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Forward

GWSIM-III, documented herein, is a digital modeling technique which is
capable of simulating ground-water flow. The solution procedure was developed
by T. A. Prickett and C. G. Lonnquist, Illinois State Water Survey, and was
later modified by personnel of the Texas Department of Water Resources.

The purpose of the program is to determine water levels at the end of a
given time period. The technique is based on the differential equation de
scribing non-steady, two dimensional flow of ground water in a nonhomogeneous,
isotropic, water-table aquifer.

A section of the program was developed to predict irrigation pumpage for
the High Plains Aquifer Model of Texas. The procedure adjusts initial esti
mates of irrigation pumpage based on aquifer transmissivity and saturated
thickness and on pumping lift.
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GROUND-WATER SIMULATION PROGRAM

GWSIM-III

INTRODUCTION

Hydraulic simulation was based on work of T. A. Prickett and C. G.
Lonnquist, Illinois State Water Survey (Prickett, 1971). Modifications were
made to the program to allow additional types of input and output and to im
prove the program's ability to simulate different aquifer configurations.

The program is structured to simulate water-table elevations, usually re
ferred to as heads, for a given period of time. It advances through time by
major time steps, which are further divided into one or more minor time steps.

Operation of the program is controlled by options. Proper selection of
options allows the user to tailor model input, operation, and output to an in
dividual problem.

DEVELOPMENT OF FINITE DIFFERENCE EQUATION

The partial differential equation describing non-steady flow in a non-
homogeneous aquifer may be written as follows:

!?CT&*k(T£)-sg*W (1)dx ^ dxJ dy ^ dyJ " ° 3t

2 -1T = aquifer transmissivity (L t )

h - head (L)

S = storage coefficient

t = time (t)

W = net ground-water flux per unit area (Lt~ )

x,y = rectangular coordinates (L)
(Prickett, 1971).

The numerical solution for Equation 1 can be obtained by applying the fi
nite difference approach. The steps in applying the approach are as follows:

(a) a finite difference grid is superimposed upon a map showing the ex
tent of the aquifer, thus allowing the finite difference grid to re
place the continuous aquifer with an equivalent set of discrete el
ements;

where



(b) the governing partial differential equation is written in finite
difference form for each of the discrete elements; and

(c) the resulting set of linear finite difference equations is then
solved numerically for the head with the aid of a digital computer.

An example of a portion of a finite difference grid is shown in Figure 1,
Each of the discrete elements is a cell, and the center of each cell is a
node. Each cell is referenced by its row (i) and column (j) number.
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Equation 1 may be approximated as

rr-n ,hi,3+l "hi,j^ . rT rhi,3 'hi»J-1Ml

where

Ax

+-±-(it rhi+l,.i 'hi,j^ fT fhi,j -hi-l,j n

si i
At ui,j i,y ni,j

(2)

Ax-; = grid spacing in the x-direction for column j,

Ayi = grid spacing in the y-direction for row i,

Tj_ -j+i. .= transmissivity between node i, j and i, j+1,

h^ -; = head at node i,j at end of time step,

Si i = storage coefficient for cell i,j,

At = time step increment,

Hi i = head at node i,j at beginning of time step,

W-^ -: = net withdrawal per unit surface area for cell i, j, and

Ax-4+^ = distance between node i, j and node i, j+1

Multiplying Equation 2 by the area of cell i,j, ax. Ay. , and rearranging
terms results in J

A. . (h. . , - h. .) + B. . (h. . -. - h. .)

+C. . (h. n . - h." .) + D. . (h. -. . - h. .)i,j l-l,j i,j i,j l+l,j i,j

where

= E. . (h. . - H. .) + Q. . (3)

= 2 Ti,j Ti,j-1
H,j " TifjAxj.x +Tij.jAxj Ayi '



». .- 2Ti>J Ti,J+l a Ay. ,
Bi>J " T. .Ax. , + T. .xlAx. Ayi '

2 T^ T.
i>j 1i-l>3

Ax.:-i,j " T^-jAyi.! + Ti.ijAyi "A3 '

D = 2Ti>J Ti+l>J Ax.Di,j Ti5JAyi+1 +Ti+1JAyi Ax3 >

Ei,j = At '^

Qi,j = WijAxjAyi

The first part of A. .is the harmonic mean of

T. . and Ti,j-i
Ax: 4xj-i

ich represents the ratio of

T. .
~"2

Ax.
J"•^

Similar representation is used for terms B, C, and D. Use of the harmonic
mean ensures zero transmissivity at no-flow boundaries.

An equation of the same form as Equation 3 is written for each cell in
the finite difference grid. This results in a large set of linear equations
with the water levels (heads) at the end of the time step, h, as unknowns. An
iterative alternating direction implicit procedure is used to solve the set
of equations.

SOLUTION TECHNIQUE

The iterative alternating direction implicit (IADI) procedure involves
reducing a large set of equations to several smaller sets of equations. One
such small set of equations is generated by writing Equation 3 for each node
in a column, assuming that the heads for the nodes on the adjacent columns
are known. The unknowns in this set of equations are the heads for the nodes
along the column. The heads for the nodes along adjoining columns are not con
sidered unknowns. This set of equations is solved by Gauss elimination and
the process repeats until each column is treated* The next step is to develop



a set of equations along each row, assuming the heads for the nodes along ad
joining rows are known. The set of equations for each row is solved, and the
process repeats for each row in the finite difference grid.

Once the sets of equations for the columns and the sets of equations for
the rows have been solved, one "iteration" has been completed. The iteration
process is repeated until the procedure has converged. Upon convergence, the
terms h. . represent the heads at the end of the time step. These heads are
used as '^the beginning heads for the following time step. For a more de
tailed discussion of the iterative alternating direction implicit procedure,
see Peaceman and Rachford (1955) and Prickett and Lormquist (1971).

The program uses a head predictor algorithm and iteration parameters to
speed convergence. The original Prickett program incorporated a head predic
tor algorithm. This allows the solution procedure to have an improved esti
mate of the solution before the iterative procedure is started. Without a pre
dictor algorithm, the beginning head values would be the estimates of the end
ing head values. During each major time step, the external stimuli, pumpage
and recharge rate, are constant. It is only natural to assume that, based on
constant external stimuli, water levels will continue to change in a consist
ent manner throughout the time period. The predictor algorithm uses this as
sumption in that as soon as a consistent pattern of change is established,
this pattern is used to improve the initial estimates of the unknown heads.
If an inconsistent pattern is established, no prediction is made.

The head prediction algorithm is used during each major time step. After
two small time steps have been completed, the algorithm attempts to predict
the heads at the end of the next time step. If the direction of the change in
head for any one node is different from the direction of the change in head
during a previous time step, the head change pattern is assumed to be incon
sistent and no prediction is made for that node.

Iteration parameters are also utilized to aid convergence. Development
of those parameters is beyond the scope of this manual, but a brief discus
sion may be in order. Equation 4 is a rearrangement of Equation 3 incorporat
ing the normalized iteration parameter, G ; and, as required in the first
phase of the IADI procedure, assumes that^the heads along the columns are
unknowns.

A,B,C,D,E,F,G = collection of terms in Equation 3.

= head of cell i, j at iteration number n+1, and

= normalized iteration parameter.

Please note that when the solution converges, h becomes approximately
equal to h , and the product of head times the normalized iteration parameter
appears on each side of the equal sign therefore cancelling out.

1,3"

where

A,B,<

,n+l
h. .

i>J

gp



The calculation of G was adopted from Trescott, 1976, and may be ex
pressed as P

where

G = p (A. . + B. . + C. . + D. )
p V 1,3 1,3 1,3 1,3

pp = pp-l? , P=2,3,...,P ,

C = exp (lnCl./pJ/P-D ,

p = min (2, fx, fy) ,

fx =7r2/(2m2(l+(||) )) ,and
%

2

fy =7T2/(2n2(l+(0) ))

p = iteration parameter,

p = iteration index which cycles from one to the number of
iteration parameters to be used,

m = number of rows,

n = number of columns, and

P = number of iteration parameters

The value of p changes for each iteration and cycles from one to the number of
parameters used. The iteration parameters are printed at the beginning of sim
ulation.

For program GWSIM-III, the solution procedure is assumed to have con
verged if the sum of the changes in head during an iteration is less than a
specified input value, ERROR. As the convergence criterion is reduced (i.e.,
smaller values for ERROR) the finite difference solution will more closely
approximate the theoretical solution. However, as the error criterion is re
duced, the number of iterations required for convergence will increase. There
is a point of diminishing returns where the increase in accuracy does not jus
tify the increase in the number of iterations and the resulting increase of
computer execution time. A few tests should be made with difference values for
ERROR to determine the value that yields good results with few iterations.
The program performs at least four iterations.

FEATURES OF THE PROGRAM

In each of the following sections, an important phase of the GWSIM-III
program is explained.



Time Steps

Program GWSIM-III was written to simulate water levels in an aquifer
after uniform steps in time. For most regional modeling problems, these uni
form time steps would represent yearly time steps. At the beginning of each of
these major time steps, the program is designed to accept new values for pump
age and recharge rates. This provides the ability to change the external fac
tors during a long term simulation period. Normally, only yearly values of
these parameters are available.

Each of the major time steps is accomplished by completing a number of
smaller time steps, called minor time steps. This allows better simulation of
the aquifer's response to pumpage and recharge by reducing the shock of sud
den changes in these external stimuli. The minor time steps may be non
uniform in size with the first steps small and the later steps large. The
size of each time step may be increased over the previous time step, allowing
an acceleration of the length of time steps. The program determines the
length of the initial minor time step based on the length of the major time
step, number of minor steps, and time step acceleration factor.

Boundary Conditions

The program GWSIM-III is capable of simulating two types of boundary. The
first type could be called a barrier or non-flow condition. No ground-water
flow is allowed to cross this type of boundary. The exterior sides of the fi
nite difference grid represent no-flow boundaries. Other barriers may be rep
resented by the appropriate location of exterior cells (Flag = 3) which allow
no ground-water flow.

The second type of boundary which may be simulated is a constant-head
boundary. This type of boundary may be required to simulate a stream or lake.
This may be accomplished by designating a cell to be type 0, constant head.
Ground-water flow can occur with this type of cell but the water level for the
node will not be calculated.

Type of Cell Declaration

Each cell in the finite difference grid must be assigned a type declara
tion. A cell's type declaration is based on the conditions existing at the
node at the beginning of the simulation period. The entire cell is assumed to
exhibit the same characteristics as does the node. These declarations are

1) FLAG = 0 for constant head,
2) FLAG = 1 for water table conditions, and
3) FLAG = 3 for exterior nodes.

These declarations are used to indicate whether the node is active or if

it is outside the ground-water system. A FLAG = 0 cell is assumed to be a con
stant-head cell. Ground water may enter or leave this type of cell, but a new
water level will not be simulated. A FLAG = 1 cell is assumed to exhibit

water table characteristics. That is, the flow area for ground-water movement



will vary as water table elevations change. The FLAG = 3 nodal declaration is
for cells which are to be considered exterior to the ground-water system and
are therefore considered exterior cells.

The solution procedure of GWSIM-III is programmed to ignore any exterior
nodes. Since many ground-water formations are not rectangular in shape, a
superimposed rectangular grid would contain cells which are not a portion of
the ground-water system. It would be wasteful of computer time to compute a
ground-water head elevation for these vacant cells. For this reason, the pro
gram only simulates heads for cells which are in the ground-water system and
flagged FLAG = 1.

Program Options

GWSIM-III was constructed to allow the user a large amount of versatili
ty. The input, operation, and output are controlled by a series of options.
The General Program Options are set at the beginning of the run, and the Time
Step Options are set at the beginning of each major time step. The pumpage
prediction procedure developed for the High Plains Aquifer Model also has a
set of options. An option is enabled if it is assigned a value greater than
zero.

General Program Options

The following options may be set at the beginning of the simulation. See
Data Set 3.

1 PRINT HYDROGRAPHS

Enabling this option causes the reading of Data Set 4 and results in
the printing of a hydrograph for specified cells. See description of
subroutine HYDRO.

2 PRINT CROSS SECTIONS

Enabling this option causes the reading of Data Set 5 and allows
printing a profile view of water levels along columns and/or rows.
See descriptions of Time Step Option 23 and subroutine XSECT.

3 READ CONSTANT GRID SPACINGS

Enabling this option causes the program to read a constant grid spac
ing for each direction; thus individual grid spacings will not be
read. See Data Set 6.

4 WRITE GRID SPACINGS

Enabling this option results in a listing of the grid spacings.



5 READ DEFAULT PHYSICAL DATA

Enabling this option causes the program to read a set of physical
data which will be assigned to each cell in the system. Values for
each cell will not be read. See Data Set 7.

6 PHYSICAL DATA CORRECTIONS

Enabling this option allows replacement of physical data values for
specific nodes. Data Set 8 is read.

7 ADJUST PARAMETERS

Enabling this option allows modification of storage coefficient and
hydraulic conductivity values. Also, maps of the two parameters may
be produced. If the option equals 2, a hydraulic conductivity map
is printed; if it equals 3, a storage coefficient map is printed;
and if it equals 4, both maps are printed. Data Set 9 is read. See
description of subroutine CALIB.

8 WRITE PHYSICAL DATA

Enabling this option results in a cell-by-cell listing of physical
data.

9 PLOT INITIAL WATER LEVELS

Enabling this option results in the printing of a map indicating
the initial water levels.

10 LIST AND PLOT INITIAL SATURATED THICKNESS

Enabling this option causes the listing of the initial saturated
thickness for each cell and the printing of a map indicating
the initial saturated thickness. Also listed are the volumes of
water in storage and corresponding surface areas by range of satu
rated thickness.

Time Step Options

The following options may be set for each major time step. See Data Set 10.

1 CHANGE TIME STEP PARAMETERS

Enabling this option changes the parameters controlling time step
lengths for this major time step. The length of this major time
step, number of minor time steps, and time step acceleration factor
are changed. The original values of these parameters are reset at
the end of this major time step. See Data Set 10.



2 READ PUMPAGE FOR EACH CELL

Enabling this option causes the program to read a pumpage rate for
each cell in the system. Data Set 11 is read.

3 READ PUMPAGE BY BLOCK

Enabling this option causes the program to read a pumpage rate which
is to be assigned to all cells in a specified block or region of the
model grid. Data Set 12 is read.

4 PUMPAGE ADJUSTMENTS

Enabling this option causes the program to read an adjustment factor
which multiplies the pumpage rate for all cells in a specified block
of the model grid. Data Set 13 is read.

5 READ RECHARGE FOR EACH CELL

Enabling this option causes the program to read a recharge rate for
each cell in the system. Data Set 14 is read.

6 READ RECHARGE BY BLOCK

Enabling this option causes the program to read a recharge rate
which is to be assigned to all cells in a specified block of the
grid. Data Set 15 is read.

7 RECHARGE ADJUSTMENTS

Enabling this option causes the program to read an adjustment factor
which multiplies the recharge rate for all cells in a specified
block of the grid. Data Set 16 is read.

8 CALCULATE HIGH PLAINS PUMPAGE

Enabling this option causes the program to calculate pumpage. This
portion of the program was developed especially for the High Plains
Aquifer Study. See discussion of subroutine HGHPMP. Data Sets 17
through 27 may be read.

9 STORE PUMPAGE AND RECHARGE RATES

Enabling this option causes the pumpage and recharge rates to be
written on unit IN2. These values may be read for a later time step
by then enabling Time Step Option 10.

10 RETRIEVE PUMPAGE AND RECHARGE RATES

Enabling this option causes the pumpage and recharge rates to be
read from unit IN2. These values must have been stored for a pre
vious time step. This option should not be enabled for the first
time step.

10



11 LIST PUMPAGE AND RECHARGE RATES

Enabling this option causes the printing of the pumpage rates and
the recharge rates for each cell.

12 PLOT FLOWS - MINOR

Enabling this option causes the printing of maps indicating ground
water flows at the end of each minor time step during this major
step. See discussion of subroutine FLUX.

13 LIST HEADS - MINOR

Enabling this option causes the listing of heads at the end of each
minor time step during this major time step.

14 SAVE HEADS

Enabling this option causes the heads at the end of this major time
step to be written on unit OUTl.

15 SAVE PHYSICAL DATA

Enabling this option causes the nodal type, bottom of aquifer eleva
tion, head at end of this major time step, hydraulic conductivity,
and storage coefficient to be written on unit OUTl. A format card is
also written so that these data could be used to re-start the model.

A new Data Set 7 is produced.

16 LIST HEADS - MAJOR

Enabling this option causes the listing of heads at the end of this
major time step.

17 PLOT FLOWS - MAJOR

Enabling this option causes the printing of maps indicating ground
water flows at the end of this major time step. See discussion of
subroutine FLUX.

18 LIST HEAD CHANGES DURING THIS STEP

Enabling this option causes the listing of head changes occurring
during this major time step.

19 PLOT HEAD CHANGES DURING THIS STEP

Enabling this option causes the printing of a map indicating
head changes occurring during this major time step. See discussion
of subroutine PLOTS.
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20 LIST HEAD CHANGES THROUGH THIS STEP

Enabling this option causes the listing of head changes occurring
from beginning of simulation through this major time step.

21 PLOT HEAD CHANGES THROUGH THIS STEP

Enabling this option causes the printing of a map indicating
head changes occurring from beginning of simulation through this
major time step.

22 COMPARE MEASURED HEADS

Enabling this option causes comparison of simulated heads with meas
ured heads. A listing of the simulated head, measured head, and sim
ulation error (simulated minus measured) for all cells is printed. A
map of simulation errors is also printed. See discussion of sub
routine PLOTS. Data Set 30 is read.

23 PLOT CROSS SECTIONS

Enabling this option causes the printing of water-level profiles.
General Program Option 2 must have been enabled and Data Set 5
read. See discussion of subroutine XSECT.

24 READ CONSTANT HEADS

Enabling this option allows input of head for constant-head cells
(FLAG = 0) at the end of this major time step. Also, a change in
head may be read. Heads at the end of minor time steps are inter
preted, always maintaining a minimum saturated thickness of 0.1.
The option value causes the following to be read:

Option Value Action

0 Nothing
1 Heads for all cells

2 Head changes for all cells
3 Heads for block of cells

4 Head changes for block of cells

Data Set 28 is read.

25 LIST AND PLOT SATURATED THICKNESS

Enabling this option causes the listing of saturated thicknesses at
the end of this major time step. A printer map of saturated thick
ness is also produced. See discussion of subroutine PLOTH.

26 PLOT HEADS

Enabling this option causes the printing of a map indicting the ele
vation of water levels at the end of this major time step. See dis
cussion of subroutine PLOTH.
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27 READ LIMITS FOR STATISTICAL BLOCKS

Enabling this option causes the program to compute statistical data
for blocks of the grid. The data are printed if plots of water-
level change or simulation error are printed, see Time Step Options
19, 21, and 22. Data Set 29 is read. See discussion of Subroutine
PLOTS.

Water-Table Condition Adjustment

The basic solution technique is designed to solve a set of equations
based on Equation 3. For water-table conditions, transmissivity is a function
of the water-table elevation and is not a constant as assumed in the develop
ment of Equation 3. However, Equation 3 may be used if the changes in head
and the size of the time step are such that the transmissivity may be assumed
to be constant during the time step. For GWSIM-III, it is assumed that during
each minor time step, the values for transmissivity are constant. The trans
missivity for each cell equals the hydraulic conductivity times the saturated
thickness. Saturated thickness equals the distance separating the water table
and the base of aquifer. The minimum saturated thickness equals 0.1.

Units

The program operates using units of length and time. The unit of measure
of length may be from either the English or metric system, as long as a con
sistent set of units is used. The pumpage, recharge, and hydraulic conductiv
ity values are multiplied by conversion factors so that internally, all items
measured in length units will be expressed in the same units.

The internal unit of time is days. The pumpage, recharge, and hydraulic
conductivity conversion factors may be used to convert input rates so they
are expressed in days.

The pumpage and recharge rates are input as volumes per major time step.
For example, a cell from which 100 acre-feet of water were pumped annually
could be assigned a pumpage value of 100 if the major time step was 365
days long. If the major step was two years in length, the input value would
be 200. Assuming a major time step length of one year and the program inter
val length unit in feet, the factor to convert acre-feet per year to cubic
feet per day is 119.34 (43,560 cubic feet per acre-foot/365 days per year).

The conversion factor for hydraulic conductivity converts from the exter
nal units into units of length per day. The factor to convert gallons per day
per square foot to feet per day is 0.13369 (1/7.48 gallons per cubic foot).

Temporary Storage of Data

To reduce storage requirements, GWSIM-III only keeps in core the data
necessary for each phase of the simulation. Heads at the beginning of simula
tion and at the beginning and end of each major time step are stored on tape
until needed for output routines. If pumpage is calculated for the High Plains
aquifer, some hydraulic data are stored and the arrays are used during the

13



pumpage calculations. The hydraulic data are retrieved once the pumpage calcu
lation is completed. The pumpage calculation parameters are likewise stored on
tape and read as needed.

PUMPAGE PREDICTION FOR HIGH PLAINS AQUIFER MODEL

A section of the program, subroutine HGHPMP, was developed to calculate
pumpage for the High Plains Aquifer Model. The program calculates pumpage for
each cell designated FLAG=1 based on three types of withdrawal.

1) Pumpage assigned to specific cells

This is pumpage assigned to individual cells and read by subroutine
GETTMP (Data Sets 11, 12, or 13). Pumpage assigned by this method is
that for which the location and amount are known, such as for munici
pal and industrial wells. This category is referred to as municipal
and industrial (M and I).

2) Pumpage assigned uniformily across a county

Pumpage for uses such as rural domestic and livestock are usually
distributed uniformly across each county. The program distributes
this pumpage to cells based on the cell's area and the portion of
the associated county that is in the ground-water system.

3) Pumpage for irrigation

This pumpage is calculated based on the portion of each cell that is
irrigated and the application rate per unit area. The portion of
each cell that is irrigated may be changed during simulation, and
the application rate may be assigned to groups of cells and may vary
during the simulation.

Irrigation pumpage for each cell is determined by the following equation.

IP. . = AX. AY. PI. . R. . FS FL C

where:

IP. . = Irrigation pumpage for cell i,j
'J (acre-feet per major time step),

AX. AY. = Dimensions of cell i,i (feet),

PI,. . = Fraction of cell i,j under irrigation,
L5 J

R. . = Application rate of water
15J (acre-feet per acre or feet),

FS = Reduction factor based on transmissivity,

FL = Reduction factor based on pumping lift, and

C = Constant to ensure proper units

14



The term PI. . indicates the percentage of cell i,j that is subject to
irrigation. Only5^ land irrigated with water from the High Plains aquifer is
considered.

Transmissivity Constraint

The High Plains aquifer is being mined and as saturated thickness de
clines, well yields also decline. As this process continues, the amount of
water applied will diminish. The program assumes that as long as transmissivi
ty remains larger than a given value, T-one, pumpage is unaffected by well
yields. As transmissivity drops below T-one, pumpage is assumed to reduce lin
early until the reduction equals 90 percent. The corresponding transmissivity
is T-two. FS is set equal to 0.1 for all values of transmissivity less than
T-two. The procedure may be expressed as follows:

FS = 1.0

for T equal to or greater than T-one,

= 1-0.9(T-one - T)/(T-one - T-two) .
for T less than T-one, but greater than T-two,

= 0.1

for T equal to or less than T-two,

where T equals the transmissivity for cell i,j.

A set of T-one and T-two is read for each cell. The units are similar to the

ones used for hydraulic conductivity.

Pumping Lift Constraint

As the water level in the High Plains continues to decline, the distance
that water must be lifted increases. At some point, the cost of lifting the
water will exceed its benefit, and pumping will decrease. The program assumes
that as long as lifts are less than a given value, PLT, pumpage is unaf
fected. As lift increases above PLT, pumpage is assumed to reduce linearly un
til the reduction equals 90 percent. FL will be reduced by a given value, PLS,
for each unit increase in lift greater than PLT. FL will always be greater
than 0.1, which represents a 90 percent reduction in pumpage. For this work,
the pumping lift, PL, equals the distance separating the land surface and the
water table. The lift does not consider increased drawdown in the near vicin
ity of a pumping well. FL is determined as follows:

FL = 1.0 for PL less than PLT,

= l.O-PLS(PL-PLT) for PL greater than PLT, and

FL = maximum of (FL and 0.1)

A set of PLT and PLS is read for each county. The units for PLT are the
same as for water-table elevation.

15



Saturated Thickness Contraint

As saturated thickness becomes very thin, well yields will be very small
and water will be pumped only when small amounts of water are very important.
Water for rural domestic and livestock uses fits into this category. Once sat
urated thickness reaches five feet, only water for domestic and stock uses
will be pumped, and municipal and industrial pumpage and irrigation pumpage
reduce to zero. Once saturated thickness reaches two feet, all pumpage is re
duced to zero.

The procedure summarizes the pumpage calculations by printing the totals
of pumpage assigned to specific cells (M and I), M and I pumpage reduction
due to the saturated thickness constraint, pumpage assigned uniformly across
counties (D and S), D and S pumpage reduction due to saturated thickness con
straint, initial irrigation pumpage, irrigation pumpage reduction due to
transmissivity constraint, irrigation pumpage reduction due to pumping lift
constraint, irrigation pumpage reduction due to saturated thickness con
straint, net irrigation pumpage, and net total pumpage. Also printed is total
volume of water in storage, computed as cell dimensions times storage coeffi
cient times saturated thickness. The same summary information may be printed
for each county, and the pumpage data may also be printed for each cell. See
Pumpage Options 10 and 11.

Pumpage Options

The pumpage calculation portion of the program is controlled by a series
of options. An option is enabled if it is assigned a value greater than zero.
The following options are set for each major time step. See Data Set 17.

1 READ DEFAULT COUNTY CODE AND LAND SURFACE ELEVATION

Enabling this option causes the reading of Data Set 18 and the as
signment of a county code and a land surface elevation to all
cells in the ground-water system. A value for each cell is not
read. If this option equals zero, values for each cell are read.

2 ASSIGN COUNTY CODE AND LAND SURFACE ELEVATION BY BLOCK

Enabling this option causes the program to read a county code and/
or a land surface elevation to be assigned to all cells in a speci
fied block of the grid. Data Set 19 is read.

3 READ PERCENT IRRIGATED

Enabling this option causes the reading of Data Set 20 and the as
signment of a percent irrigated value to all cells in the ground
water system. If the option equals one, a value is read for each
cell. If the option equals two, a default value is read and as
signed to each cell.
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4 LIST BASIC DATA

Enabling this option causes the listing of county code, land sur
face elevation, and percent irrigated for each cell and the total
irrigated area in each county. If the value of the option is two,
only the total irrigated area per county is listed.

5 PERCENT IRRIGATED ASSIGNMENTS

Enabling this option causes the program to read a percent irrigated
value which is to be assigned to all cells in a specified block of
the grid. Data Set 21 is read.

6 READ TRANSMISSIVITY CONSTRAINT PARAMETERS

Enabling this option causes the reading of the transmissivity con
straint parameters, T-one and T-two. If the option equals one, a
set of values is read for each cell in the grid. If the option
equals two, a set of values for each cell is read followed by block
assignment/adjustment values. If the option equals three, only
assignment/adjustment values are read which are to be applied to
all cells in a specific block of the grid. Data Set 23 is read.

7 READ PUMPING LIST CONSTRAINT PARAMETERS

Enabling this option causes the reading of the pumping lift con
straint parameters, PLT and PLS, by county. Data Set 24 is read.

8 READ DOMESTIC AND STOCK PUMPAGE

Enabling this option causes the reading of the D and S pumpage rate
which is to be uniformly distributed across each county. Data Set
25 is read.

9 READ IRRIGATION RATE ASSIGNMENTS

Enabling this option causes the program to read an irrigation rate
which is to be assigned to all cells in a specified block of the
grid. Data Set 26 is read.

10 WRITE PUMPAGE DATA BY CELL

Enabling this option causes the listing by cell of various catego
ries of pumpage, any reductions due to constraints, and total pump
age.

11 WRITE PUMPAGE DATA TOTALS BY COUNTY

Enabling this option causes the listing, by county, of the totals
of the various categories of pumpage, reductions due to con
straints, and total pumpage.
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12 WRITE COUNTY AREAS

Enabling this option causes the listing of the modeled area for
each county.

13 READ PERCENT IRRIGATED ADJUSTMENTS

Enabling this option causes the reading of an adjustment factor
which is applied to the percent irrigated value for all cells in a
specified block of the grid. Data Set 22 is read.

14 READ IRRIGATION RATE ADJUSTMENTS

Enabling this option causes the reading of an adjustment factor
which is applied to the irrigation application rate value for all
cells in a specified block of the grid. Data Set 27 is read.

15 WRITE TRANSMISSIVITY CONSTRAINT PARAMETERS

Enabling this option causes the printing of the transmissivity con
straint parameters that are read when Pumpage Option 6 is set
equal to 1 or 2. Values of T-one and T-two are listed for each
cell.

INPUT

Program GWSIM-III was written to allow the user great flexibility in the
construction of a data deck. The user has the option of choosing formats, the
method of assigning the physical parameters of the system, and the form of ex
ternal stimuli. The input and output may be tailored to fit the user's needs.

The items required for input to hydrologic modeling are as follows:

1) finite difference grid spacings,
2) nodal type,
3) base of aquifer elevation,
4) initial water level elevation,
5) hydraulic conductivity,
6) storage coefficient, and
7) pumpage and recharge rates.

Additional input items required for the High Plains Aquifer Model are as
follows:

1) county code,
2) land surface elevation,
3) percent of area irrigated,
4) irrigation rate,
5) domestic and livestock pumpage, and
6) transmissivity and pumping lift constraint parameters.
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Input Unit Numbers

GWSIM-III uses one unit number variable for data input and six unit num
ber variables for internal storage of data. Unit variable fINf is used to read
all user supplied data and is set equal to 5. Unit Variable TINlf is used to
store the initial water table elevation and is set equal to 11. Variable
fIN2f is used to store pumpage and recharge rates and is set equal to 12.
Unit 'IN31 is used to store water table elevations for the hydrograph routine
and is set equal to 13. Unit variable fIN4f is used to store water table ele
vations at the beginning of a major time step and is set equal to 14. Varia
ble fIN5? is used to store hydraulic data during pumpage calculations and is
set equal to 15. Variable 'IN6f is used to store pumpage calculation data and
is set equal to 16.

General Description

All user supplied data are read using formatted read statements. Many of
the data sets are read using variable, or object time formats. In effect, the
format card which describes the data is the first card of the data set. This

allows the user maximum flexibility in design of data sets.

Integer input parameters must be punched, right justified, and without a
decimal point. It is recommended that a decimal point be included with all
real parameters.

Data Set Descriptions

The sequence of the data sets is shown in Figure 2. Data Sets 1 through
9 may be read only once, whereas the remainder of the sets may be read for
each major time step. Many of the data sets are read only if certain options
are enabled. Data Sets 17 through 27 may be read only if pumpage is calcu
lated for the High Plains aquifer (Time Step Option 8 enabled). Data Sets 18
through 20 should be read only during the first major time step.

Data Set 1 - Title

This data set contains one card for input of a title statement.
The title should be centered on the card.

Data Set 2 - Parameters

Columns

Card One

1-5

6-10

11-15

16-20

21-25

Format

15

15

15

15

15

19

Description

Number of major time steps
Number of minor time steps
Number of rows in grid
Number of columns in grid
Number of iteration

parameters



Data Set

Number

1

2

3

4

5

6

7

8

9

DATA SET SEQUENCE

Figure 2

Title

Title

Parameters

General program options
Hydrograph specifications
Cross section specifications
Grid spacings
Physical data
Physical data corrections
Physical data adjustments

Is Data

Set Read?*

Yes

Yes

Yes

If GP Option 1
If GP Option 2
Yes

Yes

If GP Option 6
If GP Option 7

GTO

GTO

GTO

GTO

The following data sets may be read for each major time step

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

GP Option
TS Option
P Option
GTO

Time step options
Pumpage for all cells
Pumpage by block
Pumpage adjustments
Recharge for all cells
Recharge by block
Recharge adjustments
Pumpage options
County and land elevation
County and land elevation by block

Percent irrigated

Percent irrigated by block

Percent irrigated adjustments

Transmissivity constraints

Pumping lift constraints

Domestic and stock pumpage

Irrigation rate assignment

Irrigation rate adjustment

Heads for constant head cells

Limits for statistical blocks

Measured heads

General Program Option (Data Set 3)
Time Step Option (Data Set 10)
Pumpage Option (Data Set 17)
greater than zero

20

Yes

If TS

If TS

If TS

If TS

If TS

If TS

If TS

If TS

If TS

and

If TS

and

If TS

and

If TS

and

If TS

and

If TS

and

If TS

and

If TS

and

If TS

and

If TS

If TS

If TS

Option 2 GTO
Option 3 GTO
Option 4 GTO
Option 5 GTO
Option 6 GTO
Option 7 GTO
Option 8 GTO
Option 8 GTO
Option 8 GTO
P Option 2 GTO
Option 8 GTO
PO Option 3 GTO-
Option 8 GTO
P Option 5 GTO
Option 8 GTO
P Option 13 GTO
Option 8 GTO
P Option 6 GTO
Option 8 GTO
P Option 7 GTO
Option 8 GTO
P Option 8 GTO
Option 8 GTO
P Option 9 GTO
Option 8 GTO
P Option 14 GTO
Option 24 GTO
Option 27 GTO
Option 22 GTO



Card Two

1-10 FIO.O

11-20

21-30

31-40

FIO.O

FIO.O

FIO.O

41-46 A6

47-52 A6

53-64 2A6

Card Three

1-10 FIO.O

11-20 FIO.O

Length of major time
step (days)

Convergence criterion
Time acceleration factor

Units conversion factor for

pumpage and recharge
Label to indicate pumpage
and recharge units

Label to indicate length
units

Label to indicate units for

ground-water flow maps

Units conversion factor for

hydraulic conductivity
Units conversion factors for

ground-water flow maps

The number of iteration parameters should be between 3 and 7. A sug
gested value is 4. The convergence criterion is a function of the problem,
and various- values should be used until an appropriate value is determined; a
suggested value is 1.0. A suggested time acceleration factor is 1.20, which
allows for 20 percent growth in minor time step length.

The units conversion factor for pumpage and recharge converts the input
rates into the internal units, cubic length per day. For example, the factor
to convert acre-feet per year to cubic feet per day is 119.34, and the corre
sponding label could be fAC-FI. f If the input water table units are in feet,
the corresponding length label could be 'FEET.' The units conversion factor
for hydraulic conductivity converts the input units into the internal units
of length per day. For example, the factor to convert gallons per day per
square foot to feet per day is 0.13369. If Time Step Options 12 or 17 are ena
bled, maps will be produced indicating ground-water flow. The internal units
for flow are cubic length per day and the ground-water flow maps units conver
sion factor converts this rate to a more meaningful value, remembering that
only 3 digits may be printed. If the length unit is feet, a factor value of
0.00008379 will result in rates printed in 100's of acre-feet per year. An ap
propriate label would be f100fs AF/YR.'

Data Set 3 - General program options
This one-card data set contains the General Program Options. The
value of the option is punched into the column number corre
sponding to the option number.

Data Set 4 - Hydrograph Specifications
This data set is required if General Program Option 1 is ena
bled. Up to 25 cells may be so identified.
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Columns

Card One

1-3

Format

13

4-6 13

7-9 13

10-12 13

Description

Number of cells for which

hydrographs are to be
printed

Row number of first
identified cell

Column number of first

identified cell

Row number of second

identified cell

The sequence continues through the twelfth identified cell.

76-78 13 Row number of thirteenth
identified cell

Card Two

1-3 13 Column number of thirteenth

identified cell

4-6 13 Row number of fourteenth

identified cell

The sequence continues until

72-75 13 Column number of twenty-
fifth identified cell.

The second card is required if more than twelve hydrographs
are requested.

Data Set 5 - Cross section specifications
This two card data set is requried if General Program Option 2
is enabled. The first card indicates the number of and the cor

responding column numbers for the columns for which profiles are
requested. The second card contains similar data for rows. Up to
25 rows and 25 columns may be used.

Column Format Description

Card One

1-3 13 Number of columns for which

cross sections are

requested
4-6 13 First column to be printed
7-9 13 Second column to be printed

The sequence continues through the last column

75-78 13 Twenty-fifth column to be
printed.
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Card Two

1-3 13 Number of rows for which

4-6

7-9

13

13

cross sections are

requested
First row to be printed
Second row to be printed

The sequence continues through the last row

75-78 13 Twenty-fifth row to be
printed.

Data Set 6 - Grid spacings
The first card of this data set is the format card. If General
Program Option 3 is enabled, constant grid spacings are read on
card two. Otherwise, spacings for each row and column are read
starting with card two. The constant grid spacings in the x-
direction and y-direction are both on card two. For variable
grid spacings, the values in the x-direction are read by the
command

READ (INJMT) (DELX(J) ,J=1,NC)

followed by a similar command to read the grid spacings in the
y-direction.

The unit for grid spacing is length. Suggested format for con
stant spacing is (2F10.0) and for variable spacing is
(8F10.0).

Data Set 7 - Physical data
This data set contains the data necessary to describe the sys
tem. The order in which data must be read is

1) nodal type declaration,
2) base of aquifer elevation,
3) initial water-table elevation,
4) hydraulic conductivity, and
5) storage coefficient.

The unit for the base of aquifer elevation and initial water
level is length and it must be the same as that used for grid
spacings.

The first card of the data set is the format card. If General

Program Option 5 is enabled, default values are read on card
two. Otherwise, values for each cell are read. The data are read
by cell by rows. A suggested format is (I5,4F10.0).

Data Set 8 - Physical data corrections
This data set is read if General Program Option 6 is enabled.
The first card is the format card. The same types of data are
read as in Data Set 7 except that the row and column numbers
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identifying the cell are read prior to the nodal type declara
tion. A suggested format is (3I5,4F10.0).

The last card must be blank.

Data Set 9 - Physical data adjustments
This data set contains factors to adjust the initial values of
hydraulic conductivity and storage coefficient and is read if
General Program Option 7 is enabled. One data card is required
for each adjustment, and each adjustment is applied to a speci
fied section of the grid. If the adjustment factor is non-
negative, the present value of the parameter is multiplied by
the value and adjustments are cumulative. If the value is nega
tive, the absolute value of the adjustment factor is assigned
to all cells in the grid section.

Columns Format Description
1-5 15 First row of grid segment
6-10 15 Last row of grid segment

11-15 15 First column of grid segment
16-20 15 Last column of grid segment
21-25 15 Parameter identifier

(1 for hydraulic conduc
tivity and 2 for storage
coefficient)

26-35 FIO.O Adjustment value

The last card must be blank.

Data Set 10 - Time step options
This one-card data set contains the Time Step Options plus the
parameters needed to adjust time step size (see Time Step
Option 1).

Description
Value for option 1
Value for option 2

Columns

1

2

Format

11

11

Sequence continues throu;

27

31-35

11

15

36-45 FIO.O

46-55 FIO.O

24

Value for option 27
Number of minor time steps

for this step if Time Step
Option 1 is enabled.

Length of this major time
step, in days, if Time Step
Option 1 is enabled.

Time step acceleration factor
for this major time step if
Time Step Option 1 is
enabled.



Data Set 11 - Pumpage for all cells
This data set contains a pumpage value for each cell in the sys
tem and is read if Time Step Option 2 is enabled. The first
card is the variable format card. The pumpage rates are read a
row at a time by the following commands:

DO 10 I = 1,NR
10 READ (IN,FMI) (Q(I,J) ,J=1,NC)

The units are volume per major time step, i.e., acre-feet per
year. They are converted to cubic length per day by the conver
sion factor in Data Set 2 (PMPFCT). A suggested format is
(10X,10F7.0).

Data Set 12 - Pumpage by block
This data set contains pumpage rates to be assigned to all
cells in a specified region of the grid and is read if Time
Step Option 3 is enabled.

Description
First row of grid segment
Last row of grid segment
First column of grid segment
Last column of grid segment
Pumpage rate

The units are the same as those for Data Set 11.

The last card must be blank.

Data Set 13 - Pumpage adjustments
This data set contains pumpage adjustment factors which will
multiply the pumpage rates for all cells in a specified region
of the grid and is read if Time Step Option 4 is enabled.

Columns Format Description
1-5 15 First row of grid segment
6-10 15 Last row of grid segment
11-15 15 First column of grid segment
16-20 15 Last column of grid segment
21-30 FIO.O Pumpage adjustment factor.

The last card must be blank.

Data Set 14 - Recharge for all cells
This data set contains a recharge value for each cell in the
system and is read if Time Step Option 5 is enabled. The first
card is the variable format card. The recharge rates are read a
row at a time as is Data Set 11. The units are the same as those

for Data Set 11. A suggested format is (10X,10F7.0).

Data Set 15 - Recharge by block
This data set contains recharge rates to be assigned to all
cells in a specified region of the grid and is read if Time

Columns Format

1-5 15

6-10 15

11-15 15

16-20 15

21-30 FIO.O
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Step Option 6 is enabled. Data are read in the same manner as
for Data Set 12 except recharge rate is read instead of pumpage
rate. The units are the same as those for Data Set 11.

The last card must be blank.

Data Set 16 - Recharge adjustments
This data set contains recharge adjustment factors which will
multiply the recharge rates for all cells in a specified region
of the grid and is read if Time Step Option 7 is enabled. Data
are read in the same manner as for Data Set 13 except the fac
tor is applied to recharge.

The last card must be blank.

Data Set 17 - Pumpage Options
This data set contains the options controlling the estimation
of pumpage for the High Plains Aquifer Model and is read if
Time Step Option 8 is enabled. Data are read in the same manner
as the Time Step Options in Data Set 10. The value of the op
tion is punched into the column corresponding to the option num
ber.

Data Set 18 - County and land elevation
This data set may be read only for the first major time step
and only if Time Step Option 8 is enabled. If Pumpage Option 1
is enabled, the data set contains one card on which a default
county number and land surface elevation are punched as follows:

Columns Format Description
1-5 15 Default county number
6-15 FIO.O Default land surface

elevation

If Pumpage Option 1 is not enabled, a county number and land
surface elevation are read for each cell. The first card of the

data set is the variable format card to be used to read the

county numbers. The county numbers are read a row at a time by
commands as follows:

DO 10 1=1,NR
10 READ (IN,FKT) (IC0UTY(I,J) ,J=1,NC)

After the county numbers are read, a variable format card is
read to be used in reading the land surface elevations. These
data are read by commands similar to those used to read county
numbers. The largest county number cannot exceed 60, and the
units on land surface elevation are the same as for initial

water-level elevation. Suggested formats are (2013) and (10X,
10F7.0), respectively.

Data Set 19 - County and land elevation by block
This data set contains county number and land surface elevation
to be assigned to all cells in a specified region of the grid
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and is read if Time Step Option 8 and Pumpage Option 2 are ena
bled.

Description
First row of grid segment
Last row of grid segment
First column of grid segment
Last column of grid segment
Variable key
Variable value

The variable key indicates the variable to be assigned. A value
of 1 indicates that the county number is the variable to be
assigned. A value of 2 indicates the variable is land surface
elevation. See Data Set 18 for discussion of units for land sur

face elevation.

The last card must be blank.

Data Set 20 - Percent irrigated
This data set contains the percent irrigated for each cell and
is read if Time Step Option 8 and Pumpage Option 3 are enabled.
If Pumpage Option 3 equals two, the data set contains one card
on which a default percent irrigated is punched. This value is
assigned to all cells. The value is punched into the first 10
columns using a (F10.0) format.

If Pumpage Option 3 equals one, a percent irrigated is read for
each cell. The first card is the variable format card. The data

are read a row at a time by commands

DO 10 1=1,NR
10 READ (IN,FMI) (PCTIRR(I,J) ,J=1,NC)

A suggested format is (10X,10F7.0).

Data Set 21 - Percent irrigated by block
This data set contains a percent irrigated value to be
assigned to all cells in a specified region of the grid and is
read if Time Step Option 8 and Pumpage Option 5 are enabled. The
first card read is a variable format card. A suggested format is
(415,F10.0) and, if this format is used, data would be read as
follows:

Description
First row of grid segment
Last row of grid segment
First column of grid segment
Last column of grid segment
Percent irrigated value

^Depends on format used.

The last card must be blank.

Columns Format

1-5 15

6-10 15

11-15 15

16-20 15

21-25 15

26-35 FIO.O

Columns* Format"

1-5 15

6-10 15

11-15 15

16-20 15

21-30 FIO.O
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Data Set 22 - Percent irrigated adjustments
This data set contains percent irrigated adjustment factors
which adjust by multiplication the percent irrigated value for
all cells in a specified region of the grid and is read if Time
Step Option 8 and Pumpage Option 13 are enabled. The first card
read is a variable format card. A suggested format is (415,
F10.0) and, if this format is used, data would be read as fol
lows:

Description
First row of grid segment
Last row of grid segment
First column of grid segment
Last column of grid segment
Percent irrigated adjustment

^Depends on format used.

The last card must be blank.

Data Set 23 - Transmissivity constraints
This data set contains the transmissivity constraint values to
be used and is read if Time Step Option 8 and Pumpage Option 6
are enabled. If Pumpage Option 6 equals one or two, a set of
values are read for each cell. In each set, the T-one value is
followed by the T-two value. The first card of the data set is
a variable format. The data are read a row at a time by commands

DO 10 1=1,NR
10 READ(IN,FMI) (T0NE(I,J) ,TIW0(I,J) ,J=1,NC)

A suggested format is (10X,10F7.0).

If block assignments and/or adjustments are to be made, Pumpage
Option 6 must be set equal to two or three. If the option
equals two, the block assignments/adjustments are read after
values are read for all cells in the grid. Assignment values
are assigned to all cells in the grid segment. Adjustment val
ues multiply the existing value of the variables. If a card is
to contain adjustment values, the T-one value must have a nega
tive sign. The first card is a variable format card. A sug
gested format is (4I5,2F10.0) and, if this format is used, data
would be read as follows:

Columns* Format*

1-5 15

6-10 15

11-15 15

16-20 15

21-30 FIO.O

Columns* Format'

1-5 15

6-10 15

11-15 15

16-20 15

21-30 FIO.O

31-40 FIO.O

^Depends on format used.
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Description
First row of grid segment
Last row of grid segment
First column of grid segment
Last column of grid segment
Assignment/adjustment

value for T-one

Assignment/adjustment
value for T-two.



The last card must be blank if Pumpage Option 6 is equal to two
or three.

The units for T-one and T-two must agree with the units of
hydraulic conductivity used in Data Set 7.

Data Set 24 - Pumping lift constraints
This data set contains the pumping lift constraint values to be
used for each county and is read if Time Step Option 8 and Pump
age Option 7 are enabled. Each county must be assigned a set of
coefficients during the first major time step.

Columns

1-5

6-15

Format

15

FIO.O

Description
County number
PLS value

16-25 FIO.O PLT value

The units for PLT agree with those of initial water level in
Data Set 7.

The last card must be blank.

Data Set 25 - Domestic and Stock Pumpage
This data set contains the domestic and livestock pumpage val
ues to be assigned to each county and is read if Time Step Op
tion 8 and Pumpage Option 8 are enabled. The first card is a
variable format card. A suggested format is (15,FIO.O) and, if
this format is used, the data would be read as follows:

Columns* Format'

1-5 15

6-15 FIO.O

^Depends on format used.

Description
County number
Pumpage value

The value represents the total pumpage for the county, and the
units must agree with those for Data Set 11.

The last card must be blank.

Data Set 26 - Irrigation rate assignment
This data set contains the irrigation application rates to be
assigned to all cells in a specified region of the grid and is
read if Time Step Option 8 and Pumpage option 9 are enabled.
The first card is a variable format card. A suggested format is
(415,FIO.O) and, if this format is used, the data would be read
as follows:

Description
First row of grid segment
Last row of grid segment
First column of grid segment
Last column of grid segment
Application rate

vDepends on format used.

Columns^ Format*

1-5 15

6-10 15

11-15 15

16-20 15

21-30 FIO.O
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The rate is expressed as volume per time step per unit area.
For example, acre-feet per year per acre, or just feet per year.

The last card must be blank.

Data Set 27 - Irrigation rate adjustment
This data set contains adjustment factors which adjust by multi
plication the irrigation application rate for all cells in a
specified region of the grid and is read if Time Step Option 8
and Pumpage Option 14 are enabled. The first card is a variable
format card. A suggested format is (415,F10.0) and, if this for
mat is used, the data would be read as follows:

Description
First row of grid segment
Last row of grid segment
First column of grid segment
Last column of grid segment
Adjustment factor

^Depends on format used.

This last card must be blank.

Data Set 28 - Heads for constant-head cells

This data set contains the end-of-major-time heads or changes
in head during the major time step for constant-head cells,
FLAG=0, and is read if Time Step Option 24 is enabled. The
first card is a format card. If data are to be read for all
cells, option value of 1 or 2, the data are read a row at a
time by commands

DO 10 1=1,NR
10 READ (IN,FMI) (H(I,J),J=1,NC)

A suggested format is (10X,10F7.0).

If values are to be read for a specified region of the grid, op
tion value of 3 or 4, and the format used was (415,F10.0), the
data would be read as follows:

Data Set 29

Columns" Format5''

1-5 15

6-10 15

11-15 15

16-20 15

21-30 FIO.O

Columns* Format

1-5 15

6-10 15

11-15 15

16-20 15

21-30 FIO.O

^Depends on format used

Description
First row of grid segment
Last row of grid segment
First column of grid segment
Last column of grid segment
Head or change in head

If the option value is 3 or 4, the last card must be blank.

Limits of statistical blocks

This data set contains the row and column numbers which deline
ate a section of the grid for which the statistical data are to
be calculated and is read if Time Step Option 27 is enabled. Up
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OUTPUT

to 60 such blocks may be identified. The first card is a format
card. If the format used was (415), the data would be read as
follows:

Description
First row of grid segment
Last row of grid segment
First column of grid segment
Last column of grid segment

-Depends on format used.

The last card must be blank.

Data Set 30 - Measured heads

This data set contains measured (observed) heads at the end of
the major time step and is read if Time Step Option 22 is ena
bled. These heads are compared to the simulated heads. The
first card is a variable format card. The data are read a row
at a time by commands

DO 10 1=1,NR
10 READ (IN,FMI) (H(I,J) ,J=1,NC)

Columns* Format*

1-5 15

6-10 15

11-15 15

16-20 15

A suggested format is (10X,10F7.0).

Program GWSIM-III was written to allow the user the ability to determine
the types of output desired. The user selects the types of output produced by
the program by the appropriate enabling of certain options. By proper plan
ning, the user can eliminate the printing of unneeded information.

Output Unit Numbers

Two unit number variables are used for output of information. The unit
number associated with the variable "OUT" should be set to the printer's log
ical unit number. The unit number associated with variable 'OUTl' could be

any device for storage of simulated heads and/or physical data. The data may
be punched or placed on a mass storage device. The variable 'OUT' is set
equal to 6 and 'OUTl' equals 10.

General Description

The output may be tailored to the user's needs. The program automatical
ly prints the values of many parameters, and through enabling options, almost
all data may be printed. Generally, the enabling of an option is required to
print any data that require a significant amount of printing. For example,
the enabling of Time Step Option 11 is required to list the pumping rate for
each cell.
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At the end of each minor time step, a message is printed which indicates
the number of days simulated and the equivalent number of major time steps
completed. The sum of the changes in head during the last iteration of the
IADI procedure is printed. The number of iterations needed to complete the
minor time step is printed also. If the number of iterations is equal to 51,
the IADI procedure may not have converged. This could occur with an exceeding
ly small error criterion or an error in the physical data.

A listing of the mass balances is printed upon completion of each major
time step. Values for this time step and cummulative totals are printed.
Values are expressed as rates per day and as total volume. Pumpage and re
charge show values titled positive, negative, and net. A positive pumpage rep
resents an outflow, and a positive recharge represents an inflow. The oppo
site is true for the negative values. Net equals positive minus negative. The
reduction in pumpage values represents that amount of water that was not
pumped because a cell dewatered, expressed as an average daily rate. The mass
balance terms give an indication of the accuracy of the simulation. Flows out
of the aquifer are considered positive.

APPLICATION TO EXAMPLE PROBLEM

As a demonstration of how the program GWSIM-III could be applied, an ex
ample problem was constructed. The problem involved simulating a 2-mile by 1-
mile section of water table aquifer. The following assumptions were made: (1)
no flow is allowed to cross the boundary; (2) the land is irrigated and some
domestic and livestock water use occurs; (3) a large municipal well is lo
cated approximately one-half mile from the left edge of the grid; (4) a re
charge well is located one-half mile from the right side of the grid; (5) the
initial head equals 50 feet, and the elevation of base of aquifer is at -50
feet; (6) the hydraulic conductivity equals 400 gallons per day per square
foot, and the storage coefficient equals 10 percent; (7) the municipal well
pumpage rate is 2,500 acre-feet per year and*the recharge well rate is 150
acre-feet per year; and (8) the left 0.4 of the area is in County A, and the
remainder is in County B. Values of the various parameters for the two coun
ties are given in the following table.

COUNTY

A B

Land surface elevation

Percent irrigated
Domestic and stock pumpage
T-one transmissivity

constraint

150 feet

50

0 230,000 gpd/ftz

5,000 gpd/ft2

200 feet
50

500 ac-ft per9year
60,000 gpd/ftZ

T-two transmissivity
constraint

5,000 gpd/ft2
PLS pumplift constraint
PLT pumplift constraint

0.01

90 feet
0.01

125 feet

A uniform irrigation pumpage rate of one foot per year was used, and the sys
tem is to be simulated for two years.
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A uniform finite difference grid with 10 columns and 5 rows was superim
posed over the aquifer. A major time step length of 365 days was selected,
with 12 minor steps. The length unit selected was feet, and the external flux
unit is acre-feet per year. Figure 3 shows the data cards needed to simulate
the aquifer problem. The user should study each card to determine the signif
icance of each number. Figure 4 illustrates a portion of the output which de
monstrates many of the output options.

RESTRICTIONS

The program was written in Fortran V for the Univac 1100 computer series;
however, it should be compatible with other systems. Core requirements are
large, approximately 30,000 words.

The program has array declarations of 31 rows and 31 columns. If the
size of the arrays must be changed, the changes need only be made to the ap
propriate card in the main segment of the program. The plotting routines have
a maximum of 100 rows or columns. The number of hydrographs and cross sec
tions are limited to 25 each.

The user is cautioned to always check the results for potential instabil
ities in the solution.
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** TEXAS DEPARTMENT OF WATFk RESOURCES GROUND WATER SIMULATION PROGRAM **

EXAMPLE PROBLEM HIGH PLAINS MODEL

NL*3E* OF MAJOR TIME STEPS
NUMBER OF MINOR TIME STEPS

SIZE JF MAJOR TIME STEPS

SIZE OF FIRST MINOR TIME STEP

ERROR CRITERIA

NUMBER OF COLUMNS

NOMcJE-* OF ROWS

NUMBER OF ITERATION PARAMETERS
TIME ACCELERATION FACTOk

FLUX CONVERSION FACTOR

EXTERNAL FLUX UMTS

PERMEABILITY CONVERSION UNITS

PLOTTED FLOWS FACTOR

PLOT FLOWS UNITS NAME

LENGTH UNIT NAME

2

12

365.JOJ

9.222

• U

13

5

5

1.203

1193H0DD*03

AC-FI

.133693

33790300-3*

u3'S AF/YR

FEET

GENERAL PROGRAM OPTION

GENERAL PROGRAM OPTION
3 EQUALS

5 EQUALS

1

CONSTANT GRID SPACINGS

DLL X r 1056.000 DEL Y =

JEFAULT VALUES

NOJE TYPE

BASE OF AQUlFEh

WATER LEVEL

PERMEABILITY

STORAGE COEFFICIENT

ITERATION PARAMETERS

.32*467 .06226

-b3.CJ

53. 3j

403. nii

.130 3o

DAYS

DAYS

=** TEXAS DEPARTMENT OF WATEk RESOUkCES GROUND WATER SIMULATION PROGRAM

EXAMPLE PROdLEM hIGH PLAINS MODEL

SIMULATING TIME STEP 1

TIME STEP OPTION 3 EQUALS 1

TIME STEP OPTION & EQUALS 1

TIME STEP OPTION 8 EQUALS 1

TIME STEP OPTION 11 EUUALS 1

TIME STEP OPTION 16 EQUALS 1

TIME STEP OPTION 17 EQUALS 1

TIME STEP OPTION 25 EQUALS 1

TIME STEP OPTION 26 EQUALS 1

BLOCK PUKPA&E ASSIGNMENT

R0» ROW COLUM^ COLUMN

START END START END

3 3 3 3 2530.0000

BLOCK RECHARGE ASSIGNMENT

ROW ROW COLUMN COLUMN VALUE

START END START END

3 3 fa 8 150.30CU

PUMPAGE PREDICTION OPTION 1 EQUALS 1

PUMPAGE PREDICTION OPTION 2 EQUALS 1

PLMPAGE PREDICTION OPTION 3 EQUALS 2

PUMPAGE PREDICTION OPTION <♦ EQUALS 1

PUMPAGE PREDICTION OPTION 6 EQUALS 3

PUMPAGE PREDICTION OPTION 7 EQUALS 1

pumpage PREDICTION OPTION 3 EQUALS 1

PUHPA3E PREDICTION OPTION 9 EQUALS 1

PUMPAGE PREDICTION OPTION 10 EQUALS 1

PUMPAGE PREDICTION OPTION 11 EQUALS 1

PUMPAGE PREDICTION OPTION 12 EQUALS 1

DEFAULT VALUES

CCUNTY CODE

LAND SURFACE ELEV.

START

BLOCK ADJUSTMENTS FOR PUMPAGE PREDICTION
ROW COLUMN COLUMN KEY VALUE

END SART END

10
10

DEFAULT PERCENT IRRIGATED

2. CJ

233.OJ

Output from Example Problem Simulation

Figure h"
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»** TEXAS DEPARTMENT OF .ATE* RESOURCES GROUND WATER SIMULATION PROGRAM ♦♦*

EXAMPLE PROBLEM HIGH PLAINS MODEL

CUNTY CODES

2 2

2 2

2 2

2 2

2

«** TEXAS DEPARTMENT OF *ATEr< kESOURCES GROUND WATE" SIMULATION PROGRAM ♦♦•

EXAMPLE PROoLE" HIGH PLAINS MODEL

LAND SJRFACL ELLVATION

1 ll>'.003C 1!>0.3300 150.0G33 153.3300 2J3.0G30 203.D0DU 233.0333 233.3003 203.3000 230.3033

2 1L1.G00C 150.330U 150.0C33 1S3.00UG roO.CGOG 230.DU00 2J3.0J30 203.0003 2Li3.0000 200.0003

3 lt»°.UGnC 153.0030 15G.CC03 153.3300 2U3.CC33 233.300U 2u3.0u30 233.0003 200.0000 2UO.0OOQ

* 11C.300C 153.3300 15U.0C00 153.030C 2u3.3D30 203.30T0 2J3.0030 233.000J 200.0030 200.0000

5 H.0.3G2C 150.000U IGO.OtJOO 153.0300 2^3.0G0L 230.00T0 2J3.D3D0 233.0000 200.0000 200.0003

CCUNTY CODE

1

AREA

.2233i720»3B

.33«*S»»0b0O3

.55756830*33

*** TEXAS DEPARTMENT OF »ATLk RESOURCES GR0UN3 WATtR SIMULATION PROGRAM ***

EXAMPLE PROoLEM HIGH PLAINS MODEL

PLRCENT IRRIGATEO

.5000

.5000

•5L03

36

.5030

.5J0O

.5300

.5330

.5330

.5000

.5000

.5C00

.5000

.5000

•5000

.5000

.5000



**• TEXAS DEPARTMENT OF «ATEk RESOURCES GROUND WATER SIMULATION PROGRAM ***

EXAMPLE PROBLEM HIGH PLAINS MODEL

IRRIGATED AREA

.11151363*33

.16727040*38

.27878430*33

TRANSMISSIVITY CONSTRAINTS

ROW ROW COLUMN COLUMN VALUE

START END START END

T-ONE T-TWO
1 5 1 4 30000. 5UCC.
1 5 5 10 60300. 5000.

PUMPING LIFT CONSTRAINTS
PLS PLT

•ClC
.GIL

VO.OUO

125.000

DOMESTIC AND STOCK PUMPAGE

VALUE

1 .u330J030

2 .5000u000*33

IRRIGATION PUMPAGE 3ATES

ROW

END

COLUMN

START

COLUMN

END

C4I5.2F10.G)

(I5.F13.0)

(4I5.F13.0)

*** TEXAS DEPARTMENT OF „ATCk RESOURCES GROUNO WATER SIMULATION PROGRAM **

EXAMPLE PROBLEM HIGH PLAINS MODEL

=*0» CGLUMN »• AND
REDUCE Mtl RCDUCE ots INITIAL

I THICKNESS D AND S THICKNESS Ik a

• JO .00 .03 .HJ 12. oO
• JU .00 .03 . ^j 12. b3

.30 .00 .33 .DJ 12.80
• 3J .GC .03 • ru 12.60

.33 .00 16.67 . "3 12.80

.33 •GO 16.67 .Co 12.80

.33 .Do 16.67 .00 12.80

.33 .00 16.67 • r.j 12. o3

.33 .00 16.67 .nu 12. oO

.33 .00 16.67 .Cu 12. dO

RH WEDUCE IRR REDUCE IRR NET TOTAL
LIFT THICKNESS IRR PUMPAGE

03 1.28 .00 11.52 11.52

3U 1.28 .00 11.52 11.52

00 1.28 .00 11.52 11.52

03 1.28 .00 11.52 11.52

1* 2.15 .00 6.46 23.12

IV 2.15 • 00 6.46 23.12

IV 2.15 .00 6*46 23.12

IV 2.15 .ou 6.46 23.12
IV 2.15 .00 6.46 23.12

IV 2.15 .00 6.46 23.12

COUNTY

1

TOTAL AREA

*** TEXAS DEPARTMENT OF WATE« RESOURCES GROUND -ATER SIMULATION PROGRAM ***

EXAMPLE PROBLEM HIGH PLAINS MODEL

REDUCE Mtl

M AND I THICKNESS 0 AND S

2530.3H .CC
.30 .00

VOLUME

FEET**3

.22302718*09
•33454P74*09

REDUCE M6I

m AND I THICKNESS D AND S

2500.33 .00 500.0

VOLUME

FEET**3

.55756792*09

REDUCE DCS

THICKNESS

.03 .nu

533.03 .QU

REDUCE DIS

THICKNESS

37

INITIAL REDUCE IRR REDUCE IRR REDUCE IRR
IRR

256. ol

384.31

LIFT THICKNESS

25.60 .00

64.53 .00

INITIAL REDUCE IRR REDUCE IRR REDUCE IRR
IRR TRANS LIFT THICKNESS

640.Jl 12S.6B 90.13 .00

NET TOTAL

IRR PUMPAGE

230.40 2730.40

193.75 693.75

NET TOTAL

IRR PUMPAGE

424.15 3424.15



«**TEXAS DEPARTMENT OF WATER RESOURCES GROUND WATER SIMULATION PROGRAM *»*

EXAMPLE PROBLEM HIGH PLAINS MODEL

1.523 25

11.1,20 23.125 23.125 23.125 23.125 23.125 23.125

11.520 23.125 23.125 23.125 23.125 23.125 23.125

ll.b23 23.125 23.125 23.125 23.125 23.125 23.125

11.523 23.125 23.125 23.125 23.125 23.125 23.125

11.520 23.125 23.125 23.125 23.125 23.125 23.125

**»TEXAS DEPARTMENT OF WATER RESOURCES GROUND WATEW SIMULATION PROGRAM ***

EXAMPLE PROBLEM HIGH PLAINS MODEL

TIME z .922171*01 DAYS OR .03 MAJOR TIME STEPS, HEAD CHANGE SUM z .G9 FEET, ITERATIONS

TIME z .202878*02 DAYS OR .06 MAJOR TIME STEPS, HEAD CHANGE SUM z .CI FEET, ITERATIONS

TIME z .33567^*02 DAYS OR .09 MAJOR TIME STEPS, HEAD Change SUM z • US FEET, ITERATIONS

TIME z .495022*02 DAYS OR .l* MAJOR TIME STEPS, HEAD CHANGE SUM z .0? FEET, ITERATIONS
TIME z .666243*02 DAYS OR .19 MAJOR TIME STEPS, HEAD CmANGE SUM ; .01 FEEL ITERATIONS
T lie z .915709*02 DAYS OR .25 MAJOR TIME STEPS, HEAD CHANGE SUM ; .01 FEET, ITERATIONS

TIME •- .119107*03 CAYS OR .33 MAJOR TIME STEPS, HEAD Change SUM : .01 FEET, ITERATIONS

TIME z .152153*03 DAYS OR .42 MAJOR TIME STEPS, HEAD change SUM = .02 FEET, ITERATIONS

TIME z .1918Ul*r3 DAYS OR .53 MAJOR TIME STEPS, HEAD CHAN6E SUM z .02 FEET, ITERATIONS

TIME z .239383*03 DAYS OR .66 MAJOR TIME STEPS, HEAD CHANGE SUM z .L3 FEET, ITERATIONS

TIME z .296482*03 DAYS OR .81 MAJOR TIME STEPS, HEAD CnANGE SUM z .05 FEET, ITERATIONS

TIME
- .365000*03 CAYS OR 1.00 MAJOR TIME STEPS, HEAD CHANGE SUM

- .08 FEET, ITERATIONS

PUMPAGE

POSITIVE

NEGATIVE

NLT

RECHARGE

POSITIVE

NEGATIVE

Nt T

CONSTANT HEAO FLO*
TC CELLS

FRCM CELLS

NLT

CHANGE IN STORAGE

INCREASE

DECREASE
NLT

REDUCTION IN PUMPAGE

MASS LALANCE

FOR TIME STEP

FEET»*3/DAY

408636.5

.3

408633.5

17901.3

.3

17901.3

391046.6
-390922.0

3424.1539

.0000

3424.1539

153.0030

.0000

153.0000

.0000

.0000

.0030

3276.7450
-3275.6995

.0000

1.5457

38

THROUGH TIME STEP

FEET**3/DAY

438o38.5

.0

408638.5

17901.0

.0

17901.0

391046.8
-393922.0

3424.

3424.

1539

0000

1539

150.

150.

oooo

0000

0000

0000

0000

0000

1. 0455

3276

3275

1

.7450
• 6994

.0000

.5457



»*♦ TEXAS DEPARTMENT OF WATER RESOURCES GROUND WATER SIMULATION PROGRAM **♦

EXAMPLE PROBLEM HIGH PLAINS MODEL

WATER LEVELS FOR END OF TIME STEP 1

1 16.492 15.793 15.916 19.857 24.490 28.674 32.033 34.399 35,805 36.452

2 15.006 12.735 9.645 17.392 23.519 26.399 32.343 34.661 35.939 36.519

3 13.474 7.8U9 -15.441 12.618 22.476 28.179 32.186 35.537 36.153 36.5b9

4 15.CC6 12.735 9.644 17.391 23.518 28.399 32.H40 34.661 35.940 36.520

5 16.492 15.792 15.916 19.857 24.490 28.674 32.^03 34.399 35.8C5 36.453

*** TEXAS DEPARTMENT OF WATER RESOURCES GROUND WATER SIMULATION PROGRAM

EXAMPLE PROBLEM HIGH PLAINS MOUEL

HEADS AT END OF 1IME STEP 1

COLUMN UU111U11

12J456769L

1 MMMMNOPPQL

2 MLKMN&PPQW

3 LKFLNOPCCO

4 MLKHNOPPGC

5 MMMMNOPPCC

FREQUENCY DISTRIBUTION

RA.NGE(FT) FREQUENCY PER CENT .LE.

A ******** TO -40.000

B -4C.C00 TO -35.000

C -35.&CU TO -30.000

D -3C.00D TO -25.000
r -25.GOO TO -20.000

F -20.000 TO -15.000

G -15.000 TO -13.U00

H -1D.00U TO -5.COO

I -5.DOC TO .000

J • COG TO 5.000

K L.COC TO 10.000

L 1G.00C TO 15.000

M 15.COD TO 20.COO

N 20.000 TO 25.000

0 25.00L TO 30.000

P 30.COG TO 35.000

Q 35.000 TO 40.000

R ML.COO TO 45.000

S 4S.000 TO 50.000

T 5C.000 TO 55.000

U 55.COO TO 6U.000

V 6C.C0G TO 65.000

w 65.(JOG TO 70.U00

X 7G.D0G TO 75.000

V 75.COO TO 80.000

2 80.COG TO ********

* CONSTANT HEAD

n .0

0 .0

3 .0

0 .0

0 .0

1 2.0

0 2.0

3 2.0

0 2.0

0 2.0

3 3.0

4 16.0

12 40.0

5 53.0

5 63.0

9 73.0

11 133.0

0 1J3.0

0 130.0

0 1J3.3

0 1U3.0

0 133.0

0 luO.O

0 100.0

0 103.0

0 loO.O

*** TEXAS DEPARTMENT OF »A1ER RESOURCES GROUNO WATER SIMULATION PROGRAM *♦*

EXAMPLE PROBLEM HIGH PLAINS MODEL

FLOWS «10G*S AF/YR > IN DIRECTION

ROWS

3 1 2 l 0 1

a 1 5 l 0 2

-l -2 -7 -2 -1 3

-2 -2 -3 -2 -2 4

-2 -2 -2 -2 -2 5

-1 -1 -2 -1 -1 6

-1 -1 -1 -1 -1 7

-1 -1 n -1 -1 R

0 0 c 0 0 9

Q 3 a 0 c 10

39



*** TEXAS DEPARTMENT OF WAIEk RESOURCES GROUND WATER SIMULATION PROGRAM ***

EXAMPLE PROBLEM HIGH PLAINS MODEL

FLOWS (100*5 AF/YR ) IN DIRECTION

ROWS

0

-1

**» TEXAS DEPARTMENT OF WATER RESOURCES GROUND WATER SIMULATION PROGRAM ***

EXAMPLE PROBLEM HIGH PLAINS MODEL

SATURATED THICKNESS AT END OF STEP 1

1 66.492 65.793 65.916 69.357 74.493 78.674 82.033 84.399 85.805 66.452

2 65.0G6 62.735 59.645 67.392 73.519 7fa.3>9 82.C40 84.661 85.939 86.519

3 63.474 57.809 34.559 62.618 72.476 78.179 82.186 85.537 86.153 86.589

4 6S.3L6 62.735 59.644 67.391 73.513 78.399 82.340 84.661 85.940 86.520

5 66.492 65.792 65.916 69.857 74.UV3 78.674 82.233 84.399 85.805 86.453

*•»* TEXAS DEPARTMENT OF »ATE« RESOURCES GROUND WATER SIMULATION PROGRAM

EXAMPLE PROBLEM HIGH PLAINS MODEL

SATURATED THICKNESS AT END OF TIME STEP 1

COLUMN 11111111111

1234567890

MMMMNOPPCL

MLKMNOPPGL

LKFLNOPQQQ

^LKMNOPPQO

MMMMNOPPQL

FREQUENCY DISTRIBUTION

RANGE(FT) FREQUENCY

********

1G.C0C

15.COO

20.COO

25.COO

3C.C00

35.DOC

40.000

45.COO

50.COG

55.000

6C.00G

65.000

70.000

75.000

8C.00G

85.DOG

90.00L

95.000

100.000

105.CDC

110.000

115.000

120.000

125.COL

13C.G0G

CONSTANT

TO

TO

HEAD

,000

.000

,000

,000

,000

,000

,000

,000

,000

,cco

,000

,000

,000

,000

,000

,000

,000

,000

,000

,000

,ono

,000

,000

,000

,000

«***

12

5

5

9

11

0

0

0

0

0

0

3

0

0

PER CENT ,LE.

.0

• 0

.3

.c

.0

2.0

2.0

2.0

2.0

2.0

8.0

16.0

43.0

53.0

63.0

73.0

1UD.0

130.0

lo'3.0

1J3.0

1J3.0

133.0

103.0

lo3.0

100.0

luO.O

40

.00030000

.00300000

.30303000

.00000000

.30000000

.38537576*37

.30000000

.33000000

.30000000

.30000000

.19748862*08

.28052568*08

.89245468*06

.41091966*38

.43749720*08

.83456029*08

.13568293*09

.30300000

•30000000

.33000000

.30000000

•00000000

.30000000

.30003000

•COOOOOOC

.30000000

.41488129*09

.00000000

.00000000

.00300000

.00000000

.00000000

.11151360*07

•00000000

.00000000

.00000000

.00000000

.33454080*07

•44605440*07

•13381632*08

.55756800*07

.55756800*07

•10036224*08

•12266496*08

•00000000

.00000000

•00000000

•00000000

•00000000

•QOOOOOOO

.00000000

.00000000

.00000000

.55756800*08



*** TEXAS DEPARTMENT OF WATER RESOURCES GROUND WATER SIMULATION PROGRAM

EXAMPLE PROBLEM HIGH PLAINS MODEL

time step option

time step option

time step option

time step option
time step option

time step option

time step option

time step option

3 EQUALS

6 EQUALS

8 EUUALS

11 EQUALS

16 EQUALS

17 EwUALS

LS EQUALS
26 EQUALS

SIMULATING TIME STEP

BLOCK PUMPAGE ASSIGNMENT

ROW

START

ROW

END

COLUMN

START

COLUMN

END

VALUE

3 3 3 3 tSOC.OOOC

BLOCK RECHARGE ASSIGNMENT

ROW

START

ROW

END

COLUMN

START

COLUMN

END

VALUE

3

PUMPAGE

PUMPA3C

3 6

PREDICTION

PREDICTION

8

OPTION

OPTION

10

11

150.300C

EQUALS 1

EQUALS 1

**♦ TEXAS DEPARTMENT OF »ATFR RESOURCES 3R0UN0 WATER SIMULATION PROGRAM **

EXAMPLE PROBLEM HIGH PLAINS MODEL

REDUCE Mtl REOUCE DtS IN IT1AL REDUCE IRR REDUCE IRR REDUCE IRR NET TOTAL

W COLUMN M AND I THICKNESS D AND S THICKNESS IRR TRANS LIFT THICKNESS IRR PUMPAGE

1 1 .30 .00 .03 .nu 12.80 1.57 4.89 .00 6.35 6.35

1 2 .33 .00 .33 .rid 12.80 1.73 4.91 .00 6.19 6.19

1 3 .33 .00 .03 .00 12.80 1.67 4,90 • 00 6.22 6.22

1 4 .30 .00 .03 • 00 12.60 .95 4,76 .00 ' 7.09 7.09

1 5 .33 .00 16.67 .03 12.60 6.33 3.27 .00 3.20 19.87

1 6 .30 .00 16.67 • 00 12.80 5.98 3.16 .00 3.66 20.33

1 7 • 33 • 00 16.67 .33 12.80 5.73 3.05 .00 4.05 20.72

1 8 .30 •oc 16.67 • P,U 12.30 5.53 2.97 .00 4.34 21.01

1 9 .33 .00 16.67 .00 12.80 5.3o 2.91 .00 4.51 21*18

1 10 .30 .00 16.67 .00 12.60 5.32 2.88 .00 4.59 21.26

**♦ TEXAS DEPARTMENT OF WATER RESOURCES GROUND WATER SIMoLATION PROGRAM *♦

EXAMPLE PROBLEM HIGH PLAINS MODEL

REDUCE Mtl REDUCE DCS

COUNTY M AnD I THICKNESS D AND S THICKNESS

1 2530.30 .00 .03 .Cu

2 .30 .00 500.03 .00

TOTAL AREA

VOLUME

FEET**3

.14090065*09

.27398063*09

REDUCE Mtl

THICKNESS

VOLUME

FEET**3

•4148bl28*09

AND S

500.03

REDUCE DCS

THICKNESS

m

INITIAL REDUCE IRR REDUCE IRR REDUCE IRR
IRR TRANS LIFT THICKNESS

256.01 43.59 97.S2 .00

384.Jl 171.16 91.21 .00

INITIAL

IRR

640.01

REOUCE IRR REOUCE IRR REDUCE IRR
TRANS LIFT THICKNESS

214.76 188.74 .00

NET TOTAL

IRR PUMPAGE

114.89 2614.89

121.62 621.62

NET TOTAL

IRR PUMPAGE

236.51 3236.51



PUMPAGE

***TEXAS DEPARTMENT OF WATER RESOURCES GROUND *ATER SIMULATION PROGRAM ***

EXAMPLE PROBLEM HIGH PLAINS MODEL

6.195 6.221 7.094 19.871 2C.33D 2D.716 21.o05 21.183 21.261

5.553 4.95U 6.476 19.768 2C.299 20.720 21.337 21.196 21.269

4.635 2501.313 5.534 19.660 20.274 2J.737 21.146 21.223 21.276

5.553 4.949 b.476 19.768 20.299 23.720 21.J37 21.196 21.269

6.195 6.221 7.U94 19.871 2G.33D 20.716 21.305 21.180 21.261

*»*TEXAS DEPARTMENT OF WATER RESOURCES GROUND WATER SIMULATION PROGRAM

EXAMPLE PROBLEM HIGH PLAINS MODEL

TIME z .374222*03 DAYS OR 1.03 MAJOR TIME STEPS, HEAD CnANGL SUM z .03 Ft-ET, TERATIONS : 4

TIME z .385288*03 DAYS OR 1.06 MAJOR TIME STEPS, HEAD CHANGE SUM z .05 FEET, TERATIONS z 4

TIME- z .398567*03 DAYS OR 1.09 MAJOR TIME STEPS, HEAD CHANCE SUM z .DC FEET, TERATIONS z 4

TIME - .414502*03 GAYS OR 1 . 14 MAJOR TIME STEPS, HEAD CHANGE SUM z .00 FEET, TERATIONS z 4

TIME - .433624*03 DAYS OR 1.19 MAJOR TIME STEPS, HEAD CHANGL SUM z • DC FLET, TERATIONS z 4

TIME z .456571*03 GAYS OR 1.25 MAJOR TIME STEPS, HEAD CnANGE SUM z .02 FEET, TERATIONS z 4

TIME z .484107*03 DAYS OR 1.33 MAJOR TIME STEPS, HEAD change SUM z .03 FEET, TERATIONS z 7

NUDL 3 3 DEWATERE3, PUMPAGE REDUCED 2985366a*G6 FElT»* 3/DAY

TIME z .517150*03 GAYS OR 1.42 MAJOR TIME STEPS, HEAD change SUM z .09 FEET, [TERATIONS z 6

TI"E z .556801*03 DAYS OR 1.53 MAJOR TIME STEPS, HEAD CHANGE SUM z .03 FEET, ITERATIONS z 7

TIME z .604383*03 GAYS OR 1.66 MAJOR TIME STEPS HEAD CHANGL SUM z .04 FEET, [TERATIONS z 8

TIME z .661482*03 DAYS OR 1.81 MAJOR TIME STEPS, HEAD Change SUM z .09 FEET, TERATIONS z 9

TIME
z

.730000*03 GAYS OR 2.30 MAJOR TIME STEPS, HEAD change SUM
z

.06 FEET, ITERATIONS
z

7

FOR TIME STEP c THROUG * TIME STEP 2

FEET**3/DAY A C -F T / S T E P FEET**3/DA Y AC-FT

PUMPAGE

POSITIVE

NEGATIVE

NLT

RECHARGE

POSITIVE

NEGATIVE

NET

CONSTANT HEAD FLOW

TG CELLS

FhOM CELLS

NLT

CHANGE IN STORAGE

INCREASE

DECREASE

NLT

REDUCTION IN PUMPAGE

MASS bALANCE

3b6245.6

.3

366245.6

17901.0

.3

17901.0

34240.5

2G14U.6

-167171.0

3236.514C

.0033

3236.5140

153.0GD0

.0020'
153.0030

.3000

• OODO

.0003

2b6.9159

16t>7.7121

-14JD.7963

42

397442.1

.0

397442.1

17931.0

.0

17901.0

17182.7

296229.2

-279046.5

6660.6678
.0000

6660.6678

300.0000
• 0000

300.0000

.0000

• 0000

.0000

287.9614

4964,4571

-4676.4957

1685.0848

.9129



*** TEXAS DEPARTMENT OF »ATER RESOURCES GROUND WATER SIMULATION PROGRAM ***

EXAMPLE PROBLEM HIGH PLAINS MODEL

hATER LEVELS FOR END OF TIME STEP 2

3.966 10.161

3.754 9.882

9.520 9.426

8.754 9.863

.966 10.161

11.925 13.817

11.790 13.7o3

11.652 13.757

11.790 13.7d3

11.925 13.817

15.887 17.843 19.423 23.359 23.796

15.936 13.C13 19.784 23.539 20.864

15.996 13.285 20.885 23.811 20.974

15.937 13.C13 19.784 23.539 23.864

15.637 17.843 19.423 23.359 20.795

*** TEXAS DEPARTMENT OF *ATEk RESOURCES GROUND WATER SIMULATION PROGRAM ***

EXAMPLE PROBLEM HIGH PLAINS MODEL

HEADS AT END OF TIME STEP 2

COLUMN 11111111111

123456789G

MMNNNOOOPP

MMMNNOOOPP

MMMNNOOPPP

"MMNNOOOPP

MMNNNOOOPP

FREQUENCY DISTRIBUTION

RANGE(FT) FREQUENCY

A #«****** TO -5C000
B -5G.C00 TO -45.000

C -45.000 TO -40.000

D -40.COO TO -35.000

E -35.000 TO -30.000
F -30.000 TO -25.000

G -25.00G TO -20.000

H -20.COO TO -15.000

I -15.000 TO -10.000

J -10.00C TO -5.000

K -5.C0C TO .000

L .GOG TO 5.000
M 5.00C TO 10.000

N 1C.00G TO 15.000

0 15.000 TO 20.000
P 20.00G TO 25.300

Q 25.COO TO 30.000

R 30.000 TO 35.000

S 35.000 TO 40.000

T 40.000 TO 45.000

J 45.000 TO 50.000

V 50.000 TO 55.000

w 55.COO TO 60.000

X 60.000 TO 65.000

Y 65.000 TO 70.000

2 70.COG TO ********

* CONSTANT HEAD

0

0

0

0

0

0

0

0

0

13

12

14

11

0

0

0

0

0

0

0

0

0

0

PER CENT ,LE.

.0

.0

.0

.0

26.0

53.0

78.0

1U3.0

1U3.0

UO.C

130.0

100.0

133.0

130.0

1U0.0

1J0.0

130. 0

1J3.0

*** TEXAS DEPARTMENT OF WATEk RESOURCES GROUND WATER SIMULATION PROGRAM ***

EXAMPLE PROBLEM HIGH PLAINS MODEL

FLOWS (IOC'S AF/YR ) IN DIRECTION

ROWS

0 0 0

c 0 0

3 -1 -1

1 _1 -1

1 -1 -1

0

0

0

-1

-1

-1

0

0

0
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*** TEXAS DEPARTMENT OF WATER RESOURCES GROUND WATER SIMULATION PROGRAM *♦•

Example problem high plains model

FLOWS (IOC'S AF/YR ) IN DIRECTION

ROWS

s 4 3 2 1

n 0 0 0 G 1

3 3 0 0 0 2

a 0 0 0 0 3

u 0 c 0 0 4

3 3 0 0 0 5

!) 3 0 0 D 6

3 0 r 0 0 7

R 0 0 0 0 8

:1 3 0 0 0 9

J 0 C 2 0 10

*** TEXAS DEPARTMENT OF WATCR RESOURCES GROUND WATER SIMULATION PROGRAM ***

EXAMPLE PROBLEM HIGH PLAINS MODEL

SATURATED THICKNESS AT END OF STEP 2

5P..391 58.966 60.161 61.925 63.817 65.867 67.840 69.420

58.249 58.754 59.862 61.7V0 63.7o3 65.936 68.C13 69.784

58.127 58.520 59.426 61.b52 63.757 65.996 68.265 70.885

58.249 58.754 59.863 61.790 63.7b3 65.937 68.~13 69.784

56.391 58.966 6R.U.1 61.9>S 6 * . F. I 7 6S.RH7 h7.84T h <J. 4 ? 1

73.359 70.796

73.539 70.884

73.811 70.974

73.539 73.884

7-|.1«i9 7D.79S

*** TEXAS DEPARTMENT OF -ATER RESOURCES GROUND WATER SIMULATION PROGRAM ***

EXAMPLE PROBLEM HIGH PLAINS MODEL

SATURATED THICKNESS AT END OF TIME STEP 2

COLUMN 11111111111

123456769C

"MNNNOOOPP

MMMNNOOOPP

MMMNNOOPPP

MMMNNOOOPP

MMNNNOOOPP

FREQUENCY DISTRIBUTION

RANGE(FT) FREQUENCY

A ******** TO .000

B • COO TO 5.000

C 5.DOC TO 10.000

D 1G.C0G TO 15.000

E 15.000 TO 20.000

F 2C.C0G TO 25.000

G 25.C0C TO 30.000

H 3C.D0C TO 35.000

I 35.000 TO 40.000

J 40.C0C TO 45.000

K 45.LOG TO 50.000

L 5G.000 TO 55.000

M 55.GOG TO 60.000

N 60.000 TO 65.000

0 Ob.COO TO 70.000

P 7C.C0C TO 75.OOG

J 75.00C TO 80.000
R 80.000 TO 85.000

S 85.COO TO 90.COO

T 90.000 TO 95.000

U 95.C0C TO 100.000

V 120.GOC TO 105.UOO
w 105.GOO TO 110.000
X 110.OOG TO 115.UOO
Y 115.000 TO 120.000
2 120.000 TO ********

* CONSTANT HEAD

*** JOB TERMINATED ***

0

0

0

0

0

0

0

0

0

0

0

0

13

12

14

11

PLR CENT ,LL.

.0

.0

.0

.0

.0

.0

.c

.0

.0

.0

.0

.0

26.0

53.0

78.C

1J3.0

1U3.0

1U3.0

103.0

UO.O

1J0.0

100.0

133.0

130.0

130.0

1U3.0

44

.30000000

.00000000

.00003000

.00000000

.00000000

.30000000

.30000000

.33000000

.00000000

.30000000

.03003000

.00300000

.85258678*08

.83452563*08

.10571973*09

.86738021*08

.30003300

.00000000

.03003000

.30000000

.33000000

.30003000

.30000000

.00000000

.33000000

.3300J000

.36116899*09

.00000000

•COOOOOOO

.00000000

•00000000

.00000000

.00000000

•COOOOOOO

.00000000

•00000000

.00000000

•00000000

.00000000

.14496768*08

.13381632*08

.15611904*08

.12266496*08

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.55756800*08



REFERENCES

Peaceman, D. W., and Rachford, H. H- Jr. (1955), "The Numerical Solution of
Parabolic and Eliptic Differential Equations," "Journal Society of Industrial
and Applied Mathematics," V. 3, pp 28 - 41.

Prickett, T. A., and Lonnquist, C. G. (1971), "Selected Digital Computer Tech
niques for Groundwater Resource Evaluation," Bulletin 55, Illinois State
Water Survey, Urbana, Illinois.

Trescott, P. C., Pinder, G. F., and Larson, S. P., (1976) "Finite-Difference
Model for Aquifer Simulation in Two-Dimensions with Results of Numerical Ex
periments," U. S. Geological Survey Techniques of Water-Resources Investiga
tions, Bock 7, Chapter CI. p. 20.

45



APPENDIX

A. Program Description
B. Flow Chart of Main Program
C. Flow Chart of Pumpage Prediction Program
D. Glossary of Selected Program Variables
E. Listing of Computer Program

47



APPENDIX A

PROGRAM DESCRIPTION

A brief discussion of each segment of GWSIM-III is included in this ap
pendix.
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PROGRAM DESCRIPTION

MAIN PROGRAM

The main program reads basic data and calls various subroutines. All var
iables are modified and corrected as required, during each time step, in the
main program. The majority of the arrays are dimensioned in the main program.
If the finite difference grid contains more than 31 rows or 31 columns, the
array declaration will have to be changed only in this segment.

SUBROUTINE - CALIB

This subroutine adjusts the values of hydraulic conductivity and storage
coefficient. Such changes may be necessary during the calibration phase of
model construction. The routine may also produce printer maps illustrating
the values of the two parameters. Hydraulic conductivity values are divided by
10 prior to printing, and storage coefficients are multiplied by 1000. Data
Set 8 is read by the subroutine. The value of General Program Option 7 deter
mines what maps will be printed. If the option is: equal to 1, no maps are
printed; equal to 2, the hydraulic conductivity map is produced; equal to 3,
the storage coefficient map is printed; and equal to 4, both maps are printed.

SUBROUTINE - FLUX

This subroutine prints a map indicating the ground-water flows between
nodes at the end of a time step. The maps are printed if either Time Step Op
tions 12 or 17 is enabled. Both should not be enabled for the same time step.
If maps are to be produced, the appropriate units conversion factor and label
must be read in Data Set 2.

Two maps are produced. The first map shows flow between columns and is
labeled 'Direction l.? For cell i,j, the value printed is for flow from cell
i,j to cell i,j+l. The second map, labeled 'Direction 2,' shows flow between
rows. For cell i,j the flow is from cell i,j to cell i+l,j. A negative number
represents a reversal of flow, i.e., from cell i,j+l to cell i,j.

An example of a map produced by FLUX is shown in Figure 4.

SUBROUTINE - GETPMP

This subroutine is called for each major time step, and it reads the
pumpage and recharge data. The routine to calculate pumpage for the High
Plains Model, HGHPMP, is called by this subroutine. The net withdrawal rate
in Equation 3, Q. ., is calculated, and the units are cubic length per day.

L5 J

SUBROUTINE - HGHPMP

This routine calculates the pumpage for the High Plains Model. Pumpage
data and constraint parameters are read, and results of the pumpage calcula
tion are printed. Much of the data are stored en tape for use in later time
steps.
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SUBROUTINE - HYDRO

This subroutine produces a hydrograph of water levels for specified
cells. The program plots water levels at the end of major time steps and meas
ured water levels if available. There is no limit to the number of major time
steps. The head at the end of twenty time steps will be plotted per page.

SUBROUTINE - OUTPUT

This subroutine prints most of the model results. The mass balances are
also computed in this routine. Many of the plotting routines are called from
OUTPUT. Example output is shown in Figure 4.

SUBROUTINE - PHYSDT

This routine reads the physical data describing the aquifer. Subroutine
CALIB is called to adjust hydraulic conductivity and storage coefficient. The
units of hydraulic conductivity are converted to length per day units, and
storage coefficient is multiplied by the cell's dimensions.

SUBROUTINE - PLOTH

The routine produces print plots of head or saturated thickness. A let
ter will be printed for each active cell in the system to indicate that
cell's value of the parameter. The range for each letter is printed with sta
tistics to indicate the distribution of the parameter. An example of such a
map is shown in Figure 4.

SUBROUTINE - PLOTS

This routine produces plots similar to those produced by Subroutine
PLOTH. A map of simulated errors or head changes may be produced. Simulated
error or difference is equal to the simulated head level minus observed head
level. Statistics are printed which may be used to compare the head differ
ences. The mean, standard deviation, maximum, and minimum values for the simu
lated head, observed head (if error map is produced) or beginning head (if
head change map is produced), and difference in head are printed. The nodes
with the maximum and minimum values are identified by row and column numbers.
The mean and standard deviation of the absolute value of the head value is
also printed. The covariance and regression coefficient are also printed, but
these values have meaning only when an error map is produced. These two val
ues are used to indicate the goodness-of-fit between the simulated and ob
served water level.

The subroutine only considers cells for which the observed head level is
not zero. This allows the possibility of reading a set of observed head levels
(Data Set 30) which contains known values only for cells that contain a meas
ured well. Normally, Data Set 30 contains a measured value for all active
cells, with most values obtained from a contour map.
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SUBROUTINE - SOLVE

This routine solves the system of equations for the head using the itera
tive alternating direction implicit procedure. A user-supplied error criterion
terminates the iteration sequence for each time step. At least four iterations
are completed to insure stability.

SUBROUTINE - XSECT

This subroutine produces a printer plot of a profile of the water level
and base of aquifer data in the system. If measured water levels are availa
ble, these are also plotted. The profiles may be along rows and/or along col
umns. An example of such a profile is shown in Figure 4.
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APPENDIX B

FLOW CHART OF MAIN PROGRAM

An abbreviated flow chart of the main program of GWSIM-III is included
in this appendix.

c Start J>

Read title and

parameter cards

i
Calculate length of first

minor time step

i
Read physical data
(Subroutine PHYSDT)

Calculate iteration parameters

Begin major time step loop

Read time step options

<D

Yes

I Adjust parameters
No

Read pumpage and recharge rates
(Subroutine GETPMP)

I

52



No

Begin minor time step loop

Calculate transmissivity terms

Predict heads at end of time step

Calculate heads at end of time step
(Subroutine SOLVE)

I
Calculate flows for constant-head cells

i

53

Yes

1
Read heads

Yes

Read blocks

<D



No

54

Yes

Set pumpage to zero

Set head to base of
aquifer plus 0.1



Write simulation results

(Subroutine OUTPUT)

No

C Stop )

55

No

*©

No

*©

Yes

1
Print hydrographs

(Subroutine HYDRO)

1



APPENDIX C

FLOW G-IART OF PUMPAGE PREDICTION PROGRAM

An abbreviated flow chart of the pumpage prediction program for the High
Plains Model, HGHPMP, is included in this appendix.

C Enter )
*

Read Pumpage Options 3
Store hydraulic data on unit IN5

Read county numbers and
land surface elevations

Read percent irrigated

Calculate area of each county

Store pumpage arrays on unit IN6

56

No

+©



No

57

Read values and
convert units to
length per day



Store pumpage arrays on unit IN6

Calculate unconstrained irrigation
pumpage and convert to units

of Data Set 11

Calculate transmissivity constraint factor

Calculate pumping lift constraint factor
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T
Calculate constrained irrigation pumpage

Apply saturated thickness constraint

i
Calculate resultant pumpage

List pumpage prediction values

Read stored hydraulic data from unit IN5

I
( Return )
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APPENDIX D

GLOSSARY OF SELECTED PROGRAM VARIABLES

A glossary of selected program variables used in GWSIM-III is included
in this appendix.
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GLOSSARY OF SELECTED PROGRAM VARIABLES

Variable Name

ACTY(K)

B0TLEL(I,J)

DANDS(K)

DELMAJ

DELTA

DELK(J)

DELY(I)

DL(I,J)

ERROR

F1AG(I,J)

FLXFCT

FLKNAM

FMT

H(I,J)

HO(I,J)

I

IOOUTY(K)

IN,IN1,IN2,IN3,
IN4,IN5,IN6

61

Definition

Modeled area of county K (L**2)

Elevation of bottom of aquifer for
cell i,j (L)

Domestic and livestock pumpage for
county K (L**3/step)

Length of major time step in
days (T)

Length of minor time step in
days (T)

Grid spacings in x-direction (L)

Grid spacings in y-direction (L)

Change in head during preceding
time step for cell i,j (L)

Minimum head change allowed for
convergence of solution
procedure (L)

Type declaration for cell i,j
Equal Zero — Constant head
Equal One — water table
Equal Three — Boundary

Factor to convert ground-water
flows prior to printing

Title to indicate units of printed
ground-water flows

Variable format array

Head at end of time step for
cell i,j (L)

Head at beginning of time step for
cell i,j (L)

Model row number

Number for County K

Input unit numbers



IOPT

ISAVE

ISTEP

ITER

J

JSAVE

KHYD

MCOLS

MINOR

MROWS

NBLK

NC

NCOLS

NPARM

NR

NROWS

NSAVE

NSP

NSTEPS

OPT

OUT,OUTl

62

Pumpage option array

Storage array for row numbers of
hydrograph cells

Major time step number

Number of iterations by IADI
procedure

Model column number

Storage array for column number of
hydrograph cells

Switch variable to cause printing
of hydrographs

Storage array for column numbers
for cross-section procedure

Minor time step number

Storage array for row numbers for
cross-section procedure

Number of statistical blocks

Number of columns in model

Number of columns for which cross

sections are desired

Number of iteration parameters

Number of rows in model

Number of rows for which cross

sections are desired

Number of nodes for which

hydrographs are desired

Number of minor time steps per
major time step

Number of major time steps

General program and time step
options array

Output unit numbers



P(I,J)

PCTIRR(I,J)

PERFCT

PLS(K)

PLT(K)

PMPFCT

PMPNAM

PRMITR

Q(I,J)

R(I,J)

RHG(I,J)

SF1(I,J)

SURFAC(I,J)

T(I,J,1)

T(I,J,2)

TIMACL

TONE(I,J)

63

Hydraulic conductivity for
cell i,j (L/T)

Percent of cell i,j that is
irrigated

Factor to convert input values of
hydraulic conductivity to interal
units of length per day

Pumping lift constraint parameter
for county K which indicates the
amount of reduction in pumpage
per unit increase in lift.

Pumping lift constraint parameter
for county K which indicates the
smallest lift for which the con

straint applies (L)

Factor to convert input values of
pumpage and recharge rates to in
teral units of cubic length per
day

Title to indicate units on pumpage
and recharge input rates

Iteration parameters

Pumpage rate for cell i,j (L**3/T)

Irrigation application rate
for cell i,j (L)

Recharge rate for cell i,j (L**3/T)

Storage coefficient for cell i,j

Land surface elevation for cell i,j
(L)

Transmissivity term between
cell i,j and cell i,j+l (L**2/T)

Transmissivity term between
cell i,j and cell i+l,j (L**2/T)

Time step acceleration factor

Transmissivity constraint value for
cell i,j which indicates the
largest transmissivity value when
the constraint applies (L**2/T)



TTWO(I,J) Transmissivity constraint value for
cell i,j which indicates the
transmissivity value that results
in a 90 percent pumpage reduction
(L**2/T)

XLGTNM Title to indicate length unit
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APPENDIX E

LISTING OF COMPUTER PROGRAM

A listing of the computer program for GWSIM-III is included in this
appendix.
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PP06RA"GWSI*-III

GROUNDWATERSIMULATIONPROGRAM

TEXASDEPARTMENTOFWATERRESOURCES

CBY
CTOMMYKNOWLES

CDATACOLLECTIONANOEVALUATIONSECTION
CDATAANbEN6INEERIN6SERVICESDIVISION
C****•*«***«***«****•44444*****************4*********44****************4

COMMON/ITCOM/NR,NCtlSTEPfNPARHtINt0UTtOUTl,OPTC30),ITERtNSAVEt
1ISAVE(25).JSAVt«25»,KHYD,NCOLS.*COLSI25I.NROWS,MROWSI25)
2tlNl,IN2,lN3vlN<i,lN5,IN6
3.NSTEPS

«tNBLK«IRkiC(4v6D)

COMMON/RLCOM/FH1I2C1,TITLEt2r1tDELXI10D),[JELYUOD),PRMITRI10),P
iucc»,Giico)tsuHsiir,r»,
2E^ROR,P«PFCTfPMPHAH,PERFCT,DELTA,
30ELMfcjtE.XLGTKM.FLXKAHl?»,FLXFCT
«»,[.ELMJ2,TIME

INTEGERCPT,FLAG*OUT,OUT1

C***<**4*44444444******4444444444444444444**********44444444**444*******

CTHEFOLLOWINGCARLSMUSTPECHANELIFTHEFINITEDIFFERENCEGRID
CCONTAINSMORETF-AN31ROWSOR31COLUMNS
C«*****«***********************************************4****************

PAPAMETERNRCW=3l,NC0L=31

L1MLNSICKFLAGfNRGWtNC0L),6GTLEL«NR0WtNCOL>,HINR0w,NCOLl»
lHC(NkOWtKCCL)vPlNROk,NC0L)tSFl<NF<0W,NCOL),TfNR0WvNC0L,2)v
21(nPOM.NCGL>.RH€(NkCWvNCOLI,DLI*'ROWtNC0LI

C***4**4*4*4***444444444444444*44444444444444**4***444444444444444*4*4*4

DIMENSION0UM1I?),PUM2I2)

ECUIVALENCLfLUMi|^),P(1)),IDU-212>,GI11)
DUMIIliro.L

CUMPIllrC.L

C*4*4**4***4*«*******4****4**************************4****«*****44444**4

CDEFINEINPUTANCOUTPUTDEVICENUMBERS

C4*44*****»*****4*****************«*******4***********4*******4*********
IN=5

IM=11

IK2T12

1N3T13

IN«»rm

1K5-15

IN6=lb

OOlrfc

CUTI^lu

C***44444444***4***444***4***«**444**44**4«************44**********4***4

CPLADTITLECA^DANO

CPEATPARA^lTERCA-i,

0***444********44******4**********4********4**********4*****************

RLAD<]N,C3C)TITLE

WK1TE(OLT.SPO)TIltE
RLATIINt««QC»NSTE*?,^SP,NR,NC,»1PAR«

ftACIIN,(UP)DELMAJ.ERRQP,TlHACL,PMPFCT,PMPNAM,XL6TN*tFLXNAMtPrRF
1CT,FL>FCT

C44444444444*********4*************4*4****4***********4*****************

CCALCULATES17ECFFIRSTMINOkTTmFSTEP
0**44*44***4************4******4*****4*****4***********************4****

DCLTAri.O

K=NSF

IT\zh-\

IFIM?C,3C,?0

2CCELTArDELTA«TIMACL**N
EOTCID

3TLtLTA=DEL^AJ/DELTA

tKITEI0UT.5MC)NSirPS1NSP,OELMAJrDELTAtERROP,NCtNR,NPAPM,TIMACL,P
lPPFCT,PKFNA»«fPEFFCl,FlXFCTtFLXN«M,Xl&TNM

C**444***444****44*****************************************************4

CF-E«LPHYSICALDATA

C4**44*44**************4**********4*************************************

CALLPHYSDTINRCWfNC0l,FLAof60TLEL,HtH0,PtSri,T!
ITTIMEro.D

NE:LK=1

IRwClltl1=1

1R*CI2,1»=NP

ipyri3aii=i
IRuCit,I»-r,C

TIMAC2=TIMACL

CELMJ2=DLLMAJ

EELrCcLTA

C*4*4*444444444444******************************************************

CCALCULATEITERATIONPAPAMETERS
C44*4**********44****444*4*******4*4444444*4*****************4*44*******

HA=?.

HC:?.1<«159*3.1*159/(2*NP*NR1

HE=3.mi5<;*3.mi59yI2*NC*NC)

ECSO1=1,NP

DO50J=1,NC

IFfFLAGtI«J).GT.2>GOTO50

HF=DELXtJ)*DELX(J)/ICELYCI)*DELY11>1

HD=Hf/(l,«HF)

F=HC/I1.«1»/HF)

ht=AMlNlCHA,HD,F)

5TCCNTIKuF

FrLXPfAL06«l./HA)/tNPARM-l))

PRMTTk!1)=HA

DOfiCI=2,NPAPM

bPFRMITRII)=PRMITRII-l)*F

WHITE10UT.3901IPk^ITRIl),1=1tNPARM»

TIMElrO.

C444444*4444444444444444444444**4444*44444444444444****4****************

C6L6INMAjHhTIMESTFPLOOP

Q44444444444**444******4444**4**4444444444*4*********4444**4***4********

DC?7LILTtPrirNSTLPS

WRITEI0UT,5801TI1LE
WhlTTJ0OT.590)ISTFP

DLLTA-UEL

NSP1-NSP

LLLVAJ=DELHJ?

TiMACL=TI»'AC2

C4*44444444444444**«*44444*****4****************************************

CPLATOPTIONSFORTHISTIMESTEP
C44*44444444***44444*4**«***4*******************************************

^tAD«iN,5br)0PT,SSP2,DELMJ1.TIMAC1

ctt:.-inf3r

IF(OFTII1.FT.0)«NITE(OUT,430)I,OPTII)

IFICFT(1).GT.C.ANL.l.EC.l)wRITEIOUT,5bO)NSP2,OELMJl,TIMAC1
lrcrr,Tihur

f.rCl-NTIUUE

NSPl^NSP

IFf0FTI1I.LT.l>r,wTC12n

£44444444444******4444444444*************4»**«**************************

CtJjUST\1".£STFPFAPAHETERS

C*4444444444*4444444*444*4*****************4***************************«

T,M*CL=TI««AC1

tELTAzl.

r;=N5PZ

vrMN-l

IFIm1l:;,11C,10z

IDCDLLTfc=LFLTA«TlMeCL**N

COTu9C

1ICrtLTt=L-EL"-l/OL"LTA

USP1=NSP«

LlLVAJ=DLLM«J1

irrc&NTiNur

1013CI=I,1C

SUMS(1,1)=^.

IFIJbTEF.^Ci.lISI:!«$tI,:):J.
ITCONTTNOt

C44444444444«**44**44444«44444444*44*4**4**44*«***4************44*«***»*

CkTALFATtRNfiLFLuXIFU^AGLANDRECHARGE)
C#4444444444444444444444444444«4*44**4*4*4******4*44***4*******4**44***4

CmLLOLTF"pcnrcw♦wCCLfFLAb,bOTLLLtHtHO,P,T,DL,0,RHGtSFl)



C READ ENLING HEADS FOP CONSTANT-HEAO CELLS
C****4444444*******•♦*****•****•••*******♦*******************************

IF IOFTC20).LT.l) GO TO 180

PLAD I1N,«.3D) FMT

IF (OPT I21I.GT.?) GC TC 160

LO I5D 1 = 1,NR
READ Uf'.FMT) IPIJI,J=1,NC)

DO 15C J=1,NC

IF IFLAGIl,jn 140,1*0,150
110 DHT,J» =IBIJ)-H(I,J) 1/UELMAJ

IFIOPT <?<» ).EC.2)DL 11 ,J )=B IJ )/DELMAJ

15C CONTINUE

GO To IPC

lfcC RLaD UN.FMT) 1I,I1I,JJ,JJJ,HA
IF III.IT.1) GO TO IPO

EC 170 1=11,111

DO 17L J-JJ.JJJ

Hfc=HA-H(l,J)

IFI0PT(2O).E0.* )HFJ= HA

170 CL(T,J)=H8/DELMAJ

GC TO 1ft

1FC CONTINUE

£***44******************************************************************

C PLAD LIMITS OF STATISTICAL bRlD BLOCKS
C*******••*•«***********************************************************

IF ICPTI27).LT.l) GC TC 2PD

READ UN,530) FmT
19C NBL*=NBLK*1

READ I1K',FHT) I1RWC U ,NPLK ),J=l ,«« )
IF UFWCtl ,NBLH).GT.P) CO TO 19T
NBLH=NeiK-l

2EC CONTINUF
C****4444444**************4******444444444444****************************

C SAVE HEADS AT BEGINNING OF TIME STEP
C4*44********************************************************************

REWIND IN*

WkiTE I IN1*) H
£444444*444444444444444444444*******************************************
C BEGIN MINCM TIME SIFP LOOP
C***********************************************************************

LO 350 M1N0P=1,NSP1

T]ME=TIME«OELTA

C4444 444****♦**«♦*•♦**♦*************************************************
C CALCULATE TRANSMISSIV ITIES
C4**44*********4********************************************************

LC 72C 1 = 1, NF<

DC 22C J=1,NC
Tl=Pll,J)*(H(l,^l-bOTLEtCT,J)l
T II,J(1»-0.

IF Ij.EC.NO GO TO 210
IF IFLA641,J).EC.0.AND.FLAGIl,J*ll.EC.0l GO TO 210
T2=P(I,J«l)*(H(1,J*1>-POTlELII,J«l)>
IF I ITl«T2).LT.0.0ul) GC TO 210
T(I,J,1)=2.*T1*T2*UELYII)/CT1*DFLXIJ*1)*T2*PELXIJ))

21C TII,J,2)=n.

IF ll.EO.NR) GO TO ?2C
IF IFLAG»1,J).LC.D.ANL.FLAGI1*1 ,J).FQ.O) GO TO 220
T2=PII*1,JI*IMI1*1 ,J1-60TLCHI*1 tJI»
IF I(Tl*12).LT.C0cl) CO TO 220
T»l,J,2)=2.*Tl*T2*0FLX»J)/|Tl*DELVII*l)«T2*rELYII))

22D CONTINUE

23C CONTINUE

c*****«4*****************************************************************
C PREDICT HEAD FOP Nt*T TIME STEP
C***********************************************************************

DO 770 J=l ,NC

CO ?7C 1=1,NR
0=HI1,J)-HOI1,J)
HCII,J)=HII,J)
IF IFLAGII.J)) ?*0,?«(C,250

2«*0 HII,J)=H(1,J»«DELTA«DLII,J)
1FIH(1,J).lT.P0TLELII,J>)HII,J)=B0TLELM,JI«C.1

GO TO 27C

250 CONTINUE

IF (FLAGIl.JF.bT.?) GO TO 270

F=O.D

IF I AbS(DLIl,J) ).LI.1.E-1) GO TO 26®

IF(MINOP.GT.?)F=D/Llll,J)

IFIF.GT.5.0IF = 5.0

IF(F.LT.0.a»F=0.O

2 ID CLII,J)=C
HII,J)=H(l,JI-»D*F

270 CONTINUE

C*«****4444****4*********4**********************************************

C PtFINE ESTIMATES OF HEADS 8Y IADI METHOD

C

C CALL SUBROUTINE SOLVE TO PERFORM THE IADI PROCEDURE
C«**4444******************************•*******•********••******•*••*•***

CAcL SOLVE (NROW,NLOL,FLAGtH,HO,T,SFl,CI

2ec CONTINUE

T1MTTIME/DELMJ2

290 CONTINUE

WWITE IOUT,«*01 TIME,TIM,E,ITER
TC 730 J=1,NC

DO 330 I=!,NR
SLMfHD=0.

IFL=FLAG»I,J)*1
GC TO (3bC,31P,?10,?30>, IFL

C«**4**44******4*******4**********************•**•**•**•****•********♦•*

C LLTERMlNt FLOWS W 11 F- CONSTANT HEAD CELLS
C***********************************************************************

i^C 1FII.GT.1)SUMCHC=SUMCHC-TII-1,J,2)*IH(I-1,J)-H(I,J||*DELTA

IF(l.LT.NB)SUMCF-D=SUMCHD«TII,J,7l*IH«I,JI-H(l4l,J)»*0ELTA
IF(J.GT-1)SUMCH0=SUMCHC-T(I,J-1,1»*IH(I,J-1)-HII,J))*OELTA
IF IJ.LT.NC)SUmCHD =SL'MCHD*TII,J,1 I* (HI IvJ|-HI1vJ«1 ))*OELTA
IF (SUMCHD.GT.D. )SUhS(6,l)=SUMS(6,l)*SUMCHD

IF(?UhCHD.LT.0.)SUMS(5,l)=SUMSi5,l)-SUMCHD

GC TC 33U

31C CONTINUE

HA = (H(I,J)-H0(1,J) MSFHI.J)

1FIHA.LT.1)SUMS(S,1)=SUMSIB,1)-MA
lF|HA.CT.r.)SuMS«T,l)=SUMS(7,l|«HA

C**444444444**444************4******************************************

C IF H IS bELOW BCTTU" ELEV«TION, REDUCE PUMpAGE, IF POSSIBLE.
£ ****** 4***4***4***44****4********4444**********************************

IF IH(I,j).GT.BOTLLL(I,J)) GC TO 330
HA=CI1,J)«RHG|I,J)*PMPFCT
C ll,-)=-pHG(I,J)*PMPFCT
IFIHA.LT.1.)HA=0.

SUMSI9,l)=i»UMSIe,l)«P**(DELMAJ-TlME«TIMEl)
C4444444****************************************************************

C SET MINIMUM THICHNTSS TO 0.1

£t4444444*4444444444444444*****44444*4444444*****4*4444*****************

F ll,«)=EOTLELII ,J)*T.l
WklTE IOUT,5Tr) IV«VH« tXLF-TNh

3/T CONTINUE

33D CONTINUE
C*444444************* 4**************************************************

C PF-1M HAP Cf FLfWS - MNOF TIME STEP
C«4*44444444**4«*****44444**44*************4***«9*****«««*****«*********

IF IOPTIl?).rT.D t'LL FLUX INROV ,NCOL ,FH, T )
C4444444444*«**44**44444*44444*4****«**44444*4*4**«*********************

C INCREASE SI7E OF T1»T STEP
C***44*4444*****4********4**44*4****************************************

LLLTrA = DrLTA4TlHACL

IF COPT llTl.LT.i ) 0*" TO 3T
C*4*444»44**444444444<444*44*44444444*444*4444444444444*****************

C WHITE bATEhi LEyFLS AT ENO OF M1NCR TIME STEP.
C44444444**4*********«***********4*«****«********«**********************

iiklTT irtT.SPD TIUr

kHH l^oT.Mf) TlMf



LO

WR

***«

EN
****

CO

T

COI

****

«C1=1,NP

1TE(OUT,*tO)I,IP(I,JI,J=1,NC)
***4*444********************************************************

DMINORTIMESTEPLOOP
*****44444******************************************************

NTINUE

ME1=TIME

NTINUE

**94*44A********************************************************

RTTERESULTS

4**4444*************************************************************

CALLOUTPUT(NROW,NCOL,FLAG,H,H0,P,B0TLEL,SF1,T)
********************************************************************

EnCMAJORTIMESTEPLOOP.
•***************••**•**•**••******••**•*•****•*••****•******•*•*•**•

CONTINUE

***********44444****************************************************

PUNTHYCPOCRAPHS

44**44444444444444***44*********************************************

IFIfcHYD.GT.C)CALLHYDROINkOW,NCOL,FLA6,H,H0,T)
WRITElOLl.feCC)

STOP

********************************************************************

3*0

C***

C

c***

350

3*0

C*«*

C

c***

c***

c

c***

37C

C**«

C

C***

3C0

C**<

C

/12C,'ITEMATICNPARAMETERS•//IT25.5F10.5))

315)

F10.0,1A6)

£11)

20,MIMESTEPOPTION',15,•EQUALS',15)
HTIME=,c!2.6,'DAYSOR',F5.2,'MAJORTIMESTEPS,','HE
SUM=•,Ffl.2,%FEET,ITERATIONS=',I5)

HI)

HD,I«I,5X,1EF10.3/I10X,10F10.3»)
DA*)

0H1EPRCRhESSA9E,15,/,15H0LASTCARDREAO,/,5X,lH/,20«*,1H

39CFOKMAi(/,

400FORMATli:

HIDFORMATI'll

H20FORMAT12!

130FORMATIT!

1<lCFCRMAT(7»

1ALCHANGL

«»5CFORMAT111

<*60FORMAT(11

•♦70FCRMAT12!

«»SCFORMAT11'

1/)

««9CFORMAT(11

1T«*5,M0P«
2T95,'PERM

3T53,'ELEV
«,'COEFVi:

500FORMAT11:

510FORMAT151

52CFORMAT12"

53CFOM-AT12'

5«40FORMATIT;

1N0HTIME!

2,'daysvt;
3D,,FR«0PI

4NUMBEROF
S/T20,'TIHI
6TGR',T50,I
7C0NVENSIGI
82C,'PLuTI

550FGWMAI13'

SfcOFORMAT(i:

1CRTIMES"

570FORMATIT

1/CAYM

560FCRMAT111

ITERSIMULi

590FORMAT111

6CCformathi

61CFORMAT(•

END

K.TI.'NOUE'.TI

,1X,'0F',1

•,T103,•STORAGE

ATION',T«bb,'NES
X,26IHH

X,2A4,7H,^16,3X

VNO0L,2Ii.37H

*I3)

TAH)

?U,'NUMBLkOFl

STEPS',TGd,I5/T

2U,'SI?EufFIR
CWlTERlA'.TGr,F

ROWS'.T65.I5/T
EACCELERATION

E20.8/*20,'EXTE

nunits",t6u,f1

flowsunitsna-i
nil,I5,2FlC.O)

35,'NUMbEkOF

TEP',T75,F1G.2/
5,'NOCE',213,

2,'R0W',T18,'C0L',T?«l,'FLA6',T33,'SURFAC',
0TT0M',T65,'THlK-',T75,'lNIT-',T85,'PERM'f
•/T1,•TYPE',T32,'ELEVATION',T«l«*.'AQUIFER',
iS',T75,'HEAD',T85,'y-DlR',T95,'V-0lR',TI0*

,5F1C.2,2F10.C,E13.«)
CHANGEDTOOUTCROPFORHEADEQUALT0F10.3)

AJORTIMESTEPS',T65,15,/T20,'NUMBEROFMl
2C,'SI2EOFMAJORTIMESTEPS',T60,F10.3,5X
STMINORTIMESTEP',T60,F10.3,5X,'DAYS'/T7
1C2/T2C.'NUMPEPOFCOLUMNS'.TG5,15,/T2P,•
20,'NUMBEROFITERATIONPARAMETERS',T65,15
FACTOR',T60,F10.3/T?C,'FLUXCONVERSIONFAC
RNALFLUXUNITS',T6*,*b/T20,'PERMEABILITY

fc/T20,'PL0TTEDFLOWSFACTOR',T5r,E20.*/T
E',T58,?AG/T2C,'LENGTHUNITNAME',T6%,A*/)

1NCRTIMESTEPS',T8H,I5/T35,'LENGTHOFMAJ
T35,'TIMEACCELERATIONFACTOR',T75,F10.TI
DEWATEPED,PUMPAGEREOUCEb'.E20.8,AG,'**3

H1,29X,'*«*TEXASDEPARTMENTOFWATERRESOURCESGROUNDWA
A1I0NPROGF.AM***'//25X,20AH/)

HC,SOX,'SIMULATINGTIMESTEP',15)
HO,'***JOPTEPMINATED**♦')

SIMULATEDHEADSATENCOF',F10.3,'DAYS')

SUBROUTINEHGHPMp(NROW,NCOL,FL«G,H,bOTLEL,Q,P,SURFAC,ICOUTV,P,PCT
1IPR,T0NE,TTW0)

COMMON/ITCOM/NR,NC,lSTEP,NPARM,lN,0UT,OUTl,OPTI3O),ITER,NSAVr,
1ISAVEI251,JSAVE(251,KHYC,NC0LS,MC0LS(25),NR0WS,MR0WS«25)
2,INI,lN?,IN3,IN*alN5,lK6

3.NSTEPS
1,NaLK,lRWCt<),G0)

COMMON/RLCOH/FMT120),TITLEI20),DELXIlOO),DELY1100I,PRMITR110),B
lll00),Gll00)«SUMS«irt2),
2ERROR,PMPFCT,PMPNAM,PERFCT,OELTA,

3DELMAJ,E,XL6TNM,FIXNAM(2>,FLXFCT

*,DELMJ2,T1ME
INTEGER0PT,FLAG,0UT,0UT1
DIMENSIONFLA6INRoVvNC0L),H(NR0W,NC0L>tB0TlEL(NROU,NC0L),

1©(NPOW,NCCL),SURFACINROW,NCOL),ICOUTVINROU,NCOL),PiNROW,NCOL),
?R(NROW,NCOL>,PCTIRN(NROWVNCOL)
3,TONEtNROW,NCOL>,TTWOINPOW,NCOL)tPLTl60)vPLSI60),DANOS(60),
%ACTT|bO),SUMPI61.il)
5,IOPT(20)

C4*444444*4***4444******4444*4******************************************

CREADOPTIONSFORPUMPAGEPrEOICTION
C******************«*«*♦*4**********************************************

READ(IN,810)IOPT

DO101=1,20
1CIF(10PTIIl.GT.C)WRITE(0UT.82DI.IOPTII)
C***44******************************************************************

CSAVEDATAONUNITIN5

C***********************************************************************

REWINDINS

WRITECIN5)ICOUTY,P,SURFAC,PCTIRR,TONE,TTWO

IFI1STEP.GT.1)GOTO110

C444444********44******444444*******************************************

CFEADCOUNTYCoDEANOLANDSURFACEELEVATION
C*e*44******************************************************************

IFII0PTI1F.LT.l)GCTC3P

plat(in,630)k,ha

writeiout.mcik,h*
DO201=1,NR

CO20J=1,NC

IF(FLAGII,J).GT.2)GOTO20
ICOUTYII,J)=K
SURFACII,J)=HA

20CONTINUE

GOTO60

30READI1N.P50)F-T

CO«C1=1,NR

IDREADUN,FMT)(ICOUTV11,J),J=l,NC)
READ(IN,»5C)FMT
CO501=1,NR

50REAO(1NVFMT)ISURFAC11,J),J=l,NC)
C***********************************************************************

CMAKEBLOCKADJUSTMENTS
C************************************4****44****************************

tCIFIIbf-TI?).LT.l)oCTO110

Wr-ITf(0UT,P60)

7PFLATIIN.1D2D)11,111,JJ,JJJ,K,HA

IFIli.LT.l)GOTO110
WklTEICUT,fi70)I1,II1,JJ,JJJ,H,HA

COICC1=11,111
COIDC.J=JJ,JJJ

IFIFLAGtl,J).GT.2)GOTO100

GOTOIPC,9C),*
FTICOUTYII,J)=HA*0.5

cotcire

9CSL'RFAt(I,J)=HA

lTCCONTINUE

GCTC7C

110CONTINUE
C***********************«***«*******************************************

CCALCULATEVOLUMEINCOUNTY
0***444444444**********«***********444444*4444444*4*********************



IFI1STEP.EQ.1)GOTO1?0

REWINDIN6

READ(ING)ICOUTY

120CONTINUE

00130K=l,60

130SUMPIK,11)=0.C

DC1*01=1,NR

DO140J=1,NC
KZ1C0UTYIT.J)

IFIFLA6II,J).NE.l)GOTO1*0

SUHP(K,ll)=SUMP(Mtll)«(HIIaJ)-BOTLELII,JI)*T0NE(I,J>

1*0CONTINUE
C***********************************************************************

CREADPERCENTIPRI6ATED
C******************•*••••*••****•**•****•**********•******•*************

IFII0FTI3).IT.1)GOTO180

IFI10PT13I.EQ.l)GOTO160

RLADI1N,*80)HA
WRITEI0UT,89D)HA

DO15C1=1,NR

DC150J=1,NC

IF(FLAGII,J).GT.2)GOTO150
PCTIPRI1,J)=HA

150CONTINUE

60TO18D

160READ(IN,850)FMT

DO17C1=1,NR

170READUN,FMT)IPCT1PR(I,J),J=l,NC)

180CONTINUE

IFIISTEP.6T.1)GOTO280
C***********************************************************************

CLIST6ASICDATA

C**«********************************************************************

IF11OPTI*l.NE.l)GOTO210

WRITEI0UT.9C0)TITLE

WRITE(OUT,910)

DO1901=1,NR

190WKITE(OUT,920)I,tICOUTY11,J),J=l,NC)

WRITEI0UT,«»C0)TITLE
WRITEI0UT.93C)

DO7001=1,NR
200WRITE|0U1,9*C)I,ISURFAC11,J),J=l,NC)
210CONTINUE
C************************4444**************444****************44****•••*

CDETERMINEAREASOFCOUNTIES
C***4«44************************444***4********4444*********************

DO220K=l,60

220ACTYIK)=0.
LO2301=1,NR
LO23DJ=1,NC
IF(FLAG(I,J).GT.7)GCTo23C
1FL=1C0UTVII,J)

IFI1FL.LT.1.0R.IFL.GT.60)JRITFI0UT,96G>T,J,IFL

ACTYIlFL)=DELX4J)*bELY(T)«ACTV(TFL)

230CONTINUE

IFIIGPT(12I.LT.1)FCTC250
C*444444444****44******************************************444444******4

CWRITECOUNTYAREAS
£4444444*******444***A**************************************************

WRITE(0UT.97D

HA=0.
DO7*0*=1,60

HA=HA*ACTY(K)

2*»0IF(ACTYIM).GT.l.)WRITE(OUT,980)K,ACTY(K)
WRITE(0UT.77C)HA

250CONTINUE

00760K=l,60

PLT(K)=1.E6

PLSIK>=0.

DANDslK)=0.
260CONTINUE

27C

C***

C

C***

c***

c

c***

2ev

290

c***

c
C***

310

32C

C**>

C
C**'

3«»C

35C

C***

C

C***

3FD

37C

CO2701=1,NP

DO270J=1,NC

TONE(I,J)=O.C
4*******************************************************************

WHITEDATAONTAPE

4444****************************************************************

REWINDIN6

WRITE(IN6>ICOUTY,PCT1RR,SURFAC,R,TONE,TTWO,PLT,PLS,OANDS.ACTV

GOTO290
4**********444***4***4**44444*»**4***4******************************

READbATAFROMTAPE
4444444****444*4*****4********9******4******************************

REWINDIN6

READ(IN6)ICOUTY,PCTIfcR,SURFAC,R,TONE,TTUO,PLT,PLS,OANOS,ACTV
CONTINUE

44444444***********4444444******************************************

BLOCKASSIGNMENTSOFPERCENTIRRIGATED
4**4*4444***4********44444444444*******4***«************************

IF(ICPT(S).LT.l)GCTO370

WRITEIOUT.100C)

WRITE(0UT,1C10)

RtADIIN,85C)FMT

WRITE(OUT,1170)(FMT(L),L=1,10)
READUN,FMT)11,III,JJ,JJJ,HA

IF(11.LT.1)GOTO720

WRITEI0UT,1G*0)11,111,JJ,JJJ,HA

CO31L1=11,111

DO?1DJ=JJ,JJJ
IF(FLAG(1,J).GT.2)GOTO31L
FCTTRWCI,J)=HA

CONTINUE

GOTO30L

IF(10PTI13).LT.l)ROTO350

4**9*****************44444******************************************

READBLOCKADJUSTMENTSTOPERCENTIRRIGATED
44***************************444444444****************44************

WklTF(CUT.99P)

WRITE(OUT,1010)

READ(1N,«50)FMT
WR1TFI0UT,1170)IF*T11),L=1,10)
REaOUN,FMT)11,111,JJ.JJJ,HA

IFIll.LT.l)GOTO35P

WklTCI0UT,10*G)I1,I11,JJ,JJJ.HA
DO3*01=11,111

DC3*LJ=Jj,JJJ

FCIIFklI,J)=PCTTRR(l,J)*HB

60TO330

CONTINUE

IF(IOPTI*F.NE.l)00TO37D
44444************4***4**4*******************************************

LISTPERCENTIRRIGATED

4**4*4**************************************************************

WklTEI0UT.90C)TITLE

white(out,95C)

EC360I=1,NP
WklTL(CUT,9*C)l,lFCTlPRIltj),J=l,NC)
IFI10PT|M).LT.1)GOTC*?0

WRITE(0UT.9CC)TITLE
DO78CK=l,61
SUMPIK,1)=0.C

CC7°CI=1,NR
DC39DJ=1,NC
IF(FLAG(l,J).NE.l)GOTO390
K=lCCuTVII,J)

SUMPIK,1I=SUMPIK,1)*CELX(J)*DELY(I)*PCTIRR|T,J)
CONTINUE

LO*PLK=l,6r
SUMPltl,1)=SUMP(61,1)*SUMP(M,1)
kklUI00T,75C)
EX*»1C"=i,fcP
IFISUHPIK.lI.GT.l.)WklTFI0UT,760)K.SUMPIH.l)



*10CONTINUE

WRITEI0UT,77C)SUMPIfrl,l)

*2CCONTINUE
C**************4*•***•*•*******************************************4****

CREADTRANSMISSIVITYCONSTRAINTS
C44444444444************************************************************

IFUCPT(6).LT.l)GC10*9Q

IF(I0PTI6).GT.7)GOTO**0

READ(IN,1090)FMT
IF(I0PTI15I.CT.C)WRITE(0UT,1C60)
10*301=1,NR
READ(IN,FMT)ITONE11,Jl.TTWOII,J),J=l,NC)
IFII0PT115I.GT.D)WRITE(OUT,9*0)I,(TONE11,J),TTWO(I,J),J=1,NCI

DO*3CJ=1,NC
TONE(l,J)=TONElT,J)*PFRFCT

*?0TTWOII,J)=TTWOtI,J)*PERFCT
IF(10PT(6).LT.?)GOTO*90

**0WRITE(0UT,1L6D)

WRITE(OUT,1010)

WRITE(OUT,780)
READIIN.109C)FMT

WRITEIOUT.1170)IFMT(L),L=1,10)
*S0READ(IN,FMT)1I,I11,JJ,JJJ,HA,HB

IF(ll.LT.l)GOTO*90

WklTE(OUT,790)11,111,JJ,JJJ,H>,HB
IF(HA.LT.CC)GOTC*7D

CO*6G1=11,111

CO*6DJ=JJ,JJJ
TCNEII,J)=HA*PErFCT

*6CTlWO(I,J)=He*PEFFCT

GOTO*5C

*70DO*601=11,111

DO*80J=Ju,JJJ

TONEH,J)=-TONE(I,o)*HA

*80TTW0(1,J)=TTW0(IVJ)*HB

CoToH50
*90CONTINUE

C***********************************************************************

CREALPUMPA6ELIFTCONSTRAINTS

C4**********************************************************************

IF(10PT(7).LT.l)60TO510

WRITE(0UT,107C)

5CfREAD(IN,830)ft,HA,HB

IFIK.LT.l)GOTO510

WklTEIOUT,1C50)*,HA,HP

PLS(K)=HA

PLTIK>=HB

60TO5P0

510CONTINUE

C***********************************************************************

CREADDOMESTICANDSTOCKPUMPAGE

C******4****************************************************************

IFfIuPTtftl.LT.llbCTO570

WRITEIOUT,1080)

READ(IN,1090)FMT

WRITE(0UT.1170)IFMTIL),L=1,10)
57CREAD(1N,FMT)K,HA

IF(K.LT.l)GOTO530

WRITE(OUT,980)K,HA

CANOSIK)=HA

GOTO5?C
530CONTINUE

C*********4444444*********4*********************************************

CREADIRRIGATIONPUMPAGE
C***44444******4***************4444*************************************

IF(I0PT(9).LT.l)GCTO560

READ(IN,1090)FMT
WklTE(OUT.UOC)
WRITE(OUT,1010)
WRITE(0UT.1170)IFMT(L),L=1,10)

5*0READ(IN,FMT)I1,I11,JJ,JJJ,HA

IF(ll.LT.l)60TO56D

WklTE(OUT,10*0)11,111,JJ,JJJ,HA

DO5501=11,111

DO550J=JJ,JJJ

IF(FLAGI1,J).GT.2)GOTO550
R(I,J)=HA

550CONTINUE

GOTO5*0

560CONTINUE
C***********************************************************************

CREAD1RRI6AT10KRATEADJUSTMENTS
C***************4********44*********************************************

IF(I0PTI1*).LT.1>COTO590

READUN,1090)FMT

WklTE(OUT,800)
WklTE(OUT,1010)

WklTE(0UT,117D)(FMT(L),L=1,10)
570READUN,FMT)11,U1,JJ,JJJ,HA

IF(ll.LT.l)GOTO590

WklTE(OUT,10*0)I1,I1I,JJ,JJJ,HA
COSRC1=11,111

CO580J=JJ,JJJ
580R(1,J)=R(I,J)«HA

60TO570

590CONTINUE
C***********************************************************************

CSAVEDATAONTAPE

c********•••****•***•**•******••***••******•*••*****••*****••***********

REWIND1N6

WklTEUN6)ICOUTY,PCT1RR.SURFAC.R,TONE,TTWO,PLT,PLS,OANDS,ACTV
DO60CK=l,61

CO600L=1,1C

6C0SUMP(K,L)=U.

DC7Cb1=1,NR
C**«******»***•***********4444******************************************

CCALCULATEPUMPAGE
C***44444444*************4444*******************************************

IF(ICPT(lU).LT.l)GOTO610

VF.1TE(0UT,9D0)TITLE

WRITEIOuT,U10)

WRITE(OUT,1120)
61CDO7CCJ=1,NC

IF(FLAG!1,J).EC.1)GOTO620

0I1,J)=C.

GOTC7PC

62CCONTINUE

HC=r.

HD=0.

KrlCOUTY(T,J)

HA=CLLX(J)*0ELY(I)*PCT1PR(1,J)*P(I,J)/(DELMJ2*PMPFCT)

SAI=HU,J)-BCTLELI1,J)
TRANS=SAT*P(1,J)

C***••******•*******•**•*****••********••*******************************

LCHECKTRANSMISSIVITYCONSTRAINT
C*****444444444*444******4*4444444444*444444444*************************

IF(TRANS.GT.T0NE(1,J))GOTO6*C

IFITGANS.LT.TTWOIi,J))60TC670
FS=r.9*ITRANS-TCNE|I,J))/!T0NEU,J)-TTW0II,J))*1.0
GOTt65C

67CFS=r.l

GOTO650

6«*0FS=1.

6^CCCNT1NUF

C*************************««*****«*******•**********•***••**************

CCHECKPU*P1NCUFTCONSTRAINTS
C444444444444*4444444444444****44*****444444****************************

PL=SURFAC(1,J)-P(I,J)
IFIPL.6T.PLTIM)6CTC660

FL=1.

GOTO67C

66CFL=l.-PLS(h)*(PL-PLT(K))



670

6F0

69D

7fD

71G

72C

77C

7*L

C*«*

FL=AMAX1(r.l,FL)

CONTINUE

Hb=HA*FL*FS

HC=H**(1.-FS)

HD=HA-HB-kC

DS=DANDSIK)*CELX(J)«DELV(I)/aCTYIK)
C***************************••****♦******•******************************

CCHFCKSATJRATEDTHICKNESSCONSTRAINTS

C***«**4**********••*«*♦**♦•♦**********•*«*********♦♦*******************

HE=0.
HF=D.

H6=C.
IF(SAt.GT.5.)GOTO68P
HE=HB

Mb=P.

HF=0(1,J)

o(i,j)=p.

IF(SAT.GT.2.)COTOt8T

HO=DS

0S=0.

CONTINUE

Hh=Hb«GS«0(I,J)
SUMP(*,1)=<J(1,J)«SUMP(K,1)

SUMP(K,2)=SUMP(M,2>*HF

SUMP|K,3)=SUMPIK,3)*0S
SUMPIK,*)=SUMP|K,*)«H6

SUMPIK,5)=SUMP|K,5)«HA

SUMPIK,6)=SL'MP|M,6)*HC

SUMPIK,7)=SUMP|K,7)«HD

SUMPIK,8)=SU**P|M,8)*HF
SUMP(Kf9)=SUMP(K,9)«HP
SUMP|K,1U)=SUMPIK,1C)*HH

IFIIOPT(lU).LT.l)COTO690

WRITE(OUT,))*0)I,J,CU,J),HF,DS,HG,HA,HC,HD,HE,HB,HH
CONTINUE

CI1,J)=HH

CONTINUE

04**4**44444444444444444444444*44444************************************

CWrUTLCOUNTYSUMMARIES
C44444******************************************************************

IFIIUPTU1).LT.l)COTO73H

WklTEICUT,900)TITLE
WRITE(OUT.1110)
WRITE(OUT,1170)
DC71LK=1,*C

IFIACTYIK).LT.l)faCTC71C

WRITE(0UT,115OK,ISUMP(K,L),L=1,10)
COuTlNU*"

WRITE(00T,1180»XLrT>M
LC72DK=i,6r
7F(ACTY(K).LT.l.)TCTO72C

WRITE(OUT,119b)K.SUMPIK.ll)

CONTINUE

CO7*DK=1,6C
roTMCL=l,ll

SUMFU1,L)=SUMP(61,1)*Sl'MP(K,L)
WRITE(OoT,1110)

WRITE(0UT,116D)(SLMP(61,L),L=1,1C)
WRITEICOT.IIPL)XLF-TFM

WRITE1001,1200)SuMP(fcl,ll)
44444444************************************************************

CPEALSTOPcODATA

£44444444444************************************************************

REWINDINS

RLAD(1N5)ICOUTY,h,SURFAC,PCT1PR,TONE,TTWO
C*»*4*44****************************************************************

CRETURN

C*44444*444444444444*****************4*********44*********************44

RETURN

C

7r0FORMAT1/720,'COUNTY',T36,'IRRIGATEDAREA'/)

760

770

780

790

8P0

elC

820

63C

fc*C

e*C

86C

E7C

tFC

89C

9CC

91C

920

93C

9*G

9*C

96C

97D

9F0

990

irec

1T10

ir?c

1C3C

1C*D

1C50

1D6T

1T7C

1C8C

1T9C

1IDC

UIC

1170

U3G

11*G

U5C

U6C

117C

1IPC

1190

1?CE

F0RMA1(17C,15,T30,E7C.F)
FORMAT(/T20,'T0TAL',T3C,E20.8)
FORMAT(1K*,T51,"T-ONE",T61,"T-TW0")
FORMATM?l,I3,*X,i?,3X,I3,5X,13,2Flb.O)
FORMAT(/T2C,'IRRIGATIONRATEADJUSTMENTS'/)
F0RMA1(2Q11)

FORMAT(T7U,'PUMPAGEPREDICTIONOPTION
FORMATU5,7F10.C)
FORMAT(/T2C,'DEFAoLTVALUES'//T20,'COUNTYCODE",T*5,I5/T?0,"LAND

1SURFACELLEV.',T*0,F1C.C)
FORMAT(2HA*)

FORMAT(//I3D,'BLOCKAOJUSTMtNTSFORPUMPAGEPREDICTION'/T21,'ROW
1PC*CCLUNNCOLUMNKEYVALUL'/T21,'STARTENOSARTEN

20'/)

FORMAT(T?1,I3,*X,1?,3X,I3,5X,I3,?X,I3,F10.?)
FORMAT(FIO.O

FORMAT(/T2C,'DEFAULTPERCENTIPRIGATED',FID.*)
FOWMAl(1H1,29X,'**«TEXASDEPAPTMENTOFWATERRESOURCES6R0UN0WA

ITERSIMULATIONPRObRAM***'//25X,?0A*/)

FORMAT(/T2C,'COUNTYCCDES'/)
FORMAT(/I5,2D15/(5X,2DI5))
FORMAT(/T20,'LANDSUPFACFELEVATION'/)
FORMAT(/lS,10F12.t/(5X,lCF12.*))
FORMATl/T2C,'PFRCLNTIRRIGATED'/)
FORM*!I//T2C,'COUNTYCODEERRORSFORCELL',213,'VALUEIS',15/)
formati/t2C'ccuntyccde',t«*5,'area'/)
FORMAT(T25,15,E2C.F1
FORMAT(//T3C,'FLOCKADJUSTMENTSFORPERCENTIRRIGATED'/)
FORMAT(//T7fl,'PLCL*ASSIGNMENTSFORPERCENTIRRIGATED'/)
FORMAT(171,"ROWROWCOLUMNCOLUMNVALUE"/T21,'STARTC

If.DSTARTFND'/)

FCRMAT(5I5,F10>D)
FORMAT(*T5,F10.D)
FCkMAl(T2i,I3,*X,I',3X,I3,5X,I3,FlO.*)
F0RMA1(I2C,15,T30,F1C.7,T*5,F1C3)
FuRMAl(/T3C,'TPANSM1SSIVITYCONSTRAINTS'/)
FORMAT(/T30,'PUMP1KGLIFTCUNSTRAINTS'/T20,'COUNTY',T35,'PLS',T50

1,'PET'/)
FOkMATl/T3C,'L0MEiTlCANOSTOCKPUMPAGE"/T?b,"COUNTY',T35,"VALUE•

l/»
FORMATI2CA*)

FCH»'AT(/T30,'lFRIfaAT10NPUMPA6ERAILS"/)
Fcrf'41(/T2F,'REDUCEMtI',TSC,'REDUCEOtS',Tfc5,'InIT1ALREOUCEIp

1RkEDUCIIRRRECUCL1Rk•,T1Oe,'KET',T119,'TCTAL'/T18,'MANDI',T29
2,"THICKNESSDANDSTH1CKNETS1RP',T7*,'TRANS*,T86,'LIFT',T
395,'TH1CKNJ1SS',T1D8,'IRR',1118,'PUMPAGE')
FCkMAl(1H*,TE,"R0«CCIUMN")

FORMAT(1H«,T8,"COUNTY")
FORMAT|T5,I3,T12,13,T16,1UF11.?)
FCRMAi(T9,I3,T16,1CF11.2)

FORMATUF",IS,'TOTALAREA•/T16,10F11.2)

FCRMAT(lH4,TeD,"FyRvAT',?X,10A*)
FORMAT(/Tb,"C0LNTY',Tr7,'V0LUMf'/T?5,A6,'**3'//)
FOKMA)ITntI*,T16,i2r.E)

FORMATIT«,'TOTAL',TIPfE2?."/)
fNii

',15,'EQUALS',15)



c***

c

c***

2C

C**«

C

C***

3C

C***

C

C***

80

90

C***

C

c***

ICO

c***

c

c**«

110

SUBROUTINEGETPMPINROW,NC0L,FLA6,B0TLEL,H,MO,P,T,0L,0,RHG,SF1)
COMMON/ITCCM/NR,NC,ISTEP,NPARM,IN,OUT,OUTl,OPT(30),1TEP,NSAVf,

1ISAVE(251,JSAVL(25>,KHY0,NC0LS,MC0LS(25),NR0WS,MR0WSI25)
2,INI,1N2,IN3,1N*,IN5,IN6
3.NSTEPS

COMMON/RLCOM/FMl120I,TITLL(20),DELX(100),DELV(100),PRMITR(10I,B
1(IOC),G(ICC),SUMS!10,2),
2ERROR.PMPFCT.PMPNAM,PERFCT.DELTA.
30ELMAJaE,XLGTNH,FLXNAM(7),FLXFCT
*,DELMJ2,TIME

INTEGERCPT,FLAG,0UT,0UT1
DIMENSIONFLAG(NROW,NCOL),H(NROW,NCOL),HO(NROW,NC0L),B0TLEL(NROW,

lNC0L),PINROW,NCCL)aT(NROW,NC0L,2),0L(NR0W,NCOL),

2CINP0WaNC0L),RHG(NRCV,NCOL)
3,SF1(NRO.,NCOL)
tOID1=1,NR

DC1CJ=1,NC
RHG(1,J)=H.

0(1,J)=C.
*****************************44**4***4****444****4****4*************

PLAbPUMPAGEFCRALLCELLS
*****************************************************************ftft*

IF(0FT(2).LT.l)GOTO30

READUN,150)FMT

DO701=1,NR

READI1N,FMt)(C(I,J),J=l,NC)
*****************4***********♦*************************4************

PEADPUMPAGEBYBLOCK

***44****************************4444444******44********************

IF(0PT(3).LT.l)GOTO60

WRITEI0UT.350)

WRITE(OuT,360)
READ(INa*60>I1,I1I,JJ,JJJ,HA

IF(ll.LT.l)GOTO60

WRITE(OUT,380)11,111,JJ,JJJ,HA
DO501=11,111

GO50J-JJ.JJJ

IF(FLAGII,J).GT.2)GOTO50
QII,J>=HA

Continue

goto*o

4**********4*********************4*«********************************

READPUMPAGEADJUSTMENTS

******4****444*******444******4**44444*****4**4*********************

IFIOPTI*).LT.l)GOTO90

WRITE(0UT.39O
WRITF(OUT,363)

READUN,<465)11,111,JJ,JJJ,HA

IF(ll.LT.l)GOTO9D

WRITE(OUT,380)11,1II,JJ,JJJ,HA
DO8C1=11,III

DO80J=JJ,JJJ

C(I,J)=QU,J)*HA

GOTO70

CONTINUE

********************************************************44**********

PtAORECHAR6EFOPALLCELLS
***************************************4*****************4,4*444*4*4

IFfOPTISI.LT.ilGOTO11"

PEADUN,<«50)FMT
CO10U1=1,NR

READUN,FMT)(RHGU,J),J=1,NC)

4**********44***********«*************44*******4******«************4

READRECHARGEBYBLOCK

*********************************************************4**********

IF(0PT(6).LT.l)GOTO1*T

WRITE(OUT,370)
WRITE(OUT,360)
RLADUN,*60)11,111,JJ,JJJ,HA

IF(ll.LT.l)60TO1*D

WklTE(OUT,380)II,III,JJ,JJJ,HA

13C

150

160

170

21D

22C

23D

2*e

250

260

27C

2PG

29C

3CC

31C

32C

CO1301=11,111

DO130J=JJ,JJJ

IFIFLAGU,J).GT.2)GOTO130
PHGII,J)=HA

CONTINUE

GOTO120

C********************44444*44*******************************************

CREADRECHARGEADJUSTMENS
C***********************44444*******************************************

1*CIFIOPT(7).LT.l)GOTO17?

WRITE(0UT,«0Q)
WRITE(OuT.360)

ReadiiN,*6mii,iii,jj,jjj,ha
IF(ll.LT.l)GOTO17C

WRITE(CUT,380)UtIII,JJ,JJJ,HA
DO160I-II.III

DO160J=JJ,JJJ

RHG(I,J)=PHGU,J)*HA
60TO150

CONTINUE

C********************************44*************************************

CCALCULATEPUMPAGEFORH16HPLAINS
C«*«*4444******4***********************************4********************

IF(0PTI8).LT.l)GOTO180

CALLHGHPMPINRCW,NC0L,FLA6,H,BOTLEL,0aP,DL,TU,l,ll,TU,l,21,HO,S
1F1.PHG)

180CONTINUE

C4**4*******************************************************************

CSTOREPU"PA6EANDRECHARGE

C4**44444444444444444***4***********************************************

IF(0FT(9).LT.l)GOTO19H

REWINDIN2

WRITE(IN?)0,RHG
190IF(OPT(lO).LT.l)GOTO200

REWINDIN?

READ(IN2)C.PHG
C******************************************4****************4******4***4
C***********************************************************************

CWHITlPUMPAGEANORECHARGE
C444444444444444444444***444444444444444****4**44***********************

2VCIFrCPUID.LT.l)i,CTC23C

WRITE(0UT,*1D)TITLE
WRITE(0UT,*2D)

DCTIC1=1,NP

WRITE(0bT,*30)I,(0(I,J),J=l,NC)
WRITE(CUT,*1C)TITLE

WRITE(0UT,**0)
CO720I=1.NR

WklTEI0UT,*3C)I,(PHG(I,J),J=1,NC)
CONTINUE

C4444444*******«*****************44********************4***************4

CCONVERTPUMPAGEANDRECHARGEUNITS

C4444444*******4*********4**********************************************

DO3*01=1,NP

DO3*0J=1,NC

IF(FLAG(I,J).LT.1.0R.FLAGU,J).GT.2)GOTO3*0
IF(0(1,J)l2*D,2bC,25C
SLMS(2al)=SUMS(2,l1-OU.J)

GOTO26C

SuMSI1,1)=SUMS(!,1)4C(I,J)
IF(RHGU.J))27G,290,2*0
SUMS(*,1)=SUMS(*,1)-PHGII,J)
COTO29C

SUMS(3,1)=^»UmS(3,1)«RHGII,J)
ha=c

HB=C.
IF(C(1,J))30G.31u.31C

HA=-OU,J)
0(I,J)=n.

IF(RHb(l,JI)32D,33G,330
HB=-RHG(I.J)
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ISTrlENDU

IFUST.LT.NR)GOTO100

190CONTINUE
RETURN

C

200FORMAT(///120,"CALIBRaTIONADJUSTMENTS*/T20,"ROWROWCOLUMN
1C0LUHNPA6EFACT0P"/T20,"STARTENDSTaRTEND"/)

21CFORMAT(515,FIO.O)
220FORMAT(T20,13,17,16,18,I7,F10.3)
230FCRMAT(1H1,T30,*P£RMEAP1LITYTIMES0.1'/)
2*0FORMAT(1H1,T30."STORAGECOEFFICIENTTIMES1000.'/)
250FORMATISX,'ROWS')
2fOFORMAT(lHlaT20,-PAEE',I3/>

270FORMAT(IX,13,321*)
ENO

*C

5C

SUBROUTINEFLUX(NROW.NCOL.H,T)
COMMON/ITCOM/NR,NC,ISTEP,NPARM,IN,OUT,0UT1,OPTI30),1TER,NSAVE,

1ISAVE(25),JSAVE(25»,KHY0,NC0LS,MC0LS(25),NR0WS,MR0WS(?5)
?,1N1,IN2,IN3,IN*VIN5,IN6
3.NSTEPS

COMMON/KLCOM/FmT(2C),T
1U0C),G(1DC),SUMS(1C,2),
2

3DELMAJ,E,XLGTNM,FLXNAM(2),FLXFCT

*,DELMJ2,TIME
INTEGEROPT,FLAG,OUT,OUTl
DIMENSIONH(NRCW,Nf0L),T(NR0W,NC0L,2)
DIMENSIONNB(ICO)

EQUIVALENCE(B(1),NBU>)

008CM=l,2

WRITE(0UT(130)TITLE
WRITE(0bT,120)FLXNAM,M
WRITE(0uT,90)
IST=1

IEND=1ST*31

1F(NR.LT.ILND)1END=NR

LO20I=1ST,IEND

Nb(I)=lEN0-IUST

WRITE(OUT,HO)(NB(1),I=IST,IEND)

WRITE(OUT.UC)

DO70J=1,NC

LO60I=1ST,IENC

L=IEND-I«IST
HA=0.

IF(L.EQ.NR.AND.M.E0.2)GO

IF(J.EO.NC.AND.M.LO.l)GO

GOTO(*C,30),"
HA=TIL,J,*)*IH(L,J>-H(L«1,J))*FLXFCT*r.5

GOTO50

HA=T(L,J,M)*(H(l,J»-H(LaJU))*FLXFCT*0.5
IF(HA.LT.0.)WA=HA-1.

NPII)=HA

WklTE(CUT,110)(NBdl,I=TST,IEND),J
1ST=IEND*1

IF(IST.GT.NP)COTCPC

WRITE(OUT.ICD)
6CTOID

CONTINUE

RETURN

TLE(2n),DELXU00),DELV(100),PRMlTR(10»,P

EPROR,PMPFCT,PMPNAM,PERFCT,DELTA,

TC6C

TO60

9rFOkMAT(5X,'ROWS')

ICCFORMAT(1H1)

11CF0RMA1(IX,13,321*)
12DFOfiMfii(/•FLOWSC.2A6,')INDIRECTION",I5/)

13CFCR"ATUH1.29X,"***TEXASDEPAPTMENTOFWATERRESOURCESGROUNDWA
ITERS1MULUI0NPROGRAM***"//25X,70A*/)

END



SUBROUTINEHYDRO(NROW,NCOL,FLAG,HSIH,H,H1)

COMMON/ITCOM/NR,NC,ISTEP,NPARM,IN,OUT,OUT],OPT(30),ITER,NSAVF,
llSAVEI25),JSAVEI25i,KHY0,NC0LS,MC0LS(25)aNR0WS,HR0wS(2S)
2,INItlN2,lN3,lN*alN5,IN*
3.NSTEPS

COMMON/RLCOM/FM1120),TITLE<29),DELXUOO),DELY(100),PPMITR(10),B

l(100),G(10C)aSUMSllCa?),
2ERROR,PMPFCT,PHPNAM,PERFCT,OELTA,
3DELMAJ,E,XLGTNM,FLXNAM(?),FLXFCT
*.DELHJ2,TIME

INTEGERCPT,FLAG,OUT,OUTl

L1MENSI0NFLAGINROW,NCOL),HSIMINR0W,NCOL),HINROW,nCoL),H1(NR0W,NC

10L),1X(71)
C***•*••***•**•**••******4**********************************************

CTHISSUBROUTINEPRODUCESAHYOROGRAPHFORSPECIFIEDNOOES.
CFORARRAYSHANTHi,FIRSTSUBSCRIPTINDICATESTHENUMBEROFTHE
CSPECIFIEDNODEANOTHESECONDSUBSCRIPTINDICATESTHETIHEPERIOD
C***********************************************************************

REALMAPI71)

DATAHAT,1X11),IXX/0,0,1/
NVR=NSTFPS

REWINDIN3
DATAbLANK,SlM,OBS,XINC/lH,1HS,1H0,5.0/,BOTH/1HB/

READUN3)HSIH

IXU)=1

DC10K=1,NSAVE

1=ISAVE(H)

J=JSAVE(K)

HIK,1l=-l.E5
H1(K,1)=HS1M(1,J)

NYRS=NVP-2G
£44444444************444*4*******444***444******************************

IF(KAT.bT.0.AND«NYRS.LE.-20)RETURN
C44444444444************************************************************

IF(NYkS.LE.G)NYRS=NVR

NSTOP=0

1FIKAT.LT.1)NSTCP=1

IF(NYRS.EO.NYR)GOTO70

NYRS=2C

CONTINUE

NYR=NYR-NVRS

CO60N=1,NYRS
1K=IXX«N

RCACUN3)HSIH

NSTOP=NSTOPU

READUN3)IOPT

1X(I*)=ICP1

DO*DK=1,NSAVE
I=ISAVE(K)

J=JSAVE(K)

H(K,IM)=HS1MU,«)

IFUOPT.LT.l)GOTO6C

NSTOPZNSTOPU

PLATUN3)HSIM

COrDK=1,NSAVL
I=1SAVE(K)

J=JSAVEIK)
P1(K,1H)=HS1M(1,J)

CONTINUE

KAT=KAT«1

IF(KAT.bT.l)60TO7C

IXV=t

NYHS=NYRSU

DO1*0N=1,NSAVE
II=ISAVF(*)

WRITE(CUT,170)HUE
JJ=JSAVF(N)

IYX=NYR5-IXX-»(K»T-1)*2C

WRITE(OUT,150)1I,JJ,(J,J=IXV,IYX)
HMAX=-1.E1D

DO80K=1,NYRS

lr

20

30

*C

70

120

130

10PT=1X(K)

IFU0PT.GT.C)HMAX=AMAX1(HMAX,H1(N,K))
HMAX=AMAX1IHMAX.HIN.K))

HMAV=HMAX«2.0«X1NC

NOUNT=U

JOUNT=0

COICOJ=l,21
MAP(J)=PL*NK

„'OUNT=JOUNT*1

HMAXzHHAX-XlNC

00170L=1,NYRS

!OPT=IX(L)

IF(AbS(H(N,l)-F-MAX).£E.(XINC*0.5))60TO110
KOUNT=NOUNT«]

MAP(L)=SIM

IFUOPT.LT.l)FOTO120

IF(ABSFhl(N,L)-HMAX).GF.(XINC*0.5))GOTO110

KGUNT=K0UNT«1

MAP(L)=POTH

GO1017C
CONTINUE

IFUOPT.LT.l)TOIP120

IFIABSIH1IN,L)-HMAX).GE.(XINC*0.5))GOTO120

KCUNT=K0UNT*1

MAPfLlrOBS

CONTINUE

CONTINUE

WRITE(OUT,HOIHHAX.MAP
IF(K0UNT.GE.NST0P.CR.JOUNT.GT.5O)GOTO1*P

COTO90

CCNTINUC

IXXrD

lXY=KAT*2n*l

60TC2C

ISOFORMAT(lHL,10X,'HYrR0GKAPHFORNODE(",13,lH,,13,1H),10X,"S=5IMUl
lATED",5X,'0=CPSFPVtD',5X,'B=0BSFRVED=SIMULATED'//5X,'HEAD',llX,?lI
25/)

160FORMAT(1H,F1D.3,1?X,21(IX,A*))
17CFCRmAT(1H1,29X,"***TEXASDEPAPTMENTOFWATERRESOURCESGROUNDWA

1TLRSIMULATIONPROGRAM*♦*"//25X,2G**/)

END



SUbPOUTINEOUTPUT(*ROW,NCOL,FLAG,H,HO,P,BOTLEL,SF1,T)
COMMON/ITCOM/NR,NC,ISTEP,NPAPM,IN,OUT,OUTl,oPT(30».1TER,NSAVF,

11SAVE(25),JSAVE(25),KHYD,NCOLS,MCOLS(25),NROWS,MROWS(?5)
7,INI,1N2,IN3,1N*,IN5,IN6
3.NSTEPS

COMMON/RLCOM/FMT120),TTILE(20),DELX(100),DELY(100),PPMTTRI10),B
1(100),G(1CD>,SUMS(1C,2),

?ERROR,PMPFCT,PMPNAM,PERFCT,DELTA,
7CLLMAJ,E,XLeTNM,FLXNAM(7),FLXFCT
*.LELMJ2,TIME

InTL&EFCPT.FLA6,OUT,OUTl

L1MENSI0NFLAG(NROW,NCOL),H(NROW,NCOL),HO(NROW,NCOL)
l,P(NkO*,NCCL),brTLLL(NROW,NCOL),SFUNPOW,NCOL)
2,TINR0W,NC0L,2)

C***************4********************44444*********************44444****
CSAVEHEACSFORHYUPOGRAPHROUTINE
C********************4**********4***************************4***********

IFIKHYO.LT.I)GOTC10
C******44**********************************44***************************

CSAVESIMULATEDF-EAbFORHYDROGRAPHROUTINE
C***********«*•«**•****•444444*4444**4*4*44********4444********44**44**4

WRITEUN?)H

WRITEUNUCPH22)

1CCONTINUE

C******44444***4444444**********4444**************4444*4****************

CPRtFORMKASSBALANCECOMPUTATIONS.

C**********44444444444****4444****4*******4444444444*********44444*•***9

WRITE(0UT,33D)ISIEP,ISTEPfXLGTNM.PMPNAH,XLGTNM,PMPNAM
SUMS(1D,l)=SUMS(8,1)-SUMS(7,1)*PMPFCT*DELMAJ*(SUMS(2,1)-SUMS(1,1)♦

1SUMS(3,1)-SUMS(*,1»)*SLMS(6,1)-SUMS(5,1)*SUMS(9,1)
DLT?J=0ELMAJ/0ELMJ2

DO70K=l,*

2CSUMS(K,1)=SUMS(K,1)*DLT?J

DC30K=1,1C
3TSbMS(K,?)=SUMS(K,?)*SUMS(Mtl)

DO*LK=5,1L

*DSLMS(K,1)=SUMS(K,1)/CELMAJ
DO5TK=l,3,2

Ml):SUMS(k,l)*FMPFCT/DLT?J
E(2)=SUMS(K,?)*PMPFCT*DEL«J2/TIME
tI3)=SUMSIK-»1,1)*PMPFCT/DLT2J

FI*)=SUMS(K«1,2)*PMFFCT*DELMJ2/T1ME
tlb)=SUMSlH,1)-SUMb(K«l,l)
EI5)=bll)-BI3)

E(8)=SUMSIK,?)-SUMilKU,2)
Bl7)=bl?)-BI*)

IF(K.EC.l)WRITE(CUT,3*G)
IF(K.EC.3)WRITE(CUT.35D

WRITEIOUT,360)(PIL),SLHS(K,L),L=1,2),(B(L*2),SUMS(H«1,L),L=1,2),
1(B(L),L=5,8>

50CONTINbE

CO60K=5,7,2

FI1)=SUMS(K,1)/PMPFCT*DLT?J
HA=SUKS(K,2)/TIMf

E(2)=HA/FMPFCT*TIML/CELMJ?

t(J)=SUKS(K«1,D/PMFFCT*0LT2J
HB=5UM.S(K«1,2)/TIME
fc(*)=Hb/PMPFCT*TIML/DELMj?

P(5)=SUMS(K,1)-SUMS(KU,l)
BI6)=fc(l)-E(2)

E(7)=HA-HR

p(8)=B(?)-e(*)

IF(K.EC5)WRITE(CUT,370)SUMS(K,1),B(1),HA,B(2).SUMS(K*1,1),P(7
1),HF,,B<*),(<ML),L=b,8)

IF(K.EC.7)WRITE(TUT,78!?)SUMS(K,1),b11),HA,B(2).SUMS(K*1,1),p(3
1),H?,bt*),(P(L),L=S,8)

60CONTINUE

B(1)=SUMS(9,1)/PMPFfT*DLT2j
HA=SUMS(9,2)/TIME

E(2)=HA/FMPFCT*TIML/DELMJ?

B(3)=SUMS(10,l)/pKpFCT*DLT2J

Hfc=SUMS(lC,2)/TIME
eiH)=P.b/F*PFCT*TIHE/0ELMj?

WklTE(CUT,790)SUMS(9,1>,BII),HA,B(2),SUMS(10,1),B(3),HB,B(*)
IF(OPT(l*).LT.l)GOTO90

C*444*****4****444*4*4**«***«••*********«*******************************

CSAVEhEADLATAONUNITOuTl
C**444444444444444*****4*4*******44**********444*************ft**********

WRITE(0UTi,500)liTEP
DC7C1=1,NR

70WRITE(0UT1,*9D>I,IHU,J),J-l,NC)
8CCONTINUE

90IFI0PT(15).LT.1)GOTO110
C444444********44444444444444444444**4**********************************

CWRITEPHYSICALDATA

C4*494444444444444444444444444*44444444444******************************

WklTE(0UTl,6*0)
CO100I=1,NR
DO100J=ltNC
HAzSFl|I,J)/(0ELX(J)*0ELYU))

HB=P(I,J)/PEPFCT

WRITE10011,650)1,J,FLAG(I,J).BOTLEL(1,J),HU,J),HA,HA
ireCCNTINUF

HOCONTINUE

IFI0PTI16I.LT.1)GCTO170

C«*4444444*94444444444*444444444444***********44************************

CPRINTWATEkLEVELSATENDOFMAJORTIMESTEP
0444444444444444444444**444**444444*************************************

WRITEI0UT.59C)TITLE

WkiTEI0UT,*60)IST^P
DC1201=1,NP

120*kITE|0UT,*1G)I,IH(I,J),J=l,Nr)
130CONTINUE
C***4444**«4**9******4****4****«*****4**********************************

CPLOTWATE*LEVFLS

C*»*******4****44********444444444*444**44444444**4***4*****************

IF(OPT(26).GT.C)CALLPLOTH(NPOW,NCOL,FLAG,H,SF1,1)
C**444444*44*************************4**********************************

CREADHEADATSTARTOFTIMESTEP
C***4444*************444*44444*4444********4****************************

IF(CPTIie).LT.l.ANC.OPTI19I.LT.1I60TO170

PLWINDIN«»

PLACIIN*)HO

C9444444444444444444444444444444444********44444444444******************

CPRINTWAPOFWAIERLEVELCHANGESDURINGTHISTIMESTEP
C4444444*444*********444444444444444*4***4*4**444**«********************

IFI0PT(19).LT.I)GOTO1*0

CALLPLOTS(NROW,NCOL,FLAG,H,HO,2)
1*CCONTINUE
C*********************************«******«««****************•*•*•****•**

CLISTHFACCHANGESCURINGTIMESTEP

C*********44*******************44***************************************

IF(OPT(lP).LT.l)GCTO17J

WRITE(0UT,590)HUE
WRITE(CUT,*PC)ISIFP
DO1601=1,NP
DO150J=!,NC

15Ce(J)zH(laJ)-HO(I.J)

16CWP1TE(0UT,*1C)I,(P(J),J=1,NC)
170CONTINUE

Q«444**4****************************************************************

CPLOTuPGUNOWATERFLOWS

C******4*****************44444444444**4**4*************44***************

IF(CPT(17).CT.DCALLFLUX(NRCW.NCOL,H,T)
IF(0PTI2O.LT.l.ANn.0FTI21).LT.l)GOTO210

C*9*4444449***44444444444444444*444444444*44*44444444444****************

CPl«LINITIAL-ATEkLEVELS
C4*****4**4«***4*********4********4**4**444444444**4444**444**44******44

REWINDINI

RLADIINI)HC

IF(CPT(2Q>.LT.l)00TO2HC

C4*****4*******4***4*****4**4**4444***********44************************



CPRINTHEADCHANCESTHR0U6HTHISTIMESTEP
C***44*4****************************************************************

WRITEI0UT.59C)TITLE
WklTE(0UT,*70)IS1EP
DO1901=1,NR

DO180J-l.NC
160fc(J)=H|laJ)-HOU,J)
190WRITE(0UT,*I0)I,I8(J),J=1,NC)
2CCCONTINUE
C*4444444444444444****************44************************************

CFL01WATERLEVELCHANGESTHROUGHTHISTIMFSTEP
C******4444****44****«*4*4**********************************************

IFICPT(21).GT.C)CALLPLOTS(N^OW,NCOL,FLAG,H,HO,3)

21LCONTINUE

IF(0PT(22).LT.l)GOTO280

220CONTINUE
C*444****************4**************************************************

CREADMEASUREDWATEkLEVELDATA
C*****•*♦*•*♦***4444*****44*********************************************

READI1N,*50)FMT

CO2301=1,NR

PLADUN,FMT)IFOU,J),J=1,NC)
IF(0PT(16).LT.2)GOTC270

C***********************************************************************

CLISTSIMULATEDANDMEASUREDWATFRLEVELS
CANDSIMULATIONERRORS
C*4444444444********************9*944444****************4***************

230CONTINUE
WklTE(OUT,590)TITLE

WRITE(OUT,600)lSlfP
DO7701=1,NR

DO25bJ=1,NC

BIJ)=0.

1FL=FLAGI1,JM1
60TO(251,2*0,2*0,250),IFL

2*0EIJ)=HUaJ)-HCU,J)

250CONTINUE

JST=1

2fcCJEN0=JST*9

JLND=H1N0IJEND,NC)

WklTE(0UT,*10>
WHITE(OUT,*20)I,IHU,J),J=JST,JEN0)
WklTE(CUT,130)(HO(I,J),J=JST,JEND)
WRITE(0UT,*30)(E4J),J=JST,JEN0)

JST=JENDU

IF(JST.6T.NC)COTO270

GOTO260

270CONTINUE
£44*********************************************************************

CPF1NTMAPOFSIMULATIONEPRORS

C****4****»*************************************************************
CALLPLOTS(NROW,NCOL,FLAG,H,HO,1)

C***********************************************************************
CSAVEHEADSFORPVDkC6PAPHROUTINE.

C***********************************************************************
WRITEUN3)HC

280CONTINUE
C*****•*••**•**♦♦**♦*♦*•*♦♦***•*****************************************

CPRINTCROSS-SECTIONS

C4444444444444*4********************************************************
IF(CPTI23I.LT.11bOTO2°3

CALLXSECT(NROW.NtrL,FLAG,H,H0,bOTLEL)
29CCONTINUE
C»******•***************************************************************

CLISTANDPtOTSATURATEDTHICKNFSS
C4444444444444**********************************************************

IF(0PT(25).LT.l)bOTO3?0

WRITE(OUT,590)TITLE

WRITE(OUT,610)ISTFP
DO31D1=1,NP

DO300J=1,NC

HOU,J)=0.

30C1FIFLAGU,J).LT.3)H0(I,J)=HU,J)-B0TLEL(I,J)
31DWklTE(OUT,*10>I,4H0(1,J),J=l,NC)

CALLPLOTH(NR0W,NLCL,FLAG,H0,SF1,2)

370CONTINUE
C***44*4****»***********************************************************

CRETURN

C44444444444444444444444444444444444************************************

RETURN

C***4********************************44*********************************

C

330

*CC

*1C

*20

*3C

**C

*50

*60

*70

*ec
*90

5C0

510

520

530

5*0

S50

560

57C

SFC

b?E

63C

6«<C

t?C

FORMAT(//T»1,'F0RTIMESTEP',1*,T60,'THROUGHTIMESTEP',I6/T3*,A6
1,'*43/DAY',T55aA6,'/STEP',T7*,Af."443/0AV',T99,Ab/)
FCRMAT(/T6,"PUMPAGE")
FORMAT(/T6,"RECHARGE")

FORMAT(T10,"P0SIT*VE",T26,2(F2r.l,F20.*)/T10,"NE6ATIVE",T26,2(F20
1.1,F2G.*)/T1C,"NET",T26,2(F20.1,F20.*))
FOWMAl(/T6,"CONSTANTHEADFLOW',/TID,"TOCELLS',T26,2(F20.1,F2P.*

1)/T10,'FR0MCLLLS',T26,2IF20.1,F20.*»/T10,"NET",T26,2(F20.1,F20.*)
2)

FORMAT(/Tb,"CHANGEINSTORAGE•,/T10,'1NCREASE",T2b,2(F20.1,F20.*)

l/T10,'DEC»tASE',T2b,2(F20.1,F20.*)/T10,'NET',T26,2IF20.1,F20.*))
FORMAT(/Tb.'RECUCTTONINPUMPAGE",T26.2IF2P.1,FZ0.*)/T6,/T6,"MASS

1PALANCF',T?6,2(F2u.l,F20.H))
F0RMA1(1H1)

FORMAT(1HU,I*,5X,1LF1C.3/U0X,1CF10.3>)
FORMAT(1F-0,I*,5X,1CF1C3)

FOkrAl(10X.1GF10.3)
FORMAT(2"A*)

FORMAT(20A*)

FORMAT(T23,"WATERLEVELSFORENDOFTIMESTEP",15//)

F0RMA1(1H^,T10,'WATERLEVELCHANGESTHROUGHTIMESTEP',15//)
FORMAT(IHL.TlO,'WATERLEVELCHANGESDURINGTIMESTEP',15//)
FCRMATU5,5X,1CF7.1/U0X,10F7.1))
FCRMAT(3CHSlMLLATECHEADSFORTIMESTEP,T*0,15)
FORMATUH*,155,'PFACT=',F1C2)
FORMATUH4,T55,'RFACT=',F10.2)
FORMATUH«,T55,'N0CPT-',UC)
FORMATUP*,T55,'NSP2=',T5,'DFLMJ2=",F10.1)
FORMAT(1H1.T20,"PUMPAGEVALUES(AC-FT)FORTIMESTEP",15//)
FORMATUPl,T2U,"RLCHARf3EVALUES(AC-FT)FOPTIMESTEP",15//)
F0RMA1("FORNODE",213,"PUMPAGEREDUCEDBY",F10.2,'AC-FT/TIMFS

1TEP")

FORMATUH,T20,"NLTFUMPAGE-RECHARGEVALUE*(AC-FT)FORTIME'lX,"
ISTEP',15//)

F0RMA1(1H,29X,"*«*TEXASOLPAPTMLNlOFWATERRESOURCESGROUNDWA
1TLRS1MULATICNPROGRAM***"//25X,2DA*/)

FORMAT(TIC'FOFTi"ESTEP',15,T35,'SIMULATEDWATERLEVELS'/T35,•

1MLASIREDnATERLEVELS'/T35,'SIMt.LATIONERRORS'/)
FORMAT(T5,'SATURATEDTHICKNESSATFNTOFSTEP',15//)
FORMaI(1HU,'***juFTEPMTNATED***•)

FCkMM(•SIMULATLOHEATSATENC0F',F10.3,'DAYS'l
FCRMA1('(tX,13,*Flb.r)•)

FCRM61(313,*F1,:.5)

END



c**

c

c**

10
c**

c

2r

c**

c

c

c**

30

c**

c

c**

c*«

c

c**

*c

50

7r

c**

DlINR0W,NC0L,FLAG,B0TLEL,H,H0,P,SF1,T)
NR,NC,1STEP,NPAPM,1N,0UT,0UT1,0PTI30),ITER,NSAVE,

(25),MHY0,NCOLS,MCOLS(25),NROWS,MRO.S(25)
*,1N5,IN6

FM!(2C),TITLE(2C),DELXU00),0ELY(10C),PRMITRU0),P
MS(ir,21,

EPROR,PMPFCT,PMPNAM,PERFCT,DELTA,

,FLXNAM(?)rFLXFCT

AG,OUT,CUT]

(NRUW,NCOL),H(NROW,NCOL),BOTLELlNROW,NCOL),MO(NROW,

CL),SF1(NR0W,NC0L),T(NR0W,NC0L,2)

?*M
C,*HROP,*HARTE,*HS1AN,*HB0UN,

HTHP/

****************444*4******************************

ChCONTROLGENERALEXECUTIONOFPROGRAM
***************************************************

PT

SUBROUTINEPHYS

COMMON/ITCOM/

1ISAVE(25),JSAVE
2,1N1,1N2,1N3,IN
3.NSTEPS

COMMON/RLCOM/

1UOO),G(1CO>,SU

2

3tLLMAJ,E,XLGTNM

*VDELMJ2,T1ME
1NTL6ERCPT.FL
L1MENS1CNFLAG

1NC0L),P(NROW,NC
EIMENS10NTVPE(

DATATYFL/*HOUT

1*HDAPY,*HC0NS,*
******************

PEATOPTIONSWH

4444444**4444444

PEADUN,270)

DO1C1=1,10
IF(OPT(I).GT.b

CONTINUE

******************

IFHYDROGRAPHS

THESPECIFICNO

*44*************«*

IF(OPT(l).LT.l
KHYO=OPTU)

PEADUN,3L0)N

CONTINUE

444444444444444444

IFCR0SS-5LCT10

REQUESTEDCOLUM

♦4*4*4444444444444

IF(0FT(2).LT.l

READUN,30C)N

PLATUN,300)N

CONTINUE

44444444444444444

READGRIDSPAC1

4444*********444*

READllN,31c>F

HA=*H

IFICFTI3I.LT.1

*44*4*************

READANDWhITE

«4*44***9*********

READII",FMT)H

CC*C1=1,NP
DELYU)=HP

DO5CJ=1,NC
DELXIJ)=hA

WRITEICUT.77C)
GCTO70

CONTINUE

REATUN,FMT)I

FLAPUN,FMT)I
IF(OFT(*).LT.l

WRITE(OUT,330)

WRITE(CUT,250)
WklTE(ObT,3*C)

WkiTE(001,250)
CONTINUE

****4*********44*«

RLAOPHYSICALD

4444**************

READUN,310)F

IFIOPTl5).LT.l
******************

READANDWRITE

)WklTE(OUT,2*0)1,0PTU)

***************************************************

AREPECUIRED,READNUMBEROFANDCOORDINATESOF
DES.

***************************************************

GOTO20

SAVE,USAVEU),JSAVE(1),I=1,NSAVE)

4444444444444444*4444******************************

NSAPEREQUESTED,READNUMBEPOFANDINDEXFORTHE

NSANDROWS,RESPECTIVELY.
***************************************************

)60TO30

COLS,IMCOLSII),Irl.NCOLS)

POWS,(MkOWSU),l=l,NPOWS)

444444444444994444444*ft****************************

NGSINTHEXANDYDIMENSIONS,RESPECTIVELY.
4444*444444444444444444444444444444***4444444444444

MT

)GOTC60

4***************4****************«*••**•***********

CONSTANTG-UDSPACINGS

4***************4**********************************

A,Hb

DELX(J),J=1,NC)

DELYU),1=1,Nk)

)GcTO70

(DLLX(J),J=1,NC)

(DLLYU),I=1,NR)

********4***********4******************************

ATAFOFMATCARO

**************************************************4

MT

)GOTO90

***************************************************

DEFAULTVALUESTCbEASSIGNEDTOALLNODES

C***44***««9***«************************4**4****************************

RLArUN.FKT)K,(P(K),N=1,*)
WklTE(0UT,36C)K,IP(N),N=1,*)
DOPCJ=1,NC
DC80I=1,NR
FLAG(1,J)=K

EOTLELU,J)=C-(1)

HII,J)=P(2)
P(I,J)-P(3)

8ESF1II,J)=«I*)

COTOIIL

90CONTINUE

C**4444444444444*****44444444444**4******444***********9*****************

CREAPNODECAPOS
C****«*******************************************************************

COIDC1=1,NR

DOIGUJ=I,NC

PEADUN,FMT)FLAGII,J),BOTLEL(I,J),H(I,J),P(I,J),SF1(1,J)
CCNTlNyF

CCNTINUE

IF(0FT(6).LT.l)GOTO130

READUN,110)FMT
C**************************************************444*4****************

CPEADCORRECTIONSTONODECARDS
C*4*********************************************************************

WRITE(OUT,350)

WRITE(CUT,280)
READUN.FhT)1,J,k.IF(N),N=1,*)
IFll.LT.l)COTO17C

FLAGI1,J)=H

ICO

110

1?C

lF(K.EC.b)K=*

WRITE(OUT,790)1

bOTLELU.J)=FII)

HII,o)=P4?)

PII,J)=P17)

SF1(I,J)=BI*)

60To170

CONTINUF

YPF(1,K).TYPE(?,K),l,J,FLAeU,J),IB(N),N=l,*)

130

C44*4**4***4*4*4*****4***44********************

CPEATPARAMETERACA'SThCNTDATA

C***4444**«44444444******************444*4******************************

IF(OPTI7).FT.O)CALLCALIbINROW,NCOL,FLAG,P,SF1,OPTI7))
IFl»HYG.LT.l)GOTC1*0

C99****4******444********************4*4*4*4*******ft********************

CSAVEORIblsALHEACSFORHYOROGR'PHROUTINE
C*4*4444444444444****44*4444444*4444444444*44444**4444444444**4*********

REWIF.DIN3

WRITEIIN3)H

ITCONTINUE

C**«44******4**4*****4***4************************4*********************

CSAVEINITIALWATEkLEVELS

C*9444444449444*99444444444444444444444444*444444444444444444444********

REWINCTNI

WRITE|1M)h
C*444*444444*4444*44*444444444444444444****444444******4**444***********

C2EP0PER"EAEILITIlSFORBOUNDARYCELLS
C*4444*4444444444444444444444444444444444444****************************

F'O1507=1,NP

DC15CJ=1,NC

lFlFLA6Ut^).Eu.3)PII,J)=C.
15CCONTINUE

£4*444*****4*********444444444*4*444*4444444444444444*44**4444444******4

CWkITEphysicalparameters

C444444444444444444444449444444444444444444444444444444444*444*****4*4*4

IFIOTl6l.LT.ilr3cTO17T

CC160Irl.NR
WRITE(OUT,320)TITLE
WRITf(CUT.2FD

DCIfcCJ=1,NC
IFL6=FLA0(1,J)
IFUFLu.EC.P)IFLG=H

************************



WklTEICOT,29-)TYPE(1,IFLG),TYPE(2,1FL6),I,J,FLA6II,J),B0TLEL(T,J

l).H(I,J),P(IaJ),SFl(I.J)
160CONTINUE

170CONTINUE

C**•*•**•••*•*•******•*•****•*•*•***•*****•*•****•**********************

CCONVERTUNITS
C***********•*•«*********44*********************************************

DC1801=1,NR

DC180J=1,NC
P(1,J)=P(I,J1*PERFCT

180SFl(I,J)=SFl(I,J)*bELX|J)*OELVUI
C*4444444444***4*********************4444*******************************

CPLOTINITIALWATERLEVELS
C**«4****************4****4*********************************************

IF(OPT(9).GT.O)CALLPLOTH(NROW.NCOL,FLA6,H,SF1,11
C444444*4444************************************************************

CLISTANDPLOTINIUALSATURATEDTHICKNESS

C«*44**44444************************************************************

IF(OPT(lO).LT.l)GCTO210

WRITF(OUT,320)TITLE

WklTE(OuT,?3C)
DO2QC1=1,NR

DO190J=1,NC

H0(I,J)=O.
19DlF(FLAG(l,o).LT.3)H0U,J)=HU,J)-B0TLEL(I,J)

2rCWRITE(CUT.220)I,(HOII,J),J=l,NC)

CALLPLOTH(NR0W,NLCL,FLA6,H0,SFl,2>
210CONTINUE
£44444444444***4*4444444444444444444*444444444444***4*44*******•***•*••*

CRETURN

C*4444444444***44444****444444*******44444******************************

RETURN

C44*«*•**•«********•*******•*•**•**••**•********************************

C

C

C

270FOWMAlf/15,1OF10.3/(SX,1CF10.3))

270FORMAT(T5,'INITIALSATURATEDTHICKNESS'/)
2*CFORMAT(T20,'GENERALPROGRAMOPTION",15,"EOUALS',15)
250FCRMA1(5X.1CF10.1)

21CFCRMATUH1)

270FORMAT(3511)

2fCFCRMAT(lkkj,T2*,'TYFE',T3?,'ROW',T38,'COL',T**,'FLA6',T5*,'BASE',T

163,'hEAD',T73,'PERM',Te?,'ST0RAGE'/21X,18(*H1)

290FORMAT(21X,2A*,1*,216,3X,3F10.2,F10.5)
3CCFCRMAT(2613)

310FORMAT(20A*)

32CFORMATUkl,29X,****TEXASDEPARTMENTOFWATERRESOURCESGROUNDWA
11LRSIMULATIONPROGRAM***'//25X,2CA*/)

330FORMAT(1HO,'D1STANCESPACINGSINX-D1RECTI0N•)

3*0FORMAT(1HJ,'DISTANCESPACINGSINY-D1RECTI0N•)
350FCRMAT(1FC,T30,"NOCECORRECTIONS',//)

3fcOFORMAT(1HL.T25,'DEFAULTVALUES'//T25,'NOOETYPE',T55,I5/T25,'BASE
1CFAOUlFEi*',150,F1P.2/T25,'WATERLEVEL',T50,F1C.2/T25,'PERMEABILI
2TY',T50,Flu.2/T25,'5T0RAGfCOEFFICIENT•,T50,F10.5//)

37CFORMATUHD,T2C,'CONSTANT6RI0SPACIN6S'/T2P,'DELX=•,F10.3.5X,'P
1ELV=',F1G.3/)
END

SUBROUTINEPLOTFIN»CW,NCOL,FLAG,H,SF1,ICD)
C***4*******************************************************************

CMAXIMUMNUMBERCFCOLUMNSISIOC.
C*444444*******4444**4***44*********************************************

COMMON/ITCOM/NR,KC,1STEP,NPARM,1N,OUT,OUT1,OPT(30),ITER,NSAVF,
1ISAVL(25),JSAVL(25),KHYP,NCOLS,MCOLS(25),NROWS,MRO*S(75)
2,IN1,1N2,1N3,IN*,IN5,IN6

3.NSTEPS
COMMON/RLCOM/FMT(201,TITLEf2VI.DELX(100),DELVUOO1,PRMITR(10I,B

1(100),G(1CC),SUMSI1C,2),
2EPROP,PMPFCT,PMPNAM,PERFCT.DELTA,

3LEL"AJ,E,XL6TNH,FLXNAM(?),FLXFCT

*,LELMj2,T1mE
INTEGERCPT,FLAG,bUT,OUTl
DIMENSIONSVMB0L(26),XRANGE(?7),PL0TSUO0),PERCT(26),H(NROW,NCOL)

1,FLAG(NR0W,NC0L),IFPE0(?6)
7,SFI(NR0W,NCCL),T0T(26),TOT1126)

EQUIVALENCE(PLOTSd),PII))
C44444444444****************4*********4*********************************

CXINCREEQUALSTHERANGEFORE*CpPRINTERSYMBOL
C***444*****************************************************************

LATAbLANK/*H/

DATASVMBCL/1HA.1HB,1HC,1HD,1HE,1HF,1HG.1HH.1HI»1HJ,1HK,1HL,
11FM,1HN,1H0,1HP,1HQ,1HR,1HS,1HT,1HU,1HV,1HW,1HX,1HY,1HZ/

DIMENSIONIDUMIIC)
DATA10UH/l,2,3,*,b,6,7,8,9,C/
DIMENSIONXFCW(7),XC0L(2)
DATAXR0W/1HP,1F0,1HW/,XC0L/*HCCLU,*HMN/

F=0

HA=0.

Hb=-l.E-t

HC=1.L6

DO1'.I=1,NR

DC1CJ=1,NC
IF(FLAEU,J).GT.2)GOTO10
IF(FLAGU,J)*EO.C)GOTO10
M=M*1

HA=HA-»H(1,J)

Hb=AMAXl|HBaH(I,J))

HC=AMIN1IH.H1,J))

IFCONTINUE

HA=HA/M

HF=IHB-HC)/76.

HC=«.

IFINb.GT.5.)HC=10.

IF|ME.GT.10.)HC=25.

IFIRE.GT.75.)HC=50.

IFIRE.GT.5o.)HC=100.

HA=IFlX(Hf/HC)*PC

XRANGE(1>=-lPC:b.

XRA»GC(?7)=l.Eb

DO?C1=-l,26

2CXPANGLU)=n»-wC*U*-I)

3<"CONTINUf

WRITEICUT,?'-)TITLE

IFUCC.EO.DWPITlIOUT,lbO)ISTFP
IFIlLb.LC?)WFITLIOUT.lv::)ISTEP

*5C0NT1NUF

M=Nf/l(i

M=M-1

IF|MCDINC,10).GT.C)M=M4l
MP1=M41

WRITEICLT,?3C)IIJ,1=1,10),J=1,*),MP1
WRITE1001,270XCOL
M-M«l

*R1H(CbT,2*D)UDU",«=1,h)

WRITE(CUT.22U)
DOfC1=1,«;6

TOTU)=?.

T0T1(i)=C.
5TirRELU)=p.O



XNODE=0.0

DO1301=1,NR
CO120J=1,NC

PLOTSIJ)=BLANK

IFL=FLAGU,J)«1
GCTO160,70.70,12u),IFL

60PL0TSIJ)=1H*

60TO120

70ERR=H(I,J)

XN0DE=XN0CE+1•

DOecK=2,26
IF(ERR.LT.XPANCE(K)IGOTO90

80CONTINUE

IE«R=26

GOTO100

90IERR=K-1

100CONTINUE

1101FRECUEKR)=IFRE0UERP)*1

TOTlUEPfc)=TOTl(lEfcP)«DELX(J)*OELYU)

TGIUERR)=TCTUFRR)«SF1(1,J)*HU,J)
FLOTS(o)=SYMBOL(lERR)

12CCONTINUE

WklTL(0UT,I70)I,IPLOTS(J),J=1,NC)
IFU.LT.*)WRITE(CLT,2bn)XROW(l)

130CONTINUE

PLRCT(1)=FL0AT(IFREC(1))/XN0DE*100.

EC1*01=2,26
1*CPERCTU)=FLOATUFRLCU))/XNODE*lCn.*PERCTII-l)

WRITEICuT,200)

T0T2=D.

T0T3=L.

IFI1LD.EC.2)WRITEI0UT.31C)XIGTN*.XLGTNM
WRITEIC0T,30G)
IC1501=1,26

WRITEIOUT,220)SVMFOL11),XRAN6EII),XRANGE11*1),1FRE0II),PERCTC71
IFII0D.E0.2)WRITEI0UT.280)TOT(I),TOT1(I)
TCT?=T0T3U0T1(I)

150T0T?=I0T2«TCT(I)

WRITE(COT,160)

IFUCD.EC.2)WPITt(0UT.7VD)T0T2,TCT3
C444444444444444*****************44**4**********************************

RETURN

16C

170

UC

19C

200

210

22D

230

2»P

250

2fC

270

28D

290

300
310

FORMATt*X,'*',EX,"CONSTANTHEAP"/)
FCkMATup,I5,SX,irDAl)

formatits,'heatsatendoftimesttp'.is)

format(T5,"satiratedthicknessateneoftimestep',15)
formatllhd,t25,"fkecue>cydistrlbution",//,"symbol",12x,9hrantei

1FT),liX,"FRECUENCY",5X,"PERCENT.LE.")

FORMAII5HMtAN,19A,F10.5,/19HSTANOARDDEVIATlON,SX,Fl0.5)
FCRMATUP,3X,Al,bX,F8.3,*HTO,F8.3,9X,I*,6X,F10.1)
FORMATI1HC,19X,1CUI1)
FCHMA)IUX,10uIl)

FORMAIUH1,29X,"*«*TEXASDEPAPTMENTOFWATERRESOURCESGROUNDWA
ITERSIMULATIONPROGRAM•**"//25X,2CA*/)

FORMAT(1H«,A1)
FORMAI(1»«V10X,2A*)
FCRMATUH4,T7C,2Eir.8)

FORMAT(/T65,"TCTAL'•2L70.8)
FORMAT(//)

FCRMAT(1H«,T75,«VOLUME".1X,A6,"**3",T95,"APfA•,2*,A6,"**2")
rlr,

SUBROUTINEPLOTSINROW,NCOL.FLAG,HSIM,HOBS,N)
C***********************************************************************

CTHISSUPROUTINEPRODUCESASYMBOLICMAPOFVARIOUSPARAMETERS.
CMAXIMUMNUMBERCFCOLUMNSISIOC.

CN=lSIMULATIONERNORMAP

CN=2HEAOCHANGEDUR1N6THISTIMESTEP

CNr3HEADCHANGETHR0U6HTHISTIMESTEP
C***********************************************************************

COMMON/ITCOM/NR,NC,ISTEP,NPARM,IN,OUT,0UT1,0PT(30),1TER,NSAVE,
11SAVE(25),JSAVE(25),KHYDaNCOLS,MCOLS(25),NROWS,MROWS125)
2,IN1,1N2,I»3,IN*,IN5,TN6
3.NSTEPS

*,NBLK,IPWC(*,60)

COMMON/RLCOM/FMT(20),11TLE(20),DELX(100)aDELV(1001,PRMITR(10),B
1U00),G(1C0),SUMSSU0,2),
2EPROR,PMPFCT,PMPNAM,PERFCT,DELTA,
3DELMAJ,E,XLGTNM,FLXNA*(?),FLXFCT
*,LELMJ2,T1ME

INTEGEROPT,FL«6,OUT,OUTl
INTEGERIFREC(13)

LlMENSlONSYMbCLU3),XRANGEU*),PL0TSU00),PERCT(13),HSIHINROW.N
1C0L),HOPS(NROW,NCOL)
2,FLAG(NR0W,NC0L)

EQUIVALENCE(PLOTS(1),P(1))
C#444*****4*************************************************************

CX1NCREEQUALSTF-ERANGEFOREACHPRINTERSYMBOL
C******44*44**444**44444444444****44*4***4******************************

DATAX1NCRE,BLANK,IFIRST/10.0,*H,r/

DATASYMBOL/1H1,1HJ,1HK,1HL,1HM,1HN,1H0.1HP,1HO,1HR,1HS,1HT,1HU/
DIMENSIONlDUMflC)

DATAIDUM/l,2,3.*,b,6,7,8,9,0/
DIMENSIONXR0WF7),XC0L(2)

DATAXRC*/1HR,1PC,1HW/,XC0L/*HC0LU,*HMN/

LlMENSlONSUMS(1Q),IMAXS(*,3),HMAXS(2,3)
IFIIF1RST)30,10,30

10IFIRST=1

XRA»»GE(1)=-10CD.

XPANGE(1*)=lCCbC.

DC?C1=2,13

2CXFAN£fc(I)=(FLOAT(I)-7.5)*XINCRE

30CCNTINuE

DO30LNbLHN=l,KPLK

h"AX=-l.Ef

HMIKzl.Eb

DO*0K=lflC
*CSUMS(K)=C.

DO50K=l,3

H»-AXS(l,K)=-l.Ee

50HMAXS(2,K)=1.F6

IF(KbLKN.bT.l)GOTO110

WRITE(CUT,490)TITIE

DCTO(6U,70,80),N
60PRINT*2D,TSTEP

GCTO9D

70PRINT*70,ISTEP
GCTO9T

80Ff-IM**C,TSTEP
90CONTINUE

M=;«C/1C

M=rt-1

IFIMCDINClOl.GT.r^M
MF1=P*1

WRITE(0UT,*70)Mo,
WUTt(OUT,510)XCuL
M=M«1

WwlTE(0UT,*FO(JLU
WRITE(CbT,*60)
CCICCI=!,l?

ireIFREL(I).?.C

1IDCONTINUE

xNorc=o.b

"),J=1,M),Mpl



IS!=]RWC(1,NPLKN)
ILNC=1RVC(2.NPLMN)
JST=lkWC|3,NeLKN)
JLND=1RWC(H.NPLKN)
DO7501=IST,1ENC

DC7*0J=JST,JEN0
PLOTS(J)=RLANK

IFL=FLAGU,J)«1

GOTO(120,13C,13C,2*C),TFL

120PL0TS(J)=1H*

60TO2*0

130ERm=HS1M(1,J)-H0BSII,J)
IF(AESIHOBSU.J)).LT.l.E-3)GOTO7*0

XN00E=XN0CE«1•
1ERR=ERR/XINCRE«7.5

IFIIERP)1*0,1*0,150

1*0IERR=1

LOTO170

150IF(1ERP-13)170,170,160

160IEWR=13

17C1FRECUERR)=1FRECUFRR)«1

PLOTSFJ)=5YMPCL(IERR)
DO230K=l,3

GOTO(160,190,200),¥
IPCHA=H*1M(1,J)

60TO210

19CHA=HCbSU,J)
GOTO210

200HA=FRR

210HbUM=HMAXS(l,K)

HMAX=AMAX1|HA,HMAXS(1,K))
IF(^LUU.GE.HMAV|(,cTC220

HMAXSII,K)=HMAX
1MAXS(1,K)=T

IMAXS(2,K)=J

22VHDUMrHMAXS(?,K)

HM1N=AHIN1(HA,HMAXS(2,K))

IFIHDUM.LE.HM1N)GCTC27ij

HMAXS12,K)=HM1N
IMAXSI3.K)=I

IMAXSI*,K)=J

230CONTINUE
SUMSI1)=SUMSI11*1.

Sums(2)=sumS(7)«hsaM(i,j)*hobsu,j>
SUMS(3)=SUMS(3)«HS1M(T,J)*HS1MU,J)
SUfSI*)=SUMSI*)«HSlM(lvj)

SUMS(5)rsL'MS(5I«HObS(l,J)*HOBSU,J)
SUMS(b)=SUMS(6)*H0fcS(l,J)

SUMS(7)=S0MS(7)*EPk*ERR

SUhSI8)=SUMSI8)-»ERH

ERR=AbSILcH)

SUMS(9)=SLMS(9)«EPk*EPR

SbMSUb)=SUMSIir)«LPR

2*0CONTINUE

IF(NbLKN.GT.l)60TO253

WRITE(OUT,*0L)I,(PLOTS(J),J=1,NC)
IFU.LT.*>WRITE(CUT,r00)XROW(I)

2fCCONTINUE

IF(NBLKN.GT.l)COTO270

PEkCTU)=FLGATUFRLCI1))/XNODE*1D0•

DC7601=7,13
260PEkCTU)=FL0ATUFRtCU))/yN0bE*lC0.»PERCTU-l)

WR1TL(0UT,*5C)

WRITE(ObT,*60)ISYMPOLII),XRANFEII),XRANGE11*1),IFREO(I),PERCT(1)
1,1=1,13)

write(out,380)
27cwklte(0ut.31d)nblkn,1st,iend,jst,jend

white(cut,330

DO780K=*,1C,2

2F0SUMS(K)=SUHS(K)/SUMS(1>

WRITE(OUT,320)ISb*SIK),K=*,10,2)

300

C**

SS=SUMS(7)

CO29CK=3,«,2
SUHS(K)=SCRT((SUMS(1)*SUMS(K)-(SUMS(1)*SU*S(K*1))**2)/ISUMS(1>*(SU

1MSU1-1.1))

WRITE(Obi,350)ISUMS(K),K=3,9,?)
WklTEIOUT,3F0)(HhAXS11,K),K=1,3I,MIMAXS(L,K),K=1.3),L=1.2)
WRITE(CbT,370)IHMlXS12,K),K=1,3),(UMAXSIL,K),K:1,3),L=3,*)
WklTEI0UT,3*C)SUMS(l)

C0V=|SUMSI2)-SUMSU)*SUMS(*)*SUMS(6)>/ISUMSU>-l.)

REG=CUV/(SUMS(31*SU»'S(5))
WRITE(CUT.39P)SS.CCV.PEO,

CONTINUF
444444444***44444**444444***44444*44444******************************

RETURN

c

310FORMAT(/T*?,"FORbL0CK",I3,"FROMROW",13,"TO",13,"ANDFROM","
1CCLUMN",I7,"TO",131

32DFORMAT(T5,"MEAf.",I71,*F2".*)
330FORMAT(/T*2,"S1MULATED",T63,"OPS/INIT",T81,"DIFFERENCE",T103,"ABS

1DIFF"/)

3*0FORMAT(T5,'NUMBEPCFCELLS',T31,F20.*)
3FCFCrfMATU5,'STANDARDOEVIAHON',T31,*F20.*)
3tCFORMAT|T5a'MAXlMUM-VALUE',T3l,3F20.H/T13,'PCW',T31,3T20/T13,'COLU

lMN",T31,3I2n)
37CFOR"AT115,"MIN1MUM-VALl'E•,T31,3F2D.*/T13,"POW",T31,3120/Tj3."COLU

1MN",T31,3I20)

38CF0KMA1(**,'*',8X,"-CNSTAN'THEAD'/)
390FORMAT(T5,'SUMOF5.QUARE0DIFFERENCES',T31,F20.«*/T5,'COV*RIANCf',

lT31,FiC.*/T5,'RE6RESSlCNCOEFFICIENT•,T31,F?C.*)
*r,0FORMAIUP,I5,SX,lf.OAl)
*icformat(22hosuhoffprorssquarfd,2x,fio.i)
*?CFORMATI39HCERRCRHAPFCRSIMULATIONFORTIMESTEP,I*>

*30FCk"ATI2AHHHLADCHANGESFORTIMESTEP,1*)

H*DFORMAT("OHEACCHANGESFROMEEGlNNINbOFSIMULATION','THROUGHTIM

IESTEP',I*)

*5CFOWMAlUHn,T25,'FREQUENCYCISTR1BUTI0N•,//,•SYMBOL',12X,9HRANGE(
1FT),12X,9HFRE0bFNCV,fX,'PERCENT.LE.'//)

*(0FORMAT(IK,3X,Al,t>X,Fb.3,*HTO,F8.3,9X,I*,6X,F10.1)

*7CFORMAT(1v-C,19X,jCOT1)
*FCFOk"Al(IIX.IOGU)
*9DFORMATUHla29x."«*«TEXASDEPARTMENTOFWATERRESOURCESGROUNDWA

ITERS1MULMTCNPROGRA"***•//75X,7CA*/)
5^TFOk^UUH«,A1)

51CFO^DU•♦,]CX,2*«.)

ENU



SUBROUTINESOLVE(NRCW,NcOL,FLA6,H,H0,T,SF1,Q)
C***********************************************************************S0LV02I°
CTHISHCUTINESOLVESFORHEADSUSINGTHEIADTPROCEDURE
c****«*««******«•*•*•*•**«***************«******************************SOLVO*10

COMMON/ITCOM/NR,NC,1STEP,NPARM,1N,OUT,OUT1,OPT(3D),ITER,NSAVF,
1ISAVE(25),JSAVE(25),KHYD,NCOLS,MCOLS(25),NROWS,MROWS(25)
2,INI,1N2,IN3,IN*,IN5,TN6
3.NSTEPS

COMMON/RLCCM/FHI(?0),TITLE(2O,DELX(100),DELV(100),PARM(10),B
l(luC),G(lCG),SUMSIir,2),
2EPPOR,PMPFCT,PMPNAM,PCRFCT,DELTA,
3LELMAJ,E,XL6TNM,FLXNAM(?),FLXFCT
*,DELMJ2,T1«E

1NTEGEPOPT,FLA6,OUT,OUTl
DIMENSIONH(NHCW,NCCL),HO(NROW,NCOL),T(NROW,NCOL,2),SF1(NROW,NCOL

11,0(NCGW,NCOL),FLA6(NR0*,NC0L)
UOUbLEPRECISIONP6,CC,W

1TLP=C

FCONTINUE

ITEP=ITER*1

IF(ITER.€1.50)60TO380
K=MC0UTEP,NPARM)*1
PK=PARM(K)

c***»********************«**********************************************solvi*io
CRCWCALCULATIONSS"L)!f?!S C***************44444444*****************«******************************^°LV1610

CO19L11~1,NR

1=11

IF(M0DUSTEPUTER,2).EC.1)I=NR-I*1

EE=1.

1FU.EQ.1)EE=P.C

JSTRT=1
2TDO30JJ=JSTRT,NC

1FL=FLAGII,JJ)U
COTOI3D,*0,*0,30),IFL

30CONTINUE

60TO190

*0CONTINUF"

JoPl=JJ*1

50DO60JJJ=JJF1,NC

IFL=FLAGI1,JJJ)«1
GCTOI70,6C,6C,7C),IFL

6rCONTINUE

JJJ=NC

JSTPT=NC

EGTC60

70JJJ=JJJ-1

J5TPT=JJJ"1

8TCONTINUE

AA=0.

DL=0.

ee=n.

IFIJJ.EC.l)60TO*0
IFIFLAGI1.JJ-Il.GT.C)r-0TO9C
Fb=TU.Jj-1,1)
0L=Bb*HII,JJ-1)

90CONTINUE

DC15bJ=JJ,JJJ

TT=-AA

Bt=Pb*TT

1CDTT=TI1,J,1)
CC=-TT

PfarPB*TT
1FIFLA6(1,J«1).EC.u)rC=DDUT*HII,J*l)

11CTT=T(1-1,J,2)*EE
BB=BfcUT

DC=0D«TT*H(T-1,J)
120TT=T(1,J,?1

Bt=eE*TT

DC=CL*TT*HII«1,v)

CL=DD*BB*PK*H(I,J)

bt=Fb*ll.«PK)
1300D=CD*HCU,J)*SF1(1,J)/DELTa-QII,J»

Fc=Fb*SFl(I,J)/CELTA

1*0W-BP-AA*b(J-l)

B(J)=CC/W

G(J)=(uC-AA*6(J-l))/W

CD-O.

Bb=r.
150AA=-T(I,J,1)
C*444*******************************************************************S0LVb710

CRE-ESTIMATEHEADSS0LV6810
C4**4********************4**********************************************S0LV6910

E=£«ABS(H(l,JJJ)-G»JJJ))

H(I,JJJ)=C(JJJ)

N=JJJ

ItON=N-1

IFIN-JJU)180.lHb.17C
170HA=G(N)-b(N)*H(1,N-»1)

E=E*AbS(HA-HU.N))

H(I.N)=MA

6CTC16b

180IF(JSTKT-NC)20.19C.19C

190CCNTINUF
C*4*4**444****4*********************************************************S0LV8110
CCCLUMNCALCULATIONSS0LV821D
C******44****************************4444444**4444**********************S0LV8310

DO77CJJ=1,NC
J=JJ

1FIM0CIISTLPUT!R,2).EC.1)J=NC-J*1

EE=1.

1F(J.EQ.1)EE=0.

1STPT=1

200DC710T1=1STRT,NR

IFL=FLA6III,J)U

CCTC1710,220,220,210),IFL
21DCONTINUE

COTC37b

770CONTINUE

UP1=I1«1

270CO2*0IiI=lIPl,NP

IFL=FLAGII1I,J)«1
CCTO1250,2*0,2*0,250,IFL

21£CONTINUE
IU=KR

1STRT=NC

COTC2CC

2*V111=111-1

ISTPT=111U

2tCCONTINUE

AA=0.

01=0.

BF=0.
IFII1.F0.1)GOTO270

IFIFLAGU1-1,J).G1.0)COTO270
Fc=Tlu-l,^,2)

EL=tb*HUl-l,J)
27CCONTINUE

CCllj1=11,1II
2*0TT=TI1,J-1,1)*Lf

Ptips*IT

EC=Ci;*TT*HU,J-l)

29CT1=T(I,J,1)
Pt=PbUT

tL=rLUT*F(l,jU)

TT=-AA

F-c=Pt«TT

3TDTT=TII,J,?)
PP=Pb*TT

CC=-TT

IF(FLAGII"1,J).FCODD=CU«TT*H(1*1,J)



310

320

330

3*0

350

360

370

380

C0=OL*bB*PK*H(I,J)

fcb=BB*ll.♦PKl

DD=D0«H0U,J)*SF1U,J)/DELT«-QII,J)
BB=BB*SF1II,J)/DELTA

W=BB-AA*BII-1)

B<I)-CC/W

6(I)=(0D-AA*G(1-1)1/U

DD=P.

E6-C.
AA=-T(I,J,2)

Ca**********************************************************************SOL23*10
CRl-ESTIMATLHEADSS0L13510
C***44444**********************44***************************************S0L13610

E=E*AbSlHUII,J)-6iIIl>)
HUII,J)=CI11I>
N=II1

N=N-1

IFIN-UU)36C,3bb,350
HA=6(N)-BIN)*H(N*1,J)

E=E«AbS(H(N,J)-HA)

H(N,J)=HA

60TO3*0

IF(1STRT-NR)200,370,370
CONTINUE

IF(E.6T.ERR0R)GOTO10

IFUTER.LT.*)GOTOID

RETURN

END

SUBROUTINEXSECT(NPOW,NCOL,FLAG,HSIM,HOBS,POTLEL)
C***********************************************************************

CTHISSUBROUTINEPRODUCESAPRINTERPLOTOFCROSS-SECTIONSALONG

CROWSORCOLUMNS.MAXIMUMNUMBEROFROWSORCOLUMNSIS100.
C*•*•*•***********•*****•**•*•*•****••**•*•*•*•******•******************

INTEGER10UMU0)

DATAIDUM/1,2,3,*,:»,6,7,6,9,0/
COMMON/ITCOM/NR,NC,ISTEP,NPARM.IN.0UT.0UTl,OPT(30).ITER.NSAVF.

1ISAVE(25),JSAVE(25),KHVC,NCOLS,MCOLS(25),NROWS.MROWS«25)
2,IN1,1N2,1N3,IN*,IN5,IN6

3.NSTEPS
COMMON/PLCCM/FmT(2C),TITLE(20),DELX(100),DELYU00),PRMITRU0),B

1U0C),G(lCU),SU»SUC,2)a
2EPROR,PMPFCT.PMPNAM,PERFCT,DELTA,

3DLLMAJfE,XLGTNM,FLXNAM(?),FLXFCT
*,DELMJ2,TIMF

INTEGERCPT,FLAG,UUT,CUT1
DIMENSIONHSIM(NRwk,NCCL),HOBS(NROW,NCOL),PLOT(100),

1FLAG(NR0W,NC0L)

2,bOTLEL(NR0W,NCCL)
EQUIVALENCE(PLOTli),F(D)

DATASlM,03S,eLANK,PCTH/lHS,lHO,lH,1«B/

DIMENSIONXCOL(?)

DATAXR0W/3HRCW/,XC0L/*HC0LU,2HMN/

I0PT=CPT(22)

DO80L=1,NC0LS
IF(NCOLS.LT.l)60TOBV
WklTE(OUT,220)TITLE

J=MCOLS(L)

WRITE(CUT,160)J

WRITE(OUT.230)

M=NR/10

IF("CD(NR,lD).GT.C)»*=M4l

50

60

M=M-1

N=M*1

WRITE(OUT,170)
WRITE(CUT,2*0)

M=H«1

WRITEICUT.19C)

HMAXi-l.E*

HM1N=1.E5

DCID1=1,NP
IF(FLAGU,J).GT.2)GOTO10

IFUOPT.LT.1)HOFSU,J)=HSIM(I,J)

HMAX=AMAX1(HMAX,HS1*•(I,J).HOBS(I,J))

HMIN=AHIN1(HS1M(1,J),H0FS(I,J),HMN)
CONTINUE

HMAX=1FIX(HMAX«1.)

HMIN=1FIX(HMIN-1.)

XINC=(hMAX-HMIh)/*D.

XlNC=FLCATUFlX((XIN0«C.5)*2.))/2.0

XX1NC=XINC*0.5

007CLL=1,*1

EC701=1,NP

FLOTII)=ELAKK

CC5C1=1,NR
IFIFLAGU.J).GT.2)GOTO5?
IFlAbSlfcOTLELII,J)-HM.A>).LE.XXIfC)PLOTIT)=1H*
1FIAFS|HS1H(I,J)-HMAX).LE.XXINC)PLCTU)=SIM

IFUOPT.LT.l1FOICEC

IFIAFrSIHOtSlI,J)-HMAy).LE.XXINC)GOTO30
CCTC50

IFIPLOTID.EC.SIM)GOTO*C

PLOT|H=CE-S

GCTC5P

FLOTI1)=tCTH

CONTINUE
WklTEICbT,2C0)HMAX,IFLOTII),1=1,NP)
HMAX=HMAX-XINC

CONTINUE

WRITE(CbT.lFO

((K,i=i,m),K=i,m),

XROW

UDUM,K=1,M

I1LU*,I=1,M)



80CONTINUE

00150L=1,NR0WS
IF(NROWS.LT.l)60TO150
WRITE(OUT,220)TITLE

I=MPCWSIL)
WRITE(CUT,210)I

WRITE(OUT,230)

M=NC/10

1F(M00INC,10).GT.0)M=M«1
M=M-i
N=M*1

WRITEI0UT,170)MK,J=1,iO,K=1,M),N
WRITE(OUT,2*0)XCOl
M=HU

WRITE(0bT,190)UDUM,K=1,M)
HMAX=-1.E5

HMIN=1.E5
DO90J=1,NC

IF(FLAGU,J).6T.2)GOTO90
IFUOPT.LT.l)HOESU,J)=HSIM(I.J)
hMAX=AMAXl(HMAX.HS1M(I.J),H0BSU,J))
HM1N=AMIN1(HS1H(1,o),HOPS(I,J),HMIN)

90CONTINUE

HMAX=1FIX(HMAXU.)

HMIN=1FIX(HMIN-1.)

XINC=(HMAX-HMIN)/*G.

XINC=FL0AT(1FIXI(X1NC«C.5)*2.))/2.0

XX1NL=XINC*C.5

001*0LL=1,*1

COIOC.J=1,NC
IOCPLOTIJ)=BLANK

DO130J=1,NC

IFIFLA6I1,J).GT.2IGCTO130

]F(AES(BGTLEL(I,J)-HMAX).LC.XXINC)PL0T(J)=1H*
lF(AeS(HSlM(l,J)-HMAX).LE.XXlNC)PLOTIJ)=SIM

IFUOPT.LT.l)TOTC130

IFIAbSIHObS(I,J)-HMAx).LE.XXINC>GOTO110

60TO130

110IF(PLOTU).EQ.SIM)GOTO120

PLOT(J)=OPS

60TO130

120PLUT|J)=EOTH

1*0CONTINUE

WRITE(0LT,70P)HMAX,(PLOT(j),jrl,NC)
HMAXrHMAX-XINC

1*0CONTINUE

WRITE(CUT,18?)UDUM,j=l,M)
150CONTINUE

RETURN

C*A*********************************************************************

1F0FORMAT(25HCCPOSS-SFCTIONFORCOLUMN,13)
170FCRMATM"0,2*X,lCuIl)
180FORMAIUtX.lCOll)
1*0FORMAT(7X."HEA0",5X,1CCI1)
200FORMU(lVaFlL.2,SX,10CAl)
210FCRMATf22HPCROSS-SFXTIONFORROW,13)
220FORMAIf1H1.29X,"***TEXASDEPAPTMENTOFWATERRESOURCESGROUNDWA

ITERSIMULATIONPROGRAM***'//25X,?C«*/)
230FORMATUP♦,1*0,"S=SIMULATED',5X,"0=OPSERVED",5X,"B=OBSERVED=S1"UL

1ATE0",5X,"*=EASF")
2*0FORMATUH«,15X,2AH)

END



GWSIM-II

Corrections and Additions

On page 15, under Program Options, add the following after the discussion of
Option 6 USE STEADY STATE HEADS

Option 7 ADJUST PARAMETERS

The enabling of this option allows input of changes in per
meability and storage coefficient values. Such changes are
often needed during model calibration. The enabling of this
option may also cause the printing of a map(s) indicating
the parameter values. The map(s) may be printed even though
no adjustments are made. See Data Set 7a

Data Set 7a is read if the value of Option 7 in Data Set 3 is
greater than zero. The maps to be plotted may be selected by
setting the value Option 7 as shown below.

Option 7 Maps Produced
1 None

2 Permeability-x

3 Permeability-y

4 Storage Coefficient

5 Permeability-x and
Permeability-y

6 Permeability-x and
Storage coefficient

7 Permeability-y and
Storage coefficient

8 Permeability-x,
Permeability-y, and
Storage coefficient.

On page 15, under Program Options, add the following before the discussion
of Option 3 READ CONSTANT HEAD ENDING VALUES

Option 2 PRINT MAPS OF FLOWS

The enabling of this option causes the printing of a map
indicating ground-water flows at the end of the major time
step. If option 2 equals two (2), the maps are produced at
the end of each minor time step.



Two maps are produced, one for flows in the x-direction
(direction 1) and the other for flows in the y-direction
(direction 2). For flows in the x-direction, the value shown
is for flow to the right; or from cell I,J to cell I,J+1.
A negative sign indicates flow from cell I,J+1 to cell I,J.

Flows from row I to row I+l are shown on the y-direction map
as a positive number. A negative number represents flow in
the opposite direction. Flows are printed in 1000's of acre-
feet per year.

On page 15, under Program Options, add the following after the discussion
of Option 3 READ CONSTANT HEAD ENDING VALUES

Option 4 CHANGE TIME STEP SIZE

The enabling of this option allows for the change of
the length of this major time step and of the number
of minor time steps. See Data Set 11. The new time step
parameters will be in effect for this time step.



On page 17, the discussion of Option 17 OUTPUT WATER LEVELS ON UNIT 'OUTl
should read:

Option 17 SAVE DATA ON UNIT OUTl

The enabling of this option will cause a listing of heads
for the end of the time set. The data are written on unit
OUTl. Data suitable for Data Set 7 (Physical Data) may also
be written which would allow the starting of a future run
where the run terminated. If option 17 equals one (1), the
heads are listed by rows with the row number preceeding the
heads, the format used is

(15, 5X, 10F7.1/(10X, 10F7.D)

If option 17 equals two (2), the head data are followed by
physical data. A format to be used to read the physical data
precedes the listing of the physical data. If option 17 equals
three (3), only the physical data is written.

On page 24, under Data Set 3, the second sentence should read "Only the first
seven options..."

The figure on page 27 is in error.

Format for Data Set 2.

Data Set 2 is read as follows.

Columns

1-5

6-10

11-15

16-20

21-25

26-35

36-45

Variable

NSTEPS

Meaning
Number of Major
Time Steps

NSP Number

Time

of Minor

Steps

NC Number of Columns

NR Number of Rows

NSPRNG Number of Springs

DELMAJ Length
Time

days

of Major
Step, in

ERROR Conveyance
Criterian, in
feet



Format for Data Set 3

The column number is equivalent to the option number. An option is enabled
if an integer greater than zero is punched into the appropriate column.

On page 30, add the following after the discussion of the Data Set 7.

Data Set 7a - This data set will be required if Option 7 was enabled in
Data Set 3. This data set contains the values used to adjust
permeabilities and storage coefficient. One data card is
required for each adjustment and each adjustment is applied
to a specified section of the grid.

The information is read by a command in the form

READ (IN,100) II, III, JJ, JJJ, K, KK, HA

and the values are adjusted by command such as

DO 10 I = II, III
DO 10 J = JJ, JJJ
IF (K. .GT.2) 60 TO 5
DO 4 L = K, KK

4 P(I, J, L) = P(I, J, L)*HA
GO TO 10

5 SFKI, J) = -SFKI, J)*HA
10 CONTINUE

The data are read as follows

Columns

1-3

4-6

7-9

10-12

13-15

16-18

19-29 HA Parameter adjustment

Variable

II

Meaning
First row of grid

segment

III Last row of grid
segment

JJ First column of

grid segment

JJJ Last column of

grid segment

K First parameter
identifier

KK Second parameter
identifier



Set K equal 1 if permeability x-direction is to be adjusted cr
equal 2 if only permeability y-direction is to be changed. Set
KK equal to 1 if only permeability x-direction is to be changed
or equal 2 if permeability y-direction is to be changed. Set K
equal 3 if storage coefficient is to be changed.

If Data Set 7a is read, the last card must be blank.

On page 32, under Data Set 11, the second sentence should read "Only options
2-20 may be enabled at this time."

On page 33, the format for Data Set 11 must be expanded for the time step
parameters.

The data are read as follows:

Columns

1-20

21-25

26-35

36-45

46-50

51-60

Variable

OPT

Meaning
Options 1-20

NOOPT Maintain these

options for the
next NOOPT time

steps. See Option 11

PFACT Pumpage adjustment
factor. See Option
9

RFACT Recharge adjustment
factor. See Option
10

NSP1 Number of minor

time steps. See
Option 4

DELMJ2 Length of major time
step, in days. See
Option 4.

On page 38, under output Unit Numbers, the last sentence should read "The output
unit variable OUT equals 6 and OUTl equals 10."


