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INTRODUCTION

This report documents a finite-difference model for simulation of ground-
water flow in three dimensions. Although the techniques for constructing
numerical models of ground-water flow in three dimensions have been available
in the petroleum literature for some time, the large computer-memory requirements
for simulation of realistic ground-water problems have discouraged development
of such models. To minimize the core requirements for these simulations,
Bredehoeft and Pinder (1970) described a quasi three-dimensional model
which is a sequence of two-dimensional ground-water flow models coupled by
terms representing flow through intervening confining beds. In practice
there has been some difficulty getting convergence with this approach. The
fu11§ three-dimensional model described in this report can be reduced to
a quasi three~dimensional model in terms of the equations being solved and
computer-memory requirements, yet converges to a solution much faster
because all equations are solved simultaneously.

The iterative numerical technique used to solve ﬁhe set of simultaneous
finite~difference equations is the strongly implicit procedure (SIP) originally
described by Stone (1968) for problems in two dimensions and extended to
three dimensions by Weinstein, Stone and Kwan (1969). Weinstein and others
(1969) claim that SIP converges faster than the iterative alternmating-
direction implicit procedure (ADI) (used for solution in two dimensions by
Bredehoeft and Pinder, 1970) and that SIP is less subject to roundoff errors

than ADI.



THEORETICAL DEVELOPMENT

Ground-water flow equation

The flow of ground water in a porous medium in three dimensions may be

expressed as (Jacob, 1950, Cooper, 1966)

S

2 __s3dh
V'ho= 5, 1)
in which h 1is hydraulic head (L);

Ss is specific storage (L-l);
K is hydraulic conductivity (L T_l).
Permitting hydraulic conductivity to be heterogeneous and anisotropic and

adding a source term, equation 1 becomes

dh, _ ¢ dh

. -1
in which W(x,y,z,t) is a volumetric flux per unit volume (T 7).
Assuming that the coordinate azes x,y and z are &lined with the principal
directions of the hydraulic conductivity tensor, the cross-product terms drop out

of equation 2 and it becomes in expanded form

oh dh

3 dh 3 ah 3
z 22 . foLis —_— —_) = -~ 4+ W ,t
Bx(Kxx ox + dy (Kyy By) + 0z (Kzz 82) Ss at + W(x,y,2,t) (3)
in which
Kxx’ Kyy’ Kzz are the principal components of the hydraulic

conductivity tensor (L T—l).



In the finite-difference simulator, it is often convenient to represent a
hydraulic unit by one layer of nodes. For this approach, equation 3 is multi-

plied by b, the thickness of the hydraulicunit giving

] dh ) oh ] oh ¢ oh
— =) + — 2y +— =) =5" 2+
P (Txx A ey(Tyy 3y az (szz Bz) S St bW(x,vy,2z,t) 4)
in which Txx’ T are the principal components of the transmissivity
tensor (LZT_l);
s! is the storage coefficient (dimensionless).

Although the model is designed to solve equation 4, it will solve equation 3
by substituting hydraulic conductivity, specific storage, and W(x,y,z,t) for

transmissivity, storage coefficient, and bW(x,y,z,t), respectively.

Finite-difference approximation

In order to solve equation 3 or 4 for a heterogeneous, anisotropic porous
medium with irregular boundaries, one approach is to subdivide the region into
blocks in which the medium properties are assumed to be uniform. The con-
tinuous derivatives in equation 3 or 4 are replaced by finite-difference
approximations for the derivatives at a point (the node at the center of the
block). The result is N equations in N unknowns (head values at the nodes)
where N is the number of blocks representing the porous medium.

Utilizing a block-centered, finite-difference grid in which variable

grid spacing is permitted (figure 1), equation 4 may be approximated as
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Figure l.--Index scheme for finite-difference grid and the normal ordering of nodes
for 3 X 3 X 3 problem. The numerical values of the indices (i,j,k) for
this problem are given in the lower left-hand corner of each block.
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The final approximation for equation 4 is
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Following a convention similar to that introduced by Stone (1968), the notation

in equation 6 may be simplified by writing
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in which
T .
2Ty 11, 3k1 Tyy [i-1,3 k]

/Ay ' (8a)
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and the terms in brackets is the harmonic mean of

Tyy[i,i,k], Tyy[l— 1,,k]
Ayi Ayl 1

Similarly,
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Use of the harmonic mean 1) insures continuity across block boundaries at
steady state for an irregular grid and 2) makes the appropriate coefficients

zero at no-flow boundaries.



If the upper hydrologic unit is under water-table conditions, the
specific yield is inserted for the storage coefficient and the trané-
missivities in equations 8 are defined as a function of the head for the
previous iteration. As an example

n n-1

. =K b, .
Txx (i’J,k) xx(i,j,k) I’J’k

n-1

in which bi i,k is the saturated thickness of the upper
° b4 ]
hydrologic unit at iteration n-1;
n is the iteration index.

The notation in equation 7 can be simplified by eliminating all
subscripts not including a'+l' or '-1'. After rearranging equation 7

by placing all of the unknowns on the left-hand side, it becomes

Bhy ) +Dh, ) +En+Fh, +Hh, +Sh, +Zh o= Q (9)

in which

v
E=-(B+D+F+H+s+z+—§;);

s' 7



Source Term

The source term W(x,y,z,t) can include well discharge and recharge

from precipitation. In the model the source term is computed as

IR R
(bw)i,j ok AXJ _Ayi qre[i,j ,k]
in which
. 3.-1,.
Qw[i,j,k] is the well discharge (LT 7);
qre[i,j,k] is the volumetric flux per unit area of the

uppermost hydraulic unit (LT 1). (Adding this
term to other layers will require modifications

to the code.)

To solve equation 3 instead of 4, divide Qw[i i,k] and qre[i i,k]
b ] bl 5

by Az, for data input.

k

10



Numerical Solution by the Strongly Implicit Procedure

The following development follows that given in Weinstein, Stone
and Kwan (1969). The nod-s (i,j,k) may be ordered as in figure 1 so that
j is swept through first (j = 1,2,...,J), i is swept through second
({ =1,2,...,I) and k last (k = 1,2,...,K"'). Ordering the set of equations 9

in the same manner, they may be represented by the matrix equation

el

(10)

o't
]
Ot

o |

in which 1,1,1

1,2,1
h o5

f21,1
By,2,1

f=a}
fl

2,7,1

and I is the number of rows;
J is the number of columms;

K' is the number of layers.
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Q has the same form as E, and the matrix A is shown in figure 2. Equation 10

may be solved directly by factoring A into lower L and upper U triangular

matrices.

However, L has non-zero elements in all the diagonals from

Z to E and ﬁ has non-zero elements in all of the diagonals from E to S.

Consequently, solution by Gaussian elimination for problems

of practical size requires excessive computation time and computer storage.

To include as many zero diagomals in L and U as possible, a modifying

matrix B

figures 3 and 4 . With this modification, equation

(A+B) h=4Q+Bh

Equation ]1 can be solved readily if the right-hand

leads to an iterative scheme defined by the following
=== -1 - ==n-1
(A+B) h =Q+ Bh

in which n is an iteration index.
is put in residual

right hand side:

j @“+p " =1
in which Er; ht - ﬁn—l;
ﬁn-l q - Z]I-ln—l

12

can be added to A such that (Xi?) factors into

To reduce roundoff

L and U as shown in

10 becomes

(11)
side is known. This
equation:

(12)

errors, equation 12

form by adding and subtracting annt

Ah to the

(13)
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=n~-1

R is known from the previous iteration. The (i,j,k) element of
1 s given by

n~-1 n-1 n-1 n-1 n-1 n-1 n~-1 n-1
R =Q - (Bhi-l + Dhj-l + Eh + th+1 + Hhi+l + Shk+1 + th_l).

When Q;LX < ¢, an arbitrary error criterion, a solution to equation 13

is obtained.

Derivation of the SIP algorithm requires 1) the relationships defining

(a+B) = LU; (14)

2) an appropriate definition of i; and 3) relationshipsamong the elements

of A and (A+B). The matrix (A+B) is shown in figure 5 and the elements -of

(A+B) or LU are defined by

Z' = a
A = aek_1
T = afk—l
B' =b
C = ei—lb
D' =c¢
' =
E ag, + bfi-l + ej-l c+d
F'=de
G =f}dc
H' = f d
U = bgi—l
W = 8j_lc |
S' = gd ' 15)



Figure 5.--Matrix (A+B).
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The nodal values associated with the elements of (A + B) not in the original
difference equation 9 (namely, those associated with the coefficients C,G,A,W,T,U)
are shown in figure 6. Stone (1968) and Weinstein, Stone and Kwan (1969) have
found it effective to define ﬁ(there are many ways of defining B that will satisfy
equation 14) so that the contribution of these additional terms is partially

cancelled. Their definition of B can be seen by writing §§ for node (i,j,k) as

Cleiq, g —® CEFE, *EIIF
G lEip 51 — @ CEFEL FEIY
Al — 0 CEFEy FEHPIA
WIE i1 — @ CEHE G FEPIY
Tl e — @ CEFE, T DI
Ulei g 9 CEFE * Gyl (16)

in which @ is an iteration parameter. Weinstein, Stone and Kwan (1969) define
different parameters for each of the three planes in space, but in practice

use only one parameter each iteration. The term (—E+€i_l + Ej+1) is the
secondorder correct approximation for Ei—l,j+l' The remaining elements of

Eé for node (i,j,k) in 16 have similar relationships.§ee Remson and others,

1971, p. 226 for derivation of this type of approximation,)

17
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With these definitions, equation 13 written for node (i,j,k) is

n n o _.n n n n
BEY j + DEY_j + EEF FEL 4 HED, + SEL, 26, +

n n, ~n n
Clepp,qe — @ CEFE L+ EPIH

n n, -n n
GlEi4n, -1 ~ @ CEFE 5+ 851+

n n .n n
Ay ey — @ CEH L, FE DI

n n, .n n
WIE ke — @ CEHE + 6D

n n, ,.n n
Tl -1 @ CEHE g F & P
UIED  pp - o CEMEL +ep D1 =T )

By collecting coefficients associated with nodal positions in the original

difference equation and using equations 15, the SIP algorithm can be derived as

a=2/(Q+uw (ek—l + fk—l))
b = B/ (1+w (e *+ 83_1))

¢ = D/(1+w (fj_1 + gj‘l))

= ae, ;
C= bei_1
G = cfj_1
W= cgj_1
T = afk—l
U=bg

19



a.
L]

E+ WA+ C+G+W+T+ U - cej_ - bfi—l - ag,

e = (F-w{A+ C))/d
(H-w (G+ T))/d
(S —w (W+ U))/d. (18)

]

aQ
]

Equation 14 may be combined with equation 13 to give

i5e" = ROL, (19)

Define the vector V@ by
gE"= " (20)
Then equation 19 becomes

7= gL | _ (21)

-

After solving equations 18, the intermediate vector Vncan be computed;

for node (i,j,k) equation 21 is (refer to figure 3 for the elements of L)

n n n n _n-1
+ =
aVk_1 + bVi_1 + CVj-l dv = R
or
n-1 n n n
= - -cV d.
vE R - av,_,-bv,_;-c j_l)/
-n
The vector £ may then be computed by backward substitution.
Equation 20 for node (i,j,k) is (refer to figure 4 for the elements of U)
n n n n n
Erel gt fgi+1 tebg =V
or
E'= V- (efy,y + £l + el

20



Stone (1968) and Weinstein and others (1969) recommend that a second
ordering scheme be used every other iteration. In the second ordering scheme,
j is swept through first in increasing order (j = 1,2,...,J), i is second in
decreasing order (1 = I, I-1, ...,1), and k last in decreasing order
(k = KIK'-1,...,1). (See figure 7.) This tends to give an overall symmetry
to Gﬁiﬁ for the two iterations (compare figures 6 and 8) and speeds
convergence.

The algorithm for the second (or 'reverse') ordering scheme is derived
in a manner analogous to that for the 'normal' ordering scheme given above.
The SIP reverse algorithm is outlined below:

as= s/(1+u>(ek+l + fk+1))
b = H/(l+0Kei+1 + gi+1))

c = D/(l-!;w(fj_1 + gj_l))

A=ae

C = bei+1

G = cfj_l

cgj_l

T=afim

U=hg.

d = E+w (CHGHHHTH) - ag ) - bE , —ce, )
e = (F-w(C+A))/d

£ = (B-w(G+T))/d

g = (Z-w(w))/d. (22)

21
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Figure 7.--Reverse ordering of nodes for a 3 X 3 X 3 problem. The
numerical values of the indices (i,j,k) for this problem
are given in the lower left-hand corner of each block.
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For node (i,j,k) equation 21 is

n n n-1
+ =
avzﬁl +l + ch_l dv R
or
n_ n—l n n n
V= (R --aVk+1 bVi+1 cVJ_l) /d

The vector Qn is computed with equation 20  which, for node (i,jk),is

n n n n n
Ehel TR e =Y

or

n n n n n
Em V-l T gy

Iteration parameters

A sequence of iteration parameters ranging from O to 1 is cycled until
convergence is achieved. The minimum parameter is not critical and O

is arbitrarily chosen. The maximum parameter is given by

2 2
s 3! )il
1-w =, Min . [ ’ s ]
max (over grid) 2J2(1+pl) 212(1+02) 2K2(1+p3) (23a)

in which

2
0, Kovli,i,k (AXJ')Z + “za[1,1.k] O > (23b)
Rexlt,], k) O 9 Kxx[i,j,kl(“k)
K y.)2 K y.)?
pz xx[i,i,k! yi : + zz[i,i, k! y (23¢)
Kyy[i,j,k](ij) Kyy[i,j.k](Azk)
2
2 K . Az, )
. Kxx[i,j,kJ(Az ) + vy[i,3,k] k (23d)
3 2
ZZ[l i, k](Ax ) Kzz[i,j,k](Ayi)

24



Equations 23 are the same ones used to calculate the minimum parameter for

the iterative alternating~direction implicit procedure (ADI) and are based

on a von Neumann error analysis of the normalized ADI equations. (See Weinstein
and others, 1969, for references.) Commonly 4 to 10 parameters are used in one
cycle and are arranged geometrically between minimum and maximum with the
equation

2/1L-1

w2+l= 1+(l - wmax) . g = 0,1,...,L-l (24)

in which X% is the iteration parameter index;
L is the number of parameters in a cycle.
In the model, equation 23b, 23c, and 23d are modified to use B,D,F,H,S and

Z defined by equations 8. For example, equation 23b is computed as

o o Max [B,H]  Max [5,2]
1 Min [D,F] Min [D,F]

The sequence of parameters computed with equations 23 and 24 gives rapid con-
vergence for most anisotropic problems (Kxx = Kyy >>Kzz). For problems with
isotropic layers, nowever, the parameters, computed with these equations may
give slower convergence. Based on an analysis of the contribution of terms

in equatiomns 23, the second terms of equations 23 were dropped and the resulting
sequence of parameters generally give good convergence rates for both iso-
tropic and anisotropic simulations. However, if the sequence of parameters
computed by the equations in the program are all (except the first parameter)
close to 1.0 and if this results in slow convergence or even divergence, bypass
the computations in the model and insert WMAX = 0.99863. The resulting
sequence of parameters (such as 0.0, 0.80772, 0.96303, 0.99289, 0.99863)

may give a satisfactory rate of convergence.

25



Boundaries in the numerical scheme

Within the limits of the finite-difference grid the irregular geometry
of the porous medium is simulated by assigning zero transmissivity to
blocks outside the system. These blocks, however, must be included in the
SIP algorithm in order to preserve the required seven~diagonal coefficient
matrix A. Constant-head boundaries are treated without using special

conditional statements by skipping constant-head nodes in the algorithm.
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PRACTICAL CONSIDERATIONS FOR APPLICATION

Initial Conditions

In many simulations, the important results are not the computed head,
but the changes in head caused by a stress, such as pumping of wells. For
this objective, if the flow equations for every layer are linear (that is, all
hydraulic units are confined), the computed drawdown can be superimposed on the
natural flow system. Consequently, the initial head for the simulation may be
horizontal and there is no need to impose a natural flow system as the initial
condition. However, if the user wishes to start a simulation using the head
distribution in the natural flow system as the initial surface, a steady state
simulation can be made with the model to compute the initial surface. This type
of simulation is also useful to check the transmissivity and leakance distri-
bution in the model.

If initial conditions are specified so that transient flow is occurring
in the system at the start of the simulation, it should be recognized that
the water levels will change during the simulation, not only in response to
the pumping stress, but also due to the initial conditions. Initial con-
ditions of this type are appropriate if the simulation is started part way
through the history of development of the aquifef system.

Treatment of boundary conditions

Boundaries that can be treated by the model are of two types: constant
head and constant flux. Constant-head boundaries are specified by assigning
a negative storage coefficient to the nodes that define the constant-head
boundary. A constant flux may be zero (impermeable boundaries) or have a
finite value. A zero-flux boundary is treated by assigning a zero trans-
missivity to nodes outside the boundary. The harmonic mean of the trans-

missivity at the cell boundary is zero, and consequently, the flux across

27



the boundary is zero. A no-flow boundary is inserted around the border of
each layer of the model as a computational expediency, and constanf head or
finite~-flux boundaries are placed inside this border. A finite~flux
boundary is treated by assigning recharge wells to the appropriate nodes.

Treatment of Confining Layers

A confining bed in which storage is insignificant may be simulated in
either of two ways: 1) It may be represented by one or more layers of nodes
as illustrated in figure 9a with TK(I,J,K) computed in the program by
equation 26c (see Appendix II). This approach is necessary if horizontal
components of flow in the confining bed are significant 2) If horizontal
components of flow in the confining bed can be ignored, the system can be
simulated in the same manner as the quasi three-dimensional model described
by Bredehoeft and Pinder (1970) with a savings in computer time and storage.
For this approach the confining beds are not represented by layers of nodes
(figure 9b). Insfead, the effects of vertical flow through the confining
bed are incorporated in the vertical components of hydraulic conductivity
of the adjacent aquifers. In practice, this is accomplished by reading the
TK values, which are normally computed by equation 26c¢c, with the rest of the
data input.(K'-1l sets of TK values must be read). The TK values are equal
to the ratio K /b for each confining bed and Az = 1.0 for all layers.

This approach is designed to be used in solving equation 4. However, for certain

simple problems in which the confining bed is horizontal, TK values can be

read and nodes representing the confining bed eliminated when the model is used

to solve equation 3 if the appropriate Az values are retained in the data input.
If storage in the confining bed is significant, a number of layers of

nodes will be required to give a good approximation to the gradients near the

boundaries of the confining layer. To reduce computation time and storage
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Figure 9.--Simulating two aquifers separated by a confining bed
with three layers of nodes (a) or two layers of nodes (b).
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requirements, an analytic approximation analogous to that used in the simu-
lator for flow in two dimensions (Bredehoeft and Pinder, 1970, P.C. Trescott,

G.F. Pinder and S.P. Larson, written communication, 1975) may be more suitable.

Designing the finite-difference grid

In designing a finite-difference grid, the following considerations
should be kept in mind:

1. Nodes representing pumping and observation wells should be close to
their relative positions to facilitate calibration. If several pumping wells
are close together, their discharge may be lumped, and assigned to one node
since discharge is distributed over the volume of the block.

2. Boundaries within the projecf area should be located accurately.
Distant boundaries can be located approximately and with fewer nodes by
expanding the grid.. In expanding a finite-difference grid in the positive
J direction, experience has shown that restricting the ratio ij/ij_ls 145
will avoid large truncation errors ;nd possible convergence problems. This
rule applies in all three dimensions. If the quasi three-dimensional approach
is used and TK values are used with the data input, set Az = 1.0 for all
layers.

3. Place nodes closer together in areas of rapidly changing trans-
missivity in each layer.

- 4. The grid should be oriented so that a minimum of nodes are outside
the porous medium. Orienting the grid with respect to latitude and longitude
or some other geographic grid system is a secondary comnsideration. However,

if the aquifer is anisotropic, orient the grid with its axes parallel to the
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principal directions of the transmissivity tensor. Otherwise, the flow
equation would include cross-product terms which are not considered in the
SIP algorithm,

5. Number the rows in the short dimension for plotting maps on the line
printer or for plotting data with an X-Y drum plotter. On these plots, the
X direction is vertical and, for practical purposes, this dimension is un-
limited. The Y direction is across the page which limits this dimension to
the maximum width of the page.(See figure 10).

6. The core requirements and computation time are proportional to the

number of nodes representing the porous medium.
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APPENDIX I

‘NOTATION

elements of lower triangular factor L;

coefficients of Cﬁ:ﬁ);

coefficient matrix;

saturated thickness of a hydraulic unit (L);
coefficients in difference equation;
modifying matrix;

elements of upper triangular factor, ﬁ;
hydraulic head (L);

hydraulic head at the previous time step (L);
index ip the y dimension;

number of rows;

index in the x dimension;

number of columns;

index in the z dimension;

number of layers;

hydraulic conductivity (LT—l);

. -1
principal components of the hydraulic conductivity tensor (LT 7);

iteration parameter index;

number of parameters in a cycle;
lower triangular factor of C:?E);
iteration index;

number of arrays required for the options; .



q volumetrix flux per unit area of the uppermost hydraulic unit (LT_l);

Q known term in difference equation;

Q, well discharge (LT1);

Rn"1 residual for previous iteration;

S' storage coefficient (dimensionless);

SS specific storage (L—l);

Txx’Tyy principal components of the transmissivity tensor (LZT-I);
U upper triangular factor of (A+B) ;

v intermediate vector in SIP algorithm;

W volumetric flux per unit volume (T_l);

At ’ time increment (T);

Ax space increment in the x direction (L);

Ay space increment in the y direction (L);

Az space increment in the z direction (L);

€ closure criterion;

3 vector of change in head for an iteration;
01,92,03 hydraulic conductivity ratios;

w iteration parameter.



APPENDIX 1I
COMPUTER PROGRAM

Main Program

The main program first assigns storage space to arrays required in the
simulation. Storage space is reserved in a vector Y and is allocated to the
arrays based on the dimensions of the problem specified on card 3 of the

data deck. (See Appendix III). The minimum dimension of Y is approximately

YDIM = 15 IJK' + Na 1J. (25)

in which Na is the sum of arrays required for options (see table 1).

Table 1.--Additional arrays required for options

Option Number of arrays
Water-table conditions in upper unit 2
Recharge from precipitation 1

Equation 25 is approximate, but normally will give a value that is
sufficient for the simulation. The exact dimension required is printed on the
first page of the output as "WORDS OF VECTOR Y USED = XXXX". For new simulu-
lations, the program does not need to be recompiled as long as the dimension
of Y is large enough and FORTRAN statements do not‘need to be modified.

After allocation of storage space to the arrays, the addresses of the first
element of each array are passed to the subroutines. (See table 2 for details) -
In table 2 the variables giving the dimensions of the arrays are defined in
Appendix V; the first array is the Bnly double precision array.

The remainder of the main program controls the sequence of computations.

Subroutine DATAI

Instructions for the preparation of the data deck are given in Appendix III.
Data may be input to the model in any consistent set of units in which second

is the time unit. It is organized into four groups: Data in groups I and II
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Table 2.--Arrays passed to the subroutines and their relative

location in the vector Y.

Sequence Subroutine .
Array number in Dimensions

vector Y DATAT | STEP | SOLVEI | COEF | CHECKI{ PRNTAI
PHI 1 X X X X X X (10, JO, KRO)*8
STRT 2 X X X X X X
OLD 3 X X X X X
T 4 X X X X X X
S 5 X X X X X X 10, JO, RO
TR 6 X X X X X
TC 7 X X X X X
TK 8 X X X X X IK, JK, K5
WELL 9 X X X X X X
EL 10 X
FL 11 X 10, JO, KO
GL 12 X
v 13 X
XI 14 X
DELX 15 X X X X X X JO
DELY 16 X X X X X X 10
DELZ 17 X X X X X KO
DDN 18 X IMAX
FACT 19 X X X X X K0, 3
TEST3 20 X X ITMX1
JFLO 21 X NCH, 3
FLOW 22 X NCH
PERM 23 X X IP, JP
BOTTOM 24 X X
QRE 25 X X X 1Q, JQ
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are the simula;ion options and scalar parameters; group III cards are used to
initialize the arrays. These three groups are required for each new‘simulation.
Group IV contains data that varies with each new pumping period. The program
permits changing well discharge and the time parameters each pumping periéd,

but the program can be modified to read other data with this set of cards.

If the simulation is a continuation of a previous run, the initial
head for the continuation (not the starting head for the run) is read either
from cards or from disk depending on how the results of the previous run
were saved. (See the section on technical information for details of the data
set on disk.) A three-dimensional simulation may require a large number of data
cards. To reduce the number of cards that must be read with each run, the
program includes options to place the arrays on disk and, on subsequent runs,
regd the data from disk rather than from cards. The data requirements for
this option are included in Appendix III and definition of the direct access
file on disk is explained in the section on technical information.

Time Parameters. The time parameters include the initial time step, DELT;

é multiplication factor for increasing the size of the time step, CDLT; the number
‘
ofhtime steps; NUMT; and the simulation period, TMAX. Since the rate of water-
1e§e1 change decreases during a pumping period, the time step i1s increased by
thé factor CDLT each step (commonly 1.5). For any time step (k) the time
increment is given by
DELTk = CDLT * DELTk—l'

DELTo is the time step recorded on the data card.

The program has two options for selecting the time parameters:

1. To simulate a given period of time, select CDLT and an appropriate
DELTO, and set NUMT greater than the expected number of time steps. The pro-
gram computes the required initial DELT o (which will not exceed the value of

DELT0 coded on card 1 of group IV) and NUMT to arrive exactly at TMAX

on the final step.
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2. To simulate a given number of time steps, set TMAX greater than the
expeeted simulation period and the program will use DELTO, CDLT and NUMT as
specified on the time parameter card.

To minimiée the error due to approximation of the time derivative, several
time steps should be simulated before the first step at which results are dis-
played. This suggéstion should be followed unless the system is nearly at
steady state before the results are needed. In this case a one-step simulation
may be safisfactory but this approach should be checked by making one run as
a multi-step simulation so that the results can be compared.

For steady-state simulations, set the storage coefficient of each layer
to zero. Compute for one time step of ény length (for example, set TMAX = 1,
NUMT = 1, CDLT = 1, DELT = 24) and the program should iterate to a solution.
The maximum permitted number of iterations (ITMAX) should be larger for
steady-state than for transient simulations.

Initialization. In addition to reading data and computing the time

parameters this routine initializes other arrays and scalar parameters. In
particular, note that the division of well discharge by the area of the block
needs to be done only once for each pumping period. -

Subroutine STEP

Subroutine STEP initializes variables for a new time step and controls the
printing and punching of results for designated time steps. In this routine,
the computed head values, cumulative time and cumulative values for the mass
balance parameters are punched on cards if PUN2 is specified in the options
in group I of data input or are written on a previously defined data set on
disk if DK2 is specified in the options. (See the section on technical

information for details about the data set on disk).
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Subroutine SOLVE

This subroutine computes the SIP iteration parameters and has the SIP
normal and reverse algorithms which are outlined in the section on numerical
solition. The algorithm is shortened for computation on the lowermost and
uppermost layers.

In this routine the usual (I,J,K) notation has been replaced in favor -of
single-subscript notation. Less time is involved in finding the value of a
variable with a single subscript than in finding the value of one with three
subscripts and as a consequence computational efficiency is improved. The
subscripts used in this notation are defined in the code.

Computational efficiency is also improved by including the computation
of the term S'/At and the coefficients B,D,F,H,S, and Z in this routine
rather than in COEF.

If thé permitted number of jiterationsfor the time step is exceeded, fhe
message "EXCEEDED PERMITTED NUMBER OF ITERATIONS" is printed. Following the
message, the mass balance, head matrix and other data specified in the
options are printed. This information is useful in determining the cause of
non convergence. The mass-balance parameter values and head values for the
last iteration are punched if PUNC is specified in the option or written on
disk if DK2 is specified. These results can be used to extend the simulation

if it appears that a solution can be obtained.

~
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Subroutine COEF

If the upper hydraulic unit is under water-table conditioms, its
transmissivity as a function of saturated thickness is recomputed every
iteration. For those nodes where the computed head drops below the bottom
elevation of the unit, a message '"NODE I, J IN LAYER K GOES DRY' is printed.
A similar message is printed if a well node goes dry. The hydraulic con-
ductivity at these nodes is set to zero and computation continues. No
provision is made to permit these blocks to resaturate because the additiomal
code for this special situation is not warranted in a general program.

The T coefficients TR, TC and TK may be computed once and saved for

artesian units; for water—table units, TR and TC are recomputed every
jteration and TK stays constant until block K+l desaturates, then

TK(I,J,K) = 0.0. They are defined as

2T T
xx[j+1] xx
R(I,J,K) = 775 j+ T Ax (262)
xx  j+l xx[j+1]
2T T
TC(I,3,K) = yyli+l] yy - (26b)
2R T T Ay + T Ay 3
yy “i+l yyl[i+l]
LI = 2K, i (PK, ) (26¢)
(bR, )8z + (K, ) 4182
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Subroutine CHECK

A mass balance is computed in this routine. The results are expressed in
two ways: 1) as a cumulative volume of water from each source and each type of
discharge, and 2) as rates for the current time step. Note that 'leakage'
and 'evapotranspiration' appear in the mass balance but are set to zero be-
cause these options are not included in the current version of the model.

In the cumulative mass balance, storage is treated as a source of water,
Flow to and from constant-head boundaries is computed with Darcy's law using
the gradients from constant-head nodes to adjacent nodes inside the porous
medium. Other computations in the algorithm are self-explanatory. The
difference between the sum of recharge sources and sum of discharges from the
system is usually less than one percent.

To the right of the cumulative mass balance are printed the flow rates
for the current time step. Below the cumulative mass balance are printed the
flow rates to individual constant head nodes (if included in the simulation).
This is followed by the net flow rate to the top layer from below and the net
flow rate to the bottom layer from above.

The last item is the listing of the absolute value of the maximum head
change for each iteration. This information is useful if convergence is slow
with SIP because it may indicate that a slightly larger error criterion will
give a satisfactory solution with considerably fewer iterations.

Subroutine PRNTAL

This routine prints maps of drawdown and(or) hydraulic head for selected
layers. Up to three characters are plotted for each block with the right-
most character as close to the location of the node as the printer will allow.
The user specifies XSCALE and YSCALE, the multiplication factors required to

change from units used in the model to units used in the map (in general they
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should be the same); DINCH, the number of map units per inch; FACT1 and FACT2,
the multiplication factors for adjusting the values of drawdown and head to be
plotted, respectively; MESUR, the name of the unit used on the map, and vectors
LEVEL]1 and LEVEL2 which contain the layers for which maps are to be printed. As
an example, assume that the length unit used in the model is feet, the map is to
be scaled at 3 miles per inch and drawdown values to the nearest foot and head
values to, the nearest 10 feet are to be plotted for layers 1 and 3. Then
XSCALE = YSCALE = 5280, DINCH = 3, FACT1 = 1; FACT2 = 0.1; MESUR = MILES;

LEVEL1 (1) = LEVEL2 (1) = 1; and LEVEL1(2) = LEVEL2(2) = 3.

To print a map of maximum possible size, number the rows in the short
dimension to take advantage of the orientation of the map on the computer page
where the X direction is vertical and the Y direction horizontal. (See figure 10).
The origin 1is the upper left-hand corner of the block for row 2, column 2.
Orienfing the map with the origin in the upper left hand corner, the right and
bo;tom sides of the map include the node locations for the second to last
column and row, respectively. The border is located to the nearest inch out-
side these node locations and may or may not fall on the block boundaries
depending- on the scaling. The map is automatically centered on the page and
is limited to a maximum of 12 inches (30 cm) in the Y direction. If the
parameters for a map are specified such that the Y dimension is more than
12 inches (30 cm) adjustments are automatically made to fit the map within
this limit. A common mistake is to specify a value for Y scale that is less
than 1.0. This generates the message 'NOTE: GENERALLY SCALE SHOULD BE > OR = 1.0'
and a suitable adjustment is made to DINCH. 1In the X direction the map is
limited only by the dimension of the NX vector (for example, when the dimension
of NX is 100, the map is limited in the X directiom to 100 - 1 = 99 inches
[250 cm]). Several parameters (PRNT, BLANK, N1, N2, N3, and XNl) are

initialized in the BLOCK DATA routine to values that assume the line printer
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prints 6 lines per inch, 10 characters per inch, and 132 characters per line.
These parameter vaiues may need to be changed for a line printer with other
specifications.

The PRNTAI subroutine can be modified to cycle a set of alphameric
symbols for drawdown. If this type of map is desired, remove the C from
column 1 of statements PRN1(60 and PRN1230. This will cycle the symbols
1,2,3,4,5,6,7,8,9,0 for drawdown. To plot a different set of symbols will
require modif;cation of the initialization of SYM in BLOCK DATA. To cycle
more than 10 symbols will require more extensive changes to the initialization
of SYM and modifications to the code in ENTRY PRNTA.

BLOCK DATA
The BLOCK DATA routine initializes scalar parameters and arrays used in

PRNTAI and other subroutines.

Technical Information

Use of disk facilities for storage of array data and interim results.

Options are included in the program to enable storage and retrieval of array
data (STRT, S, T, etc.) and the saving of interim head values without punching
them on cards. Use of these options can be particularly beneficial at remote
terminals with low speed data transmission or without punch output capability.
Also, the type of read statements used afford more efficient data transmission

from disk than from cards.

Storage of array data is accomplished wvia a direct access data set that is
defined by a DEFINE FILE statement in the méin program (card MAK 0310) and by a
DD statement in the JCL string used to execute the program. To establish the
data set, the DEFINE FILE statement and the DD statement must indicate the
amount of space that is required. The DEFINE FILE statement takes the

following form:
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DEFINE FILE 2{XX.?7?.U-KKKZ MANDO310

where 2?77 is the number of nodes per layer for the problem being solved
(I0 * JO) and XX is the number of records to be reserved for data set storage.
The value of XX is 3 times KO, plus KO-1 if TK values are assigned, plus 2
for the water table option, plus 1 for the recharge option. Parameters U
and KKK are indicators and do not vary.

The DD statement contains information, such as account number, that
will be different for each user. Also, the first reference to the data
set is somewhat different from subsequent references. To utilize one of the
disk packs for semi-permanent storage of user data, the first reference to the
data set will take the following general form if the FORTGCG procedure is

used to compile and execute the program.

//G0.FTO2F00L DD DSN=Data Set Name,
//  UNIT=ONLINE.DISP={NEW.KEEP}-
// SPACE={2?227.{XX}hDCB={RECFN=F}

where 7?72?77 is the number of bytes per record that are to be reserved and
should be set equal to IO * JO [*4].

When this initial allocation is processed the sysfem will indicate in the

HASP system log, JCL string output, the volume on which the data set was

established (for example, SYSOll or SYS015). Subsequent use of the data set

must indicate this information by modifying the underlined parameters in

the initial reference to the data set. Thus the DD statement will read:

//G0.FTO2F00)Y DD DSN=Data Set Name,
// UNIT=ONLINE.DISP=SHR.VOL=SER=YYYYYY
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where the DSN parameter is the same as the initial run and YYYYYY indicates
the volume (for example, SYS015) on which the data set was established by the
initial run. The individual data arrays that are to be stored and later
retrieved from this data set are specified on the parameter card for each
array. These specifications are discussed completely in Appendix III.

Interim results. The initial head, cumulative simulation time, and mass

balance parameters may be read from a data set on disk if DKl is specified
in the options. These data are the results of a previous simulation run and
were written on disk because DK2 was specified in the previous run. They permit
intermediate results to be examined before extending the simulation period. The
same procedure élso applies in simulations where the permitted number of iterations
is exceeded.

The unit number for the data set is 4; an example of the JCL required to
generate space for the data set on a disk is givén below:
//STEPL EXEC PGM=IEFBR1Y
//SYSUTL DD DSN=Data Name Set, VOL=SER=Disk Name-.UNIT=3330.DISP={NEW.KEEPZ}.
// SPACE={TRK-{5.1}}-.DCB={RECFM=VBS,BLKSIZE=13030}
Note that with the data set defined this way an extra 28K bytes of storage
are required for the two buffers. If the block size is reduced, the storage
required for the buffers is reduced correspondingly. If a procedure such as

FORTGCG is used, insert a card analogous to

//GO0.FTOYFOOL DD UNIT=3330.VOL=Disk Name.DISP=SHR.DSN=Data Set Name

before the //G0.SYSIN DD x card to define unit 4.

<
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JCL to execute a compiled program which includes unit 4 follows:

// Job card

//7A EXEC PGM= Program Name- REGION=410K TIME=3
//STEPLIB DD DSN='Data Set Name'.VOL=SER=Disk Name UNIT=3330.DISP=SHR
//FTONFO0YL DD UNIT=3330.VOL=SER=Disk Name. DISP=SHR.DSN=Data Set Name

//FTOLFOO0L DD SYSOUT=A
//ETO?FO0L DD SYSOUT=B
//FETOSFOO0L DD %

DATA
/%

Unless the program is modified, writing on unit 4 destroys data previously

written on this unit.

Storage Requirements. The amount of core that is needed can be found
in table 3.

Table 3--Core requirements for compiling and executing program

Item . K bytes required
For compilation
FORTRAN G, LEVEL 21 120
FORTRAN H, OPT=2 . 250
For execution .
FORTRAN G, LEVEL 21 88
FORTRAN H, OPT=2 72
BUFFERS
Unit 4 28
Unit 2 ((zo*Jo*4+z1y /1000) *2

Vector Y ' X-H-/ 256

+Round I0*J0*4 up to the nearest 2000 bytes (for example, if I0*J0*4=6400,
let Z=1600 and the buffer space for Unit 2 will be 16K).

~H-X is the dimension of Y in the main program.
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Computation time. Computation time is a function of many variables but

as an approximation, about 0.001 second of CPU time on the IBM 370/155 is
required for each interior node each iteration using the FORTRAN H, OPT = 2
compiler. For example, a steady-state problem designed by Weeks and others
(1974) with 2116 interior nodes requiring 25 iterations to satisfy the
error criterion took 51 seconds of CPU time.

Using a source code generated with the FORTRAN G, LEVEL 21 compiler,
the computation time is increased by about one half.

FORTRAN IV. The program includes several FORTRAN IV features that are
not in ANS FORTRAN (for example, ENTRY, END parameter in read statement, mixed-
mode expressions, G format code, literal enclosed in apostrophes). If the
program is used at a computer center where the FORTRAN compiler does not
include these extensions, programmers at the selected installations may be
available to modify the computer code as necessary.

Program Limitations

The model docﬁmented in this report was motivated primarily by a need
to find a substitute for Bredehoeft and Pinder's (1970) quasi thf;e-
dimensional model. Consequently, the model should be reasonably frze of errors
for this type of simulation. The model has not been tested on all types of
simulations in which equatio; 3 is being solved. Consequently, undiscovered
errors in the logic may appear as the model is applied to new problems. I would
appreciate hearing about 'bugs' in the logic so that corrections can be made
and other users informed.

The finite-difference model for Qimulation of ground-water flow in two
dimensigns (P.C. Trescott, G.F. Pinder and S.P. Larson, written communication,

1975) includes evapotranspiration and an approximation to transient effects
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of confining beds in the source term, and permits an aquifer to change from
artesian to water-table conditions. Some of these features (particularly
evapotranspiration) can be added to the three-dimensional model with only

moderate changes to the code.
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APPENDIX III

DATA DECK INSTRUCTIONS

Group I: Title, Simulation Options and Problem Dimensions

This group of cards, which are read by the main program,
contains data required to dimension the model. To specify an option
on card 4 punch the characters underlined in thedefinition. For an
option not used, that section of the card 4 can be left blank.

Note: Default typing of variables applies for all data input.

CARD COLUMNS FORMAT VARIABLE DEFINITION
1 1-80 20A4 HEADING Any title the user wishes to
print on one line at the start
of output.
2 1-52 13A4 "
3 1-10 I10 10 . Number of rows
11-20 I10 JO Number of columns
21-30 110 KO Number of layers
31-40 I10 ITMAX Maximum number of iterations
per time step
41-~50 I10 NCH Number of constant head nodes
4 1-4 A4 IDRAW DRAW to print drawdown
6-9 Ad IHEAD HEAD to print hydraulic head
11-14 A4 IFLOW MASS to compute a mass balance
16-18 A3 IDK1 DKl to read initial head,

elapsed'time, and mass balance
parameters from unit 4 on disk

21-23 A3 - IDK2 DK2 to write computed head,
elapsed time, and mass balance
parameters on unit 4 (disk)

26-29 A4 IWATER WATE if the upper hydrologic
unit is unconfined
31-34 A4 IQRE RECH for a constant recharge

that may be a function of space
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CARD COLUMNS FORMAT  VARIABLE

4 36-39 A4 IPU1
41-44 A4 IPU2
46-49 A4 ITK

III-2

DEFINITION

PUN1 to read initial head,
elapsed time, and mass balance
parameters from cards

PUN2 to punch computed head,
elapsed time, and mass balance
parameters on cards

ITKR to read the value of TK(I,J,K)
for simulations in which confining
layers are not represented by

layers of nodes. TK(I1,J,K) = Kzz/b.



Group II: Scalar parameters

The parameters required in every problem are underlined. The
other parameters are required as noted; when .not required, their location
on the card can be left blank. The G format is used to read E, F and 1
format data. Minimize mistakes by always right-justifying data in the
field. If F format data do not contain significant figures to the right
of the decimal point, the decimal point can be omitted.

CARD COLUMNS FORMAT VARIABLE DEFINITION
1 1-10 G10.0 NPER Number of pumping periods for
the simulation
11-20 G10.0 KTH Number of time steps between printouts

Note: To print only the results for the final time step in
a pumping period, make KTH greater than the expected number
of time steps. The program always prints the results for the
final time step.

21-30 G10.0 ERR Error criteria for closure (L)

Note: When the head change at all nodes on subsequent iterations
is less than this value (for example, 0.01 foot), the program
has converged to a solution for the time step.

31-40 G10.0 LENGTH Number of iteration parameters
2 1-10 G10.0 XSCALE Factor to convert model length

unit to unit used in X direction
on maps (e.g. to convert from
feet to miles, XSCALE = 5280).

For no maps, card 2 is blank

11-20 G10.0 YSCALE Factor to convert model length
unit to unit used in Y direction
on maps.’

21-30 G10.0 DINCH Number of mao units per inch

31-40 G10.0 = FACT1 Factor to adjust value of
drawdown printed*

41-49 911 LEVEL1(I) Layers for which drawdown maps are

to be printed. List the layers startir
in columun 41; the first zero

entry terminates the printing of
drawdown maps.
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COLUMNS FORMAT VARIABLE
51-60 G10.0 FACT2
61-69 911 LEVELZ2(I)
71-78 A8 MESUR
1-20 G20.10 SUM
21-40 G20.10 SUMP
41-60 G20.10 PUMPT
61-80 G20.10 CFLUXT
1-20 G20.10 QRET
21-40 G20.10 CHST
41-60 G20.10 CHDT
61-80 G20.10 FLUXT
1-20 G20.10 STORT
21-40 G20.10 ETFLXT
41-60 G20.10 FLXNT
*Value of
drawdown FACT 1 or Printed
or head FACT 2 value
0.01 1
0.1 5
52.57 1.0 53
10.0 526
100.0 wkk
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DEFINITION

Factor to adjust value of head
printed*

Layers for which head maps are

to be printed. List layers
starting in column 61; the first
zero entry terminates the printing
of head maps.

Name of map length unit.

Parameters in which elapsed time and
cumulative volumes for mass balance
are stored. For the start of a simula-

. tion insert three blank cards. For

continuation of a previous run using

cards as input, replace the three blank
cards with the first three cards of
punched output from the previous run.
Using data from disk for input, leave
the three blank cards in the data deck.



Group III:

Array Data

Each of the following data sets (except data set 1) consists of
a parameter card and, if the data set con-ains variable data, a set of

data cards.

data cards (for layers with variable data) are required for each layer.

If the data set requires data for each layer, a parameter card and

Each

parameter card contains at least five variables:

CARD COLUMNS FORMAT  VARIABLE DEFINITION
Every 1-10 G10.0 FAC If IVAR = 0, FAC is the value
Parameter assigned to every element of the
Card matrix for this layer.
If IVAR = 1, FAC is the multiplication
factor for the following set of data
cards for this layer.
11-20 G10.0 IVAR = 0 if no data cards are to be read
for this layer.
. =1 if data cards for this layer follow.
21-30 Gl10.0 IPRN = 0 if input data for this layer are
to be printed; '
= 1 if input data for the layer are not
to be printed.
Trans-
missivity
Parameter 31-40 G10.0 FACT(K,1) multiplication factor for transmissivity
Cards also in x direction
have these ’
Variables
41-50 G10.0 FACT(K,2) multiplication factor for transmissivity
) in the y direction
51-60 G10.0 FACT(K,3) multiplication factor for hydraulic
conductivity in the z direction.
(Not used when confining bed nodes
are eliminated and TK values are read)
Every 61-70 G10.0 IRECS = 0 if the matrix is being read from cards
Parameter or if each element is being set equal to
Card FAC .
= 1 if the matrix is to be read from
disk (unit 2)
71-80 G10.0 IRECD = 0 if the matrix is not to be stored

ITI-5

on disk. :

= 1 if the matrix being read from cards
or set equal to FAC 1is to be stored on
disk (unit 2) for later retrieval.



When data cards are included, start each row on a new card. To
prepare a set of data cards for an array that is a function of space,
the general procedure is to overlay the finite-difference grid on a
contoured map of the parameter and record the average value of the
parameter for each finite-difference block on coding forms according to
the appropriate format. In general, record only significant digits and
no decimal points (except for data set 2); use the multiplication factor
to convert the data to their appropriate values. For example, if DELX
ranges from 1000 to 15000 feet, coded values should range from 1-15;
the multiplication factor (FAC) would be 1000.

DATA SET COLUMNS FORMAT  VARIABLE DEFINITION

1 1-80 8F 10.4 PHI(I,J,K) Head values for continuation
of a previous run (L)

Note: For a new simulation this data set is omitted. Do not include a
parameter card with this data set.

2 1-80 8F 10.4 STRT(L1,J,K) Starting head matrix (L)
3 1-80 20F 4.0 S (I,J,K) Storage coefficient (dimensionless)

Note: This matrix is also used to locate constant head boundaries by coding
a negative number at constant head nodes. At these nodes T must be greater than

zero. 1If equation 3 is to be solved, read specific storage instead of
storage coefficient.

4 1-80 20F 4.0 T(1,J,K) Transmissivity (Lz/t)

Note 1) Zero values are required around the perimeter of the T matrix
for each layer for reasons inherent in the computational scheme.
This is done automatically by the program.

2) See the previous page for the additional requirements on the
parameter cards for this data set.

3) If the upper active layer is unconfined and PERM and BOTTOM are
to be read for this layer, insert a parameter card for this layer
with only the values for FACT on it. 71f equation 3 is to be solved
read hydraulic conductivity insteady of transmissivity.

5 1-80 20F 4.0 TX(I,J,K) Kzz/b

Note: This data set is read only if specified in the options. The number of
layers of TK values = K'- 1. See thediscussion of the treatment
of confining layers.

6 1-80 20F 4.0 PERM(I,J) Hydraulic conductivity (L/T)
(see note 1 for data set 4)

7 1-80 20F 4.0 BOTTOM(I,J) Elevation of bottom of water-
table unit (L) :
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DATA SET COLUMNS

FORMAT

VARIABLE

DEFINITION

Note: Data sets 6 and 7 are required only for simulating unconfined
conditions in the upper hydrologic unit.
8 1-80 20F 4.0 QRE(I,J) Recharge rate (L/T)
Note: Omit if not used
9 1-80 8G10.0 DELX(J) Grid spacing in x direction (L)
10 1-80 8G10.0 DELY(I) Grid spacing in y direction (L)
11 1-80 8G10.0 DELZ(K) Grid spacing in z direction (L)
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Group IV: Parameters that change with the pumping period

The program has two options for the simulation period:

1. To simulate a given number of time steps, set TMAX to a
value larger than the expected simulation period. The
program will use NUMT, CDLT, and DELT as coded. If NUMT

is greater than 50 change the dimension of i
subroutine STEP to the gppropriate size. 1719 o

2. To simulate a given pumping period, set NUMT larger than
the number required for the simulation period (for example,
50). The program will compute the exact DELT (which will
be < DELT coded) and NUMT to arrive exactly at TMAX on the
last time step.

CARD COLUMNS FORMAT VARIABLE DEFINITION

1 1-10 G10.0 KP Number of the pumpiug period
11-20 G10.0 KPM1 Number of the previous pumping period

Note: KPM1 is currently not used

21-30 G10.0 NWEL Number of wells for this pumping
period

31-40 G10.0 TMAX Number of days in this pumping
period :

41-50 G10.0 NUMT Number of time steps

51-60 G10.0 CDLT Multiplying factor for DELT

Note: 1.5 is commonly used

61-70 G10.0 DELT Initial time step in hours

If MWEL: O the following set of cards is omitted

DATA SET 1 (NWEL cards)
COLUMNS FORMAT VARIABLE DEFINITION
1-10 G10.0 K Layer in which well is located
11-20 G10.0 I Row location of well
21-30 G10.0 J Column location of well
31-40 G10.0 WELL(I,J,K) Pumping rate (L3/t), negative

for a pumping well.

For each additional pumping pericd, another set of group IV cards 1is
required (that is, NPER sets of group IV cards are required).
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APPENDIX IV

EXAMPLE SIMULATION

The following pages illustrate the data input and results of the
steady-state simulation of a hypothetical problem including two aquifers
separated by a confining layer (figure 11). Boundaries are no-flow except
for a constant~head boundary along the left side of the upper aquifer. The
aquifers are identical except that the upper aquifer is unconfined. The
confining bed is not represented by a layer of nodes because only vertical
flow is simulated and this is incorporated in the equations for the two
aquifers. The finite-difference grid, therefore, consists of two layers of
nodes with uniform grid spacing. There are two discharging wells, one in each
of the two aquifers.

Table 4 lists the data input required for this simulation. The format
fo; data are given in Appendix III. The location of numbers on the data
cards should not be difficult to determine because thef are either in
fields of 4 OT 10 spaces. In general, zero values have not been coded.

The printout of this simulation follows Table 4 and is either self-

explanatory or has been discussed in Appendix II.
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Figure 11.--Schematic illustration of example problem.
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A

]
BCTTOM
coLT
D
DOwN
DELTY
DELX
DELY
CELZ
LM

FL

ERR

F

Fac

FL
FLOW
GL

]
HEADNG
10
ICHK
ICk1
I0k2
I0RAMW
IERR
IFINAL

. IFLC

IFEAD
IKyJKsKS
vax
IN
INFT
IOFT
IPyuP
IPRN
1PUl
1PU2
1Q,4Q
I1GRE
ISUM
IRECD
IRECS
IRN

I7
1TMAX
ITMXL
1770

APPENDIX V

OEFINITION OF PROGRAM VARIABLES

- eoeceeeecceavesceae s

DUMMY ARRAY NAME USED TO INPUT MATRIX DATAS
TCtI=1sJaK)/DELY(I) S

ELEVATION OF THE BOTTOM OF THE UPPER UNITS
MULTIPLYING FACTOR FOQR THE TIME STEPS
TR(IsJ=1sK)/DELX(J)}

VECTOR THAT CONTAINS ORAWDOWN VALUES (L)

TIME INCREMENT (T) 3

GRID SPACING IN THE X DIRECTION (L)

GRID SPACING IN THE Y DIRECTION (L)}

GRIC SPACING IN THE 2 DIRECTION (L)

DUMMY ARRAY USED TO COMPLETE THE ARGUMENT LIST FOR ENTRY
ARRAY WHEN THE LAST 3 ELEMENTS ARE NOT REQUIREDS
ELEMENT OF UPPER TRIANGULAR FACTOR U}

CLOSURE CRITERIA (L)%

TR(IsJeK)/DELX(J)

SEE EXPLANATION IN GROUP III: ARRAY DATAS
ELEMENT OF UPPER TRIANGULAR FACTGQR U}

FLOW RATE TO A CONSTANT-HEAD NODE (L#*%3/T)3
ELEMENT OF UPPER TRIANGULAR FACTOR U3
TC(IsJoK)/DELY (D)}

TITLE FOQR SIMULATIONS

NUMBER 'OF ROWS}

VECTOR CONTAINING PROBLEM OPTIONSS

OPTION TO READ HEAD DATA FROM DISKS

OPTION TO WRITE RESULTS ON DISK$

OPTION 7O PRINT DRAWDOWNS

= 29y PROGRAM HAS EXCEEDED PERMITTED ITERATIONS}S
= 0 ALL TIME STEPS EXCEPT THE LASTI

2 ] LAST TIME STEP IN PUMPING PERIOD}

OPTION TC COMPUTE A VOLUMETRIC BALANCES

OPTION TO PRINT HEAD MATRIXS

DIMENSIGONS OF TK ARRAY3}

MAXIMUM OF 10,403

DUMMY ARRAY USED TO PRINT MATRIX NAMES IN DATAIS
AN ARRAY OF FORMATS USED TO READ MATRIX DATAY

AN ARRAY OF FORMATS USED TO PRINT MATRIX DATA}
DIMENSIONS OF PERM AND BOTTOM ARRAYSH

SEE EXPLANATION IN GROUP IIl: ARRAY DATAS

OPTION TO READ HEAD AND MASS BALANCE VALUES FROM CARDSS
OPTION TO PUNCH RESULTS ON CARDSS

DIMENSIONS OF QRE ARRAYS

OPTION FOR RECHARGES

THE CUMULATIVE WORDS OF STORAGE USED IN THE VECTOR Y!
SEE EXPLANATION IN GROUP III: ARRAY DATA}

SEE EXPLANATION IN GROUP III: ARRAY DATAS
COUNTER TO INDICATE THE CURRENT RECORD NUMBER IN THE
DIRECT ACCESS DATA SET3S

ITERATION COUNTERS

MAXIMUM NUMBER OF ITERATIONS PER TIME STEPS
ITMAXe1S

VECTOR CONTAINING TOTAL NUMBER 'OF ITERATIONS PER TIME STEP!S



IVAR SEE EXPLANATION IN GROUP III: ARRAY DATAS
IWATER OPTION FOR WATER=-TABLE CONDITIONS IN UPPER LAYER}
Jo NUMBER 'CF COLUMNS3

JFLO ARRAY CCNTAINING LOCATION OF CONSTANT-HEAD NODESS
Ko NUMBER 'CF LAYERSS

KP NUMBER 'CF THE PUMPING PERIOD!

KPM1 NOY CURRENTLY USED?

L8 TIME STEP COUNTER}

RTH NUMBER CF TIME STEPS BETWEEN PRINTOUTSS

L VECTOR CONTAINING INITIAL ADDRESS OF ARRAYSI

LENGTH NUMBER CF ITERATION PARAMETERS!

LEVEL! VECTOR CONTAINING LAYERS FOR WHICH DRAWDOWN MAPS ARE
7O BE PRINTED?

LEVEL2 VECTOR CONTAINING LAYERS FOR WHICH HEAD MAPS ARE
TO BE PRINTEDS

NAME AN ARRAY OF MATRIX NAMES!
NCH NUMBER CF CONSTANT=-MEAD NODESS
NPER NUMBER QF PUMPING PERIODS!H
NUMT NUMBER OF TIME STEPS!
NWEL NUMBER OF WELLS FOR A PUMPING PERIODS
oLo HEAD AT TWE END OF THE PREVIOUS TIME STEP!
PERM HYDRAULIC CONDUCTIVITY OF THE UPPER UNIT}
PKY HYDRAULIC HEAD (L)}
QR RECHARGE RATE(L/T)
QRE RECHARGE RATE (L/T)3
RKO S/0ELT (1/7)%
RmOP VECTOR CONTAINING ITERATION PARAMETERSS
S STQRAGE COEFFICIENTS
STRT HYDRAULIC HEAD AT THE START OF THE SIMULATIONS
Su TK(IsJsK)/DELZ(K)$
SUM TOTAL ELAPSED TIME IN THE SIMULATION (T)$
SUMP TOTAL ELAPSED TIME IN THE PUMPING PERIOD (T)3
T TRANSMISSIVITY (L#*2/T)}
TC HARMONIC AVERAGE OF T/DELY @ I+1/2+¢JoK (L/T)}
TEST = 0 CLOSURE CRITERIA SATISFIED!
2 ] CLOSURE CRITERIA NOT SATISFIEDS
TESTI MAXIMUM CHANGE .IN HEAD FOR THE TIME STEP}
TF AN ARRAY USED TO READ AND TRANSFER DIRECTIONAL
TRANSMISSIVITY FACTORSS
T HARMONIC AVERAGE OF BK/DELZ @ IsJeKel/s2 (L/T)H
TMAX NUMBER OF DAYS IN THE PUMPING PERIOD (T)%
TR HARMONIC AVERAGE OF T/DELX @ IgJel/2+K (L/T)}
v INTERMEDIATE VECTOR}Y
WELL WELL DISCHARGE (L®#*%3/T7)3
X1 ARRAY OONTAINING INCREMENTAL HEAD VALUES IN SIP SOLUTION (L)
Y VECTOR CONTAINING ARRAY STORAGE}
z TK(IoJoKel)/DELZ(K)

DEFINITION OF VARIABLES IN CHECKI SUBROUTINE

CFLUX INFLOW FROM RECHARGE WELLS (L*43/T)3

CFLUXT CUMULATIVE VOLUME OF WATER FROM RECHARGE WELLS (L#%3)}
ChHD1 RATE OF OUTFLOW TO CONSTANY HEAD BOUNDARY (L®##3/T)}
CHD2 RATE OF INFLOW FROM CONSTANT HEAD BOUNDARY (L##3/T7)3
CrOT CUMULATIVE DISCHARGE TO CONSTANT KEAD BOUNDARY ([ ®e3)s



CrsST

OIFF
ETFLUX
ETFLXT
FLUX

FLUXS
FLXN
FLXNT
FLXPT
PERCNT
PUMP
PUMPT
QREFLX
QRET
SToOR
STORTY
SUMR
TCTL1
TCTL2
X

Y

CUMULATIVE VOLUME OF WATER INFLCW FROM CONSTANT

HEAD BOUNDARY (L®%*3)3

ERRQOR IMN MASS BALANCE (L#*3)}

EVAPOTRANSPIRATION RATE (L#*3/7)3%

CUMULATIVE DISCHARGE BY ET (L##3)}

RATE OF LEAKAGE DUE TO GRADIENTS AT THE START

OF THE PUMPING PERIOD (L%##3/T)%

NET LEAKAGE RATE (L#®3/7)%

RATE OF DISCHARGE BY LEAKAGE (Le*3/T)$ -

CUMULATIVE VOLUME OF WATER DISCHARGED BY LEAKAGE (L#**3)1
CUMULATIVE VOLUME OF WATER INFLCW FROM LEAKAGE (L%*%3)%
PERCENT ERROR IN CUMULATIVE MASS BALANCE?}

DISCHARGE FROM WELLS (L®#3/T)¢

CUMULATIVE VOLUME OF WATER DISCHARGED BY PUMPING WELLS (L##3)}
RECHARGE RATE (L%*e3/T)}

CUMULATIVE VOLUME OF WATER DERIVED FROM RECHARGE (L**3)1

RATE OF CHANGE IN STORAGE FOR THE TIME STEP (L##3/T)}
CUMULATIVE VOLUME OF WATER DERIVED FROM STORAGE (L**3)}

SUM OF RECHARGE AND DISCHARGE RATES FOR THE TIME STEP (L**3/T)}
CUMULATIVE VOLUME OF WATER FROM ALL SOURCES (L#®#3)1}
CUMULATIVE VOLUME OF WATER DISCHARGED FROM THE SYSTEM (L **3)}%
NET FLOw TO RCTTOM LAYER (L®#3/7)%

NET FLOw TO TOP LAYER (Le*3/T),

DEFINITION OF VARIABLES IN THE PRINTAI SUBROUTINE

BLANK
O INCH
DIST
FACTI
FacTe
K
LA
MESUR
N
NA
NC
NG

N1

N2

N3

Né&

N8
NXD
NYD
PRNT
SPACNG
SYM
TITLE

CONTAINS BLANK SYMBOLSH

NUMBER COF MAP UNITS PER INCH1I

LOCATION OF NEXT COLUMN OF NODAL VALUES TO BE PRINTED}
FACTOR FOR ADJUSTING VALUE OF DRAWDOWN PRINTED:
FACTOR FOR ADJUSTING VALUE OF HEAD PRINTEDS
ADJUSTED VALUE OF DRAWDOWN OR MEADS

LAYER FOR WHICH A MAP IS BEING PRINTEODS

NAME OF MaP LENGTH UNITH

INDEX FCR SYMBOLSS

INDICES FOR LOCATING X LABEL}

NUMBER 'CF BLANKS BEFORE GRAPHS

= 1y FQR DRAWDOWN MAP}

= 29 FOR HEAD MAPS

NUMBER 'CF LINES PER INCH}

NUMBER 'CF CHARACTERS PER INCH}S

NUMBER OF CHARACTERS PER LINES

NUMBER ‘CF LLINES IN THE PLOTS

MAXIMUM NUMBER OF CHARACTERS IN Y DIRECTIONS
NUMBER ‘OF INCHES IN THE Xx DIMENSION OF PLOTS
NUMBER 'CF INCHES IN THE Y DIMENSION OF PLOTS
CONTAINS THE ARRANGEMENT OF SYMBOLS FOR EACH LINES
CONTOQUR INTERVAL (L)

VECTOR CONTADINING SYMBOLS USED IN THE PLOTS
TITLE PCR PLOTS

VF19VF29VF3 VARIABLE FORMATS FOR CENTERING PLOTH

WIDTH
XLABEL
Xh

WIDTH QF MODEL (L)§
LABEL FCR X AXIS}
NUMBERS FOR X AXISH



XN1
XSCALE

XSF
YOIM
YLABEL
YLEN
YSCALE

YSF

1 INCH/(N1%#2)3%

MULTIPLICATION FACTOR TO CONVERT MODEL LENGTH UNIT
TO UNIT USED IN X DIRECTION ON MAPSS

X SCALE FACTOR3

LENGTH GF AQUIFER IN Y DIRECTION (L),

LABEL PCR Y AXISH

LOCATIOM OF NEXT VALUE IN THE COLUMN TO BE PRINTEDS
NUMBERS FOR Y AXIS}H

MULTIPLICATION FACTOR TO CONVERT MODEL LENGTH UNIT
TO UNIT USED IN Y DIRECTION ON MAPS3S

Y SCALE FACTOR}G

LOCATION OF NEXY LINE TO BE PRINTED.

Ves
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APPENDIX VI
Program Listing
meceevews . Ll L) =«MANOOQO10

FINITE=-DIFFERENCE MODEL FOR SIMULATION OF GROUND=WATER FLOW IN MANQQZ20
THREE DIMENSIONS, SEPTEMBERs 1975 BY P,C, TRESCOTTs Ue Se¢ Ge Seo MANQO30

WITH CONTRIBUTIONS TO MAINs DATAI AND SOLVE BY SoP: LARSON MANOCO4O
LT TP PRI L LI L I T Y Y - wsnwescccacsaMANOOSO
MANOQOE&D
SPECIFICATIONS: MANOOTO
REAL #BYSTR MANOOBD
MANOQOSO
DIMENSION Y(102000)y L(25)9 HEADNG(33) 9y NAME(42)9 INFT(2,2)9 IOFT(MANO10O
19+4)y DUM(3) MANO1lO
MANO120
ECUIVALENCE (YSTRsY (1)) MANO130
MANO140

COMMON /INTEGR/ I09J0eKO09I1loJdloK)loIoJoKsNPERIKTHeITMAXSLENGTHoKPINMANOLISO
IWEL oNUMT o IFINAL o IToKT s IMEAD s IDRAWS IFLOsIERR9IZ29J29eK29 IMAXs ITMX]19NCMANO160

2HoIDK1 9 IDK2s INATERSJIQRE 2 IPoUP 1100 JQo IKs UKo K5y IPUL s IPURHITK MANQ1T0
COMMON /SPARAM/ TMAX4COLTIDELTIERRSTEST »SUMsSUMPQR MANO180

COMMON /SARRAY/ ICHK(13)sLEVEL](9)+LEVEL2(9) MANO1SO

: MANO200

DATA NAME/2%4H 144 Ss4HTART»AHING 4HMHEAD 14 H v4H STO»4HRAGMANQZ1O0
1Es4MH COEs4HFFICyAHIENT 2%4H s4H  TRIAHANSMyAHISSIAHVITY,5%4H MANQ220
2 os4H TKeéH HYs4HDRAUIGHLIC 94HCONDsSHUCTIJ6HVITY 206K »4HBOTMANO230
ITe4HOM EoGHLEVAIARTIONs2®4H roH Re4HECHA4HRGE »4HRATE/ MANQ240

DATA INFT/4H(20F o4Ma,0) s&M(BF194HO0.4)/ MANQ250

DATA IOFT/4H{1HO9s6HoI2994H2X9294HOF6,94H1/ (Se4HX92094HFE,)04H)) (MANQR6D
14k veH(1HO o AHo IS o o4 H1AFF94H S5/ (s4HIH 29 8HSX 91 9s4HEFTI,26H5)) s4H MANO270
2 26 (1HO o4 Mo ISo s SHIOEU g0 H2o5/ e 4H (1M s4HISX s s 4HI0EL v 4H2Z2,5) o 4H) MANO280
J94H(IHOs4H ISssdH]IO0EL 94MHL1s3/7904H(LIH 24HISXo94HI0ELs4M143) 94H) / MANQ2SO

MANQ300
DEFINE FILE 2(8+15209UsKKK) MANO310
......'....'........'...'..‘."'.'..'....."".....‘.."..'..'.".MANOBEO

MAN0330
==aREAD TITLEs PROGRAM SIZE AND OPTIONS=ee MAN0J40
READ (S59200) MEADNG MANO350
WRITE (65190) MEADNG MANO36&0
READ (S9160) I0sJOsKOsITMAXyNCH MANO370
WRITE (6,180} I0¢JOosKOsITMAXINCH MANO380

READ (5+210) IORAWsIHEADsIFLO9IDK1+IDK29IWATERsIQREsIPUL,IPU2,ITK MANO3SO
WRITE (64220) IDRAW,IHEADsIFLOsIDK1»10K2,IWATERs IQRESIPUL»1IPUZ2,ITKMANO4OD

IERR=0 MANO410

MANO&20
«==COMPUTE DIMENSIONS FOR ARRAYS=e= MANO430
JimJ0=1 MANO44O
Il1=10e] MANO4SO
KluKQ=]l ' ' MANO46O
I2=10=2 MANO4T70
J2nJo=2 MANO&BO
K2=K0=2 MANQ 4SO
TMAX=MAXQ (104J0) MANOSOO
NCD=MAX0 (1 9yNCH) ' MANOS10
ITMX1=ITMAXSL MANOS20
IS12=109J0%K0 MANOS30
IKI=10®J0 MANOS40
IK2=MAXO (IK1%K1,1) MANOSS0
ISUMB28[SIZe1 MANOS60

Vi-1



10

20
30

40

50

60

70

L(l)=]

DC 30 I=2,14

IF (I1.NE,8) GO TO 20
L(8)=ISUM
ISUM=ISUM+ IK2
IF (IK2.,EG.,1) GO TO 10
IXK=10

JK=J0

KS=K]

60 TO 30

IK=l

JK=z]

KS=1

G0 TO 30
L(I)=ISUM
ISUMZISUMeISI2
OONTINUE
L{15)=ISUM
ISUM=ISUMe O
L(16)=ISUM
ISUM=ISUMeI0
L(17)=ISUM
ISUM=ISUM+KO
L{18)=ISUM
ISUM=TSUMe IMAX
L(19)=ISUM
ISUMBISUMeKOn]I
L(20)=ISum
ISUMz ISUMe T TMX]
L(21)=ISUM
ISUMSISUM«3IaNCD
L(22)=ISUM
ISUM=ISUM+NCD
L(23):=sISUM

IF (IWATER.NELICHK(6)) ‘GO TO 40
ISUMEISUMeIK]
L(24)=ISUM
ISUM=ISUMeIK]
IPsI0

NLE N

G0 TO S0
ISUMRISUMe]
L(2d)=ISUM
ISUM=ISUMe]
1Pa]

JP=a]l

L(2S)=ISUM

IF (IQRE.NE,ICHK(T)) GO TO 60

ISUMaISUMeIK]

18=10

JesJo

60 T0 70
ISUM=ISUMe]

IG=])

Je=]

WRITE (64170) ISUM

MANOST0
MANOS80
MANOSSO
MANOG6OO
MANOG610
MAN0&20
MANOG630
MANDG4 0
MAN0650
MANOGEO
MANO&TO
MAN0GBO
MANO06&S0
MANO700
MANO710
MANOT20
MANOT30
MANQOT40
MANOTS0
MANOT760
MANO770
MANOTEO
MANO7G0
MANOBOO
MANOB810
MANOB20
MANO0B30
MANO084O
MANOBSO
MANOB6O
MANOB70
MANOBSO
MAN0BSO
MANOS00
MANO910
MANOG20
MANOS30
MAN0940
MANOSSO
MANQOS60
MANOSTO
MANOS980
MANO0SSO
MAN1000
MAN1O10
MAN1Q20
MAN1G30
MAN1040
MAN10SO
MAN1060
MAN10O70
MAN] O8O
MAN10S90
MANL1100
MAN1110
MAN11l20



s Xe NaNe)

on

80

90

100

110
120

130

MAN1130
~==PASS INITIAL ADDRESSES OF ARRAYS TO SUBRCUTINES=== MAN1140
CALL DATAI(Y(LLL)) oY (LL2)) oY (L))o Y(LCO)) o Y(L(S)) o Y(L(E))oY(L(T))MANILSO

ToY(L(B)) oY (L))o YILI1E) )oY (LC1OI )oY (LCLTI) oY LLIL19)) o Y(L(23)) s Y (L (MAN]I16O
224))Y(L(25))) MAN1170
CALL STEP(Y(LIL) )oY (L(2))sY(L(3)) oY (L(4))oY(L(S))oY(L(6))sY(L(T)) MANL18O
1Y(L(8)) oY UL(F)) oY (LIS o YIL(16)) oY (L (L1T)) oY (L(19) )oY (LL18) )oY (L (2MANLILSO
20))) MAN1200
CALL SOLVE(Y(L(1)) oY (L(2))sY(L(3))oY(L(4))aY(L(5))oY(L(6))aY(L(T)IMANLIR]O
ToeY(L(B)) oY (LU )oY (LIIS) )oY (L(1G) )oY ILUITI) oYL (19 ) oY (L(10)) Y (L (MAN1220O
211D oYL U12)) oYL (23D ) oYL (14) )oY (L(20) )oY (L(25))) MAN1230
CaLL COEF(YIL(L) )oY (L(2) )oY L))o Y(L(A) )oY (L(S))eY(L(6)) Y (L{T))sMANL24O
IYCL(B) ) oYL (D)) oY (LULIS) )oY (L(LO) )oY CLULIT) ) oY (LI19) )oY (L(23)) oY (L(2MAN1I2SO
26))eY(L(2S) 1) MAN}260
CALL CHECKI(Y(L (1)) o Y(L(2) )oY (LCIN)oY(L(&)) oY (LIS)I)eY(L(6)) Y {L(TIMANL1270
1)oY(L(B) oYL ()oY (LIS oY (L(16)) oY (LILITI)aY(L(IO))aY(L(21)) Y (LMAN]I28BO

2(22)) Y (L(25))) MANI290
CALL PRNTATL(YLL(1)) oY (L(2))aYL(&4))sY(LUI(5))aYLL(9))oY(L(IS)) oY (L (1MAN130O
16))) : MaN13l0
MAN1320

=e=START COMPUTATIONS=== MAN1330
T YYYTT R XTI AT T YY) MAN1340
~~=READ AND WRITE DATA FOR GROUPS Il AND Ill=== MAN13S0
CALL DATAIN MAN1360
IRN=] MANL1370
NIJy=10%J0 MAN1380
DC 80 K=].K0 MAN13S0
LCCsL (2) » (K=1)*NTJ MAN1400
CALL ARRAY(Y(LOC) ¢ INFT(142)+IQFT(1e1)eNAME (1) s IRN,DUM) MAN1410
D0 90 K=l.KO ' MAN1420
LOC=aL(S) e (K=]1)®NTJ MAN1430
CALL ARRAY(Y(LQAC) s INFT(191)9sIQFT(1+2) +NAME(7) 9 IRNsDUM) MAN1440
0C 100 K=]l.K0Q MAN14SO
LOC=L(4) ¢ (Kel)*NDJ MAN1460
Ll=L(19) ¢K=] MAN1470
L2al (19) ¢+KQoK=] MAN1480
L3aL (19) ¢+20K0ek=] MAN14S0
CALL ARRAY (Y (LOC) o+ INFT(1o1l)oIOFT(1+2)sNAME(13)+IRN,0OUM) MAN]1S00
YELLysDUM(L) MAN1S10
Y(L2)30UM(2) MAN1S20
Y(LI)3DUM (3} MAN1S30
WRITE (64230) KeY(L1)oY(L2)4Y(LY) MAN1540
IF (ITK,NE.ICHK(10)) GO TO 120 MAN1SS0
00 110 K=l,K]l MAN1560
LOCaL (8) ¢ (K=1)*NIy MAN1STO
CALL ARRAY (Y(LOC) oINFT(1e1)sIOFT (193)9NAME(19)»IRN,DUM) MAN1SE80
IF (IWATERJNE,ICHK(6)) GO TO 130 MAN1590
K = KO MaN1595
CCALL ARRAY(Y(L(3I))+INFT(19l)+IOFT(1e4) oNAME (25) ¢ IRN,OUM) MAN1600
CALL ARRAY(Y(LC24))oINFT(1ol)9sI0FT(1el)eNAME(3]1)+IRN,DUM) MAN1610
IF (IQRE.EQ.ICHK(T7)) CALL ARRAY(Y(L(2S5))9oINFT(141)9IQFT(1e4)sNAME (MAN1&20
137) o IRNDUM) MAN1630
CALL MDAT MAN1640
MAN1650

»eaCOMPUTE TRANSMISSIVITY FOR UNCONFINED LAYERww= MAN1660
IF (IWATER.EQ.ICHK (6)) CALL TRANS(1) MAN1670
MANl o8O



a 00 0o o

QOO0 S 00 00 (e N e) o0 00

~=«COMPUTE T COEFFICIENTS~== MAN16S0

CALL TCOF MAN1700

: MAN1T10

~+=COMPUTE ITERATION PARAMETERSe=~ MAN1T20
CALL ITER MAN1730
MAN1740

~=«READ TIME PARAMETERS AND PUMPING DATA FOR A NEW PUMPING PERIOD=MAN17S50

140 CALL NEWPER MAN1760
MAN1T770

KT=0 MAN1780

IF INAL=0 MAN17S0
MAN180O

===START NEW TIME STEP COMPUTATIONS=== MAN1810

150 CALL NEWSTP MAN1B20
MAN1830

~==START NEw ITERATION IF MAXIMUM NO, ITERATIONS NOT EXCEEDED=~-~ MAN1840
CALL NEWITA MAN1850
MAN1860

===PRINT GUTPUT AT DESIGNATED TIME STEPSe~w MAN1870
CALL OUTPUT . MAN1880

: MAN1890

==« AST TIME STEP IN PUMPING PERIOD ?=e=e MAN1900

IF (IFINALJNE.1) 60 TO 150 MAN1910
MAN1920

w=aCHECK FOR NEW PUMPING PERIQDw=e MAN1930

IF (KPLLT,NPER) GO TO 140 MAN1940
MaN1sSQ

SToP MAN1960
MAN1970

eeaFORMATS=== MAN1980
MAN19G0

MAN2000

MAN2010

160 FORMAT (8110) ) MAN20Z20
170 FORMAT (*0'954Xy*WORDS OF VECTOR Y USED =1,1I7) MAN2030

180 FORMAT (101962Xy "NUMBER OF ROWS =',15/60X, *"NUMBER OF COLUMNS ‘31 ,I5MAN2040
1/61%9 'NUMBER OF LAYERS :31515//39Xy *MAXIMUM PEAMITTED NUMBER OF ITEMAN20S0

2RATIONS =t415//48X9 INUMBER QF CONSTANT HEAD NODES =',415) MAN2060
190 PORMAT (119933A4) ‘ MAN2070
200 FORMAT (2044) MANZ080
210 FORMAT (16(A4s1X)) MAN2090
220 FORMAT (*=SIMULATION OPTIONS:E ',11(Ads4X)) MANZ2100

230 FORMAT (1HO9s44X9'DIRECTIONAL TRANSMISSIVITY MULTIPLICATION FACTORSMAN2110
1 FOR LAYER'9I39/976X9tX =09815.7/76Xe?'Y =04G15.7/76X9*Z =19G15,7) MAN2120
EnD MAN2130-



OOOOO
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SUBROUTINE DATAI(PHI+STRTsOLDsTsSsTReTCoTKsWELLIDELX+DELYDELZ9FACDATO0010

1ToPERMBOTTOM,QRE) 0AT0020
,emeserrnsrTra Tt e et r e e ceesersenrcecnencsenennacssnnsee=uDAT0030
READ AND wWRITE DATA DAT0040
PY YIS LT LI Y L LY LY oo ccsacscnccscacecesewDATO0S0

DaT0060
SPECIFICATIONS:! DaToo070
REAL *#8PHI DaTo0080
REAL ®BXLABELYLABEL»TITLEsXN19MESUR DATO0090

DATO0100

DIMENSION PHI(IO#JOsKO)s STRT(IO9JO9KO)s» OLO(I09»JOKO)s T(I0sJOsKODATOL10
1)9 S(I09sJOsKO)s TR(IO9JOsKO)y TC{I0sJOsKO)y TK(IKyJK9KS)s WELL(IO,DAT0120
2J0sKO0) e DELX(JO)s DELY(IO)s DELZ(KO)» FACT(KOs3)s PERM(IP»JP)s BOTDATO130
3TOM(IPsJP) s QRE(IQsJQ) s TF(3)y A(IO»JO)y IN(6)y IOFT(9)s INFT(2) gAY0140

AT0150

COMMON /INTEGR/ I09J0osKO9IlsJl oK1l eIsJoKyNPERIKTHeITMAX)LENGTHIKPINDATO160

IWEL oNUMT o IFINAL o IToKT s INEAD G IDRAWO IFLOy IERRy 129 J29K29 IMAXs ITMX]1yNCDATOL 70

2HoIDK1 » IDK2 9 INATERYIQRE s IP o JP o IQs JQy IKsJUKIKS 9y IPUL s IPU2H ITK DATO180
COMMON /SPARAM/ TMAX COLTIDELTIERRITEST»SUMsSUMP,QR DATO0190
COMMON /SARRAY/ ICHK(13)»LEVEL1(S9)LEVEL2(9) DATO0200

COMMON /CK/ ETFLXToSTORTIQRETsCHSToCHOToFLUXToPUMPTCFLUXTsFLXNT DAT0210
COMMON /PR/ XLABEL (3)9YLABEL(6) s TITLE(6) o XN]1yMESURIPRNT(122) +BLANKDATO0220
1(60)9DIGIT(122) sVFL(6) s VF2(6) 9o VF3I(T) ¢+ XSCALEsDINCHoSYM{17)9XN(100),DAT0230

2YN(13)9NA(S) oN1sN2yN3+sYSCALEFACT]19FACT2 DATO0240
RETURN DATO0250
.....'.....Q.......O......'.OOO....'......'0..00.""0.0'..0'.'...D“T°a6o
T2 P TT T T Y Y DATO0270
ENTRY DATAIN DAaTO0280
HBPBRBBVBRNDSRDSRNRNS DAT0290
DaT0300

«==READ AND WRITE SCALAR PARAMETERSe=- . DATO310
READ (5+330) NPERKTHIERRILENGTH Dato320
WRITE (6+340) NPERIKTH4ERR DAT0330
READ (5+460) XSCALE YSCALEIDINCHIFACTL1s (LEVELLI(I)91=1+9),FACT2, (LEDATO0340
IVEL2(I)+I=]199) ¢ MESUR DaT0350
IF (XSCALE.NE.Oe) WRITE (69470) XSCALE)YSCALEsMESURyMESURyDINCH,FADAT0360
1CT1,LEVEL)Y+»FACT2,LEVEL2 DATO0370
DATO0380

e=«READ CUMULATIVE MASS BALANCE PARAMETERS=== DAT0390
READ (54450) SUMsSUMPsRUMPT yCFLUXT9QRETyCHRSTyCHDTsFLUXT+STORTETFLDAT0400
LXToFLANT DATOsl0
IF (IOK].EQ.ICHK(4)) GO TO 20 DATO0420
IF (IPUl.NE.ICHK(8)) GO TO S50 DAT0430
DATO440

e==READ INITIAL HEAD VALUES FROM CARDS==- DATO0450
DC 10 K=],K0 DAT0460
D0 10 I=1,10 DATO470
10 READ (54360) (PHI(IsJeK)sJ=m]lpJ0) DATO0480
60 TO 30 DATO0490
) DATO0S00

«==READ INITIAL HEAD AND MASS BALANCE PARAMETERS FROM DISK=mew DATOS510
20 READ (4) PHI»SUMsSUMPPUMPT 9CFLUXT+QRETyCHSTsCHOTFLUXT»STORT+ETFLDATO0S20
1XToFLXNT DATO0S30
REWIND 4 DATO0540
30 WRITE (6,430) SUM DATOSSO
DO 40 K=}1,K0 DAT0560

VI-5



40

50

" 60

70
80

50

100
110

120

130
140

150

WRITE (6,440) K
DG 40 I=1,10
WRITE (69350) Ie(PHI(IsdsK)sdmled0)

DO 60 K=14KO

DC 60 I=1410

DC 60 J=]14J0

WELL(IsJeK) =0,

TR(IsJeK)=0,

TC(IsJeK)=0,

IF (KoNE.KO) TK(IsJeK)=0,
CONTINUE

RETURN

RRBNRBBRRNBOORGRREBRN

ENTRY ARRAY(AsINFTLIOFTsINSsIRNsTF)
P LTI,

READ (59330) FACsIVAR»IPRNsTFsIRECSyIRECD
ICu4®IRECS+2*IVARSIPRNe]

GO TO (70+70950+50+1209120)9 IC
DO 80 I=1,10

DO 80 J=1sJO

A({leJ)sFaAC

WRITE (64280) INsFAC,K

GC T0 lé0

IF (JCoEQe3) WRITE (6+4290) INsK
DC 110 I=lel0

‘READ (SeINFT) (A(Isd)sd=1ed0)

0O 100 J=leJdoO

A(IsJimA(ToJ) *FAC

IF (IC.EQe3) WRITE (6+IQFT) Lo (A(Ivd)oed=1sy0)
GC TO 140

READ (2'IRN) A

IF (IC.EQ.6) GO TQO 140

WRITE (64290) INsK

00 130 I=],I10

WRITE (64I0FT) Is(A(Isd)ed=1yJ0)
IF (IRECD.EQ.1) WRITE (2'IRN) A
IRNaIRNe+]

RE TURN

RBRBRVOIRNNIBARRBRNNON

ENTRY MDAT

HPORRBBBDRORBRRBRITRS

DO 150 Ks=l+KO

D0 150 I=1,10

DC 150 JU=l,JO

IF (1eEQoleORICEGeI0.0RJIEQLIOReJLEQRUD) T(IsJsK)=0,

IF (IDK&(NEL,ICHK (4) (AND«IPUlJNE+ICHK(8)) PHI(I+JeK)=STRT(IsJeK)
IF (KJNE,KO0+OR«IWATERJNE.ICHK(6)) GO TO 150

IF (14EQeleORIVECeIOeORJULEQe140RULEQLJO) PERM(]IJ) =0,
CONTINUE

DATOS70
DAT0580
DATO0550
DAT0600
DATO610
DAT0620
DAT0630
DAT0640
DAT0650
DAT0660
DAT0s870
DAT0680
DAT0690
DATO0700
DATO0710
DAT0720
DATO730
DAT0740
DATO750
DAT0760
DAT0770
DAT0780
DAT0790
DATO0800
DATO0810
DAT0820
DATO0830
DATO0840
DAT0850
DAT0860
DAT0870
DAT0880
DAT0890
DAT0900
DATO0910
DAT0920
DAT0930
DAT0940
DAT0980
DAT0560
DAT0970
DAT0980
DAT0990
DAT1000
DAT1010
DAT1020
DAT1030
DAT1040
0AT1050
DAT1060

sossssssssssssnssessesessscene DELX covveconcoscsnssocrsnsncenneees DATIOT0

READ (59330) FAC+IVARIPRN

IF (IVAR.EQ.1) READ (5+330) (DELX(J)sJaled0)
DO 170 J=l,J0

IF (IVAR,NE.l) GO TO 160

DELX (J)=DELX (J) #FAC

Datloeo
DAT1090
DAT1100
DATI110
DAaT1120



ano o0 000

160
170

180
180

200
210

220
a30

60 T0 179
DELX(J)3FAC
CCNTINUE

IF (IVARJEQ:1<ANDIPRN.NE.1) WRITE (6+9370)

IF (IVAR.,EQ.0) WRITE (6,300) FAC

(DELX (J) sJ319J0)

0aT1130
DAT1140
DAT1150
DAT1160
DAT1170

[ AN RN ENENEEEERE R NN R NRENNNE NN NNN] DELY ...0..00."0.'..'l....'..'..l.n‘rileo

READ (59330) FACsIVARJIPRN

IF (IVARL,EQel) READ (59330) (DELY(I)sI=1410)

DC 190 Isl.I0

1F (IVAR.NE.1) GO TO 180
DELY(I)=DELY(I)*FAC

GO 70 190

DELY(I)aFAC

CONTINUE

IF (IVAR.EQs1.AND.IPRNJNE.1) WRITE (69380)

IF (IVAR.,EQ.0) WRITE (6+310) FAC

(DELY(I)oIs1s]0)

DAT1160
BAT1200
Dat1210
Dati220
DAT1230
DAT1240
DAT1250
DAT1260
DAT1270
Darvl2eo0

20000 0000000000000 CPP00C0CRC0SCOETSTS DELZ .II."....I.'II'I“.....'I...QOAtlzgo

READ (5+330) FACsIVAR+IPRN

IF (IVARL.EQ.]l) READ (S5+330) (DELZ(K)sKz14KO0)

DQ 210 K=14KO

IF (IVARJNE.1l) GO TO 200
DELZ(K)=DELZ(K)*FAC

GQ T0 210

DELZ (K)=FAC

OONTINUE

IF (IVARGEQ.1AND.IPRNeNE.l) WRITE (6+390)

IF (IVARLEQ.0) WRITE (6+320) FAC

e INITIALIZE VARIABLESe==
8s0,

D=0,

Fa0,

H=0,

SU=0,

230,

IF (XSCALE(NE.O,) CALL MAP
RETURN

(DELZ(K) oK=)eKOD)

DAT1300
0AT1310
DAT1320
DAT1330
DAT1340
DAT1350
DAT1360
DAT1370
DAT13€0
DAT1390
DAT1400
DATI4l0
DAT1420
DAT1430

DAT1440

DAT1450

‘DAT1460

DAT1470
DAT1480
DAT1460

.l.."“l‘......"“..0.0.0l.'..'.lll.."....0'0.....OOO.‘C....'..D‘TISOO

~==READ TIME PARAMETERS AND PUMPING DATA FOR A NEW PUMPING PERIODeDAT1S510

BBPVBBRBURDEBRBORGBRS

ENTRY NEWPER
ETYYITYI ST YT Y ¥ ¥ XYY

READ (5+330) KPyKPM]sNWEL»TMAX NUMTCOLTDELTY

===COMPUTE ACTUAL DELT AND NUMTwee

DT=DELT/24,

Te=0.0

DO 220 I=al NUMT
OT=COLT*DT

TMaTMeDT

IF (TM.GE.TMAX) 60 TO 2390
CONTINUE

G0 TO 240
DELT=TMAX/TMSDELT

NUMT=]

DAT1S20
DAT1530
DAT1540
DaT15%0
DAT1S560
DAT1570
DAT1S80
DAT1560
DAT1600
DAT1610
DAT1620
DAT1630
DAT1640
DAT1650
DAT1660
DAT1670
DAT1680



(s XsRaNeoKe]

240 WRITE (6,400) KPyTMAXsNUMTDELTCOLT DAT1690

DELT=DELT#3600, Dav1700
THMAX=TMAX®*86400, DaT1710
SUMP=0,0 . DAT1T20
DAT1730

-~=READ AND WRITE WELL PUMPING RATES=== DAT1740
WRITE (6+410) NWEL DAT1750

IF (NWEL,EQ.0) GO TO 260 DAT1760

DC 245 K = 1+KO DaT17€1

NC 245 I 2 1.10 DAT17€¢2

DC 245 J = 1leJ0 DAT1763

745 WELL (IvJeK) = 0.0 DaT1764
D0 250 II=lsNWEL DAT1IT70
READ (S59330) KelswJoWELL{(IvJsK) 0aT1780
WRITE (6+420) KoIsJoWELL (IvJeK) DAT1790

250 WELL (ToJoK)IWELL(TvJsK)/ (DELX(J)®DELY(])) DAT1800
260 RETURN DaT18lo0
. 0aTla20

coaFQRMATS === DAT1830
DAT1840

DaT1850

DAT1860

280 FORMAY (1HO0952X96A49" =v9615.7s" FOR LAYER'413) DaTigT0
290 FORMAT (1H1+45X96A4* MATRIXy LAYER's13/746X04]1(1e?)) DAT1880
300 PORMAT (90?9 P2Xy'CELX 299G615.7) ' 0AT1890
310 FORMAT (10's72Xe'DELY =1,G615,.7) DAT1900
320 FORMAT (t00972X9*DELZ =%9615.7) DAT1910
330 FORMAT (86G10.0) DAT1920

340 FORMAT (10'y51Xy *NUMBER OF PUMPING PERIODS =0y 15/49X,'TIME STEPS BDAT1930
1ETWEEN PRINTOUTS 2¢,15//51X»'ERROR CRITERIA FOR CLOSURE 31,G15,7/)DAT1540

350 FORMAT (10'91212X920F6.1/(5X+20F6.1)) _ DAT19S50
360 FCRMAT (BF10,.4) DAT1960
370 FORMAT (1H1+46X940HGRID SPACING IN PROTOTYPE IN X DIRECTION/4TX+40DAT1970
1(%=?)//7(00%,12F10.0)) DAT1980
380 FORMAT (lH=946X9v40MGRID SPACING IN PROTOTYPE IN Y DIRECTION/47X+400AT1990
1('«?)//7(10%912F10.0)) DaT2000
390 FORMAT (1He»46X+40HGRID SPACING IN PROTOTYPE IN Z DIRECTION/47X940DAT2010
1('=?)//7(20%912F10.0)) DAT2020

400 FORMAT (t«t350Xs *"PUMPING PERIOD NOoL*sIbe?8¢yF10,29* DAYSt/S1X938(*DAT2030
1»9)/7/53Xy *NUMBER 'OF TIME STEPSa¢yI6//59Xe'0ELT IN HOURS =21,F10,3//70AT2040

253X+ 'MULTIPLIER FOR DELTY ='9yF10.3) DAT2050
410 PORMAT (v«t963X9I4e? WELLS?/65X99(Ft=?)//50Xe 'K 9IXs "I 9GXs 0y PUDAT2060
IMPING RATE'/) DAT2070
420 FORMAT (41X9311092F13,.2) 0AT2080
430 FORMAT (*=1940Xy* CONTINUATION « HEAD AFTER ',820.7¢¢ SEC PUMPING DAT2090
17/42X958( =) ) DAaT2100
440 FORMAT (9199SSXe?INITIAL HEAD MATRIXs LAYER'9I3/56X930('=t)) DAT2110
450 FORMAT (4620,10) pbara2iao
460 FORMAT (3G10.0+2(G10,0+911+1X)sA8) DaT2130

470 FORMAT (v09930Xy *ON ALPHAMERIC MAP3 /60X "MULTIPLICATION FACTOR FODAT2140
1R X DIMENSION =14G15,7/40Xy "MULTIPLICATION FACTOR FOR Y DIMENSION DAT2150
221 4,G15,7/55Xy "MAP SCALE IN UNITS OF 1,A11/50Xs'NUMBER OF t,AB8,¢ PDAT2160
3ER INCH =14015,7/43Xs*MULTIPLICATION FACTOR FOR DRAWDOWN =2%,615,7,0AT2170
4" PRINTED FOR LAYERS*+912/67Xs 'MULTIPLICATION FACTOR FOR HEAD =¢,GDAT2180
S15,7+ PRINTED FOR LAYERS'+912) DaT2190

END DAT2200~

VIi-8
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SUBROUTINE STEP (PHI+STRTsOLDsToSeTReTCoTKoWELL DELXsDELYsDELZ4FACTSTP

erDN97E573) STP
INITIALIZE DATA FOR A NEW TIME STEP aAND PRINT RESULTS STP
cowen ooe ceescocenerertcertrerteseescesssnecveevasessSTR

STP
SPECIFICATIONS! sTP
REAL *8PNI sTP
REAL ®8XLABELYLABEL»TITLEsXN19MESUR STp

sTp

DIMENSION PHMI(IO0eJO09K0O)s STRT(IO0sJOWKO)s OLD(I09JO0eKO)e T(I0sJOsKOSTP
1)s S(I09JOSKO) s TR(IOWJOIKO)s TC(IOWJOIKO) s TK({IK9UKsKS)y WELL(I0,STP
2J0eK0) s DELX(JO)s DELY(IO)» DELZ(KO)o FACT(KO9s3)s DDN(IMAX)y TESTISTP

3(ITMX1)s ITTO(SO) STP
STP

COMMON /INTEGR/ I0+J0sKO0sIloJloKIoIoJsKyNPERIKTHITMAXILENGTHIKP9NSTP

IWEL oNUMT o IFINAL 9 IToKT o INEAD 9 IDRAWSI IFLO9 JIERRI20 U290 K29 IMAX9 ITMX]1oNCSTP
2HoIDK1 o JOK2s INATERVIQRESIPoUP s IQoUQs IKpJUKsKS s IPULWIPU2,ITK STP
COMMON /SPARAM/ TMAXoCDLTIDELTIERRsTESTsSUM,SUMP,QR STP
COMMON /SARRAY/ ICHK(13) LEVEL1(9)+LEVEL2(S) STP

COMMON /CK/ ETFLXT+STORTsQRETsCHSTsCHDTsFLUXToPUMPToCFLUXT,FLXNT STP
COMMON /PR/ XLABEL (3) 9 YLABEL (6) 9 TITLE(6) o XN sMESURsPRNT (122) ¢ BLANKSTP
1(60)¢DIGIT(122) sVF1(6) s VF2(6) sVFI(T) o XSCALEsDINCHoSYM(17) e XN(100)STP

2YN(13)oNA(4) ¢N1oN2sN39YSCALESFACT1oFACT2 STe
RETURN STp
00.00000.000000000QCCOOQOOQOC..OO0.0C00000000OOO'OOOOOOOIOOQOOOCOQSTP
ERRBONBRNRDNRNRDRRS RN STP
ENTRY NEWSTP STp
AR BBRNNRBRRDORNOS O STP
KTaKTe+l STP
1720 sTP
DO 10 Ks31sKO STP
DO 10 I=1,1I0 STP
D0 10 J=1,J0 STP
OLD(loJoK)3PHI(14JeK) . STP
DELT=CDLT*DELTY ' STP
SUMaSUMeDELT STp
SUMP=SUMP+DELT sTP
DAYSR=SUMP /86400, STp
YRSR=DAYSP/365. STP
HRS=sSUM/3600, STP
SM INmHRS%60, STp
DAYS=HRS /24, STP
YRS=DAYS/,36S, STP
RETURN STP
STP

==ePRINT QUTRUT AT DESIGNATED TIME STEPSwew sSTP
FBRBDRBBNEBBRRNBENSNRS STP
ENTRY OUTPUT STP
P LTy . STP
IF (KT.EQ.NUMT) IFINAL=] STP
ITTO(KT) =T STp
IF (IT.LE.ITMAX) GO TO 20 sSTP
ITalT=] STP
ITTO(KT)=1T sSTP
IERR=2 STP

VI-9

210
220
230
240
2s0
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
S50
560



20

30

3s2

© 383

40
g0

é0
70

80
90
100

STP

ewa]F MAXIMUM ITERATIONS EXCEEDED+WRITE RESULTS ON DISK OR CARDS==STP
IF (IDK2,EQ.,ICHK(5)) WRITE (4) PHIsSUMySUMPsPUMPT+CFLUXTIQRET9CHSTSTP

19CHDTsFLUXToSTORTHETFLXT9FLXNT

sTP

IF (IPU2.EQ ICHK(S)) WRITE (7+230) SUMsSUMP+PUMPT+CFLUXTIQRETICHSTSTP

10CHOTsFLUXT s STORTSETFLXT s FLXNT

IF (IFLO.EQ.ICHK(3)) CALL CHECK
IF (IERR.EQ,2) GO TO 30

IF (MOD(KToKTH) ¢NEsOJAND,IFINAL.NE.,1) RETURN
WRITE (6,210) KT+DELT9SUMISMINIHRS+DAYSeYRSsDAYSPYRSP

IF (IFLOLEQ.ICHK(3)) CALL CWRITE
IT=ITe]

WRITE (6+180) (TEST3I(J)eJuzlslT)
13=]

1820

15215+40

J4sMINO (KT 15)

WRITE (64240) (IosI=13,14)

WRITE (64260)

WRITE (6¢250) (ITTO(I)eI=I3s14)
WRITE (6,260)

IF(KT.LE.I5) GO TQ 353

I3x13+40

60 Y0 352

weePRINT MAPS===

IF (XSCALE.EQ.0.) GO TO 70
IF (FACT1.EQ.0.) ‘GO TO S0
DG 40 IA=],9

I1=LEVEL]1(IA)

IF (I1.EQ.0) GO TC¢ S0

CaLL PRNTA(l,11)

IF (FACT2,EQ,0.) GO TG 70O
DO 60 IA=1,9

II=LEVEL2(IA)

IF (I1.EQ.0) GO TQ 70

CALL PRANTA(2,1I)

IF (IDRAW,NE,ICHK(1)) GC TO 100

»==PRINT CRAWOOWNw==

DC S0 K=],KO

WRITE (6,200) K

DO S0 I=l.I0

00 80 Jsml,J0
DON(J)=STRT (I 9JoK) =PHI(IvJeK)
WRITE (69170) I+(DDON(J)sJUmledo)
IF (IHEAD.NE,ICHK(2)) GO TO 120

" e=wPRINT HEAD MATRIX==e

110

DC 110 K=],KO0
WRITE (6+190) K
DC 110 I=l,l0

WRITE (6+170) I+ (PHI(IsJoK)ed=leJ0)

w=eWRITE ON DISK===

VI-10

STP
STP
STP
STP
STP
STP
STP
STP
STP

STP
STP
STP
sTP

sTP
STP
sTpP
STP
SsTpP
S§Te

. STP

sTP
STP
StTP
STP
STP
STP
STP
STP
sTe
STP
STP
STP
sTP
STP
sTP
sTP
STP
sTP

s70
580
590
600
610
620
630
640
650
660
670
680
650
700

710
720
730
740

750
7€0
770
780
790
800
al10
820
830
840
850
860
870
880
aso
900
910
920
930
940
850
960
g7¢0
980
950

S§TP1000
STP1010
STpio20
STP1030
STP1040
STP10S0



oo

DOOOOO

120 IF (IERR.EQ.2) GO YO 130 STP1060

IF (KP LT NPER.OR.IFINAL.NE.1) RETURN sTP1070

IF (IDK2,EQeICHK(S)) WRITE (&) PHISUMsSUMPIPUMPTCFLUXTsQRETsCHSTSTP1080
19CHDTsFLUXT9STORTIETFLXT9FLXNT STP1090
STP1100

«=aPUNCHED OUTPUTe=e STP1110

130 IF (IPU2.NE.ICHK(S)) GO TO 160 STP1120
IF (IERR,EQ,2) GO TO 140 STP1130
WRITE (7+230) SUMysSUMP¢PUMPY s CFLUXT sQRET yCHSToCHDT sFLUXTSTORTETFSTP1140
ILXToFLXNT STP1150
140 DO 150 K=1,K0 STP1160
150 WRITE (74220) ((PHI(IsJrK)oedm1sd0)eIlnlelO) STP1170
160 IF (IERR.EQe2) STOP STP1180
RETURN STP1190
STP1200

e=eFORMATS === ] STP1210
STPi220

S$TP1230

. STP1240

170 FORMAT (900 e14918F7,2/(5X018F7.2)) STP1250
180 FORMAT (*OMAXIMUM NEAD CHANGE FOR EACH ITERATIONI'/t *,39(%wt)/(10STP1260
19510F12.4)) STP1270
190 FORMAT (%17 4S5XstHEAD MATRIXy LAYER®s13/56X92](?=?)) STP1280
200 FORMAT (?1¢y55Xe?  DRAWDOWNs LAYER'I3/59Xs18(t=?)) STP1290

210 FORMAT (1H1o44XsST(1e?) /45X |7914Xy'TIME STEP NUMBER =t,19,14X,?|STP1300
19/45X95T7(t=t)//50X9y29HSIZE OF TIME STEP IN SECONDS=2,F14,2//55X,1T0STP1310
2TAL SIMULATION TIME IN SECONDS=?,F14,2/80Xs8HMINUTES=9F14,2/82%X,6MSTP1320
IHOURS=sF14,2/83XySHOAYSR,F14,2/82X9 'YEARS=Y4F14,2///45Xy *DURATION STP1330
40F CURRENT PUMPING PERIOD IN DAYS=t,F14,2/82Xs'YEARS2",F14,2//) STP1340

220 FORMAT (10F6,2) STp1350
330 FORMAT (4G20,10) STP1360
2640 FORMAT ('0TIME STEP t,40]3) ’ STP1370
250 FORMAT ('OITERATIONS:'y40]13) STP1380
260 FORMAT (' 1,10(t=1)) STP13S0

EnOo STP1400-

VI-11



OO0

o0 00

SUBROUTINE SOLVE(PHI»STRTsOLDsT9SeTRyTCoTKoWELL+DELX)DELYIOELZ9FACSPI

1TsELsFLIGLIVeXIsTESTIHQRE) §P3
R Y X1 T J L L 1 X X 3 L 2 1 2 - e - Pa
SOLUTION BY THE STRONGLY IMPLICIT PROCEDUFE ’ SP3

SP3
SPECIFICATIONS? SP3
REAL ®*8PHIsRHOeBsDsFosMHr2ZoSUIRHOP s WoWMINIRHO] ¢ RHO29RHO3I s XPART s YPARTSP3
19ZPARToOMINL s WMAX o XToYToZToDABSoDMAX] 9DEN9 TXMe TYMy TZM SP3
REAL ®BE ALsBLICLIAICYGIWUITUIUIDLIRESsSUPHIGLXI»ZPHI sP3

SP3

DIMENSION PHI(1)s STRT(1)9e OLD(1l)s T(1)s S(1)s TR(1)s TC(1l)s TK(1)SP3

1o WELL(1)s DELX(1)9 DELY(1)y DELZ(1)s FACT(KO93)s RMOP(20)s TEST3(SP3
21)s EL(Y) e FL(1) GL(1)y V(1)s KI(1)s QRE(]) gPS
P3

COMMON /INTEGR/ 109J0eKOeIloJleK1lrloJoKoNPERIKTHsITMAX9oLENGTHoKPoNSP3
IWEL oNUMT o IFINAL o IToKTo IMEAD s IDRAWI IFLCy IERR9129J29K29 IMAXs ITMX19NCSP3

2Ho IDK1 o IDK2s INATERGIQRE 2 IP#JP 9 IQoJQy IK e JK¢KS 9 IPUL 9 IPU2»ITK SP3
COMMON /SPARAM/ TMAX+COLTIOELTIERRITESTsSUMISUMP,QR SP3
COMMON /SARRAY/ ICHK (13) +LEVELY (9) oLEVELZ2(9) SP3
RETURN SP3
.....l........'....O.....'..........0..’.‘...‘.................C"sp3
(TTRYT TSI AL T AT T T SP3
ENTRY ITER SP3
RITTIZTTTTY T T2 T2 Y XA SP3
==eCOMPUTE ANO PRINT ITERATION PARAMETERS==~ SP3
WRITE (64240) SP3
WM IN=1,00 SR3
DELT=l. SP3
P22LENGTH-] SP3
NT=108J0eK0 SP3
NIJ=10eJ0 SP3
XT=3,141593##2/(2,442%J2) SP3
YT23.141593402/(2,#12012) - SP3
ZT=3,141593%%2/(2,%K0*K0) . SP3
RHO120.00 SP3
RHO220,00 SP3
RHO3=0,00 SP3
00 40 K=1,K0 SP3
DQ 40 I=2,]] ' SP3
D0 40 J=m2,J1 SP3
NETe(J=1)®10¢ (K=]1)®NIJ SP3
IF (T(N).EQs0s) GO TO 40 SP3
OaTR(N=I0)/DELX (J) SP3
F=TR(N)/DELX (J) SP3
BxTYC(N=1)/DELY(I) SP3
M=TC (N)/DELY(I) SP3
SU=0,00 SP3
220,00 SP3
IF (KeNE,1) 2=TK(NeNIJ)/DBELZ(K) SP3
IF (KoNE.KO) SUsTK(N)/DELZ(K) SP3
RKO=S (N) Z/DELT SP3
CR=0, Se3
IF  (K.NE.K0) GO T0 10 Se3
IF (IQRE.EQ.ICHK(7)) QRmQRE(Ie¢(J=1)*10) SP3
10 OONTINUE SP3

VI-12

10
20
30
40
50
60
70
80
So
100
110
120
130
140
180
160
170
180
190
200
210
220
230
240
250
260
270
280
2%0
300
310
320
330
340
350
360
370
380
3%0
400
410
420
430
440
450
460
470
480
490
500
510
520
830
540
550
560



(2 X e Ne)

OO0

30

40

S0

60
70

8o
90

100

TXM=OMAX] (DoF)

TYMDMAX] (BoH)

TiM=DMAX] (SUs 2}

DEN=DMIN1 (DoF)

IF ‘DEN.EQ.OIDO’ OEN-TXV

IF (DENJEQ,0,D0) GO TO 20
RMQO1=DMAX] (RHO1 s TYM/DEN)
DEN=DMIN] (BoH)

IF (DENJEG.0.00) DEN=TYM

IF (DEN.EQ.0.,C0) GO TO 30
ANO22DMAX ] (RHO2+ TXM/DEN)
DEN=DMIN]1(SU»2)

IF (DEN.EQ.0,00) DEN=TZM

IF (DEN.EQ,0,D0) GO TQO 40
RFEO3I=DMAX] (RHOI+TXM/DEN)

CONTINUE

XPART=XT/(1,00¢RHC])
YPART=YT/(1.00¢RN02)
ZPART=2T/(1,D0*RH03)

WM INZOMIN] (WMINsXPART9»YPART9ZPART)
WMAX=] ,DO=WMIN

Pys=],

00 50 I=] LENGTH

AJaPJe+l,

RHOP(1)=]1,00=(1.00=WMAX) *8(RJ/P2)
WRITE (6+230) LENGTHy (RHOP(J) 2 J=YsLENGTH)
RETURN

SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
S$P3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SPJ
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3

.'DO.’O..l.D.O'..0..tl.00....t..Q...l.......t.'.........l...0..0..5P3

-=aINITIALIZE OATA FOR A NEW ITERATION=ew
IT=lTe+]}

IF (IT.LE.ITMAX) GO TO 70

WRITE (6,220)

CALL OUTPUT

IF (MOD(ITJLENGTH)) 80:,80+90

RIXI A4 22222122222 X2 )

ENTRY NEWITA
(222Xl 22 222122222
NTH=0
NTHaNTMe ]
WaRKOP (NTH)
TESTI(1IT+1)=0,
TEST=0,0
8le=0,

DC 100 I=1NT
EL(I)=0.
FL(I)=0,

QL (1)=0,
V(I)=0,
XI(I)s0.

==«COMPUTE TRANSMISSIVITY AND T COEFFICIENTS FOR UPPER
HYDROLOGIC UNIT WHEN IT IS UNCONFINEDw=~

IF (IWATER.NE,ICHK(6)) 60 TO ll0O

CALL TRANS(0)

VI-13

SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
S$P3
SP3
SP3
$P3
SR3
SP3
SP3

s10
580
590
600
610
620
630
640
650
660
670
680
690
700
710
T20
730
740
750
760
770
T80
790
800
8lo
820
830
840
as0
860
870
880
aso
800
910
920
830
940
950
960
970
980
990

SP31000
SP31010
SP31e20
SP31030
SP31040
SP310S0
SP31060
SR31070
sP31080
SP31090
SP31100
SP31110
SP31120



(s XaXs)

===CHOOSE SIP NORMAL OR REVERSE ALGORITHMewe SP31130

on (o Ne)

110 IF (MOD(IT92)) 12091204170 SP31140
120 DO 150 K=l,K0 . SP3118%50
DC 150 I=2+11 SP31160
DG 150 J=2.Jdl SP31170
Nz (J=1)®]10e(K=]1)#NIJ SP31180
NIAazNe] ‘ SP31150
NIR=N~] $P31200
NJyAzNe10 SP31210
NJBaN=10 SpP31220
NKAaNeNIJ ' SP31230
NKBaN=NTJ SP31240
SP31250

=+=SKIP COMPUTATIONS 1F NGODE OUTSIDE MODELw== SP31260
IF (T(N) ¢EQe0esORS(N).LT40,) GO TO 150 Sp31270
SP3}1280

«==COMPUTE COEFFICIENTSw=~ SP31290
D=TR(NJB) /DELX (J) SP31300
F=TR (N)/DELX (J) SP31310
BaTC(NIB)/DELY (1) S$P31320
HaTC(N)/BELY (I) SP31330
SU=0,D0 SP31340
2=0,00 SP31350
IF (KoNE,1) ZsTK(NKB)/DELZ(K) SP31360
IF (K.NE,KO) SU=TK(N)/DBELZ(K) $P31370
REQ=aS(N) /0ELT SP31380
QR=0, SP313%0
IF (K.NE,K0) GO TC 130 SP31400
IF (IQRE.EQG,ICHK (7)) QR=QRE(I*(J=1)*]10) SP31410
SP31420

e=aSIP NORMAL ALGORITHM=e~ SP31430
~=aFORWARD SUBSTITUTEs COMPUTING INTERMEDIATE VECTOR Veew SP31440
130 EswBeD=Fel=SU=2=RK0 " SP31450
BLaB/ (1eewe (EL(NIB)+GL(NIB))) SP31460
CLaD/ (1eeW¥(FL(NJB) +GL (NUB))) SP31470
CagL*EL (N1B) SP31480
GxCL*F( (NJ8) SP31450
WU=CL9GL (NJB) SP31500
UsBL*GL (NIB) : SP31510
IF (K.EQ.l) GO TO 140 SP31820
ALaZ/ (1 o+W®(EL (NKB) +FL (NKB))) SP31530
AzAL®EL (NKB) SR31540
TUsAL®*FL (NKB) SP31550
OLmEsWO (A+CoGoWUSTUSY ) =CLOEL (NJB) =BL#FL (NIB) «AL®GL (NKB) SP31560
EL(N)=(F=®(A+C)) /DL SP31570
FL (N)X= (H=W® (G+TU)) /DL SP31580
GL (N)= (SU=W® (WUsU) ) /DL SP31S50
SuUpH=0,00 SP31600
IF (KoNE,KO) SUPHaSUSPHI (NKA) SP31610
RES==B®PHI (NIB)=D#PMI (NJB)=ESPH]I (N)=FORH]I (NJA) »H®*PHI (N1A) «aSUPN=2#pSR31620
“1HT(NKB) =WELL (N)=RHO#QLD (N) =QR SP31630
VIN)= (RES=~AL®V (NKB)-BL®V (NIB)=CL*V(NJB)) /0L SP31640
G0 T0 150 $P31650
140 DLuE+WS (C+GeWUSYU)«CLYEL (NJB) ~BL*FL(NIB) SP31660
EL(N)=(F=weC) /DL SP31670
FL(N) s (H=W#G) /0L SP31680

VI-14



(2 X2] (2 X g)

150

160

170

GL(N) = (SU~W* (WUey)) /DL
SUPM=0,D0
IF (KoNE.KO) SUPHaSU*PHI (NKA)

SP31690
SP31700
SP31710

RES==B¢PHI(NIB)=0*PHI (NJB) =E#PHI (N) =F#PHI (NJA) =H®#PH] (NIA) =SUPH=WE| SP3]1720

1L (N) =RHO*QOLD (N)=QR

V(N)=(RES=BL®*V(NIB)=CL®*V(NJB)) /DL
CONTINUE

-==8ACK SUBSTITUTE FOR VECTOR XI===
D0 160 K=1,K0

K3aKQ=Ke]

DO 160 I=1.l2

I13=10-1

DC 160 Jslsd2

WK N[EN

NZ13¢(J3e])#[0¢ (K3=])ONTIJel=]

IF (T(N),EQeQ0eeORsS(N)«LT.0,) GO TO 160
GLxI=0,D0

IF (K3.NE.,KO) GLXIaGL (N)*XI(N¢NIJ)
XI(N)SVIN)=EL(N)SXT(NeIO)=FL(N)#XI(N¢]l)=GLXI

~=<COMPARE MAGNITUDE OF CHANGE WITH CLOSURE CRITERIA===
TCHKSABS (XL (N))

IF (TCHK,GT.BIG) BIG=TOWK

RMI (N)=PHI (N) ¢XI (M)

OONTINUE

IF (BIG.GT,ERR) TEST=l,

TEST3I(IT+1)=816

IF (TEST.EQ.0.) RETURN

6C TO 60

SP31730
SP31740
SP31750
SP31760
SP31770
SP317840
SP31790
§P31800
SP31810
SP31820
SP31830
SP31840
SP31850
SP31860
SP31870
SpP31880
SP31890
SP31900
SP31910
SP31920
SP31930
SP31940
SP31950
SP31960
§P31970
SP31984

..00'"l'l.....‘.D'...OOIQ.O....00.....0."'l'...'.0".'.‘....0.0.5’31990

DO 200 KK=] KO
KeKQ=KKe¢]

00 200 Il=1.12
IaI0=I1

D0 200 Js=24J1l
Nale(Jel)#]0¢ (Kel)ONTY
NIAsNe¢]
NIBsaN=]
NJAaNe+10
NJB=N«10
NKAsNeNIJ
NKBzNeNIy

e=uSKIP COMPUTATICONS IF NOOE OQUTSIDE AQUIFER=ee
IF (T(N)EQeOceesOReS(N)eLT,0,) GO TO 200

==«COMPUTE COEFFICIENTS=me
D=TR (NJB) /DELX (J)

FaTR(N) /0ELX (J)
BaTC(NIB)Z7DELY (D)
HaTC (N) /DELY(])

SU=0.00

Z2=0.00

IF (KeNE.1l) Z=TK(NKB)/DELZ(K)
IF (KoNE.KO) SUsTK(N)/BELZ(K)

VI-15

§P32000
SP32010
SP32020
$P32030
SP32040
SP32050
SP32060
SP32070
§P32080
SP32090
SP32100
SP32110
SP32120
SP32130
SP32140
SP32150
§P32160
§P32170
sP321leq
SP3219%0
SP32200
sp32210
§P32220
SP32230
SP32240



OO0

180

150

200

RMOsSS (N) Z7DELT

Oﬂuﬂ.

IF (KJNE,K0) GO TC 180

IF (IGRELEQ.ICHK(T7)) QR3QRE(I+(J=1)%10)

===SIP REVERSE ALGORITHM===

e=«FORWARD SUBSTITUTE: COMPUTING INTERMEDIATE VECTOR V===

Ez=f~DofF~HeSU«Z=RHO

BLaH/ (1eewa (EL (NLA) oGL (NIA)))
CLaD/{1seW* (FL (NJB) +GL (NJB)))
C=BL*EL (NIA)

G=CL*FL (NJB)

wl=CL*#GL (NJB)

U=BL#*GL (NIA)

IF (K.EQ.K0) GO TC 190

ALaSU/Z (1, oW® (EL (NKA) +FL (NKA) )
AzALSEL (NKA)

TUzAL®FL (NKA)

DL=ESN® {CoG+A+WUSTUSU) =ALSGL (NKA) =BL®FL (NIA)=CL#EL (NJB)
EL(N)=(F=we(CeA)) /0L
FL(N)=(B=We(G+TU)) /DL
GL(N)=(Z=we (WU*U)) /0L
2PHI=0,00

IF (KoNE,l) ZPHI=Z#PHI (NKB)

§P32250
S§P32260
SpP32270
SP32280
SP32290
SP32300
SP32310
Sp32320
SP32330
§P32340
S$P32350
SP32360
SP32370
S$P32380
SP323%0
SP32400
SP32410
SP32420
SP32430
SP32440
SR32450
SP32460
SP32470
SP32480

RES'-B'PHI(NIB)-D'PHI(NJB)'E*PHI(N)-F’PHI(NJA)-N’PHI(NIA)-SU'PHI(NSP32¢90

1KA)=ZPHI=WELL (N)=RHO®OLD (N) =GR

VIN)= (RES=AL®Y (NKA)=BL#V (NIA)=CL®*V(NJB))/DL
6Q TO 200

OL=Eewe (C+G+WUSU)=BL#FL (NIA)«CL®EL (NJB)
EL(N)=(F=w#C) /DL

FL(N)= (BeweG) /DL

GL(N)a(Z-uO(wUOU))/DL

ZPHI=0.00

IF (KeNE.1l) ZPHI=2'PH1¢NKB)

SP32500
SP32slo
SP32s20
SP32530
SP32540
SP32550
SP32560
$P32570
SP32580

RESs=B8¢PHI (NIB)=DP*PHI (NJB) ~E#PHI (N) =F ®PHI (NJA)mH®PHI (NIA)=ZPHI=wELSP32550

1L (N)=RHO®*OLD (N) =QR
VIN) = (RES=BL*V (NIA)=CL®*V(NJB)) /DL
CONTINUE

wewBACK SUBSTITUTE FOR VECTOR X]e==

DO 210 K=]1,KO

00 210 I=2.11

D0 210 J=),eJ2

JizJo=J

Nale(J3=1)#I0¢(Ke]l)®NIyJ

IF (T(N)«EQeO0eeQRsS(N)eLTe0.) GO TO 210
GLXI=0,00

IF (KeNEosl) GLXISGL(N)®XI(NeNIJ)
XI(N)BV(N)=EL(N)®XI (NeIO)=FL (N)®X]I (N=])=GLX]

| ==wCOMPARE MAGNITUDE OF CHANGE WITH CLOSURE CRITERIAw==-

210

TCHK=ABS (XI(N))

IF (TCHK,GT.BI8) BIG=TOKK
PHI(N)=PHI (N} +XI(N)
OONTINUE

IF (BIG.GT.ERR) TEST=l.

VI-16

SP32600
SP32610
SP32620
§P32630
SP32640
SP32650
SP32660
SP32670
SP32680
SP32690
sp32700
Sp32710
S$r32720
SP32730
SP32740
SP32750
SP32760

-SP32770

Sp3z7eo
SP327%0
SP32800
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TESTI(IT+1)=BIG SP32810

IF (TEST.EQe0.) RETURN SP32820
60 10 60 SP32830
2 0000000000000 000s0s00000000000000Cs0tetscssnstccnsontonconssssses 3P32840
SP32850
weasFORMATS == SP32860
SPazare
SP32880
SP32890

220 FORMAT ('0EXCEEDED PERMITTED NUMBER OF ITERATIONSt/! t1,39(%ar)) SP32%00
230 FORMAT (///1H0915+22H ITERATION PARAMETERS! ¢6E15,7/(/28X+6E15,7/))SP32910
260 FCRMAT (*=1444Xs?'SOLUTION BY THE STRONGLY IMPLICIT PROCEDURE'/45X,SP32920
143¢0_ ")) SP32930
END SP32940

VI-17°
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SUBROUTINE COEF (PHI+STRTsOLDsTeSsTReTCoTKoWELL +DELXSDELYDELZ+FACTCOF
1+PERM,B0TTOMsQRE) CoF
- A . - JR— cececcaCOF
COMPUTE COEFFICIENTS COF
- - D T S T D D b 3 cascvecsceccessCQF
CoF

SPECIFICATIONS? COF
REAL *8PHI COF
COF

OIMENSION PHI(10#J0sKO)s STRT(10+J0sK0Q)s OLD(I0+JOsKO)s T(I0sJOsKOCOF
1)9 S(I09J09KO) s TR(IOsJOsKO) s TC(IO»JOIKO)» TK(IKsUKIKS)y WELL (10,COF

2J09K0)s DELX(JO)s DELY(IO)» DELZ(KO)s FACT(KOs3)y PERM(IPyJP)s BOTCOF
3TCM(IPsJP)» QRE(IQ»JQ) CoF
CoF

COMMON ZINTEGR/ 100 09sKO0sIleoJ1loK1leloJoKoNPERIKTHeITMAXoLENGTHeKPINCOF
IWEL oNUMT o IFINAL o IToKT o IHEAD» IORAWIIFLOSIERReIZvJ29K2 9 IMAX9ITMX19oNCCOF

2H9IDK1 s IDK2s IWATERSIIQRE 2 IP e JP+1Q9JQs IKes JKeKSsIPUL»IPU2:ITK COF
COMMON /SPARAM/ TMAXsCOLTDELTERRTEST»SUMsSUMP,+QR COF
OOMMON /SARRAY/ ICHK(13)+LEVEL1(9).LEVELZ(9) COF
RETURN ) COF
...".'..'......""‘......‘.........'."....'......'.‘....'...'.'coF
==«COMPUTE TRANSMISSIVITY FOR UPPER HYDROLOGIC UNIT WHEN COF
IT IS UNCONFINEDw~e COF
BRNSBNERDISRNERN PR RNRGS COF
ENTRY TRANS(N3) COF
FEPERBRRNABVIRRDBR RN COF
DO 10 I=2,11 COF
DO 10 Js2,Jl COF
IF (PERM(IsJ).EQ,0,) GO TCQ 10 COF
T(IoJoKO)BPERM (I oy)® (PHI(IloJeKC)=BOTTOM(I»J)) CoF
IF (T(IeJeKO).GTe0,) GC TO 10 - COF
IF (WELL(I9JoKO) oLTe00) WRITE (69¢60) IsJeKO COF
IF (WELL(I9JoKO) vGE,0,) WRITE (6970) loeJeKO COF
PERM(IoJ)=0, cor
T(IoJoKO) =0, CaF
TR(IsJeleKO)=0, CcoF
TR(IsJeKO)mO, COF .
TC(leJeKO)=0, COF
TC(I=19J9K0)=0, : COF
IF (KG.NE.1l) TK(IsJeK1)km0, coF
PHI(lerJeKO)=1,030 CorF
CONTINUE : COF
IF (N3.,EQ.1) RETURN COF
N1=KO COF
N2=aKO CoF
Né4aK] COF
G0 Y0 20 COF
«=aCOMPUTE T COEFFICIENTSe=e COF
SRNVRRBVBVNIRERBNBNEN coF
ENTRY TCOF CoF
ROV BVEDBRNRRBRSRIN RN cor
Nl=z] COF
N2=KO CoF
Né=]} CoF
DO 40 K=N1,N2 COF
DC 40 I=lell COF

VI-18

450
460

490
500
Ss10
520
830
540
550
560



30

40

50

60
70

DC 40 JUsl,yJl COF
IF (T(I+JeK).EQ.0,) GO TO 40 COF
IF (T(IsJelysK).EQ.0,) GO TO 30 COF
TRIIsJoK)Z(2.%T(TodesloK)®T(TodoK)})/(T(IsJoK)SDELX(J*1)¢T(IvJeloK)SCOF
1DELX (J))#FACT(Ky1) CoF
IF (V(IelsJdoK)aEQeO,) GO TO 40 CoF
TC(IoJoKI {2, %T (Il aJoKI#T(TodsK))/(T(LoJoKIRDELY (I¢1)eT(I¢19JsK)&COF
10ELY(I))#FACT(K+2) COF
CONTINUE COF
I"KQ.EQ.loORcITK.EQ-ICHK(IO’QOR.N3.EOQO, RETURN COF
DC S0 K=aN&,yK1 - COF
D0 S0 I=2,11 COF
DC 50 J=m2,Jl CeF
IF (T(IsJeKel),EQ.0,) GO TO S0 COF
TisT(IeJeK)®FACT (K9 3) CoF
T2aT(IsJsKe1) *FACT(Ke]l¢3) CoF
TK(IsJoK)Z(2,#F2%T1) /(TI#DELZ(K+]1) ¢T29DELZ (K)) CeoF
CONTINUE COF
RETURN COF
. ’ CoF

CoF

FORMAT (t=t,420(941) 4 WELLY92I34* IN LAYER?3I34* GOES DRY",20('#4))COF
FOQRMAT (1=9,20(*®7) o INGDE?+2I3+* IN LAYER'+I3+¢ GOES DRY',20(?%¢))COF
END COF
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SUBROUTINE CHECKI(PHI+STRTIOLDsToSsTReTCoyTKoWELLIDELXIDELYPDELZ+FACHK 10
1CT o JFLOWFLOWSGRE) CHK 20
T Ty - meescvesenees - -—— wCHK 30
COMPUTE A VOLUMETRIC BALANCE CHK 40
CHK 60

SPECIFICATIONS! ) CHK 70
REAL *8PHI CHK 80
CHK 90

DIMENSION PHI(IO0sJOIKO)s STRT(IO0sJOKO)s QLD (I0sJ0sKO)s T(I10sJOsKOCHK 100
1)y S(I0»JOsKO)s TR(IO0sJOIKO) s TC(IOsJUOSKO)s TRK(IKsJKeKS)s WELL(IO,CHK 110
2J04K0)s DELX(JO)s» DELY(I0)s DELZ(KO)s FACT(KOs3)s JFLO(NCHs3)s FLOCHK 120
3W(NCH)s QRE(IQsJQ)s 1QQ(40,38) CHK 1230
CHK 140

COMMON /INTEGR/ I0sJO0sKOsIloJloKloIoJsKoNPERKTH) ITMAXoLENGTHyKPsNCHK 150
IWELsNUMT o IFINAL o IToKT o ITHEADyIDRAWS IFLOsIERR9 X2y J29K2s IMAXyITMX]1 s NCCHK 160
2HoIDK1 s IDK22 INATERS IQRES IPoJP s IQsJQe IK9JKsKSs IPUL»IPU29ITK CHK 170
COMMON /SPARAM/ TMAXsCOLTIDELTIERRITEST»SUMySUMP,QR CHK 180
COMMON /SARRAY/ ICHK(13)sLEVEL1(9)sLEVEL2(9) CHK 160
COMMON /CK/ ETFLXT9STORT ¢QRETsCHSToCHDTFLUXToPUMPT9CFLUXT FLXNT CHK 200
RETURN CHK 210
00000 cressees st secessesnesssescessReRRORsRENsRReRsesssasassassane s CHK 220
SBRBRORRRIIRRIORENRS CHK 230
ENTRY CHECK CHK 240
BVRODVBRBVRRBIBRIRNY CHK 250
eeaINITIALIZE VARIABLES~== CHK 260
PUMP=0, CHK 270
STOR=0, CHK 280
FLUXS=0,0 . CHK 290
CHD1=0,0 CHK 300
CrD2=0,0 CHK 310
QREFLX=0, CHK 320
CFLUX=0, CHK 330
FLUX=0, CHK 340
ETFLUX=0, CHK 350
FLXN=0,0 CHK 360
I1=0 CHK 370
$0000800000000000000 000000000000t sasetanosansnnatasesssssnvesasesCHK 380

’ CHK 390

=oaCOMPUTE RATES9sSTORAGE AND PUMPAGE FOR THIS STERwwe CHK 400
DO 220 K=l K0 CHK 10
DC 220 I=2,1I1 CHK 420
DC 220 J=2.J1 : CHK 430
IF (T(lvJdeK)EQ.0,) GO TO 220 CHK 440
AREA=DELX (J)®DELY(I) CHK 4S50
IF (S(Ie¢JeK)eGELO0.) GO TO 180 CHK 460
CHK 470

~=aCOMPUTE FLOW RATES TQ ANDO FROM CONSTANT HEAD BOUNDARIESe=e CHK 480
1Ialle] CHK 490
FLOW(II)=0, CHK 500
© JFLO(IIe 1) =K CHK S10
JFLO(II,2)=] CHK 820
JELO(ITIe3)ay CHK 830
IF (S(Isd=loK) ol Ta0asORT(IsJmlsK), EQs0,) GC TO 30 CHK S40
X3 (PHI(IsJoeK)ePHI(IoJel9K) ) 8TR{IsJd=1K)®DELY(]) CHK 8§50
FLOW(II)=FLOW(IL)eX CHK 560
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20
30

40

S0
60

70

0
S0

100

110
120

130

140
150

1€¢0
170

i8¢0

160

200

210
220
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IF (X) 10:30420 CHK S70
OHD1=CHD]l oX CHK S80°
60 1O 30 CHK S$%0°
CHD2=CHD2+X . CHK 600
IF (S(IsJeloK)elLTe04s0RT(IvJeloK) EQ.D.) GO TO 60 CHK 610
X3 (PHI(IsdoeK)oPHRI(19J*1sK))ISDELY(I)®TR(IsJeK) CHK 620
FLOW(II)®FLOW(II) eX CHK 630
IF (X) #0+60+50 CHK 640
ChD1saCHDleX CHK 650
GQC TO 60 CHK 660
CrD2=CHD2+X CHK 670
IF (K.EQ.l1) GO TO 90 - CHK 680
IF (S(IvdosK=1)elTe0eeORaT(IoJsK=1),EQe0,) GO TO 90 CHK 690
X3 (PHI(TodsK)=PHI(IsJ oKe]l))8TK(IsJeKa]l)*AREA®2,/ (DELZ(K)*DELZ2(K=1)CHK 700
1) CHK 710
FLOW(II)=FLOW(II)eX CHK 720
IF (X) 70+90,80 CHK 730
CrD1=CHD] *X CHK 740
6Q T0 90 CHK 750
CrD2=CHD2+ X CHK 760
IF (K.EQ.,X0) GO T0 120 CHK T70
IF (S{IleJsK®l)elTe0seOReT(IsJeK*1),EQ.0,) GO TO 120 CHK 780
X2 (PHI(IoJoK)=PHI (1o JoKe1))OTK (I eJoK)®AREA®2,/ (DELZ(K)*DEL2(K+1)) CHK 790
FLOW(II)=FLOW(LL)*X CHK 800
IF (X) 10001200110 CHK 810
CrD1=CHD]leX CHK 820
GO 70 120 CHK 830
CHD2aCHD2+X CHK 840
IF ‘s‘l’l.dix)OLTQODQORcT(I'IOJ'K,QEQQOQ, 60 70 150 CHK 550
X2 (PHI(IoJoK)=PHI (Il oJsK))I®TC(IwloJdoK)*OELX(J) CHK 860
FLOW(II)=FLOW(II) ¢X CHK 870
IF (X) 130+150+140 CHK 880
CHD1=aCHO] +X CHK 890
6Q 10 150 CHK S00
ChD23CHD2+X CHK sl0
IF (S(!Olodﬂﬂ.LT.O..OR.T(I*I'JM).EG.D.) 60 TO 220 CHK 920
X2 (PHI(IoJoK)mPHI(Io1oJdoK))NTC(IoJsK)*DELX (J) ' CHK 830
FLOW(IL)aFLOW(I])eX CHK 940
IF (X) 16002209170 CHK 650
CHO1=CHD}l X CHK 960
60 TO 220 CHK 970
CrD2sCHD2e X CHK 980
60 TC 220 CHK 990

CHK1000
=w=RECHARGE AND WEL|[S=w== CHK1010
IF (KeEQ.K0+ANDoIQRE.EQ.ICHK (7)) QREFLX3QREFLX+QRE (1+J)*AREA CHK1020
IF (WELL(IedsK)) 190+210,200 CHK1030
PUMPaPUMP+WELL (Iv¥JsK) ®AREA CHK10490
GC T0 210 CHK10S0
CFLUX=CFLUXOWELL (IeJsK) *AREA CHK1060

CHMK1l070
w=wCOMPUTE VOLUME FROM STORAGE==« CHK1l080
STORaSTORS (IoJsK)#(ALD(IoJoK)=PHI(I9JpK) ) *AREA CHK1090
CONTINUE CHK1l100
oo..cono.loooo-o-0...:.0-n'osoccoonooooooonoooacoocootooo.oooocoo.C"Klllo

CHK1120
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240

250

260

===COMPUTE CUMULATIVE VOLUMES» TOTALSs AND CIFFERENCES==- CHK1130

FLXPT=0,0 CHK1140
STORT=STORT+STOR ’ CHK11S50
STOR=STOR/DELT : CHK1160
QRETSQRET+QREFLX®DELT CHK1170
CHDT=CHDT=CHD1*DELT CHK1180
CHST=CHST+CHD2*DELT . CHK1180
PUMPT=PUMPT=PUMPWCELT CHK1200
CFLUXT=CFLUXT+CFLUXSDELT CHK1210
TCTL1=STORT+QRET¢CFLUXT+CHSTeFLXPT CHk1220
TOTL2=CHDT+PUMPTSETFLXT¢FLXNT CHK1230
SUMRRQREFLX¢CFLUXSCHD2+¢CHD 1 +PUMP+ETFLUX+FLUXS¢STOR CHK1240
DIFF=TOTL2-TOTL1 CHK1250
PERCNT=0,0 CHKl260
IF (TOTL2.EQ.0.) GO TO ‘230 CHK1270
PERCNT=DIFF/TQTL2#100, CHK1280
RETURN CHK1290
'0000..0.'00.0.0..0.....0'0.0.....00.00....'O....Q..ll....'l'l.l.QCHK130°

CHK1310
==aPRINT RESULTSw=e CHK1320
(Y Ty Y XTYII IS TR XY CHK1330
ENTRY CWRITE CHK1340
[TXYXXIIXIIXALIIIIIIYTIILI Y XY CNK1350

CHK1360

WRITE (64260) STORIQREFLX9STORToCFLUXIQRET9PUMP»CFLUXTHETFLUX»CHSTCHK1370
1oFLXPToCHOsTOTL19CHO1oFLUXSFLUXSIETFLXTsCHDT s SUMRyPUMPT 4FLXNT, TOTCHK]1380

2L2yDIFFsPERCNT CHK1390
IF (NCH.EQG.,0) GO TO 240 CHK1400

WRITE (6,270) CHK1410

WRITE (64280) ((JFLO(Iwd)oJ=193)oFLOW(I)sI=]lsNCH) CHK1420

CHK1430

=eaCOMPUTE VERTICAL FLOW==~ CHK]440

X=0, CHK1450

Y=0, CHK1460

IF (K0.EQ,1) RETURN CHK1470

DC 250 I=2,11} CHK1480

DC 250 J=m2sJl CHK1490

XCXO(PHl(I’JOI)'PHI(I’J’Z),‘TK(IDJOI)‘DELX(J)‘DELY(I"Z./‘DELZ(I)OCﬁKlsoo

10ELZ(2)) CHK1510
Y=Y e (PHE(IoJsK1)=PHI(IndoKO))®TK(IsusK1)®DELX(J)#DELY(I)®2,/(DELZ(CHK]520

1K1)¢DELZ (K0)) CHK1530
WRITE (69290) YsX CHK1540

RETURN CHK1550

CHK1560

ceeFORMATSw== CHK1S70

CHK1580

P L T Y T Y T . ew casman oaCHK1560

CHK1600

CHK1610

CHK1l620

FORMAT (90*910Xy *CUMULATIVE MASS BALANCE?,16Xyt ®##3¢,23X,'RATES FCHK1630
10R THIS TIME STEPS 116X IL#83/T1/1]1Xs24( =) 943Xs25(%=?)//20X, *SOUCHK1640
2RCES1 963Xy 'STORAGE =1 9F20¢4/20Xs8(?=1) 468Xy tRECHARGE =9,F20,4/27XCHK1650
39 'STORAGE =?yF20,2935Xs "CONSTANT FLUX =14F20,4/26Xy 'RECHARGE =t ,F2CHK1660
4002941X9YPUMPING m?,F20,4/21 X9 *CONSTANT FLUX :m1,F20,2930X, 'EVAPOTRCHK1&70
SANSPIRATION =31 9F20,4/21Xs YCONSTANT HEAD :®1,F20,2934Xs 'OONSTANT ‘HEACHK1680
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601+ /727Xy tLEAKAGE 2t yF20,2046X2 "IN =0,F20,4/21X9'TOTAL SOURCES =1+FCHK1690
T20,2945X0'0UT 21 4F20,4/96Xs tLEAKAGE 1 '/20X+*OISCHARGES 1 945X+ *FROM CHK1700
BPREVIOUS PUMPING PERIOD ='9F20,4/20Xs11("=")+68Xs*TOTAL =9F20,4/1CHK1710
G6X s "EVAPOTRANSPIRATION =14F20,2/721X9'CONSTANT HEAD =14F20,2936Xs1SCHK1T20
SUM OF RATES =14F20.,4/19X9QUANTITY PUMPED ='4F20,2/2TX+'LEAKAGE =t,CHK1730
$F2042/19X9'TOTAL DISCHARGE ='9F20.2//17Xe*DISCHARGE=SOURCES =',F20CHK]1740
$.2/15X9'PER CENT DIFFERENCE =1,F20,2//) CHK1750
270 FORMAT (*0FLOW RATES TO CONSTANT HEAD NODEStt/ ",34(tat)//0 ¢33(9CHK1T60
IXo 1K 94Xp T eaXaWJtgSXytRATE (L®®3/T) )/ 193(9XrtetglXytet j4Xy?tetCHKITTO

295X013(%=1)) /) CHK1780
280 FORMAT (/(1Xe3(110+215¢G18.7))) CHK1790
260 FCRMAT (*OFLOW TO TOP LAYER =1,G]1S5,7," FLOW TO BOTTOM LAYER =1,GCHK]1800
115,7! POSITIVE UPWARD') CHklalo
END CHK1820
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SUBROUTINE PRNTAI(PHIsSTRT»T+SsWELLsDELXsDELY) PRN

D P R D W R o 5 D D D A R P S D D D D W ------------—---------—quN

PRINT MAPS OF DRAWDOWN AND HYDRAULIC HEAD PRN
PRt RerSsTacCERtr TS eataneRTaaeae one covnccvacnaccanesesaPRN

PRN
SPECIFICATIONS: PRN
REAL ®8PHIsZyXLABELsYLABELsTITLEsXN1oMESUR PRN
REAL #4K PRN

PRN
DIMENSION PHI(I0#J0sKO)s STRT(I09JOsKO)» S(I09JOsKO)y WELL(I0+sJOsKPRN
10}, DELX(JO)s OELY(IO)s T(IO»JOWKO) PRN

PRN

COMMON /INTEGR/ I09U09KOsIloJloK1oIoJsKeNPERIKTHITMAXILENGTH e KP ¢ NPRN
IWEL o NUMT o IFINAL o IToKTs IHEAD o IDRAWY IFLOY IERRI29J29 K2y IMAXITMX1 s NCPRN
2Hs IDK1 3 IDK2 s IWATERY IQRE s IP o JP o IQ9JQo IK9 UK s KSeIPUL» IPUZHITK PRN

COMMON /PR/ XLABEL(3) s YLABEL(6) 9 TITLE(6) o XN1oyMESURIPRNT (122) s BLANKPRN

1(60)+s0IGIT(122)9VFL(6)9VF2(6) s VFI(T) s XSCALEsDINCHySYM(1T7)9XN(100) ¢PRN
2YN(13) oNA(4) sN1oN29N3sYSCALEFACT1sFACT2 PRN
RETURN PRN
........‘.............‘....‘.‘..‘..'..“...'....‘.......‘.......‘.PRN
PRN

weaINITIALIZE VARIABLES FOR PLOTe== PRN
SRR BRBENBARBRBER BB R PRN
ENTRY MAP PRN
SRR PBRRN BN BNBRRE N, PRN
YCiM=0, PRN
WIDTH=0, PRN
DO 10 Js=2.,J1 PRN
WIDTH=WIDTHeDELX (J) PRN
D0 20 I=2,1I1 PRN
YDIMsSYDIM+DELY (]) PRN
XSFaDINCH#*XSCALE PRN
YSFeDINCH®YSCALE PRN
NYDsYDIM/YSF PRN
IF (NYO®YSF.LE.YDIM=DELY(I1)/72,) NYDaNYDel PRN
IF (NYDJLE.12) GC TO 40 PRN
DINCHSYDIM/(12.*YSCALE) PRN
WRITE (6¢330) DINCH PRN
IF (YSCALE.LT.1.0) WRITE (6,340) PRN
60 TO0 30 PRN
NXD=WIDTH/XSF PRN
IF (NXD®XSF LE.WIDTH=DELX(J1)/2.) NXD=NXDel PRN
Né=sNXDaN]le) PRN
NS=NXDel PRN
N6=sNYDe] PRN
N8aN2¥NY(D+] PRN
NA(]1)=N&/2=-] PRN
NA(2)3N&/2 PRN
NA(3)=N&/2+3 . PRN
NC={N3=N8~10)/2 PRN
ND=NCeN8 PRN
NE=MAXO (NS9N6) ’ PRN
VF1(3)=DIGIT(ND) PRN
VF2(3)=DIGIT(ND) PRN
VF3(3)=DIGIT(NC) PRN

XLABEL (3)=MESUR PRN
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60
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100
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170
180
190
200
210
220
230
240
250
260
270
280
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320
330
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3%o0
360
370
380
3s0
400
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450
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€0

70
80

S0

100

110
120
330

YLABEL {6 ):sMESUR

DC 60 I=]1,NE

NANX=NS=1

NNYz]~]

IF (NNY.GE.N6) GO T0O SO
YN(])=YSFONNY/YSCALE

IF (NNX.LT«0) GO TO 60
XN (1) =XSFeNNX/YSCALE
CONTINUE

RETURN

PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN

ll’lllli...ll..'lll.llli..o.lllii.l....'..'...l.ll......‘l.ll....iPRN

(223232222222 22222 %)

ENTRY PRNTA(NGsLA)
YT ITY YT YT TR Y Y

~==VARTABLES INITIALIZED EACH TIME A PLOT IS REQUESTED===

DISTsWIDTH=DELX(J1)/2, '

Jusdl

Li=1

Z=NXD®XSF

IF (NGL,EQ.l) WRITE (6+300) (TITLE(I)sI=1+3)4LA
IF (NG.EQe2) WRITE (6+300) (TITLE(1)sImé4e6)sLA
DO 290 I=]1sNé

e=={ OCATE X AXESe==

IF (I+EQ.1.0R.I.EG.N4) GO TQ 70
PRNT (1)=SYM(12)

PRANT (NB)aSYM(]12)

IF ((I=1)/N18N1.NE.1=1) GO TO 90
PANT(1)=SYM(14)

PRNT (N8)aSYM(14)

GC Y0 S0

we=| OCATE Y AXESe==

DC 80 J=1sN8

IF ((J=1)/N2®N2.EQsJ=1) PRNT(J)=SYM(14)
IF ((J=1)/N28N2.NEeJ=1) PRNT(J)aSYM(13)

-==COMPUTE LOCATION OF 'NODES AND DETERMINE APPROPRIATE SYMBQL==e

IF (DISTeLTe0,e0RDIST.LToZ=XN1#XSF) GO TO 240
YLEN=DELY (2) /2.

DO 220 L=2.1]

JEYLEN®N2/YSFel .5

IF (T{LesJJsLA)+EQ.0,) GO TO 160

IF (S{LedJolA)elLTo0,) GO TO 210

INDX3=20

GC TO (100+110)s ING .

K= (STRT(LoJJoLA)=PHI(LeJdJsLA))#FACT]

=70 CYCLE SYMBOLS FOR DRAWDOWN,s REMOVE C FROM COL.,

K=AMOD (K410,.)

GC TO 120

K=pHI (LeJJsLA)#FACT2

IF (K) 13041600140

IF (J=2+GT+0) PRNT (J=2)3SYM(13)
N=eKe¢,5

IF (N.LT.100) 60 TO 190
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PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN
PRN

570
s8¢0
5§90
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
T70
780
790
800
810
820
a3o0
840
850
860
870
880
890
§00
910
920
930
940
950
960
70

980

990

PRAN1000
PRN1010
PRN1020
PRN1030
PAN1040

1 OF NEXY CARD«PRN1050

PRN1060
PRN1070
PRN1080
PRN10S0
PRN1100
PRN1110
PRN] 120



o000

140

150

160
170
180
190
200
210

220
230

240

250
260

270

280
2s0

60 T0 190

NzKe+,5

IF (N.,LT,100) GO TO 150

IF (N.GT,999) GO T0 190
INDX3=N/100

IF (J=2.GT,0) PRNT(J=2)=sSYM(INDX3I)
NaN=INDX3#100

INDX12MOD (Ne10)

IF (INDX1.,EQ,0) INDX1=10

PRN1130
PRAN1140
PRAN1150
PRN1160
PRN1170
PRN1180
PRN11S0
PRN1200
PRN1210

=70 CYCLE SYMBOLS FOR DRAWDOWN, REMOVE C FROM COL., 1] OF NEXT CARD=-PRN]1220

IF (NG.EQ,1) GO TC 170

INDX2=2N/10

IF (INDX2.6T.0) GO TO 180

INDX2=]0

IF (INDX3.,EQ.0) INDX2=15

6C TO 180

INDX1215

INDX2=215

IF (J=1.GT7.,0) PRNT(J=1)aSYM(INDX2)
PANT (J)=SYM(INDX1)

6C 70 22¢ :

D0 200 II=1,3

JIag=3el1l

IF (J1.GT,0) PRNT(JI)=SYM(]11)

IF (S(LoJJsLA)eLTe0,) PRNT(J)aSYM(16)
YLENsYLEN+ (DELY (L) *DELY(L*1)) /2,
DIST=0IST~(DELX (JJ)+DELX (JU=1)) /2,
Juady-1

IF (JJ.EQ,0) GO TO 240

IF (DIST.GT.Z=XN1#XSF) GO Y0 230
CONTINUE

===PRINT AXESsLABELSy AND SYMBOLS===

IF (I=NA(LL)+EQ.0) GO TO 260

IF ((I=1)/N1aNl=(I«])}) ‘27092505270

NRITE (69VF1) (BLANK(J) oJm1oNC) s (PRNT(J) #J=19NB) 9 XN(10(I=1}/6)
GC TO 280

WRITE (69VF2) (BLANK(J) sJ=1oNC) o (PRNT(J) #J=19N8) ¢ XLABEL (LL)
LisLLe¢]l

G0 TO 280

WRITE (69VF2) (BLANK (J) o Ju]loNC) o (PRNT(J) sum]lyN8)

«=«COMPUTE NEW VALUE FOR Z ANO INITIALIZE PRNTe--
Z2Z=2,%XN]1#XSF

DO 290 J=14N8

PRANT (J) =SYM(15)

~==NUMBER AND LABEL Y AXIS AND PRINT LEGENDwe~
WRITE (6oVF3) (BLANK(J) sJ=1eNC) 9o (YN(]I)sIm]luaN6)
WRITE (64320) (YLABEL(I)+I=1,6)

IF (NG.EQ.1) WRITE (6+310) FACTI]

IF (NG,EQ.2) WRITE (6+310) FACT2

RETURN

~eeFQRMATS ===
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PRN1230
PRN1240
PRAN12S0
PRN1260
PRN1270
PRN1280
PRN1260
PRN1300
PRN1310
PRN1320
PRN1330
PRAN1340
PRAN13%0
PRN1360
PRN1370
PRN1380.
PRN13G0
PRN1400
PAN1410
PRN1420
PRN1430
PRN1440
PRN14SO
PRN1460
PRN1470
PRN1480
PRN14S0
PRAN1500
PRN1510
PRN1S520
PRN1530
PRN1540
PRN15S0
PRN1560
PRN1570
PRN1580
PRAN1SS0
PRN1600
PRN1610
PRN1620
PRN1630
PRN1640
PAN1650
PRAN1660
PRN1670
PRN]1 680



(2 X e Kel

PRN1700

PRN1710

300 FORMAT (11%949X93ABs'LAYER'114//) PRN1720
310 FORMAT (tOEXPLANATION'/? f41]1(%=?)//% R = CONSTANT HEAD BOUNDARY'/PRN1730
1v eee 3 VALUE EXCEEDED 3 FIGURES'/* MULTIPLICATION FACTOR =1,F8,3)PRN1740

320 FORMAT ('0%939Xy64A8) PRN17S0O
330 FCRMAT (10%925Xe10(%®1)y¢ TO FIT MAP WITHIN 12 INCHESs DINCH REVISPRN1760
1ED TO'9Gl54Te1X910(0er)) PRN1T70
340 FCRMAT (10'+45Xy*NOTE: GENERALLY SCALE SHOULD BE > OR = 1,0°%) PRN1780
END . PRN1790-

VI-27



O 000

8LOCK DATA BLK

BLK
SPECIFICATIONS: BLK
REAL *8XLABEL)YLABEL»TITLE»XN1+MESUR BLK
BLK
COMMON /SARRAY/ ICHK(13),LEVEL](9)sLEVEL2(Y) BLK

COMMON /PR/ XLABEL (3) s YLABEL(6) s TITLE(6) 9 XN1o»MESURyPRNT (122) yBLANKBLK
1(60)9DIGIT(122) 9VFLI(6)9sVF2(6) 9y VFI(T) s XSCALEIDINCHoSYM(17)9XN(100)BLK

2YN(13)oNA(4) oN1oNZ2IN3sYSCALEIFACTLsFACTZ BLK
RORSRBR RSB R BRI R AR A I RSB BO DA RBBRREN RN RS S RS RN RN BB BN B RO NC RGNS RN BOBLK

8LK

DATA ICHK/'DRAW! o "HEAD Y9 YMASS?y'DK1"y?DK2? o 'WATE*y 'RECH? 9y "PUN]1 ", *PBLK

TUN29 *ITKRY 93%0/ BLK
DATA SYM/11%9020 503050405050, 080)T0,080,1G0,000,98%,0|0,0aty?et,1B8LK

1 1etRY WYYy BLK
DATA PRNT/122%' 1/sN1sN2yN39XN1/691091339,8333333330=1/9BLANK/60%1BLK

1 "/9NA(4)/71000/ BLK

DATA XLABEL/' X DISe= "9 'TANCE IN?9! MILES */+YLABEL/'OISTANCE?t," BLK
1FROM QR *IGIN IN ty?Y DIRECTY»*IONy IN #,¢MILES * /9 TITLE/'PLOT BLK
20F 19 *DRAWDOWNT 9t ¢, 'PLOT OF "o 'HYDRAULI'9'C KEADY/ BLK

DATA DIGIT/1tet20p030 90400509060, T0,089,0Q0,0]100,¢]110,0120,91318LK
10014701150, 0 1607 1T70,0180901G0,0209,02]10,022¢,023¢,1240,12501,0261,BLK
2Y2T 0128050200 ,0300,93]10,0320,9330,9340,¢350,0360,0370,0389,939¢,518LK
3409974119042 9743790440 91459)746%9%4T0480,14090,t500,¢5]10,052¢,1581K
439,954199550 956191571 ,91589,9590,9600996]1091620,76319164°47651,968BLK
SUgrBT 91680 906GV 307001917109 T2v53 073030 T41,t 750,076,177 Y,¢T78%,0 TOBLK
60 pr80v 8191821908309 1840,9850,1861,0879,1881,989131900,9917,992BLK
T9193991840,7050,9G61,9G71,¢098¢,1990,0100°9¢101°99102?97103%," 104¢BLK

897105991069 107%90108%,%109%97110%97111%9%112°97113%9%1149,9]115/BLK
99?1160 7117%90118%,%119%,%120%y0121%,7122?/ BLK
DATA VF1/%(LlH %yt PotALlsF1yt10e2ty0) 0/ : BLK
DATA VF2/71(1H Yty YetAlelty"XgABYy1)Y Y/ BLK
DATA VFI/VY(1HOY gty 0 YoVALIF 93,19t 12F1ty00,2)0/ BLK
YT ITYYIL Y22 LYY TR T EL T TR Y Y Y T2 TRy Ty Y e Y v Y Y Y Yy Ty 14
END BLK

GPO 897-110
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360~



