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USER’S GUIDE TO REVISED METHOD-OF-CHARACTERISTICS
SOLUTE-TRANSPORT MODEL (MOC--Version 3.1)

By Leonard F. Konikow, Gregory E. Granato, and
George Z. Hornberger

ABSTRACT

The U.S. Geological Survey computer model to simulate two-
dimensional solute transport and dispersion in ground water (Konikow and
Bredehoeft, 1978; Goode and Konikow, 1989) has been modified to improve
management of input and output data and to provide progressive run-time
information. All opening and closing of files are now done automatically by
the program. Names of input data files are entered either interactively or
using a batch-mode script file. Names of output files, created automatically by
the program, are based on the name of the input file. In the interactive mode,
messages are written to the screen during execution to allow the user to
monitor the status and progress of the simulation and to anticipate total
running time. Information reported and updated during a simulation include
the current pumping period and time step, number of particle moves, and
percentage completion of the current time step. The batch mode enables a user
to run a series of simulations consecutively, without additional control. A
report of the model's activity in the batch mode is written to a separate output
file, allowing later review. The user has several options for creating separate
output files for different types of data. The formats are compatible with many
commercially available applications, which facilitates graphical
postprocessing of model results.






INTRODUCTION

The method of characteristics (MOC) program simulates two-
dimensional ground-water flow and solute transport through porous media.
The computer model, written in FORTRAN, uses the finite-difference method
and the method of characteristics to solve for flow and transport, respectively.
The most recent set of revisions (Version 3.1), detailed in this report, expands
the program's run-time capabilities and improves output formats and options.

This report describes the changes that have been made since the last
update of MOC (Goode and Konikow, 1989) and provides user instructions for
MOC Version 3.1. Those not familiar with the program should refer to the
original MOC documentation (Konikow and Bredehoeft, 1978). Although many
changes have been made since MOC's first release, data files that ran with
previous MOC versions are still compatible with MOC 3.1.

The MOC program can now be executed in either interactive or batch (or
background) modes. The normal or default mode of operation is interactive.
In this mode, the user is prompted for the name of the input data file and, if
necessary, is asked questions relating to overwriting of existing files. In
previous versions of MOC, the user had to open input and output files before
executing the model. Naming of output files is accomplished automatically in
both modes, which facilitates the creation of multiple output files from a single
input file and reduces the amount of data entry required to use MOC.

In the interactive mode, status messages and graphical displays allow
the user to monitor the progress of the simulation and make a rough estimate
of the remaining run time. If the on-screen displays indicate an unexpectedly
large run time, it may indicate an error in the input data or in the problem
conceptualization, and the user can terminate the simulation and examine the
preliminary output to ascertain the cause of the lengthy execution time. This
may eliminate a great deal of useless computational effort.

If a user does not wish to monitor simulation progress or wishes to
automatically run a series of simulations with multiple input data files, then



MOC Version 3.1 can be run in batch mode. The user must create a text file
containing the names of a series of input data files to be run consecutively
when MOC is executed. On some machines this may be used in conjunction
with a command to run the program in the background; in that case the
program will continue running after the user has logged out. In the batch
mode, normal output to the screen is eliminated.

Through the selection of new options in the input data file, MOC now
has the ability to generate additional output files that contain specific types of
data. MOC can create ASCII text files for selected parameters; these files are
written in formats designed to be read directly by commonly available
independent graphics, spreadsheet, and contour plotting applications. Input
options available for these optional output files are explained in Appendix A.
PREMOC (Granato and others, 1993), a preprocessor for MOC, has been
updated (to its Version 4.1) to accommodate the new options available in MOC.

The format of the standard MOC output file has been altered to improve
its readability when viewed on a standard computer monitor. Most carriage
control characters have been eliminated and most output is written in the first
80 columns of a line, which are visible on most monitors.

INTERACTIVE MODE

MOC 3.1 is implemented in the interactive mode by entering into the
computer the name of the executable code. Upon the start of execution, a title
screen is written to the monitor and a prompt is given for the name of the input
file (see Appendix A for precise instructions on the proper formats for the
input data file). If the file requested is not found, then the program queries the
user for a new disk directory and (or) file name.

Names for MOC 3.1 output files are created automatically by the
program (see details in the section OUTPUT FILE FORMATS). If a file of the
same name as a potential output file exists in the directory specified, the user
is prompted to decide whether or not to overwrite the older file to prevent an



inadvertent loss of data (this choice is not available in batch mode). If the user
chooses to not overwrite an existing file, execution of the program is
terminated.

During execution a progress report is printed to the screen. The current
and total number of pumping (stress) periods, time steps (for solving the flow
equation), and particle moves (time increments for solving the transport
equation) in the current time step are indicated. Asterisks are printed along a
graded line to show the percent of particle moves completed; the particle moves
are typically the most computationally intensive part of a simulation. This
provides a real-time diagnostic tool for the simulation and an estimate of the
total run time. An example of a progress report printed to the screen during
execution of MOC 3.1 in its interactive mode is shown in figure 1. This
progress report indicates that the program is in the first and only pumping
period and time step. There are 20 particle moves required, and the program
has stepped through 10 percent of them.

sample.dat
FILE EXISTS

PUMPING PERICD: 1 OF 1

TIME STEP: 1 OF 1

NUMBER OF PARTICLE MOVES: 20

0..... 10..... 20..... 30..... 40..... 50..... 60..... 70..... 80..... 90....100

dok ok Kk okkok

Figure 1.--Example of screen output showing progress report.

BATCH MODE

The batch mode is designed to run multiple input files consecutively
without user or operator interference. This mode would be of value typically
during model calibration or sensitivity testing, when a large number of
simulations are made while varying values of key parameters. Batch mode is
initiated automatically if a file named MOCBAT.DAT (upper or lower case)
exists in the directory in which MOC 3.1 is run. The program searches for the
MOCBAT.DAT file only in the directory from which the command was issued.



MOCBAT.DAT is an ASCII file created by the user in a specific format.
The first line must contain an integer denoting the number of files in the batch
(which equals the number of subsequent lines in the file). The second and
following lines each contain a file name (and path, if pertinent) of input data
files for MOC. The integer will be read in free format and the file names in a
character format (A40). MOCBAT.DAT can be created by any ASCII text
editor. Normal screen output is turned off in this mode.

An example of a representative MOCBAT.DAT file is shown in figure 2.
This example file indicates that the MOC model should be run four consecutive
times using the listed input data files in order: sample.dat, testl.dat, test2.dat,
and \home\data\test3.dat.

4

sample.dat

testl.dat

test2.dat
\home\data\test3.dat

Figure 2.--Example of an input file for the batch mode.

When MOC 3.1 is run in batch mode, it will generate a file, named
MOCBAT.RPT, which is a report of the program's activity while running in
batch mode. Files that are created by the process of running MOC and any
errors or problems encountered with input files are recorded. Figure 3
presents an example of part of a report created when MOC 3.1 was executed in
the batch mode in the same directory as the file MOCBAT.DAT shown in
figure 2. Because the file “testl.dat” did not exist, an error message was
written to the report file and execution progressed to the next file in the list.

In order to run MOC interactively after being executed in batch mode,
the file MOCBAT.DAT must be deleted or renamed.



USGS MOC model, Version 3.1 (BATCH MODE)

sample.dat

FILE EXISTS

U.S.G.S. Method-of-characteristics model for solute transport in ground water
Sample data

The following OUTPUT files will be generated:

standard MOC output data ......... sample.out
observation well data ............ sample.obs
PUMPING PERIOD: 1 OF 1
TIME STEP: 1 OF 1
NUMBER OF PARTICLE MOVES: 20
testl.dat

Input file specified in mocbat.dat does not exist.
Processing will continue with next input file.

Figure 3.--An example MOCBAT.RPT file, created when MOC 3.1 was
executed in the same directory as the file MOCBAT.DAT in Figure 2.
(Only part of the file is shown.)

OUTPUT FILES

The standard MOC output file lists input parameters, head and
concentration distributions, stability criteria, and the fluid and chemical mass
balances. In addition to the standard output, MOC 3.1 can also create several
separate output files containing data describing a single parameter, variable,
or “records” at observation wells. Options to create these files aid in the ability
to import the data into graphing and contouring programs. These options for
output files are accessed using numerical codes (which act as flags or toggles)
in the input data file, as described in Appendix A. The user activates the
options by setting NOUTFL, the last parameter on Line 2 of the input data set,
equal to 1. This flag causes the program to read Line 3.2, on which all of the
specifications for optional output files are defined.

All data are written to these optional files using an exponential
FORTRAN format of E10.3. Spaces are used as delimiters between adjacent



data values, and double quotes are used around any header information; these
conventions are consistent with the input requirements of many commonly
available graphical software applications.

Names for MOC 3.1 output files are based on the name of the input data
file. The output file names are automatically created by truncating the
extension (or suffix) of the input file name, if it exists, and inserting (or
appending) an appropriate new file name extension. If an extension exists, it
is recognized by a period followed by one to three characters at the end of the
file name (for example, in the file name example.dat, the characters “dat”
would be recognized as the suffix). The naming conventions are described in
table 1.

The MOC 3.1 file naming system is compatible with the file naming
nomenclature and standards of MS-DOS!, Macintosh, UNIX, and other
operating systems. Complete pathnames of files should be specified when the
input file resides in another directory. All output files are written to the
directory in which each input file is located.

S M t Data

Name...... filename.out

This file is the primary and comprehensive output file for MOC 3.1. An
example is presented in Appendix C. Input data parameters are printed in
the beginning of the file and calculated values later in the file. Compared to
the previous version of MOC, output of carriage control characters is
eliminated and the amount of output written in the first 80 columns of a line is
maximized to facilitate on-screen viewing of output files.

IThe use of brand/firm/trade names in this report is for identification purposes only and does
not constitute endorsement by the U.S. Geological Survey.



Table 1.--Naming convention for all output files, showing suffixes
identifying optional output files when the original input data file
was named “filename.dat” (variable segments of file names are
shown in italics).

File

Description

filename.out
filename.obs

or
filename.oN

filename.vel

filename.hd0
filename.hd1l
filename.cn0
filename.cnl
filename.trn
filename.thk
filename.rec

filename.prm

standard MOC output data
observation well head and
concentration data; all wells
included in one file (.obs), or

each well has its own file (.oN for
N wells)

velocity data

initial hydraulic head data

final hydraulic head data
initial concentration data

final concentration data
transmissivity data

saturated thickness data
diffuse recharge/discharge data

hydraulic conductivity data

Observation Well Data

Name...... filename.obs

This file includes the calculated heads and concentrations at up to five
selected observation wells in an ASCII format. The file is generated by the
program when NOBSO is set equal to 1. The file has a three-line heading in
double quotes (a common portable heading delimiter). The second header line
includes the nodal location of the observation wells. Data for up to a maximum
of five wells are written in each row following the header lines. The output
format is illustrated in Figure 4.



"OBSERVATION WELL DATA"
"NODE (I,J): ( 4, 6) ( 3, 8) ( 5, 9)
*TIME (YRS) HEAD CONC. HEAD CONC. HEAD CONC.
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
8.3333E-01 2.0648E+02 0.1100E+01 0.2034E+02 0.1000E+01 0.0000E+00 0.0000E+00

Figure 4.--An example observation well data output file (of the “.obs” type) for a case
in which three observation wells are specified. (Only the top part of the file is
shown.)

Name...... filename.oN

Optionally, data for each observation well can be written to a separate
file when NOBSO is set equal to 2. Each file name includes a number at the
end of its suffix denoting which observation well is associated with that file (for
example, sample.o3 is the file containing the data for observation well 3,
specified in the input data file named sample.dat). In this file, the format is
the same as the first three columns of the “.obs” file above (also see example in
Appendix C).

Name...... filename.vel

The file containing velocity information includes one header line. The
four columns below it list the x-coordinate, the y-coordinate, the component of
the velocity in the x-direction, and the component of the velocity in the y-
direction for each node in the grid. Data from the first and last column of
nodes and first and last row of nodes are not printed, as these are always no-
flow boundary cells.

The coordinates for each finite-difference cell are listed in map units
(that is, the size of the grid spacing, XDEL and YDEL, multiplied by the
number of nodes in the respective direction in the grid). However, the finite-
difference grid for the MOC model assumes that node (1,1) is in the upper left
corner of the grid, whereas most plotting packages assume a normal

10



Cartesian coordinate system in which the origin (where x =0 and y = 0) is
located in the lower left corner of the plotting space. Therefore, to ensure that
values are plotted in their proper geometric locations and that the plotted map
will correspond with the model grid, the y-coordinates are transformed in this
file so that the lower left corner of the model grid has the spatial (x,y) location
of (0,0). A sample velocity data file is shown is Figure 5.

* VELOCITIES; the four columns = X, Y, VX, Vy"
3.000E+03 2.300E+03 0.000E+00 0.000E+00
5.000E+03 2.300E+03 0.000E+00 0.000E+00
7.000E+03 2.300E+03 0.111E+00 0.121E+00
3.000E+03 2.100E+03 -0.341E+00 0.009E+00
5.000E+03 2.100E+03 0.000E+00 0.000E+00
7.000E+03 2.100E+03 0.111E+00 -0.380E+00
3.000E+03 1.900E+03 -0.341E+00 0.009E+00

Figure 5.--An example velocity data output file. (Only
the top part of the file is shown.)

Hydraulic Head Data
Names......filename.hd0, filname.hd1

These files can be used to map or contour initial and (or) final ground-
water heads. Two options exist for the format of the output data: column or
matrix style. Matrix format is a two-dimensional array of values containing a
head value at each node; each value is located at the same respective row and
column in the array as is the node in the model grid where the value was
calculated. In the column format, the three columns are the x-coordinate, y-
coordinate, and head, and the y-coordinates are transformed as described for
the velocity data file. Coordinates are listed in map units. Data from the first
and last columns of nodes and first and last rows of nodes are not printed for
either format.

1



Concentration Data

Names...... filename.cn0, filename.cnl

These files include the initial and (or) final concentration data at each
node. The formatting options are identical to those described above for the data
files for hydraulic head. If the subgrid option is implemented for the solution
to the transport equation, concentration values are only available for the nodes
within the subgrid. Examples of output files for final concentrations in both
column and matrix formats are included in Appendix C.

_Other Output Files

Transmissivity data ..........ccocceeeeee. filename.trn
Saturated thickness data ................ filename.thk
Diffuse recharge/discharge data ..... filename.rec
Hydraulic conductivity data ............ filename.prm

The user has the option to write either all or none of these four separate
output files. These files also may be created in either a column or matrix style.

IMPLEMENTATION OF REVISED CODE

Detailed instruction on how to convert the most recent previous version
of the MOC model (Goode and Konikow, 1989) to the present Version 3.1 are
documented in Appendix D. The source code for the MOC model is written in
standard FORTRAN. Implementation of the revisions requires deleting
specified lines from the previous version and inserting new lines of code in the
appropriate locations, as specified in Appendix D.

After the source code has been modified, it must be recompiled using a
FORTRAN compiler. The new code has been successfully compiled on IBM
compatible machines using the Microsoft FORTRAN compiler (Version 5.0)
and the Microsoft FORTRAN Powerstation Optimizing Compiler (Version 1.0)



for use with extended memory. It has also been complied successfully on a
UNIX-based Data General workstation using the Green Hills FORTRAN-88000
compiler (using the “-novms” compiling option).

SUMMARY

MOC Version 3.1 implements several new input and output options to
improve the clarity of the calculated information and the usability of the model.
The format of the main output file is changed, and options to create separate,
output files for specific parameters and variables are added to facilitate
postprocessing of data. This new version of MOC can be run in a batch mode,
making it possible to run multiple data sets from one set of commands. When
the program is run interactively, the progress of the simulation is displayed
graphically on the screen. This provides information on simulation progress
and for run-time estimation. These changes allow the user of the MOC solute-
transport simulation model to monitor and process the program's output more
easily and effectively than before.
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APPENDIX 1: DATA INPUT FORMATS FOR MOC (3.1)

Line Column Format Variable Definition
1 1-80 10A8 TITLE Description of problem
2 1-4 14 NTIM Maximum number of time steps in a pumping
(stress) period for transient flow (limit=100)*. If
S=0, pumping period (PINT) is divided into NTIM
intervals.

5-8 14 NPMP Number of pumping periods. Note that if NPMP>1,
then data set 10 must be completed.

9-12 14 NX Number of nodes in x direction (limit=40)*. To
sclect optional use of subgrid for transport, specify
NX as a negative value and complete line 2.1.

13-16 14 NY Number of nodes in y direction (limit=40)*.

21-24 4 NPNT Time-step interval for printing hydraulic and chemical
output data.

25-28 14 NITP Number of iteration parameters (usually 4<NITP<7
in ADIP). For SIP, set NITP=10.

29-32 14 NUMOBS Number of observation points to be specified in data
set 1 (limit=5)*,

33-36 14 ITMAX Maximum allowable number of iterations for flow
equation (usually 100<ITMAX<200).

37-40 14 NREC Number of pumping or injection wells to be specified
in data set 2.

41-44 4 NPTPND Initial number of particles per node (options=1, 4, 5,
8,9, 16).

45-48 14 NCODES Number of node identification codes to be specified in
data set 7 (limit=10)*,

49-52 14 NPNTMV Particle movement interval (IMOV) for printing
chemical output data. (Specify O to print only at
end of time steps.)

53-56 I4 NPNTVL Option for printing computed velocities (0=do not
print; -1=15! time step; -2=last time step;
n>0=every n'h time step).

57-60 4 NPNTD Option for printing computed dispersion equation
coefficients (O=never; 1=first time step; 2=all time
steps).

61-64 14 NPDELC Option for printing computed changes in
concentration (O=do not print; 1=print whenever
chemical output is printed).

65-68 14 NPNCHV Option to write velocity data to a separate output file
(0=do not write; -1=15! time step; -2=last time
step; n>0=every nh time step)**.

69-72 14 IREACT Option to specify type of reaction (-1=decay only;
O=no reaction; l=linear sorption; 2=Freundlich
sorption; 3=Langmuir sorption; 4=monovalent
exchange; 5=divalent exchange; 6=mono-divalent
exchange; 7=di-monovalent exchange). If
IREACT#0, line 3.1 is required.

73-74 12 NOUTFL Flag to allow specifications for creation of additional
output files (O=do not allow; 1=read line 3.2).

2.1 Hokok free MX x-coordinate of upper-left node of transport subgrid.
(optional; (integers) MY y-coordinate of upper-left node of transport subgrid.
include only MMX x-coordinate of lower-right node of transport subgrid.
if NX<0) MMY y-coordinate of lower-right node of transport subgrid.

See footnotes at end of table.
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Data input formats -- Continued

Line Column Format Variable Definition

3 1-5 GS.0 PINT Pumping period (or stress period), in years.

6-10 G5.0 TOL Convergence criteria for iterative solution to flow
equation (usually TOL<0.01).

11-15 G5.0 POROS Effective porosity.

16-20 G5.0 BETA Longitudinal dispersivity.

21-25 G5.0 S Storage coefficient (set S=0 for steady flow
problems).

26-30 G5.0 TIMX Time increment multiplier for transient flow
problems. TIMX is disregarded if S=0.

31-35 G5.0 TINIT Size of initial time step in seconds. TINIT is
disregarded if S=0.

36-40 G5.0 XDEL Width of finite-difference cell in x direction.

41-45 Gs.0 YDEL Width in finite-difference cell in y direction.

46-50 G5.0 DLTRAT Ratio of transverse to longitudinal dispersivity.

51-55 G5.0 CELDIS Maximum cell distance per particle move (value
between 0 and 1.0).

56-60 G5.0 ANFCTR Ratio of Tyy to Txy.

3.1# *kk free¥ THALF Decay half-life of solute, in seconds (if no decay,
(optional; (real) specify THALF=0.0).
include DK Linear sorption distribution coefficient (L3M-1),
only if RHOB Aquifer bulk density, mass of solid per unit volume
IREACT=0) of aquifer (ML-3).

EKF Freundlich sorption coefficient, units depend on
XNF.

XNF Freundlich sorption exponent, dimensionless.

EKL Langmuir sorption coefficient (L3M"1).

CEC Maximum sorption capacity or ion-exchange capacity
MM-1).

EK Ion-exchange selectivity coefficient, dimensionless.

CTOT Total solution concentration of two exchanging ions
(equivalents/L3).

3.2 1-2 12 NOBSO Write observation-point data to separate output file
(optional; (0=do not write; l=write all data to one file;
include 2=write data in NUMOBS files, one file for each
only if observation point)T.

NOUTFL=1)

34 12 NHEADO Write heads to separate output file (O=do not write;
-1=initial head; 1=final head; 2=initial and final
head).

5-6 12 NCONCO Write concentration data to separate output file (O=do
not write; -l=initial concentration; 1= final
concentration; 2=initial and final concentration).

7-8 12 NPARMO Write transmissivity, saturated thickness, diffuse
recharge/discharge, and hydraulic conductivity data
to separate files (O=do not write; 1=write).

9-10 12 IFMT Option to specify format for output files generated by

See footnotes at end of table.

NHEADO, NCONCQO, and NPARMO (0=column;
1=matn‘x)ﬂ'.



Data input formats -- Continued

Data Number

set of lines Format Variable Definition

1 Value of 212 IXOBS,IYOBS x and y coordinates of observation points. This
NUMOBS data set is eliminated if NUMOBS=0.

(limit=5)*

2 Value of 212, 2G8.2  IX, IY, REC, x and y coordinates of pumping (+) or injection (-)

NREC CNRECH wells, volumetric rate in L3/second, and if an
injection well, the concentration of injected
water. This data set is eliminated if NREC=0.

3 a. 1 I11,G10.0  INPUT, FCTR  Parameter linet for transmissivity.

b. Value 20G4.1 VPRM Array for temporary storage of transmissivity data,
of NY in L%/second. For an anisotropic aquifer, read in
(limit=40)*$ values of Tyy and the program will adjust for

anisotropy by multiplying Tyy by ANFCTR.

4 a. 1 Il, G10.0 INPUT, FCTR Parameter ]inei for THCK.

b. Value 20G3.0 THCK Saturated thickness of aquifer.
of NY
(limit=40)*$

5 a 1 I1,G10.0  INPUT, FCTR  Parameter line¥ for RECH.

b. Value 20G4.1 RECH Diffuse recharge (-) or discharge (+), in L/second.
of NY
(limit=40)*$

6 a. 1 11, G10.0 INPUT, FCTR Parameter linei for NODEID.

b. Value 4011 NODEID Node identification matrix (used to define constant-
of NY head nodes or other boundary conditions and
(limit=40)* stresses).

7 Value of 12,3G10.2, ICODE, Instructions for using NODEID array. Where
NCODES 2 FCTRI, NODEID=ICODE, the program sets
(1imjt=10)* FCTR2, leakance=FCTR1, CNRECH=FCTR?2, and if

FCTR3, OVERRD is nonzero, RECH=FCTR3. Set
OVERRD OVERRD=0 to preserve values of RECH
specified in data set 5.

8 a. 1 I1, G10.0 INPUT, FCTR Parameter 1inei for WT.

b. Value 20G4.0 WT Initial water table or potentiometric elevation, or
of NY constant head in stream or source bed.
(limit=40)*$

9  al 11, GI0.0  INPUT, FCTR,  Parameter line¥ for CONC,

b. Value 20G4.0 CONC Initial concentration in aquifer.
of NY
(limit=20)*

10 This data set allows time-step and iteration’

(optional; parameters, print options, and stress data to be

only include revised for each pumping period of the

if NPMP>1) simulation. The sequence of lines in data set 10

See footnotes at end of table.
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must be repeated (NPMP-1) times (that is, data
set 10 is required for each pumping period after
the first).



Data input formats -- Continued

Data Number

set of lines Format Variable Definition
10
(continued)
a. 1 Il ICHK Parameter to check whether any revisions are

desired. Set ICHK=1 if data are to be revised, and
then complete data set 10b and c. Set ICHK=0 if
data are not to be revised for the next pumping
period, and skip rest of data set 10.

b. 1 1014, 3G5.0 NTIM, NPNT, Thirteen parameters to be revised for next pumping
NITP, period; the parameters were previously defined in
ITMAX, the description of data lines 2 and 3. Only
NREC, include this line if ICHK=1 in previous part a.
NPNTMV,
NPNTVL,
NPNTD,
NPDELC,
NPNCHV,
PINT, TIMX,
TINIT

c. Value 212,2G8.2  IX, IY, REC, Revision of previously defined data set 2. Include

of NREC CNRECH part ¢ only if ICHK=1 in previous part a and if
NREC>0 in previous part b.

* These limits can be modified if necessary by changing the corresponding array dimensions in the COMMON
statements of the program.

** File will be named filename.vel, where filename is the prefix part of the name of the input data. Each row
contains the x coordinate, the y coordinate, the component of the velocity in the x direction, and the component
of the velocity in the y direction. Time step is noted in the header.

*** Free format: leave a space between each entry.

# Variables used on line 3.1 will depend on value of IREACT: IREACT Variables, in this order

-1 THALF

0 none

1 DK, RHOB, THALF

2 RHOB, EKF, XNF, THALF

3 RHOB, EKL, CEC, THALF
4-7 RHOB, EK, CEC, CTOT, THALF

T File will be named filename.obs if NOBSO=1, or multiple files will be named filename.obN, where N is the
number of the observation well, if NOBSO=2. Output is in column format, where column 1 is time (in years),
column 2 is head, and column 3 is concentration. If NOBSO=1, additional columns are added in sequence for
head and concentration at next observation points.

T1 Files will be named filename.xxx, where xxx is a suffix that will be generated (.2d0 for initial heads; .hd1 for
final heads; .cn0 for initial concentrations; .cnl for final concentrations; .trr for transmissivity; .thk for
saturated thickness; .rec for diffuse recharge/discharge; .prm for hydraulic conductivity). If matrix format is
selected, values will be printed in a matrix having NX columns and NY rows of values in their respective grid
locations. If column format is selected, each row (or line) will include the x coordinate, y coordinate, and the
value of the parameter at that location.

§ 1f NX>20, the number of lines doubles because format limits data to 20 values per line.

¥ The parameter line must be the first line of the indicated data sets. It is used to specify whether the parameter
is constant and uniform, and can be defined by one value, or whether it varies in space and must be defined at
each node. If INPUT=0, the data set has a constant value, which is defined by FCTR. If INPUT=1, the data set
is read next as described by part b. Then FCTR is a multiplication factor for the values read in the data set.
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APPENDIX 2: INPUT DATA FOR SAMPLE PROBLEM

INPUT FILE: prob3.dat

Li

Li
Li
Data

Data
Data
Data
Data

Data

Data

Data

Data

Column
Labels

Line 1
Line 2
ne 2.1
Line 3
ne 3.1
ne 3.2

Set

Set
Set
Set
Set

N whd B

set 6

set 7

sSet 8

Set 9

1 2 3 4 5 6 7
123456789312345678931234567893123456789312345678931234567898123456789312345

Problem 3 (Steady flow, 1 well, constant-head boundaries, linear sorption)

1 1 -9 10 1 7 2 100 1 9 2 10 1 0 0 0 11
3 2 7 8
2.500.0001.3000100.00.0000.0000.000900.0900.0.3000.50001.000
1.000000 0.2000000 0.0000000E+00
20201
5 4
57
4 7 1.0 0.00E+00
0 0.100
0 20.0
0 0.000E+00
1 1.00
000000000
022111220
000000000
000000000
000000000
000000000
000000000
000000000
02<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>