIT(2). The following information is sample input to the
GHB1RPARC module of MODFLOWARC and excludes output control records. Modification to
MODFLOW are shown in bold type.

FOR EACH SIMULATION
GHBI1AL
1. Data MXBND IGHBCB
Format 110 110

FOR EACH STRESS PERIOD (reads from ARC/INFO file)

GHB1RPARC
2.  Data IT™MP GHBPATH
Format 110 A80
3. Data LAYER ROW COLUMN BOUNDARYHEAD COND

Format User specified when ARC/INFO file was created
(Arc/Info item root names are LAYER, ROW, COLUMN, BOUNDARYHEAD,
and COND)

GHBPATH is a complete path to an ARC/INFO file containing values for rates of flow to and from
general-head boundaries for the General-Head Boundary package.
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Streamflow-Routing Package Input

Input is read from a user specified unit number of the control record from the Basic package (user
specified). MODFLOWARC does not allow streamflow array values to be stored in both ARC/INFO files
and ASCII files. A sample input data set follows and excludes output control records. Modifications are in

bold type.

FOR EACH SIMULATION
STRI1AL
1. Data MXSTRM NSS NTRIB NDIV ICALC CONST ISTCB1 ISTCB2
Format 110 110 110 110 110 F10.0 1o 110
FOR EACH STRESS PERIOD
STRIRPARC
2.  Data ITMP IRDFLG IPTFLG STRPTH
Format 1o 110 1o A80
3. Data LAYER ROW COLUMN SEG REACH FLOW

STAGE COND SBOT STOP

Format  User specified when ARC/INFO file was created
(Arc/Info item names are LAYER, ROW, COLUMN, SEG, REACH, FLOW,
STAGE, COND, SBOT, and STOP)

4. Data WIDTH  SLOPE ROUGH

Format  User specified when ARC/INFO file was created
(Arc/Info item names are WIDTH, SLOPE, and ROUGH)

5. Data ITRIB(1) ITRIB2) - ..

Format User specified when ARC/INFO file was created
(Arc/Info item root name is ITRIB_xx; for each appropriate tributary)

ITRIB(NTRIB)

6. Data IUPSEG

Format  User specified when ARC/INFO file was created
(Arc/Info item names are IUPSEG; for each appropriate segment)

IPTFLG-is a flag,.

If IPTFLG = 0 or blank, prints the streamflow rates and leakage data. These data are not
the budget arrays that are printed per cell, but the streamflow rates
and leakage arrays for each reach that are printed per segment and per
reach.

If IPTFLG > 0, heads and drawdowns are printed or saved according to the flags for each
layer specified in input item 3 (ASCII option).

If IPTFLG < 0, records the streamflow rates and leakage data. These data are not the
budget arrays that are record per cell, but the streamflow rates and
leakage arrays for each reach that are record per segment and per
reach. The new module STR1ISRARC of MODFLOWARC records
these data to an ARC/INFO file only (ARC/INFO option).

STRPTH is a complete path to an ARC/INFO file containing values for layer, row, column, seg, reach,
flow, stage, cond, sbot, and stop variables, respectively (if width, slope, and rough are needed).
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Utility Modules Input

The utility modules are called by Basic, Block-centered, Recharge, and Evapotranspiration packages
during the data input phase. The control records for these utility modules contain four parameters: LOCAT
(the location of the data-the fortran unit number from which values of the arrays will be read), CNSTNT or
ICONST (the multiplier constant for the array values), FMTIN (the fortran format of the array values), and
IPRN (the print format code for the array values). Modification to MODFLOW are shown in bold type.

FOR REAL ARRAY READER (U2DRELARC or UIDRELARC)

Data LOCAT CNSTNT FMTIN IPRN INFOPATH
Format 110 F10.0 5A4 1o A80

FOR INTEGER ARRAY READER (U2DINTARC)

Data LOCAT ICONST FMTIN IPRN INFOPATH
Format 110 110 5A4 110 AS80

INFOPATH is a complete path to an ARC/INFO file containing values for the arrays for the Basic, Block-
centered, Recharge, and Evapotranspiration packages.

The utility modules UBUDSV and ULASAYV were entirely rewritten and renamed to UBUDSVARC
and ULASAVARC. These modules are activated by setting the cell-by-cell flow-term flag ICBCFL to -1.
ICBCFL is set to 1 for unformatted output and set to 0 when the user wants no output.

FOR EACH SIMULATION
BASIRPARC
1. Data IHEDFM IDDNFM IHEDUN IDDNUN OUTPATH
Format 110 110 110 1o A80
FOR EACH TIME STEP
BAS10CARC
2. Data INCODE IHDDFL IBUDFL ICBCFL OUTPATH
Format 1o 110 no 110 A80

IHDDFL is a head and drawdown output flag.
If IHDDFL = 0, neither heads nor drawdowns are printed or saved on disk.
If IHDDFL > 0, heads and drawdowns are printed or saved according to the flags for each
layer specified in input item 3 (ASCII option).
If IHDDFL < 0, heads and drawdowns are printed or saved according to the flags for
each layer specified in input item 3 (ARC/INFO option).
ICBCFL is a cell-by-cell flow-term flag.
If ICBCFL = 0, cell-by-cell flow terms are not printed or saved on disk.
If ICBCFL > 0, cell-by-cell flow terms are printed or saved according to the flags for each
layer specified in input item 3 (ASCII option).
If ICBCFL <0, cell-by-cell flow-terms are printed or saved according to the flags for each
layer specified in input item 3 (ARC/INFO option).
OUTPATH is a path (minus the name of the ARC/INFO file) to the file where the output values for head,
drawdown, cell-by-cell flow-term flag, and volumetric budget values for the individual packages, if
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activated, of the flow model are written during each madel run.

FOR EACH TIME STEP
BAS10CARC
3. Data Hdpr Ddpr Hdsv Ddsv
Format  I10 110 110 110

Other definitions are given in McDonald and Harbaugh (1988).

\
DOCUMENTATION OF MODFLOWARC

The following sections describe: the Arc Macro Language (AML) program, MODFLOWARC.AML,
that the user initializes to start a simulation and the program, MODFLOWARC.F77, that is operated from
this AML. In the following sections flowcharts show where modifications to each of the ground-water flow
packages and the Streamflow-Routing package occurred within the original flowcharts as described by
McDonald and Harbaugh (1988) and Prudic (1988). Only that part of the program that was modified or
replaced is shown in the flowchart. Numbers in the upper right corner of the flowchart symbols match the
original numbering in the flowcharts from McDonald and Harbaugh (1988) and Prudic (1988). The
modifications within program code are shown in bold type and any variables that have been added to the
code are described.

AML MODFLOWARC Program

The user initializes a simulation of the ground-water-flow model by activating the program
MODFLOWARC.AML. This AML program is listed below. Discussion of the specific commands within
this program is omitted and the user should consult the ARC/INFO manual on AML commands. The user
must modify the line within the AML program shown in bold type to indicate the pathname of the program
MODFLOWARC.F77.

The program MODFLOWARC.AML controls the operation of the modules of MODFLOWARC.F77.
The user must first issue the command "arc" at the Primos level or Unix level and this command initiates
the ARC/INFO software. The importance of this command is that the Primos search-rules are set thereby
allowing the modules of MODFLOWARC to load the proper system libraries and to call routines within
these system libraries; otherwise the routines within libraries can not be located and the programs fail.
Documentation of the MODFLOW ARC program follows.
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/*C ——— -—— AML PROGRAM MODFLOWARC ========~=m=m—m———— e c*/
/******************************************************************************

[rX*rxkkkxkkkixk U, S, Geological Survey preliminary computer program **XxXkxkxxxxxx
/******************************************************************************

JRRKRAK Kk hkkk ok Modflowarc version 3.0 AhAAhkAXAR AKX K
/******************************************************************************
[** Language: AML ARC Macro Language and Fortran 77 **
/** Program must be recompiled and linked to standard fortran libraries *x
Jx% *x %
/*% Works on : Prime, Sun3, Sun4, and DG computers * %
/x% * %
/** The source code is available from below:
J*rrrrsrrossrrosrrorrsrrissiosrrogiieriIirirrIIIoIIILIIOTIIOGLIOLIGIIIOIIIIIOILIIIILIOLILIOLL
/*

/* Author/Site, Date, Event

/* - —— OO OO
/* Leonard L. Orzol 10/25/91 USGS-WRD Portland OR Version 3.0 Coding

/*

/*

A R R R R R S S E R R R S R
/*

/* Disclaimer:

/* Although this program has been used by the U.S. Geological Survey,
/* no warranty, expressed or implied, is made by the USGS as to the
/* accuracy and functioning of the program and related program

/* material nor shall the fact of distribution constitute any such

/* warranty, and no responsibility is assumed by the USGS in

/* connection therewith.

/*
/*rrsirrrrrirosrrosrroroororaoroorroriiiriorIIsIiIsIIOLIOLIIIoIsiiiricioiiisioo:
/*

/*

/* Aml name: Modflowarc.aml
/* Language: AML ARC Macro Language
AR R R R R R R R R R R sz ::

.. 2. s
HRY c e e

/*
/* Purpose: Enable the user to run Modflow program (Ground-water flow model by
/* McDonald and Harbaugh, 1988) using the TASK function. Created for
/* the ARC - McDonald/Harbaugh ground water model interface

/%

AR R N R S R R R EE RS
/*

/* Arguments: none

/* Variable name, Type, Definition

S et
/* modflowarc_files character user specified file that contains all

/* filenames and fortran unit numbers that need
/* to be opened in order to run the Ground Water
/* Flow_Model by McDonald and Harbaugh (1988).
AR R R T N N S A R R R R ]
/*

/* History:

/* Author/Site, Date, Event
22 OO S

/* Leonard Orzol 11/06/83  USGS-WRD Portland OR Original Coding

/* Leonard Orzol 10/25/91 USGS-WRD Portland OR Version 3.0

/*

/*

&args modflowarc_files

&severity &warning &routine error_ warning
&severity &error &routine error_fail

&s path [show &workspace]

&s date 10/25/91

&s version 3.0

&s blank *

&s minus -

&s program modpatharc

&s fortran path /gwinf/mod3d
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&s homepath [show &workspace]
&s slash /
&s computer_flag [index %homepath% %slash%]
&if %Scomputer flag% <= 0 &then
&do
&s slash >
&s fortran path %fortran path%%slash%progs%slash%
&s fortran_program modflowarc.run
&end
&else
&do
&s fortran_path %fortran_path%%slash%progs%slash%
&s fortran_program modflowarc
&end '

&watch modflowarc.watch \

&if [null %modflowarc files%] &then ~
&call usage

&select %modflowarc_files%
&when help, HELP
&do
&call helping
&return
&end
&otherwise
&call disclaimer
&end

&s fortran program %fortran_ path%%slash%%fortran_ program%

&if [exists %fortran_program% -file] &then ~
&do
&s McModel [task %fortran program% %modflowarc_files%]
&select %McModel%
&when 0’
&call failing
&otherwise
&type Successful completion of Modflowarc program
&end
&end
&else
&do
stype %fortran_program% does exist....///
&call failing
&return
&end

&workspace %homepath%
&watch &off

&return

/*

&routine helping

&severity &warning &routine error_warning
&severity &error &routine error_fail

&type \

A e A R R R R R R R R S R R R R,
&type U.S. Geological Survey preliminary computer program

&type

&type Modflowarc.aml and Modflowarc.f version %version$%

Gtype :strirrsirisrrssrIiriciriocriiiscalisriisiisimisiIoorIisiiiiiiitIiiisiii:
&type Purpose:

&type Enables the user to pass a filename that contains all filenames

&type and fortran unit numbers that need to be opened in order to run

&type the Modular Three-Dimensional Finite-Difference Ground Water Flow_Model
&type by McDonald and Harbaugh (1988) using the enhanced MODFLOWARC by

&type Orzol and McGrath (1991, hopefully).

&type

&type Modflowarc.aml needs:
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&type mandatory arguments;

&type 1) <modflowarc_files> that contains the model files used during the
&type operation of MODFLOW (McDonald and Harbaugh, 1988) or MODFLOWARC
&type (Orzol and McGrath, 1991).

&type ssisisssssorrsrstsssrstIserIroiorIIrITrIrITIIIIOIILIIILITITIILILLILLILILLILILIILL
stype \

&pause

stype \

&return
/*

&routine disclaimer

&severity &warning &routine error_warning
&severity &error &routine error fail

stype \\

&type :iizizrrsssirsrrriiootorrIIrIriIdIsIIOOGILLIIIIOLIIILIIIIIIIIIIIISIIIIILILILIGLSE
&type U.S. Geological Survey preliminary computer program

s&type

&t§pe Modflowarc.aml and Modflowarc.f version %version%

&type

stype Written in Arc/Info AML (rev 5.01) & Fortran77 last modified %date%
&type

&t§pe Program operates Prime and Suns and Dgs

&type

&type Source code available from L.L.Orzol fts: 429-2256

&type

&type :trssssrsrisrrossoIsiriTisrIsrosIrIiTIsITIIOILIISIIIIIIIIIISIIILIILIIIIOILILILLG
&type

&type Disclaimer:

&type Although this program has been used by the U.S. Geological Survey,
stype no warranty, expressed or implied, is made by the USGS as to
&type the accuracy and functioning of the program and related program
&type material nor shall the fact of distribution constitute any such
&type warranty, and no responsibility is assumed by the USGS in

&type connection therewith.

&type

&type ::iirsrsssirsrirrisssiiIsrirroIsroiIorIIIIIsIIissosIITisririiiirriiiiooo:

&return

/*

&routine usage

&type \\Usage: [translate %program%] <modflowarc_files file> or\
&type [translate %program%] help\\

&watch &off

&s close_status [close -all]

&stop

/*

&routine failing

&severity &warning &routine error warning
&severity &error &routine error_ fail

&type Bailing out....[translate %program%] Failure....
&workspace %homepath%

&watch &off

&s close_status (close -all]

&stop

/*

&routine error warning

&severity &error &ignore

&return

/*

&routine error fail

&severity &error &ignore

&type Bailing out....Interface Failure...
&workspace %homepath$%

&watch &off

&s close_status [close -all]

&stop
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MODFLOWARC.F77 Program

\
MODFLOWARC.F77 is termed a TASK function progxlam in ARC/INFO ( Environment Systems

Research Institute Inc., 1989). Creation of the TASK function program code follows the programing rules
of FORTRAN77. MODFLOWARC.F77 (1) initializes the ARC environment (initializing the various
program modules within ARC/INFO software such as the ISP routines); (2) calls a subroutine that opens
or closes the various files containing package control specified for MODFLOWARC:; and (3) executes the
model by calling a subroutine that is a modification of the MODFLOW main program . Following is the
MODFLOWARC program.

C<OBOOBO OO Modflowarc <O C

Cxikkkxkxkxx*x* J.S. Geological Survey preliminary computer program ¥**xkx&xxkxxx
(222 RS SRR R R R SRS RS R i s a0 R R RRR RS R RS R R AR R R RS SRS R RS

Chkkkkkkkkkkkkk Modflowarc version 3. KAk RKK KK KkK KKk KKk
(322SR RS R RS RS RE R RS SR s s i s s b i b R aR s R R SRR AR Rt s R S S S
Ck* Language: AML ARC Macro Language and Fortran 77 *x
Cxx Program must be recompiled then bind with Arc50 libraries **
Cxx Primos
Cx* Sun3, Sun4
C*xx DG computers
Cxx The source code is available from below:
S S A R R R R A S R S S R R R R R A A N R R R S R R R R R R R
Cx
C* Author/Site, Date, Event f
R e e e e
C* Leonard L. Orzol 10/25/91 USGS-WRD Portl#nd OR Version 3.0 Coding
Cc* ‘
Cc* +
O R R R R R R R R R R R R RN R R R R R AR R I
Cx*
C* Purpose: Although this program has been used by the U.S. Geological Survey,
C* no warranty, expressed or implied, is made by the USGS as to the
Cx accuracy and functioning of the program and related program
C* material nor shall the fact of distribution constitute any such
Cx warranty, and no responsibility is assumed by the USGS in
Cx connection therewith.
Cx
(S S A R R R S R S R R RS R R R R R R R R R S R R R A B
Cc* ;

PROGRAM MODFLOWARC ;
C

PARAMETER (MAXFIL=40)
C

CHARACTER*128 MFAFIL, OUTSTR
CHARACTER*80 USRFIL (MAXFIL)
INTEGER USRUNT (MAXFIL), BASUNT, MODOUT

i R R S F R RS L s ol
C<OLOO OO OO LIOOD OO OISO OO OO C

c Initializes ARC subroutine system c

C<HOOOSO OISO OO OO OISO IO OISO OO LSOO C
Cl Xk ko k Rk kR AR AR KK kAR R KRR KA AR KA AR KR KA KA KR KK AR ARR AR KKK Rk KRR KKK A AXNXC

Commrm e e e Initializes the ARC library system —————=—————=--—-— c
CALL AENTER |

g****** ARC Initializer for message, error, and wat&h file system ****C
¢ CALL MESINI

E****** ARC Initializer for system which assigns file unit numbers ****C

CALL LUNINI
C
Ch*xkx k% ARC Initializer for fast low level I/O routines Xk k*kC
C
CALL MINIT
C
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CALL VINIT
g ————————— Global I/0 and utility (Info item handling) ———----—--—-———- c
© CALL INFINT
g****** ARC Initializer for TTSYS terminal I/O *kx%kC
© CALL TTINIT
g****** Get the file fo unit numbers and filenames from AML Xk x*xC
c

CALL, AMLFNA (MFAFIL)
g**********************************************************************c
C PRINTING MESSAGE ARGS

C2K hkhkhk KK A KKK KKKAKA AR AR KKK ARAARKR KRR KRARKRARAARA KRR KAAAARR KRR KRR ARRXNAC

CALL MESCHR (MFAFIL,O0)
CALL INFORM (‘Opening modular model files using %1% as source’,-1)
C**********************************************************************c

C OPEN MODULAR MODEL FILES
ok LR R R R e e R e T L e

CALL MODFIL (

I MFAFIL,

I MAXFIL,

0 USRFIL,

0 USRUNT,

0 NFILES,

0 BASUNT,

0 MODUNT,

E *9999)
C**********************************************************************C
C RUN MODULAR MODEL
C4*********************************************************************C

OUTSTR="0"

CALL MODFLOW (BASUNT, MODUNT, *502)

OUTSTR="1"
C**********************************************************************C
c CLOSE MODULAR MODEL FILES

(04322 RSS2SRttt st sttt st st sttt {0

502 DO 500 NUMFIL=1,NFILES
CALL CLOSE FILE (USRFIL(NUMFIL),*9999)
500 CONTINUE
o T T T Lol

o] MODULAR MODEL ERRORS
ool L E T T s o}

IF (OUTSTR.EQ.’1’) THEN

CALL INFORM
& (" \\Successful Termination of Modflowarc’,-1)
ELSE
9999 OUTSTR=' 0"
CALL INFORM
& (‘ \\Abnormal Termination of Modflowarc’,-1)
ENDIF
C**********************************************************************C
C EXIT MODULAR MODEL

[AXEEEEES S S REsttess st s st Rttt sttt iod

1000 CALL AMLFNV (OUTSTR)
END
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File Opening Module MODFIL inMODFLOWARC

MODFLOWARC code includes a module, MODFIL.F77, that opens, closes, and deletes files that
must be used during a model simulation. The user builds an ASCII file that contains unit numbers and
filenames. The first record of this file represents the unit number and filename for the Basic (BAS) package.
The last record represents the unit number and filename where all printer output is directed. Forinput data
that are read from or output that is recorded to unformatted files, the user specifys the unit number as a
negative. Documentation of this module follows.

Chkkkkkkkkkkx*x [J, S, Geological Survey preliminary computer program ***kxkk&kkk*
C******************************************************************************

Chhkkkkkhkhkkx Modfil version 3.0 kkkkkhkhkhk ki
Chhhkhkhkhkhkhhhhkhkhkhkhhhkhk Ak AAhh Ak Ahkkh Ak bk hhkAhkhk Ak Ak kAhdhkhhhddkdkhhkkdkohkhkdkkkdkkkxk
C** Language: AML ARC Macro Language and rtran 77 **
Cx* Program must be recompiled then bind with Arc50 libraries *x
C** Primos
C*x* Sun3, Sun4
C** DG computers ‘
CH* The source code is available from below:
(o S R R R S R S S R R AR R I
C*
C* Author/Site, Date, Event
C* - o e e a2t . s . e e . e o e ot o e e i e e e e e e e i A 4 e 0
C* Leonard L. Orzol 10/25/91 USGS-WRD Portland OR Version 3.0 Coding
C*
c* *
Crosrrrscssssosassscsssssssasssstassssstosasssoasasoosassatssosssssasssssesees
C* !
C* Purpose: Although this program has been used by the U.S. Geological Survey,
C* no warranty, expressed or implied, is made by the USGS as to the
C* accuracy and functioning of the program and related program
C* material nor shall the fact of distribution constitute any such
C* warranty, and no responsibility is assumed by the USGS in
C* connection therewith.
C*
[ S R S S R A R S R R R R R R R R R
Cx*

SUBROUTINE MODFIL (

I MFAFIL,

I MAXFIL,

o} USRFIL,

(o] USRUNT,

o} NFILES,

(o] BASUNT,

(¢] OUTUNT,

E *)
Cm e e e e e e o e o o e o o o e e e e e o
C

C-—-VERSION 3.0 MODFIL 250CTOBER1991

.......................................................................
.......................................................................

Reads an user defined file USRFIL for filenames and fortran unit
numbers for the operation of Modflowarc. This file contains all
the filenames and fortran unit numbers for: |

1) the control lines for each of the modular model packages of
Modflow (McDonald and Harbaugh, 1988),

2) the control lines and/or data arrays for each of these
packages, and

3) the filename and fortran unit number for the operational
output files that contains the "runtime" information on
which model packages are enabled or where the input/output
data arrays are printed to.

NOTE: The ordering of the fortran unit numbers and filenames
follows this format:

1) Basic package filename and fortran unit number (this
file contains the number of rows, columns, ...etc),

oo 00000
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QO QO 0000000000000 000Q00

c
c

2) remaining model packages and data array filenames and fortran
unit numbers, and finally

3) filename and fortran unit number for the operational output
file that includes "runtime" information.

.
.......................................................................

.. Language: FORTRAN, with ARC/INFO subroutine call version 5.01
Inputs:

MFAFIL : FORTRAN UNIT NUMBER FOR INPUT FILENAME USRFIL
MAXFIL : MAXIMUM NUMBER OF FILENAMES AND UNIT NUMBERS IN
USRFIL FILE

Outputs:

BASUNT : FORTRAN UNIT NUMBER OF THE BASIC_PACKAGE
OUTUNT : FORTRAN UNIT NUMBER OF THE OPERATIONAL OUTPUT FILE
NFILES : NUMBER OF FILES ACTUALLY READ IN MFAFIL FILE
USRFIL : LIST OF PACKAGE/DATA ARRAY FILES OPENED FOR

USE DURING A MODFLOWARC RUN
USRUNT : A MATCHING LIST OF FORTRAN UNIT NUMBERS FOR

EACH USRFIL FILE OPENED

.. History:
Leonard L. Orzol 10/25/91 Version 3.0 Coding.
USGS WRD Portland, Or
Fts: 429-2256
SPECIFICATIONS:

CHARACTER* (*) MFAFIL,USRFIL (MAXFIL)
INTEGER USRUNT (MAXFIL)

INTEGER NFILES, BASUNT, OUTUNT

IR AR RS R R R RS RS RS RS R E R R SRS E SRR R R AR R R RS AR R R RS o

C<OOOOLOISO OO OISO OO OO OO C

o

Read filenames for information

C<OOOOO OO OO OO OO OO OO OO C

c
c
C
C

c
c
c

**************************t*******************************************c
1----Open MFAFIL file that contains fortran unit numbers and filenames
MFAUNT=99
NSTAT=1
ITALK=1
CALL OPEN_FILE (MFAUNT,MFAFIL,NSTAT, ITALK,*9999)
2----Loop to read and write filenames and fortran unit numbers

NFILES=0
DO 200 NUMFIL=1,MAXFIL
READ (MFAUNT, *, ERR=9990, END=202)
& USRUNT (NUMFIL),
& USRFIL (NUMFIL)
NFILES=NUMFIL
200 CONTINUE
202 CALL CLOSE_FILE (MFAFIL,*9999)

c

C3----Retrieve Basic_Package and Basic_Package Output fortran
c unit numbers and filenames

C

BASUNT=USRUNT (1)
OUTUNT=USRUNT (NFILES)

NSTAT=2

CALL DELETE FILE (USRFIL(NFILES), *9999)
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1
I
CALL OPEN_FILE (OUTUNT,USRFIL(NFILES),NSTAT,iTALK,*9999)

(]
C4----Print a message identifying the package
[o]
WRITE (OUTUNT, / (1H1,20X,’’U.S. GEOLOGICAL SURVEY ’‘
& "MODFLOWARC —-— MODFLOW ARC/INFO ENHANCEMENT e,
& '/ VERSION 3.0, 10/25/91'')7)
[o]
C5----Write Modflowarc flow system files heading
(o]
WRITE (OUTUNT, * (//,1H1, 36X, ’ 'MODFLOWARC PACKAGE AND DATA '’,
& *ARRAY FILE LIST'’,
& /,10X,85(""="")})")
[
C6~--—--Write Modflowarc filenames and fortran unit ﬁumbers
c
NSTAT=1 !
MAXCHR=25 1

DO 600 NUMFIL=1,NFILES-1
CALL OPEN_FILE (USRUNT (NUMFIL),USRFIL(NUMFIL), NSTAT, ITALK,

E *9999)
NUMCHR=INDEX (USRFIL (NUMFIL)," ')-1
IF (NUMCHR.LT.0) THEN
NUMCHR=1
LENCHR=25

ELSE IF(NUMCHR.GT.MAXCHR) THEN
NUMCHR=NUMCHR-MAXCHR+1
LENCHR=NUMCHR+MAXCHR-1

ELSE
LENCHR=NUMCHR
NUMCHR=1

ENDIF

IF (NUMFIL.LE.1) THEN
WRITE (OUTUNT, * (10X, :

& ’ ' MODFLOWARC BASIC PACKAGE FILE (BAS). e,
|

P A25,’’ BASFIL'‘)’)
p USRFIL(1) (NUMCHR:LENCHR)

ELSE

WRITE (OUTUNT, * (10X,

P " ' MODFLOWARC FILE OPENED o,
s A25,7° FILE‘‘)‘)
p USRFIL (NUMFIL) (NUMCHR:LENCHR)

ENDIF

WRITE (OUTUNT, * (10X, \

P *+ ON FORTRAN UNIT NUMBER ! e,
s 10X, I15, " UNIT‘)‘)
P USRUNT (NUMFIL)

600 CONTINUE
WRITE (OUTUNT, ’ (10X,

& / * MODFLOWARC OPERATIONAL OUTPUT FILE ,
& A25,'' OUTFIL‘’")")
& USRFIL (NFILES) (NUMCHR:LENCHR)

WRITE (OUTUNT, * (10X,

& ‘’  ON FORTRAN UNIT NUMBER r,

& 10X,I15,* UNIT‘*)"‘)

& USRUNT (NFILES)

WRITE (OUTUNT, ¢ (10X,85(*'~**),//)") |

GO TO 1000
C**************************************************
C<><><><><><><><><><><><><><><><><><><><><><><><><>i
Cc Program Errors
CLOLIOLIFCO OO LD LI DL OO OO C
CE*********************************************************************C

9990 WRITE(*,’ (//,'* Unable to read from file ‘'’ ,A)’)

& MFAFIL (1:INDEX(MFAFIL,’ *)-1)

WRITE(*,’ (//,'' Abnormal Termination of Modfil_ Subroutine’’)’)

CALL CLOSE FILE (MFAFIL,*9999)

KKkKkKKKKKKKKKKKKRXKKC
> <S>>SO L>C

RETURN 1

9991 WRITE(*,’ (//,'*' End-of-file; Missing filenames in file *’,A)’)
& MFAFIL (1:INDEX (MFAFIL,’ ’)-1)
WRITE(*,’ (//.,'’ Abnormal Termination of Modflq_Subroutlne") )

9999 RETURN 1
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C**********************************************************************C

C<OOLOLIO> OO KOOSO KO LI LSOO LS OISO OO OLS><><>C
C Return to Calling Program
COOOO IO OO OO OO OO LSOOI OO OO OB C
C**********************************************************************C
1000 RETURN
END’

Subroutine MODFLOW in MODFLOWARC

The modules of MODFLOWARC program consist of modifications to the "read and prepare” and
"budget" modules of the packages from the ground-water model MODFLOW and the Streamflow-Routing
package. Some of the "read and prepare" modules within the ground-water flow model call utility modules
U2DREL, U2DINT, and U1DREL. These modules have been rewritten for MODFLOW ARC and renamed
to U2DRELARC, U2DINTARC, and UIDRELARC. "Budget" modules that contain the letters BD in their
names such as BCF1BD.F77 call utility modules UBUDSV and ULASAV in MODFLOW. These modules
have been completely replaced with code that writes only to ARC/INFO files and are renamed
UBUDSVARC and ULASAVARC. A user can continue to send output data to the utility modules UBUDSV
and ULASAY by properly setting the output flags of the Basic package and the record /print flags within
individual packages.

MODFLOWARC code includes a subroutine that is a modified version of the original main fortran
program, MODFLOW.F77, by McDonald and Harbaugh (1988). The modifications include "read and
prepare” and "budget" modules such as BASIRPARC.F77 or BCFIBDARC.F77 and BAS10TARC.F77 for
each of the MODFLOW packages. Documentation of the modifications to the main program follows.

c KRR R KRR AR R KR AR AR AR R AR AR AR R AR AR AR AR KRR AR AR RR AR AR KRR KR AR RR XK K
c MAIN CODE FOR MODULAR MODEL -- 9/1/87

c BY MICHAEL G. MCDONALD AND ARLEN W. HARBAUGH

C————- VERSION 1638 24JUL1987 MAIN1

Cc MODIFIED BY LEONARD L. ORZOL FOR ARC 5.0 ALL PACKAGES

Cc INCLUDING STR1 AND ERROR TRAPPING
(o]

C————- VERSION 3.0 250CTOBER1991

Cc

Chhkkkkhkhkkkhkkkhkhkhkhkkhkhkhkkhkhkkkkkkhkkhkkhkkkhkhkkhkkkhkkkkkkkkkhkhkkkkkkkkkkkkkkkkkkhkkkkkk

Chrikkkkkikkxx U.S. Geological Survey preliminary computer program ***xkxkkkkkik
e e L e e S e e e T 2l

Chrhkkkkhkkhkkkkk Modflow version 3.0 RhkkkkkkRkRkkkk
CRARKRRARKRRKK KRR KKK KR KRR KRR KRR KRR KRR KRR ARRR KRR R RRRRRRRRRRRRRRRRRRRRKR LK
Ck#& Language: AML ARC Macro Language and Fortran 77 *%
Ck#* Program must be recompiled then bind with Arc50 libraries *k
Ckx Primos

Chx Sun3, Sund

Ckx DG computers

C**x The source code is available from below:

(o1 S R R R R R R R R R R R R R S A
C*

C*x Author/Sitae, Date, Event

Cc*

C* Leonard L. Orzol 10/25/91 USGS-WRD Portland OR Version 3.0 Coding

C*
o S A A R R R R R R R R R S R R R R R E R S R R R E S E R R R R S S SRR R R RS R R R R R SR R BRI
C* ’

C* Purpose: Although this program has been used by the U.S. Geological Survey,
C* no warranty, expressed or implied, is made by the USGS as to the
C* accuracy and functioning of the program and related program

C* material nor shall the fact of distribution constitute any such
C* warranty, and no responsibility is assumed by the USGS in

C* connection therewith.

c*

(S R S R R R S S R R RS RS F AR S A R S S S S S S S S R S S R S S
c*

C LSRR SRS R RS RS RS RS RS RSN R RS RRSSRSRRRS R RRR RS RR RS R R RRRERS R R R RS E
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SPECIFICATIONS:
SUBROUTINE MODFLOW (INBAS,IQUT,*)
PARAMETER (MAXCOM=600000)
COMMON /XCOM/ X (MAXCOM)
COMMON /FLWCOM/LAYCON (80)
CHARACTER*80 HDPATH, BDPATH
CHARACTER*4 HEADNG, VBNM
DIMENSION HEADNG (32),VBNM (4,20),VBVL(4,20), IUNIT (24)
DOUBLE PRECISION DUMMY
EQUIVALENCE (DUMMY,X (1))
SAVE /XCOM/ ‘
\

oo

SAVE /FLWCOM/
EXTERNAL INFORM, MESINT

C e e
c o
Cl—m—mmm SET SIZE OF X ARRAY. REMEMBER TO REDIMENSION X.
LENX=MAXCOM
c
C2=mmmmm ASSIGN BASIC INPUT UNIT AND PRINTER UNIT.
C (NOW ASSIGNED BY USER IN MODFLOWARC)
c
c INBAS=USER ASSIGNED
c IOUT=USER ASSIGNED
c
C3——m—mm DEFINE PROBLEM__ROWS,COLUMNS,LAYERS,STRESSLPERIODS,PACKAGES
CALL BAS1DF (ISUM, HEADNG, NPER, ITMUNI, TOTIM, NCOL, NROW, NIAY,
1 NODES, INBAS, IOUT, IUNIT)
c
C4——mmm= ALLOCATE SPACE IN "X" ARRAY.
CALL BAS1AL (ISUM, LENX, LCHNEW, LCHOLD, LCIBOU, LCCR, LCCC, LCCV,
1 LCHCOF, LCRHS, LCDELR, LCDELC, LCSTRT, LCBUFF, LCIOFL,
2 INBAS, ISTRT, NCOL, NROW, NLAY, IOUT)
IF (IUNIT(1) .GT.0) CALL BCF1AL (ISUM, LENX,LCSC1, LCHY,
1 LCBOT, LCTOP, LCSC2, LCTRPY, IUNIT (1), ISS,
2 NCOL, NROW, NLAY, IOUT, IBCFCB)
IF (IUNIT (2) .GT.0) CALL WEL1AL (ISUM, LENX, LCWELL, MXWELL, NWELLS,
1 IUNIT (2), IOUT, IWELCB)
IF (IUNIT(3) .GT.0) CALL DRNI1AL (ISUM, LENX, LCDRAI, NDRAIN, MXDRN,
1 IUNIT(3), I0UT, IDRNCB)
IF (IUNIT(8) .GT.0) CALL RCHI1AL (ISUM, LENX, LCIRCH, LCRECH, NRCHOP,
1 NCOL, NROW, ITUNIT (8) , IOUT, TRCHCB)
IF (IUNIT(5) .GT.0) CALL EVT1AL (ISUM,LENX,LCIEVT, LCEVTR, LCEXDP,
1 LCSURF, NCOL, NROW, NEVTOP , IUNIT (5) , IOUT, IEVICB)
IF (IUNIT (4) .GT.0) CALL RIV1AL (ISUM,LENX,LCRIVR,MXRIVR, NRIVER,
1 IUNIT (4), IOUT, IRIVCB)
IF (IUNIT(13).GT.0) CALL STR1AL(ISUM,LENX, LCSTRM, ICSTRM, MXSTRM, STR1
1 NSTREM, IUNIT (13), IOUT, ISTCBL, ISTCB2, NSS, NTRIB,  STR1
2 NDIV, ICALC, CONST, LCTBAR, LCTRIB, LCIVAR) STR1
IF (IUNIT(7) .GT.0) CALL GHB1AL(ISUM, LENX,LCBNDS, NBOUND,MXBND,
1 IUNIT(7), IOUT, IGHBCB)
IF (IUNIT(9) .GT.0) CALL SIP1AL(ISUM,LENX,LCEL,LCFL,LCGL,LCV,
1 LCHDCG, LCLRCH, LCW, MXITER, NPARM, NCOL, NROW, NLAY,
2 IUNIT (9), IOUT)
IF (IUNIT(11).GT.0) CALL SOR1AL (ISUM,LENX, LCA,LCRES, LCHDCG, LCLRCH,
1 LCIEQP, MXITER, NCOL,NLAY, NSLICE, MBW, IUNIT (11) , IOUT)
c
C5-mmmmm IF THE "X" ARRAY IS NOT BIG ENOUGH THEN STdP.
IF (ISUM-1.GT.LENX) GO TO 9999
c
Cmmmmmm READ AND PREPARE INFORMATION FOR ENTIRE SIMULATION.

CALL BAS1RPARC (X (LCIBOU) ,X (LCHNEW) , X (LCSTRT) , X (LCHOLD) ,
1 ISTRT, INBAS, HEADNG, NCOL, NROW, NLAY, NODES, VBVL, X (LCIOFL) ,
2 IUNIT (12) , THEDFM, IDDNFM, THEDUN, IDDNUN, IOUT, HDPATH,
E *9999)
IF (IUNIT (1) .GT.0) CALL BCF1RPARC (X (LCIBOU),X (LCHNEW),X (LCSC1),
1 X (LCHY) , X (LCCR) , X (LCCC) , X (LCCV) , X (LCDELR) ,
2 X (LCDELC) , X (LCBOT) , X (LCTOP) , X (LCSC2) , X (LCTRPY) ,
3 IUNIT (1) , ISS, NCOL, NROW, NLAY, NODES, IOUT,
E *9999)
IF (IUNIT(9) .GT.0) CALL SIP1RP (NPARM,MXITER,ACCL,HCLOSE, X (LCW),
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1 IUNIT (9), IPCALC, IPRSIP, IOUT)
IF(IUNIT(11).GT.0) CALL SOR1RP (MXITER,ACCL, HCLOSE, IUNIT (11),
1 IPRSOR, IOUT)

Cl-===== SIMULATE EACH STRESS PERIOD.
DO 300 KPER=1,NPER
KKPER=KPER

C1A-——-- READ STRESS PERIOD TIMING INFORMATION.
CALL BAS1ST (NSTP,DELT, TSMULT, PERTIM, KKPER, INBAS, IOUT)

oy ) - Ym— READ AND PREPARE INFORMATION FOR STRESS PERIOD.
IF (IUNIT (2) .GT.0) CALL WEL1RPARC (X (LCWELL), NWELLS, MXWELL,

IONIT (2), IOUT,

*9999)

IF (IUNIT (3) .GT.0) CALL DRN1RPARC (X (LCDRAI), NDRAIN, MXDRN,
IUNIT (3), IOUT,
%9999)

IF (IUNIT (8) .GT.0) CALL RCH1RPARC (NRCHOP,X (LCIRCH),X (LCRECH),
X (LCDELR) , X (LCDELC) , NROW,
NCOL, IUNIT (8) , IOUT,
*9999)

IF (IUNIT(5) .GT.0) CALL EVT1RPARC (NEVTOP,X (LCIEVT),X(LCEVTR),
X (LCEXDP) , X (LCSURF) , X (LCDELR) ,
X (LCDELC) , NCOL, NROW,
IUNIT (5), IOUT,
%9999)

IF (IUNIT (4) .GT.0) CALL RIVIRPARC (X (LCRIVR), NRIVER, MXRIVR,
IUNIT (4) , IOUT,
*9999)

IF (IUNIT(13) .GT.0) CALL STRIRPARC (X (LCSTRM),X(ICSTRM) , NSTREM,

MXSTRM, TONIT (13) , IOUT, X (LCTBAR) , NDIV, NSS,
NTRIB, X (LCIVAR) , ICALC, IPTFLG,
*9999)
IF (IUNIT(7) .GT.0) CALL GHBIRPARC (X (LCBNDS), NBOUND, MXEND,
& IONIT (7), IOUT,
E *9999)

B B HBwbhe EBEOR BHRE HPRe

[y [— SIMULATE EACH TIME STEP.
DO 200 KSTP=1,NSTP
KKSTP=KSTP
c
C7C1----CALCULATE TIME STEP LENGTH. SET HOLD=HNEW..
CALL BAS1AD (DELT, TSMULT, TOTIM, PERTIM, X (LCHNEW) , X (LCHOLD) , KKSTP,
1 NCOL, NROW, NLAY)
c
C7C2----ITERATIVELY FORMULATE AND SOLVE THE EQUATIONS.
DO 100 KITER=1,MXITER
KKITER=KITER
c .
C7C2A---FORMULATE THE FINITE DIFFERENCE EQUATIONS.
CALL BAS1FM (X (LCHCOF) ,X (LCRHS) , NODES)
IF (IUNIT(1) .GT.0) CALL BCF1FM (X (LCHCOF) , X (LCRHS) , X (LCHOLD),
X (LCSC1), X (LCHNEW) , X (LCIBOU) , X (LCCR) , X (LCCC) , X (LCCV),
X (LCHY) , X (LCTRPY) , X (LCBOT) , X (LCTOP) , X (LCSC2) ,
X (LCDELR) , X (LCDELC) , DELT, 1SS, KKITER, KKSTP, KKPER, NCOL,
NROW, NLAY, IOUT)
IF (IUNIT (2) .GT.0) CALL WEL1FM (NWELLS, MXWELL, X (LCRHS) , X (LCKELL}),
1 X (LCIBOU) , NCOL, NROW, NLAY)
IF (IUNIT(3) .GT.0) CALL DRN1FM (NDRAIN, MXDRN, X (LCDRAI) , X (LCHNEW) ,
1 X (LCHCOF) , X (LCRHS) , X (LCIBOU) , NCOL, NROW, NLAY)
IF (IUNIT (8) .GT.0) CALL RCH1FM (NRCHOP, X (LCIRCH), X (LCRECH) ,
1 X (LCRHS) , X (LCIBOU) , NCOL, NROW, NLAY)
IF (IUNIT (5) .GT.0) CALL EVT1FM(NEVTOP, X (LCIEVT),X (LCEVTR),
1 X (LCEXDP) , X (LCSURF) , X (LCRHS) , X (LCHCOF) , X (LCIBOU),
1 X (LCHNEW) , NCOL, NROW, NLAY)
IF (IUNIT (4) .GT.0) CALL RIVIFM (NRIVER,MXRIVR,X (LCRIVR),X (LCHNEW),
1 X (LCHCOF) , X (LCRHS) , X (LCIBOU) , NCOL, NROW, NLAY)
IF (IUNIT (13) .GT.0) CALL STR1FM(NSTREM, X (LCSTRM) ,X (ICSTRM),
1 X (LCHNEW) , X (LCHCOF) , X (LCRHS) ,
2 X (LCIBOU) , MXSTRM, NCOL, NROW, NLAY, IOUT, NSS,
3 X (LCTBAR) , NTRIB, X (LCTRIB) , X (LCIVAR) , ICALC, CONST)

W N e
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|
IF(IUNIT(7).GT.0) CALL GHB1FM (NBOUND, MXBND, X/(LCBNDS) , X (LCHCOF) ,
1 X (LCRHS) , X (LCIBOU) , NCOL, NROW, NLAY)

(]
C7C2B---MAKE ONE CUT AT AN APPROXIMATE SOLUTION.
(o]
CALL MESINT (KKITER)
CALL INFORM (’'Modflow solution try %1%’ ,-1)
IF (IUNIT (9) .GT.0) CALL SIP1AP (X (LCHNEW) , X (LCIBOU),X(LCCR) ,X(LCCC),
1 X (LCCV) , X (LCHCOF) , X (LCRHS) , X (LCEL) , X (LCFL) , X (LCGL) , X (LCV) ,
2 X (LCW) , X (LCHDCG) , X (LCLRCH) , NPARM, KKITER, HCLOSE, ACCL, ICNVG,
3 KKSTP, KKPER, IPCALC, IPRSIP, MXITER, NSTP, NCOL, NROW, NLAY, NODES,
4 I0UT)
IF (IUNIT(11) .GT.0) CALL SOR1AP (X (LCHNEW) ,X (LCIBOU),X (LCCR),
1 X (LCCC) , X(LCCV) , X (LCHCOF) , X (LCRHS) , X (LCA) , X (LCRES) , X (LCIEQP),
2 X (LCHDCG) , X (LCLRCH) , KKITER, HCLOSE, ACCL, ICNVG, KKSTP, KKPER,
3 IPRSOR, MXITER, NSTP, NCOL, NROW, NLAY, NSLICE, MBW, I0UT)
Cc

C7C2C---IF CONVERGENCE CRITERION HAS BEEN MET STOP ITERATING.
IF (ICNVG.EQ.1) GO TO 110
100 CONTINUE
KITER=MXITER
110 CONTINUE
C
C7C3----DETERMINE WHICH OUTPUT IS NEEDED. \
CALL BAS10CARC (NSTP,KKSTP, ICNVG, X (LCIOFL) , NLAY,
1 IBUDFL, ICBCFL, IHDDFL, IUNIT (12), I0UT, BDPATH,
E *9999)
c
C7C4----CALCULATE BUDGET TERMS. SAVE CELL-BY-CELL FLOW TERMS.
MSUM=1

IF (IUNIT (1) .GT.0) CALL BCF1BDARC (VBNM, VBVL,MSUM, X (LCHNEW) ,
X (LCIBOU) , X (LCHOLD) , X (LCSC1) , X (LCCR) , X (LCCC) , X (LCCV) ,
X (LCTOP) , X (LCSC2) , DELT, ISS, NCOL, NROW, NLAY, KKSTP, KKPER,
IBCFCB, ICBCFL, X (LCBUFF) , IOUT, BDPATH,

*9999) |

IF (IUNIT(2) .GT.0) CALL WEL1BDARC (NWELLS, LL, VBNM, VBVL, MSUM,
X (LCWELL) , X (LCIBOU) , DELT, NCOL, NROW, NLAY , KKSTP, KKPER, IWELCB,
ICBCFL, X (LCBUFF) , IOUT, BDPATH,

*9999)

IF (IONIT(3) .GT.0) CALL DRN1BDARC (NDRAIN, MXDRN, VBNM, VBVL, MSUM,
X (LCDRAI) , DELT, X (LCHNEW) , NCOL, NROW, NLAY, X (LCIROU) , KKSTP,
KKPER, IDRNCB, ICBCFL, X (LCBUFF) , IOUT, BDPATH,

*9999)

IF (IUNIT (8) .GT.0) CALL RCH1BDARC (NRCHOP, X (LQIRCH), X (LCRECH),
X (LCIBOU) , NROW, NCOL, NLAY, DELT, VBVL, VBNM, MSUM, KKSTP , KKPER,
IRCHCB, ICBCFL, X (LCBUFF) , IOUT, BDPATH, ‘

*9999)

IF (IDNIT(5) .GT.0) CALL EVT1BDARC (NEVTOP,X(LCIEVT),X(LCEVTR),
X (LCEXDP) , X (LCSURF') , X (LCIBOU) , X (LCHNEW) , NCOL, NROW, NLAY,
DELT, VBVL, VBNM, MSUM, KKSTP, KKPER, IEVTCB, ICBCFL, X (LCBUFF) ,

IOUT, BDPATH,

HMWN R

*9999)
IF (IONIT (4) .GT.0) CALL RIVIBDARC (NRIVER, MXRIVR,X (LCRIVR),
X (LCIBOU) , X (LCHNEW) , NCOL, NROW, NLAY, DELT, VBVL, VBNM, MSUM,
KKSTP, KKPER, IRIVCB, ICBCFL, X (LCBUFF) , IOUT, BDPATH,
*9999)
IF (IUNIT (13) .GT.0) CALL STR1BDARC (NSTREM, X (LCSTRM),X (ICSTRM),
X (LCIBOU) , MXSTRM, X (LCHNEW) , NCOL, NROW, ,DELT, VBVL,
VBNM, MSUM, KKSTP , KKPER, ISTCB1, ISTCB2, ICBCFL, X (LCBUFF) , IOUT,
NTRIB, NSS, X (LCTRIB) , X (LCTBAR) , X (LCIVAR) , ICALC, CONST,
IPTFLG, BDPATH,
*9999)
IF (IUNIT(13).GT.0) CALL STR1SRARC (NSTREM,X (LCSTRM),X (ICSTRM),
MXSTRM, KKSTP , KKPER, ICALC,
IPTFLG, ICBCFL, BDPATH, IOUT,
*9999)

IF (IONIT(7) .GT.0) CALL GHB1BDARC (NBOUND, MXBND, VBNM,VBVL, MSUM,
X (LCBNDS) , DELT, X (LCHNEW) , NCOL, NROW, NLAY, X (LCIBOU) , KKSTP,
KKPER, IGHBCB, ICBCFL, X (LCBUFF) , IOUT, BDPATH,

*9999)
C |
C7C5---PRINT AND OR SAVE HEADS AND DRAWDOWNS. PRINT| OVERALL BUDGET.

BN BOR HA2aWNE BORn B BOR BOR R R
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CALL BAS10TARC (X (LCHNEW) X (LCSTRT), ISTRT, X (LCBUFF), X (LCIOFL),

1 MSUM, X (LCIBOU) , VBNM, VBVL, KKSTP, KKPER, DELT,
2 PERTIM, TOTIM, ITMUNI, NCOL, NROW, NLAY, ICNVG,
3 IHDDFL, IBUDFL, IHEDFM, IHEDUN, IDDNFM, IDDNUN, IOUT, HDPATH,
E *9999)
C
C7C6-—-——-1IF ITERATION FAILED TO CONVERGE THEN STOP.
C IF (ICNVG.EQ.0Q0) STOP
IF (ICNVG.EQ.0) RETURN
200 CONTINUE
300 CONTINUE
C
Cc8-————- END PROGRAM
C STOP
RETURN
(o]
CE------ ERRORS
(o]
9999 CALL INFORM (’\\Abnormal Termination of Modflow Program’, -1)
RETURN 1
END

Basic Package modules

The BAS (Basic package) consists of eight primary modules and five submodules; of these, three
primary modules (BASIRPARC, BAS10CARC, and BAS1IOTARC) and three submodules (SBAS1DARC,

SBASIHARC, and SBAS1IARC) were changed as indicated below.

BASIRPARC

This module reads and prepares data for the BASIC package from either ASCII or ARC/INFO files
and calls submodules U2DINTARC and U2DRELARC. Output control calls the modified submodule
SBAS1IARC. The flowchart for part of BASIRPARC is shown in figure 1, and the documentation of the

modaule follows.

for each layer 4

CALL MODULE
U2DINTARC TO READ
BOUNDARY ARRAY

for each layer

1 4

CALL MODULE
U2DRELARC TO READ
STARTING HEADS

v

Figure 1.--Modified program elements for the BASTRPARC module.
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SUBROUTINE BAS1RPARC (IBOUND, HNEW, STRT,HOLD, ISTRT, INBAS,

& HEADNG, NCOL, NROW, NLAY, NODES, VBVL, IOFLG, INOC, THEDFM,
& IDDNFM, IHEDUN, IDDNUN, IO0UT, HDPATH,
E *)
c
C———== VERSION 3.0 250CTOBER1991 BAS1RPARC
c MODIFIED BY LEONARD L. ORZOL
c
C AAKAkKKEKEAKEEEAKAEEEEAAKREAAEAAEAAEAAAA AR A KAAKREA Ak Ak Ak ARk Ak hkhkhkhkkhkkhkkkkhkkkkkkkkkk
o] READ AND INITIALIZE BASIC MODEL ARRAYS
C kAhkkkhkkkhkhkkhkhkhkkhkhkkkhkhkkkkhkhkhkhkkkkkhkhkhkkhkrkkkhkhkhkhkAhkkhkkkkhkhkhkhkkkkkkkkkkk
c
c SPECIFICATIONS:
C _________________________________________________________________
CHARACTER*80 HDPATH
CHARACTER*16 INFOITEM
CHARACTER*4 HEADNG, ANAME
DOUBLE PRECISION HNEW, HNOFLO
c
DIMENSION HNEW (NODES), IBOUND (NODES) , STRT (NODES) , HOLD (NODES) ,
1 ANAME (6, 2) , VBVL (4, 20) , IOFLG (NLAY, 4) , HEADNG (32)
C
DATA ANAME(1,1), ANAME(Z 1),ANAME (3, 1) ,ANAME (4,1),ANAME (5, 1),
1  ANAME(6,1) /] ¢, BO’,’UNDA’,'RY A’,’RRAY'/
DATA ANAME (1, 2), ANAME(Z 2), ANAME(3 2) ANAME(4 2), ANAME(S 2y,
1  ANAME(6,2) /' v, , r,"INIT’,"IAL *,"HEAD'/
C __________________________________________________________________
c
Cl—————- PRINT SIMULATION TITLE, CALCULATE # OF CELLS IN A LAYER.
o]
WRITE (IOUT,1) HEADNG \
1 FORMAT (1H1, 32A4)
NCR=NCOL*NROW
c
C2—————- READ BOUNDARY ARRAY (IBOUND) ONE LAYER AT A TIME.
C
DO 100 K=1,NLAY
KK=K
LOC=1+ (K~1) *NCR
INFOITEM=' IBOUND'
CALL U2DINTARC (INFOITEM, IBOUND (LOC) ANAMEul 1) , NROW, NCOL, KK,
& ‘ INRAS, IOUT,
E *9999) \
100 CONTINUE |
c
C3—————- READ AND PRINT HEAD VALUE TO BE PRINTED FOR NO-FLOW CELLS.
C
READ (INBAS, 2) TMP
2 FORMAT (F10.0)
HNOFLO=TMP
WRITE (IOUT, 3) TMP
3 FORMAT (1HO, ' AQUIFER HEAD WILL BE SET TO ’,1PG11.5,
& ' AT ALL NO-FLOW NODES (IBOUND=0).’)
C
C4—————-] READ STARTING HEADS. ;
C
DO 300 K=1,NIAY §
KK=K !
* LOC=1+ (K-1) *NCR
INFOITEM=' SHEAD'
CALL U2DRELARC (INFOITEM, HOLD (LOC) ,ANAME (1,2), NROW, NCOL, KK,
& INBAS, IOUT,
E *9999)
300 CONTINUE
C
C5~m—m—m COPY INITIAL HEADS FROM HOLD TO HNEW.
C

DO 400 I=1,NODES
HNEW (I)=HOLD (I)
IF (IBOUND (I) .EQ.0) HNEW(I)=HNOFLO
400 CONTINUE
c
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C6-————~ IF STARTING HEADS ARE TO BE SAVED THEN COPY HOLD TO STRT.

IF (ISTRT.EQ.0) GO TO 590
DO 500 I=1,NODES
STRT (I)=HOLD (I)
500 CONTINUE

Cl-————- INITIALIZE VOLUMETRIC BUDGET ACCUMULATORS TO ZERO.

590 DO 600 I=1,20
DO 600 J=1,4

VBVL(J,I)=0.
600 CONTINUE
C
C8—————- SET UP OUTPUT CONTROL.
C
CALL SBAS1IARC (NLAY, ISTRT, IOFLG, INOC, IOUT, IHEDFM,
& IDDNF'M, THEDUN, IDDNUN, HDPATH,
E *9999)
C
CO——=——= RETURN
C
1000 RETURN
(o]
CE—~———==- ERRORS
(]
9999 CALL INFORM (’\\Abnormal Termination of Baslrp Arc Subroutine’,-1)
RETURN 1
END

Added variables for module BASIRPARC

Variable Range Definition

HDPATH Package The directory path to the ARC/INFO subdirectory where head
and drawdown arrays are recorded.

INFOITEM Module The name of the INFO item either primary or redefined within the

ARC/INFO file containing the information.
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BAS10CARC

The BASIOCARC module sets flags for the budget and output procedures for the BASIC package
(fig. 2). Two new variables were added to the program code: BUFFER and OUTPATH. The major change
consisted of an alternate branch marked 3B (fig. 2 numbering follows the numbering of the comment lines
within the program code) in the following program code where the program control checks the control
record for the variable OUTPATH.

| )

READ BUFFER
TEST BUFFER (41:41)
AND SET IARC

l

v 3A v 3B

READ FROM BUFFER READ FROM BUFFER
INCODE, IHDDFL, IBUDFL INCODE, IHDDFL, IBUDFL
AND ICBCFL ICBCFL, AND HDPATH

IARC< 0 l IARC> 1

Figure 2.--Modified program elements for BASIOCARC module.

SUBROUTINE BAS10CARC (NSTP,KSTP,ICNVG, IOFLG, Ni:AY,
& IBUDFL, ICBCFL, IHDDFL, INOC, IOUT, OUTPATH,
E *)

————— VERSION 3.0 250CTOBER1991 BAS10CARC
MODIFIED BY LEONARD L. ORZOL

KRR A KA A KA A A AR RN A A A A A AR AR N A R KRN AR A AR KRA R KRN AR KA AN AR AN Ak kA ARk Ak khk Ak Ak kK

OUTPUT CONTROLLER FOR HEAD, DRAWDOWN, AND BUDGET
R S R R T e

SPECIFICATIONS:

oo

DIMENSION IOFLG (NLAY, 4)
CHARACTER*132 BUFFER
CHARACTER*80 QOUTPATH

_____________________________________________ e

l-==——- TEST UNIT NUMBER (INOC (INOC=IUNIT(12))) TO SEE IF
Cl-—————- OUTPUT CONTROL IS ACTIVE.
IF(INOC.NE.O0)GO TO 500

IHDDFL=0
IF(ICNVG.EQ.0 .OR. KSTP.EQ.NSTP)IHDDFL=1
IBUDFL=0
IF (ICNVG.EQ.O0 .OR. KSTP.EQ.NSTP)IBUDFL=1

|
\

C2-————- IF OUTPUT CONTROL IS INACTIVE THEN SET DEFALLTS AND RETURN.
|
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ICBCFL=0

GO TO 1000
33 ——————— READ AND PRINT OUTPUT FLAGS AND CODE FOR DEFINING IOFLG.
© 500 READ (INOC, ' (A132)’,ERR=9990,END=9991) BUFFER
g3h ------- READ AND PRINT OUTPUT FLAGS AND CODE FOR DEFINING IOFLG.
¢ IF (BUFFER (41:41) .EQ.’’ .OR. BUFFER (41:41) .EQ.’ ') THEN

READ (BUFFER, ’ (4110) ' ,ERR=9992) INCODE, IHDDFL, IBUDFL, ICBCFL
IF (IEDDFL.LT.0) GO TO 9993
IF (ICBCFL.LT.0) GO TO 9994

c
C3B----——- READ AND PRINT OUTPUT FLAGS AND CODE FOR DEFINING IOFLG AND
C—m———— OUTPUT PATH FOR INFO FILES
C
ELSE
READ (BUFFER, ' (4I10,A80)’ , ERR=9993)
& INCODE, IHDDFL, IBUDFL, ICBCFL, OUTPATH
ENDIF
C
WRITE (IOUT,5) IHDDFL,IBUDFL, ICBCFL
5 FORMAT (1HO, " HEAD/DRAWDOWN PRINTOUT FLAG =’ ,I2,
& 5X,’ TOTAL BUDGET PRINTOUT FLAG =', 12,
& . 5X, 'CELL-BY-CELL FLOW TERM FLAG =',I2)
C
Cq4-————- DECODE INCODE TO DETERMINE HOW TO SET FLAGS IN IOFLG.
IF (INCODE) 100,200,300
c
C5-————- USE IOFLG FROM LAST TIME STEP.

100 WRITE (IOUT,101)
101 FORMAT(1H , 'REUSING PREVIOUS VALUES OF IOFLG’)
GO TO 600

Cé6—————- READ IOFLG FOR LAYER 1 AND ASSIGN SAME TO ALL LAYERS
200 READ(INOC,201,ERR=9996,6END=9997) (IOFLG(1,M), M=1,4)
201 FORMAT (4I110)

DO 210 K=1,NLAY
IOFLG(K,1)=I0FLG(1,1)
IOFLG (K, 2)=IOFLG(1, 2)
IOFLG (K, 3)=IOFLG(1, 3)
IOFLG(K, 4)=IOFLG (1, 4)
210 CONTINUE
WRITE (IOUT, 211) (IOFLG(1,M),M=1,4)
211 FORMAT (1HO, 'OUTPUT FLAGS FOR ALL LAYERS ARE THE SAME:'/
1 1X,* HEAD DRAWDOWN HEAD DRAWDOWN’/
2 1X, ' PRINTOUT PRINTOUT SAVE SAVE' /
3 1X,34('-")/1X,15,110,18,18)
GO TO 600

Cl—-————= READ IOFLG IN ENTIRETY
300 READ (INOC, 301,ERR=9996, END=9997) ((IOFLG(K,I),I=1, 4),K=1,NLAY)
301 FORMAT (4I10)
WRITE (IOUT, 302)
302 FORMAT (1HO, 'OUTPUT FLAGS FOR EACH LAYER:'/
1 1X, ' HEAD DRAWDOWN HEAD DRAWDOWN’/
2 1X, "LAYER PRINTOUT PRINTOUT SAVE SAVE' /
3 1X,41('-"))
WRITE (IOUT,303) (K, (IOFLG(K,I),I=1,4),K=1,NLAY)
303 FORMAT (1X,I4,18,110,I8,1I8)

c
C8-—————- THE LAST STEP IN A STRESS PERIOD AND STEPS WHERE ITERATIVE
C8-—————- PROCEDURE FAILED TO CONVERGE GET A VOLUMETRIC BUDGET.
600 IF(ICNVG.EQ.0 .OR. KSTP.EQ.NSTP) IBUDFL=1

c
C9——m——= -RETURN

1000 RETURN
Cc
CE~~-—-- ERRORS
c

9990 CALL INFORM (’'\\Unable to read Basic Output Control Package’, -1)
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CALL INFORM

& ('\\Abnormal Termination of Basloc Arc Subroutine’, -1)

RETURN 1

9991 CALL INFORM (’\\End_of file; ' //
‘Missing input to Basic Output Control Package’, -1)

&
CALL INFORM

& ('\\Abnormal Termination of Basloc Arc Subroutine’, -1)

RETURN 1

9992 CALL INFORM ('\\Unable to read INCODE, IHDDFL, IBUDFL, and ' //
"ICBCFL from output control line’,-1)

&
CALL INFORM

& (' \\Abnormal Termination of Basloc_ Arc_ Subroutine’,-1)

RETURN 1

9993 CALL INFORM (’'\\IHDDFL has been set to less than 0.’,6-1)

(‘ This flag indicates to record head/drawdown’, -1)
CALL INFORM (' output data in ARC/INFO files, but path to’,-1)
(' output directory, OUTPATH, is missing on ' //
'output control line’,-1)

CALL INFORM
CALL INFORM

&
CALL INFORM

& (' \\Abnormal Termination of Basloc c_Subroutine’, -1)

RETURN 1
9994 CALL INFORM

CALL INFORM

CALL INFORM

CALL INFORM

&

CALL INFORM

(' \\ICBCFL has been saet to lass than 0.’',-1)

(‘ This flag indicates to record package’,-1)

(' output data in ARC/INFO files, but path to’,-1)
(' output directory, OUTPATH, is missing on ' //
'output control line’, -1)

& (' \\Abnormal Termination of Basloc_Arc Subroutine’, -1)

RETURN 1

9995 CALL INFORM (‘'\\Unable to read INCODE, IHDDFI, IBUDFL, ' //
'ICBCFL, and OUTPATH from output control line’,-1)

&
CALL INFORM

& (' \\Abnormal Termination of Basloc_Arc Subroutine’,-1)

RETURN 1

9996 CALL INFORM (’'\\Unable to read layer output fllags’, -1)

CALL INFORM

& (' \\Abnormal Termination of Basloc_Arc Subroutine’,-1)

RETURN 1

9997 CALL INFORM (‘\\End of file; Missing layer output layers’, -1)
CALL INFORM (‘' to Basic Output Control Package’, -1)

9999 CALL INFORM

& (’\\Abnormal Termination of Basloc Arc Subroutine’, -1)

RETURN 1
END

Added variables for module BAS1IOCARC

Variable

Module

Package

Definition

The control record is read into this variable and is parsed into the
appropriate variables: INCODE, IHDDFL, IBUDFL, ICBCFL,
and OUTPATH.

The directory path to the ARC/INFO subdirectory where cell-by-
cell flow-term arrays are recorded depending on flags set in
the component of flow packages such as IWELCB.
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BAS10OTARC

This module directs the output procedures for the BASIC package. One new variable, OUTPATH,
was added to the program code. The major change consists of replacing the submodules SBAS1H with
SBASIHARC and SBAS1D with SBASIDARC marked 3B in figure 3. Documentation of the program code

follows.

3B
YES
CALL SBAS1IHARC &
- —31 SBASIDARC TO WRITE
HEAD AND DRAWDOWN
NO

Figure 3.--Modified program elements for BASIOTARC module.

SUBROUTINE BAS10TARC (HNEW, STRT, ISTRT,BUFF, IOFLG, MSUM, IBOUND,
& VBNM, VBVL, KSTP, KPER, DELT, PERTIM, TOTIM, ITMUNI, NCOL, NROW, NLAY,
& ICNVG, THDDFL, IBUDFL, IHEDFM, THEDUN, IDDNFM, IDDNUN, IOUT, OUTPATH,

E *)
c
C————- VERSION 3.0 250CTOBER1991 BAS10TARC
C MODIFIED BY LEONARD L. ORZOL
]
c L R e TR R g
C OUTPUT TIME, VOLUMETRIC BUDGET, HEAD, AND DRAWDOWN
c Akhkhkhhkhhhkhhkkkkhkkhkkh Ak hkkhkkkkkkkk Kk khkh khkhkhkkkhkkhkkkhkkk kX hkk &
o]
o SPECIFICATIONS:
C __________________________________________________________________

CHARACTER*80 OUTPATH

CHARACTER*4 VBNM

DOUBLE PRECISION HNEW
c

DIMENSION HNEW (NCOL, NROW, NLAY) , STRT (NCOL, NROW, NLAY) ,

1 VBNM (4, 20) ,VBVL (4, 20) , IOFLG (NLAY, 4),

2 IBOUND (NCOL, NROW, NLAY) , BUFF (NCOL, NROW, NLAY)
C __________________________________________________________________
c
Cl-——- CLEAR PRINTOUT FLAG (IPFLG)
o]

IPFLG=0

o]
C2-———~—- IF ITERATIVE PROCEDURE FAILED TO CONVERGE PRINT MESSAGE
c

IF (ICNVG.EQ.0) WRITE(IOUT,1) KSTP,KPER

1 FORMAT (1HO, 10X, ' ****FATLED TO CONVERGE IN TIME STEP’,I3,

1 * OF STRESS PERIOD’, I3, **%xx’)
c
C3————- IF HEAD AND DRAWDOWN FLAG (IHDDFL) IS SET WRITE HEAD AND
C3————- DRAWDOWN IN ACCORDANCE WITH FLAGS IN IOFLG.
c

IF(IHDDFL.EQ.0) GO TO 100
CALL SBAS1HARC (HNEW,BUFF, IOFLG, KSTP,KPER, NCOL, NROW, NLAY, IOUT,

& IHEDFM, IHEDUN, IHDDFL, OUTPATH,
& IPFLG, PERTIM, TOTIM,
E *9999) .

CALL SBAS1DARC (HNEW,BUFF, IOFLG,KSTP,KPER, NCOL, NROW, NLAY, IOUT,
IDDNFM, IDDNUN, IHDDFL, OUTPATH, STRT, ISTRT, IBOUND,
IPFLG, PERTIM, TOTIM,

Hemn

*9999)
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C4-————~ PRINT TOTAL BUDGET IF REQUESTED
C

100 IF(IBUDFL.EQ.0) GO TO 120

CALL SBAS1V (MSUM, VBNM, VBVL, KSTP, KPER, IOUT)
IPFLG=1

Cc
CH—mm—— END PRINTOUT WITH TIME SUMMARY AND FORM FEED IF ANY PRINTOUT
C5—————- WILL BE PRODUCED.
C

120 IF(IPFLG.EQ.O) RETURN

CALL SBASI1T (KSTP,KPER,DELT,PERTIM,TOTIM,IfMUNI,IOUT)
WRITE (IOUT, 101)

101 FORMAT (1H1)
C
Co—————- RETURN
o

RETURN

c
CE-w-—w——- ERRORS
Cc

9999 CALL INFORM ('\\Abnormal Termination of Baslot Arc Subroutine’,-1)

RETURN 1

END ‘

Added variables for module BASIOTARC

Variable Range Definition

OUTPATH Package The directory path to he ARC/INFO subdirectory where head
and drawdown arrays are recorded.
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SBASIDARC

This submodule directs the output procedures for drawdown within the BASIC package and is
called by module BASIOTARC. Six new variables were added to the program code: IDDNFL, OUTPATH,
DDNPATH, INFONAME, INFOITEM, and QFILE. The major change consists of replacing program code
to direct storage of the drawdown values into either unformatted files, ARC/INFO files, or INFO files.
When the flag, IDDNFL, is set to a negative value, submodule SBASIDARC calls the utility module
ULASAVARC that writes the drawdown array into an ARC/INFO file for each layer specified by the user
(fig. 4). Documentation of submodule SBASIDARC follows.

for each layer
IDDNFL > 0 l IDDNFL < 0
¥ TA v 7B
CALL ULASAV CALL ULASAVARC
AND RECORD AND RECORD
DRAWDOWN DRAWDOWN

Figure 4.--Modified program elements for the SBASIDARC module.

SUBROUTINE SBAS1DARC (HNEW, BUFF, IOFLG,KSTP,KPER,NCOL, NROW, NLAY,

& 10UT, IDDNFM, IDDNUN, IDDNFL, DDNPATH, STRT, ISTRT,
& IBOUND, IPFLG, PERTIM, TOTIM,
E *)
c
C----~VERSION 3.0 250CTOBER1991 SBAS1DARC
c MODIFIED BY LEONARD L. ORZOL
c
C ARAKRAKKRAR KRR RARAKRAARRAAARRARAARRRARARAARRR AR AR ARA A A A A Ak hkhk
c CALCULATE PRINT AND RECORD DRAWDOWNS
C AARA AR KRR AR AR KRR AR AR KRR KRR RARARARA AR AR A AR AR AR AR AR A R AR AR AR A KR
c
c SPECIFICATIONS
C _______________________________________________________
CHARACTER*128 OUTPATH
CHARACTER*80 DDNPATH
CHARACTER*32 INFONAME
CHARACTER*16 INFOITEM
CHARACTER*4 TEXT
DOUBLE PRECISION HNEW
LOGICAL QFILE
c
DIMENSION HNEW (NCOL, NROW, NLAY), IOFLG (NLAY, 4) , TEXT (4),
1 BUFF (NCOL, NROW, NLAY) , STRT (NCOL, NROW, NLAY) ,
2 IBOUND (NCOL, NROW, NLAY)
c
DATA TEXT (1), TEXT (2), TEXT (3) , TEXT (4) /' ', 'DRAW’,
1 * DOWN’ /
C | e ————_—_——



Cl————e FOR EACH LAYER CALCULATE DRAWDOWN IF PRINT OR RECORD
Cl—————m- 1S REQUESTED
DO 59 K=1,NLAY
c
C2-—mmmm IS DRAWDOWN NEEDED FRO THIS LAYER?
IF (IOFLG (K, 2) .EQ.0 .AND. IOFLG(K,4).EQ.0) GO TO 59
c
C3——mmmm DRAWDOWN IS NEEDED. WERE STARTING HEADS SAVED?
IF (ISTRT.NE.O) GO TO 53
c
C4————nn STARTING HEADS WERE NOT SAVED. PRINT MESSAGE AND STOP.
WRITE (IOUT, 52)
52 FORMAT (1HO, ' CANNOT CALCULATE DRAWDOWN BECAUSE START',
1 * HEADS WERE NOT SAVED’)
GO TO 9999
c
C5mmmmmm CALCULATE DRAWDOWN FOR THE LAYER.
53 DO 58 I=1,NROW
DO 58 J=1,NCOL
HSING=HNEW (J, I, K)
BUFF (J, I,K)=HSING
IF (IBOUND (J, I,K).NE.O) BUFF (J,I,K)=STRT (J,I,K)-HSING
58 CONTINUE !
59 CONTINUE
c
o7 S— FOR EACH IAYER: DETERMINE IF DRAWDOWN SHOULD BE PRINTED.
[T T—— IF SO THEN CALL ULAPRS OR ULAPRW TO PRINT DRAWDOWN.
DO 69 K=1,NLAY
KK=K
IF (IOFLG (K, 2) .EQ.0) GO TO 69
IF (IDDNFM.LT.0) CALL ULAPRS (BUFF(1,1,K), TEXT(1),KSTP,KPER,
1 NCOL, NROW, KK, —~IDDNFM, IOUT)
IF (IDDNFM.GE.0) CALL ULAPRW (BUFF (1, 1,K), TEXT (1) ,KSTP, KPER,
1 NCOL, NROW, KK, IDDNFM, I0UT)
IPFLG=1 ‘
69 CONTINUE |
c
CTmmmmm FOR EACH IAYER: DETERMINE IF DRAWDOWN SHOULD BE RECORDED.
oy JR— IF SO THEN CALL ULASAV OR ULASAVARC TO RECORD DRAWDOWN.
IFIRST=1
QFILE=. TRUE. |
IF (IDDNUN.LE.O) GO TO 80
DO 79 K=1,NIAY \
KK=K ‘
IF (IOFLG (K, 4) .LE.0) GO TO 79 |
IF (IFIRST.EQ.1) THEN !
IF (IDDNFL.GE.0) WRITE(IOUT,74) IDDNUN,KSTP,KPER
74 FORMAT (1HO, ' DRAWDOWN WILL BE SAVED ON UNIT’, I3,
& * AT END OF TIME STEP’,I3,’, STRESS PERIOD’,I3)
IF (IDDNFL.LT.0) WRITE (IOUT,75) DDNPATH (:INDEX (DDNPATH,' ‘)-1),
& KPER, KSTP, KSTP, KPER
75 FORMAT (1HO, ' DRAWDOWN SAVED IN ARC/INFO FILE ,A,’ DRAWDOWN_',
& 13,'_',13,’ AT END OF TIME STEP',I3,', STRESS PERIOD',I3)
ENDIF
IFIRST=0
c
CTA—————- IF IDDNFL>O THEN CALL ULASAV TO RECORD DRAWDOWN IN UNFORMATTED FILE.
c
IF (IDDNFL.GE.0) THEN
CALL ULASAV (BUFF (1, 1,K), TEXT (1) ,KSTP, KPER, PERTIM, TOTIM, NCOL,
& NROW, KK, IDDNUN)
c
CTB-—-——~ IF IDDNFL<O THEN CALL ULASAVARC TO RECORD DRAWDOWN IN ARC/INFO FILE.
c
ELSE ‘
INFOITEM='LAYER'
INFONAME=' DDNBUD’
OUTPATH=DDNPATH (:INDEX (DDNPATH, ' ’)-1)//INFONAME
CALL ULASAVARC (BUFF (1,1,K), INFOITEM, KSTP, KPER,

NCOL, NROW, KK, OUTPATH, QFILE, NLAY, IOFLG,

Hmn

*9999)
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QFILE=.FALSE.

9999 CALL INFORM (’'\\Abnormal Termination of Sbasld Arc Subroutine’, -1)

ENDIF
79 CONTINUE
C
C8-—————- RETURN
80 RETURN
Cc
CE-——--- ERRORS
Cc
RETURN 1
END

Added variables for module SBASIDARC

Variable Range

DDNPATH Package

IDDNFL Package

INFONAME Submodule

INFOITEM Submodule

OUTPATH Submodule

QFILE Submodule

Definition

The directory path to the ARC/INFO subdirectory where the
values for the drawdown array are recorded (passed
argument from module BASIOTARC).

The drawdown flag that indicates whether the array values will
be printed or recorded.

The name of the ARC/INFO file where the values for the
drawdown array are recorded (passed argument consisting of
the root name DDNBUD which later will be appended by the
stress period and time step).

The name of the ARC/INFO or INFO item where the values for
the drawdown array are recorded (passed argument
consisting of the root name LAYER which later will be
appended by the layer number).

The path for the ARC/INFO file where the values for the
drawdown array are recorded.

Logical flag indicating whether ARC/INFO file for drawdown
values has been created (TRUE, create file; FALSE, do not
create file).

SBAS1HARC

This submodule directs the output procedures for head within the BASIC package and is called by
module BASIOTARC. Six new variables were added to the program code: IHDDFL, OUTPATH,
HEDPATH, INFONAME, INFOITEM, and QFILE. The major change consisted of replacing program code
to direct storage of the head values in either unformatted files, ARC/INFO files, or INFO files. When the
flag IHDDFL has been set to a negative value, submodule SBASIDARC calls the utility module
ULASAVARC (fig.5). Module ULASAVARC writes the head array into an ARC/INFO file for each layer
that has been user specified. Documentation of the submodule follows.
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ol cNoNeNeNeNoNeNe e N e)

for cach layer

A

IHDDFL > 0 IHDDFL < 0
v 9A v 9B
CALL ULASAV CALL ULASAVARC
AND RECORD AND RECORD
HEADS ‘ HEADS

Figure 5.--Modified program elements for the SBAS1HARC module.

SUBROUTINE SBAS1HARC (HNEW,BUFF, IOFLG, KSTP, KPER, NCOL, NROW, NLAY,

IOUT, IHEDFM, THEDUN, IHDDFL, HEDPATH, IPFLG, PERTIM, TOTIM,

&
E *)

~-VERSION 3.0 250CTOBER1991 SBAS1HARC }

MODIFIED BY LEONARD L. ORZOL

Je kK ok g ok ke ek ok ok ok ok gk ok gk ok ok ok gk ke ko gk ok ok ok ok ok ok ok ok Ak ok ok ok ok ok ok ok ok ok ok ko ke ok

PRINT AND RECORD HEADS

*********************************************#*********

SPECIFICATIONS !

—————————_———————— e ———————————————— e ———————

DOUBLE PRECISION HNEW

DIMENSION HNEW (NCOL,NROW,NLAY), IOFLG(NLAY, 4), TEXT (4),
1 BUFF (NCOL, NROW, NLAY)

CHARACTER*128 OUTPATH
CHARACTER*80 HEDPATH
CHARACTER*32 INFONAME
CHARACTER*16 INFOITEM
CHARACTER*4 TEXT
LOGICAL QFILE

1 ‘HEAD' /

I
DATA TEXT(l),TEXT(2),TEXT(3),TEXT(4)‘/‘ ’,T ’,’
+

~---FOR EACH LAYER: PRINT HEAD IF REQUESTED.

DO 39 K=1,NLAY
KK=K

~-—-TEST IOFLG TO SEE IF HEAD SHOULD BE PRINTED.

IF (IOFLG(K,1) .EQ.0) GO TO 39
IPFLG=1

----COPY HEADS FOR THIS LAYER INTO BUFFER.

DO 32 I=1,NROW
DO 32 J=1,NCOL
BUFF (J, I,1)=HNEW(J, I,K)

32 CONTINUE
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C4-—————~- CALL UTILITY MODULE TO PRINT CONTENTS OF BUFFER.
IF (IHEDFM.LT.0) CALL ULAPRS (BUFF,TEXT (1) ,KSTP, KPER, NCOL, NROW,
& KK, -ITHEDFM, IOUT)
IF (IHEDFM.GE.0) CALL ULAPRW (BUFF, TEXT (1) ,KSTP, KPER, NCOL, NROW,
& KK, IHEDFM, I0OUT)
o]
39 CONTINUE
C
CS—————~ IF UNIT FOR RECORDING HEADS <= 0: THEN RETURN.
IF (IHEDUN.LE.0)GO TO 50
IFIRST=1
QFILE=.TRUE.
C
C6—————= FOR EACH LAYER: RECORD HEAD IF REQUESTED.
DO 49 K=1,6NLAY
KK=K
(o]
CTl—=——- CHECK IOFLG TO SEE IF HEAD FOR THIS LAYER SHOULD BE RECORDED.
IF (IOFLG(K, 3) .LE.O) GO TO 49
IF(IFIRST.EQ.1) THEN
IF (IHDDFL.GE.0) WRITE(IOUT,41) IHEDUN,KSTP,KPER
41 FORMAT (1HO, 'HEAD WILL BE SAVED ON UNIT’,
& I3,’ AT END OF TIME STEP',I3,’, STRESS PERIOD’, I3)
IF (IHDDFL.LT.0) WRITE (IOUT,43) HEDPATH (:INDEX(HEDPATH,' ’)-1),
& KPER,KSTP, KSTP, KPER
43 FORMAT (1HO, ' HEADS SAVED WITHIN ARC/INFO FILE ’,A,'HEAQﬁ',I3,
& '_",I3,’ AT END OF TIME STEP ’,13,’, STRESS PERIOD’,6 I3)
ENDIF
IFIRST=0
[¢]
C8—————— COPY HEADS FOR THIS LAYER INTO BUFFER.
DO 44 I=1,NROW
DO 44 J=1,NCOL
BUFF (J,I,1)=HNEW(J, I,K)
44 CONTINUE
C
C9—————~] RECORD CONTENTS OF BUFFER ON UNIT=IHEDUN
IF (IHDDFL.GE.O) THEN
CALL ULASAV (BUFF, TEXT (1) ,KSTP, KPER, PERTIM, TOTIM, NCOL,
& NROW, KK, THEDUN)
ELSE
c
COA~———~ RECORD CONTENTS OF BUFFER ON HEDPATH ARC/INFO FILE
INFOITEM=' LAYER'
INFONAME=' HEDBUD'
OUTPATH=HEDPATH (:INDEX (HEDPATH,' ')-1)//INFONAME
CALL ULASAVARC (BUFF, INFOITEM, KSTP, KPER,
& NCOL, NROW, KK, OUTPATH, QFILE, NLAY, IOFILG,
E *9999)
QFILE=.FALSE.
ENDIF
49 CONTINUE
C
Clo————- RETURN
50 RETURN
(o]
CE-——~——- ERRORS
(o]
9999 CALL INFORM (’\\Abnormal Termination of Sbaslh Arc Subroutine’,-1)
RETURN 1
END
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Added variables for module SBASTHARC

Variable Range

HEDPATH Package

IHDDFL Package

INFONAME Submodule

INFOITEM Submodule

OUTPATH Submodule

QFILE Submodule

Definition

The directory path the ARC/INFO subdirectory where the values
for the head array are recorded (passed argument from
module BAS1IOTARC).

The head flag that indicates whether the array values will be
printed or recorded.

The name of the ARC/INFO file where the values for the head
array are recorded (passed argument consisting of the root
name HEDBUD which later will be appended by the stress
period and time step).

The name of the ARC/INFO or INFO item where the values for
the head array are recorded (passed argument consisting of
the root name LAYER which later will be appended by the
layer number).

The path for the ARC/INFO file where the values for the head
array are recorded.

Logical flag indicating whether ARC/INFO file for head values
has been created (TRUE, create file; FALSE, do not create file).

SBAS1IARC

This submodule initializes the output control system W‘Lthin the BASIC package and is called by

module BASIORPARC. Two new variable were added to the

rogram code: OUTPATH and BUFFER. The

major change consists of replacing program code to direct thig submodule to read BUFFER (the control

record for output control). The variable OUTPATH is read from BUFFER when present. If OUTPATH is
present, OUTPATH is the path for ARC/INFO files or INFO files where drawdown, head, and cell-by-cell
flow-term array values are recorded. The changes arc marked 2A and 2B in figure 6. Documentation of the

program code follows.

P S
[\

TEST BUFFER (41:41)

READ BUFFER

L

Y

2 v 2B

READ FROM BUFFER
IHEDFM, IDDNFM,
IHEDUN AND ICBCFL

READ FROM BUFFER
ITHEDFM, IDDNFM, IHEDUN
IDDNUN, AND OUTPATH

-
l \
b
b

P

Figure 6.--Modified program elements for the éBASIIARC module.
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SUBROUTINE SBAS1IARC (NLAY, ISTRT, IOFLG, INOC, IOUT, IHEDFM,

& IDDNFM, IHEDUN, IDDNUN, OUTPATH,
E *)
c
C—---- VERSION 3.0 250CTOBER1991 SBAS1IARC
c MODIFIED BY LEONARD L. ORZOL
C
C LR R R Y R R R R R R R R R R RS RS EERE SRS R & L8]
C SET UP OUTPUT CONTROL
C AAKAA KA KA AL AARAA R A A A AN R AR AR AR AT A AAA Ak A A A A Ak Ak kA k kA khkhkrkkha khkhhk
c
C SPECIFICATIONS:
c —— e o . e . . . . S e At . et . Bt S et S S s - [ —— -
DIMENSION IOFLG (NIAY, 4)
CHARACTER*132 BUFFER
CHARACTER*80 OUTPATH
c _______ — —— e — — — S S e e S e S A S ey ey AL AL S Sy e S S Ay S S AL M S S S S S
o]
Cl-———m~ TEST UNIT NUMBER FROM IUNIT (INOC) TO SEE IF OUTPUT
Do PS— CONTROL IS ACTIVE.
IF (INOC.LE.0) GO TO 600
c
C2—————= READ AND PRINT FORMATS FOR PRINTING AND UNIT NUMBERS FOR
C2-——mmm RECORDING HEADS AND DRAWDOWN. THEN RETURN.
c
500 READ (INOC,’ (A132)‘,ERR=9990, END=9991) BUFFER
c
C2A------OUTPUT DIRECTED TO ASCII FILES
c

IF (BUFFER (41:41) .EQ.’’ .OR. BUFFER (41:41).EQ.’ ‘) THEN
READ (BUFFER,’ (4I10)‘,ERR=9992) IHEDFM,IDDNFM, IHEDUN, IDDNUN
WRITE (IOUT,501) IHEDFM, IDDNFM
501 FORMAT (1HO, 'HEAD PRINT FORMAT IS FORMAT NUMBER',I4,
& ’ DRAWDOWN PRINT FORMAT IS FORMAT NUMBER’,Id)
WRITE (IOUT,503) IHEDUN, IDDNUN
503 FORMAT (1HO, 'HEADS WILL BE SAVED ON UNIT’, I3,

& ' DRAWDOWNS WILL BE SAVED ON UNIT', I3)
c
C2B-----—- OUTPUT DIRECTED TO ARC/INFO FILES
c
ELSE
READ (BUFFER, ' (4110,A80) ' ,ERR=9992)
& IHEDFM, IDDNFM, IHEDUN, IDDNUN, OUTPATH

WRITE (IOUT,501) IHEDFM, IDDNFM
WRITE (IOUT,505) OUTPATH (:INDEX(OUTPATH,' ‘)-1)
505 FORMAT (1HO,

& ‘HEADS AND DRAWDOWN SAVED IN INFO FILES IN INFO DIRECTORY ‘,A)
ENDIF

c

C2C———mmm TIME STEP DECLARATION FOR OUTPUT CONTROL

c

WRITE (IOUT,507)
507 FORMAT (1HO, ' OUTPUT CONTROL IS SPECIFIED EVERY TIME STEP')
GO TO 1000

C3———mm= OUTPUT CONTROL IS INACTIVE. PRINT A MESSAGE LISTING DEFAULTS.
600 WRITE (IOUT, 641)
641 FORMAT (1HO, 'DEFAULT OUTPUT CONTROL -- THE FOLLOWING OUTPUT’,
1 * COMES AT THE END OF EACH STRESS PERIOD:')
WRITE (IOUT, 642)
642 FORMAT (1X, ' TOTAL VOLUMETRIC BUDGET')
WRITE (IOUT, 643)
643 FORMAT (1X, 10X, 'HEAD’)
IF (ISTRT.NE.O)WRITE (IOUT, 644)
644 FORMAT (1X, 10X, ' DRAWDOWN' )

Cc
C4-—-——- SET THE FORMAT CODES EQUAL TO THE DEFAULT FORMAT.
IHEDFM=0
IDDNFM=0
o]
CS—-—mn SET DEFAULT FLAGS IN IOFLG SO THAT HEAD (AND DRAWDOWN) IS
CS5-—=——= PRINTED FOR EVERY LAYER.
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ID=0
IF(ISTRT.NE.O) ID=1
670 DO 680 K=1,NLAY
IOFLG(K,1)=1
IOFLG (K, 2)=ID
IOFLG (K, 3)=0
IOFLG (K, 4)=0
680 CONTINUE

GO TO 1000
o]
C6—-————- RETURN
1000 RETURN
Cc
CE-——-—- ERRORS
c

9990 CALL INFORM (’\\Unable to read Basic Output Control Package’, -1)
CALL INFORM (’\\Abnormal Termination of Sbasli Arc Subroutine’, -1)
RETURN 1

9991 CALL INFORM (’/\\Missing input to Basic Output |Control Package’, -1l)
CALL INFORM (’'\\Abnormal Termination of Sbasli Arc Subroutina’,-1)
RETURN 1

9992 CALL INFORM (’'\\Unable to read IHEDFM, IDDNFM, IHEDUN, and ' //

& 'IDDNUN from output control line’,-1)
CALL INFORM (’\\Abnormal Termination of Sbasli_ Arc Subroutine’, -1)
RETURN 1

9993 CALL INFORM (’'\\Unable to read IHEDFM, IDDNFM, IHEDUN, ' //

& ' IDDNUN, and OUTPATH from output control line’,-1)

9999 CALL INFORM (’\\Abnormal Termination of Sbasli Arc Subroutine’,-1)
RETURN 1
END

Added variables for module SBAS1IARC

Variable Range Definition

BUFFER Module The control record is read into this variable and is parsed into the
appropriate variables: IHEDFM, IDDNFM, IHEDUN,
IDDNUN, and OUTPATH.

OUTPATH Package The directory path to ﬂhe ARC/INFO subdirectory where output
head and drawdown arrays are recorded.

\
Block-centered flow Package \Modules

The BCF (Block-centered flow) package consists of four primary modules and five submodules; of
these, two primary modules (BCFIRPARC and BCF1BDARC) and two submodules (SBCF1IBARC and
SBCF1FARC) indicated below were modified.

BCFIRPARC

This module reads and prepares data for the BCF package and calls submodules UIRELARC and
U2DRELARC (fig. 7). Documentation of the modified code follows.
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%

| 1
CALL MODULE

UIDRELARC TO READ
TRPY, DELR, AND DELC

for each layer

2B

CALL MODULE
U2DRELARC TO READ
STORAGE

2C

CALL MODULE
U2DRELARC TO READ
TRANSMISSIVITY

l 2D

CALL MODULE
U2DRELARC TO READ
CONDUCTIVITY
AND BOTTOM

2E

CALL MODULE
U2DRELARC TO READ
HYCOND/THICK

\ 2F

CALL MODULE
U2DRELARC TO READ
SECONDARY STORAGE

2G

CALL MODULE
U2DRELARC TO READ
TOP ELEVATION

Figure 7.--Modified program elements for the BCF1IRPARC module.
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SUBROUTINE BCF1RPARC (IBOUND, HNEW, SC1,HY,CR,CC, CV, DELR, DELC,
& BOT, TOP, SC2, TRPY, IN, ISS, NCOL, NROW, NLAY, NODES, IOUT,
E *)
----- VERSION 3.0 250CTOBER1991 BCF1RPARC
MODIFIED BY LEONARD L. ORZOL

khkkkhkhkhkkhkhkhkhkhkkhkkhkkkkkkhkkkkkkkkhkkkhhkkhkkhkkkhkkkkkkhkkkkkkkhkkkkrkhkkk

READ AND INITIALIZE DATA FOR BLOCK~CENTERED FLOW PACKAGE
L s R e e T T

SPECIFICATIONS:

Q00000000

S N —

CHARACTER*4 ANAME
CHARACTER*16 INFOITEM
DOUBLE PRECISION HNEW

DIMENSION HNEW(NODES), SC1l (NODES), HY (NODES) , CR (NODES) , CC (NODES) ,
CV (NODES) ,ANAME (6, 10) , DELR (NCOL) , DELC (NROW) , BOT (NODES) ,
TOP (NODES) , SC2 (NODES) , TRPY (NLAY) , IBOUND (NODES)

=

COMMON /FLWCOM/LAYCON (80)

DATA ANAME(1,1),ANAME(2,1),ANAME(3,1),ANAME (4,1),ANAME(5,1),
1 ANAME(6,1) /' *, "PRIM’,'ARY ’,'STOR’,'AGE ’,'COEF’/
DATA ANAME(1,2),ANAME (2,2),ANAME (3, 2) ,ANAME (4,2), ANAME (5, 2) ,
1 ANAME(6,2) /' ¢+, *TRAN’,’SMIS’,’. AL’,’ONG ', 'ROWS’/
DATA ANAME (1, 3) ,ANAME (2, 3),ANAME (3, 3) ,ANAME (4, 3) , ANAME (5, 3) ,
1 ANAME(6,3) /' H’,’YD. ’,’COND’,’. AL’,’'ONG ', 'ROWS'/
DATA ANAME(1,4),ANAME(2,4),ANAME(3,4),ANAME( ,4) , ANAME (5, 4) ,
1 ANAME(6,4) //VERT’,’ HYD’,’ CON’,’D /T','HICK',’'NESS’'/
DATA ANAME (1, 5) ,ANAME(2,5), ANAME(s 5), ANAME( ,5) ,ANAME (5, 5) ,
1 ANAME (6,5) /' ' BO’ , / TTOM' /
DATA ANAME (1, 6) , ANAME (2, 6) , ANAME(B 6) ANAME( ,6) ,ANAME (5, 6) ,
1 ANAME(6,6) /' v, 1," TOP'/
DATA ANAME (1,7),ANAME (2,7),ANAME (3, 7) ,ANAME (4,7) , ANAME (5, 7) ,
1 ANAME(6,7) /' SE’,’COND’,’ARY ’,’STOR’,’AGE ', ’COEF’/
DATA ANAME (1, 8),ANAME (2, 8),ANAME (3, 8) , ANAME (4, 8) , ANAME (5, 8) ,
1 ANAME(6,8) //COLU’,’MN T’,’O RO’,’W AN’,’ISOT’, ROPY'/
DATA ANAME (1,9) ,ANAME (2,9), ANAME(S 9 ANAME(4 9) , ANAME (5, 9) ,
1 ANAME(6,9) /' ‘ ', ' DELR’ /
DATA ANAME (1,10) ,ANAME (2, 10) ANAME(3 10), ANAME(4 10) , ANAME (5, 10},
1 ANAME(6,10) /' ., , v, , *, 'DELC’ /

l-————~ CALCULATE NUMBER OF NODES IN A LAYER AND READ TRPY, DELR, DELC
NIJ=NCOL*NROW

INFOITEM='TRPY’
CALL U1DRELARC (INFOITEM, TRPY,ANAME (1,8),NLAY, IN, IOUT,*9999)
INFOITEM='DELR’
CALL U1DRELARC (INFOITEM,DELR,ANAME (1,9),NCOL, IN, IOUT,*9999)
INFOITEM='DELC’
CALL U1DRELARC (INFOITEM,DELC,ANAME (1,10),NROW, IN, IOUT, *9999)
C ,
C2------READ ALL PARAMETERS FOR EACH LAYER
KT=0
KB=0
DO 200 K=1,NLAY
KK=K
c
C2A-~---FIND ADDRESS OF EACH LAYER IN THREE DIMENSION ARRAYS.
IF (LAYCON (K) .EQ.1 .OR. LAYCON(K).EQ.3) KB=KB+1
IF (LAYCON (K) .EQ.2 .OR. LAYCON (K).EQ.3) KT=KT+1
LOC=1+ (K-1) *NIJ
LOCB=1+ (KB-1) *NIJ
LOCT=1+ (KT-1) *NIJ

C2B-—-——- READ PRIMARY STORAGE COEFFICIENT INTO ARRAY SCl1 IF TRANSIENT
INFOITEM=' SF'1’
IF (ISS.EQ.0) CALL U2DRELARC (INFOITENM, SC1(LOC),ANAME (1,1),NROW,
& NCOL, KK, IN, IOUT,
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E %9999)

c
. C2C-—m—m READ TRANSMISSIVITY INTO ARRAY CC IF LAYER TYPE IS 0 OR 2
KT=0
KB=0
DO 200 K=1, NLAY
KK=K
c
C2A----- FIND ADDRESS OF EACH LAYER IN THREE DIMENSION ARRAYS.
IF (LAYCON (K) .EQ.1 .OR. LAYCON (K).EQ.3) KB=KB+1
IF (LAYCON (K) .EQ.2 .OR. LAYCON (K).EQ.3) KT=KT+1
LOC=1+ (K-1) *NIJ
LOCB=1+ (KB-1) *NIJ
LOCT=1+ (KT-1) *NIJ
c
C2B-----READ PRIMARY STORAGE COEFFICIENT INTO ARRAY SC1 IF TRANSIENT
INFOITEM=' SF1’
IF(ISS EQ.0) CALL U2DRELARC (INFOITEM, SC1 (LOC),ANAME (1,1),NROW,
NCOL. KK, IN, TOUT,
E %9999)
c
C2C—mmm= READ TRANSMISSIVITY INTO ARRAY CC IF LAYER TYPE IS 0 OR 2
IF (LAYCON (K) .EQ.3 .OR. LAYCON (K).EQ.1) GO TO 100
INFOITEM=' TRAN’
CALL U2DRELARC (INFOITEM,CC (LOC),ANAME (1,2), NROW,NCOL, KK, IN,
1 100T,
E *9999)
GO TO 110
c
Cc2D---—- READ HYDRAULIC CONDUCTIVITY (HY) AND BOTTOM ELEVATION (BOT)
c2D---—- IF LAYER TYPE IS 1 OR 3
100 INFOITEM='HY'
CALL U2DRELARC (INFOITEM, HY (LOCB), ANAME (1, 3) , NROW, NCOL, KK, IN,
1 10UT,
E *9999)
INFOITEM=' BOT’
CALL U2DRELARC (INFOITEM,BOT (LOCB),ANAME (1,5), NROW, NCOL, KK, IN,
& 100T,
E. *9999)
c
C2E~-----READ VERTICAL HYCOND/THICK INTO ARRAY CV IF NOT BOTTOM LAYER
C2E~=~~~ READ AS HYCOND/THICKNESS -- CONVERTED TO CONDUCTANCE LATER
110 IF(K.EQ.NLAY) GO TO 120
INFOITEM=' VCONT’
CALL U2DRELARC (INFOITEM,CV (LOC),ANAME (1,4), NROW, NCOL, KK, IN,
& I00T,
E *9999)
c
(7] . READ SECONDARY STORAGE COEFFICIENT INTO ARRAY SC2 IF TRANSIENT
C2F===== AND LAYER TYPE IS 2 OR 3
120 IF(LAYCON(K).NE.3 .AND. LAYCON(K).NE.2) GO TO 200
IF (ISS.EQ.0) THEN
INFOITEM=' SF2’
CALL U2DRELARC (INFOITEM, SC2 (LOCT),ANAME (1,7), NROW, NCOL, KK, IN,
& I00T,
E *9999)
ENDIF
c
C2G-----READ TOP ELEVATION(TOP) IF LAYER TYPE IS 2 OR 3
INFOITEM=' TOP’
CALL U2DRELARC (INFOITEM,TOP (LOCT),ANAME (1, 6), NROW, NCOL, KK, IN,
& 100T,
E *9999)
200 CONTINUE
c
i To— PREPARE AND CHECK BCF DATA
CALL SBCF1N (HNEW, IBOUND, SC1, SC2, CR, CC, CV, HY, TRPY, DELR, DELC, ISS,
1 " NCOL, NROW, NLAY, IOUT)
c
(7 (R RETURN
RETURN
c
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9999 CALL INFORM (’'\\Abnormal Termination of Bcflh:p_hrc_Subroutine’ ,~1)
RETURN 1
END

Added variables for module BCFIRPARC

Variable Range Definition
INFOITEM Module The name of the INFO item either primary or redefined within the
ARC/INFO file containing the information.
BCFIBDARC

This module calculates cell-by-cell flow terms and overall volumetric for the BCF package calls
submodules UBUDSV ARC, SBCF1FARC and SBCF1BARC (fig. 8). Documentation of the module changes
follows.

8A

CALL MODULE
UBUDSYV TO RECORD

YES CONTENTS OF BUFF
|

~mnnmnn o

i 8B

CALL MODULE
UBUDSVARC TO RECORD
CONTENTS OF BUFF

A

A

l 10

CALL MODULE
SBCF1FARC FOR FLOW
FROM CONSTANT HEADS

!

|
H
i

I

4,
¥

11

YES CALL MODULE
........ > —3 SBCF1IARC RECORD FLOW
ACROSS CELL WALLS

A

Figure 8.--Modified program elements for the BCFIBDARC module.
|
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SUBROUTINE BCF1BDARC (VBNM, VBVL,MSUM, HNEW, IBOUND, HOLD, SC1,CR, CC,

& CV, TOP, SC2, DELT, ISS, NCOL, NROW, NLAY, KSTP, KPER, IBCFCR,
& ICBCFL, BUFF, IOUT, BCFPATH,
E *)
[ SO VERSION 3.0 250CTOBER1991 BCF1BDARC
c MODIFIED BY LEONARD L. ORZOL
C
C ARE A A AR A AR A AR AR A A A KA A A KRR AR AR AR A ARk Rk khkkhkkkkkkhkkkkkkhkkhkhkdkkkkkkikxk
c COMPUTE BUDGET FLOW TERMS FOR BCF -- STORAGE, CONSTANT HEAD, AND
c FLOW ACROSS CELL WALLS
[od % Je g & Kk gk g Kk Kk kg Kk k ok ok kK Kk ke gk ke kg ok kg ok ke ok ok ke ke ke ok gk ek sk ok ke ke ke ke ok Kk ke ke ke ke ke ok ok ok ok ok ke ke ke
c
c SPECIFICATIONS:
c
CHARACTER*128 OUTPATH
CHARACTER*80 BCFPATH
CHARACTER*32 INFONAME
CHARACTER*16 INFOITEM
CHARACTER*4 VBNM, TEXT
DOUBLE PRECISION HNEW
LOGICAL QFILE
c
DIMENSION HNEW (NCOL, NROW,NLAY), IBOUND (NCOL, NROW, NLAY),
1  HOLD (NCOL, NROW,NLAY), SC1 (NCOL,NROW, NLAY),
2  CR(NCOL, NROW,NIAY), CC(NCOL, NROW,NLAY),
3 CV(NCOL, NROW,NIAY), VBNM(4,20), VBVL(4,20),
4  SC2(NCOL,NROW, NLAY),
5  TOP (NCOL,NROW, NLAY) , BUFF (NCOL, NROW, NLAY)
c
COMMON /FLWCOM/LAYCON (80)
o
DIMENSION TEXT (4)
c
DATA TEXT (1), TEXT (2) , TEXT (3) , TEXT (4) /' ‘o /,’ STO’, 'RAGE’/
c ......... ——— —— e o o o o e e e e o o —— e e e o e o
C
oy C— INITIALIZE BUDGET ACCUMULATORS
STOIN=0.
STOUT=0.
c
C2-————- IF CELL-BY-CELL FLOWS ARE NEEDED THEN SET FLAG IBED.
IBD=0
IF (ICBCFL.NE.O .AND. IBCFCB.GT.0) IBD=1
c
C3-=mmmm IF STEADY STATE THEN SKIP ALL STORAGE CALCULATIONS
IF (ISS.NE.0) GO TO 305
C
C4-——= IF CELL-BY-CELL FLOWS ARE NEEDED (IBD IS SET) CLEAR BUFFER
IF (IBD.EQ.0) GO TO 220
DO 210 K=1,NLAY
DO 210 I=1,NROW
DO 210 J=1,NCOL
BUFF (J, I,K)=0.
210 CONTINUE
c
o1 T RUN THROUGH EVERY CELL IN THE GRID
220 KT=0
DO 300 K=1,NLAY
LC=LAYCON (K)
IF (1C.EQ.3 .OR. LC.EQ.2) KT=KT+1
DO 300 I=1,NROW
DO 300 J=1,NCOL
c
C6——mmm CALCULATE FLOW FROM STORAGE (VARIABLE HEAD CELLS ONLY)
IF(IBOUND(J,I,K).LE.O) GO TO 300
HSING=HNEW (J, I, K)
c

C6A----CHECK LAYER TYPE TO SEE IF ONE STORAGE CAPACITY OR TWO
IF(LC.NE.3 .AND. LC.NE.2) GO TO 285

Cc

C6B~----TWO STORAGE CAPACITIES
TP=TOP (J, I,KT)
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SYA=SC2 (J, I,KT)

SCFA=SC1(J,I,K)

SOLD=SYA

IF (HOLD(J,I,K).GT.TP) SOLD=SCFA
SNEW=SYA

IF (HSING.GT.TP) SNEW=SCFA
STRG=SOLD* (HOLD (J,I,K)-TP) + SNEW*TP - SNEW*HSING
GO TO 288

C
C6C-—-——-ONE STORAGE CAPACITY
285 SC=8C1(J,1I,K) ‘

STRG=SC*HOLD(J,I,K) — SC*HSING
C
Cl-———- STORE CELL-BY-CELL FLOW IN BUFFER AND ADD TO ACCUMULATORS
288 IF(IBD.EQ.1) BUFF(J,I,K)=STRG/DELT
IF (STRG) 292,300,294
292 STOUT=STOUT-STRG
GO TO 300
294 STOIN=STOIN+STRG
C
300 CONTINUE
C
C8-~-—-1IF IBD FLAG IS SET RECORD THE CONTENTS OF THE BUFFER
C
C8A-——-- SET RECORD THE CONTENTS OF THE BUFFER IN UNFORMATTED FILE
IF(IBD.EQ.1 .AND. ICBCFL.GE.O) CALL UBUDSV(KSTP, KPER, TEXT,
& IBCFCB, BUFF, NCOL, NROW, NLAY, IOUT)
(o] |
C8B-----RECORD THE CONTENTS OF THE BUFFER IN ARC IﬁFO FIIE
IF(IBD.EQ.1 .AND. ICBCFL.LT.0) THEN
INFOITEM=' LAYER' }
INFONAME=' STOBUD'
OUTPATH=BCFPATH (:INDEX (BCFPATH,’ ')-1)//INFONAME
CALL UBUDSVARC (KSTP,KPER, INFOITEM, OUTPATH, BUFF, NCOL, NROW,
& NLAY, I00T,
E *9999)
ENDIF
c :
C9-—-—-—--ADD TOTAL RATES AND VOLUMES TO VBVL & PUT TITLES IN VBNM
305 VBVL(1,MSUM)=VBVL (1, MSUM) +STOIN
VBVL (2, MSUM) =VBVL (2, MSUM) +STOUT .
VBVL (3,MSUM) =STOIN/DELT !
VBVL (4, MSUM) =STOUT/DELT !
VBNM (1, MSUM) =TEXT (1)
VBNM (2, MSUM) =TEXT (2) .
VBNM (3, MSUM) =TEXT (3)
VBNM (4, MSUM) =TEXT (4)
MSUM=MSUM+1
(o
Cl0-----CALCULATE FLOW FROM CONSTANT HEAD NODES
C
CALL SBCF1FARC (VBNM, VBVL,MSUM, HNEW, IBOUND, ,CC, CV, TOP, DELT, NCOL,
& NROW, NLAY, KSTP, KPER, IBD, IBCFCB, I , BUFF, I0UT, OUTPATH,
E *9999)
C
Cll-———~ CALCULATE AND SAVE FLOW ACROSS CELL BOUNDARIES IF C-B-C
Cll-———- FLOW TERMS ARE REQUESTED.
C
IF(IBD.NE.O) CALL SBCF1BARC (HNEW, IBOUND, CR,CC,CV,TOP, NCOL, NROW,
& NLAY, KSTP, KPER, IBCFCB, I ,BUFF, I00T, OUTPATH,
E *9999)
C
Cl12----RETURN
RETURN
(]
CE------ ERRORS
(o]
9999 CALL INFORM (’\\Abnormal Termination of Bcfltid Arc_Subroutine’, -1)
RETURN 1
END
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Added variables for module BCF1IBDARC

Variable Range

BCFPATH Package

INFONAME Module

INFOITEM Module

OUTPATH Module

Definition

The directory path to the ARC/INFO subdirectory where cell-by-
cell flow terms are recorded.

The name of the ARC/INFO file where cell-by-cell flow terms
array are recorded (passed argument consisting of the root
name CHDBUD, FRFBUD, FFFBUD, or FLFBUD which later
will be appended by the stress period and time step).

The name of the ARC/INFO or INFO item where cell-by-cell flow
terms are recorded (passed argument consisting of the root
name LAYER which later will be appended by the layer
number).

The path for the ARC/INFO file where cell-by-cell flow terms are
recorded.

SBCF1FARC

This submodule calculates flow terms from constant-head cells for the BCF package calls
submodules UBUDSVARC or UBUDSV. The values for program variables, IBD and ICBCFL, determine
which submodule is called (fig. 9). Documentation of the changes follow.

l 15

TEST IBD AND
ICBCFL
ICBCFL < 0 l ICBCFL > 0
¥ 15 N4 15B
CALL MODULE UBUDSV CALL MODULE
& RECORD UBUDSVARC & RECORD
CONTENTS OF BUFF CONTENTS OF BUFF

Figure 9.--Modified program elements for the SBCF1FARC module.
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SUBROUTINE SBCF1FARC (VBNM, VBVL,MSUM, HNEW, IBOUND, CR,CC,CV,TOP,
& DELT, NCOL, NROW, NLAY, KSTP, KPER, IBD, IBCFCB, ICBCFL, BUFF, IOUT,
& CHDPATH,
E *)
C~---~VERSION 3.0 250CTOBER1991 SBCKF1FARC
MODIFIED BY LEONARD L. ORZOL

LR E SRR RS E RS SRR RS ER R E R R EEEERSEESRREEEEEESES]

COMPUTE FLOW FROM CONSTANT HEAD NODES
R R T L

SPECIFICATIONS:

eNoNeXeXeNoNoNe!

CHARACTER*128 OUTPATH
CHARACTER*80 CHDPATH
CHARACTER*32 INFONAME
CHARACTER*16 INFOITEN i
CHARACTER*4 VBNM, TEXT

DOUBLE PRECISION HNEW, HD

LOGICAL QFILE

DIMENSION HNEW (NCOL,NROW,NLAY), IBOUND (NCOL, NROW,NLAY),
1 CR (NCOL, NROW, NLAY) , CC (NCOL, NROW,NLAY) ,

2 CV (NCOL, NROW, NLAY) , VBNM (4,20), VBVL(4,20),

3 TOP (NCOL, NROW, NLAY) , BUFF (NCOL, NROW, NLAY)

COMMON /FLWCOM/LAYCON (80)
DIMENSION TEXT (4)

DATA TEXT (1), TEXT (2) , TEXT (3) , TEXT(4) /’  C',’ONST’,’ANT ', ’HEAD’'/

\ d

oo 0O 0O Q

1-————- CLEAR BUDGET ACCUMULATORS
CHIN=0.
CHOUT=0.

c
C2-————- CLEAR BUFFER IF CELL-BY-CELL FLOW TERM FLAG(IBD) IS SET

IF (IBD.EQ.0) GO TO 8

DO 5 K=1,NLAY

DO 5 I=1,NROW ;

DO 5 J=1,NCOL ‘

BUFF (J, I,K) =0. |

5 CONTINUE

C3—————- FOR EACH CELL IF IT IS CONSTANT HEAD COMPUJE FLOW ACROSS 6
8 KT=0

DO 200 K=1,NLAY

LC=LAYCON (K)

IF(LC.EQ.3 .OR. LC.EQ.2) KT=KT+1

DO 200 I=1,NROW

DO 200 J=1,NCOL

o] |
C4--———1IF CELL IS NOT CONSTANT HEAD SKIP IT & GO ON TO NEXT CELL.
IF (IBOUND(J,I,K).GE.0)GO TO 200

C5———== CLEAR FIELDS FOR SIX FLOW RATES.

X1=0.

X2=0.

X3=0.

X4=0.

X5=0.

X6=0.
Cé————— FOR EACH FACE OF THE CELL CALCULATE FLOW THROUGH THAT FACE
Co————~ OUT OF THE CONSTANT HEAD CELL AND INTO THE FLOW DOMAIN.
C6————— COMMENTS 7-11 APPEAR ONLY IN THE SECTION HEAFED BY COMMENT 6A
C6————~ BUT THEY APPLY IN A SIMILAR MANNER TO THE SECTIONS HEADED
C6————— BY COMMENTS 6B-6F. |
C6A——-—-CALCULATE FLOW THROUGH THE LEFT FACE \
Cc



C7-----IF THERE IS NOT A VARIABLE HEAD CELL ON THE OTHER SIDE OF THIS
Cl————- FACE THEN GO ON TO THE NEXT FACE.
IF(J.EQ.1) GO TO 30
IF (IBOUND (J-1,I,K).LE.O)GO TO 30
HDIFF=HNEW (J, I,K)-HNEW(J-1, I, K)

Cc

C8~—mm CALCULATE FLOW THROUGH THIS FACE INTO THE ADJACENT CELL.
X1=HDIFF*CR (J-1,I,K)

C

C9-----TEST TO SEE IF FLOW IS POSITIVE OR NEGATIVE
IF (X1) 10,30,20

Cc

C10----IF NEGATIVE ADD TO CHOUT (FLOW OUT OF DOMAIN TO CONSTANT HEAD).
10 CHOUT=CHOUT-X1

GO TO 30
C
Cl1--—-IF POSITIVE ADD TO CHIN(FLOW INTO DOMAIN FROM CONSTANT HEAD) .
20 CHIN=CHIN+X1
C

C6B----CALCULATE FLOW THROUGH THE RIGHT FACE

30 IF(J.EQ.NCOL) GO TO 60
IF (IBOUND (J+1,I,K).LE.0) GO TO 60
HDIFF=HNEW (J, I,K)-HNEW(J+1, I,K)
X2=HDIFF*CR (J, I,K)
IF (X2) 40, 60,50

40 CHOUT=CHOUT-X2
GO TO 60

50 CHIN=CHIN+X2

c
C6C----CALCULATE FLOW THROUGH THE BACK FACE.
60 IF(I.EQ.1) GO TO 90
IF (IBOUND(J,I-1,K).LE.0) GO TO 90
HDIFF=HNEW (J, I, K)-HNEW (J, I-1,K)
X3=HDIFF*CC (J,I-1,K)
IF (X3) 70,90, 80
70 CHOUT=CHOUT-X3
GO TO 90
80 CHIN=CHIN+X3
c
C6D-—--CALCULATE FLOW THROUGH THE FRONT FACE.
90 IF(I.EQ.NROW) GO TO 120
IF (IBOUND (J, I+1,K).LE.0) GO TO 120
HDIFF=HNEW (J, I, K) -HNEW (J, I+1,K)
X4=HDIFF*CC(J,I,K)
IF (X4) 100,120,110
100 CHOUT=CHOUT-X4
GO TO 120
110 CHIN=CHIN+X4
c
C6E----CALCULATE FLOW THROUGH THE UPPER FACE
120 IF (K.EQ.1) GO TO 150
IF (IBOUND(J,I,K-1).LE.0) GO TO 150
HD=HNEW (J, I,K)
IF(LC.NE.3 .AND. LC.NE.2) GO TO 122
TMP=HD
IF (TMP.LT.TOP (J,I,KT)) HD=TOP (J,I,KT)
122 HDIFF=HD-HNEW(J,I,K-1)
. X5=HDIFF*CV(J,I,K-1)
IF (X5) 130,150,140
130 CHOUT=CHOUT-X5
GO TO 150
140 CHIN=CHIN+X5
c
C6F----CALCULATE FLOW THROUGH THE LOWER FACE.
150 IF (K.EQ.NLAY) GO TO 180
IF (IBOUND (J,I,K+1).LE.0) GO TO 180
HD=HNEW (J, I,K+1)
IF (LAYCON (K+1) .NE.3 .AND. LAYCON(K+1).NE.2) GO TO 152
TMP=HD
IF (TMP.LT.TOP (J,I,KT+1)) HD=TOP (J,I,KT+1)
152 HDIFF=HNEW (J, I,K)-HD
X6=HDIFF*CV (J, I,K)
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IF(X6) 160,180,170

160 CHOUT=CHOUT-X6

GO TO 180
170 CHIN=CHIN+X6
c
Cl2————- SUM UP FLOWS THROUGH SIX SIDES OF CONSTANT HEAD CELL.
180 RATE=X1+X2+X3+X4+X5+X6
c
Cl3————-] PRINT THE INDIVIDUAL RATES IF REQUESTED (IBCFCB<O0).
IF (IBCFCB.LT.0.AND.ICBCFL.NE.O) WRITE (IOUT,900) (TEXT(N),N=1,4),
1 KPER,KSTP,K, I,J,RATE
900 FORMAT (1HO, 424, "’ PERIOD', I3, STEP’ ,I3,’ LAYER’, I3,
1 ‘ ROW’ ,I4,’ coL’,I4,’ RATE ’,G15.7)
c

Cl4--—-IF CELL-BY-CELL FLAG SET STORE SUM OF FLOWS FOR CELL IN BUFFER
IF(IBD.EQ.1) BUFF (J,I,K)=RATE

c ;
200 CONTINUE 1
c
C15--——IF CELL-BY-CELL FLAG SET THEN RECORD coumu}rs OF BUFFER
c
C15A----RECORD CONTENTS OF BUFFER IN UNFORMATTED FILE
c
IF (IBD.EQ.1 .AND. ICBCFL.GE.O0) CALL UBUDSV (KSTP,KPER, TEXT (1),
& IBCFCB, BUFF, NCOL, NROW, NLAY, IOUT)
c
C15B----RECORD CONTENTS OF BUFFER IN ARC INFO FILE
c
IF(IBD.EQ.1 .AND. ICBCFL.LT.0) THEN
INFOITEM='LAYER’
INFONAME=' CHDBUD'
OUTPATH=CHDPATH (:INDEX (CHDPATH,’ ’)-1)//INFONAME
CALL UBUDSVARC (KSTP,KPER, INFOITEM,OUTPATH, BUFF, NCOL, NROW, NLAY,
& I0UT,
E *9999)
ENDIF
c
c

Cl6----SAVE TOTAL CONSTANT HEAD FLOWS AND VOLUMES IN VBVL TABLE
Cl6----FOR INCLUSION IN BUDGET. PUT LABELS IN VBNM TABLE.

VBVL (1, MSUM)=VBVL (1, MSUM) +CHIN*DELT

VBVL (2, MSUM) =VBVL (2, MSUM) +CHOUT *DELT

VBVL (3, MSUM) =CHIN

VBVL (4, MSUM) =CHOUT

c

c —--—-SETUP VOLUMETRIC BUDGET NAMES
VBNM (1, MSUM) =TEXT (1)
VBNM (2, MSUM) =TEXT (2}
VBNM (3, MSUM) =TEXT (3)
VEBNM (4, MSUM) =TEXT (4)

c
MSUM=MSUM+1

c

c

C17-—--RETURN
RETURN

C

CE-~~~—-~ ERRORS

C

9999 CALL INFORM (’'\\Abnormal Termination of Sbcflf Arc Subroutine’,-1)

RETURN 1
END

Added variables for module SBCF1FARC

Variable

CHDPATH

Range Definition

Module The path for the ARC/INFO file where cell-by-cell flow terms are
recorded (passed\ argument from module BCFIBDARC).
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INFONAME Submodule

INFOITEM Submodule

OUTPATH Submodule

The name of the ARC/INFO file where cell-by-cell flow terms are
recorded (passed argument consisting of the root name
CHDBUD which later will be appended by the stress period
and time step).

The name of the ARC/INFO or INFO item where cell-by-cell flow
terms are recorded (passed argument consisting of the root
name LAYER which later will be appended by the layer
number).

The path for the ARC/INFO file where cell-by-cell flow terms are
recorded.

SBCF1BARC

This submodule calculates flow terms from cell-by-cell flow terms (RIGHTFACE, LOWERFACE,
and FRONTFACE) for the BCF package and calls submodules UBUDSVARC or UBUDSV. The values for
program variables, IBD and ICBCFL, determine which submodule is called (fig. 10). Documentation of the

submodule follows.

i

1 3,69

TEST IBD AND
ICBCFL
ICBCFL >0 ICBCFL <0
¥ 3A:6A:9A v __3B:6B:9B
CALL MODULE UBUDSV CALL MODULE
& RECORD UBUDSVARC & RECORD
CONTENTS OF BUFF CONTENTS OF BUFF

iroovscn

Figure 10.--Modified program elements for the SBCF1BARC module.
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SUBROUTINE SBCF1BARC (HNEW, IBOUND,CR,CC,CV, TOP, NCOL, NROW, NLAY,

& KSTP, KPER, IRCFCR, ICBCFL, BUFF, IOUT, CBCPATH,
E *)
c
Cmm—m= VERSION 3.0 250CTOBER1991 SBCF1BARC
c MODIFIED BY LEONARD L. ORZOL
C
C ARKKkKkRRAkKKKRKRKKkhkhkhkRhkhkhkkkkhkhkhkkkhkhkkkhkkrkkkkhhkkkhkhhkhhkhkhkhkhkkhkhkhkhhkkhkhkhkhkkkx
C COMPUTE FLOW ACROSS EACH CELL WALL
C khkkkkkkhhkkkhkhkkkhkhkkhkkhkkhkhkhkhkhkhkhkkhkhhhkhkhkhkhkhkhkhkhkhkkhkikhkhkhkhkhkhkhhkhkhkhkhkhhkkhkhkkkk
c
c SPECIFICATIONS:
C -——— J— —————————— ——— o o tose] o o o . g ———— -
CHARACTER*128 OUTPATH
CHARACTER*80 CBCPATH
CHARACTER*32 INFONAME
CHARACTER*16 INFOITEM
CHARACTER*4 TEXT
DOUBLE PRECISION HNEW,HD
c
DIMENSION HNEW (NCOL,NROW,NLAY), IBOUND (NCOL, NROW, NLAY),
1 CR (NCOL, NROW, NLAY), CC (NCOL, NROW, NLAY),
2 CV (NCOL, NROW, NLAY) , TOP (NCOL, NROW, NLAY) ,
3 BUFF (NCOL, NROW, NLAY)
c
COMMON /FLWCOM/LAYCON (80)
c
DIMENSION TEXT (12)
c
DATA TEXT (1), TEXT (2), TEXT (3) , TEXT (4) , TEXT (5) ,[TEXT (6) , TEXT (7) ,
1 TEXT(8),TEXT (9) , TEXT (10) , TEXT (11) , TEXT (12)
2 /'FLOW',’ RIG’,’HT F’,’ACE ',
2 *FLOW’,’ FRO’,’NT F’,’ACE ’,'FLOW’,’ LOW’|,'ER F’,’ACE ’/
C ___________________________________________________
c
NCM1=NCOL-1
IF(NCM1.LT.1) GO TO 405
c
cl-———— CLEAR THE BUFFER
DO 310 K=1,NLAY

DO 310 I=1,NROW
DO 310 J=1,NCOL
BUFF (J, I,K)=0.
310 CONTINUE |
c
Cc2---—- FOR EACH CELL CALCULATE FLOW THRU RIGHT FACE & STORE IN BUFFER
DO 400 K=1,NLAY
DO 400 I=1,NROW
DO 400 J=1,NCM1
IF ( (IBOUND (J, I,K) .LE.O) .AND. (IBOUND (J+1,I,K).LE.0)) GO TO 400
HDIFF=HNEW (J, I, K)-HNEW (J+1, I,K)
BUFF (J, I,K) =HDIFF*CR(J, I,K)
400 CONTINUE

c
C3-----RECORD CONTENTS OF BUFFER
c
C3A-----RECORD CONTENTS OF BUFFER IN UNFORMATTED FI
IF (ICBCFL.GE.0) THEN
CALL UBUDSV (KSTP,KPER, TEXT (1) , IBCFCB, BUFF, NCOL, NROW, NLAY,, IOUT)
c
C3B-----] RECORD CONTENTS OF BUFFER IN ARC INFO FILE
ELSE
INFOITEM=' LAYER'
INFONAME=' FRFBUD’
OUTPATH=CBCPATH (: INDEX (CBCPATH, ' ')-1)//INFONAME
CALL UBUDSVARC (KSTP,KPER, INFOITEM, OUTPATH, BUFF, NCOL, NROW, NLAY,
& , 10UT,
E *9999) \
ENDIF
c
c4-—-—- CLEAR THE BUFFER

405 NRM1=NROW-1
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IF (NRM1.LT.1) GO TO 505
DO 410 K=1,NLAY
DO 410 I=1,NROW
DO 410 J=1,NCOL
BUFF (J,I,K)=0.
410 CONTINUE

CS5——— e FOR EACH CELL CALCULATE FLOW THRU FRONT FACE & STORE IN BUFFER
DO 500 K=1,NLAY
DO 500 I=1,NRM1
DO 500 J=1, NCOL
IF((IBOUND(J,I,K).LE.O) .AND. (IBOUND(J,I+1,K).LE.O)) GO TO 500
HDIFF=HNEW (J, I,K)-HNEW(J, I+1,K)
BUFF (J, I,K)=HDIFF*CC(J, I,K)

500 CONTINUE

c
(o] J—— RECORD CONTENTS OF BUFFER.
c
C6A-——--- RECORD CONTENTS OF BUFFER IN UNFORMATTED FILE
IF (ICBCFL.GE.0) THEN

CALL UBUDSV (KSTP, KPER, TEXT (5) , IBCFCB, BUFF, NCOL, NROW, NLAY,, IOUT)
c
C6B--——- RECORD CONTENTS OF BUFFER IN ARC INFO FILE

ELSE

INFOITEM=' LAYER'

INFONAME='FFFBUD’

OUTPATH=CBCPATH (:INDEX(CBCPATH,' ')-1)//INFONAME

CALL UBUDSVARC (KSTP,KPER, INFOITEM,OUTPATH, BUFF, NCOL, NROW, NLAY,
& I0UT,
E *9999)

ENDIF
505 NLM1=NLAY-1

IF (NLM1.LT.1) GO TO 1000

oy T— CLEAR THE BUFFER
DO 510 K=1,NLAY
DO 510 I=1,NROW
DO 510 J=1,NCOL
BUFF (J, I,K)=0.
510 CONTINUE

C8———- FOR EACH CELL CALCULATE FLOW THRU LOWER FACE & STORE IN BUFFER

KT=0
DO 600 K=1,NLM1
IF (LAYCON(K) .EQ.3 .OR. LAYCON (K).EQ.2) KT=KT+1
DO 600 I=1,NROW
DO 600 J=1,NCOL
IF((IBOUND(J,I,K).LE.O) .AND. (IBOUND(J,I,K+1).LE.O0)) GO TO 600
HD=HNEW (J, I,K+1)
IF (LAYCON (K+1) .NE.3 .AND. LAYCON(K+l).NE.2) GO TO 580
TMP=HD
IF(TMP.LT.TOP(J,I,KT+1)) HD=TOP (J,I,KT+1)

580 HDIFF=HNEW(J, I,K)-HD
BUFF (J, I,K)=HDIFF*CV(J, I, K)

600 CONTINUE

C
C9————- RECORD CONTENTS OF BUFFER
(o]
C9A-———~ RECORD CONTENTS OF BUFFER IN UNFORMATTED FILE
IF (ICBCFL.GE.0) THEN
CALL UBUDSV(KSTP, KPER, TEXT (9) , IBCFCB, BUFF, NCOL, NROW, NLAY, IOUT)
(o]
C9B-=== RECORD CONTENTS OF BUFFER IN ARC INFO FILE
ELSE
INFOITEM=' LAYER'
INFONAME=' FLFBUD'
OUTPATH=CBCPATH (:INDEX (CBCPATH,' ’)-1)//INFONAME
CALL UBUDSVARC (KSTP,KPER, INFOITEM, OUTPATH, BUFF, NCOL, NROW, NLAY,
& I0UT,
E *9999)
. ENDIF
C

69



C10——~=-RETURN

9999 CALL INFORM (’\\Abnormal Termination of Sbcflb_Arc Subroutine’,-1)

1000 RETURN
C
CE-——--- ERRORS
C
RETURN 1
END

Added variables for module SBCF1BARC

Variable Range

CBCPATH Package

INFONAME Submodule
INFOITEM Submodule

OUTPATH Submodule

Definition

The directory path to the ARC/INFO subdirectory where cell-by-
cell flow terms are recorded (passed argument from module
BCF1BDARCQ).

The name of the ARC/INFO file where cell-by-cell flow terms are
recorded (passed argument consisting of the root name
FRFBUD, FFFBUD, or FLFBUD which later will be appended
by the stress period and time step).

The name of the ARC/INFO or INFO item where cell-by-cell flow
terms are recorded (passed argument consisting of the root
name LAYER which later will be appended by the layer
number).

The path for the ARC P INFO file where cell-by-cell flow terms are
recorded.

River Package Modules

The RIV (River) package consists of four primary modules; of these, two primary modules indicated

below were modified.

RIVIRPARC
\

This module directly reads and prepares data for the Rlil package. The module reads the control
,a

record and searches for two variables, ITMP and RIVPATH,

d reads values for river parameters (layer,

row, column, stage, conductance, and bottom elevation) within the ARC/INFO file specified within the
variable RIVPATH (fig. 11). Documentation of modifications follow.
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|

READ BUFFER
TEST BUFFER (11:11)
AND SET IARC

|

v

1A

READ FROM BUFFER
ITMP

IARC< 0

4 1B

READ FROM BUFFER
ITMP AND RIVPATH

IARC< 0

prmrmnnn

‘h oalfessnnna

IARC>1

IARC>1

v 7

READ FROM IN
K, I, J, RIVR(4,II),
RIVR(S,1I) & RIVR(6,II)

L 2 1

READ FROM RIVPATH
LAYER,ROW,COLUMN
STAGE,COND, & RBOT

!

H
H

¥

Figure 11.--Modified program elements for the RIVIRPARC module.
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SUBROUTINE RIV1RPARC (RIVR,NRIVER,MXRIVR,IN, IOUT,

E *)
c
[ VERSION 3.0 250CTOBER1991 RIV1RPARC
c MODIFIED BY LEONARD L. ORZOL
c
C AR AR R R R R R AR AR R R A R A A A A A R A A A R A A A R AR AR A AR A AR R AR AR AR AR AR AR AR AR AR AR Ak K
c READ RIVER HEAD, CONDUCTANCE AND BOTTOM ELEVATION
C hkhkhkhkkhkhkhhhkhhkhkhhhkhkhkhkhkhhkhkkhkAkhkkkkhhhhhhhkhhkhkhkhhhhhhkhkhkhkhkhkkkhkkhkhkhkhhkkhkk*k
c
c SPECIFICATIONS:
C ——— ———— ————— - — . . e T I —— ———
DIMENSION RIVR (6, MXRIVR)
CHARACTER*132 BUFFER
CHARACTER*128 INFOPATH
CHARACTER*80 RIVPATH
CHARACTER*16 ITEMS (6)
INTEGER ACCESS, FNUM, NUMRIV, NITEMS, NUMREC
DATA ITEMS (1), ITEMS (2),ITEMS (3), ITEMS (4) , ITEMS (5) , ITEMS (6)
& /' LAYER', "ROW’ , ' COLUMN' , ' STAGE’ , * COND' | *RBOT" /
c
Cl-————= RIVER REACHES INFORMATION
READ (IN, ' (A132) ‘' ,ERR=9990, END=9991) BUFFER
c
ClA~-———- READ ITMP (NUMBER OF RIVER REACHES OR FLAG SAYING REUSE DATA)
c
IF (BUFFER (11:11).EQ.’’ .OR. BUFFER (11:11).EQ.’ ‘) THEN
READ (BUFFER,’ (I10)’,ERR=9992) ITMP
IARC=0
c
C1B~~———- READ ITMP (NUMBER OF RIVER REACHES OR FLAG| SAYING REUSE DATA) AND
[ J— RIVPATH TO ARC/INFO FILE
c
ELSE
READ (BUFFER, ' (I10,A80) ,ERR=9993) ITMP, RIVPATH
INFOPATH=RIVPATH (1:INDEX(RIVPATH,' ‘)-1)
IARC=1
ENDIF
c
o7 T— TEST ITMP.
IF (ITMP.GE.0)GO TO 50 |
c \
C2A--——- IF ITMP <0 THEN REUSE DATA FROM LAST STRESS PERIOD.
WRITE (IOUT, 7)
7 FORMAT (1HO, ’REUSING RIVER REACHES FROM LAST STRESS PERIOD')
GO TO 260
c
[ P— IF ITMP=> ZERO THEN IT IS THE NUMBER OF RIVER REACHES
50 NRIVER=ITMP
c
C4——— IF NRIVER>MXRIVR THEN STOP.
IF (NRIVER.LE.MXRIVR)GO TO 100
WRITE (I0UT, 99) NRIVER, MKRIVR
99 FORMAT (1HO, 'NRIVER(’,I4,’) IS GREATER THAN MXRIVR(‘,I4,’)’)
c
C4A-———~ ABNORMAL STOP.
GO TO 9999
c
C5———m—= PRINT NUMBER OF RIVER REACHES IN THIS STRESS PERIOD.

100 WRITE (IOUT, 1) NRIVER
1 FORMAT (1HO, //1X,15,’ RIVER REACHES')

(o] .

C6—————- IF THERE ARE NO RIVER REACHES THEN RETURN.
IF (NRIVER.EQ.0) GO TO 260

o]

Cl—————- READ AND PRINT DATA FOR EACH RIVER REACH. ‘
WRITE (IOUT, 3)
3 FORMAT (1HO, 15X, ‘LAYER’, 5X, ' ROW’, 5X, ' COL !
1, STAGE CONDUCTANCE BOTTOM ELEVATION RIVER REACH’
2/1X,15X,80('-"))
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CIA—————- READING RIVER REACHES INFORMATION FROM ASCII FILE

IF (IARC.LT.1) THEN
DO 250 II=1,NRIVER
READ (IN, 4)K, I, J,RIVR(4, IT),RIVR(5,II),RIVR(6, IT)

4 FORMAT (3I10,3F10.0)
WRITE (IOUT,5)K,I,J,RIVR(4,II) ,RIVR(5,II), RIVR(6,II),II
5 FORMAT (1X,15X,I4,19,18,G13.4,G14.4,G19.4,1I10)

RIVR(1, II)=K

RIVR (2, II)=I

RIVR (3, II)=J
250 CONTINUE

c
C6B-———== READING WELL INFORMATION FROM ARC/INFO FILE
c
ELSE
c
C6BB-———- TESTS EXISTENCE OF INFO FILE
c
ACCESS=1
CALL INFO_OPENS (INFOPATH,ACCESS, FNUM, NUMREC,
E *9999)
c
C6BC-———- OPENS AND READS ITEMS (LAYER, ROW,COLUMN, STAGE, CONDUCTANCE AND
[ S BOTTOMELEVATION)
c
NITEMS=6
NUMRIV=NRIVER*NITEMS .
CALL INFO READMULT (FNUM, NUMREC, NUMRIV, ITEMS, NITEMS,RIVR,
E *9999)
DO 600 II=1,NRIVER
K=RIVR (1, II)
I=RIVR(2, II)
J=RIVR (3, II)

WRITE (IOUT, 5) K,I,J,RIVR(4,II),RIVR(S,II),RIVR(6,II),II
600 CONTINUE

ENDIF
c
C8—————- RETURN
260 RETURN
c
CE-———~~ ERRORS
c

\\Unable to read River input control line’, -1)
\\Abnormal Termination of Rivlrp Arc Subroutine’, -1)

(l
(I

9991 CALL INFORM (‘\\Missing River input package control line‘’,-1)
(‘\\Abnormal Termination of Rivlirp Arc Subroutine’,-1)
(l

\\Unable to read ITMP from River input line’, ~1)
CALL INFORM (‘\\Abnormal Termination of Rivlirp Arc_Subroutine’, -1)

RETURN 1
9993 CALL INFORM (‘\\Unable to read ITMP or RIVPATH ' //
& ’from River input line’, -1)
9999 CALL INFORM (’\\Abnormal Termination of Rivlrp Arc Subroutine’, -1)
RETURN 1
END

Added variables for module RIVIRPARC

Variable Range Definition

ACCESS Module Flag indicating whether access to the ARC/INFO file is read or
write.

BUFFER Module The control record is read into this variable and is parsed into the

appropriate variables: ITMP and RIVPATH.
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INFOPATH

NITEMS

NUMREC

NUMRIV

RIVPATH

Module

Module

Module

Module

Module

Module

Module

Module

Integer unit number Tused by this routine for the file specified by
INFOPATH.

Flag indicating whether the "arc-section" of the program code will
be activated. > 0, ASCII file storage < 0, ARC/INFO file
storage

The names of the INFO item array either primary or redefined
within the ARC/INFO file (specified by INFOPATH)
containing the information. The item names are LAYER,
ROW, COLUMN, STAGE, COND, and RBOT.

The complete path for the ARC/INFO file where the values for the
river array are stored.

Integer value for the number of items within the file specified by
INFOPATH.

Integer value for the number of the records within the file
specified by INFOPATH.

Integer value for the number of the records times the number of
items that are needed within the file specified by INFOPATH.

The path for the ARC/INFO file where the values for the river array are
stored.

RIV1BDARC

This module calculates rates and volumes transferred&tween the aquifer and rivers for the RIV

package, and calls submodule UBUDSVARC (fig. 12). Docu

entation of the changes follow.

i

:

|

TEST IBD AND
ICBCFL |
ICBCFL < 0 l ICBCFL > 0
v 6 v GB
CALL MODULE UBUDSV CALL MODULE
& RECORD UBUDSVARC & RECORD
CONTENTS OF BUFF CONTENTS OF BUFF

Figure 12.--Modified program elements for the RIVIBDARC module.
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SUBROUTINE RIV1BDARC (NRIVER,MXRIVR,RIVR,IBOUND,HNEW,

& NCOL, NROW, NLAY, DELT, VBVL, VBNM, MSUM, KSTP, KPER, IRIVCB,
& ICBCFL, BUFF, IQUT, RIVPATH,
E *
[ VERSION 3.0 250CTOBER1991 RIV1BDARC
c MODIFIED BY LEONARD L. ORZOL
c
C A AR AR AR KA AR KRR AR R AR R AR KA AR A AR AR AR AR A KRR R R AR AR R AR R AR AR AR A A AR A AR A AR AR K
c CALCULATE VOLUMETRIC BUDGET FOR RIVERS '
C hhkhkkhkhkhkhkhkkhkhkhkkhkkhkhkkkkhkhkhkhkhkhkhkhkkhkkhkkkkhkkhkhhkkhkkkhkhkhkhhkkhkkkkhkkhkkkhhkkkkkkk
C
c SPECIFICATIONS:
C ________________________________________________ —— ——
CHARACTER*128 OUTPATH
CHARACTER*80 RIVPATH
CHARACTER*32 INFONAME
CHARACTER*16 INFOITEM
CHARACTER*4 VBNM, TEXT
DOUBLE PRECISION HNEW
DIMENSION RIVR (6, MXRIVR), IBOUND (NCOL, NROW,NLAY),
1 HNEW (NCOL, NROW, NLAY) , VBVL (4, 20) , VBNM (4, 20) ,
2 BUFF (NCOL, NROW, NLAY)
DIMENSION TEXT (4)
DATA TEXT (1), TEXT (2), TEXT (3), TEXT(4) /' R’,’IVER',’ LEA’,’KAGE’/
C __________________________________________________________________
C
Cl-————— INITIALIZE CELL-BY-CELL FLOW TERM FLAG (IBD) AND
Cl-——mmo ACCUMULATORS (RATIN AND RATOUT) .
IBD=0
RATIN=0.
RATOUT=0.
c
C2——m—m- IF NO REACHES KEEP ZEROES IN ACCUMULATORS.
IF (NRIVER.EQ.0)GO TO 200
c
C3———— e TEST TO SEE IF CELL-BY-CELL FLOW TERMS ARE NEEDED.
IF (ICBCFL.EQ.0 .OR. IRIVCB.LE.O ) GO TO 10
c
C3A-———- CELL-BY-CELL FLOW TERMS ARE NEEDED SET IBD AND CLEAR BUFFER.
IBD=1
DO 5 IL=1,NLAY
DO 5 IR=1,NROW
DO 5 IC=1,NCOL
BUFF (IC, IR, IL}=0.
5 CONTINUE
c
C4——m——v FOR EACH RIVER REACH ACCUMULATE RIVER FLOW (STEPS 5-15)
10 DO 100 L=1,NRIVER
c
C5—————t GET LAYER, ROW & COLUMN OF CELL CONTAINING REACH.
IL=RIVR (1, L)
IR=RIVR (2, L)
IC=RIVR(3,L)
C
C6——mmmm IF CELL IS EXTERNAL MOVE ON TO NEXT REACH.
IF (IBOUND (IC, IR, IL) .LE.0)GO TO 100
C
CT————— GET RIVER PARAMETERS FROM RIVER LIST.
HRIV=RIVR (4, L)
CRIV=RIVR(5,L)
RBOT=RIVR (6, L)
HHNEW=HNEW (IC, IR, IL)
c
C8-——m—m COMPARE HEAD IN AQUIFER TO BOTTOM OF RIVERBED.
C
CY————~ AQUIFER HEAD > BOTTOM THEN RATE=CRIV* (HRIV-HNEW) .
IF (HHNEW. GT . RBOT) RATE=CRIV* (HRIV-HHNEW)
C
Ccl0---—- AQUIFER HEAD < BOTTOM THEN RATE=CRIV* (HRIV-RBOT)
IF (HHNEW.LE.RBOT) RATE=CRIV* (HRIV-RBOT)
C
Cll-—-—- PRINT THE INDIVIDUAL RATES IF REQUESTED (IRIVCB<O) .
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IF (IRIVCB.LT.C.AND.ICBCFL.NE.O) WRITE (IOUT,900) (TEXT(N),N=1,4),
1 KPER,KSTP, L, IL, IR, IC,RATE

900 FORMAT (1HO, 4A4,‘ PERIOD‘,I3,’ STEP‘,I3,’ REACH',I4,
1 *  LAYER‘,I3,’ ROW’,I4,’ COL'‘,I4,’ RATE’,G15.7)
c
Cl12-————- IF C-B-C FLOW TERMS ARE TO BE SAVED THEN ADD RATE TO BUFFER.
IF (IBD.EQ.1) BUFF (IC, IR, IL)=BUFF (IC, IR, IL) +RATE
c
Cl3————- SEE IF FLOW IS INTO AQUIFER OR INTO RIVER.
IF (RATE) 94, 100, 96
c
Cl14————- AQUIFER IS DISCHARGING TO RIVER SUBTRACT RBTE FROM RATOUT.
94 RATOUT=RATOUT-RATE
GO TO 100
c
C15-——-—- AQUIFER IS RECHARGED FROM RIVER ADD RATE TO RATIN.

96 RATIN=RATIN+RATE
100 CONTINUE

c
C6~———— IF C-B-C FLOW TERMS WILL BE SAVED CALL UBUDSV TO RECORD THEM.
c
C6A-——mmm RECORD IN UNFORMATTED FILE IWELCB
c
IF (IBD.EQ.1 .AND. ICBCFL.GE.O0) CALL UBUDSV (KSTP,KPER, TEXT, IRIVCB,
& BUFF, NCOL, NROW, NLAY, IOUT)
c
C6B--——-- RECORD IN ARC/INFO FILE
c
IF (IBD.EQ.1 .AND. ICBCFL.LT.O0) THEN
INFOITEM=' LAYER'
INFONAME='RIVRUD' ‘
OUTPATH=RIVPATH (:INDEX (RIVPATH,' ')-1)//INFONAME
CALL UBUDSVARC (KSTP,KPER, INFOITEM, OUTPATH, BUFF, NCOL, NROW, NLAY,
& ‘ 10UT,
E *9999)
ENDIF
c
C17-----] MOVE RATES, VOLUMES & LABELS INTO ARRAYS FOR PRINTING.
200 VBVL(3,MSUM)=RATIN
VBVL (4, MSUM) =RATOUT
VBVL (1, MSUM) =VBVL (1, MSUM) +RATIN*DELT
VBVL (2, MSUM) =VBVL (2, MSUM) +RATOUT * DELT
VBNM (1, MSUM) =TEXT (1)
VBNM (2, MSUM) =TEXT (2) ‘
VBNM (3, MSUM) =TEXT (3) |
VBNM (4, MSUM) =TEXT (4) |
c
C18-—-—- INCREMENT BUDGET TERM COUNTER
MSUM=MSUM+1
c
C19---——- RETURN
RETURN
c
CE-~m—mn ERRORS
o]
9999 CALL INFORM (’'\\Abnormal Termination of Rivlbd Arc Subroutine’, -1)
RETURN 1
END |
Added variables for module RIVIBDARC
Variable Range Definition
INFONAME Module The name of the ARC/INFO file where cell-by-cell flow terms are

recorded (passed argument consisting of the root name
RIVBUD which later will be appended by the stress period
and time step).

INFOITEM Module The name of the ARC/INFO or INFO item where cell-by-cell flow
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terms are recorded (passed argument consisting of the root

name LAYER which later will be appended by the layer

number).
OUTPATH Module

recorded.
RIVPATH Package

flow terms are recorded.

The path for the ARC/INFO file where cell-by-cell flow terms are

The directory path to the ARC/INFO subdnectory where cell-by-cell

Recharge Package Modules

The RCH (Recharge package) consists of four primary modules and five submodules; of these, two

primary modules (RCHIRPARC and RCH1BDARC) indicated below were modified.

RCHIRPARC

This module reads and prepares data for the RCH package calls submodules U2RELARC and

U2DINTARC (fig. 13). Documentation of these changes follows.

H

i

3

|

CALL MODULE

U2DRELARC TO
READ RECH

CALL MODULE
U2DINTARC TO
READ IRCH

l
|

3

!

¥

Figure 13.--Modified program elements for the RCHIRPARC module.

SUBROUTINE RCHI1RPARC (NRCHOP, IRCH,RECH,DELR,DELC, NROW, NCOL,
& IN, IOUT,
E *)
c
C———=- VERSION 3.0 250CTOBER1991 RCH1RPARC
c MODIFIED BY LEONARD L. ORZOL
c
C AAAAAAAAA A A A A A A A A A A A A A AR AR AR AR AR AR AR AR ARk kv kbt
c READ RECHARGE RATES
C KAKKK KKK AKAKRKA AKX RRKAKRKARARAR KR AR A KR RARAAAKRA AR AKRRRAKRKRARRKRKR AR A A A kXXX kk KX
c
c SPECIFICATIONS:
c _________________________________________ ———— —— —— —
CHARACTER*16 INFOITEM
CHARACTER*4 ANAME
DIMENSION IRCH (NCOL, NROW) , RECH (NCOL, NROW) ,
1 ANAME (6, 2) , DELR (NCOL) , DELC (NROW)
c
DATA ANAME(1,1),ANAME (2,1),ANAME (3,1),ANAME (4,1),ANAME(5,1),
1 ANAME(6,1) /' ', 'RECH’,"ARGE’,’ IAY’,’ER I’,’NDEX'/
DATA ANAME (1, 2),ANAME (2, 2), ANAME(3 2), ANAME(4 2) , ANAME (5, 2),
1 ANAME (6,2) /' v, , ,"RECH’ , ' ARGE' /
c _____________________________________________
c
Cl-————- READ FLAGS SHOWING WHETHER DATA IS TO BE REUSED
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READ (IN, 4, ERR=9990, END=9991) INRECH, INIRCH ‘
4 FORMAT (2110) i

c \
C2-—-——= TEST INRECH TO SEE WHERE RECH IS COMING FROM.
IF (INRECH.GE.0)GO TO 32
C
C2A-———-— IF INRECH<0 THEN REUSE RECHARGE ARRAY FROM LAST STRESS PERIOD
WRITE (IOUT, 3)
3 FORMAT (1HO, 'REUSING RECH FROM LAST STRESS PERIOD’)
GO TO 55
C |
C3-————= IF INRECH=>0 THEN CALL U2DREL TO READ RECAARGE RATE.
32 INFOITEM='RECH'
CALL U2DRELARC (INFOITEM, RECH, ANAME (1, 2) ,NROW,NCOL, O, IN, IOUT,
B . ¥9999)
Cc
C4-———=- MULTIPLY RECHARGE RATE BY CELL AREA TO GET VOLUMETRIC RATE.
DO 50 IR=1, NROW
DO 50 IC=1,NCOL
RECH (IC, IR) =RECH (IC, IR) *DELR (IC) *DELC (IR)
50 CONTINUE \
C
CS5—~---—— IF NRCHOP=2 THEN A LAYER INDICATOR ARRAY Ib NEEDED.
55 1IF (NRCHOP.NE.2)GO TO 60
C
C6—————— IF INIRCH<O THEN REUSE LAYER INDICATOR ARRAY.
IF(INIRCH.GE.0)GO TO 58
WRITE (IOUT, 2)
2 FORMAT (1HO, ' REUSING IRCH FROM LAST STRESS PERIOD’)
GO TO 60
C
Cl-————- IF INIRCH=>0 CALL U2DINTARC TO READ LAYER [IND ARRAY (IRCH)
58 INFOITEM='IRCH'
CALL U2DINTARC (INFOITEM, IRCH, ANAME (1,1), NROW,K NCOL, 0, IN, IOUT,
B *9999) i
C
C8——m—mm RETURN |
60 RETURN
c '
CE-—=---] ERRORS
c |
9990 CALL INFORM (’\\Unable read Recharge input package control record’,-1)
CALL INFORM (’'\\Abnormal Termination of Rchlrp Arc Subroutine’,-1)
RETURN 1
9991 CALL INFORM (’\\Missing Recharge input package control record’, -1)
CALL INFORM (‘\\Abnormal Termination of Rchlrp Arc Subroutine’, -1)
RETURN 1
9999 CALL INFORM (’\\Abnormal Termination of Rchlrp Arc Subroutine’,-1)
RETURN 1 -
END

Added variables for module RCHIRPARC

Variable Range Deﬁ*\ition

INFOITEM Module The name of the AR¢ /INFO or INFO item where the values for
the recharge array are stored (passed argument consisting of
the root name RECH and IRCH which later will be appended
within utility U2DRELARC and U2DINTARC modules.

RCH1BDARC

This module calculates the rate and accumulated volumie of recharge for the RCH package and calls
submodules UBUDSVARC (fig. 14). Documentation follows. |
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|

TEST IBD AND
ICBCFL
ICBCFL <0 ICBCFL >0
v 6 A 4
CALL MODULE UBUDSV CALL MODULE
& RECORD UBUDSVARC & RECORD
CONTENTS OF BUFF CONTENTS OF BUFF

Figure 14.--Modified program elements for the RCHIBDARC module.

SUBROUTINE RCH1BDARC (NRCHOP, IRCH,RECH, IBOUND, NROW, NCOL, NLAY,
& DELT, VBVL, VBNM, MSUM, KSTP, KPER, IRCHCB, ICBCFL, BUFF, IOUT, RCHPATH,

E *)
c
C—mmmm VERSION 3.0 250CTOBER1991 RCH1BDARC
c MODIFIED BY LEONARD L. ORZOL
C hhkhkdkhkhkkhkhhkhkhkhkhkhkkhkhhhhhkhkkhkkkkkkkhhhhhhhkhkhkkkkkkhdhkhhhhkhkhkkhhkdhkkkkdhkk
c CALCULATE VOLUMETRIC BUDGET FOR RECHARGE
C khkdkhkkhkkkkhkhkkkkkhkhhkhhhkhhkhkkhhkkkhhhhhkhkkdkkkhkdhdkkhhhkhkhhkhkhkhkkdhdkkkk
c
c SPECIFICATIONS:
C ___________________________________________________
CHARACTER*128 OUTPATH
CHARACTER*80 RCHPATH
CHARACTER*32 INFONAME
CHARACTER*16 INFOITEM
CHARACTER*4 VBNM, TEXT
DIMENSION IRCH (NCOL, NROW) ,RECH (NCOL, NROW) ,
1 IBOUND (NCOL, NROW, NLAY) , BUFF (NCOL, NROW, NLAY) ,
2 VBVL (4, 20) , VBNM (4, 20)
DIMENSION TEXT (4)
DATA TEXT (1), TEXT (2) , TEXT (3) , TEXT (4) /' ‘, ", "RECH’, ' ARGE' /
C __________________________________________________________________
c
Cl-————~ CLEAR THE RATE ACCUMULATORS.
RATIN=0.
RATOUT=0.
c
C2--——-- IF CELL-BY-CELL FLOW TERMS WILL BE SAVED THEN CLEAR THE BUFFER.
IBD=0
IF (ICBCFL.EQ.0 .OR. IRCHCB.LE.0) GO TO 5
IBD=1
DO 2 IL=1,NLAY
DO 2 IR=1,NROW .

DO 2 IC=1,NCOL
BUFF (IC, IR, IL)=0.
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CONTINUE

(o] i
C3-—--—- IF NRCHOP=1 RECH GOES INTO LAYER 1. PROCESS EACH HORIZONTAL
C3—————= CELL LOCATION.
5 IF(NRCHOP.NE.1l) GO TO 15
c
C ~-—-RECHARGE IS APPLIED TO TOP LAYER
DO 10 IR=1,NROW
DO 10 IC=1,NCOL
c
C3A-——-—- IF CELL IS EXTERNAL THEN DO NOT DO BUDGET FOR IT.
IF (IBOUND (IC,IR,1).LE.O0)GO TO 10
Q=RECH (IC, IR)
c
C3B————- IF CELL-BY-CELL FLOW TERMS WILL BE SAVED THEN ADD RECH TO BUFF
IF (IBD.EQ.1) BUFF (IC,IR,1)=Q
C
C3C-——-- IF RECH POSITIVE ADD IT TO RATIN ELSE ADD IT TO RATOUT.
IF(Q) 8,10,7
7 RATIN=RATIN+Q
GO TO 10
8 RATOUT=RATOUT-Q
10 CONTINUE
GO TO 100
c
Cl——eee IF NRCHOP=2 RECH IS IN LAYER SHOWN IN INDICATOR ARRAY (IRCH) .
Cl-———== PROCESS HORIZONTAL CELL LOCATIONS ONE AT A TIME.
15 IF(NRCHOP.NE.2)GO TO 25
DO 20 IR=1,NROW
DO 20 IC=1,NCOL w
c
C4A————~ GET LAYER INDEX FROM INDICATOR ARRAY (IRCH) .
IL=IRCH (IC, IR)
C
C4B-~-=~ IF CELL IS EXTERNAL DO NOT CALCULATE BUDGET FOR IT.
IF (IBOUND(IC, IR, IL).LE.0)GO TO 20
Q=RECH (IC, IR)
c
C4C-~--~ IF C-B-C FLOW TERMS WILL BE SAVED THEN ADD RECHARGE TO BUFFER.
IF (IBD.EQ.1) BUFF (IC,IR,IL)=0Q
C
C4D-——-~ IF RECHARGE IS POSITIVE ADD TO RATIN ELSE ADD IT TO RATOUT.
IF(Q) 18,20,17
17 RATIN=RATIN+Q
GO TO 20
18 RATOUT=RATOUT-Q
20 CONTINUE
GO TO 100
c
CS-wm——m IF OPTION=3 RECHARGE IS INTO HIGHEST INTERNAL CELL. IT WILL NOT
C5=—=-mm PASS THROUGH A CONSTANT HEAD CELL. PROCESS HORIZONTAL CELL
C5—————- LOCATIONS ONE AT A TIME.
25 IF (NRCHOP.NE.3)GO TO 100
DO 30 IR=1,NROW
DO 30 IC=1,NCOL
DO 28 IL=1,NLAY
c
CSA-~——~ IF CELL IS CONSTANT HEAD MOVE ON TO NEXT HORIZONTAL LOCATION.
IF (IBOUND (IC, IR, IL) .LT.0) GO TO 30 |
c
C5B~———-— IF CELL IS INACTIVE MOVE DOWN TO NEXT CELL.
IF (IBOUND(IC,IR,IL).EQ.0)GO TO 28
Q=RECH (IC, IR)
c
c5C————~ IF C-B-C FLOW TERMS TO BE SAVED THEN ADD RECHARGE TO BUFFER.
IF (IBD.EQ.1) RBUFF (IC,IR,IL)=Q
c
C5D-—--~ IF RECH IS POSITIVE ADD IT TO RATIN ELSE ADD IT TO RATOUT.
IF(Q) 27,30,26 N |
26 RATIN=RATIN+Q
GO TO 30
27 RATOUT=RATOUT-Q
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GO TO 30
28 CONTINUE
30 CONTINUE

c
100 CONTINUE
c
Cé6~—————~ IF C-B-C FLOW TERMS TO BE SAVED TO RECORD THEM.
c
C6A-————- RECORD IN UNFORMATTED FILE IRCHCB
[
IF(IBD.EQ.1 .AND. ICBCFL.GE.O) CALL UBUDSV(KSTP,KPER, TEXT, IRCHCB,
& BUFF, NCOL, NROW, NLAY, IOUT)
c
C6B-—————- RECORD IN ARC/INFO FILE
c
IF(IBD.EQ.1 .AND. ICBCFL.LT.0) THEN
INFOITEM=' LAYER'
INFONAME=' RCHBUD'
OUTPATH=RCHPATH (:INDEX (RCHPATH,' ’)-1)//INFONAME
CALL UBUDSVARC (KSTP,KPER, INFOITEM, OUTPATH, BUFF, NCOL, NROW, NLAY,
& I0UT,
*9999)
ENDIF
c
Cl——=——- MOVE TOTAL RECHARGE RATE INTO VBVL FOR PRINTING BY BAS1OT.
VBVL (4, MSUM) =RATOUT
VBVL (3, MSUM) =RATIN
c
CB—————- ADD RECHARGE FOR TIME STEP TO RECHARGE ACCUMULATOR IN VBVL.
VBVL (2, MSUM) =VBVL (2, MSUM) +RATOUT*DELT
VBVL (1, MSUM) =VBVL (1, MSUM) +RAT IN*DELT
o]
C9—————~ MOVE BUDGET TERM LABELS TO VBNM FOR PRINT BY MODULE BAS_OT.
VBNM (1, MSUM) =TEXT (1)
VBNM (2, MSUM) =TEXT (2)
VBNM (3, MSUM) =TEXT (3)
VENM (4, MSUM) =TEXT (4)
c
C10-—-——- INCREMENT BUDGET TERM COUNTER.
MSUM=MSUM+1
c
Ccll————- RETURN
RETURN
c
CE-~———~ ERRORS
c
9999 CALL INFORM ('\\Abnormal Termination of Rchlbd Arc Subroutine’, -1)
RETURN 1
END
Added variables for module RCH1BDARC
Variable Range Definition
INFONAME Module The name of the ARC/INFO file where cell-by-cell flow terms are

recorded (passed argument consisting of the root name
RCHBUD which later will be appended by the stress period
and time step).

INFOITEM Module The name of the ARC/INFO or INFO item where cell-by-cell flow
terms are recorded (passed argument consisting of the root
name LAYER which later will be appended by the layer

number).

OUTPATH Module The path for the ARC/INFO file where cell-by-cell flow terms are
recorded.

RCHPATH Package The directory path to the ARC/INFO subdirectory where cell-by-

cell flow terms are recorded.
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Well Package Modu Wes

The WEL package (Well) consists of four primary modﬂles; of these, two primary modules
(WEL1RPARC and WEL1BDARC) indicated below were modified.

WELIRPARC

This module directly reads and prepares data for the WEL package. This modules searches the
control record for two variables, ITMP and WELPATH and reads values for well parameters (layer, row,
column, and Q) within the ARC/INFO file specified within thF variable WELPATH (fig. 15).
Documentation of the modified module follows.

%

j

READ BUFFER
TEST BUFFER (11:11)
AND SET IARC
—
v 1A | J 1B
READ FROM BUFFER READ FROM BUFFER
ITMP ITMP AND WELPATH
IARC <0 l s IARC> 1
%
i
IARC<0 | IARC> 1
\ 4 ' ¥ &
READ FROM WELPATH
READ FROM IN
K,1,J, & WELL(4,I), LAYER,RO&V\(S,COLUNN,

!

|

R

Figure 15.--Modified program elements for the WEL IRPARC module.
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SUBROUTINE WEL1RPARC (WELL, NWELLS,MXWELL, IN, IOUT,

E *)
c
L — VERSION 3.0 250CTOBER1991 WEL1RPARC
c MODIFIED BY LEONARD L. ORZOL
c
c KA AKRKKKRKAKAKRAKXKRKA KK KA KRR AKR AR A AkKRAAKRKARRARkAkkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkhkhhkhkkkkk
c READ NEW WELL LOCATIONS AND STRESS RATES
c KKK A AR A AKRKKRKRRKAKAAKRKRKRAKRAKRARA KA KRKKRARA KRR KA AR kAR ARk hkAkAkkhkhkhkkhkkhkhkk*k
c
c SPECIFICATIONS:
C _________________ - - = = Gm s s = = e S D GuE . = = S GnS . W TEn Gme T G G G =
DIMENSION WELL (4, MXWELL)
CHARACTER*128 INFOPATH
CHARACTER*80 BUFFER
CHARACTER*80 WELPATH
CHARACTER*16 ITEMS (4)
INTEGER ACCESS, FNUM, TARC, NITEMS, NUMREC, NOMWEL
DATA ITEMS (1), ITEMS (2), ITEMS (3),ITEMS (4)/'LAYER', 'ROW’, ' COLUMN', ,
& Q!
C ____________________ e — P ——
c
Cl-———— READ CONTROL LINE FOR WELL INFORMATION
c
READ (IN,’ (A132) ' ,ERR=9990, END=9991) BUFFER
c
ClA-———-- READ ITMP (NUMBER OF WELLS OR FLAG SAYING REUSE WELL DATA)
c
IF (BUFFER (11:11) .EQ.’‘ .OR. BUFFER (11:11).EQ.’ ‘) THEN
READ (BUFFER,’ (I10)’,ERR=9992) ITMP
IARC=0
c
ClB--———= READ ITMP (NUMBER OF WELLS OR FLAG SAYING REUSE WELL DATA) AND
< TSN— WELPATH TO ARC/INFO FILE
c
ELSE
READ (BUFFER, ' (I10,A80)',ERR=9992) ITMP, WELPATH
INFOPATH=WELPATH (1:INDEX (WELPATH, ' ’)-1)
IARC=1
ENDIF
c
C2mmmmmm TEST ITMP CONDITION
c
IF (ITMP.GE.0) GO TO 50
c
C2A-———- IF ITMP LESS THAN ZERO REUSE DATA. PRINT MESSAGE AND RETURN.
WRITE (IOUT, 6)
6 FORMAT (1HO, ‘REUSING WELLS FROM LAST STRESS PERIOD’)
RETURN .
c
C2B-———~ ITMP=>0. SET NWELLS EQUAL TO ITMP.
50 NWELLS=ITMP
IF (NWELLS.LE.MXWELL) GO TO 100
c
C3~mmmmm NWELLS>MXWELL. PRINT MESSAGE. STOP.
WRITE (IOUT, 99) NWELLS, MXWELL
99 FORMAT (1HO, 'NWELLS(’,I4,’) IS GREATER THAN MXWELL(’,I4,’)")
GO TO 9999
c
o7 TRT— PRINT NUMBER OF WELLS IN CURRENT STRESS PERIOD.
100 WRITE (IOUT,2) NWELLS
2 FORMAT (1HO, 10X, I4,’ WELLS')
c
C5—————— IF THERE ARE NO ACTIVE WELLS IN THIS STRESS PERIOD THEN RETURN
IF (NWELLS.EQ.0) GO TO 260
c
C6——mm—m READ AND PRINT LAYER,ROW,COLUMN AND RECHARGE RATE.
c
WRITE (IOUT, 3) )
3 FORMAT (1H , 47X, ‘' LAYER ROW CoL STRESS RATE WELL NO.'/
1,48X,45('="))
c
C6A—-———- READING WELL INFORMATION FROM ASCII FILE
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IF (IARC.LT.1l) THEN
DO 250 II=1, NWELLS
READ (IN,4) K,I,J,Q

4 FORMAT (3I10,F10.0)
WRITE (IOUT,S5) K,I,J,Q,1II
5 FORMAT (48X, 13,18,17,G16.5,18)

WELL(1, II)=K

WELL (2, II)=I

WELL (3, II)=J

WELL (4, II)=Q
250 CONTINUE

C6B--—-~- READING WELL INFORMATION FROM ARC/INFO rn#:
c
ELSE
c
C6BB-----TESTS EXISTENCE OF INFO FILE
c
ACCESS=1 :
CALL INFO_OPENS (INFOPATH,ACCESS,FNUM, NUMREC,
E *9999)
c
C6BC--——- OPENS AND READS ITEMS (ROW,COLUMN, LAYER, STRESS RATE )
c
NITEMS=4
NUMWEL=NWELLS*NITEMS
CALL INFO_READMULT (FNUM, NUMREC, NUMWEL, ITEMS, NITEMS, WELL,
E *9999)

DO 600 II=1, NWELLS 1
K=WELL (1, II) \
I=WELL (2, II) ;
J=HELL (3, IT) :
WRITE (IOUT, 5) K,I,J,WELL(4,II),II
600  CONTINUE

ENDIF
c
CTl—————- RETURN
260 RETURN
Cc
CE~-~—~—-] ERRORS
Cc

\\Unable read Well input package control record’, -1}
\\Abnormal Termination of Wallrp Arc Subroutine’, -1)
\\Abnormal Termination of Wellrp Arc Subroutine’, -1)

\\Unable to read paramaters from Well inpu£ record’, -1)
\\Abnormal Termination of Wellrp Arc_Subroutine’, -1)

9992 CALL INFORM

(l
(I
9991 CALL INFORM (’'\\Missing Well input package control record’, -1)
(f
(I
9999 CALL INFORM ('

Added variables for module WEL1RPARC

Variable Range Definition
- \

ACCESS Module Flag indicating whether access to the ARC/INFO file is read or
write.

BUFFER Module The control record is read into this variable and is parsed into the
appropriate variables: ITMP and WELPATH.

FNUM Module Integer unit number used by this routine for the file specified by
INFOPATH.

ITEMS Module The names of the INFO item array either primary or redefined

within the ARC/INFO file (specified by WELPATH)
containing the information. The item names are LAYER,
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INFOPATH

NITEMS

NUMREC

NUMWEL

WELPATH

Module

Module

Module

Module

Module

ROW, COLUMN, and Q.

The path for the ARC/INFO file where the values for the well
array are stored.

Integer value for the number of items within the file specified by
INFOPATH.

Integer value for the number of records within the file specified by
INFOPATH.

Integer value for the number of the record times the number of
items that are needed within the file specified by INFOPATH.

The complete path to the ARC/INFO file containing the item
(INFOITEM) of interest.

WEL1BDARC

This module calculates rates and volumes recharged to, or discharged from flow system by pumping
wells for WEL. Program code modifications were minimal, because program control passes to called
submodule UBUDSVARC, instead of UBUDSV (fig. 16. Documentation of the modified module follows.

i

| .

TEST IBD AND
ICBCFL
ICBCFL < 0 J ICBCFL > 0
v 6 v 6B
CALL MODULE UBUDSV CALL MODULE
& RECORD UBUDSVARC & RECORD
CONTENTS OF BUFF CONTENTS OF BUFF

Figure 16.--Modified program elements for the WEL1BDARC module.

SUBROUTINE WEL1BDARC (NWELLS,MXWELL,VBNM, VBVL,MSUM,WELL, IBOUND,
& DELT, NCOL, NROW, NLAY,, KSTP, KPER, IWELCB, ICBCFL, BUFF, IOUT, WNELPATH,

Cc
C--—-—-VERSION 3.0 250CTOBER1991 WEL1BDARC
MODIFIED BY LEONARD L. ORZOL

[eXeXeNeNeXe]

LR R RS RS RS S R S R RSS s R s RS R R R R s RS s RRRL S SRR L S

CALCULATE VOLUMETRIC BUDGET FOR WELLS
R T T s Ty
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9

1

Cé6a
Cc

SPECIFICATIONS:

CHARACTER*128 OUTPATH

CHARACTER*70 WELPATH

CHARACTER*32 INFONAME

CHARACTER*16 INFOITEM

CHARACTER*4 VBNM, TEXT

DIMENSION VBNM (4, MSUM),VBVL (4,MSUM) ,WELL (4, MXWELL),

1 TBOUND (NCOL, NROW, NLAY) , BUFF (NCOL, NROW, NLAY)
DIMENSION TEXT (4)

DATA TEXT (1), TEXT (2) , TEXT (3) , TEXT (4) /' N L, W’ ,’ELLS’ /

----- CLEAR RATIN AND RATOUT ACCUMULATORS.
RATIN=0.
RATOUT=0.
IBD=0

————— IF THERE ARE NO WELLS DO NOT ACCUMULATE FLOW
IF (NWELLS.EQ.0) GO TO 200

————— TEST TO SEE IF CELL-BY~-CELL FLOW TERMS WILL BE RECORDED.
IF (ICBCFL.EQ.0 .OR. IWELCB.LE.O) GO TO 60

————— IF CELL-BY-CELL FLOWS WILL BE SAVED THEN CLEAR THE BUFFER.
IBD=1
DO 50 IL=1,NLAY
DO 50 IR=1,NROW
DO 50 IC=1,NCOL
BUFF (IC, IR, IL)=0.
50 CONTINUE

————— PROCESS WELLS ONE AT A TIME.
60 DO 100 IL=1,NWELLS

IR=WELL (2, L)

IC=WELL(3,L)

IL=WELL(1,L)

Q=WELL (4, L)

————— IF THE CELL IS EXTERNAL IGNORE IT.
IF (IBOUND(IC, IR, IL) .LE.0)GO TO 100

————— PRINT THE INDIVIDUAL RATES IF REQUESTED(IWHLCB<O).
IF (IWELCB.LT.0.AND.ICBCFL.NE.0) WRITE (IOUT,900) (TEXT(N),6N=1,64),
1 KPER,KSTP, L, IL, IR, IC,Q

00 FORMAT (1HO, 4A4,’ PERIOD’, I3, STEP’ , I3, " WELL’, I4,
1 ! LAYER’, I3, ' ROW ', I4,’ cor’ ,14,’ RATE’,G15.7)

————— IF CELL-BY-CELL FLOWS ARE TO BE SAVED THEN ADD THEM TO BUFFER.
IF (IBD.EQ.1) BUFF (IC, IR, IL)=BUFF (IC, IR, IL)+Q
IF(Q) 90,100,80
----- PUMPING RATE IS POSITIVE (RECHARGE). ADD IT TO RATIN.
80 RATIN=RATIN+Q :
GO TO 100 ;
----- PUMPING RATE IS NEGATIVE (DISCHARGE). ADD IT TO RATOUT.
90 RATOUT=RATOUT-Q
00 CONTINUE
----- IF CELL-BY-CELL FLOWS WILL BE SAVED TO RECORD THEM
------ RECORD IN UNFORMATTED FILE IWELCB

IF (IBD.EQ.1 .AND. ICBCFL.GE.0) CALL UBUDSV(KSTP,KPER, TEXT, IWELCB,
& BUFF/|, NCOL, NROW, NLAY, IOUT)

—————— RECORD IN ARC/INFO FILE

IF(IBD.EQ.1 .AND. ICBCFL.LT.0) THEN
INFOITEM=' LAYER'
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INFONAME='WELBUD'
OUTPATH=WELPATH (:INDEX(WELPATH,' ’)-1)//INFONAME
CALL UBUDSVARC (KSTP,KPER, INFOITEM, OUTPATH, BUFF, NCOL, NROW, NLAY,

& IOUT,
E *9999)
ENDIF
(]
Cl———=—- MOVE RATES INTO VBVL FOR PRINTING BY MODULE BAS1O0T.
200 VBVL (3,MSUM)=RATIN
VBVL (4, MSUM) =RATOUT
C
C8—————- MOVE RATES TIMES TIME STEP LENGTH INTO VBVL ACCUMULATORS.
VBVL (1, MSUM) =VBVL (1, MSUM) +RATIN*DELT
VBVL (2, MSUM) =VBVL (2, MSUM) +RATOUT*DELT
C
C9——m——- MOVE BUDGET TERM LABELS INTO VBNM FOR PRINTING.
VBNM (1, MSUM) =TEXT (1)
VBNM (2, MSUM) =TEXT (2)
VBNM (3, MSUM) =TEXT (3)
VBNM (4, MSUM) =TEXT (4)
C
Cl0-——-——- INCREMENT BUDGET TERM COUNTER (MSUM) .
MSUM=MSUM+1
(o]
Cll---—-- RETURN
RETURN
]
CE----~ ~ERRORS
(]
9999 CALL INFORM (’\\Abnormal Termination of Wellbd Arc Subroutine’,-1)

RETURN 1
END

Added variables for module WEL1BDARC

Variable Range Definition

INFONAME Module The name of the ARC/INFO file where cell-by-cell flow terms are
recorded (passed argument consisting of the root name
WELBUD which later will be appended by the stress period
and time step).

INFOITEM Module The name of the ARC/INFO or INFO item where cell-by-cell flow
terms are recorded (passed argument consisting of the root
name LAYER which later will be appended by the layer

number).

OUTPATH Module The path for the ARC/INFO file where cell-by-cell flow terms are
recorded.

WELPATH Package The directory path to the ARC/INFO subdirectory where cell-by-

cell flow terms are recorded.
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Drain Package Modules

The DRN package (Drain) consists of four primary mo{ules; of these, two primary modules
(DRN1RPARC and DRN1BDARC) indicated below were modified.

DRN1RPARC
This module reads and prepares data for the DRN package. This module searches the control record
for two variables, ITMP and DRNPATH and then reads values for drain parameters (layer, row, column,

elevation, and hydraulic conductance) within the ARC/INFO file specified within the variable DRNPATH
(fig. 17). Documentation of these modifications follows.

H
H
b
H

|

READ BUFFER
TEST BUFFER (11:11)
AND SET IARC
) 4 IA | v lB
READ FROM BUFFER READ FROM BUFFER
ITMP ITMP AND WELPATH

IARC <0 l IARC>1
i
IARC <0 i IARC > 1
v v 6
READ FROM IN READ FROM DRNPATH
K, L J, DRAI(4,IT), LAYER ROW,COLUMN,
& DRAI(5,ID) ELEVATION, & COND

!
H
&

Figure 17.--Modified program elements for the DRNIRPARC module.
|
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SUBROUTINE DRN1RPARC (DRAI,NDRAIN,MXDRN, IN, IOUT,

E *)
(o]
C
C-m—== VERSION 3.0 250CTORER1991 DRN1RPARC
(o] MODIFIED BY LEONARD L. ORZOL
C
C KKK KKK KA KA KK KKK AR AR AKRA AR R AR AR ARk hkhkhkkhkhhkhhkhhkhkhkkhhkhhkkkhkhkhkhkkkkkkkkk
(o4 READ DRAIN LOCATIONS, ELEVATIONS, AND CONDUCTANCES
C AR KK AR AR R A A R R AR A AR A AR KA AR R AR AR KR A AR KRR AR A AR A AKRR AR A AR ARk Rk Ak kA kA Xk %
C
c SPECIFICATIONS:
C _________________________________________ - - - —
DIMENSION DRAI (5, MXDRN)
CHARACTER*132 BUFFER
CHARACTER*128 INFOPATH
CHARACTER*80 DRNPATH
CHARACTER*16 ITEMS(5)
INTEGER ACCESS, FNUM, IARC, NITEMS, NUMDRN, NUMREC
DATA ITEMS (1),ITEMS (2), ITEMS (3), ITEMS (4), ITEMS (5) /' LAYER’ , ' ROW',
&' COLUMN’ , ' ELEVATION' , 'COND’ /
C __________________________________________________________________
(o]
Cl-——~—m READ CONTROL LINE FOR DRAIN CELLS INFORMATION
(o]
READ (IN, ' (A132) ', ERR=9990, END=9991) BUFFER
(o]
ClA-—~——- READ ITMP (NUMBER OF DRAIN CELLS OR FLAG TO REUSE DATA)
(o]
IF (RUFFER (11:11) .EQ.’’ .OR. BUFFER (11:11).EQ.’ ') THEN
READ (BUFFER, '’ (I10)’,ERR=9990,END=9992) ITMP
, IARC=0
(o]
ClB-————- READ ITMP (NUMBER OF DRNLS OR FLAG SAYING REUSE DRAIN DATA) AND
Crmmm—m——— DRNPATH TO ARC/INFO FILE
(o]
ELSE
READ (BUFFER, '’ (I10,A80)’,ERR=9992) ITMP, DRNPATH
INFOPATH=DRNPATH (1:INDEX(DRNPATH,’ ’')-1)
IARC=1
F ENDIF
C
C2-————-- TEST ITMP
IF(ITMP.GE.O0) GO TO 50
C
C2A--——— IF ITMP<0O THEN REUSE DATA FROM LAST STRESS PERIOD.
WRITE (IOUT, 7)
7 FORMAT (1HO, ' REUSING DRAINS FROM LAST STRESS PERIOD’)
RETURN
C
C3~mmmem IF ITMP=>0 THEN IT IS THE NUMBER OF DRAINS.
50 NDRAIN=ITMP
IF (NDRAIN.LE.MXDRN) GO TO 100
C
C4-—————- IF NDRAIN>MXDRN THEN STOP
WRITE (IOUT, 99) NDRAIN, MXDRN
99 FORMAT (1HO, 'NDRAIN(’,I4,’) IS GREATER THAN MXDRN(’,I4,’)’)
GO TO 9999
[od
CS—————~ PRINT NUMBER OF DRAINS IN THIS STRESS PERIOD.
100 WRITE (IOUT, 1) NDRAIN
1 FORMAT (1HO, //1X,I5,’ DRAINS')
C
Co————m— IF THERE ARE NO DRAINS THEN RETURN.
IF (NDRAIN.EQ.O0) GO TO 260
(o4
Cl—————- READ AND PRINT DATA FOR EACH DRAIN.
WRITE (I0OUT, 3)
3 FORMAT (1HO, 15X, ' LAYER'’ , 5X, ' ROW’ , 5X
1,’COL ELEVATION CONDUCTANCE DRAIN NO.’/1X,15X,60('="))
(o]
CIA-——~~~ READING DRAIN INFORMATION FROM ASCII FILE
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IF (IARC.LT.1) THEN ‘
DO 250 II=1, NDRAIN
READ (IN,4) K,I,J,DRAI(4,II),DRAI(5,II)

4 FORMAT (3110, 2F10.0)
WRITE (IOUT,5) K,I,J,DRAI(4,II),DRAI(5,II),II
5 FORMAT (1X,15X,I4,I9,18,G13.4,G1l4.4,18)

DRAI (1,II)=K

DRAI (2, II)=I

DRAI (3, II)=J
250 CONTINUE

c
CTB—-~——- READING DRAIN INFORMATION FROM ARC/INFO FILE
e ‘
ELSE
ACCESS=1
CALL INFO_OPENS (INFOPATH,ACCESS, FNUM, .
E *9999) ‘
c
C7BC-~~—~ OPENS AND READS ITEMS (ROW,COLUMN, LAYER, ELEVATION, CONDUCTANCE)
c
NITEMS=5
NUMDRN=NDRAIN#*NITEMS
CALL INFO_READMULT (FNUM, NUMREC, NUMDRN, Irtr.us NITEMS, DRAI,
E *9999)
ENDIF
c
C7BB---—- TESTS EXISTENCE OF INFO FILE
c
c
C8-=———- RETURN
260 RETURN
c
CE--~-—- ERRORS
c

9990 CALL INFORM
CALL INFORM
RETURN 1

(‘\\Unable to read Drain input package control record’, -1)
(
9991 CALL INFORM (’\\Missing Drain input package ¢ontrol racord’,-1)
(
(
(

‘\\Abnormal Termination of Drnlrp Arc Subroutine’,6-1)

CALL INFORM (‘'\\Abnormal Termination of Drnlrp Arc Subroutine’,-1)
RETURN 1
9992 CALL INFORM
9999 CALL INFORM
RETURN 1

END

‘\\Unabla to read parametaers from Drain input record’, -1)
‘\\bnormal Termination of Drnlrp Arc Subroutine’, -1)

Added variables for module DRN1RPARC

Variable Range Definition

ACCESS Module Flag indicating whether access to the ARC/INFO file is read or
write.

BUFFER Module The control record is read into this variable and is parsed into the
appropriate variables: ITMP and DRNPATH.

DRNPATH Module The complete path to the ARC/INFO file containing the items
(INFOITEM) of interest.

FNUM Module Integer unit number used by this routine for the file specified by
INFOPATH.

IARC Module Flag indicating whether the "arc-section” of the program code will
be activated. > 0, ASCII file storage < 0, ARC/INFO file
storage

ITEMS Module The names of the INFO item array either primary or redefined

within the ARC/INFO file (specified by DRNPATH)
containing the information. The item names are LAYER,
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ROW, COLUMN, ELEVATION, and COND.

INFOPATH Submodule  The path for the ARC/INFO file where the values for the drain
array are stored.

NITEMS Module Integer value for the number of items within the file specified by
INFOPATH.

NUMDRN Module Integer value for the number of records times the number of items
needed within the file specified by INFOPATH.

NUMREC Module Integer value for the number of records within the file specified by
INFOPATH.

DRN1BDARC

This module calculates rates and accumulated volume of drainage from the ground-water flow
system for the DRN package. Program code modifications were minimal, because program control passes
to called submodule UBUDSVARGC, instead of UBUDSYV (fig. 18. Documentation of these modifications
follows.

6
TEST IBD AND
ICBCFL
ICBCFL <0 ICBCFL >0
v v 6B
CALL MODULE UBUDSYV CALL MODULE
& RECORD UBUDSVARC & RECORD
CONTENTS OF BUFF CONTENTS OF BUFF

|
¥
Figure 18--Modified program elements for the DRN1BDARC module.

SUBROUTINE DRN1BDARC (NDRAIN,MXDRN,VBNM,VBVL,MSUM,DRAI, DELT, HNEW,
& NCOL, NROW,NLAY, IBOUND, KSTP, KPER, IDRNCB, ICBCFL, BUFF, IOUT, DRNPATH,
E *)

Cc
C-----VERSION 3.0 250CTOBER1991 DRN1BDARC
MODIFIED BY LEONARD L. ORZOL

kkkkkkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkhkhkhkkkkhkkhkkhkkhkkhkkkkhkkkkhkkkAXkAXA kA kA kk %

CALCULATE VOLUMETRIC BUDGET FOR DRAINS
R e T R L e R R P R R P R e T L P T

[eNeNoNeNeNoNoN ¢]

SPECIFICATIONS:
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c — —— -+ -
'CHARACTER*128 QUTPATH
CHARACTER*80 DRNPATH
CHARACTER*32 INFONAME
CHARACTER*16 INFOITEM
CHARACTER*4 VBNM, TEXT
DOUBLE PRECISION HNEW

o
DIMENSION VBNM (4,MSUM),VBVL (4,MSUM), DRAI (5, MXDRN) ,
1 HNEW (NCOL, NROW, NLAY) , IBOUND (NCOL, NROW, NLAY) ,
2 BUFF (NCOL, NROW, NLAY)
DIMENSION TEXT (4) ‘
c
DATA TEXT (1), TEXT (2), TEXT (3) , TEXT (4) /' o, *,* DR’,’AINS'/
C J— - —— — i . e S S i S e e o e e e e e S e S
c
Cl-—————- INITIALIZE CELL-BY-CELL FLOW TERM FLAG (IBD) AND
Cl-—-—-—- ACCUMULATORS (RATIN AND RATOUT) .
RATOUT=0.
IBD=0
c !
C2==——= IF THERE ARE NO DRAINS THEN DO NOT ACCUMULATE DRAIN FLOW
IF (NDRAIN.LE.O0) GO TO 200
c
C3—————= TEST TO SEE IF CELL-BY-CELL FLOW TERMS ARE NEEDED.
IF (ICBCFL.EQ.0 .OR. IDRNCB.LE.0) GO TO 60
c
C3B~—-—- CELL-BY-CELL FLOW TERMS ARE NEEDED SET IBD AND CLEAR BUFFER.
IBD=1
poO 50 IL=1,NIAY
DO 50 IR=1, NROW
DO 50 IC=1,NCOL
BUFF (IC, IR, IL)=0.
50 CONTINUE
c
C4------FOR EACH DRAIN ACCUMULATE DRAIN FLOW
60 DO 100 L=1,NDRAIN
c
C5—————= GET LAYER, ROW & COLUMN OF CELL CONTAINING REACH.
IL=DRAI (1, L) ‘
IR=DRAI (2, L) i
IC=DRAI (3, L) \
c 1
C6—mm——m IF CELL IS EXTERNAL IGNORE IT.
IF (IBOUND (IC, IR, IL) .LE.O0) GO TO 100
c
CT==——= GET DRAIN PARAMETERS FROM DRAIN LIST.
EL=DRAI (4, L)
C=DRAI (5, L)
HHNEW=HNEW (IC, IR, IL)
c
C8-————- IF HEAD LOWER THAN DRAIN THEN FORGET THIS GELL.
IF (HHNEW.LE.EL) GO TO 100
c
CY9——mm—-] HEAD HIGHER THAN DRAIN. CALCULATE Q=C* (EL-HHNEW) .
C9-—mm— SUBTRACT Q FROM RATOUT.
Q=C* (EL-HHNEW)
RATOUT=RATOUT-Q
c
Cl10----- PRINT THE INDIVIDUAL RATES IF REQUESTED (IDRNCB<O0) .
IF (IDRNCB.LT.0.AND.ICBCFL.NE.0) WRITE (IOUT, 900) (TEXT (N),N=1,4),
1 KPER, KSTP, L, IL, IR, IC, Q
900 FORMAT (1HO, 424, ’ PERIOD’,I3," STEP’,I3,’ DRAIN’, 14,
1 ' LAYER’, I3, ROW’ ,I4,° coL’',14,’ RATE’,G15.7)
c
Cl1—-——- IF C-B-C FLOW TERMS ARE TO BE SAVED THEN ADD Q TO BUFFER.

IF (IBD.EQ.1) BUFF (IC, IR, IL)=BUFF (IC, IR, IL)+Q
100 CONTINUE

c \
Cl12--——-1IF C-B-C FLOW TERMS WILL BE SAVED TO RECORD THEM.
Cc

Cl2A-—--—-- RECORD IN UNFORMATTED FILE IDRNCB
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C
IF(IRD.EQ.1 .AND. ICBCFL.GE.O) CALL UBUDSV (KSTP,KPER, TEXT, IDRNCB,

& BUFF, NCOL, NROW, NLAY, IOUT)
c
Cl12B-————- RECORD IN ARC/INFO FILE
c
IF (IBD.EQ.1 .AND. ICBCFL.LT.0) THEN
INFOITEM='LAYER’
INFONAME=' DRNBUD’
OUTPATH=DRNPATH (:INDEX (DRNPATH, ' ‘)-1)//INFONAME
CALYL UBUDSVARC (KSTP,KPER, INFOITEM, OUTPATH, BUFF, NCOL, NROW, NLAY,
& I0UT,
E *9999)
ENDIF
c
C13-———- MOVE RATES,VOLUMES & LABELS INTO ARRAYS FOR PRINTING.
200 VBVL (3, MSUM)=0.
VBVL (4, MSUM) =RATOUT
VBVL (2, MSUM) =VBVL (2, MSUM) +RATOUT*DELT
VBNM (1, MSUM) =TEXT (1)
VBNM (2, MSUM) =TEXT (2)
VBNM (3, MSUM) =TEXT (3)
VBNM (4, MSUM) =TEXT (4)
c
Cl4————— INCREMENT BUDGET TERM COUNTER
MSUM=MSUM+1
c
C15-———- RETURN
RETURN
c
CE-————- ERRORS
c
9999 CALL INFORM (’'\\Abnormal Termination of Drnlbd Arc_Subroutine’, -1)
RETURN 1
END
Added variables for module DRN1BDARC
Variable Range Definition
DRNPATH Package The directory path to the ARC/INFO subdirectory where cell-by-
cell flow terms are recorded.
INFONAME Module The name of the ARC/INFO file where cell-by-cell flow terms are

recorded (passed argument consisting of the root name
DRNBUD which later will be appended by the stress period
and time step).

INFOITEM Module The name of the ARC/INFO or INFO item where cell-by-cell flow
terms are recorded (passed argument consisting of the root
name LAYER which later will be appended by the layer
number).

OUTPATH Module The path for the ARC/INFO file where cell-by-cell flow terms are
recorded.
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Evapotranspiration Package Modules

The EVT package (Evapotranspiration) consists of four primary modules and five submodules; of
these, two primary modules (EVTIRPARC and EVT1BDARC) indicated below were modified.

EVT1RPARC

This module reads and prepares data for the EVT package calls submodules U2RELARC and
U2DINTARC (fig. 19. Documentation of the modifications to the code follows.

-

| ; j g

CALL MODULE " CALL MODULE
U2DRELARC TO U2DRELARC TO
READ SURF READ SURF

| |
|

|
I 5 I 11

|
CALL MODULE - CALL MODULE
U2DRELARC TO . U2DRELARC TO
READ SURF ‘ READ SURF

1 1
!

Figure19.--Modified program elements for the EVT1RPARC module.

SUBROUTINE EVT1RPARC (NEVTOP, IEVT,EVTR, EXDP, QURF DELR, DELC,

1 NCOL, NROW, IN, IOUT,
E *)
c
C————- VERSION 3.0 250CTOBER1991 EVT1RPARC
c MODIFIED BY LEONARD L. ORZOL
(o
c e s e e R e S R S R 22 2 222 2
c READ EVAPOTRANSPIRATION DATA
c KKK AR AR KKK A KK KK AR AR AR KA KA AR R KRR AR AR AR AR KRR AR AR AR KAR KRR AR AR AR Nk &
o}
Cc SPECIFICATIONS:
C ——— ——— o . e e e e . e o i S T o o S " o
CHARACTER*16 INFOITEM
CHARACTER*4 ANAME
DIMENSION IEVT (NCOL,NROW) , EVTR (NCOL, NROW) , EXDP (NCOL, NROW) ,
1 SURF (NCOL, NROW) ,ANAME (6, 4) , DELR (NCOL) , DELC (NROW)
Cc

DATA ANAME(1,1),ANAME(2,1),ANAME(3,1),ANAME(4,1),ANAME(5,1),
1 ANAME(6,1) /' ' ', ET',’' LAY','ER I’,’NDEX’'/
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DATA ANAME (1, 2) ,ANAME (2,2), ANAME(3 2) ,ANAME (4, 2) , ANAME (5, 2) ,
1 ANAME(6,2) /' P *,' ET',’ SUR','FACE’/
DATA ANAME(1, 3), ANAME(Z 3), ANAME(3 3)., ANAME(4 3) ,ANAME (5, 3),
1 ANAME(6,3) /' EVA’,’POTR','ANSP’','IRAT’,’'ION ’','RATE’/
DATA ANAME (1, 4) ANAME(Z 4), ANAME(B 4), ANAME(4 4) ,ANAME (5, 4),

1 ANAME(6,4) /' v, '+, *EXTI','NCTI',’ON D','EPTH'/
C ——— ——— — — — —— ———— —————— — ——— — ——— — " (S S e G G — i P i G T S S S G - 4 —— - -
c
Clmmmmmm READ FLAGS SHOWING WHETHER DATA IS TO BE REUSED.
READ (IN, 6, ERR=9990, END=9991) INSURF, INEVTR, INEXDP , INIEVT
6 FORMAT (4110)
c
C2-—=m—= TEST INSURF TO SEE WHERE SURFACE ELEVATION COMES FROM.
IF (INSURF.GE.0) GO TO 32
c
C2A-—--—- IF INSURF<0 THEN REUSE SURFACE ARRAY FROM LAST STRESS PERIOD
WRITE (IOUT, 3)
3 FORMAT (1HO, 'REUSING SURF FROM LAST STRESS PERIOD’)
GO TO 35
c
C3—mmm——m IF INSURF=>0 THEN READ SURFACE.
c
32 INFOITEM='SURF'
CALL U2DRELARC (INFOITEM, SURF, ANAME (1,2), NROW,NCOL, 0, IN, IOUT,
E *9999)
c
C4—————- TEST INEVTR TO SEE WHERE MAX ET RATE COMES FROM.
35 IF (INEVTR.GE.0)GO TO 37
c
C4A-———- IF INEVTR<O THEN REUSE MAX ET RATE.
WRITE (IOUT, 4)
4 FORMAT (1HO, 'REUSING EVTR FROM LAST STRESS PERIOD')
GO TO 45
c
C5-————— IF INEVTR=>0 THEN READ MAX ET RATE.
37 INFOITEM='EVTR'
CALL U2DRELARC (INFOITEM, EVTR,ANAME (1,3), NROW,NCOL, 0, IN, IOUT,
E *9999)
C
o] T—— MULTIPLY MAX ET RATE BY CELL AREA TO GET VOLUMETRIC RATE
DO 40 IR=1, NROW
DO 40 IC=1,NCOL
EVTR (IC, IR) =EVTR (IC, IR) *DELR (IC) *DELC (IR)
40 CONTINUE
c
oy S TEST INEXDP TO SEE WHERE EXTINCTION DEPTH COMES FROM
45 IF (INEXDP.GE.O0)GO TO 47
c
CTA--———- IF INEXDP<0O REUSE EXTINCTION DEPTH FROM LAST STRESS PERIOD
WRITE (IOUT, 5)
5 FORMAT (1HO, ' REUSING EXDP FROM LAST STRESS PERIOD')
GO TO 48
c
C8-———m—— IF INEXDP=>0 THEN READ EXTINCTION DEPTH
47 INFOITEM='EXDP’
CALL U2DRELARC (INFOITEM, EXDP, ANAME (1,4), NROW,NCOL, 0, IN, IOUT,
E *9999)
c
C9-———— IF OPTION(NEVTOP) IS 2 THEN WE NEED AN INDICATOR ARRAY.
48 IF (NEVTOP.NE.2)GO TO 50
c
C10-————= IF INIEVT<O THEN REUSE LAYER INDICATOR ARRAY.
IF (INIEVT.GE.0)GO TO 49
WRITE (IOUT, 2)
2 FORMAT (1HO, 'REUSING IEVT FROM LAST STRESS PERIOD')
GO TO 50
c
Cll--———- IF INIEVT=>0 THEN READ INDICATOR ARRAY.
49 INFOITEM='IEVT'
CALL U2DINTARC (INFOITEM, IEVT, ANAME (1, 1) , NROW, NCOL, 0, IN, IOUT,
E *9999)
c
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50 RETURN
c
CE-——-—- ERRORS
c

9990 CALL INFORM (’'\\Unable to read Evt input package control’, -1)
CALL INFORM (’\\Abnormal Termination of Evtlrp Arc Subroutine’, -1)
RETURN 1

9991 CALL INFORM (’'\\Missing Evt input package control raecord’, -1)

9999 CALL INFORM (’'\\Abnormal Termination of i‘.vtli'p_hrc_Subroutine',—l)
RETURN 1
END

Added variables for module EVT1IRPARC

Variable Range Definition

INFOITEM Module The name of the ARC/INFO or INFO item where the values for
the evapotranspiration array are stored (passed argument
consisting of the root name SURF, EVTR, EXDP, and IEVT
which later will be appended within utility U2DRELARC and
U2DINTARC madules.

EVTIBDARC

This module calculates the rate and accumulated volume of Evapotranspiration for the EVT package
calls submodules UBUDSVARC (fig. 20. Documentation of the modified module follows.

i
|

| .
|

TEST IBD AN
ICBCFL
ICBCFL <0 l ICBCFL > 0
12 12 v 12B
CALL MODULE UBUDSV CALL MODULE
& RECORD UBUDSVARC & RECORD
CONTENTS OF BUFF CONTENTS OF BUFF

}
i
¥
Figure 20.--Modified program elements for the EVTIBDARC module.

SUBROUTINE EVT1BDARC (NEVTOP, IEVT, EVTR, EXDP, SURF, IBOUND, HNEW,
NCOL, NROW, NLAY, DELT, VBVL,, VBNM, MSUM, KSTP, KPER,
IEVICB, I , BUFF, I0UT ,EVTPATH,
*) |

Hme
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G VERSION 3.0 250CTOBER1991 EVT1BDARC
c MODIFIED BY LEONARD L. ORZOL
g ARk KAk Ak ARk hkhk Ak Ak Ak kA Rk A Ak Ak Ak kAAhkAkhkhkAkhkhkhkAhhkhkhkhkhkhkhkhkkhkkhkhkhkkkdhhkhkkhkkkhkhkhkhhk
c CALCULATE VOLUMETRIC BUDGET FOR EVAPOTRANSPIRATION
C Ak kA kkkk kA kA Ak Ak kA A A A A Ak A kAR A kA A A A A kAA kA AhhA kA kA kb Ak khk Ak hkhkhkkkk ki
c
c SPECIFICATIONS:
G e e
CHARACTER*128 OUTPATH
CHARACTER*80 EVTPATH
CHARACTER*32 INFONAME
CHARACTER*16 INFOITEM
CHARACTER*4 VBNM, TEXT
DOUBLE PRECISION HNEW
DIMENSION IEVT (NCOL,NROW) , EVTR (NCOL, NROW) ,EXDP (NCOL, NROW) ,
1 SURF (NCOL, NROW) , IBOUND (NCOL, NROW, NLAY) ,
2 VBVL (4, 20) , VBNM (4, 20) , HNEW (NCOL, NROW, NLAY) ,
3 BUFF (NCOL, NROW, NLAY)
DIMENSION TEXT (4)
DATA TEXT (1), TEXT (2), TEXT (3) , TEXT (4) /* - ', r, ET'/
c _________________________________________________
c
Clmmmmmm CLEAR THE RATE ACCUMULATOR.
RATOUT=0
c
C2~mmmmm IF CELL-BY-CELL FLOW TERMS WILL BE SAVED THEN CLEAR THE BUFFER.
IBD=0
IF (IEVTCB.LE.0 .OR. ICBCFL.EQ.0) GO TO 5
IBD=1
DO 4 IL=1,NLAY
DO 4 IR=1,NROW
DO 4 IC=1,NCOL
BUFF (IC, IR, IL)=0.
4 CONTINUE
C
C3-————~ PROCESS EACH HORIZONTAL CELL LOCATION
S DO 10 IR=1, NROW
DO 10 IC=1,NCOL
c
C4—————- SET THE LAYER INDEX EQUAL TO 1.
IL=1
c
C5—mmmmm IF OPTION 2 IS SPECIFIED THEN GET LAYER INDEX FROM IEVT ARRAY
IF (NEVTOP .EQ.2) IL=IEVT (IC, IR)
c
C6—————m IF CELL IS EXTERNAL THEN IGNORE IT.
IF (IBOUND (IC, IR, IL) .LE.0)GO TO 10
C=EVTR(IC, IR)
S=SURF (IC, IR)
H=HNEW (IC, IR, IL)
c
CT————— IF AQUIFER HEAD => SURF,SET Q=MAX ET RATE
IF(H.LT.S) GO TO 7
Q=~C
GO TO 9
c
C8—=m IF DEPTH=>EXTINCTION DEPTH, ET IS 0
7 X=EXDP (IC, IR)
D=S-H
IF (D.GE.X)GO TO 10
c
C9———mm- LINEAR RANGE . Q=-EVTR(H-EXEL)/EXDP
Q=C*D/X-C
c
c10-———- ACCUMULATE TOTAL FLOW RATE
9 RATOUT=RATOUT-Q
c
cl1————- IF CELL-BY-CELL FLOW TERMS TO BE SAVED THE ADD Q TO BUFFER.
IF (IBD.EQ.1) BUFF (IC, IR, IL)=0Q
10 CONTINUE
c
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l
Cl2————- IF C-B-C TO BE SAVED CALL MODULE UBUDSV TO| RECORD THEM.

c
Cl2A--—----] RECORD IN UNFORMATTED FILE IEVTCB
c
IF (IBD.EQ.1 .AND. ICBCFL.GE.O) CALL UBUDSV (KSTP,KPER, TEXT, IEVTCB,
& BUFF, NCOL, NROW, NLAY, IOUT)
c
Cl12B--—-—-—~- RECORD IN ARC/INFO FILE
c
IF (IBD.EQ.1 .AND. ICBCFL.LT.0) THEN
INFOITEM=' LAYER'
INFONAME=' EVTBUD'
OUTPATH=EVTPATH (:INDEX (EVTPATH,' ')-1)//INFONAME
CALL UBUDSVARC (KSTP,KPER, INFOITEM, OUTPATH, RUFF, NCOL, NROW, NLAY,
& 10UT,
B *9999)
ENDIF
C |
C13-----MOVE TOTAL ET RATE INTO VBVL FOR PRINTING BY BAS10T.
VBVL (3, MSUM) =0.
VBVL (4, MSUM) =RATOUT
c
Cl4-----ADD ET(ET_RATE TIMES STEP LENGTH) TO VBVL
VBVL (1, MSUM) =0.
VBVL (2, MSUM) =VBVL (2, MSUM) +RATOUT*DELT
o
C15-—~-- MOVE BUDGET TERM LABELS TO VBNM FOR PRINT BY MODULE BAS1OT
VBNM (1, MSUM) =TEXT (1)
VBNM (2, MSUM) =TEXT (2)
VBNM (3, MSUM) =TEXT (3)
VBNM (4, MSUM) =TEXT (4)
c
Cl6-——-—- INCREMENT BUDGET TERM COUNTER
MSUM=MSUM+1
o
Cl17————- RETURN
RETURN
c
CE------] ERRORS
c
9999 CALL INFORM ('\\Abnormal Termination of Evtlbd Arc_ Subroutine’, -1)
RETURN 1
END
Added variables for module EVT1BDARC
Variable =~ Range Definition
EVTPATH Package The directory path to the ARC/INFO subdirectory where cell-by-

cell flow terms are recorded.

INFONAME  Submodule  Thename of the ARC/INFO file where cell-by-cell flow terms are
recorded (passed argument consisting of the root name
EVTBUD which later will be appended by the stress period

. and time step).

INFOITEM Submodule  The name of the ARC/INFO or INFO item where celi-by-ceil flow
terms are recorded (passed argument consisting of the root
name LAYER which later will be appended by the layer
number).

OUTPATH Submodule  The path for the ARC/INFO file where cell-by-cell flow terms are
recorded.
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General-Head Boundary Package Modules

The GHB package (General-Head Boundary) consists of four primary modules; of these, two
primary modules (GHBIRPARC and GHB1BDARC) indicated below were modified.

GHB1RPARC

This module reads and prepares data for the GHB. This module searches the control record for two
variables, ITMP and GHBPATH, and to read values for well parameters (layer, row, column, and Q) within
the ARC/INFO file specified within the variable GHBPATH (fig. 21). Documentation of the modified

module follows.

READ BUFFER

TEST BUFFER (11:11)
AND SET IARC

I

! 1A ! 1B
READ FROM BUFFER READ FROM BUFFER
ITMP ITMP AND GHBPATH
IARC < 0 l IARC > 1
|
i
k
IARC <0 l IARC > 1
v 7 v 7
READ FROM IN READ FROM WELPATH
K, L.J, BNDS(4,ID), LAYER,ROW ,COLUMN,
& BNDS(.1D), BOUNDARYHEAD, & Q

Figure 21.--Modified program elements for the GHBIRPARC module.
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SUBROUTINE GHB1RPARC (BNDS,NBOUND,MXBND, IN, I0QUT,

E *)
c
C—-—-- VERSION 3.0 250CTOBER1991 GHB1RPARC
c MODIFIED BY LEONARD L. ORZOL \
c
C KRR KA AARKRKR AR AR AR AR AR A AR AR AR AR A AR AR R AR AR R AR AR AR KRR AR AR AR AR kA AR AA XA A A&
c READ DATA FOR GHB
C AR AR KRR AR AR KRR AR AR AR KRR KRR KRR AR AR KRR A AR A AR AR AR R AR A A AR AR AR AR AR AR AR AR R A&
c
c SPECIFICATIONS:
c ___________________________________________
DIMENSION BNDS (5, MXBND)
CHARACTER*132 BUFFER
CHARACTER*128 INFOPATH
CHARACTER*80 GHBPATH
CHARACTER*16 ITEMS (5)
INTEGER ACCESS, FNOM, IARC, NITEMS, NUMGHB, NUMREG
DATA ITEMS (1), ITEMS (2), ITEMS(3), ITEMS (4), ITEMS (5)
& /' LAYER’ , 'ROW’ , ' COLUMN' , ' BOUNDARYHEAD' , ' COND’ /
c g Ly S S —
c
Cl------ GENERAL HEAD BOUNDARIES
c
READ (IN, ' (A132) ', ERR=9990,END=9991) BUFFER
c ‘
ClA---—-= READ ITMP (§# OF GENERAL HEAD BOUNDS OR FLAG TO REUSE DATA.)
c
IF (BUFFER (11:11).EQ.’’ .OR. BUFFER (11:11).EQ.’ ‘') THEN
READ (BUFFER, ' (I10)’,ERR=9992) ITMP
IARC=0
c |
ClB------ READ ITMP (§ OF GENERAL HEAD BOUNDS OR TO REUSE DATA) AND
- R — GHBPATH TO ARC/INFO FILE
c
ELSE
READ (BUFFER, ' (I10,A80)‘,ERR=9992) ITMP,GHEPATH
INFOPATH=GHBPATH (1:INDEX (GHBPATH,' ’)-1)
IARC=1
ENDIF
c
C2------TEST ITMP
IF (ITMP.GE.0) GO TO 50
c
o7} N— IF ITMP<0 THEN REUSE DATA FROM LAST STRESS PERIOD
WRITE (IOUT, 7)
7 FORMAT (1HO, ‘REUSING HEAD-DEPENDENT BOUNDS FROM LAST STRESS',
1 ’ PERIOD’)
GO TO 260
c
o P— IF ITMP=>0 THEN IT IS THE # OF GENERAL HEAD BOUNDS.
50 NBOUND=ITMP
c
(oY T IF MAX NUMBER OF BOUNDS IS EXCEEDED THEN STOP
IF (NBOUND . LE.MXBND) GO TO 100
WRITE (IOUT, 99) NBOUND, MXBND
99 FORMAT (1HO, 'NBOUND(’,I4,’) IS GREATER THAN MXBND(‘,I4,’)’)
c
C4A----—-ABNORMAL STOP
GO TO 9999 |
c
C5—————— PRINT # OF GENERAL HEAD BOUNDS THIS STRESS PERIOD

100 WRITE (IOUT,1) NBOUND
1 FORMAT (1HO, //1X,I5,’ HEAD-DEPENDENT BOUNDARY NODES’)

C

Cé—-————-IF THERE ARE NO GENERAL HEAD BOUNDS THEN RETURN.
IF (NBOUND.EQ.0O) GO TO 260

C

CTl-=———= READ & PRINT DATA FOR EACH GENERAL HEAD BOUNDARY.

WRITE (IOUT, 3)
3 FORMAT (1HO, 15X, ' LAYER', 5X, 'ROW’ , 5X
1,’COL ELEVATION CONDUCTANCE BOUND NO.’/|1X,15X,60('-"))

100




9992 CALL INFORM
9999 CALL INFORM

"\\Unable to read parameters from Ghb input record’, -1)

CIA------ READING GENERAL HEAD BOUNDARY INFORMATION FROM ASCII FILE
Cc
IF(IARC.LT.1) THEN
DO 250 II=1, NBOUND
READ (IN,4) K,I,J,BNDS(4,II),BNDS(5,II)
4 FORMAT (3110, 2F10. 0)
WRITE (IOUT,5) K,I,J, BNDS(4,II), BNDS(5,6II),II
5 FORMAT (1X,15X,I4,19,18,G13.4,G14.4,18)
BNDS (1, II)=K
BNDS (2, IT)=I
BNDS (3, II)=J
250 CONTINUE
Cc
CIB--——-- READING GENERAL HEAD INFORMATION FROM ARC/INFO FILE
C
ELSE
ACCESS=1
CALL INFO OPENS (INFOPATH,ACCESS, FNUM, NUMREC,
E *9999)
C
C7BC-——-- OPENS AND READS ITEMS (LAYER, ROW,COLUMN, BOUNDARY HEAD, AND
Cr——— e CONDUCTANCE
C
NITEMS=5
NUMGHB=NBOUND*NITEMS
CALL INFO READMULT (FNUM, NUMREC, NUMGHB, ITEMS, NITEMS, BNDS,
E *9999)
DO 700 II=1, NBOUND
K=BNDS (1, II)
I=BNDS (2, II)
J=BNDS (3, II)
WRITE (10UT,5) K,I,J, BNDS(4,II),BNDS(5,II),II
700 CONTINUE
ENDIF
C
C7BA----- TESTS EXISTENCE OF INFO FILE
C
o]
C8-————- RETURN
260 RETURN
C
CE------ERRORS
C
9990 CALL INFORM (’\\Unable to read Ghb input package control’, -1)
CALL INFORM (’\\Abnormal Termination of Ghblrp Arc Subroutine’, -1)
RETURN 1
9991 CALL INFORM (’\\Missing Ghb input package control record’, -1)
CALL INFORM (’'\\Abnormal Termination of Ghblrp Arc Subroutine’,-1)
RETURN 1
(
(I

RETURN 1
END

\\Abnormal Termination of Ghblrxp_Arc_Subroutine’,-1)

Added variables for module GHB1RPARC

Variable

ACCESS

BUFFER

GHBPATH

Module

Module

Definition

Flag indicating whether access to the ARC/INFO file is read or
write.

The control record is read into this variable and is parsed into the
appropriate variables: ITMP and GHBPATH.

The complete path to the ARC/INFO file containing the item
(INFOITEM) of interest.
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ITEMS

INFOPATH

NITEMS

NUMGHB

NUMREC

Module

Module

Module

Module

Module

Module

Flag indicating whether the "arc-section” of the program code will
be activated. > 0, ASCII file storage < 0, ARC/INFO file
storage

The names of the INFO item array either primary or redefined
within the ARC/INFO file (specified by GHBPATH)
containing the information. The item names are LAYER,
ROW, COLUMN, BOUNDARYHEAD, and COND.

The path for the ARC/INFO file where the values for the
drawdown array are stored.

Integer value for the number of items within the file specified by
INFOPATH.

Integer value for the number of records times the number of items
that are needed within the file specified by INFOPATH.

Integer value for the ﬁum&r of records within the file specified by
INFOPATH.

GHBI1BDARC |

|
|
|
|
|

This module calculates rates and volumes of flow to and from general-head boundaries of the
ground-water flow system for the GHB package and calls submodule UBUDSVARC (fig. 22).
Documentation of the changes in program code follows.

4
j 314
|
|

TEST IBD AND
ICBCFL
ICBCFL < 0 l ICBCFL >0
v 14 v 14B
CALL MODULE UBUDSV . CALL MODULE
& RECORD UBUDSVARC & RECORD
CONTENTS OF BUFF CONTENTS OF BUFF

|

|

PR S—

Figure 22.--Modified program elements for the GHHBIBDARC module.
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SUBROUTINE GHB1BDARC (NBOUND,MXBND,VBNM,VBVL, MSUM, BNDS, DELT, HNEW,
& NCOL,NROW,NLAY, IBOUND, KSTP, KPER, IGHBCB, ICBCFL, BUFF, IOUT, GHBPATH,

E *)
c
C————= VERSION 3.0 250CTOBER1991 GHB1BDARC
c MODIFIED BY LEONARD L. ORZOL
c
C EEEEEERETETES RS EEESRSSRSR SRS RS R SR SRR R RS RS RRR R R R R R R RS REEEEE ]
c CALCULATE VOLUMETRIC BUDGET FOR GHB
C LEE RS RS EERESEEETRSESRSSRRE RS RS RRRRRRRRRRRRR AR RS R RS RRE SRR R SRR R R R R
c
c SPECIFICATIONS:
C __________________________________________________________________
CHARACTER*128 OUTPATH
CHARACTER*80 GHBPATH
CHARACTER*32 INFONAME
CHARACTER*16 INFOITEM
CHARACTER*4 VBNM, TEXT
DOUBLE PRECISION HNEW
DIMENSION VBNM(4,MSUM),VBVL (4,MSUM) , BNDS (5, MXBND) ,
1 HNEW (NCOL, NROW, NLAY) , IBOUND (NCOL, NROW, NLAY) ,
2 BUFF (NCOL, NROW, NIAY)
DIMENSION TEXT (4)
DATA TEXT (1), TEXT (2) , TEXT (3) , TEXT (4) /' HEA’,’'D DE’,'P BO’,’UNDS’/
c __________________________________________________________________
c
[ E—— INITIALIZE CELL-BY-CELL FLOW TERM FLAG (IBD) AND
(o] —— ACCUMULATORS (RATIN AND RATOUT)
IBD=0
RATOUT=0.
RATIN=0.
c
C2-———— IF NO BOUNDARIES THEN KEEP ZEROES IN ACCUMULATORS.
IF (NBOUND.EQ.0) GO TO 200
c
C3—mmmmm TEST TO SEE IF CELL-BY-CELL FLOW TERMS ARE NEEDED.
IF (ICBCFL.EQ.0 .OR. IGHBCB.LE.0) GO TO 10
c
C3A-———— SINCE CELL-BY-CELL FLOW TERMS ARE NEEDED CLEAR BUFFER & SET
C3A-—~—- THE FLAG IBD.
1BD=1
DO 5 IL=1,NIAY
DO 5 IR=1,NROW
DO 5 IC=1,NCOL
BUFF (IC, IR, IL)=0.
5 CONTINUE
c
C4—mmmmm FOR EACH GENERAL HEAD BOUND ACCUMULATE FLOW INTO AQUIFER
10 DO 100 L=1,NBOUND
c
C5—————- GET LAYER, ROW AND COLUMN OF EACH GENERAL HEAD BOUNDARY.
IL=BNDS (1, L)
IR=BNDS (2, L)
IC=BNDS (3, L)
c
CH——m—m IF CELL IS EXTERNAL THEN IGNORE IT.
IF (IBOUND (IC, IR, IL) .LE.0) GO TO 100
c
CTmmmmme GET PARAMETERS FROM BOUNDARY LIST.
HHNEW=HNEW (IC, IR, IL)
HB=BNDS (4, L)
C=BNDS (5, L)
c
C8———m—- CALCULATE THE FOW RATE INTO THE CELL
RATE=C* (HB-HHNEW)
c
C9=mmmnm PRINT THE INDIVIDUAL RATES IF REQUESTED (IGHBCB<O) .
IF (IGHBCB.LT.0.AND.ICBCFL.NE.O) WRITE (IOUT, 900) (TEXT (N),6N=1,4),
1 KPER, KSTP, L, IL, IR, IC, RATE
900 FORMAT (1HO, 4A4,’  PERIOD’,I3,’ STEP’,I3,’ BOUNDARY’,I4,
1 *  LAYER’,I3,’ ROW’,I4,’ COL’,I4,’ RATE',G15.7)
c
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Cl10-----IF CELL-BY-CELL TERMS ARE TO BE SAVED THEN |PUT RATE IN BUFFER
IF(IBD.EQ.1) BUFF (IC, IR, IL)=BUFF (IC, IR, IL)+RATE

c
Ccll1--—-- SEE IF FLOW IS INTO AQUIFER OR OUT OF AQUIFER.
IF (RATE) 94, 100, 96
c
Cl2------FLOW IS OUT OF AQUIFER SUBTRACT RATE FROM RATOUT
94 RATOUT=RATOUT-RATE
GO TO 100
c
C13---—--FLOW IS INTO AQIFER ADD RATE TO RATIN
96 RATIN=RATIN+RATE
100 CONTINUE
c
Cl4--———- IF CELL-BY-CELL TERMS ARE TO BE SAVED THEN |RECORD
c
Cl4A-————- RECORD IN UNFORMATTED FILE IGHBCB ‘
c .
IF(IBD.EQ.1 .AND. ICBCFL.GE.0) CALL UBUDSV(KSTP,KPER, TEXT, IGHBCB,
& BUFF, NCOL, NROW, NLAY, TOUT)
c
Cl14B-—--—- RECORD IN ARC/INFO FILE |
c ‘
IF (IBD.EQ.1 .AND. ICBCFL.LT.0) THEN ’
INFOITEM=' LAYER'
INFONAME=' GHBBUD'
OUTPATH=GHBPATH (:INDEX(GHBPATH,' ')-1)//INFONAME
CALL UBUDSVARC (KSTP,KPER, INFOITEM, OUTPATH, BUFF, NCOL, NROW, NLAY,
& I0UT,
E *9999)
ENDIF
c
Cc15-———- MOVE RATES, VOLUMES AND LABELS INTO ARRAYS FOR PRINTING
200 VBVL (3, MSUM)=RATIN
VBVL (1, MSUM) =VBVL (1, MSUM) +RATIN*DELT
VBVL (4, MSUM) =RATOUT
VBVL (2, MSUM) =VBVL (2, MSUM) +RATOUT*DELT
VBNM (1, MSUM) =TEXT (1)
VBNM (2, MSUM) =TEXT (2)
VBNM (3, MSUM) =TEXT (3)
VBNM (4, MSUM) =TEXT (4)
c
Cl16-—-——- INCREMENT THE BUDGET TERM COUNTER
MSUM=MSUM+1
c
C17-———- RETURN
RETURN
c
CE---——-] ERRORS
c
9999 CALL INFORM ('\\Abnormal Termination of Ghblbd Arc Subroutine’, -1)
RETURN 1
END
Added variables for module GHB1BDARC
Variable Range Definition
GHBPATH Package The directory path to the ARC/INFO subdirectory where cell-by-
cell flow terms are recorded.

INFONAME Module The name of the ARC/INFO file where cell-by-cell flow terms are
: recorded (passed argument consisting of the root name
GHBBUD which later will be appended by the stress period
and time step).
INFOITEM Module The name of the ARC/INFO or INFO item where cell-by-cell flow
terms are recorder (passed argument consisting of the root
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name LAYER which later will be appended by the layer
number).

OUTPATH Module The path for the ARC/INFO file where cell-by-cell flow terms are
recorded.

Streamflow-Routing Package Modules

The STR package (Streamflow-Routing) consists of four primary modules; of these, two primary
modules (STRIRPARC and STRIBDARC) indicated below were modified and a new module
(STR1SRARC) was created to record streamflow output data to ARC/INFO files by stream segment and
reach.

STRIRPARC

This module reads and prepares data for the STR. This module searches the second control record
for four variables: ITMP, IRDFLG, IPTFLG, and STRPATH, and to read values for well parameters (layer,
row, column, seg, reach, flow, stage, cond, sbot, and stop) within the ARC/INFO file specified within the
variable STRPATH (fig. 23). Documentation of the modified module follows.

i
A

|

READ BUFFER
TEST BUFFER (31:31)
AND SET IARC

3 1A 2 1B

READ FROM BUFFER

READ FROM BUFFER ITMP,IRDFLG, IPTFLG

IT™MP AND STRPATH

IARC <0 I IARC>1

Figure 23a.--Modified program elements for the STRIRPARC module.
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IARC <0 IARC > 1
L 4 v S
READ FROM IN READ FROM STRPATH
K, L J, ISTRM(4,IT) ISTRM(5,II), STRM(1,1II), LAYER,ROW,COLUMN, SEGREACH,
STRM(2,I1),STRM3,II), STRM(4,II) STRM(5,I) FLOW STAGE,COND,SBOT,STOP
P
JARC <0 l ~ IARC>1
wL | v [o
READ FROM IN READ FROM STRPATH
STRM(6,10), WIDTH,
STRM(7,I)&STRM(S,1II) SLOPE&ROUGH
JARC <0 l IARC > 1
v Q v 9
READ FROM IN READ FROM STRPATH
ITRBAR(IK JK) ITRIB
IARC < 0 l \ IARC > 1
2 10 ! v 10
READ FROM IN READ FROM STRPATH
IDIVAR(IK) [UPSEG

Figure 23b.—~Modified program elements for the STRIRPARC module.
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SUBROUTINE STR1RPARC (STRM, ISTRM, NSTREM, MXSTRM, IN, IOUT, ITRBAR,

& NDIV, NSS, NTRIB, IDIVAR, ICALC, IPTFLG,
E *)
c c
c c
G VERSION 001 17JAN1989 STR1RPARC c
c BY D.E.PRUDIC
[ J—— VERSION 3.0 250CTOBER1991 STR1RPARC
c MODIFIED BY LEONARD L. ORZOL
C LR R RS EEREREES RS RS RERS R SRS R R RS RS EERE R REREEEREEEEET
c READ STREAM DATA: INCLUDES STREAM SEGMENT NUMBER, NODE SEQUENCE C
c OF STREAM SEGMENT, FLUX INTO MODEL AT BOUNDARY, STREAM c
c STAGE, STREAM BED CONDUCTANCE, AND STREAM BOTTOM ELEVATIONC
C *************‘k***************************************************C
c c
c SPECIFICATIONS: c
c SR - —C
REAL STREM(131072)
DIMENSION STRM(11,MXSTRM), ISTRM (5, MXSTRM) , ITRBAR (NSS, NTRIB) ,
1 IDIVAR (NSS)
CHARACTER*132 BUFFER
CHARACTER*128 INFOPATH
CHARACTER*80 STRPTH, PATH
CHARACTER*16 ITEM, ITEMS (13)
INTEGER FNUM, NUMREC, NITEMS, NUMSTR, ACCESS, STRDEX
COMMON /STRCMN/ STREM
DATA ITEMS (1), ITEMS (2), ITEMS (3) , ITEMS (4), ITEMS (5) , ITEMS (6),
& ITEMS (7),ITEMS (8), ITEMS (9), ITEMS (10), ITEMS (11), ITEMS (12),
& ITEMS (13)/’'LAYER’, 'ROW’, ' COLUMN',’SEG’, ' REACH',’'FLOW’,’'STAGE’,
& 'COND’,'SBOT’,’STOP’, 'WIDTH’,’'SLOPE’,’ROUGH’/
O e c
c c
ClA--——-IF MXSTREAM IS LESS THAN 1 THEN STREAM IS INACTIVE. RETURN. c
IF (MXSTRM.LT.1) RETURN
c
C1B------READ CONTROL LINE FOR WELL INFORMATION
c
READ (IN, ' (A132) ', ERR=9990, END=9991) BUFFER
c c
C1BA----- READ ITMP (NUMBER OF STREAM CELLS OR FLAG TO REUSE DATA) c
c
IF (BUFFER (31:31) .EQ.’’ .OR. BUFFER (31:31).EQ.’ ’) THEN
READ (BUFFER, ’ (3I10)’,ERR=9992) ITMP, IRDFLG, IPTFLG
TARC=0
c
C1BB------ READ ITMP (NUMBER OF WELLS OR FLAG SAYING REUSE STREAM DATA)
< S — AND STRPTH TO ARC/INFO FILE
c
ELSE
READ (BUFFER, ’ (3110,A80) ' ,ERR=9992) ITMP, IRDFLG, IPTFLG, STRPTH
INFOPATH=STRPTH (1:INDEX (STRPTH,' ’)-1)
TARC=1
ENDIF
c c
erY N— IF ITMP <0 THEN REUSE DATA FROM LAST STRESS PERIOD. c
IF (ITMP.GE.0)GO TO 50
WRITE (IOUT, 2)
2 FORMAT (1HO, ‘REUSING STREAM NODES FROM LAST STRESS PERIOD’)
RETURN
c c
C2B-———~ IF ITMP=> ZERO THEN IT IS THE NUMBER OF STREAM CELLS c
50 NSTREM=ITMP
c c
[k N— IF NSTREM>MXSTRM THEN STOP. c
IF (NSTREM.LE.MXSTRM) GO TO 100
WRITE (IOUT, 99) NSTREM, MXSTRM
99 FORMAT (1HO, NSTREM(’,I4,’) IS GREATER THAN MXSTRM(’,I4,’)’)
RETURN 1
c c
C3B---—--PRINT NUMBER OF STREAM CELLS IN THIS STRESS PERIOD. c

100 IF (IRDFLG.GE.O) WRITE (IOUT, 3) NSTREM
3 FORMAT (1HO, //1X,15,’ STREAM NODES’)
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c c
Cd~mmmmm IF THERE ARE NO STREAM CELLS THEN RETURN. c
IF (NSTREM.EQ.0) RETURN
c c
C5-————~ READ AND PRINT DATA FOR EACH STREAM CELL. c
IF (IRDFLG.GE.0) WRITE (IOUT, 4)
4 FORMAT (1H ,3X,’LAYER ROW COL SEGMENT REACH STREAMFLOW
1 STREAM STREAMBED STREAMBED BOT STREAMBED TOP’, /27X,
2’NUMBER  NUMBER STAGE CONDUCTANCE ELEVAT
3ION ELEVATION’, /3X,110('~"))
c
CEA-————=— OPENS ASCII FILE AND READS ITEMS (ROW,COLUMN,LAYER, SEG,
[ P REACH, FLOW, STAGE, COND, SBOT, STOP)
c |
IF (IARC.LT.1) THEN
DO 250 II=1, NSTREM
READ (IN, 5, ERR=9993)
& K,I,J,ISTRM(4,II),ISTRM(5,II),STRM(1,II),
1 STRM (2, II), STRM(3,II),STRM(4,II), STRM(S,II)
5 FORMAT (5I5,F15.0, 4F10.0)
IF (IRDFLG.GE.0) WRITE (IOUT, 6)K,I,J, ISTRM(4,II), ISTRM(5, II),
1 STRM(1, II), STRM(2,II),STRM(3,1I), STRM(4,II), STRM(5,II)
6 FORMAT (1X, 3X, I4,217,219,7X,G11.4,G12.4,G11. 4, 4X, 2G13. 4)
ISTRM(1,II)=K
ISTRM (2, II)=I
ISTRM (3,1I)=J
250 CONTINUE
c
C5B—————— OPENS ARC/INFO FILE AND READS ITEMS (ROW,COLUMN, LAYER,
[ I — SEG, REACH, FLOW, STAGE, COND, SBOT, STOP)
c
ELSE ‘
ACCESS=1 ‘
CALL INFO_OPENS (INFOPATH, ACCESS,FNUM, NUMREC,
E *9999)
NITEMS=5
DO 260 N=1, NITEMS
CALL INFO_READREAL (FNUM,NUMREC, ITEMS (N) , STREM,
E *9999)
DO 270 I=1, NUMREC
ISTRM (N, I) =STREM (I)
270 CONTINUE
260 CONTINUE
NITEMS=10
DO 280 N=6, NITEMS
ITEM=ITEMS (N)
CALL INFO_READREAL (FNUM, NUMREC, ITEM, STREM,
E *9999)
DO 290 I=1, NUMREC
STRM (N-5, 1) =STREM(I)
290 CONTINUE
280 CONTINUE
CALL INFO_CLOSING (FNUM)
IF (IRDFLG.GE.O0) WRITE (IOUT,6) (ISTRM(1,II)|, ISTRM(2,II),
1 ISTRM(3,II), ISTRM(4,II),ISTRM(5,II),STRM(1,II),
2 STRM (2, II), STRM(3,II),STRM(4, II), STRM(5,II), II=1, NSTREM)
ENDIF
c c
C6----READ AND PRINT DATA IF HEADS IN STREAMS ARE Tb BE CALCULATED c
c
IF (ICALC.LE.0) GO TO 300
IF (IRDFLG.GE.0) WRITE (IOUT, 7)
7 FORMAT (1HO, 3X, ' LAYER’, 3X, 'ROW’, 4X,’COL  ’,’ SEGMENT’,3X,
1/REACH' , 8X, ' STREAM’ , 13X, ' STREAM’ , 10X, ' ROUGH’ , /27X, ' NUMBER' , 3X,
2 ‘NUMBER’, 8X, ‘WIDTH’, 14X, 'SLOPE’, 10X, ' COEF.’, /3X,110('~))
c
C6A-————~ NON-ARC METHOD
c

IF (IARC.LT. 1) THEN
DO 600 II=1, NSTREM
READ (IN, 8, ERR=9994) STRM(6, II), STRM (7, II),STRM(8, II)
8 FORMAT (3F10.0)
|
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IF (IRDFLG.GE.0) WRITE (IOUT, 9) ISTRM(1, II), ISTRM(2, II),

1 ISTRM (3, 1I), ISTRM(4, II), ISTRM(5, II), STRM(6, IT),
2 STRM (7,1I),STRM(8, II)
9 FORMAT (1X, 8X, 14,19, I8,110,120,10X,
1 G12.4,5X,G13.4,4X,G12.4)
600 CONTINUE
c
C6B-————— ARC METHOD
c
ELSE
ACCESS=1
CALL INFO OPENS (INFOPATH,ACCESS, FNUM, NUMREC,
E - *9999)
NITEMS=13

DO 610 N=11,NITEMS
ITEM=ITEMS (N)
CALL INFO_READREAL (FNUM, NUMREC, ITEM, STREM,
E *9999)
DO 620 I=1,NUMREC
STRM (N-5, T) =STREM (I)
620 CONTINUE
610 CONTINUE
CALL INFO_CLOSING (FNUM)
IF (IRDFLG.GE.0) WRITE (IOUT,9) (ISTRM(1,II),ISTRM(2,II),

1 ISTRM(3,II), ISTRM(4,II), ISTRM(5, II), STRM(6,II),
2 STRM(7,1I),STRM(8,1II), II=1, NSTREM)
ENDIF
C
Cl-————~ INITIALIZE ALL TRIBUTARY STREAM SEGMENTS TO ZERO.

300 DO 320 IK=1,NSS
DO 320 JK=1,NTRIB
ITRBAR (IK, JK)=0

320 CONTINUE

C8————— INITIALIZE DIVERSION STREAM SEGMENT ARRAY TO ZERO.
”“ DO 325 IK=1,NSS
IDIVAR (IK)=0
325 CONTINUE

c
o] P— READ AND PRINT TRIBUTARY STREAM SEGMENTS
IF (NTRIB.LE.O) GO TO 343
IF (IRDFLG.GE.0) WRITE (IOUT, 10)NTRIB
10 FORMAT (1HO, 30X, ‘ MAXIMUM NUMBER OF TRIBUTARY STREAMS IS ’,I5,//1X,
1 20X, ' STREAM SEGMENT', 15X, ’ TRIBUTARY STREAM SEGMENT NUMBERS')
c
C9A---—NON-ARC METHOD
c
IF (IARC.LT.1) THEN
DO 340 IK=1,NSS
READ (IN, 11, ERR=9995) (ITRBAR (IK, JK),JK=1, NTRIB)
11 FORMAT (1015)
IF (IRDFLG.GE.0) WRITE (IOUT,12)IK, (ITRBAR (IK, JK), JK=1, NTRIB)
12 FORMAT (20X, I5, 20X, 1015)
340 CONTINUE
c
C9B----ARC METHOD
c
ELSE
ACCESS=1

STRPTH=INFOPATH
STRDEX=INDEX (STRPTH, ' : ')
IF (STRDEX.LE.O) THEN
STRDEX=INDEX (STRPTH, ' 1')
STRDEX=STRDEX+INDEX (STRPTH (STRDEX+1:LEN (STRPTH)),'!’)
ELSE
STRDEX=STRDEX+INDEX (STRPTH (STRDEX+1:LEN(STRPTH)), :’)
ENDIF
PATH=STRPTH (STRDEX+1:LEN (STRPTH))
STRPTH=STRPTH (1 :STRDEX)
PATH=PATH (INDEX (PATH,’ ') :LEN (PATH))
INFOPATH=STRPTH (1: INDEX (STRPTH, ' ')-1)//'TRIB’ //
& PATH (1:INDEX(PATH,’ ’)-1)
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DO 900 JK=1, NTRIB
ICHAR=16
IPER=0
ISTP=0
ITEM=' ITRIB'
CALL INFO_NAMING (ITEM, IPER,ISTP, JK, ICHAR)
CALL INFO_READREAL (FNUM,NUMREC, ITEM, STREM,
E *9999)
DO 910 IK=1,NSS
ITRBAR (IK, JK) =STREM (IK)
910 CONTINUE |
900 CONTINUE |
CALL INFO_CLOSING (FNUM) |
IF (IRDFLG.GE.0) THEN
DO 920 IK=1,NSS

WRITE(IOUT, 12) IK, (ITRBAR(IK, JK), J'K=1;NTRIB)

920 CONTINUE
ENDIF ;
ENDIF i
C '
C10----READ AND PRINT STREAM DIVERSIONS
343 IF(NDIV.LE.O) GO TO 350
IF (IRDFLG.GE.0) WRITE (IOUT, 13)
13 FORMAT (1HO, 10X, ' DIVERSION SEGMENT NUMBER’, 10X,
1 ' UPSTREAM SEGMENT NUMBER’)
c
C10A---NON-ARC METHOD
c
IF (IARC.LT.1) THEN
DO 345 IK=1,NSS |
READ (IN, 14, ERR=9996) IDIVAR (IK) \
14 FORMAT (I10) |
IF (IRDFLG.GE.0) WRITE (IOUT,15) IK, xnxmtm)
15 FORMAT (20X, I5, 28X, I5)
345 CONTINUE
c
C10B----ARC METHOD
c
ELSE
ACCESS=1
STRPTH=INFOPATH
STRDEX=INDEX (STRPTH, ' :')
IF (STRDEX.1E.O) THEN
STRDEX=INDEX (STRPTH, ' !')

STRDEX=STRDEX+INDEX (STRPTH (STRDEX+1: mntsm'm)) 11y

ELSE

STRDEX=STRDEX+INDEX (STRPTH (STRDEX+1:LEN(STRPTH)),’

ENDIF
STRPTH=STRPTH (1 :STRDEX)
PATH=STRPTH (STRDEX+1:LEN (STRPTH) )
PATH=STRPTH (INDEX (STRPTH,’'_’) :LEN (STRPTH))

INFOPATH=STRPTH (1: INDEX (STRPTH, ' ')-1)//'DIV'//

& PATH (1:INDEX(PATH,’ ’)-1) ‘
CALL INFO_OPENS (INFOPATH,ACCESS,FNUM, ,
E *9999)
ITEM=' IUPSEG'
CALL INFO_READINT (FNUM, NUMREC, ITEM, ID ,
E *9999) ;
CALL INFO CLOSING (FNUM)

IF (IRDFLG.GE.0) WRITE(IOUT,15) (IK,IDIVAR(IK), IK=1,NSS)

ENDIF
c

Cl1----SET FLOW OUT OF REACH, FLOW INTO REACH, AND FLOW THROUGH

c STREAM BED TO ZERO.
350 DO 360 II =1,NSTREM
STRM(9,1I)=0.0
STRM(10,11)=0.0
STRM(11,1II)=0.0

360 CONTINUE !
c
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9990

9991

9992

9993

9994

9995

9996

9999

CALL INFORM
&

CALL INFORM
RETURN 1
CALL INFORM
CALL INFORM
RETURN 1
CALL INFORM
&

CALL INFORM
RETURN 1
CALL INFORM
CALL INFORM
&

CALL INFORM
RETURN 1
CALL INFORM
CALL INFORM
CALL INFORM
RETURN 1
CALL INFORM
CALL INFORM
RETURN 1
CALL INFORM
CALL INFORM
RETURN 1
CALL INFORM
RETURN 1
END

(\\Unable to read Stream input package ‘' //
'control record’, -1)
(' \\Abnormal Termination of Strlrp Arc_ Subroutine’, -1)

(‘\\Missing Stream input package control record’, -1)
(' \\Abnormal Termination of Strlrp Arc_ Subroutine’, -1)

(' \\Unable to read parameters from Stream input ‘' //

! record’, -1)

(' \\Abnormal Termination of Strlrp Arc Subroutine’,-1)

(' \\Unable to read Hydraulic input parameters:’,6 -1)

(‘\\ ROW, COLUMN, LAYER, SEG, REACH, FLOW,

s

‘STAGE, COND, SBOT, STOP’,-1)
(’\\Abnormal Termination of Strlrp Arc Subroutine’, -1)

(‘\\Unable to read Hydraulic input parameters:’,-1)
(*\\ WIDTH, SLOPE, ROUGH',-1)
(' \\Abnormal Termination of Strlrp Arc_Subroutine’,-1)

(‘\\Unable to read Tributary input parameters’,-1)
(‘\\Abnormal Termination of Strlrp Arc_Subroutine’,-1)

(‘\\Unable to read Diversions input parameters’,-1)
(‘\\Abnormal Termination of Strlrp Arc Subroutine’,-1)

(‘\\Abnormal Termination of Strlrp Arc_Subroutine’, -1)

Added variables for module STR1IRPARC

Variable

ACCESS

BUFFER

PATH

STRPATH

IARC

ITEMS

INFOPATH

NITEMS

NUMREC

STREM

Range

Module

Module

Module
Module

Module

Module

Submodule
Module
Module

Module

Definition

Flag indicating whether access to the ARC/INFO file is read or
write.

The control record is read into this variable and is parsed into the
appropriate variables: ITMP, IRDFLG, IPTFLG, and
STRPATH.

The root path to the ARC/INFO directory containing the files of
interest.

The complete path to the ARC/INFO file containing the item
(INFOITEM) of interest.

Flag indicating whether the "arc-section" of the program code will
be activated. > 0, ASCII file storage < 0, ARC/INFO file
storage

The names of the INFO item array either primary or redefined
within the ARC/INFO file (specified by STRPATH)
containing the information. The item names are LAYER,
ROW, COLUMN, SEG, REACH, FLOW, STAGE, COND,
SBOT, and STOP or WIDTH, SLOPE, and ROUGH or
ITRIB_xx (where xx is tributary number) or IUPSEG.

The path for the ARC/INFO file where the values for the
streamflow arrays are stored.

Integer value for the number of items within the file specified by
INFOPATH.

Integer value for the number of records within the file specified by
INFOPATH.

Real array holding array values from the records within the file
specified by INFOPATH.
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STR1BDARC

This module calculates rates and accumulated volumes
the STR package and calls submodule UBUDSVARC (fig. 24).
code follows.

F
H
g
7

&

|

of stream leakage into and out of aquifer for
Documentation of the changes in program

24
TEST IBD ANS
ICBCFL
ICBCFL <0 ICBCFL >0
v 24 v 24B
CALL MODULE UBUDSV CALL MODULE
& RECORD UBUDSVARC & RECORD
CONTENTS OF BUFF CONTENTS OF BUFF
- 1 |
|
i \
o
11
| .
TEST IBD AND
ICBCFL }
L
ICBCFL <0 I ICBCFL >0
L 2 29 v 20B
CALL MODULE UBUDSV CALL MODULE
& RECORD UBUDSVARC & RECORD
CONTENTS OF BUFF CONTENTS OF BUFF
g
¥
Figure 24.--Modified program elements for the STRIBDARC module.
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SUBROUTINE STR1BDARC (NSTREM, STRM,ISTRM, IBOUND, MXSTRM, HNEW,

1 NCOL, NROW, NLAY, DELT, VBVL, VBNM, MSUM, KSTP, KPER, ISTCB1, ISTCB2,
2 ICBCFL, BUFF, IOUT, NTRIB, NSS, ARTRIB, ITRBAR, IDIVAR, ICALC,
3 CONST, IPTFLG, STRPTH,
E *)
C-m——= VERSION 001 17JAN1989 STR1BDARC c
c BY D.E.PRUDIC
Cm—mm VERSION 3.0 250CTOBER1991 STR1BDARC
c MODIFIED BY LEONARD L. ORZOL
C *****************************************************************C
c CALCULATE VOLUMETRIC BUDGET FOR STREAMS c
C *****************************************************************C
c c
c SPECIFICATIONS: c
G e c
CHARACTER*128 OUTPATH
CHARACTER*80 STRPTH
CHARACTER*32 INFONAME
CHARACTER*16 INFOITEM
CHARACTER*4 VBNM, TEXT, STRTXT
DOUBLE PRECISION HNEW
DIMENSION STRM(11,MXSTRM), ISTRM (5, MXSTRM) , IBOUND (NCOL, NROW, NLAY}),
1 HNEW (NCOL, NROW, NLAY) , VBVL (4, 20) , VBNM (4, 20) ,
2 BUFF (NCOL, NROW, NLAY) , ARTRIB (NSS) , ITRBAR (NSS, NTRIB) ,
3 IDIVAR (NSS)
DIMENSION TEXT (4),STRTXT (4)
DATA TEXT (1), TEXT (2), TEXT (3) , TEXT (4) /' ST’,’REAM’,’ LEA’,’KAGE'/
DATA STRTXT (1), STRTXT (2) , STRTXT (3) , STRTXT (4) /'STRE’,’AM F’,
1 "LOW *,'OUT '/
€ e c
c c
Cl-—mmmm SET IBD=1 IF BUDGET TERMS SHOULD BE SAVED ON DISK. c
IBD=0
RATIN = O.
RATOUT = 0.
c c
C2———mmm IF NO REACHES, KEEP ZEROS IN ACCUMULATORS. c
IF (NSTREM.EQ.0) GO TO 600
c c
C3A-———- TEST TO SEE IF CELL-BY-CELL TERMS ARE NEEDED. c
IF ( (ICBCFL.EQ.0) .OR. (ISTCB1.LE.0)) GO TO 10
c c
C3B-———- CELL-BY-CELL TERMS ARE NEEDED, SET IBD AND CLEAR BUFFER. c
IBD = 1
DO 5 IL=1,NLAY
DO 5 IR=1,NROW
DO 5 IC=1,NCOL
BUFF (IC, IR, IL)=0.
5 CONTINUE -
c c
Cl-m—mmmm IF THERE ARE STREAMS THEN ACCUMULATE LEAKAGE TO OR FROM THEM. C
10 DO 500 L=1,NSTREM
LL=L-1
c c
C5---DETERMINE REACH LOCATION. c
IL=ISTRM(1, L)
IR=ISTRM(2, L)
IC=ISTRM(3, L)
c c
C6---IF CELL IS EXTERNAL SKIP CALCULATIONS. c
IF (IBOUND (IC, IR, IL) .LE.0)GO TO 500
c c
Cl-————- DETERMINE SEGMENT AND REACH NUMBER. c
ISTSG=ISTRM (4, L)
NREACH=ISTRM (5, L)
IF (NREACH.GT.1) GO TO 200
c c
C8——m—mm SET FLOWIN EQUAL TO SEGMENT INFLOW IF FIRST REACH.
FLOWIN=STRM (1, L)
IF (ISTSG.GT.1) IFLG = ISTRM(4,LL)
c c
CY~——mm——= STORE OUTFLOW FROM PREVIOUS SEGMENT IN ARTRIB IF SEGMENT >1. C
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IF(ISTSG.GT.1) ARTRIB(IFLG)=STRM(9,LL)
C
C10--IF SEGMENT IS A DIVERSION, COMPUTE FLOW OUT
IF (IDIVAR(ISTSG) .LE.Q) GO TO 50
NDFLG=IDIVAR (ISTSG)
DUM=ARTRIB (NDFLG) -FLOWIN
IF (DUM.GE.0.0) ARTRIB (NDFLG)=DUM
IF (DUM.GE.0.0) GO TO 50
FLOWIN=0.
50 IF (FLOWIN.GE.0.0) GO TO 300
Cc

C11--SUM TRIBUTARY OUTFLOW AND USE AS INFLOW INTO POWNSTREAM SEGMENT.

FLOWIN =0.

DO 100 ITRIB=1,NTRIB

INODE=ITRBAR (ISTSG, ITRIB)}

IF (INODE.LE.O0) GO TO 100

FLOWIN=FLOWIN+ARTRIB (INODE)
100 CONTINUE

c

Cl12—=~-- IF REACH >1, SET INFLOW EQUAL TO CUTFLOW FROM UPSTREAM REACH.
200 IF(NREACH.GT.1l) FLOWIN=STRM (9, LL)

Cc

C13----COMPUTE STREAM STAGE IN REACH IF ICALC > 1.

300 IF(ICALC.LE.O) GO TO 310
XNUM= ( (FLOWIN+STRM(9,L))/2.0) *STRM(8, L)
DNOM=CONST*STRM (6, L) * (SQRT (STRM(7,L}))
DEPTH= (XNUM/DNOM) **0. 6
IF ((DEPTH) .LE.O) DEPTH=O0.
STRM (2, L) =DEPTH+STRM (5, L)

310 HSTR=STRM(2,L)

c
C14-——-DETERMINE LEAKAGE THROUGH STREAMBED.
IF (FLOWIN.LE.0.0) HSTR=STRM(5,L)

CSTR=STRM (3, L)
SBOT=STRM (4, L)
H=HNEW (IC, IR, IL) 1
T=HSTR-SBOT :

o]

FLOBOT=CSTR* (HSTR-H)
Cc

C16----RECOMPUTE LEAKAGE IF HEAD IN CELL IS BELOW STREAMBED BOTTOM.

IF(H.GT.SBOT) GO TO 312
FLOBOT=CSTR*T

c
C17----SET LEAKAGE EQUAL TO STREAM INFLOW IF LEAKAGE MORE THAN INFLOW.
312 IF(FLOBOT.LE.FLOWIN) GO TO 320
FLOBOT=FLOWIN
o]

C18——--STREAMFLOW OUT EQUALS STREAMFLOW IN MINUS LEAKAGE.

320 FLOWOT=FLOWIN-FLOBOT

IF((ISTSG.GT.1) .AND. (NREACH.EQ.1)) STRM(9, LL*-ARTRIB(IFLG)

C19—-——STORE STREAM INFLOW, OUTFLOW AND LEAKAGE FO$ EACH REACH.

STRM (9, L) =FLOWOT

STRM(10,L)=FLOWIN

STRM(11, L) =FLOBOT
C

C20--——-IF LEAKAGE FROM STREAMS IS TO BE SAVED THEN ADD RATE TO BUFFER.
IF(IBD.EQ.1) BUFF (IC,IR,IL)=BUFF(IC, IR, IL)+FLOBOT

C
C21--—--DETERMINE IF FLOW IS INTO OR OUT OF MODEL CELL.
C SKIP ESTIMATE OF LEAKAGE FROM STREAM IF LEAKAGE IS ZERO.
IF (FLOBOT) 494,500,496
(od
C22--—-- SUBTRACT FLOW RATE FROM RATOUT IF AQUIFER DISCHARGES TO STREAM.
494 RATOUT=RATOUT-FLOBOT
GO TO 500
C |
C23-———- ADD FLOW RATE TO RATIN IF STREAM DISCHARGES TO AQUIFER.

496 RATIN=RATIN+FLOBOT
500 CONTINUE \
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C15----COMPUTE LEAKAGE AS A FUNCTION OF STREAM STAtE AND HEAD IN CELL.
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c c
c24--——- IF BUDGET TERMS WILL BE SAVED THEN WRITE TO DISK. c
c c
c
C24A-————- RECORD IN UNFORMATTED FILE ISTCB1
c
IF(IBD EQ.1 .AND. ICBCFL.GE.O) CALL UBUDSV(KSTP, KPER, TEXT,
ISTCB1, BUFF, NCOL, NROW, NLAY, IOUT)
c
C24B-————- RECORD IN ARC/INFO FILE
c
IF (IBD.EQ.1 .AND. ICBCFL.LT.0) THEN
INFOITEM=' LAYER’
INFONAME=' LKGRUD'
OUTPATH=STRPTH (:INDEX (STRPTH, ' ‘)-1)//INFONAME
CALL UBUDSVARC (KSTP,KPER, INFOITEM, OUTPATH, BUFF, NCOL, NROW, NLAY,
& 100T
E *9999)
ENDIF
c
C25A-———— MOVE RATES INTO VBVL FOR PRINTING BY MODULE BAS OT. c
600 VBVL (3, MSUM)=RATIN
VBVL (4, MSUM) =RATOUT
c c
C25B——~—— MOVE PRODUCT OF RATE AND TIME STEP INTO VBVL ACCUMULATORS. c
VBVL (1, MSUM) =VBVL (1, MSUM) +RATIN*DELT
VBVL (2, MSUM) =VBVL (2 , MSUM) +RATOUT*DELT
c c
C25C———~- MOVE BUDGET TERM LABELS INTO VBNM FOR PRINTING BY BAS OT. c
VBNM (1, MSUM) =TEXT (1)
VBNM (2, MSUM) =TEXT (2)
VBNM (3, MSUM) =TEXT (3)
VBNM (4, MSUM) =TEXT (4)
c c
C26————~ INCREASE BUDGET TERM COUNTER BY ONE. c
MSUM=MSUM+1
c c
C27-———~ RESET IBD COUNTER TO ZERO. c
IBD=0
C28----IF STREAM OUTFLOW FROM EACH REACH IS TO BE STORED IN ON DISK c
c THEN STORE OUTFLOW RATES INTO BUFFER. c
IF ( (ICBCFL.EQ.O) .OR. (ISTCB2.LE.0)) GO TO 625
IBD = 1
DO 605 IL=1,NLAY
DO 605 IR=1,NROW
DO 605 IC=1,NCOL
605 BUFF (IC, IR, IL)=0.
c c
C29-——=~ SAVE STREAMFLOWS OUT OF EACH REACH ON DISK. c
DO 615 L=1,NSTREM :
IC=ISTRM(3, L)
IR=IST<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>