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Forward

GISIM-1V, documented herein, is a digital modeling tectnique which is
capable of simulating gromd-—water £low. and conservative mass transport.

. . “The solutLon procedure was develo
by T. A. Prickett and C. G: Lonnquist, Illinois State Water Survey, and Waged
later modified by persormel 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 techmique is based on rhe differential equation de-
scribine non-steadv. two dimensional flow of ground water in a nonhomMogeneous

anisotropic, water-table and/or artesian aquifer.

_.__________________.___._.,_.-—-—-

e ——

The purpose of the mass transport portion of iﬁis mode;;ﬁg technique
15 to determine concentrations of a conservative constitutuent at the
end of a given time period. The technique js based on the differential
equation governing non-steady state, two-dimensional mass transport in
a non-homogeneous, anisotropic aquiferX. An jterative alternating direction
implicit procedure is used to solve the finite difference approximations to

the governing differential equations.



GROUND-WATER SIMULATION PROGRAM
GWSIM-IV

INTRODUCTION

Hydraulic simulation was based on work of T. A. Prickett and C. G.
Lomnquist, 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 configuratioms.

: 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
ma jor 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 ocutput to an in-
dividual problem.

HYDRAULIC SIMULATION

Development of Finite Difference Equation

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

ad ey s (1)

where . s 2,-1

T = aquifer transmissivity (Lt )

h = head (L}

S = storage coefficient

t = time (t)

W = net ground-water flux per unit area (Le™1)

X,y = rectangular coordinates (L)

(Prickett, 1971).

The mumerical 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;



(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 mmerically 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 colum (j) mumber.
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Finite Difference Grid

Figure 1



Equation 1 may be approximated as

hj 41 ~ hi,j., _ hi ;- hi 51
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where
83 = grid spacing in the x-direction for colum j,
8y = grid spacing in the y-direction for row i,
Ti,j-r!: = transmissivity between node i,j and i, j+1,
hj,j = head at node i,j at end of time step,
Si,j = storage coefficient for cell i,j,
At = Cime step increment,
Hi,j = head at node i,j at beginning of time step,
wi, j = net withdrawal per unit surface area for cell i,j, ard

8Xj4y = distance between node i,j and node i, j+l

Multiplying Equation 2 by the area of cell i, Ax j AY; s and rearranging

terms results in
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saturated thickness for cell i,3,

—f
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1 for river cells, ceils with leakage, and spring cells

O
]

with H; o > RD;



= 0 for spring cells with Hi,j 4 RDi,j

Pi i ° hydraulic conductivity between cells i,j and 1,41

P = hydraulic conductivity between cells i,j and i+1,3.

1,3,2

The first part of terms A,B,C, and D is the saturated thickness at the

cell face. The last part is the distance separating two adjoining nodes.

The last part of term Q represents flow that is a function of the head
for the cell. The function is linear with the term R equal to change in
flow rate per unit change in head {slope). If head is greater than the
reference head, water moves out of the cell and the opposite is true if
head is less than the reference head. If the flow is to be from a spring,
fiow is allowed to only leave the cell. If fiow from a river or lake is
to be simulated, the reference head would be the water surface elevation.
If spring flow is to be simulated, the reference head would be the eleva-
tion of the spring opening. For leakage from another aquifer, the reference
head would be the head in that aquifer. The determination of the slope
term {R) vaiue depends upon the process being modeled. For leakage or
flow from a river, the siope could be determined by assuming that the
source of water (river or other aquifer) is separated from the modeled

aquifer by a confining bed. The siope term could be evaluated as



R = PAc/m
where
P = hydraulic conductivity of confining bed,
A. = arezof confining bed through which leakage takes place, and
m = thickness of confining bed

—————

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 {s used to solve the set
of equations.

Solution Technique

The iterative alternating direction implicit (IADI) procedure imvolves
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 ad jacent colums
are known. The unknowns in this set of equations are the heads for the nodes
along the colum. 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 colum is treated. The next step is to develop



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

Once the sets of equations for the colums and the sets of equations for
the rows have been solved, one "iteration" has been campleted. The iteration
process is repeated until the procedure has converged. Upon convergence, the
terms h, . represent the heads at the erd of the time step. These heads are
used as™’Jthe begiming 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 ard Lomnnquist (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
ard recharge rate, are constant. It is only natural to assume that, based on
constant extemnal 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 pattem of change is established,
this patterm 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 ma jor 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 diffcrent 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 Cconvergence. Development
of those parameters is beyond the scope of this marwal, but a brief discus-
sion may be in order. Equation 4 is a rearrangement of Equation 3 incorporat-
ing the normaltized iteration parameter, G ; and, as vequired in the first
phase of the IADI procedure, assumes thatPthe heads along the colums are

unknowns.

n+l n+l n+l - _ n n n + G
M 5en * B0G) Py  Ohyjay = (0GR 5 By 5 P @
where
A,B,C,D,E,F,C = collectiqn of terms in Equation 3.
hrihfj = head of cell i,j at iteration rumber n+l, and
Gp = normalized iteration parameter.

Pleasg note that when the solution converges, ol 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.



The calculation of G_ was adopted from Trescott, 1976, and may bte ex
pressed as P :
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p fp-15, p=2,3,...0P

£ = exp (1n(1./01)/1"1) ,
Py min (2, £x, fy) ,
£x = wd/(mCrED Y and
2 nte@H )
where
p = iteration parameler,
p = iteration index which cycles from one to the number of
iteration parameters to be used,
m = rumber of rows,
n = oumber of colums, and
P = rumber of iteration parameters

The value of p changes for each iteratiom and cycles from one to the number of

parameters used. The iteration parameters are printed at the begimning of sim-
ulation.

For program GWSIM-1V., 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 mumber of iterations required for convergence will increase. There
is a point of diminishing returns where the increase in accuracy does not gus—
tify the increase in the mumber of iterations and the resulting increase O
computer execution time. A few tests should be made with difference values for
ERROR to determine the value that yields good results with few iteratioms.

The program performs at least four iterations.
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MASS TRANSPORT SIMULATION

Development of Finite Difference Tquation

The partial differential equation describing mass transport and
dispersion of dissolved, conservative sclutes in a saturated porous
medium may be written

% - ey (D4 g_;ii..) - %i-gl - Wy (5)
where
c is the mass concentration,’ (%3)
Py is the coefficient of hydrodynamic dispersion (LaT)
v is the velocity of flow, (L/)
W; is the mass flux from the aquifer

M
(37)



ai,j,2 = flow rate of solution from cell i,j to cell i+1,} , and

i}

ct ) concentration of solute in the flow from cell i,j-1 to
3-1,3 cell i,j.

The flow rate representing the amount of mass taken from storage
may be expressed as:

= .. .. - V. . C. .
Qs (ng,J Cﬁl,J i,j C1,3) /at
where
Vi ;5 = volume of solution im cell i,j at the beginning of the
’ time step,
o j = concentration of solute in cell i,j at the beginning
’ of the time step, and
Vij = volume of sclution in cell i,j at the end of the time

increment.

The term Qg represents the mass fiux leaving the cell thru the
processes of pumpage, recharge, springflow, evapotranspiration, inter-
formational leakage, or mixing with surface water. For the remainder
of development, mass transfer out of a cell will be assumed to be

positive and transfer into a cell will be assumed to be negative.
The term Qg may be expressed as

Qe = Ci,j (QpPg,; * Qoj,3) - Cri j (Qry, 5+ Qi j)
where
Qpi,j = rate of pumpage for cell 1,j ,
Qo. . = rate of water leaving cell 1,j thru a process whent $low
153 15 a funetion o4 head,
Cri,j = concentration of solute for water entiring cell i,i
Qri,j = rate of recharge for cell i,j , and
Qii,j = rate of water entering cell i,j thru a process where Slow

15 & mctron o head.

For each cell only one of the terms Qo and Qi will be nom-zero.
The term which is zero is determined by the relative value of h and RD.
- 1f h is greater than RD, Qi is zero and if h is less
than RD, Qo is zero. ~— ’ T ) . T




t is time, and (T)

Xj is the ith dimension (Kénikow and Bredehckt, 1974) (L)

The term on the left represents the change in concentration over
time. The first term on the right represents the mass transport by
hydrodynamic dispersion and the second term represents mass transport
by convection. Equation 5 is solved by applying the finite difference
approach.

Figure 1 can be used to explain the development of the finite
differen?e equation. The mass flow rate terms (Qy, ..., Qg) are
arbitrarily assigned flow directions in Figure 1. Flows rate terms
Q;, Qz, Q3z, and Q4 represent cell-to-cell mass transfer. Qg represents
t%e mass change in the cell over a unit interval nf time. 36,15 assumed

to represent the mass leaving the cell.

The continuity of mass requires that the mass transport rate be
equaled as folliows

Qp + Q4 = Q2 + Q3 + Qg + Qg. (@)

The cell-to-cell mass transport includes mass transport by hydro-
dynamic dispersion and by convection. For the following equation
development, it is assumed that both processes move mass in the same
direction.

The terms Qj, Qp, Q3, and Q4 may be expressed as

j i
Q = THIKR. 5 i Pi,5-1,1(00,5-1°Ci5) /5oy +]ai,j-1,116500,5

- R - i. .
Qy = THIK135+1 8% Di’j,zfcl,j C1+1,3)/6yi+h +‘q1,3,2lC1-1,1 .

i < s i
Qs = THIK} 541 8¥iDi,5,1(Ci,5- Ci,5+1)78%jey . +}%,5,2[€5 541 , and
Qs = THIK;{_I’i 8x3 Di-l,j,Z(Ci~1,j - Ci’j)/l\)'f-h _ ‘*‘Qi-l,j,ZICi-l’i
where
THIK}_I j = aquifer thickness for the cell face between cell i,j-1
y and celil i,j,
b, . = coefficient of hydrodynamic dispersion between cell 1i,j
1,3,1 .
and cell i,3+1,
Dy j,2 = coefficient of hydrodynamic dispersion between cell 1i,j)
i and cell i+l,j,
C; = concentration of solute in cell i,j ,
1,)

qi,3,1 = flow rate of solution from cell i,j to cell i,j+1 ,



. .ama@/wa/mam‘hg é i .
Substituting.equdtions  H—ti;—and—ti—into—Fevation—O —and-
rearranging we have:

THIK].1,58Y3 Pi,5-1,1(C4,5-1- Ci,5)/axj.5  +fas,51,10¢q,;
¢ THIK},j+1 8yi Di,j,1(Ci,j+1 - Ci,j)/8xjrn . +lai,j,1]cd, 51

b ) 3
THIK;.1,3 8%5 Pioq,5,20C 0,5 - G5 50/8y50y +la5.4,5,2|C01

+

j ) j
* THIK] a1 8%5 Dy 5 2(Ciug,5 - €4, 90/8v50 +lay 5 o0¢d 44y

(Vi,j Ci,j - VBi,j CB3,5)/at + Cr(Qri,5 * Qii,j) - Ci,j(Qpi,j +
Qoi, j) {(7)

The method of determining the concentration of solute moving
between cells is an important consideration. The basic assumption
of finive difference approximations in that the value at the center
of a cell is representative of the entire cell. The use of concen-
tration C; ; for C} .,; when the flow is from cell i,j to cell i,j+l

0 3 &té : ?
can result in too 14p1d a movement of mass. To help alleviate this

potential problem, C% jel is formulated as
’ F

i ' .
Ci,5+1 = 8(aCy 5 + (1-a)Cj 541 + (1-8)(aCj ja7 * (1-2)Cy, ;)

where
8 =1 if qi,j,l is positive (from cell 1, to cell i,j+1)
= 0 if 4,5,1 is negative, and
a = averaging coefficient

The range of a is from 0.5 to 1.0. A value of 0.5 indic2tes that a
numerical average of the two concentration is to be used. A value of
1.0 indicates that no averaging is to be used.

An equation of the same form as Equation 7,
3 + is written for each cell in the finite difference grid,
This results in large set of linear equations with the concentrations
at the end of the time period, Cy as unknowns. An iterative alter-
nating direction implicit proceduté is used to solve the set of equations.

Solution Technique

The type of solution procedure used to solve the hydrologic finite
difference equations (Equation 2) is used to solve the mass transport
finite difference equations. The iterative alternation 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 {7 ) for each node in a column but
assuming that the concentration for the nodes on the adjacent columns
are known. The unknowns in this set of equations are the concentration
for the nodes along the column. The concentration for the nodes along
adjoining columns are not considered 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 concentration for the nodes along adjoirn-
ing 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 equa-
tions for the rows have been solved, one "iteration™ has been completed.
The iteration process is repeatcd until the procedure has converged.
Once convergence is accomplished, the terms Cj j represents the con-
centrafions at the end of the time step. These concentrations are
used as the beginning concentrations for the following time step.

For program GWSIM-1V, the solution procedure is assumed to have
converged if the sum of the changes in concentration during =n iteration
is less than a specified input value, QERROR. As the convergence cri-
terion i3 tightened (smaller values for QERROR) the finite differcnce
solution will become a closer approximation to the theoretical solution.
However, as the error criterion is tightened, the number of iterations
required for convergence will increase. There is a point of diminishing
returns where the increase in accuracy does not justify the increase in
the number of iterations and the resulting increase of computer execu-
tion time. A few tests should be made with difference values for QERROR
to detcermine the valuc which yiclds good results with few iterations.

FEATURES OF THE PROGRAM

In each of the following sections, an i tant
program is explained. ® ’ important phase of the GISIM-TV



Time Steps

Program GWSIM-1V . was written to similate 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 begimning of each of
these major time steps, the program is designed to accept new values for pump-
age ard recharge rates. This provides the ability to change the extermal 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 campleting a rumber 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 charges in these external stimuli. The minor time steps mdy 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 OWSIM-1Y 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 O, constant head.
Ground-water flow_can occur with this Cype of cell but the water level for the
node will not be calculated.

Type of Cell Declaration

gach cell in the finite difference grid must be assigned a type declara-
tion. A cell's type declaration is hased 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 /concen€radron,
2) FLAG = 1 for water table corditions,
3) FLAG = 2 for artesian conditions, and

4) FLAG = 3 for exterior modes. 7 7

) These declarations are used to indicate whether the node is active or if
it is outside the ground-water system. A FLAG = O cell is assumed to be a con-
stant-head,cell. Cround 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

T egnd Lonceatradren



will vary as water table elevations change.

FLAG = 2 nodal declaration is used to identify ce1_15 for which flow area

does not vary as water levels change. The FL_AG__: 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-IV is programmed to ignore any exterior
nodes. Since many ground-water formations are not rectangular in shape, 3
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 = ler2.

Program Options

GWSIM-1 V. 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 begimning of each major time step._ .

~Jhe mass transport procedure alsc has 2 set of options. These Quality Optiofs
are read for each time step if mass transport 1s simulated.

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 colums 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.



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.

Enabling this option allows replacement of physical data values for

If the option equals 1, no maps are printed; if it equals 2, hydraulic
conductivit;lr\maps in both directions are printed; if it equals 3, a stora

coefficient map is printed; and if it equals 4, all maps are printed.
Data Set 9 is read. See

If this option is set equal tol or 2, a listing of thé initial satu-
or 3, a map of initial saturated thicknesses is produced. Also listed

6 PHYSICAL DATA CORRECTIONS
specific nodes. Data Set 8 is read.

7 ADJUST PARAMETERS
Enabling this option allows modification of storage coefficient and
hydractjlic conductivity values. Meps of 2he Parsanelens may afss be
Primred, ,

and trenssmsssinidy

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
rated thickness for each ceil is printed. If this option equals 2
with the map are the volumes of water in storage and corresponding
surface areas by range of saturated thickness.

1

READ LEAKAGE TERMS ASSIGNMENT \

Enabling this option causes the program to read leakage terms which
are to be assigned to some or all cells in the grid. Data Set (0 is

read,



12 READ LEAKAGE TERMS ADJUSTMENT | S —_—

Enabling this option causes the program to read adjustment factors
which are applied to leakage terms for some or all cells in the grid.
Data Set 72 is read.

13 WRITE LEAKAGE TERMS

Enabling this option results in a cell-by-cell listing of the leakage

terms (reference heads and slopes).
14 CALCULATE STEADY-STATE HEADS

Enabling this option results in the calculation of steady-state heads.

The head-predictor algorithm is not used.

—_———

15 COMPUTE MASS TRANSPORT T

Enabling this option causes the program to perform mass-transport

modeling.

Time Step Options
The following options may be set for each major time step. See Data Set 13.
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 13.



READ PUMPAGE FOR EACH CELL

Enabling this option causes the program to read a pumpage rate for
each cell in the system. Data Set 1% is read.

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 reglion of the
model grid. Data Set 15 is read.

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 1% is read.

READ RECHARGE FOR FACH CELL

Enabling this option causes the program to read a recharge rate for
each cell in the system. Data Set 17 is read.

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 13 is read.

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 19 is read.

10

8 NOT USED

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,

RETRIEVE PUMPAGE AND RECHARGE RATES

Enabling this opticn 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
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12

13

14

15

16

17

18

19

LIST PUMPAGE AND RECHARGE RATES

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

PLOT FLOWS - MINOR

Fnabling 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 FLIX.

LIST HEADS -~ MINCR

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

SAVE HEADS

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

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 wit OUT1. 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.

LIST HEADS - MAJOR

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

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.

LIST HEAD CHANGES DURING THIS STEP

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

PLOT HEAD CHANGES DURING THIS STEP
Fnabling this option causes the printing of a map indicating

head changes occurring during this major time step. See discussion
of subroutine PLOTS.

11



20

21

22

23

24

25

26

LIST HEAD CHANGES THROUGH THIS STEP

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

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

ma jor time step.

COMPARE MEASURED HFADS

Enabling this option causes comparison of simulated heads with meas-
ured heads. A listing of the simulated head, measured head, and sim-

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.

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 minimm saturated thickness of 0.1.

The option value causes the following to be read:

Option Value

PN - O

Data Set 20 is read.

Action

Nothing

Heads for all cells

Head changes for all cells
Heads for block of cells

Head changes for block of cells

LIST AND PLOT SATURATED THICKNESS

If this option is set equal to 1 or 2, a listing of saturated thick

nesses at the end of this major time step is printed. If this option
equals 2 or 3, a printer map of saturated thickness is produced. See
discussion of subroutine PLOTH.

PLOT HEADS

Enabling this option causes the printing of a map indicting the ele-
vation of water levels at the end of this ma jor time step. See dis-

cussion of subroutine PLOTH.

12



27 READ LIMITS FOR STATISTICAL BLOXKS

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 ervor are printed, see Time Step Options
19, 21, and 22. Data Set 2! is read. See discussion of Subroutine

PLOTS.

_—._.‘_________,_,..-—-—'"_—'*"—— ------ —_ —_ -

Mass Transport Options.

The following options may be set for each time step. See Data Set 24

ITY
Option 1 READ DISPERSIQ@ COEFFICIENTS FOR EACH CELL FACE
The enabling of this option allows input of dispersife*
coefficients for each cell face. H#e Data Set Z§ «w

2 WRITE DISPERSIEEYCOEFFICIENTS FOR EACH CELL FACE

The enabljng of this option causes the listing of the
dispersi@m® coefficients by cell. Values are listed
for dispersion coefficient in the X-direction followed
by a listing of cocfficients in the y-direction.

3 READ DISPERSfaE?COEFFICIENTS BY BLOCK

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

T
4 READ DISPERSfau}bOEFFICIENT ADJUSTMENTS
Enabling this option causes the program to read adjustment

factors which multiplies the coefficients for all cells in
2 specified block of the grid. Data Set 27 is read.

S READ RECHARGE QUALITIES FOR EACH CELL
The enabling of this option causes the input of a
recharge concentration for each cell in the system.
85w Data Sect 2B .o vsk

6 WRITE RECHARGE QUALITIES FOR EACH CELL

The enabling of this option causes the echo printing
of input values read by dption 5.



7

10

i1

12

13

14

is

READ RECHARGE QUALITIES BY BLOCK

Enabling this option causes the program to read qualitg
values which are to be assigned to all cells in a speci-
fied region of the grid. Data Set 29 is read.

READ RECHARGE QUALITIES ADJUSTMENTS

Enabling this option causes the program to read adjustment
factors which multiplies the quatity values for all cells
in a specified region of the grid. Data Set 30 is read.

LIST CONCENTRATIONS AT END OF STEP

The enabling of the option causes a listing of the
cell concentrations at the end of the major time step,

PLOT CONCENTRATIONS AT END OF STEP

The enabling of this option results in a printer map
of concentrations at end of the major time step. See
discussion of subroutine QPLOTS.

LIST CHANGES IN CONCENTRATIONS DURING THIS STEP

The enabling of this option results in a listing of
the changes in concentration during the major time

step.
PLOT CONCENTRATIONS CHANGES DURING THIS STEP

The enabling of this option causes a printer map of
concentration changes during this major time step.
See discussion of subroutine QPLOTS.

PLOT CONCENTRATION CHANGES THROUGH THIS STEP.

The enabling of this option causes a printer map of
the concentration changes which occurred from the
beginning of simulation through the completion of
this major time step. See discussion of subroutine
QPLOTS.

READ MEASURED VALUES OF CONCENTRATIONS AND PLOT ERROR
MAP

The enabling of this option causes the reading of 2
measured concentrations for each cell. See Data Set 5&1
A listing of simulated concentration , measured con-
centration, and simulation error {simulated minus
measured) for all cells is printed. A printer plot

of simulation errors in concentration is produced.

See discussion of subroutine QPLOTS.

READ IN INITIAL CONCENTRATIONS FOR EACH CELL

The enabling of this option allows input of concen-
tration at the beginning of the simulation for each
cell. See Data Set 3.



16

WRITE INITIAL CONCENTRATIONS FOR EACH CELL

The enabling of this option causes an echo print of
the concentrations read by option 15.

17

18

19

20

21

22

23

24

READ INITIAL CONCENTRATIONS BY BLOCK

Enabling this option causes the program to read quality
values which are to be assigned to ail cells in a specified
region of the grid. Data Set 32 is read.

INITIAL CONCENTRATION ADJUSTMENTS

Enabling this option causes the program to read adjustment
factors which mu]@iplies the initial concentrations for all

cells in a specified region of the grid. Data Set 33 is
read.

L1ST CONCENTRATIONS AT END OF SMALL TIME STEP

The enabling of this option causes the printing of a
listing of the concentrations for each cell to be
listed at the completion of each minor time step.

LIST CHANGES IN CONCENTRATION THROUGH THIS STEP

The enabling of this option causes a printing of a
listing of concentration changes which occurred from
the beginning of simulation through the completion
of this major time step.

READ POROSITY FOR EACH CELL

The enabling of this option allows input of porosity values
for each cell. Data Set 34 is read.

WRITE POROSITY FOR EACH CELL

The enabling of this option causes an echo print of the sit
values read by Option 21, P porostty

'READ POROSITY BY BLOCK

Enabling this option causes the program to read porosity values
which are to be assigned to all cells in a specified region of
the grid, Data Set 35 is read.

READ POROSITY ADJUSTMENTS

Enabling this option causes the program to read adjustment factors
which nultiplies the porosity values for all cells in a specified
region of the grid. Data Set 36 is read.



wWater-Table Condition Ad justment

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-1Y, 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 for water table cells. For cellis declared to

be constant head or artesian, the input value of saturated thickness is

used. The minimum saturated thickness is 0.1.

The program operates using units of length ard 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 wunit of time is days. The pumpage, vecharge, and hydraulic
conductivity conversion factors may be used to convert input rates so they
are expressed in days.

The pumpage and Techarge rates are input as volumes per major time step.
For example, a cell from which 100 acre-feet of water were pumped anmually
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 imput value would
be 200. Assuming 2 major time step length of onme year ard the program inter-
val length wnit 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 wnits 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}.

The program is designed to allow any units to be used for quality
concentration so long as they are consistent during a model application.
The units could be milligrams per liter, parts per thousand, or any
other measure. This allows the user to select the units most advan-
tageous to the particular model application.

Temporary Storage of Data

To reduce storage requirements, GWSIM-IV only keeps in core the data



necessary fOr €ach piase i LM BThidenii. TEehes - e T O AL
tion and at the begimning and eyl of @ach ma‘or lime step are stcred o1 Lape
until needed for output routines. . e

if mass transport is simulated, some hydraulic data are storec arc the arrays
are used during the mass transport simulations. The hydraulic data are
retrieved once the transport simulation is completed. The mass transport
parameters are likewise stored on tape and read as needed.

Change of Cell Type

The program is structured so that a node can change its type declaration
after each minor time step based on its relative value of head. If the

head for an artesian node drops below the elevation of the top of aquifer,
the node declaration changes to water table (FLAG = 1)}. The storage coeffi-
cient term is multiplied by STRFCT, the ratio of water table storage co-

efficient to artesian storage coefficient. (See Data Set 2.) If the head

for a water table cell is larger than the top of aquifer, the cell's type
declaration is changed to artesian and storage coefficient is divided

by STRFCT.

STORAGE ADJUSTMENT

The storage term requires special treatment for nodes that convert
from water-table to artesian conditions, or vice versa, during 2 time step.
The storage adjustment is made during the solution procedure. If the head
calculated during the last iteration indicates that a node has changed con-
dition, the storage term is expressed as follows (subscripts are omitted)

Water-table to artesian
(Sa (h - TOP) + Sy (TOP - H)) AXAY
At

Artesian to water-table

(Sw (h - TOP) + 55 (TOP - H))axay
At

where
S = storage coefficient for artesian condition,
Sy = specific yield for water-tabie condition, and
T0P = elevation of top of aquifer.

In the program, the storage term is re-arranged using the input value that
equals the ratio of specific yield to storage coefficient,



Calcoy@ &rons v 7 =0

The calculation of dispersion coefficients is based on a procedure
similar to that discussed by Konikow and Bredehoeft (1978). Hydrodynamic
dispersion may be considered as two separate processes, One is mechanical
dispersion which depends on the direction and rate of fluid flow and on
the nature of the porous material through which the flow occurs., The second
is diffusion that depends on movement of molecules and atoms. In developing
this program, it was assumed that diffusion has negligible input to hydro-
dynamic dispersion,

It was further assumed that the coefficient of hydrodynamic dispersicn
can be calculated as a function of flow velocities and the dispersivity of
the aquifer

Aquifer dispersivity is characterized by two constants; longitudinal
and transverse dispersivities, Longitudinal dispersivity applies in the
direction of flow and transverse, at right angle to flow., For this program,
the coefficients of hydrodynamic dispersion may be expressed as:

2 2
b s - By sl9,9,00 ¢ Dley (9,420
T} 2 + 2 i‘
((qi,j,l) (qi,J.z) )
2 2
Dy,g (ay, 5,207 * DTy 5 (ag,4,0)
D =
i, 3,2 2 2.%
((qi,j,l) + (qi'J,z) )
where
DLy j = Longitudinal dispersivity coefficient for cell i,j)aad
DTi,; = Transverse dispersivity coefficient for cell i,j,
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INPUT

Program GWSIM-1V 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,
nodal type,

land surface elevation,

top of aquifer elevation,

base of aquifer elevation,

saturated thickness,

- o B W N
I.‘II.

initial head {water-level elevation},

hydraulic conductivity,

@w

storage coefficient,
10. leakage terms, and

11, pumpage and recharge rates

Additional input items required for mass transport modeling are as follows

e ——————

1) dispersivity coefficient,

2} porosity,
3) inflow (recharge, inleakage, injection) concentration, and

4) initial concentrations,



Input Unit Numbers

GWSIM-1 V uses one unit rumber variable for data input and six unit -
ber variables for intermal storage of data. Unit variable 'IN' is used to read
all user supplied data and is set equal to 5. Unit Variable "INL' is used to
store the initial water table elevation and is set equal to 1l. Variable
"IN2' is used to store pumpage and recharge rates and is set equal to 12.

Unit 'IN3' is used to store water table elevations for the hydrograph routine
and is set equal to 13. Unit variable 'IN4' is used to store water table ele-
vations at the beginning of a major time step and is set equal to 14.

General Description

A1l user supplied data are read using formatted read statement. Most of the data
sets are read using variable, or object time formats. These formats are set

equal to the default format shown in this manual. If the user desires, the pro-
gram can be instructed to read a format that will override the default format.
This override is accomplished by adding 5 to the value of the option that controls
the reading of the data set. If this override is desired, a card containing

the new format becomes the first card of the data set.

As an example of how this could occur, assume that the user desires to read
default grid spacings by the format (2F10.0) instead of by the default format
(2F5.0).” To accomplish this, General Program Option 3 is set equal to 6 {1-read
default spacings plus 5-read another format) and the format card with (2F10.0)
shown is placed immediately before the card containing the grid spacings. The
spacing in the X-direction is punched into the first ten columns and the Y-
direction, punched into the second ten columns.

Integer input . : .
decimal point. o o onorers must be punched, right justified, and without a



Data Set
Nurber

MgV WNE

S BT brdonvaL

Figure ©
Title

Title

Parameters

General program options
Hydrograph specifications
Cross section specifications
Grid spacings

Physical data

Physical data corrections
Physxcal data adjustments

& Mo A.szfnmmi
witlaman

Is Data
Set Read?*

Yes

Yes

Yes _

If GP Option 1 GIO
1f GP Option 2 GIO
Yes

Yes

If GP Option 6 GIO
If GP tion 7 GIO
IF6 oo H 6 7o

T &7C

The folfﬁwﬁ% e S may be read for each ma}g‘:: iné’ §'C"'p"“‘ i

GP Option = General Program Option {Data Set 3}
_TS Option = Time Step Option (Data Set 13)
MT Option = Mass Transport Option {Data Set 24)

GIo

Time step options
Purpage for all celis

Pumpage by block
Pumpage ad justments

Recharge for all cells
Recharge by block

Recharge ad justments

Heads tor constant head cells
Limits for statistical blocks
Measured heads

Mass transport title

Mass transport options

Dispersion coefficients for all cells
Dispersion coefficients by block
Dispersion coefficients adjustments
Recharge quality for all cells
Recharge quality by block

Recharge quality adjustments

Initial concentrations for all cells
Initial concentrations by block
Initial concentration adjustments
Porosity for all cells

Porosity by block

Porosity adjustments

Measured concentrations

= greater than zero

Yes

1f TS Option 2 GIO
If TS Option 3 GIO
If TS Option 4 GIO
1f TS Option 5 GIO
If TS Option 6 GIO
if TS Option 7 GIO
1f TS
If TS Option 27 GTO

If TS Option 22 GIO

If GP Option 15 GIO
If GP Option 15 GTO
1f 6P Option 15 GT0
MT Opticn 1 &T0
if GP Option 15 GTO
MT Option 3 GTO
If GP Option 15 GT0
MT Option 4 GTO
If GP Option 15 GTO
MT Option 5 GIO
1f GP Option 15 GTO
MT Option 7 GTO
If GP Option 15 GTO
MT Option 8 GTO
If GP Option 15 GTO
MT Option 14 GTO
1f GP Option 15 GT0
MT Option 17 GI0
If GP Option 15 GIO
M7 Option 18 GT0

Option 24 GIO

and
and
and
and
and
and
and
and

and

IF GP Option 15 GIO and

ML Option 21 GIO
IF GP Option 15 GIO
MT COption 23 GIO
IF GP Opticn 15 GIO
MT Option 24 GIO
IF GP Option 1S GIO
MT Option 14 GTO

and
and

and



Bata Set Descriptions

The sequence of the data sets is shown
{2 may be read only once, whereas the remai
each ma jor time step. Many of the data set

arelenabled.

Data Sets a?)through_34- may be read only i
Program Option 15 enabled).

Data Set 1 - Title

————

in Figure 2. Data Sets 1 th
nder of the sets may be read for
s are read only iflcertain optione

f mass transport is modeled {General

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

Data Set 2 - Parameters
Colums

Card One

1-5

6-10
1I1-15
16-20
21-25

$26-30

Format

15
IS
I5
I5
15

IS

Description

Number of ma jor time steps

Number of minor time steps

Mamber of rows in grid

Number of columns in grid

Nurber of iteration
parameters

Number of spring or

river cells



Card Two

1-10 F10.0 Length of major time
step (days)
11-20 F10.0 Convergence criterion
21-30 F10.0 Time acceleration factor
31-40 F10.0 Units conversion factor for
9 punpage and recharge
41-46 Ab ' Label to indicate pumpage
arxl recharge units
4;;52 A6 Label to indicate length
units
S3-64 246 Label to indicate units for
ground-water flow maps
Ca{?l'éhree ' F10.0 Units conversion factor for
hydraulic conductivity
11-20 F10.0 . Units conversion factors for
ground-water flow maps
 21-30 F10.0 Ratio of water table to
artesian storage
coefficient (STRFQT)
31-40 Fi10.0 Scaling factor for plotting head

changes, heads, saturated thick-
nesses, and cross-sections.

The number of iteration parameters should be between 3 and 7. A sug-
gested value is 4. The convergence criterion is a finction 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 arnd 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 'AC-FI.' If the input water table units are in feet,
the corresponding length label could be 'FEET.' The wunits 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 grourkd-water flow. The intemal wnits
for flow are cubic length per day ard 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 '100's AF/YR.'

The scaling factor for plotting has units of length per inch. For example,
if the desired output is to be plotted so that each inch on the plot equals
1,000 feet, the input value should be 1000. If zero is read, the program does
no scaling. If any negative number is read, the program calculates the scale
factor to provide the most detail possible. See discussion of subroutine
PLOTH.



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 colum mumber corre-
sponding to the option number.

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

Colums Format . Description
Card One
1-3 13 Number of cells for which
hydrographs are to be
printed
4-6 13 Row number of first
identified cell _
7-9 I3 Colum mumber of first
identified cell
10-12 I3 Row number of secord

identified cell
The sequence contimses through the twelfth identified cell.

7678 13 Row mumber of thirteenth
identified cell
Card Two
1-3 13 Colum number of thirteenth
identified cell
4-6 I3 Row mumber of fourteenth

identified cell

The sequence continues wuntil

72-75 I3 Colum number of twenty-
fifth identified cell.

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

Data Set S - Cross section specifications '
This two card data set is requried if General Program Option 2
is enabled. The first card indicates the mumber of and the cor-
responding colum numbers for the colums for which profiles are
requested. The second card contains similar data for rows. Up to
25 rows and 25 colums may be used.



Colum Format Description

Card One
i-3 I3 Number of colums for which
cross sections are
requested
4-6 13 First colum to be printed
7-9 I3 Second colum to be printed

The sequence continues through the last colum

75-78 I3 Twenty-fifth colum to be
priated.
Card Two
1-3 13 Number of rows for which
cross sections are
_ requested
4-6 13 First row to be printed
7-9 13 Secord row to be printed

The sequence contimues through the last row

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

Data Set 6 - Crid spacings . o
This data set contains the grid spacings. If General Program
Option 3 1s enabled {equal to 1 or 6 {f format is to be read),

constant spacings are read as follows:

Columns Format Description
1-5 F5.0 Grid spacing in X-direction
{between columns)
6-10 F5.0 Grid spacing in Y-direction

{between rows)

The grid spacings in the X-direction are read 15 values per card,
with 5 spaces per value. The grid spacings in the Y-direction
are read similarly.

The format may be changed by adding 5 to General Program
Option 3.

— ... _The unit for grid spacing is length.
Data Set 7 - Physical data e
This data set contains the data necessary to describe the syséemn,
¢ e _

Data are read by row, with data for all cells (begiming with colum
1) in row 1 read first,

If data are to be read for each cell, a card for éach cell is read.

If a set default values are to be assigned to all cells in the grid,
General Program Option 5 is enabled and only one card is read.



Columns» Format*

Description

5?]0 Félo Nodal type declaration

11-15 Fe'o Land surface elevation

16-20 =0 Top of aquifer elevation

21-25 F5.0 Base of aquifer elevation
26-30 FS.O Saturated thickness
31-35 Fe 0 Initial head (water level)
36-40 f20 gig:gﬂ};g Conguctjvity in X-direction

. con i - ;

41-45 £5 0 Storage coeffigge;;lzy in Y-direction

*Another‘format may be used by adding 5 to General Program Option 5
and placing a format card at the first of this data set.

1f the nodal type declaration is for artesiam condition (FLAG;é;:"

the storage coefficient must be multiplied by 1,000,000 prior to coding.

e ——————

e

The unit for the base of aquifer elevation ard initial water
Jevel is length and it must he the same as that used for grid

spacings.

Data Set 8 - %hysical_aéta corrections

This data set contains corrections to the physical data and is read
if General Program Option 6 is enabied. The corrections are applied

to all cells in a specified region of the grid.

Columns” Format* pescription
i-5 15 First row of grid segment
6-10 15 Last row of grid segment
10-15 i5 First column of grid segment
16-20 I5 Last column of grid segment
21-25 i5 Nodal type declaration
26-30 F5.0 Land surface elevation
31-35 F5.0 Top of aquifer elevation
36-40 F5.0 Base of aquifer elevation
41-45 F5.0 Saturated thickness
46-50 F5.0 Initial head (water level)
51-55 F5.0 Hydraulic conductivity in ¥-direction
56-60 F5.0 Hydraulic conductivity in Y-direction
61-65 F5.0 Storage coefficient ¥

*Another format may be used by adding 5 to General Program Option 6
and placing a format card at the first of this data set.

#*]f the nodal declaration s for artesian condition {FLAG = 2),
the storage coefficient must be muitiplied by 1,000,000 prior to

coding.
The last card must be blank.



Data Set 9 - Physical data adjustments
This data set comtains 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 nom-
negative, the present value of the parameter is multiplied by
the value and ad justments are cumulative. If the value is nega-
tive, the absolute value of the adjustment factor is assigned
to all cells in the grid section.

If the paréﬁeter identifier is a negative one or two, new hydraulic chnduc-
tivities are calculated by dividing the adjustment value by saturated thick-

ness. Thus, the adjustment value becomes a transmissivity value.



Colums Format Description

1-5 15 First row of grid segment
6-10 I5 Last row of grid segment
11-15 I5 First colum of grid segment
16-20 I5 Last colum of grid segment
21-25 I5 Parameter identifier

(1 or -1 for hydraulic conductivity i
x-direction, 2 or -2 for hydrau-

Tic conductivity in y-direction, anc
3 for storage coefficient).

T 26-35 F10.0 - Ad justment value
The last card must be blank.

Data Set 18 - Leakage term assignment
}pis data set contains leakage terms to be assigned to some
;r all cells in the grid and is read if beneni ngmOpfion
11 is enabled. Terms may be read only for all cells {(Option
11 equai 1), only for block of cells {Option 11 equal 3}, or

all cells followed by replacement by blocks {Option 11 equal
2).

For all cells {group one) {Option 11 = 1 or £}:
These cards are read only if values for all cells are to
be read. The values are read as a pair of values for each

cell, with the reference head (RD) first and slope {R) second.

The values are read a row at a time with 5 pairs of values on
each card. The first 10 columns are skipped, followed by 10
fields, each 7 columns wide. The first pair of values for each
row would be punched into columns 11 through 24.

Another format may be used by adding 5 to General Program Option
11 and placing a format card at the first of this card group.

—_— The units of reference

head (RD) are length and should agree with units of Data



Set 7. The units of S1ope {R} are volume per major time step

per unit of 1ength“they are converted to cubic length per

day per length by the conversion factor in Data Set 2.

o | ey T————— - —g
The slope values may be read on a per unit areaf§a§1s; i.e., feet per w

per foot instead of acre-feet per year per foot. This is accompiished y

placing a negative sign before the siope values, R, read in this data set.

Block of cells {(group two) (Option_il =2 on 3) T -

These cards are read only if values for cells in a specifigq

_region of the grid are to be assigned.

Columns* Format* Description

1-5 I5 First row of grid segment
6-10 15 Last row of grid segment
11-15 IS First column of grid
segment
16-20 i5 Last column of grid segment
21-30 F10.0 Reference head
31-40 £10.0 Slope

*Another format may be used by adding 5 to General Program Option
11 and placing a format card at the first of this card group.

The last card must be blank.

Only cards in group one are read if Option 11 equai 1 and
only cards in group two are read if the option equals 3,
If the option equals 2, group one cards are followed by group

two cards.



Data Set M -

Data Set 12 -

Leakage terms adjustment

This data set contains adjustment factors which will multiply
the leakage terms for all or some cells in the grid and is
read if Time Step Option 12 is enabled. These data are read
the same way as data in Data Set jO are read except that
instead of the input values being assigned to the cells,

the input values multiply the leakage terms. {ards for group
one are read if Option 12=1, group two if Option 12:3., and
group one are followed by group two if the option equals

2.

Spring/river cell data

This data set contains row and column numbers, reference
head, and slop:terms for cells declared to be springs or
river cells. The data set is read if spring or river cells
are to simulated as indicated on card one of Data Set 2.
For a spring cell, flow will be from a cell as long as the
head for the cell is larger than the reference head. There
is no flow if the head is less than the reference head. For
a river cell, flow will be out of the cell is head for the
cell is greater than the reference nhead and will be into
the cell if the head is less than the reference head. At
the end of each major time step, total flow volume is printed

for each spring or river cell.



A river cell is designated by coding the §}ope term as a

negative number.

Columns Format Description
1-5 I5 Row number for cell
6-10 Is Column number for cel)
11-20 F10.0 Reference head
21-30 F10.0 Siope
\4
Data Set I3 - Time step options N T

This one-card data set contains the Time Step Optioms plus the
parameters needed to ad _}mt time step size (see Time Step
Option 1)awd « temment Field.

Columns Format Description
1 Il Value for option 1
2 Il Value for option 2

Sequence continues through option 27.

27 Il Value for option 27

31-35 I5 Number of minor time steps
for this step if Time Step
Option 1 is enabled.

3645 F10.0 Length of this major time

. step, in days, if Time Step

Option 1 is enabled.

46-55 F10.0 Time step acceleration factor
for this major time step if
Time Step Option 1 is
enabled.

56-79 6A4 : Comment to describe time step,



Data Set 14 - Pumpag

11 cells
This dztgorse: cmc*xtains a pumpage value for each cell in the sys-

tem and is read if Time Step Option 2 is enabled.

“The data are read a row at a time, with 10 values per card.

Columns* Format* Description

11-17 F7.0 Value for column 1 ill, 21, etc.;
18-24 F7.0 value for column 2 {12, 22, etc.
25-31 F7.0 vatue for column 3 213, 23, etc.;
32-38 F7.0 value for column 4 (34, 24, etc.
39-45 F7.0 value for column 5 (15, 25, etc.}
46-52 F7.0 value for column 6 {16, 26, etc.
53-59 F7.0 value for column 7 {17, 27, etc.;
60-66 F7.0 value for column 8 (18, 28, etc.
67-73 F7.0 value for column 9 (19, 29, etc.)
74-80 F7.0 value for column 10 (20, 30, etc.)

*Another format may be used by adding 5 to the controiling cption
and placing a format card at the first of the data set.

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

Data Set 15 - Pumpage by block —es

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.

Colums”™ Format™ Description
1-5 I5 First row of grid segrent
6-10 15 Last row of grid segment
11-15 15 First colum of grid segment
16-20 I5 Last colum of grid segment
21-30 F10.0 Pumpage rate

*Another format may be used by adding 5 to the controlling option

and placing a format card at the first of the data set.

The units are the same as those for Data Set 4.

The last card must be blank.

Data Set lk ~ 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 ard is read if Time Step Option &4 is enabled.

Colums™ Format ¥ Description
1-5 15 First row of grid segment
6-10 _ 15 Last row of grid segment
11-15 IS First colum of grid segment
16-20 15 Last colum of grid segment
21-30 F10.0 Pumpage ad justment factor.

~*Another format may be used by addirg 5 to the controlling option

and placing a format card at the first of the data set,

— ———

The _]:_a-s,-tﬂﬂcard must be blank.



Data Set 17 - 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. Fhe—fixet .
Sdid—ic—Ehe—variable—-format—eard. The recharge rates are read a
row at a time as is Data Set 4. The units are the same as those
for Data Set l&.

Data Set 14 - 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

Step Option 6 is enabled. Data are read in the same mamer as
for Data Set 15 except recharge rate is read instead of pumpage
rate. The units are the same as those for Data Set 1&.

The last card must be blank.

Data Set 19 - Recharge adjustments
This data set contains recharge ad _]ustment factors which will
multiply the recharge rates for all cells in a specified region [
of the grid ard is read if Time Step Option 7 is emabled. Data
are read in the same mammer as for Data Set 16 except the fac-
tor is applied to recharge.

The last card must be blank.

Data Set 20 - Heads for constant-head cells
This data set contains the end-of-major-time heads or changes
in head during the ma jor time step for constant-head cells, -
FLAG=0, ard is read if Time Step Option 24 is enabled. pi?

Lmto be read for all cells, option on value of 1 or 2,
Data are read in the same manner as for Data Set 14.

If values are to be read forw; ._specified region of the grid, op-
tion value of 3 or 4y—and-the—format-used-wee—{LIS5yFi0-0%, the
data would be read as follows:

Colums™ Format* Description
1-5 I5 First row of grid segment
6-10 IS Last row of grid segment
11-15 I5 First colum of grid segment
16-20 IS Last colum of grid segment
21-30 ' F10.0 Head or change in head

—~%fnother format may be used by adding 5 to the controlling option
and placing a format card at the first of the data set.

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



Data Set 21 - Limits of statistical biocks -

This data set contains the row and colum rembers which deline-
ate a section ofithe grid for which the statistical data are to
be calculated and is read if Time Step Option 27 is enabled. Up
to 60 such blocks:may be identified.

Colums* Format¥® Description
1-5 15 First row of grid segment
6-10 I5 Last row of grid segment
11-15 15 First colum of grid segment
16-20 15 Last colum of grid segment

e ———————

Data Set 22 -

*Another format may be used by adding 5 to the controlling option
and placing a format card at the first of the data set.

" The last card mast be blank.

o ——

Measured heads ‘

This data set econtains measured (observed} heads at the end of
the major time:rstep and is read if Time Step Option 22 is ena-
bled. These heads are compared to the simulated heads.

Data are read in the same manner as for Data Set 14.

Bata Set 23 - Mass transpori title
This data set camtains one card for input of title sentence. .
During output fvom the mass transport portion of the program, this
sentence is printed following the title sentence contained im
Data Set 1. This sentence should be centered on the card. This
data set is read only during the first major time step.
Data Set 24 - Mass transport aptions
This one-card data set contains the Mass Transport Options plus
other parameters and is read 1f General Program Option 15 is
enabled.
Columns Format Description
1 i Value for option 1
2 12 value for option 2
Sequence contisue through column 20
Columns Format 5o Description
4j-40 26=35 F10.0 Conveitnce criterion
345 386 Ratio-of-peresity—to-specific
yield.(ua.tmc—«tab?ye)
4655 ' £ Ratio —of-porosity—to-siorage
coefficient-{a
41-50 5665 F10.0 7 “hveraging coefficient o

for flows. Read only
if a value other than
1 is to be used.

— - — ————— e —————

After the first time step, only the option vaiues are read.




Data Set Zés Dispersivity coefficients for all cells.

This data set contains the dispersivity coefficients for each
cell and is read if Mass Transport Option 1 is enabled. The
programs read all the longitudinal coefficients and then reads
all the transverse coefficients, Each group of data is read
in the same manner as Data Set 14. The unit is length,

Data Set Zi; Dispersivity coefficients by block.

Vi
pata Set 28

Data Set 28 -

Data Set 29 -

Data Set’30 -

This data set contains dispersivity coefficients to be assigned
to all cells in a specified region of the grid and is read 1f
Mass Transport Option 3 is enabled. The programs read the longi-
tudinal dispersivity coefficients followed by the transverse co-
efficients; each read in the same manner as Data Set 15. The
wnit is length.

Dispersivity coefficient adjustments,

This data set contains dispersivity coefficient adjustment factors
which will multiply the coefficients for all cells in a specified
region of the grid and is read if Mass Transport Option 4 is en-
abled. The program reads the longitudinal adjustwent factors
followed by the transverse factors; each read in the same manner
as Data Set 16.

Recharge quality for ail cells

This data set contains the recharge quality for each cell and

js read if Mass Transport Option & is enabled. The data are

read in the same manner as Data Set 14. The units for recharge quaiity
js used for initial concentrations. Recharge quality is used for

any flows moving vertically into a cell.

Recharge quality by block

This data set contains recharge quality values to be assigned
to all cells in a specified region of the grid and 1s read if
Mass Transport Option 7 is enabled. The data are read in the
same manner as Data Set 15. The units for recharge gquality are
the same as for initial concentrations. Recharge quality is
used for any flows moving vertically into a cell.

Recharge quality adjustments :
This data set contains recharge quality adjustment factors which
will multiply the quality values for all cells in a specified
region of the grid and is read if Mass Transport Option 8 is
enabled. The data are read jn the same manner as Data Set 16.
The units for recharge quality are the same as for initial con-
centration. Recharge quality is used for any flows moving
vertically into a cell.



Data Set 31 - initial concentrations for all cells
This data set contains initial concentration for each cell
and is read if Mass Transport Option 15 is enabled. Data are
read in the same manner as Data Set 14. The units of initial
concentration should match units used for recharge quality.

Data Set 32 - Initial concentrations by block
This data set contains initial concentrations to be assigned
to all cells in a specified region of the grid and is vead if
Mass Transport Option 17 is enabled. Data are read in the same
manner as Data Set 15. The umnits for initial concentration
should match units used for recharge quality.

Initial concentration adjustments

This data set contains initial concentration adjustment
factors which will multiply the concentration for all cells in
a specified region of the grid and is read if Mass Transport
Option 18 is enabled. Data are read in the same manner as

Data Set 33

Data Set 34 - Porosity for all cells,
This data set contains the porosity values for each cell and

are read if Mass Transport Option 21 is enabled. They are read
in the same manner as Data Set 14, The data are dimensionless.

Data Set 35 - Porosity by block.
This data set contains porosity values to be assigned to all

cells in a specified region of the grid and are read if Mass
Transport Option 23 is enabled. The data are read in the same
manner as Data Set 1§, The data are dimensionless.

Data Set 36 - Porosity adjustments,
This data set contains porosity adjustment factors which multi-

ply the porosity values in a specified region of the grid and
is ré&d if Mass Transport Option 24 is enabled. The data are
read in the same manner as Data Set 16. The data are dimen-

sionless,

Data Set 3; - Measured concentrations
This data set contains measured value of concentration for the

end of the major time step and are read if Mass Transport Option
14 is enabled. Data are read in the same manner as Data Set 14.
The units should match the units used for imitial concentra-

tion.



OUTPUT

Program CWSIM-1V was written to allow the user the ability to determine
the types of output desired. The user selects thu types of output produced by
the program by the appropriate emabling of certain options. By proper plan-
ning, the user can eliminate the printing of unneeded information.

Output Unit MNumbers

Two unit rumber variables are used for output of information. The unit
rumber associated with the variable "OUT" should be set to the printer's log-
ical wnit number. The unit mumber 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 variahle 'OUT' is set
equal to 6 and 'OUTL' equals 10.

General Description

The output may be tailored to the user's neéds. 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 amoumnt of printing. For example,
the enabling of Time Step Option 11 is required to list the pumping rate for
each cell.

Hydrologic

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 also is printed.
'1f the number of iterations is equal to 51, the IADI procedure may
not have converged. This could occur with an exceedingly small

error criterion or an error in the physical data.

Upon the completion of each major time step, a listing of any
springs /mvereells i3 printed. The aode S '
o e o will be identified by its row and
column number. The flow ratec at the end of the time step will also
be printed along with the calculated water level in the cell. The
total volume of spring flow during the time step is also printed.
This number is calculated by summing the amount of flow for each
of the minor time steps. The flow for each minor time step is
equal to the flow rate at thc end of the time step multiplied by
the length of the time step,

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 amont of water that was not
pumped because a cell dewatered, expressed as an average daily rate.



ghe reguctignbin recha;ge values represents that amount
€ recharged because the water level for a water table cell was abo
. of aquifer and land surface, expressed as an average daily rate. ng ;ggstop

“alance terms give an indication of the accuracy of the i
si
of the aquifer are considered positive. 7 mulation.  Flow out

of water that could not

Mass Transport

The program automatically prints the information contained in
Data Set 24. Other information printed includes default values for
dispersion coefficients, recharge quality, and initial concentrations.
Corrections te default values are also printed.

At the end of each minor time step, a message.is printed whigh
indicates the number of iterations required to complete the timeiand
the length of the time step in days. If the number of iterations
is equal to 51, the IADI procedure may not have converged. Included
in the printed message is a mass balance print-out. Terms shown
include mass transferred into the aquifer, out of the aquifer, change
in mass in the aquifer, gnd error in mass balance. The units of the
mass balance terms arc‘ﬁaiigﬂﬂﬁtimes the units uscd for concentration.
For example, if the units used were milligrams per liter, the units
of the mass balance terms would be milligrams per liter galienscobrc feagh.

A cumulative balance of the mass balance terms are printed at the —~
nd of each major step. -

APPLICATION TO EXAMPLE PROBLEM

As a demonstration of how the program GWSIM-II could be applied,
an example problem was constructed. The problem involves simulating )
a 2 mile by 1 mile section of a water table aquifer. No flow is
aliowed to cross the boundary. One well is located approximately
one-half mile from the left edge of the section and is pumping at
the rate of 1,500 acre-feet per year. A second well located one-half
mile from the right edge of the section is recharging water at the
rate of 150 acre-feet per year. The initial head equals 50 feet,
storage coefficient equals 10 percent, porosity equals 12.5 percent,
permeability for both directions equals 400 gallons per square foot
per day, the bottom of aquifer elevation equals -50 f?eg,_the dis-
persion coefficient equals 0.05 square feet per day, initial con-
centration equals 100 milligrams per liter {(mg/l) of total dissolved
solids (TDS}, and tHe recharge quality equals 200 mg/1 of TDS. The
aquifer is to be simulated for two years.

A uniform finite difference grid with ten columns and five rows
was superimposed over the aquifer. A major time step length of one
year was selected and the number of minor time steps was set at
twelve. Error criterion of 0.65 feet and 0.01 mg/l were used for

~hydrologic and mass transpert simulations; respectively. Figure 1

ows the data cards needed to simulate the aquifer problem. The
«ser should study each card to determine the significance of each
number. Figure 4 illustrates a portion of the output for the
example problem.
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APPENDIX A

PeOGRAM DESCRIPTION

A brief discussion of each segment of GWSIM-IV {is included in this ap-
pendix.
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in Equation 3, Q;
. b ]

PROGRAM DESCRIPTION

%&MW

The #ain program reads basic data and calls various subroutines. All var-

iables are modified and corrected as required, during each time step, in the exec

madn program. The majority of the arrays are dimensioned in thé madm program.
1f the finite difference grid contains more than 31 rows or 31 colums, 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 hydraulic conductivity, transmissivity and storage coeffi—
cient. Hydraulic conductivity values are divided by 10 prior to print-
ing, transmissivity values are divided by 100, and the specific yield
for water table cells is multiplied by 1000 and storage coefficient

for artesian cells is mutiplied by 1,000,000, Data Set 9 is read by
this routine. The value of General Program Option 7 determines what
maps will be printed. If the option is: equal to 1, no maps are print-
ed; equal to 2, a hydraulic conductivity map and a transmissivity map
for each direction are produced; equal 3, the storage coefficient map
is printed; and equal to 4, all maps are printed. Transmissivity values
equal the appropriate hydraulic corductivity value times the saturated
thickness at the correspording cell face.

SUBROUTINE - FLUX P

This subroutine prints a map indicating the ground-water flows be

i tween
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 i
must be read in Data Set 2. PPEOP conversion factor and label

Two maps are produced. The first map shows flow between colums and i

ma : ' fir ard is
labeled 'Direction 1.' For cell i,j, the value printed is for flow from c:ﬂl
i,j to cell i,j+1. 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 tive rumbe
represents a reversal of flow, i.e., from égll i, 3+l t:) c’:élll i??%atwe :

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

SUBROUTINE — GETPMP

This subroutine is called for each major time step, ard it
pumpage and recharge data. i . P it reads the

R—io—eakted—b hie—cubrantine, The net withdrawal rate
3 is calculated, and the units are cubic length per day.



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 ard 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 - QUTAUT

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

SUBRCUTINE - 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 - PIOTH

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.

The program will scale the plot in one of two ways. First, if the
plotting scale factor read in Data Set 2 is zero, the maps will be
printed without regard to cell spacings. No lines or spaces are skipped
during the printing, resulting in a compact map.

&f the scale factor is non-zero, grid spacings will be considered.

If the factor greater than zero, the program attempts to print the
informaticn based on that scale. For example, if the factor equals
1000, the maps will be printed with 1000 length units per inch. 1If
the grid spacings are such that more than one row (or colum) occurs
at a printing position, only the highest numbered row (or colum) is
shown. The plot will be segmented if necessary to produce a plot at
the desired scale. As safety features, the plot will not be completed
if the distance separating the first and last colums or first ard
last rows 1s more than 50 times the scale factor. Stated amother way,
the resulting plot may be no wider or longer than 50 inches.

If the scale factor is nepative, the program camputes the smallest
scale factor that allows all data to be plotted. The 50 inch maximum
size still applies, however.
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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-
iated 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 valucs are identified by row and colum 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
rot zero. This allows the possibility of reading a set of observed head levels
(Data Set 2z) which contains known values only for cells that contain a meas-
ured well. Normally, Data Set 22 contains a measured value for all active
cells, with most values obtained from a contour map.

__WW&MM-“- At ourig ;Qn% b -(;-3.{'4} Y A

SUBROUTINE - QSOLVE

This routine solves the system of equations for the concentrations
using the iterative alternating direction implicit procedure. A user
supplied error criterion terminates the iterative sequence for each
time step.

SUBROUTINE - QUAL

This subroutine reads data related to mass transport and calls
mass transport related subroutines. The majority of the mass trans-
port modeling is performed by this subroutinc.

SUBROUTINE - SOLVE
This rougine solves the system of cquations for the non-study

state head using the iterative alternatipg direction implicit proce-

dure. A user supplied error criterion terminates the iteration

sequence for each time step. At least four iterations are completed
to insure stability.



APPENDIX B

FLOW CHART OF MAIN PROGRAM

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

C Start )

Read title and
parameter cards

Calculate length of first
minor time step

v

Read physical data
(Subrout ine PHYSDT)

v _

Calculate itcration parameters

v

Begin major time step loop

Read time step options

Adjust time Yes
step parv
h 4
t_parameters
No ’

2

Read pumpage and recharge rates
{Subroutine CETPMP)

:

52




i ———

Read heads

Yes

for constant-head
cells?

v

Read heads

Read limits Yes

of statistical -
b 10CV

No

Read blocks

<
\ /

Begin minor time step loop

Calculate transmissivity terms

Yes

!

Caltulate and
save flnws fo
e sl Trawapar

predict heads at end of time step

Calculate heads at end of time step
(Subroutine SOLVE)

v

Calculate flows for constant-head cells




"

is head

Yes

below base of
aquifer?

Set pumpage to Zero

Set head to base of
aquifer plus 0.1

Plot [lows

Yes

at end of minor
time step?

Plot flows
(Subroutine FLUX)

]
-

T ey
_ﬁdnwprf oneelele”?

T -
S~

No

Yes

— -

lalcofate and save
Q}&wﬁ :-!r A S éfﬂl"f‘»‘{-

“_

v

Increase length of minor time step

|



APPENDIX C
FLOW CHART OF SUBROUTINE QUAL

An abbreviated fliow chart of subroutine QUAL is included in this
appendix.
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List heads Yes
at end of minor
time step?
No List heads

Is th . .
minzr t?_me No

step loop complete?

Yes

Write simulation results
(Subroutine OUTPUT)

[s messs

A,
ttMH]‘)m' r»:-refufa‘-”( l&

!

l Br&m A S

£ranspor( Aredt §iors

Is the
major time
step loop
orplete?

Yes

Print hydrographs? l

Print h)'dmgraphs

(Subroutine HYDRO)
)




ENTER

READ TITLE AND
PARAMETER CARDS
BAFA-SEFS 5616

!

STORE
HYDROLOGIC DATA

v

READ STORED
MASS TRANSPORT
DATA

v

nISPERg'bg;boﬁpmcnms

v

IF REQUIRED, READ
RECHARGE CONCENTRATIONS

v

IF REQUIRED, READ
INITIAL CONCENTRATIONS

» 4
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AS REQUIRED, PRINT VARIOUS
LISTINGS AND/OR MAPS TO
INDICATE PRESENT
CONCENTRATIONS

v

TF MEASURED CONCENTRATIONS
ARE AVAILABLE, READ DATA AND
PRINT LISTING AND ERROR MAP

{PATA-SET 26—

STORE MASS TRANSPORT
DATA

v

READ STORED
HYDROLOGIC DATA

68




APPENDIX D

_GLOSSARY OF SELECTED PROGRAM VARIABLES

A glossary of selected program variables used in GWSIM-1V is included
in this appendix.
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GLOSSARY OF SELECTED PROGRAM VARIABLES

Variable Name m
Weighting factor for determining concentration
ALPHA ’>‘ of flux between cells
1,J) Elevation of bottom of aquifer for
BOTLEL{1,J cell i,j (L)
DELMAT Length of major time step in
days (T)
DELTA Length of minor time step in
days (T)
DELX{J) Grid spacings in x—direction {i)
DELY(I) Grid spacings in y-direction (L)
DL({1,J} ¥ Hydrologics-Change in head during précé&ggg
. time step (L")
Mass Transport-Flux between cells I,J and
I+1,J(1u"3/T7])
ERROR Minimum head change allowed for
convergence of solution
procedure (L}
FLAG(I,J) Type declaration for cell i,
Equal Zero — Constant head
Equal One — water table
Equal Three -- Boundary
FLXFCT ' Factor to convert ground-water
flows prior to printing
FLXNAM Title to indicate units of printed
ground-water flows
FMT Variable format array
_-——-_-—-___-___‘_‘—‘————__ - _—— - e e ——— __
H({1,J) A Hydrologics - Head at end of time step L)
Mass Transport - Volume of solution in cell
at end of time step (I®3)
HO(I,J) % Hydrologics - Head at beginning of time step

(L)
Mass Transport - Volume of solution in cell
at beginning of time step
{Lxw3)

I % Model row number



IN,INI,INZ,IN3,
INSG,IN5,IN6

I0PT
ISAVE

ISTEP

ISPRNG

ITER
J
JSAVE

JSPRNG
KHYD

KQUAL

MCOLS
MINOR
NBLK

NCOLS

NPARM

NROWS

NSAVE

N

Input wnit rumbers

Sto.r_;ge“ ;rray for row mambers of
hydrograph cells

Major time step number

Storage array for row number of spring/river
cells ‘

Number of iterations by IADI procedure
Model column number

Storage array for column number of hydro-
graph cells

Storage array for column number of spring/
river cells )

Switch variable to cause printing of hydro-
graphs .

Switch variable to cause mass transport
simulation

Storage array for colum rurbers
for cross-section procedure

Minor time step number

Storage array for row rambers for
cross-section procedure

Number of statistical blocks
Number of colums in model

Number of colums for which cross
sections are desired

Nunber of iteration parameters
Number of rows in model

Nurber of rows for which cross
sections are desired

Number of mnodes for which
hydrographs are desired

frimivce A cprings o
rovel ceffe



NSP

NSTEPS
OPT

oUT ,0UT1

P(1,J,1)

P(1,3,2)

PMPNAM
PRMITR(10)
Q(I, )
QERROR
R(I,J)

< A

Number of minor time steps per
ma jor time step

Number of major time steps

Ceneral program and time step
options array

Output umit numbers

Hydrologic - Aquifer permeability between
cells I,J and I,J+1 (L/7T) ,

Mass transport - Dispersion coefficient
) . between cells_1,J and
1,J+1 (L¥d/7)

Hydrologic - Aquifer permeability between
cells 1,7 and I+1,J( /7))

Mass transport - Dispersion coefficient
between cells {,J and
1+1,J{ L¥L/T)

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

.._d..————'_'_-_-_-_-____-_____________'————
Factor to convert input values of
punpage 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 (Ls%3/T)

Minimum concentration change for convergence

Hydrologic - Slope ?f flow response line,
Lt/ 7

-

Mass transport - Concentration at beginning
of time step



e ———

] Hydrologic - Minimum head for springflow or
RD(1,J) ' Y & reforence head in source (sink)
(L)
Mass transport - Concentration at end of time
step
RHG(1,J) ] Recharge rate for cell i,j (L¥*3/T)
SCALE Plottimg scale facter (L /imeh)
SF1(1,J} Storage coefficient for cell i,j
STORFT(2) f Ratio of porosity to storage coefficient
1, Water table
2. Artesian
SURFAC(1,J) ﬁ Hydraulics - Land surface elevation (.L)
Mass transport - Recharge concentration
T(1,J,1) \% Hydraulics - Transmissibility term between
o cells 1,3 and 1,J+1( L¥/7
Mass transport - Dispersion tcrm between cells
1,J and 1,J+1 (Ze*3/7);
T(1,J,2) ?’ Hydraulics - Transmissibility term between
cells 1,J and 1+1,J(Lw’7)
Mass transport - Dispersion term between cells
1,J and 1+1,J(1¥¥>/'7)
TIMACL Time step acceleration factor
THIK(EZI) B S, suraded thickwess §orcent .5 (L)Y
TOPAQ(I,J) y Hydraulics - Top of aguifer elevation (FT}
Mass transport - Flux between cells 1,J and
1,J+1(e¥3/7 )
XLGT™NM Title to indicate length unit

TTMAC -
STRFCT

’ﬁm ¢ il c’/c’f'd/f ‘o ][(1 (,‘7{5'2/” | _.
/{L J%:‘,.- J'_;Z_ [,(,fif(j(_‘,’/’ '}K A/C '7/4-' Ztr ff)_;'a,ﬂ h_g%é//?{: Ce /_)//



APPENDIX E

LISTING OF COMPUTER PROGRAM

A listing of the computer program for GWSIM-1IV is
apperdix.

included in this
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FOoRM AW

2 TOWRGWY T -GwRIm- 1Y  CALIR

ZT DET A% sAGE 2
38 LLAN SRR CaLin
39 [ LA% NEA ChL e
27 S0 COMTINUVE CaLld
E1) LIANRRL LIRS CALID
kL) MP(B]enP(3] CALIE
[T wRiTE (GUT.336] cCaLie
&1 S0 AEAD (IN, 34Qi 11.11%.4dd,03d,K H& CAL
L ¥ IF {11 t¥.1) GQ Tp 1% CaLIg
3 WAITE (CUT 3801 11.111 40, 44d,.%,HA caLll
ak 0o 108 EvEDi ETC CALIE
i§ 0D 100 Jidd, CALIB
13 [Fix GT.2) GG TD &0 ChLIE
7 TroaTHERE] 4} caLim
Al iFfEVAGEY], o)) @G 1) F1emil J}-@OTL@L[D. W) CAL1S
Y] 1FiK €2 -2} G& TO 7@ caL1d
L 1] FPil. L, 110 CALILS®
L B IMES ED WE] GO TO YO0 CaALIN
$2 TZeTAIKI L, J*+1) CALIE
43 (FIPLAGCE, J+13 EO. 11 TIawél J+5)-BoTe@Lil. av1} CaLIE
E4 L JENIILTYAUREN]-1 IS SWLANLA &1 A R{J|*DRLNJ*I] )} EALIE
1 Go T 10 caLlm
(1] e Pil,Jd, 210, caLln
7 IPL] B¢ .MA} G0 TO LOO CAL]E
L) TZeTHIRCI# 4] CaLIm
" IFIPLAGEI®Y . JF 9. 1) TIeMEier JI-BOETLRLEI®), 4 CaLI®
5C P, g, 3 eMa/([TI%0ELY 1+1)ev oD Yy 3)/EORLYI1]oORLY {IovE]) SALED
&1 & CONTINUE CALIS
[ 1] TFiN . EQ. A} GD T BO carin
43 Bl J W]a®Es S KiIHA CALT®
" TPIHA LT . @. ) ALI. J.Kjn-HA cCALINE
[ c8 D 100 - caLls
34 20 8 . Jjvs{ Jlema CALLR
[§] ERINA. LT O IS[[,J)v-MA CALID
. 100 CONTINUE CaLim
[ 1] oG TO MO GALIR
1o 10 DD 320 &34 % CaLlm
T LF PRPEK) LT '] E@ TR 330 CaLla
hdr] IgYN} 414 ]
71 T25 IENQaI3ZT+33 CaLIS
T4 GO YO (119,340, 1BS 1ND, 170} K CALLE
7% 130 WRITE [OoUT, J60) CALER
T wAITE 1DUT_&30) CALER
3T GD TO IO catis
18 140 WRETE {DUY, 370 (181
T WRITE (DOUT, 420 CALIS
(1] GO TO 180 caLI®
5 i WAlTP [OUT Jac) CALID
[F) WAETE (QUT &20% CaLIE
43 wWALTE (OUT 4%0] CALIN
g4 0 _TD 145 SALEY

F TOWACWETK-GWE1MN-1Y CALIR 7 OCT &P race 3

L1 180 WAITE (OUT,alaq)
(11 WRITE (DUT, 230}

-4 SR BRE L]
170 WAITRI{QUT, 440)
wWALTE (QuT, 43e)

TES L
TEFIRA . LY IENDIIENOaNR
WRITE LOYT. 350

30 158 (12T, TIND
190 NEiiIsIEND-Te1RT
WRITE (OUT #10) fMBEI) TeISYT, ERMO)

i,
op Joo f«187,1END
LnlEND-T+187

L11S)]
T1eTHINEL 4]
IPEPFLAGIL , ) RO . 1) TIeHEL, JF-0ODTLELEL.J)

TRLsPEdGiL, 47+
L 21
GO _TO iINO. 280,204,270 2501 .M

T55 E0 T8 1916, 110, XI5 SESTTFL
210 WEEI)sdbE

oo 70288
TIE WOV 8L Ji~inte 0 ¥

GO TD 2%0
230 NG([)eEiL, J]ak A0*0 &

CD YO JBo
240 WRLIJID0BEID
2850 CONTINULE

£ d 311
242 NE{I1)13#[L,J MI"Q Yo &
EQ TO 290

TS5 IFIT . E% RCT ¢D YO 280
TIeTHEXEL, J*1 }
SPEFLACEL , J*15 20 . 1) TIaMiL. 2+¢1)-KOTLELIL . J¢1)

. . * CE(JT=CELEL 0y ]
TapiL . 1390 01+0. %

124 TI*FHIEEL®S J3

(1 IFIFLAGIL*1,J) . B 1} TIeMiLet JI-BOTERL{t+) Ji
EE L] T ] +TT+T2% +DILYTL+T7]
127 13FIL.J, 2400 0140 B

124 298 IF{IFL. 80 . 4] W[l ugRRDS

133 ] Y55 CBWTINOUE

130 210 WRITE {007 &10] (NBCE} I«iST 1EMD). D

134 15T4LEND="

T3Y TF [IEY. LT WK L0 YO V125

133 321€ CONTINUE

134 RETURN




4 TOWAEWs TH-EWEIM-TIY RXIEIC

FORM

27 At &k raGE 3
[ 31 clI-III--'-I.'-'.'l’l.l-l“.‘.--ll..ll...IllI.l...llIll-.t'-..I..ll.‘.l'
54 1.9
[
" &
[k LP_ (w3 30 30, 30
s 20 DELTAQELTA+TIMACLE"N
[T} GG TO 10
hi-) 36 OB TADELMA;/OFLTA
T WAITE [OUT B80) NSTEPS . NEF OALMAL . DELTA, EAROR WG, MK, NFARM, NEPAE. T
T2 ITAPCT FIMACL ,FMPFCT FMPNEM, SEAFET FLAPCT PLANAN, XLETHM
,J c--l-.--l-l.l--IIDIII!'.8'........--.-.-...‘ LER) EREARRESAFAEEERyS
T 3 ARAD FHYRICAL DATA
?‘ :IIIII.I.'I".. daadfivisnany -l.-l-.....lI.l.l'....l.'.......
bl ] CALL PHYSDT{NARW NCQL, FLAG FOTLEL M KRG P EF1 T THIK SUAP,
77 17CPAG, R _AD)
s 4 TiMgag o
kd ) L] FL TR
[T TAWEE1 13
s IMWCET, 1) e mn
[ ¥3 IAWEiT 13w
[} EAWC (4, T 3emE
a4 TIMACI: Y IMALCL
A8 OFLMJTeDRLMA,
" DEL=0ZLTa
&7 c.---lI-lIIl':'.l.l.ltl..ll..!'-ll-!IIll|Il-Ill[lG!llll--.‘!.!l.lll.--..
[1) [ CALCULATE JTERATION RARAMETHAS
'Y} ‘l.ll.‘.-‘..l.l.-Il!II.l‘.Ill'l'.ll.ll‘.-l.llll.
"
| 1] *NR
*2 s/ {2eNCanC)
#1 B
e DG EBG Jai
F (FLACIJ,3) . ET.2) G0 tD B2
1] ] NFPaDELX( JiwOBLEIJ)/iDECYiTINOELY({L))
a7 HOsmMRs{r enik)
[T FAHE/ ). +1. FMF}
" HAYAMEINT{HA, HD_F)
100 29 CONTINUE
101 FrEAP(ALOGE Y /W) /{NPARM-TT]}
toz PRMITRI 1} rha
o3 00 46 1:3 WPARM
104 8O PRMITA(I}IRRMITREI-13aF
108 WRITH (QUT 810) [FAMITNEI) . 1ot whakm;
Y ] TIMEIaS .
197 CYNAREERNSE ORGSR PARAR .".I"..."‘IIlllll..--lll'l'....l.l‘ll'..li.l
IR AMA NN YR A AN TN AU NN R RIS [ 3114
o EXEC
tit WRITECOUT, 7101 TITMED, T ;?}?}?;—,
t1z wRITE (DUl 7301 I3Yge hd sxge
4 TOWAGWETK -GWSIM-1Y EARC 27 oty sw *ACE &
PELTASDEL
NPV SUER

1 B
TIMACL TIMACS
CovNsIRRTERATS AT AREANANNEBRINE

L STES®
Cyeassanasna b LELEL LR AR LER LR L g g A T Y

REAC ([&. 0740) OPT. NIF2 DRLMJY, TIMACH

FABLJY, aed &7
WAITE (QUT. aac) (BLE),0n1, 83
IFiOPYiI4) BT . O QR.OPT( 8} . GT 6] KOUTIs?

T Yo (351,30
IF (APT(I) QT .C) WRITE (QUY S%0] I.arPT(i)
iF {OPY{1} .67 € &ND .| B0 1) WRITE [OUT,6%0) WEFZ CRELMJY, TIMACT

Y3 THRTIRUE
10 CONTINUE
NEP S a NS P

TF (OFTL{IT.LT 1T CE Y& T35
CoesrEnaspsaddiacSadAnbnna l.t.llI-..[IOIl-lI-lll'l.li....l.l.'.'!‘..l

€ ADJUET TimE 3TEP B TERS

L Ty N N AL R AN LN N L S S L A s R i TR LI )
TIiMmAEL s TIMAC:
DELTAvY,

LEL S L
=1

[N} 910,11¢, 100
2

[T
GO 1D 80
110 DECTA»QELMJIN/DELTA
El LJ

ORLMAICrORLMJ 1
120 CORTImUE

du T3e 127,70
SUME(E 1irD,
IF(IATES EQ_1)SUMSED, 250

1 L-3E 4
oD 145 Is1, WA
DO Y40 Jdr1 W

TES JEOMIT J1+8 &
CraErsmssnsss AL LA R L AL LR R L g T
< AEAD BRETERMAL FLUN [FUMPACE AND RECHARAGE])

CALL GETPMP{MNROW, NIZGL ,PLAG,Q, RNG

e T T I E N R N AR AT ] L L N I N A TR Lk X
CRARRE IR RIS AN IO kAbn rEeew :t AbEEARTESEVd AN AR NN RATERES

[+ L1 §1] +AEAD CECLY

[ L L L L L N L R Ll Lt T T T ey
1F JOFTi{Zel T V) GO T¢ 210

WETTETOUY, 707
1PL=QPT{24]
IFICPTI24) 0T . 8) OPTIX43«0PTI24)-8




L] TOWRGWa TE -GHE[M-TY SUMFLD

OB U

17 OCYT ¥ LT 1 T
] IW_NMCGL], ROEEACW HECOL)
h ] $O TF (19,39, 45,190, 116 L1
10 w14 RREAD HEAGS
11 o REW[NG 1WE
i1 RETYRN
LE] ) REWIND LN7
T4 WRITE (INT) C(RED . uf MDEE. J), Tod, WR] D02, KT
i BY To jud WG
18 DO %0 fc3. AR
] Rii,oinc O
15 Rp{l Jl'0 @
(K] LF (i-NR) I0,80, 40
E L] 3o ROET . a3eThLl, 4 Z)o(HIT , JI*HADL. . J-901e3 , J)-KO(1%1 2} )v0. 0
] io 17 _ {J-HG) %9, §0,80
23 [ ROI,JIAT 0 J, 2 i2fNEE, JI#MOT], 2)-HET Jo)]-HOiE Jed] )0 %
23 "w coNT1NyE
14 WRITE [[wm) (me7 g} 7=1 . MK)
8 k] WRITE [LMe] (RD(I.J4).I03.MA)
k1] MEWING [NT
17 AEAD CINT) [CRmEY ) ROCE, J) fol MR) o1, NC)
15 ARTURN
19 [1] o0 O Jr1, MC
-] AEA N LN | J
31 READ (I1M9) EMO(I, 2], 1ri, Mm)
2 1”° CONTINUE
k¥ | RETURN
34 Teo CONTINUE
3% RETURN
F1 ] 110 KEWIND M@
ERJ AETURN
F1 o .
3 TOWROWATK-CWE [M-tv  XBECT 27 OCT BN *acE 1
H SUBMCUTINE NEECT {KAOW WNCOL . FLAG, NEI1M WORS SOTLEL} (31 131
: c--..gjj...-'.--.-.’.-'.-l‘ll.l'.l."'I-.-.--‘--‘-'-lilll’.'.'l.ll.l.... l":?
3 -] THIS & rh A P .4 » ESECT
4 [3 &OWw3 OR COLUNMN WAN I MUM NUMEER OF RDWS OR COLUMNS ESECT
[ ] CuunhpurddANASRES BISREANEFEESAANA LEA R R LA RLERNELRRY] ESECT
] INTECER IQUM[1G} XEECT
T DATA EDUM/SS:, 2, 3,4.5. 8,7, 5,00/ XEECT
L) COMMON JITCOMS MR NG, ISTEP MPARM,EN, DUT OUTI ORT(30]), . NEAYE, AERCT
3 ITSAYEI2B] . SEAVEEQR] WHYD NCOLE MCOLEEZRT NROWSE MAQWELZH) ESECT
10 T.TWY,in2, IKD, Ind, (KB, [KS ABELCT
1% 1LHETEPS MELK, IRWCL &, 00| . NEPRT, ISFAGLIS] , JSPRGI2E) ISECT
12 COMNMGN MY T ] OELELIGC] reITR{IO] . § .t 1 14
13 11100] , S1 100, SUMS( 18,2}, EBRCY
i 2 ERACA PHMPFLT  PHPFNAM, FERFCT , DELTA, XSECT
L] ] JOELMAY Y ELOTMM PLuMAMIZ) FLAFCT EBECT
18 TOWAEWsTK -EWl IM-Iy NBECT T QCT % rFACGE 2
14 1, 00LMI2, TIME ETRFCY SCALE
17 1, TETMDRERO) ¥PWMT{d20,.8)
13 oy v . T.8971
1% OIMENSION MEIM{NAOW, SC0OL ], NOBS [NRQW, NCOL ) . PLOTE 100},
0 IFLAGIMROW, NCOL )
1 i,
12 1.RIMTER{ 10}
23 GATA XINTGR/INT, VW, M3, IME, THE, INB, INT, Ins, IHD, 1HO/
| SRLATMARRILIiARE]
2% OATA Fin 008 OLANK BITH/IHE, IND, 1N , 1HB/
P} DIMENSION ECOLL2)
bk TETE IR . A L
T4 IGRTYADPT{Z2}
L) 00 210 L1 .MCDLS
5 TF {WCOLX. LY. 1) L0 T¢ ¥

ORIGXD
IF{SCALE . GT . 0. ] G0 TO 210

BT 18 T=71,
Yo SI)a1
JETe

TR
GG To &0
20 El1jz0

Ted WK
30 GlIieGir-1)+[ORLYiZjoDELYEL-3])/2,
JRTe

TPTO(REF/ICALY LT . 20.7 aE Y0 ¥ED
40 DD @ JeJOT NA
IF({EES)-ORIGE] GT.9 . B*3CALR] 50 TO #£0

TG LUNTT
EEL LL gl
0 JR *J-1

CYAVE LT JAAD])
IP{JET . NQ. JAND . AND . JET ME.NA} GO TS 230
WAFTE{OUT , BAC)TITHMOD , TITLE, iSTEY

T-HEBLElC:
WRETE {OUT,418) J
wRITR (QUT Su8)

TFISCACE L. T.E-3;7 &0 70 3¢
00 T4 [aJBT, JEND
Ko EELIJ¢BCALE/TIO. -ONIGZ) FLBCALE/10. |e

ToO Ll Jeked &
Al WRITE (DUT _87C) XmOw
co 110 itel1.7

LLELL LR LI
20 PLETIK)2BLANX
o0 08 IvJET, JIND

KETCE 1]
KLals1a
PLOTING)IWRIMTCRIKL]




FORW L

1k TOWROGWS TR -QWBIM-1Y 23ECT

17 DCT A% Lg 11 B )
e PLOT(XB)eRINTANMINL ) KSACT
147 (PieL B9.0) FLOTIKG) sy ARK XEECT
[FELL . EQ. 1) €& 70 330 KSECT
KL IMDOE Y, ta) XSECT
119 [(Fley B, 6] wisto 1 {-hi
PLOTING)«XENTEAN[BE) [TY134
330 contimue XRRET
q40 WR ] #i07 ¢ 1 1
HMAN+ -1 _E§ LT3}
HMINY R ISECT
vU3T JEND IPECY
IF §FLAGE: . J) . GT. 23 GO TD 380 XEECY
KasnEim|1 4] ASUCT
IFLIQPYT.GF. 0. ANO ABS(HONTI] J] GE. ¢ E-3) HACHQEI(L, 4] XFECT
HEv A ASNETY
IFEPLAGET,J) RO 1) NOmOTLER (T, d) [ 11134
WHAT e AMBE) EHMAY NEIMEY, J]) } EIECT
HMINsAMINI (MR WETMEE, J1 WA, N LSRET
I8¢ CORTIMUR JET 134
MMAXsIFIXiMMAR ST 13857
HMEIMs IF1X{NMEN-1 . ) IMRCY
KINCY (HMAN-WMIN] 00, LsecYy
AINCIPLQAT[IFix[[NNE+® S}wg i)/2.0 ASECT
AMINC R INCeO . & ASECT
0C 400 Livwl, &9
360 PLOT{JT N ANK ASECT
0C 390 JvJST, JEND XERET
2Geg(J] — XECY
IF (PLAGHE J) . £T 23 GO TD 390 XBELT
IFCARS[MOYLALET, JI-MMAX) LE XXIMNG) PLOTIRG ) 21N . XEECT
1FER HEfm “HMAK] LR EXIMNC) PLOT{KGIeFTM XBECT
TF ([OFT.LT.i7 GO To 180 ASECT
IF (AOSEMORS{] ., J)-HMEX) LE. XZIWC) €0 %O %Yo xpecY
0 TD J36 1pecT
TY0 IF{PLOTIXC) B0 BIMI GO T O 286 XskCT
PLOTING ) 0BS TERET
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