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Finite-Difference Model to Simulate the Areal Flow of

Salt Water and Fresh Water Separated by an Interface

by

James W. Mercer, Steven P. Larson, and Charles R. Faust

ABSTRACT

Model documentation is presented for a two-dimensional (areal)
model capable of simulating ground-water flow of salt water and fresh
water separated by an interface. The partial differential equations are
integrated over the thicknesses of fresh water and salt water resulting
in two equations describing the flow characteristics in the areal domain.
These equations are approximated using finite-difference techniques and
the resulting algebraic equations are solved for the dependent
variables, fresh-water head and salt-water head. An iterative solution
method was found to be most appropriate.

The program is designed to simulate time-dependent problems such as
those associated with the development of coastal aquifers, and can treat
water-table conditions or confined conditions with steady-state leakage
of fresh water. The program will generally be most applicable to the
analysis of regional aquifer problems in which the zone between salt water
and fresh water can be considered a surface (sharp interface). Example

problems and a listing of the computer code are included.



INTRODUCTION

The modeling of ground water in coastal aquifers is an important
and difficult problem in water resources investigations. The primary
difficulty involves the efficient and accurate simulation of the
salt-water front. The convective-dispersive solute-transport equation
probably best describes the movement of this front, however this
equation can be difficult to solve. TFor certain problems where the
transition zone caused by hydrodynamic dispersion is relatively narrow
(when compared with the aquifer extent and thickness), the simulation
can sometimes be simplified by assuming that the two fluids are
immiscible and separated by a sharp interface. This assumption is
particularly useful for large scale areal problems.

This interface modeling approach combined with the vertical
integration was first presented by Shamir and Dagan (1971). They
considered a vertical cross section and vertical integration resulted in
one-dimensional equations, which were solved using a finite-difference
approximation. For this one-dimensional case, they were able to track
the salt-water toe and regenerate their grid for each time step; thus,
solving two equations on the seaward side of the toe and only one
equation on the landward side. Bonnet and Sauty (1975) extended the
work of Shamir and Dagan to two dimensions. The resulting areal model
was approximated using finite-difference techniques. Finally, Pinder and
Page (1976) used the same equations given in Bonnet and Sauty, only
approximating them using a Galerkin, finite-element approach.

In this report, the equations describing two-dimensional, areal flow

of immiscible fresh water and salt water are developed by integrating the



flow equations over the vertical dimension. These equations are
approximated using finite-difference techniques and the resulting
nonlinear algebraic equations are linearized and are solved using an
iterative method. The computer program that implements this

solution scheme is described and examples are presented to demonstrate

its use.
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Figure 1

Diagrammatic representation of salt-water interface in

a coastal aquifer.




MODEL DESCRIPTION

Governing Equations

To simulate the transient position of the salt-water interface
shown in figure 1, it is necessary to solve simultaneously the equations
describing the fresh~water and salt-water hydrodynamics.

Mass balance. The mass balance for salt water, s, and fresh water,

f, may be written as follows:

ahs _
Ss 5t * V.qs - Qs= 0, (1)
and
Bhf _
S¢ 3t TV TQF 0, (2)

where h is hydraulic head, a is the Darcy velocity (a vector quantity), S

is the specific storage, Q is a source/sink term (negative for sink),
-9 s ,9 = _ 9 =~ - T . .

and V = 5% 1t 5y t 52 k (where i, j, and k are unit vectors in the

X,y¥, and z directions, respectively).

Momentum balance. It is assumed that Darcy's equation may be used

as simplified momentum balances. For salt water and fresh water these

are

q. = - E -vh R (3)
and

a4 = - Rp'vh (4)

where K is hydraulic conductivity (a temsor quantity).



Three-dimensional equations. Substitution of equations (3) and

(4) into (1) and (2) respectively yields

dh
s = _
Ss 9t v (Ks Vhs) B Qs‘ 0, (5)
and
ahf _
Segr. — V(ReVhg) - Q= 0, (6)

which are the three-dimensional, ground-water flow equatioas for
salt water and fresh water.

Vertical integration. To obtain the areal two-dimensional form of

equations 5 and 6, they are integrated in the vertical dimension over
the regions for which they are defined (fig. 1). Integration of (5)

and (6) yields

I oh_ _
s, z— -V (K ,-Vh)- Q.]ldz =0, (7
z
B
and
Z
T oh, )
8¢ 507 - Vo (ReVhe) - Qcldz = 0, (8)
z
I

where Zp is the elevation of the aquifer base, zy is the elevation of
the interface, and Zp is the elevation of the top of the fresh water
region. To evaluate (7) and (8) we use Leibnitz' rule in the following
form to reverse the order of integration and differentiation

(Korn and Korn, 1961, p. 100):



oz

v 2) 1
5% 42 T3z ] ¥dz + ‘P(x,y,z,t)Z 5%
%1 1 1
822
- ¥(x,y,z,t) 5% (9
)

(10)

Applicatiaon of Leibnitz' rule to the time derivative in (7) yields

z

21 I
Bhs 5 BzB SzI
Ss ¢ 4z = 8;GGg| bhydz + b F= -ho| 5, (11)
Zp Zp Zp Z7

where we have assumed SS is invarient with respect to depth. In terms

of averaged quantities defined by equation (10) and assuming Zg is

invariant with time, equation (11) may be rewritten as



I
I’ 8hs 5 BzI
JSs st 275 [ (b<h>) - b =1, (12)

where bS = (zI-zB). Using the Dupuit approximation that the hydraulic
head defined at zg and z; does not differ significantly from the
average, <hs>, and expanding the time derivative on the

right side of (12) yields

21
Jf Bhs 3<hs> Bbs azI
S 3t 2= 5;0by g by s - b
z z
B I
3<h > 9z 9z
=5 [b S 4+ <h> —%-h 1 (13)
s s at s ot s ot
z
I
8<hs>
= Ssbs ot
Integration of the x-component of V°(ﬁs-Vhs) in (7) using Leibnitz
rules gives
1
f 5 ah_ 5 dh_ dh_ dzy
,oox Koxdn ) 92 %5 Oy o) " Xxmx | w0
B B
sx Ox 9x ’ (14)
%1



where we have assumed that the hydraulic conductivity is colinear with the
coordinate axis and is invarient with depth. Similarly, the integrated

y- component is

1
9 ( ?EE) dz ( ahs oy ?fE
dy sy dy s sy ay sy 9y ay
z z
B B (15)
Y i
sy 3y 9y
%1
For the z-component, integration leads to
1
dh dh dh
9_ (K =) dz =K —= N — . (16)
9z ‘sz Jz sz Jz sz Jz
“B 21 “B

Substitution of (13) through (16) into (7) and use of equation (3) gives

8<hs> 9 Bhs Bhs
Ssbs at (bs sx OX ) T ( sKsy<_5§>) B bs<Qs>
oz oz
.-q _I_q _I. +q
sX 9x sy dy Sz
%1 21 %1
8zB azB
R P 2 9x qsy 2 3y 9z =0, (17
B B B



which is the vertically-integrated flow equation for salt water. Note
that the source/sink term has also been integrated.
Using a similar development, the vertically-integrated fresh-water

equation is

8<hf> 9 ahf 9 ahf
—_——— - E— <—=>) - =— <—==>) - b_<Q.>
Sebe Bt axPeKexBx ) T oy (PeKey<Hy ) T Pe<Q
Qg ox qu 2 oy Ue,
I I I
\ dz 9z,
T Qg ox Ut 5y It =0
y y z , (18)
Zr Zr 21
where bf = zp = 2. It can be shown (Hantush, 1964, p. 300) that
%, %% _
9sx 2 9x gy 2 dy sz =0 (19)
B B Zp

10



for an impermeable base and thus these terms can be eliminated from (17).
Also, it can be shown (Faust and Mercer, 1979, p. 27) that the average

dh
of the derivative (< 5§§->) will be equal to the derivative of the

o<h >
average (~—5§~——) if the Dupuit approximation is used (i.e.

<h >z h ). The remaining terms that are evaluated at z_ and z
s s 'zp I T

can be replaced by considering the conditions of a material surface
(the interface or the water table).

Surface conditions. To evaluate the movement of the water

table and the interface, the following relationships are necessary.
Suppose the surface at time t is represented by

F(x,y,z,t) = 0.
At a later time, t+6t, a particle at point (X,y,z) will be displaced
to (x+6x, y+dy, zt6z) = (x+vx5t, y+vy6t, z+v26t) where v_, vy, and v,

are the velocity components at (x,y,z) on the interface. The new interface

is, therefore, given by

F(x+ vxﬁt,y + vyﬁt,z + vz6t, t+6t) =0=F (x,y,z,t)
and therefore,
DF _ 9F

ﬁ-g—éz'f‘V’VF:O,

(20)

where %E is the material (substantial) derivative or derivative following the
motion. Equation (20) is known as the Kelvin relation governing the

the motion in a liquid on a surface containing a given set of particles.

11



For the salt water-fresh water interface, F = z (t) - z; (x,y,t),

which when substituted into (20) yields

oz 9z oz
D _ R I I
Dt (z—zI)lz— (vz ot Vx 3x vy dy ) . 0.
I (21)
Multiplying (21) by porosity, ¢, and rearranging terms gives
dz 9z oz
I - I I
¢ 5 92 | Bx qy gy (22)
%1 1 71

Thus, this equation can be used to replace terms in (17) and (18) that

are evaluated at zg-

Let us temporarily define the top surface as H(x,y,z,t) recognizing
that H = Zy (x,y) for confined problems and H = he (x,v,z,t) for unconfined
problems. The surface is thus described as, F = z(t) - H(x,y,z,t),

and taking the material derivative,

or

dz _ 8H , 9H dx  9H dy , OH da
dt Jt ox dt dy dt 9z dt’

12



and thus,

_ 9oH JoH + oH | oH

Yz T3t T Vx 9x Vv oy T Vz oz

Multiplying by porosity, ¢, and introducing o to distinguish between
confined and unconfined conditions (¢ = 1 for unconfined, a = 0 for

confined) gives

Bhf

oH
- a¢__.
H at

oH
ov,, 1 - 52

= 9% 5%

oH
oy

H

(23)

H H

for the time derivative of H.

Note that we have substituted hf
H

Recall that for confined problems this term vanishes (because it is not a
function of time) and for unconfined problems, this term becomes the

time derivative of hf. By introducing o, we obtain these desired
results. Also, from the Dupuit approximation, the derivative gg
can be considered negligible for the unconfined case and is zero for
the confined case; therefore, the term containing this derivative is

ignored. Finally, the term ¢vz represents the total velocity of

a particle at the surface H and is composed of q, and recharge or
H

leakage if they exist. Thus,

¢v_=q

. L - oR + (1-a) K'/b'(<hf>-h'), (24)

H

13



where R is the rate of recharge to the water table, K' is the hydraulic

conductivity of an overlying confining bed, b' is its thickness and h'

is the head on the opposite side of the confining bed. Substituting

(24) into (23) and recalling from the Dupuit approximation that hf 0 =

<hf> gives

9<h >
oH _ 90 _ ro(1-an KL iy £
. 5% quH 5y = OR (1-0) g+ (<hp>-h') + o 5p

—qx

H

Substituting (22) and (25) into (18) gives

a<h > o<h > 8<h >

f 2] f F?) f
Sebe 3¢ 5x Py 357 3y ey 57 ) " beQp
821 K 8<hf>

-6 —8—£-+(XR-(1-OI)~b—,(<hf>-h)+d¢r 0.
Also, substituting (19) and (22) into (17) gives

3<hs> 3 3<hs> 9 8<hs>

Ssbs ot T 5k (bsst ax ) - ax (bsKsy dy ) - bs<Qs>
9z
I _
Fos =0

14

. (25)

(26)

(27)



Final equations. The last terms that need to be evaluated are

the time derivatives of the interface. A stability requirement
(what keeps one fluid from pushing into the other) is that the pressures

of the two fluids at the interface are equal:

pSg (hS - ZI) = pfg(hf = ZI)’ (28)

where g is the gravitational constant and Pe and p, are fresh~water
and salt-water densities, respectively. Rearranging terms, recalling

the assumption that head is uniform with depth and solving for z; gives

<hg >pg - <h_ >p_

Pe = Py . (29)

Taking the time derivative gives

3z . 9h> . ¥<h >

_ _ (30)
ot~ Pf 3t Ps 3t J

15



where p; = pf/(pf-ps) and p; = pS/ (Pf - Ps)-

Equation (30) indicates that the rate of change in the

elevation of the interface is proportional to the rates of change
in heads. Changes in fresh-water and salt-water heads could be off
setting, resulting in little or no change in the interface.

We assume that hydraulic conductivity is measured in terms of fresh
water, therefore, Kf =K = kpfg/pf and Ks = kpsg/ps, where k is the
intrinsic permeability and He and M, are the fresh-water and salt-water
dynamic viscosities, respectively. Combining these and rearranging

terms gives

Ks = Kf “fps/pf“s’ (1)
Similarly for specific storage, S; = pfg(u' + ¢B) and

s_ = pg(a’ + 0p), and

where we have assumed that the vertical compressibility coefficient of
the medium, o', and the compressibility coefficient of the fluid, B, are
approximately the same for salt water and fresh water. Substitution

of (30), (31) and (32) into (27), and (30) into (26) yields for the

salt-water and fresh-water equations respectively,

16



P oh 4 9h . oh
S g5 b

S
b £’ Bt * olPs 5¢ - Ps 5T
Eﬁ P ahs 9 Hg P 8hs

T oox (bstx Pe M 9x ) - oy (b K ) (33)

Q

- Q 8(x=x,,y-y,) = 0,

and

dh . Oh, . 9h dh,
S¢Pe ot " ¢Pe 5t T Ps BT T M5

oh oh
9 f 9 £
5z P 3z 0 "oy PXey 5y )
(34)

K' 'y =
- Q0(x=x,,y-y;) + oR - (1-0) g7 (he-h') =0,

which are the final vertically-integrated equations, where the

averaging brackets < > have been omitted. Equations (33) and (34)

are formulated in terms of hf and hS to facilitate treatment of constant
head boundaries. However, had we solved (28) for hs’ our final equations
could have been formulated in terms of hf and z;. Similarly, the final

equations could have been formulated in terms of hs and Zy- Note that

for free surface conditions, Sf and SS are generally very small
compared with porosity. Also, bf <Qf> has been replaced with a
source-sink term wa 6(x-xi,y-yi), where 6(x,y) is the

Dirac delta function.

17



Numerical Development

The technique used to solve equations (33) and (34) is based on
the finite-difference method. For this method the areal extent of the
reservoir is subdivided into rectangular grid blocks in which the fluid
and reservoir properties are assumed uniform. The continuous derivatives
in equations (33) and (34) are approximated by finite-difference
expressions at points (nodes) in the centers of the blocks. This results
in a nonlinear system of 2NB equations with 2NB unknowns (the values of
fresh-water and salt-water heads at the nodes) where NB is the number of
nodes. The general finite-difference representation and solution
procedure for this system of nonlinear equations are outlined below.

Finite difference representation. Equations (33) and (34) may be

written in compact, implicit finite-difference form as

A (T AWM

nt+l
X SX X S + Ay(T A hs ) +AQ

sy y WS

- CAt hf - DAt hS =0, (35)

and

ntl ntl
AX(TfXAXh £ )+ Ay(TfyAyhf ) + Awa

K' nt+1 .
AoR - A(1-a) 57 (hi,j - h i,j)
- FAh, - BAh_ = 0, 56

18



where i and j are indices in the x- and y-directions, n is the index

for the time level, and the grid block area is defined as A = Ax Ay,
where Ax and Ay are the spacings in the x- and y-directions, respectively.
The equations have been multiplied by the grid block area to produce
equations having units of volumetric rate. It can be shown that the
resulting equations have a block symmetric form, which is an important
consideration with regard to the application of solution procedures.

The transmissive terms are given by

Tsx - (fo/Ax)bSAypfpS/pfps, (37a)
Toy = Re /YD AxUep /P, (37b)
Te, = (Kp /OX)b Ay, (37¢)
Tgy = (Kpy/Ay)bAx. (374)

The difference operator acts as follows in the x- direction:

n+l _ ntl ntl
X(Tsx Agh ) = Tsx, N (hs. L )
its,] itl,j 1,]
+1 n+l
- T (h" h )
SX, sS. . S. . 38
'}E,J 1,] 1'1)J ( )

The interblock transmissive terms (values at i * % and j* %) are composed
of two parts: that which is a function of space only (for example,

fo /Ax) and that which is a function of head (for example, bs).

19



To approximate these terms requires averaging or weighting of the various
components over each grid block. For the space dependent part, this is

accomplished by using a harmonic mean, for example,

(fo/Ax)i+% = 2fo.

fo./ (fo‘ Ax, + K Axi). (39)
i+l i i

i+l fx.

The head dependent part of the these terms is computed by a

weighted arithmetic average, for example,

b = Bb + (1-B)b
i+h Si+1 P 859 (40)

where B may be determined such that the upstream value is used.

The upstream node is located by comparing the heads at nodes i and

i+l, and B is set to give bs the value at the node having the larger
head. Alternatively, other values of B can be used; for example, B =%
produces a midpoint weighting. Of the two procedures, upstream weighting
yields a lower-order approximation of the spatial derivatives but
exhibits a more stable solution. The time coefficients in equations

(35) and (36) are given by

C = AXAY(N)“E’ (413)
D = AxAy(S;b p_/p; - 0p%), (41b)
F = AxAy(Seb. - ¢p% + a¢), (41c)
B = AxAypk. (414d)

20



The difference operator acts over the time domain as follows:

CAthf = Ci,j(hf. T hf' .)/At, (42)

1,7 1,]
which is a backward difference approximation.

Solution procedure. A block form of the line-successive over-

relaxation technique (Varga, 1962), is used to solve the set of algebraic
equations. A block consists of the pair of equations at each node. The
2 by 2 sub-matrices multiplying dependent variables in rows j-1 and j+1
are treated explicitly resulting in a reduced coefficient matrix of block
tri-diagonal form. The set of matrix equations for each row are solved

sequentially to produce new estimates of h_ and hs. The explicit terms

f

are updated and the process repeated until satisfactory convergence is

achieved. Rewritting equations (35) and (36) in matrix form gives

ntl, T _ ¢ 0y _ ntl,k+1 _ ntl,k
j=1,..., NY (43)

where NY is the number of rows. Matrix [A]j is block tri-diagonal and
is composed of coefficients multiplying values of the dependent
variable within row j. Matrices [B]j-l and [B]j+1 are block

diagonal and are composed of coefficients multiplying the dependent
variables in rows j-1 and j+1, respectively. Note that h for

row j-1 appears at iteration k+l1 and h for row j+1 is at iteration
level k. Both terms are known, either from the solution of

equation (43) for the previous row (j-1) or from the previous

iteration (k). Vector {Qn}j is composed of source-sink terms and other

21



terms in (35) and (36) that are not functions of hf or hs.
Thus all terms on the right hand side of equation (43) are known and the

n+1}t

equation can be solved for {h For improved accuracy, differences

in head may be solved. Introducing

(an™y = ™y ooty (44)

equation (43) becomes

(Al an™" 1y T= fRes™}, - [B],_ (0™ 13ET]
R P T Es PR IS B (45)

where {Resn}j is the residual of the difference equations at time level n.
Iteration level T is an intermediate level (between k and k+1) prior
to over-relaxation. Over-relaxation is used to accelerate convergence

and takes the form

n+1}k+1

ntl,k
p }

) (46)

{Ah ;

+
= wian™}% + (1-w) {an
where w is a relaxation parameter (0<w<2). Values of w are commonly
determined by trial and are generally between 1.6 and 1.9. The
solution of equation (45) followed by (46) for each row (in sequence)
completes an iteration. Iterations are terminated when successive

estimates of Ah are acceptably similar.

22



Well terms. For general problems, a well may penetrate both salt
and fresh water, and pumping removes both fluids. The amount of each
fluid removed is, in part, determined by the interface elevation in the
well, because this determines what portion of the well's open interval
is occupied by each fluid. As the interface elevation changes with
changes in head (hence, with time) the relative quantities of fluids
removed also changes.

A simple approximation for allocating the relative amounts of
each fluid that are discharged is to linearly apportion the total
discharge by the relative length of open interval that is exposed
to each fluid.

In the model, these terms could be determined explicitly, that
is, using the interface elevation in the well at the beginning of the
time step (time level n) to determine the amount of each fluid
removed. Because the interface elevation changes over the time step,
this explicit approach gives mass balance errors that may become
unstable (the errors grow rapidly with time) unless the time step is
sufficiently small.

In order to obtain stable solutions without having a restrictive
time step limitation, it is necessary to treat the well terms more
implicitly, that is, evaluate them closer to the ntl time level.

One way to accomplish this is to incorporate the changes in fluid

discharge with respect to salt-water and fresh-water head as follows:

n n
3Q 3Q
ntl _ n wi wl
%r T Qs tam, Mt 5h_ Ahg (47a)

23



and
n

3Q
Q =Q + — Ah + ws Ah

WS ws ah f oh_ S» (47b)

where the derivatives are computed at the beginning of the time step
and incorporated into the main diagonal block of appropriate equations
(45). 1In order to compute the derivatives, consider figure 2, which
shows a well penetrating both salt and fresh water. Note that

both confined or water-table conditions are considered. For
water-table conditions, it is assumed that the well is completely
open to the top of the water table. Assuming that total flow

contributions from salt and fresh water are determined linearly

QWF

(TWS - ZI)QT/LS (48a)
and

QWS = (ZI - WB)QT/LS, (48b)

where QT is the total well discharge, TWS = [oHF + (1-0)WT1] is the top
of the well's screened or open interval, LS = TWS - WB is the total
length of the screened or open interval, QWF = Awa, and QWS = AQws'
Recall that o = 0 implies confined conditions (TWS = WT1) and a = 1
implies water-table or unconfined conditions (TWS = HF). Using
equation (29) and substituting for the interface elevation (ZI) in

equations (48) gives

QWF = (TWS - p;HF + p_HS)QT/LS (49a)

24



and

and

QWS = (piHF - p:HS - WB)QT/LS (49b)

where HF and HS are the array names for fresh-water and salt-water
heads, respectively, that are used in the FORTRAN computer program.

Taking the derivatives gives

IQWE _ _ * _ _ o * %* 2

SHE = {LS(a pf) (TWS prF + pSHS)a}QT/LS (50a)
QWF _ *

AQWS _ ko ko kL 2_ _ 9QWF

SHF - {I.Spf (pf}[F pSHS WB)a3}QT/LS = SHF (51a)
aQWS _ _ * _ _ OQWF

aus - - PsQU/LS = - 5pg - (51b)

The derivatives (equations (50) and (51)) are added to the diagonal
blocks of [A]j in equation (45) and the known terms (st and st)
become part of the residual ({Resn}j). Implicit treatment of well

terms is discussed in more detail in Mercer and others [1980].

25



QT, total flow from well

WTH1, elevation of well screen top
or HF, water-table head

Fresh Water

e L, mterface elevation

ot
o -
......

Sa!t Water §;.s_g_rg_en bottom

0
.....

-----

Figure 2. Well with opening to both salt water and fresh water.
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MODEL DOCUMENTATION

Notes on use of program. The user may find the following comments

helpful in understanding the program:

(1) Although calculations are performed in terms of salt-water
and fresh-water heads, the initial input data required is fresh-water head
and interface elevation. The reason being that these latter two
variables are generally measured in a field situation. Salt water head is then
calculated using equation (28).

(2) Well terms are considered positive for injection and negative
for withdrawal. As indicated previously, the volume of salt water and
fresh water removed (or injected) is determined linearly using the location
of the interface and the length and position of the well's open interval.
If one wishes to withdraw (or inject) only fresh water, the elevation of
the well screen bottom must be set above the interface elevation. For
withdrawal (or injection) of salt water only, the top of the well screen
must be set below the interface elevation. Also, note that for unconfined
conditions, the fresh-water head, HF, is assumed to be the top of the
open interval. If this is not the case, adjustments should be made
to the computer program.

(3) Both well terms and recharge are input in L3/T units.

(4) For steady~-state simulations, small values of specific storage
and porosity can be used to increase the rate of interface translation
and thus reduce the computational effort required to obtain the steady-
state solution. There will be a limit, however, on how much these

parameters can be reduced for a particular time step size.
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If these parameters are chosen such that there is an attempt to translate
the fresh-water tip or salt-water toe more than one grid location
from their current position, the solution may become unstable. This
condition can also produce instability in the well allocation scheme.
If these conditions occur, the time step size must be decreased or
the porosity (and possibly the specific storage) must be increased.

(5) Computer storage arrays must be sufficiently dimensioned
(the code in the appendix is dimensioned for 34 columns and 32 rows).
Note that variables AX, AY, BX, BY, TX, and TY require an extra row or

column. To minimize core requirements, the dimensions of several

arrays should be adjusted to their minimum values as follows

Array Dimension
AF, AS 4 x NB
RF, RS, DELHF, DELHS,

cIi1, CIi2, CI21, CI22 NB
NFE NX +1
RFT, RST NX

where NB is the number of active grid points (equations) and NX is
the number of columns in the grid. The total number of words required
to store most of the program variables is approximately 48NB.

(6) The time required for the program to execute will depend
upon the characteristics of the simulation (number of time steps,
number of iterations required per step, etc.) and upon the type of
computer being used. Some example processing times (per node per
iteration) are: Cyber 175, 10—4 seconds; IBM 370/155, 6)(10"4 seconds;

and Harris S135, 10"3 seconds.
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(7) The convergence criterion for iteration sequence is specified
as 10_6, (card A1620) that is, the maximum change in head during the
iteration must be less than 10-6 for convergence. This number was
found to be satisfactory for test problems, but if necessary, this value
may easily be changed by repunching the card where this check is perfomed.

(8) To improve convergence, an over-relaxation factor, WP, (see equation
46, p. 22) is read. This value may be varied by trial and error to
determine the value that gives optimal convergence rate. In most problems,
the optimal value was found to range between 1.6 to 1.9.

(9) A weighting factor, WT, (see equation 40, p. 20) is also read
that weights the thicknesses of the salt and fresh water used in the
transmissive terms between blocks. A value of 1.0 weights the thickness
using the value from the upstream block, whereas a value of 0.5 weights
the two blocks equally (midpoint or central weighting). The upstream
weighting gives a less accurate solution, but may be more stable for
certain problems.

(10) To reduce the number of lines in the output, only computed
fresh-water head and interface elevation are printed every ITP time step,
where ITP is read. If salt-water head is also desired, IPT must
be input as 1.0. 1In addition, if the matrix information is desired, ID4
must be input as 1.0.

(11) The time step may either be uniform (IDELT = 1.0) or increase
with time (IDELT = 0.0). The increase is computed automatically in MAIN
using ZMAX, which is input with IDELT. The program allows a maximum
increase factor of 1.2. To change this restriction, the appropriate

cards must be repunched (cards A570 and A600).
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(12) The program uses feet and seconds as the units for labelling
output. However, any consistent set of units may be used if the output
is interpreted appropriately.

Description of the subroutines. The FORTRAN IV code contains a

main program and 8 subroutines, which are shown diagrammatically in
figure 3. The purpose of each subroutine is listed below.

MAIN Driving program for the subroutines. In addition, the final
space coefficients are computed and both the time loop and iteration
loop are executed.

GDATA Reads and writes problem information according to the
formats listed in the input section of this report.

READ Reads the two dimensional arrays containing data
for each finite-difference block.

TCALC Computes harmonic part of transmissive terms. Also
initializes boundary transmissive terms to zero.

C@EF Computes the thickness part of the transmissive terms and
the time derivative coefficients.

FPRMEQ Forms the components of the reduced matrix equations
for the iterative scheme.

BSBAND Solves reduced matrix equation for one row using the
Gauss-Doolittle method.

PDATA Prints time step information and computed salt-water head,
fresh-water head and interface elevation, if desired.

BAL Computes and prints salt and fresh water mass balance.

A generalized flow chart showing the approximate order that the

subroutines are used is shown in figure 4.
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MAIN

@ ‘ @ FORMEQ BSBAND PDATA BAL

READ

Figure 3. Program subroutines showing order and link of calling.
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Read and
write input
data

Compute space
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transmissive
terms
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coefficients
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Compute initial
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®

Figure 4.
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equations
for time step

Decompose
reduced
coefficient
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Update right
hand side, forward
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each row

Generalized flow chart.
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Update time
and space
coefficients

Compute
mass balance

Print time
step summary

Last No
time iijf}/ :><:§:>
Yes

( STOP )

Figure 4. Generalized flow chart (cont.).
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Columns Format Name
Card 1 - Title
1 - 60 20A3 TITLE

Card 2 - Finite difference data

1-4 I4
5-8 I4
9-12 I4
13-16 I4
17-20 I4
21-24 14
25-28 I4
29-32 I4
33-36 I4

NX

NY

NB

MBE

NT

NHSC

NHFC

NIT

Card 3 - Time parameters

1-10 G10.0
11-20 G10.0
21-30 G10.0

DELT
WT

wg

Input

Description

Problem title

Number of columns (x-direction)

Number of rows (y-direction)

Number of active (nonzero porosity)

grid blocks

Not used.

Number of time steps

Number of sources and sinks

Number of constant salt-water head nodes
Number of constant fresh-water head nodes

Maximum number of iterations allowed

Initial time step (seconds)
Weighting factor (1.0 for upstream)

Over-relaxation factor
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Columns Format Name
Card 4

1-10 G10.0 ALPHA
11-14 14 IPT
15-18 I4 IIK
19-22 14 ITP
23-26 I4 ID4
Card 5 - Data codes

1-4 14 K1
5-8 I4 K2
9-12 I4 K3
13-16 14 K4
17-20 14 K5
21-24 I4 K6
25-28 14 K7
29-32 I4 K8
33-36 14 K9
37-40 I4 K10

Card 6 - Multiplication factors

1-10

11-20

G10.0

G10.0

Fl

F2

Description

Read 1.

Read 1

Read 1

Number

Read 1

Read 1

Read 1

Read 1

Read 1

Read 1

Read 1

Read 1

Read 1

Read 1

Read 1

0 for water-table; 0.0 for confined

to

print salt-water heads

for leakage

of

to

if

if

if

if

if

if

if

if

if

if

time steps between printing output

print matrix information

x-spacing is uniform

y-spacing is uniform

initial fresh-water head is uniform
initial interface elevation is uniform
x-hydraulic conductivity is uniform
y-hydraulic conductivity is uniform
specific storage is uniform

elevation of aquifer base is uniform
porosity is uniform

aquifer thickness is uniform

Multiplication factor for x-spacing

Multiplication factor for y-spacing
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Columns Format Name Description

21-30 G10.0 F3 Multiplication factor for initial fresh-

water head

31-40 G10.0 F4 Multiplication factor for initial interface
elevation

41-50 G10.0 F5 Multiplication factor for x~hydraulic
conductivity

51-60 Gl10.0 Fé6 Multiplication factor for y-hydraulic
conductivity

61-70 G10.0 F7 Multiplication factor for specific storage

71-80 Gl0.0 F8 Multiplication factor for elevation of

aquifer base
Card 7 - Multiplication factors (continued)
1-10 G10.0 F9 Multiplication factor for porosity
11-20 G10.0 F10 Multiplication factor for aquifer thickness
Data set 1 - X-spacing
1-80 8G10.0 DX(I) Spacing in the x-direction (NX values);
if uniform, K1 = 1 and only read one value
Data set 2 - Y-spacing
1-80 8G10.0 DY(J) Spacing in the y-direction (NY values); if
uniform, K2 = 1 and only read one value

Data set 3 - Initial fresh water headsl/
1-80 8G10.0 HF(I,J) Initial fresh water heads; if uniform,

K3 = 1 and only read one value

1/ Start new card for the beginning of each new row leaving blanks for
missing blocks.
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Columns Format Name Description

1/

Data Set 4 - Initial interface elevation—

1-80 8Gl0.0 Z1(1,J) Initial interface elevation; if uniform,
K4 = 1 and only read one value

Data set 5 - X-hydraulic conductivityl/

1-80 8G10.0 XK(1,J) X-hydraulic conductivity; if uniform,

K5 = 1 and only read one value

Data set 6 - Y-hydraulic conductivityl/

1-80 8Gl0.0 YK(1,J) Y-hydraulic conductivity; if uniform,
K6 = 1 and only read one value

e 1/

Data set 7 - Specific storage~

1-80 8G10.0 S(1,J) Specific storage; if uniform, K7 =1
and only read one value

Data set 8 - Elevation of aquifer basel/

1-80 8G10.0 ZB(1,J) Elevation of aquifer base; if uniform,

K8 = 1 and only read one value

1/ Start new card for the beginning of each new row leaving blanks
for missing blocks.
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Columns Format Name Description

Data set 9 - Porosityll

1-80 8G10.0 PPR(I,J) Porosity; if uniform, K9 = 1 and only
read one value. Note, porosity is used
to key in on inactive blocks - a porosity

of zero must be read for these blocks.

Data set 10 - Aquifer thicknessl/ 2/
1-80 8G10.0 TH(I,J) Aquifer thickness; if uniform, K10 = 1 and

only read one value

Card 8 Data codes (continued)é/

1-4 14 K11 Read 1 if head in overlying aquifer is
uniform

5-8 14 K12 Read 1 if leakance (K'/b') is uniform

Card 9 Multiplication factors (continued)gl
1-10 G10.0 Fl1 Multiplication factor for confining bed head

11-20 G10.0 F12 Multiplication factor for confining bed leakance

1/ Start new card for the beginning of each new row leaving blanks
for missing blocks.
2/ Read only if ALPHA
3/ Read only if ALPHA
leakage is included.

I

0, confined conditions.
0

0.
0.0 and ILK = 1 (card 4), indicating that
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Columns Format Name Description

1/ 2/

Data set 11 - Head in overlying aquifer— =

1-80 8G10.0 BH(I,J) Head in overlying aquifer; if uniform,
K11 = 1 and only read one value

Data set 12 - Confining bed leakancel/ 2/

1-80 8G10.0 BL(I,J) Confining bed leakance (K'/b'); if uniform,

K12 = 1 and only read one value

Card 10 - Densities and viscosities

1-10 G10.0 DENF Fresh-water density
11-20 G10.0 DENS Salt-water density
21-30 G10.0 VF Fresh-water viscosity
31-40 G10.0 VS Salt-water viscosity

Card 11 - Recharge
1-10 G10.0 RECHG Recharge (uniform value applied to

each node)

1/ Read only if ALPHA = 0.0 and ILK = 1l(card 4), indicating that
leakage is included.

2/ Start new card for the beginning of each new row leaving blanks
for missing blocks.
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Columns Format Name Description

Data set 13 - Source/sink rates

1-4 14 I Column number of well
5-8 14 J Row number of well
9-18 Gl10.0 QT(1,J) Volumetric rate of source/sink at block i,j

(negative for a sink)
19-28 G10.0 WI1(I,J) Elevation of top of well screen
29-38 Gl0.0 WB(I,J) Elevation of bottom of well screen

Note: NF cards read; if NF = 0, this data set is omitted.

Card 12

1-4 14 IDELT Read 1 for constant time step; 0 for auto
time step.

8-14 G10.0 ZMAX Maximum change in interface elevation used

to compute auto time step

Data set 14 - Constant salt water head nodes
1-4 14 I Column number of constant salt-water head node
5-8 14 J Row number of constant salt-water head node

Note: NHSC cards read; if NHSC = 0, this data set is omitted.

Data set 15 - Constant fresh water head nodes
1-4 14 I Column number of constant fresh-water head node
5-8 14 J Row number of constant fresh-water head node

Note: NHFC cards read; if NHFC = 0, this data set is omitted.
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Output

To aid the user in detecting errors associated with data input,
data read by the program is immediately printed out; thus, output
appears in the following order:

Title of Problem
Finite Difference Data
Time Parameters
Multiplication Factors
Spacing in X-Direction

Spacing in Y-Direction

1/

Initial Fresh-water Heads =

1/

Initial Interface Elevation =

X-Hydraulic Conductivity 1/

Y-Hydraulic Conductivity 1/

Specific Storage v

1/

Elevation of Aquifer Base =

1/

Porosity =

Aquifer Thickness 172/

Multiplication Factors 173/

Confining Bed Head 173/

1/ Printed by rows with row number printed to left of data; if
uniform, only one value is printed.

2/ For confined conditions

3/ For leakage and confined conditions
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1/ 2/

Confining Bed Leakance ~ =

Densities and Viscosities

Recharge

Source/Sink Values and Locations

Constant Salt-water Head Locations

Constant Fresh-water Head Locations

Grid Block Numbers 3/

Initial Volume of Fresh Water and Salt Water

in Place

In addition, for every time step, the following is printed:
Iteration Information
Fresh- and Salt-water Balances
Time Step Information

Finally, for every ITP time step, the following is also printed:
Fresh-water Head
Interface Elevation
Salt-water Head 4/

Water Quality Map

1/ Printed by rows with row number printed to left of data; if
uniform, only one value is printed.

2/ For leakage and confined conditions

3/ If ID4 equals one

4/ 1f IPT equals one
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Iteration information. The maximum difference error for each

iteration is printed. This information gives an indication
of the rate of convergence.

Fresh-water and Salt-water Balance information. The following

rates and total volumes (for each time step) are given for both fresh
and salt water:

Change in Storage

Source/Sink

Constant Head Nodes

Vertical Leakage

Recharge

Error, in percent

Totals

Equation Change in Storage
The rates and totals are indicated as being in the units ft3/s and ft3,
respectively. In actuality, these are printed in whatever consistent
units were used for the input. The error, in percent, is based on
a total net inflow volume. The total value is simply the difference
between all inflows and outflows.

The mass balance summary includes two values of change in
storage: the true change in storage and the change in storage
expressed by the equations. These are given to help assess
mass balance problems along the fresh-water tip or salt-water
toe (Mercer and others, 1980). The equation change in storage

should always balance with the net of the other inflow and
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outflow terms. This indicates that the iterative method has successfully
solved the algebraic equations. The mass balance error, however, is
computed using the true or physical change in storage and may be significant
even if the equations have been properly solved. This error reflects the
effect of physically unrealistic interface conditions along the fresh-
water tip or salt-water toe. A more complete discussion of this problem
is given in Mercer and others (1980).
APPLICATIONS

To verify that the finite-difference approach is adequately
approximating the partial differential equations, a comparison is
made with an analytical solution. To test some of the assumptions
that compose our mathematical model, a laboratory experiment is also
simulated. In addition to verifying our approach, these applications
serve as examples of how to set up problems and use the computer program.
Example 1

Consider a confined aquifer of uniform thickness, D (see figure 5).
At time t = 0 there is a vertical interface, maintained by a gate at x = 0,
separating salt water from fresh water. At t = 0 the gate is removed,
and the interface begins to move owing to the density difference. After
time t = tes the toe has moved a distance of L (tl)' Keulegan (1954)
gives an analytical solution for the motion of the interface, z*,
and for the location of the toe, L(t):

zf (x,t) = BD{1+x/[(ApKDt)/ (0p,)17}, 52

and

L(t) = (tApKD/0p,)%, (53)
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where Ap = Py = Pg- The data for this problem are given in table 1 and
the formated model data are given in table 2.

The numerical solution was started with a linear interface ending
at L(to) = 20 meters (following Shamir and Dagan, 1971), which was then
allowed to move. This value of L corresponds to to = 12.28 days. The
numerical model used for this problem consisted of 20 finite-difference
blocks, with a spacing of 5.0 meters each. Backward difference was used
for the time derivative and a constant time step of one day was
specified. The program was run for 20 days using both midpoint and
upstream weighting. The results for t = 32.28 days are shown in figure
6. As may be seen, the results compare well, with upstream weighting
showing slightly more smearing at the top and base of the aquifer.
Example 2

To test the vertical integration or Dupuit assumption, we consider
a Hele-Shaw experiment performed by Bear and Dagan (1964). In these
experiments, the interface began in a fixed position maintained by a
constant fresh-water recharge at the left end (fig. 7). At t =0
the recharge was abruptly increased to a new constant value. The length
of the experimental apparatus was 400 cm and other pertinent data are
given in table 3.

For this problem, backward difference is used for the time
derivative and the time step was a constant 5 seconds. The spacing was
10 cm and midpoint weighting was used. The upstream boundary condition
indicated by Bear and Dagan is one of constant flux (18.8 cm?/s) for t >
0. However, it was assumed that a constant head tank was probably used
to produce this flux. In an attempt to simulate the experiment more

precisely, the steady-state head at x = 200 cm for a flux of 18.8
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cm?/s was computed by the model. This head value was used in transient
simulations as the upstream boundary condition at x = 200 cm. Only 200
cm of the experimental apparatus was considered because the salt-water
wedge is contained within this region during the entire experiment. At
the downstream (right) end, the seepage face was approximated using a
leakance and head that were computed to give the correct interface
location at the initial and final flow conditions and assuming the
downstream salt-water head was constant at 27 cm.

Using these boundary conditions and the formated data in table 4,
locations of the interface were computed for each 5-second time
interval. Comparison with the results of Bear and Dagan are shown in
figure 8. The line labeled t = 0 is the steady-state result that is
used as initial conditions. The computed initial condition for the
interface is in close agreement with the observed and thus it appears
that the Dupuit approximation is valid for this interface shape. As the
simulation progresses, however, the computed interface lags behind the
observed interface. Shamir and Dagan (1971) also simulated this
experiment, with computed results virtually identical to those presented
in this paper.

The discrepancy between computed and observed could be the result
of several factors: 1) error introduced from the Dupuit assumption; 2)
error introduced in boundary condition approximations (that is, the way
the leakance and head values are assigned); and 3) not knowing the exact

experimental procedures.
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Figure 5. Diagram of linear interface in example 1.
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compared with Keulegan's analytical solution for example 1.
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Table 1.

Data

for example 1 (linear interface).

Initial conditions: L(to)

10 m
1.0 g/cm3

1.025 g/cm3

t
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20

12.

39.024 m/d

0.3
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Figure 7. Diagram of Hele-Shaw experiment of Bear and Dagan (1964).
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Table 3. Data for example 2 (Hele-Shaw experiment).

Kf = 69 cm/s Pe = 1.001 g/cm3
6 = 1.0 p, =1.030 g/em’
D =27 cm
_ 2
For t < 0, Ay, = 3.9 cm /s
For t 2 0, Ay, = 18.8 cmz/s

hf(x,O) and z(x,0), computed steady state for Ay, = 3.9 cmz/s.
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Parameter Coded
Name

b TH

hf HF

h HS

s

h' BH

K'/b! BL

fo XK

Kfy YK

- QT

R RECHG

Sf S

WB WB

WT1 WT1

zb ZB

zI ZI

o ALPHA

B WT

Mg VF

ps VS

Pf DENF

P DENS

w W

¢ P@R

NOTATION

55

Description

aquifer thickness
fresh-water head
salt-water head

head in overlying aquifer
leakance

x-hydraulic conductivity
y~hydraulic conductivity
total discharge

recharge

specific storage

well bottom

well top

elevation of aquifer base
interface elevation
confined/water-table indicator

upstream/mid-point weighting
indicator

fresh-water viscosity
salt-water viscosity
fresh-water density
salt-water density
relaxation parameter

porosity
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c MAIN PROGI A A 10
C Ahkhkkkhkkkkkkk A 2u
C A 30
C PURPLSE fu STvULATE A FRESH AATER=SALT WATER INTERFACE (OVER AN A 40
C Axb Al LuMaln USING FINITE=-DIFFERENCE TECHMIJUES A 5¢
C THERE MaY b PARTS OF THIS PROGRAM THAT ARE NUT THOROUGHLY A 60
C DEBUGGEDN;  The abTn(rd ARD ThE GLEULOGICAL SURVEY wILL TAKE CREOIT A T0
C FOx ANY HBUCCESHFUL KOnS OF Tat MODEL, BUT THE USER ASSUMES FULL A 80
c RESPONSISTILITY Fuw ALL KUNS THAT ROMBY A 90
C - - - - - - - - - wme== A 100
c A 110
ComMUN /e / AR (6542) ynF (1USB) ,AS(4352),RS(1088),Cc111(1088),C112(1 A 120

1088) ,Cicl(lud),LldfLlougs) A 130

c A 140
COMMUN /ZL8PuT/ S034,52) X0 (84,52) , YR (34,32) ,HF(34,32),HS(354,32),0x A 150
1034),0Y(52) 403 {86,32),40(54,5%2),0F (34,32),0UT(34,32),POR(34,32),TH( A 160
e34,5%2) 0P (54, 32) A 170
COMMON /CuNTRO/ TIMF e DELT ,DENS,UENF VS, VF,WT , ZMAX, ALPHA,, WO, NK,NX,iv A 180
IY’NXX,\IYY'N:‘ﬁ(?“H“fir:\\’r’Ni‘ifvl’\iﬁtcIPT'NI\"P&.CHG A 190
COMMUN /atidn/ AX(bb,éa),bX(S‘),ﬁc?),AY(34,53],I§Y(34,35);TX(.‘S‘S,j?),TY A 200
1034,33),F(54,52),0(34,3%32),C(34,32),0(34,5%2),FT(34,32),8T(34,32),84 A 210
2(34,32),3L(34,32),unS5(34,32),4HF (34,32),D0F(34,32),D0895(34,32),4T1( A 220
334,32) w3 (54, 32) A 23V
DIMENSTON DelnF (1lusn), DELHS(1088), ERH(150), NFE(41), RFT(40), RS A 240
1T(40) A 250

c - - - - - ——— e m e m -, —————————————- mmmm- A 260
C A 27v
c KEAD AwD akiTg PRUBLEM DATA - A 280
CALL GuaTallbeLl,L1F,NFE) A 2990

C AhkkhkhkARArAkkRA kXX kkkh kK A 3069
C A 310
C CALCULRITE TRANSMISSInlLTTY TERMS - A 320
CALL TCALL (Y DXy PUR XK YK, TY, TXpNY X, NYY, uXX) A 3350

C KKK KKK KK KK AR R AR K AR KRN AR AR AR R AR R KA R AR R R AR AR K kK A 340
C A 350
C COMPUTE Trit WeST uF THE SPACE COEFFICIENT AND A 360
C TIMF CUEFFICIENTS = A 370
CALL COURt (1,20ELT,,DZKX) A 380

C AhkhkkRhkkhkAkrkAkhkhkhkhkhkkkkhk A 3990
DO 20 K=1,nis A 400

RBELHF (an) =0, A 419

2U DELAS(K) =0, A 420

C A 430
C CALCULATE Twriflat. MASS I8 PLACE A 4490
CALL sAL(O,0FLHF,uELRS) A 450

C Ak kKA XAR AR A RARA A AAAR KK kX A 460
C A 470
C A 430
C  BEGIN Tlme LOUP A 49y
DO 190 Li=1,ni A 500

c A 510
C FOR I8CREAE R TIME STLP - A S5¢0
IF (TUeElTakwdal) G Tu 406 A 530

IF (DZ2mMxX LT .b0) GU Ty 40 A 540

IF (D29XEuaU E0) i Tu 3u A 590



R v

oo

OO

<O

30

40

50

60

70

RQ

Fa

90

aE

FACS/ZWAX/07MA

IF (FAC.5T.1.2) FAC=1.E
LELT=0CL T xHAC

el TJ 4u

FAC=1.¢

DELT=UEL T *F Al

CUNT INUE

INITIALIZE HBUURDARY ASKAYS -
DO %0 I=1,Mx

AY(I,1)=0.k0

AY (I, NYY)=u.Lku

BY(I,1)=0,k0

BY (I, hYY)=uU, bV

pO BY J=1,0Y
AX(1,J)=0a
BX(1,J)=0.k4
AX(NXX,J)=0.E0
BX(NXX,J)=0.Ew

COMPUTE FlialL S5PACe COEFFICIENTS -

DO TG J=lebY

uln 70 I=dnix

ALS=wT

ALD=wl

IF (rF(l=1,0)GT.rF]l,d)) ALD=1.EU=®T

IF (HS(I=1,0) oGTrmd(IeJ)) ALS=1,EG=wT
AXCL,J)=(ALD*FT (T, )+ (1 E0=ALND)XFT(I=1,d))%TX(I,J)
BX (L ed)=(ALS*ST(T,J)+ (L EO=ALS)I*ST(LI=1,J))%TX(],J)

DO BU [=1,64a

DO AU J=gZ,uY

ALS=wT

ALo=wT

IF (HF(I,J=1).6T.nF(1,J)) ALD=l,E0=WT

IF (HS5(1,J=1) .5l eti0(l,d)) ALS=1,.EOU=AT

AY (I, J)=ALOXFT (I, )+ (1,EU0=aLO0)*FT(1,J=1)})%TY(I,Jd)
BY (L, J)=(aLox3V (1, J)+ (1 EO=ALS)I*ST(I,d=1))*xTY(I,J)

FORM FlyaL walalx EuaTIOn -
CALL FURMEW(AF saAb,RF,RD)
AKXAkhkhkkkrkhk XA rkAXKAAAA A A A KKKk
CTOR MATRICEFS FUK EAULD KJw

DO 90 J=1,nY
NENFE(J+L)=wvkE(J)

IF (N LEL1) b Tu 99
ID=4%xNFE(J) =3

K=NFE(J) =1

FACTUR Rilw )

CALL HSH3ANULAF(IL) ,a8(10),FT,kST,CI11,0012,C121,CI22,1,Ky1)
CONTIth

AAAEA A A A A AKRAXA XA AR AN EAAARRARAARAIRARAA N AR R AR R A AR A A XA AR AR NN & ARk
GIN [TExATIUND

2

560
570
58V
599
60V
6190
620
630V
640
650
bhaO
670
BBy
630
700
710
720
750
740
7150
160
170
7609
790
800
810
82u
830
840
a50
36U
LAY
axu
8599
900
G10
920
930
94
950
9640
976
9n0
99y
A1000
A1010
ALQ20
AL030
Al1040
A1050
AlQ6Y
A10G70
AL0B0
ALU90
AL1100

P3P PP PP PPIIDDDDD SRR D»PDRDRD>DD P> PP D>



c

c
C

o Re]

VO 160 XK=1,81T7

ERR (KK)=u,

ERMAXzUQ

DO 150 J=1,MY
KeNFE(J) =1
NENFE(J+1)=NFE(T)

IF (WeEd.d) i TO0 150
[Tu=dxalFE(I) =3

UPDATE ®KloHT ko) SI105E

100

110

12u

L=u

DO 120 I=1,85x

IF (PUR(I,Jd)elEabU,) 2 TO 120
L=l+]

KL=K+L

RFT(L)=wF (&KL)

KST(L)=nRD(KL)

IF (Je.Edel) Lu Tu iwe
NIMENP (L, J=1)

IF (NJMLEN.0G) U TU 1006
RFT(L)SHFT (L) =AY (L J)*uELAF (Ng#M)
RSTOL)=ROT (L) =Y (1, 0)«PELHS (N.]IM)
1F (J.ELluY) @ Tu 119
NIP=nNP(1,.J+1)

IF (NJP,.EW,.) Lib TO 114
KFTCL)SRFI(L)=AY (L, 0+ 1) *xDELHF (NJF)
RST(L)=RST (L) =Y (L, +1)*DELHS(NJP)
IF (MHF(1,Jd)a€0.1) xFT1(L)=u,

IF (VHS(lIJ)Qﬁ&.l) ﬂbT(L)=Uc
CONTINUE

COMPUTE SUOLUTION Fdk ke J

CALL BoRA4U(AF (L) a0 (I0),kFT,8ST,CI1L,CL12,C121,0122,N,k,2)
KRR AR KRR KT A A KA RA AR R AR IR R R AN A KA KK A KK A AR R RRRRARRA KRRk ek kK

OVER=RELAX Any FLnl «“aAX1MUM ChRANGE

130

140
150

160

KL=K
DO 140 L=i,n

KL=KL+1

ERFizwF T (L)=Dink (KL)

ERF=ASS(ERF1)

ERSIZRST(L)=uvELHE (KL)

ERS=ABS(ErSH1)

DELHF (KL) =wiikF T (L) +(la=at) ) *DELHF (KL)
DELHS(KL)=a0xxST(L)+(1,=#0)*xDELHS (kL)
IF (ERF.LTLERMAX) 317 T 13u

ERMAXSERE

ERR(KK) =k iK1

IF (ERS.LT.ER®%AX) GN TU 14y

ERMAAZER S

ER® (KK )ZERS]

CONTINUE

CONTINJE

IF (erMaxX.Ll.let=h) L TU 170
CONTINUE

PRINT 20u

FRINT 210, (bt {r), ,K=1,8N1IT)

i

A1110
All2v
Al1150
Alld40
Al1150
Alled
A1170
A1180
Al1190
AlZ20u
Al210
A1220
Al1230
Al24du
A1250
Al2evu
A1270
Al2po
Ale29i
Al130V
aA1310
A1320
A1330
A13duy
A1350
A1300
A1370
A1380
A13590
Alduu
Al41v
Al1420
A1430
Al44y
AL4B0
Alds0
Al47y
A1480
A1490
A150V
A1510
A1520
Al1530
A1540
A1550
A19560
A1570
A158u
A1S90
AL60U
A1610
AL&20
Al630
Aledd
A1650



S10P Al6bU

170 CORNTINUE Ale70
PRINT 21U, (e (R),am1,4K) Alb8Y

K=0 Al1b690

DD 14y J=i,nY A1T700

LD 180 1=1,aX AlT1V

IF (FPOR(L,Jd) sk tia) i} T} 140 A1720

A=K+1] A1730
HELL,yd)=nF (L, J)+LELBE (K) A1T40
HS(I,J) =501, d)+DFLHO(R) ALT750

180 CONTINUE ALT60
LL=LT+1 ALT77U

C ALTRO
Cxx  UPDATE SPACE CUEFIUCIENTS ALT9U
CaLl COEF(LL, EoelT,04MX) AlB0OV

C AhA Rk Rk kA TR KK KKK KK R A Ak kK& A18140
C Al1820
Cxx CALCULATE dAALANCE = A1830
CALL HF\L(l;i)tLﬁF,”ELhS) A1840

C AEAXKRKAAKRKKKKAKKRNR AKX KA k& A18590
TIME=YIME+DELT AlBbuU

C A1870
Cixkx  PRINT KESULTS - A1880
CALL PDATAC(LT,ITH) A1890

c Hod Kk ok dok kKK X Rk Rk X R A190U
190 CONTINUE A1910

G A192Y
C  END TIME Lowu? A19340
5TuPR Al1940

C Al1950
200 FORMAT (4ot TIeEATIUNS EXCEEDED, PRUOGRAM ABJRTEO* X kA xxxkk %) A1960
10 FORMAT (39r MAXTMYM HEAD CHANGE FUR EACH ITERATION,/Z,(2X,100R12.5)) A1970
END A19BUY=
SUBRUOUTINE GUATACTIVELT, ITP,NFE) 8 10

C KhkhkAkhkkAAhkhkh Ak khhkhkhkAhkhkAkhhkdkhk H 20
C B 30
Cc CALLED Frir WMALY 5 40
C PURPOSES: TU ~bAl AND wRITE PROSBSLEM DATA B 50
C - - - = - - - - - - - - = - > - B 60
DIMENSION TiTLr ted), wFe(1) 3 740

C g 80
COMMODN ZINPUT/Z 5(354,32) ,XK(34,32),YK(54,32),HF (34,32),H5(34,32),DX B 90
1034),D0Y(32),2u(564,32),21(34,52),0F(34,32),07(34,32),POR(34,32),TH( B 100
234,32) ,08P (3u,352) 8 110
COMMON /CONTREG/Z TIME,DELT yDENS, DERF ,VE,VF,WT, ZMAX, ALPHA, WO, NK,NX, N B 120

LYy NXXyNYY iy G MYy MWy MB, IPT,NIT,RECHG n 130
COMMON /W0rK/ AX(35,32),8X(59,32) ,AY(34,33),BY(34,33),TX(359,%2),TY B 140
1(34,33),F(84,32),8(36,52),C(34,5%2),0(584,32),FT(34,32),8T(34,32),84 B8 150
2(354,32),83L(34,32) /,NAS(84d,32),8H1F (34,32),D0F(34,32),0U08(34,32),WT1({ © 160
334,32) ys (854,32) B 170

C  wewmecew- - - - o e L e L L L Lt L T - I -]
C 8 190
C READ AND wWhkITE UNITS - g 200
NR=T7 g 210

Npze B8 224U

bA



(e w] loNe]

CoOOOGoOCo0

oo oo

(]

OO0

o N o1

10

2o

ITITLIALIZE SLAadLpl D TIwE =
TIME=OLEU

KEAD Angy wRITE PruBLE® TITLE =
READ (an,740) TI1ITLE

WRITE (Nw,290)

WRITE (hNw,3uG) 117LE

FINITE=ULFreErREnRCE DATA -

RFAU (N\QU7SU) *"a‘)(p;"fiY,f‘ié‘i\,?’iﬂﬁ,‘v‘T,I\iF,NHSC,NHFC,NIT
NX = mNuUMgEEK OF COLUFNS (X=DIRFCTION)

NY = HudMpkl UF ~0Os (Y=OIRECTION)

NB = NUMoer UF jUp=Z0A20 BLUCKS

MBE = Wl Uskis

NT = MAXL4UMd fwnEr OF TIME STEPS

NF = NUWBEx OF S0UxCES

HHSC = muMHerk OF CUNSTANT SALT wATEK HEAD NODES
NHFC = du4dEn OF CUONSTANT FRESH WATER HEAD NOLES
NTIT = nNusisnEx OF LAGInb 1TERATIONS

IF (wX hEau) by Tu 190

WRITE (tw,510)

STOF

IF (WYaivkatt) s Ty 20

WRITE (mw,500)

STupP

IF (Wit nE L) wu TG 3v

WRITE (ivis 350)

sSTGPR

CONTINUE

Wik ITE (Nw,340)

WRITE Cwtig 3950) w5k, beY pididy Mt 0, NF ,iHSC,NmFC,NET

NXX=HA+]
NYY=nY+1

TIME BARAMETE~D =

READ (NR,70) DelLl,oT,n0)

DELT = InITIAL TIME STEP Iiv SeCONDS

WT = WEIGHTING FACTUR (1. FUOR UPSIREAM; o9 FUrR MIDPUIRT)

Wil = OVER=RELAXATIUN FalTur (l.u=1,8)
ARLTE (rnay360) vbLT,nl,wu

REAU (NH'sY\J) AL"‘HA;IPT'ILKpITP'IU“
ALPHA = 1.0 Pk walER-TARBLE CONDITIONS;
Uou P CUnFIMED CulpITIONS,
IPY = READ 1 Tu PelnT SALT waATER HEADS
1L = wEAD 1 IF LEARAGE I8 DESIWKED (CONFINED CASE)
ITP = wimpeiX GF TIME STEPS AEITWEER PRINTING ULTRPIUT
IND4 - rREAD 1 Tu FRINT MATHRIX INMFURMATION
1F (ITP.ed,.1) 1ip=1
IF (ALPHA bWl .0) wilTe (nw,38U) ALPHA
IF (ALPHA.Ew.vet) wrilTE (nw,390) ALPHA

DATA CuLE3 =

&3

T XTI TIAI XTI EC LTI T AT IR TAIITOTOITSIITARTISATTREAT T ®

230
U0
250
260
270
2580
290
300
310
320
330
340
350
3puU
370
380
3990
40U
414
420
439
440
450
460
a70
480
499
500
510
5eu
530
540
%590
560
570
S40
59U
600
610
6eu
630
640
650
660
670
680
690
7100
710
Tau
730
740
7150
Te6u
770



oo ooOoO0oOono

oo

40

50

REA
K1
K2
K3
Kd
K9S
Ké
K7
K&
K9
K10

)

(e p799) Rl RZ2)h3)0d, K5 Kb, KT, K8, Kk9,K10

READ 1 IF
REab 1 IF
Ke Ay 1 IF
READ 1 TF
Read 1 [F
READ 1 IF
HEAl 1 1F
READ 1 1F
Reaw 1 LF

- READ 1 I

WRITE (wwn,49U0)

IF
IF
IF
IF
IF
IF
IF
IF
IF
IF

(nl.8Lal)
(K2 bluoal) =
(K3eclia 1) o
(K4.Flyal) =

(KS.Eidal)
(Kb Fu,1)
(K7 .E.1)
(KQ.E’J.I)
(R9.Eual)

w

X=S5PACING IS5 UNIFUKM
Y=3pr el [ivt I8 UNIFURE

IITTAL FREOH wATER HEAD IS UNIFUKM
IRTITIAL INTERFACE ELEVATION 1S UNIFOKM
K=o YuRAULIC CUNDUCTIVITY TS UNIFORM
Yeei¥FalLIC CUNDUCTIVITY IS UNIFOR®M

SFFCIFTIC STURAGE IS5 UNIFORM

cLevaTIun OF AQUIFER BASE IS URIFORM

PUORUSITY IS UNIFURM
F &GUTFER THICKNESS IS UNIFUORM

xITE (Ma,dla)
wITE (v, 420)
FITe (Ny,430)
riThe (Nw,d40)

wrk L TE (P@w’, 450)
ik (T (N, 460)
A
AR JTE (NA,480)

#1Te (NW,d470)

K1ITE (v, 490)

(K1ULEdal N JBLPHALEN,U,) ARITE (iwl,500)

MULTIPLICAT U FACTOKRS -

KEA
REA
1F
IF
IF
IF
IF
IF
IF
IF
IF
IF
F1
F?
F3
Fa
FS
Fé
k7
Fo
F9
F10

N
M)

(Ni\‘”(}o)
(R, 76u)

(Floetidoelia)
(F2oebnwal,)
(F%.ﬁu.(!-)
\FU.,EqLlis)
(FS.EWLUL)
(Fh Fli,Ua.)
(F7T.54,0G.)
(FB.,EULlU.)
(FY.F.ua)
(Flu.tEu.v.)

FI:FEJS,F“,I’S,FE),F7,F&
F9,F10
Fi=1,u
Fesl,.0
Fszla.u
R
Foazl,.0
FaT] Gt
F7T=1,u
FHZ1.0
F9x1,.0
Flu=sl,.0

MULTIPLICATI )N
UL T IFLICATION
ML TIFLICATIUN
MULTIFLICATI i
MUl TIFLICATI N
MUL T IPLICAT AN
MULTTIFLICATIunN
MULTTFLICATTON
MULTIFLICATTUN

FACTOR
FaCTur
FACTOR
FACT{K
FACTOw
FAaCTOR
FACTOR
FaCTOR
FACTOR

FUR
FOUK
Fur
F Uk
FOx
Fuk
FOx
FOR
FOR

X=SPACING

Y=SPACTNG

INTTTIAL FRESH WATER HEAD
INITIAL INTERFACE ELEVATION
X=HYDRKAULTIC CONDUCTIVITY
Y=HYDKAULIC CONDUCTIVITY
SPECTIFIC STOURAGE

ELEVATIUN OF AQUIFEKR BASE
PUROSTITY

- UL TiPLIcAl fusy FACTOR FUR ARUIFER THICKNESS

WRITE (.‘dﬁ:,?}jﬂ) Fl,Fd,F:’:,Fd,FS,Fb'F/.FS,FQ'FIO

SPACING =

IF (K1l,.,84.1)

KEA
GO

N

(N 7THu)

TY ol
KEAL (fxyT6HU)
VO S0 [=1,iux
RDX(I)=DX1

=ty 10 4y

(OXCI) s I=1,00K)

DKl

e+

7189
790
800
810
820
830
840
8540
B60
870
B8Y
5940
900
910
920
940
949
9540
960
9740
980
999
ploou
81010
31020
310350
81049
B105%0
81060
B1OTY
B1080
BR1090
B1100
B11i0
#1120
31130
51140
31150
dllieu
B117v
81180
51190
g1200
B1210
51220
Bi2390
Bicdu
81250
g1e6dl
Bic70
vlc80
81290
B130U
81310
B1320

TCTATVXCTATITETTTOTE T TE
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[N o]

(e

oo

O

60
70

80
90

100
110

120

DO 70 I=1,0x

UX(I)=DXCT) *F 1

WQITC (WNlﬁ?U)

WRKITE (a.930) (UX(I),I=1,04X)

IF (Kl Fiel) Hu Tiy AG

READ (wWR,760) (DY (), J=1,4Y)
GNH Tu 106

READ (aw, feu) uYl

B0 9u J=l,iY

DY (J)=DY!l

Uo 110 J=1, vy

DY (J)=0Y(J)xF 2

WRITE (Liw,h4au)

WRITE (na,530) (LY (J)pJd=1,0Y)

INITIAL FiEdH wAlEX rrADS =
WRITE (ww,55u0)

CALL READ(HF RS, Y, Kk, F3)
AEAKXKAAKXAKAKRA AT kA Ak Ak KAk kKX

INITIAL INTEWRFACE ELEVATIUN =
ARITE (Ha, b0

CALL REAUDCZL iedpisY NX,Fd)

I E R EE S EELSEESETEEEL SRS RN EE S

XeoHYDRAGLIC CowddUCHIVITY =
NRITE (e S706)

CALL REAU (XK, nDpNY lr,F5)
KAkhkA Ak khhkkhhkkhhkAhkkkkdhkik

YorYORAGLTO CORDUCTIVITY =
WRITE (ia,H80)

CALL REAUD(YK, Ko, MY X, F&)
AhkKkKKKKARKRKAKRKNRK KR KA KR kX

SPECIFIC STukAfiy =

WRITE (MNw,%90)

CALL READ(S, T NY , NX,FT)
AKAkkEKkARAXKARKARXRKA KAk Ak Kk k%x X

ELEVAIION UF AGUIFER HALBE =
WRITE (riw,bul})

CALL REAU(ZH,nb Y, NX,F8)

(L E S S SRR SR EE S EREEEREEEES

FORGOSITY -

WRITE (vwi,bl16)

CALL REAU(FJR, K9, MY, X, F9)
ARKARAK*KARAKKKARA kK kk kXA KK

NOTES  POROSITY 13 uStl T KeY

DU 120 I=1,nX
DO 18 Jd=1, 0¥
BH(I,J)=u.
BL(L,J)=0,

I iy

LERD BLOCKS

81330
81340
B135u
Bl1360
B1370
51380
51390
B1400
pldlo
B142¢
Bl430
$1440
#1450
Bl1460
1470
B1480
B1490
81500
81510
81520
81530
81540
81550
81560
BH1570
81580
B1590
Bl1eh(
#1610
Blecdl
81630
31640
B1650
BRlb60
21670
Bl1680
351690
B1700
B1710
#1720
81730
81740
B1750
B1760
B1770
sl780
81790
31800
Bn1810
#lo20
31830
31840
81850
81860
B1870




OO0 R w] OOy s [N oW v

o

130

140

AGUIFFR THICEWFE3 =

IF (ALPHA EH,1.Y) LD T 130
WRITE (Na,beu)

CALL REAUL(TH, 10,0 X F1lu)
FeRok ok ok ok kok ok ok ok kok ok okkohkok ok okokkokRkkk

LEAKAGE =
IF (lLnebidau) & TD 130
READ (NR,750) K1l,nl¢

K11l = KEAD 1 IF CUNFINING BED nEAD

Kle = xEBEAD 1 [+ CONFInIab BED

READ (NKH,760y) F11,F1¢
IF (Fll.ed,0.) Fli=1,9
IF (Fle.blalia) Fle=1.0

IS UNIFORM
LEARANCE (K/8B) IS

F11 = molTIPLICATION FACTOR FuR CUNFINING BEU HEAD

Fleg = Myl TIPLICATION FACTOK FOR COMFINING BED

CONFIIMG HED rRay -

WRITE (nw,65u)

CALL REAU(drynllyiny NX,F11)
AKKKAA KKK KAARKR KA K ARAK KRR Kk

CONFINING kel LEAKANCE -
WRITE (N, 64)

CALL WEAU(BL,R1C,Y X, F12)
KRKXAAXAKA KA AKX A A A KA Ak k kxhx
CONT INUE

DENSTITLIES Asip VISCUSLITIES =
READ (Wk,Toh) LphE ,NENS,VF,VS
DENF = FnFESH waTEr 0ensITY
DENS = SALT waTek DENSTITY

VF = FREOH wATEx VISCUSITY

VS = SALT waTew VISCUSITY
WRITE (maw,e90) DENF,LUEMS,VF,VS

KFCHARGE =

ARITE (WW,660)
HEAD (B, 7Th0) HELHLG
PRINT 770, RECHG
DO 1dy J=1 Y

DI 140 [=],0X
WT1(L,Jd)=0,.0
AR(T s J) =0t
DOS(1,Jd)=0,
UQF(IlJ)=Uo
QT(I,J)=b.EU
HF(I,J)=0,c0

CUBIC FEET PE# st LOUR

SUURCE/SIih (kA lIIVE IMPLIES 0OUT)

IF (WF.EQ.0) 6y Ty 160
RRITE (Wu,b/0)
WRITE (Na,b80)

Lt

ILEAKANCE

UNIFORM

31880
31890
831900
31910
#1920
81930
B1940
51950
81960
B1970
81980
81990
82000
5201v
32020
32030
Be040
32050
bel60
B2070
B2U#sO
32090
82100
g211v
82120
852130
Bgelav
82150
B2le0
842170
32180
#2190
Beeod
852210
R22290
B22350
B2edu
B2250
B2enl
52270
Beesl
Beevu
52300
82310
B232v0
B23s0
Be340
#2350
B2360
B2370
#2360
B2390
Be400
B2410
B2420
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15¢

160

170

180
19u

200

2iv
220

230
240

250

260

DO 190 K=1,.48F
READ (MR, 780) ToeJd o WTCLpd)ywT1CIpd) (I, zJd)
PRINT 790, TodetsTCL, 3YydTI(L,J) B (L,J)
WT1 =~ FLEVATIGHN OF Tk GF wELL SCKEEN
AR = ELEVALITON LR s0lTTuM UF wWELL SCREEN
CORTINUE
KEAD (nik,898) 10ELT,ZMmAX
PRINT B10, L1DELT,ZMAX
IDELT =~ KEAD 1 Fiwr CusbTANT TIME STRP;

0 FUOR aUTO TIME STEP (SASED ON A MAXIMUM CHANGE IN

IWTERFACE ELEVATION 0OF ZMAX)

CUNSTANT SALT waATew HEAD NODES =
DU 170 TI=1t, X

DO 170 g=1,4Y

WHS (T ,J)=9

IF (NHSC.EL.U) Bl TO 1%0
WRITE (w, 690

DO 180 Xz=1,MhS0

READ (wkepl9v0) 1,4

WRITE (Nw,/00) L,J

NHS (1,40 =1

CONT INUE

CONSTAnT FrESH wATex HEAD WUDES =
DD 200 T=1,08X

DO 2049 J=1,nY

NHF (I,J)=0H

IF (NHFCLELU) G0 T 220
WRITE (Nw,710)

WD 210 K=Eipnnrl

KEAD (nik, 799) 1,J

WRITE (w700 ) Ted

NHF (I,J)=1

CONTINUE

NUMBE®R GrTL rLUCKRS =

NP(T,J) = StEwubnCr NUumberING OF BLUOCKS 1,4
IRz

NFE(1)=1

00 240 [=1,.4X

IF (PUR(I,d)ertiata) Gy TO 230
IBnN=IHN+]

NP(I,Jd)=1nn

GO TH 24

NP(I,J)=0

CONTI{NUE

NFE(J+1)=1hwy+]

CONTINUE

NA=TdN

IF (1Dd.NEL1) Gu Ta 270

WHRITE (nw,/20)

DO 260 J=1,vY

WRITE (W, 730) (NP(T,J),1=1,0X)

@7

Beid430
B2440
B2450
B2d4n0
B247v
B2450
B2490
832500
Hev10
82520
Be530
B2544
Be2550
B2560
BeS70
B29580
825990
Be600
Beelo
2620
Be630
Be6d40
82650
Bees6l
Bg267v
B2680
82690
ge7iv
82710
g272u
B2730
B2T740
82750
B2760
#2770
g27840
B2790
52800
B2810
Besau
Bee30
peddu
Bes50
82860
pe870
R288Y
B2890
82900
BEe910
Bpegeu
52930
ne944Q
Be9s0
329610
Be970
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610 FORKMAT (///7/7/7,11X,8APNDKRUSTITY/Z1LIX,8(1H=)/)

620 FURMAT (/////7,11X,17TRHAGUIFER THICKWNESS/11X,17(1H=)/)

630 FORMATL (///7/7/7,011%,0a4nCONFINING RED HEAL/11X,18(1H=)/)

640 FORMATY (////77,11%,2n0CUNF [ulnG BEDR LEAKANCE/11X,22(1H=)/)

650 FORMAT (////77+1 103, 1InFRESH NATER DERSITY,G12.,4/711X,18HSALT WATER D
YENSITY,513,4/11X,c1vtFHESH WATER VISCOSITY,G10,4/11X%X,20HSALT WATER
PVISCOSITY,u11.47)

660 FORMAT (////7/7y 11X, 8BHRECHARGE /11X, 8 (1b=)/)

670 FORMAT (///7/7/7,1 1 X, 11HSUURCE/STRK/Z11X,11 (0 d=)7/)

6BU FORMAT (/,15X,15h1 J RT,QX,jHWTI,lUx,2HWd/)

690 FORMAT (////7¢ 11X, 30nCUNDSTANT SALT wATEK HEAD NODES/11X,30(1H=)/)

700 FORMAT (1ix,2ni=T4,44, Js(4)

T10 FORMAT (///7/77,1i%, 5100 088TANT FRESH WATER HeAD NODES/11X,31(1H=)/)

720 FORMAT (///71174,1gn0RI0 NUBERS/LLIX,12(1H=))

T30 FORMAT (11x,1kAT19)

740 FORMAT (2043)

750 FORMAT (16]4)

760 FNORMAT (BGlueu)

TT0 FURMAT (//710Xx,12bRECHAKLE = ,G10.4)

T8O FORMAT (214,3010,.4)

790 FORMAT (11X,0148,3(2%x,310.3))

800 FORMAT (l4d,1310,4)

B10 FORMAT (//711%,7HI0ELI= ,1d,2X,bHIMAXE ,G10,.4)

END
SUBRUUTINE SEa0(LUMRILE HY ,NX,FAL)
KAXAKXKAKXRAXAKRKAAKN A AN AR X KRARNARA K AN XKk ANk Kk

CALLED FEOM HATA
PURPUSE:  TU Kbald ToU=LDIMENSTONAL ARRAYS

DIMENSTION DUM L34, 5¢)

NW=6
IF (KUDFE L ELG1) G TO 2u
BO 10 J=1,nY
10 KEAD (iR, 110) (0Dus(Ted)el=l,0X)
GO TO 40
ey KREAD (wi,110) Liml
DO 30 Jd=1,10vy
PO 30 1=lsivx
30 LUM(T,J)=0uml
40 DO 50 J=1,.nY
D0 50 I=1,vX
S50 Dum(L,d)=uum(L,J)*FAL
IF (KDWeW.FRL1) GU T 70
DO 60 JsleivY
60 WRITE (wa,90) Je(uus(lJ),I=1,8X)
O O »u
70 WRITE (Nar,lu0) 2UM(1,1)
80 CONTINUE
RETURN

90 FORMAT (/7X,1cs2X,8(0i2e5,2X),/, (11X, 8(G12,5%,2X)))

e

#3530
53540
33550
B3560
83570
83580
83590
B3600
83010
83620
B3630
B3640
B3650
33660
B3670
83680
83690
B3700
R3710
33720
B3730
83740
83750
B3760~-

OO0 OO0 O0O0OCoOnn

10
20
30
40
5¢
60
70
80
90
100
110
12v
130
140
150
160
170
180
190
200
210
220
23u
240 !
250 *
260
270
280
290
300
310
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COMPUTE TwiT1AL SALY wWATER HEAD =
270 v 250 J=1,5Y

P 280 I=1,:x

IF (POR(L,d)elbalia) 13 TO 250

HS (1, J)=ubir/0endkiHF (L, J) v (DENS=DENF) /DERSKXZTI (I ,0)
280 CONTIWUE

KETUKN

290 FORMAT (141,/7/7/7259%X,306048ALT MATER=FRESH WATER FLOW ANALYSIS//Z)

300 FORMAT (LUX,70libtk) /711 K,20A8//711%X,70(1H*X)///)

310 FORMAT (//9X, 89nkxkxkx FATAL ERRUR == ZERU COLUMNS *kkkx)

320 FORMAT (//79A,5brixkkxx FATAL EKROK o= ZERU ROWNS *kkkx)

230 FORMAT (//794,4Tnxxxx%x FATAL ERRUK == ZERDO NUN=ZERO BLUCKS *xaxx)

34y FORMAT (/11x,2cnFInllr DIFFERENCE DATA/11X%,22(1H=~)/)

350 FORMAT (14 ,1UX, 11-NUMBER UF =,2X, THCOLUMNS, I25/21X,1H=,2X,4HR0uS,
1126721k, In=, X IOnNidiv=ZERD BLUCKS, T19/21X,1R=,2%X,9HNOT USED ,121/2
21X, 1h=, 2%, 18paaxTvds TIME STEPS,112/21Xx,1H=,2X, 19HSUURCES ’
31195/721 %, 1=, X, 21 nCONSTANT HEADS (SALT)  19/721%,1H=,2X,22HCUNSTANT
GHEADS (FRESH) ,I8/21X,1H=,2X, 18HLAGLING ITERATIUNS,I12/7/)

260 FORMAT (//7/7¢01%15RTTE PARAMETERS/11X,19(1H=)//711X,28HINITIAL TIM
1E STEP Ia SelunuS, b eb//711X, 19HAETARRTING PARAMETER,G31.2/711X,22H0
PVER=RELAXATIUN FAUTHUR, LR 2/7)

370 FORMAT (G10.0,414)

380 FORMAT (//,114,00ALPHAS, Fd4,1,1X,,22nWAaTER=TARLE CONDITIONS)

390 FORMAT (//, 11 X,b0ALPRas, Fd,1,1X,210CU0NFINED CONOITIUNS =/22X,96HMU
18T READ AdUiFe® THICKJIESS AND NONZERD SPECIFIC STURAGE)

G400 FORMAT (/777711 X,20HTHE FOLLOWING ARE UNIFUORMSI)

410 FORMAT (4UX,9H8X=0FACTNG)

420 FORMAT («4OX,90Y=0FALL V)

4350 FORMAT (4uX,eorindTIlAlL FRESH wATER HEADS)

G440 FORMAT (aoX,e/nltiil1AL INTERFACE ELEVATION)

450 FORMAT (404, 2amx=xfDRAULLIC CONDUCTIVITY)

460 FORMAT (4ux,2atiY=rnYDRAULTIC CONDUCTIVITY)

470 FORMAT (40%x,1oM3PECTIFIC STURAGE)

480 FUORMAT (4UX,259Hel.rVATION OF AQUIFER BASE)

490 FURMAT (40X, 8KPIKGSITY)

500 FORMAT (49X, 175ANU]IFER THICKNESSH)

510 FORMAT (/77773 1%200AULTIPLICATION FACTURS FUR/11X,26(1H=)/7/711X,9
THX=BPACTNG  5¢T o S/1 1A INY=3PACING, 62T o3/11X, 24HINTITIAL FRESH WATEK
PHEAD ,G12e 371 1K, 27ATINITIAL INTERFACE ELEVATION,GY9.3/11X,24HA-HYDRAY
ILIC CONDUCTIVITY, 612e5711X,,24HY=nYURADLIC CONDUCTIVITY,512.5/711X%,1
GOHSPECIFTIC STumAbie,5°P20,3/11X,25HELEVATION OF AQUIFER RASE,G11,35/711
SX, BHPORDSITY p 624945/, 17THADUIFER THICKRESS,619,.3/)

520 FORMAT (/7777115 ,22r3PaClinG [ X=DIKECTION/11X,22(1H=)/)

5930 FORMAT (/(11X,8(0G1EeD,2X)))

QUG FORMAT (/7777001 X,220n5FACING IN Y=DIKECTION/ZTLIX,22(1H=)/)

590 FURMAT (/7777201 % @t INITIAL FRESH WATER HEADS/Z11X,295(1H=)}/)

560 FORMAT (//7/7/77,11%,27nlulVIAL INTERFACE ELEVATTION/11X,27 (1=} /)

STU FORMAT (/7777101 %,24RXx=HYDORAULIC CUnNDUCTIVITY/Z11X,24(1H"=)/)

SR80 FORMAT (////77,31%,2480="AYURAULIC CUNDUCTIVITY/Z11X,24(1H=)7/)

S90 FORMAT (/777711 %,16n8PECTIFIC STUnAGE/Z11X,16(1H=)/)

600 FORMAT (///7//7001X,25HELEVvATlIUN UF AGUIFER BASE/ZL11X,25(1H=)/)

&9

Be9sy
32990
B3000
33010
33020
33050
B3040
B830%0
3060
83070
B3040
B3090
#3100
gillu
83l20
B3130
33140
B31590
33160
B3170
B318vu
#3190
535200
83210
B3220
332350
#3240
#3250
33260
83270
832480
13290
3300
33310
33320
33330
H3340
B3B3350
H3360
53370
B3380
33399
B35400
B3410
33420
b3430
R3440
#3450
B4460
83470
B3450
53490
B34900
B35140
B3520
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100
110

10
20

30
4y

5¢

FORMAT (/11%,5B12.9)

FORMAT (8610.0)

£ Ny

SUBROUTLwk TCALT(OY  0X PUR XKy YK, TY  TX Y X, NYY, NXX)
AEAkKA KR KXAKAAAKAXETALEAAITAAEARAAKRKRARAR A AT RKRAEARARAE AR A Ak kR ki

CALLED FRuUM ALy
PURPUSE S TG COmbuUTE THRANSMISSIVITY TERAS =

DIMENSIUN Y(L), wx(1)s XK(34,32), YK(34,32), TY(34,33), TX(35,32)
1, POR(S4,52)

LA X E R B E R L Y L L R EE X R X EELE S EE X ER YR ELEREREEXESE Y EEEE L E X E X X E XX XX KA 5 A 2

COMPUTE TuanwditI3sIvIiTY TERAS In THe X=DIRECTION =
DO 10 J=s1,0¥

IF OnLY OE CoOLuking, 5KIP CALCULATIGNS =

IF (NX.EWa1) Gu T 24

YU 10 Iz=¢,ieX

TX(I,J)=0,

IF (PUOR(L1sJ) albatUa R PUR(I=1,J) LE.O,) GU TOH 10
TXC=0Y(JY/Zux(I=1)

TXo=pY(J)/ux(Q)

TXASTXCHAR(L=1,J)

TXBTXDAXK (L, J)

TTT=1XA+1 X0

PERMEABILLIY Trak =

TX(I,Jd)=,ux I XA*xTxp/TT]

COUNTINUE

CONTINUE

COUMPUTE TxAnSwIASHIVITY TekMs I THE Y=DIRECTION =
VO 30 I=i, X

IF (NY.EWal) b 10 dy

PO 30 J=g, Y

TY(T,J)=0.

IF (POR(I,d) ebll «QaoitR ,POR(TI,J=1) L EL0L) GO TU 30
TYC=0X(L)/70Y (J-1)

TYL=DX(L) /LY (D)

TYASTYCXYK([,J=1)

TYBSTYDAYR(1,.0)

TTT=TYA+TYn

TY(T,J)SR OxTYAXTY/1TT

CONTINUE

CONTIMUE

SET TrRANSMISHIVITY UF sULNDAKY BLOCKS (REGULAR RECTANGULAK MESH)
TO ZERO (Mu=FLUn) =

DO 90 I=1,nX

TY(I,1)=u,.E0

TY(I,MYY)SULEY

CONTLINUFE

DG bl J=1,i0Y

TX(1,J)=0,L0
TX(NXX,J)=u b0

T1¢

el el o e N ¢

Leolil el el v B ot B wr B o B wi uo i et v B wi i we

2 i vl il B ek GV s B B o B w B v B W B i i il we B el wo et

e
L o

cooQoCc oo

-

CT T oOTT

D

320
330
340
10
20
30
49
50
60
70
&0
90
100
110
120
130
140
150
160
170
1580
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
as0
460
470
4540
490
500
510
520
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60 COnTINUE
RETURN
END
SUBROITHE CUer (L, fuelT,L2m%)
RS ES SRR ESEEEESRESE SRS S SRR SR

CALLED FeUm Mald
PURPUSE: T CumppyTi [hHE REST

OF THFE SPACE COEFFICIENTS

(J1riEre TrAN THOSE COMPUTED In TCALC)
Ay TIME COEFFICIENTS

COmMMON Z10PUuT/ 5(54,32), XK (34,

32),YR(34,32) ,HF (34,32),A5(34,32),DX

1(34),0Y(32),48(56,32),21(54,32),0F(54,32),07(34,32),PUR(34,32),TH(

C34,32), NP (54, 3¢7)

COomMun /CunTriu/ TIvb yDELT,DENS, DENF, VS, VF,wT, ZMAX, ALPHA,, W, NK,NX, i
LY, NXX, Y Y prutdpnistiyg e Tpmiw, M, IRPT,NIT,RLCHG

COMMUN /winn/ AX(39,52).8X(55,32),AY(34,33),8Y(34,33),TX(35,32),7TY
1034,3%),F (54,320 ,4(84,32),C(34,32),0(3%4,32),FT(34,32),8T(34,32),8H
2l34,3%2), 8L 034,32), 85030, 42) ,0HF (54,32),00F (34,32),088(34,32),AT1(

33“,3&)(%&(3“;3&)

e X R e R N R R R R R R R R

RAFZLDENF /7 (ERF =0t wD)
RASE=DENS/ (UENF=DEND)
UVZMA==1,u

IF (LewEL1) bBu 16 20

- G T R T A W TID G AR TR M TR G GR TR ORI D TR T WD T TGP U P WB GR WS R W W

INITIALTZE SPACE LUFFFICIENTS -

DO YU 1=l ,0X
DO 10 J=1,mY
FT{I,J)=u,.tu
ST(L,J)=v.E0

FT = CORFFICIENT FUR FRESH WATER
ST = CObFFICTENT FOR SALT wWATER

10 CORNTINUE
20 CONTINUE
PR S50 1=1,0x
DO 80 J=1,0kY
IF (POR(I,J)etivaCa0) U T Sy
K=nP(1,.J)
AHF=HF (1,J)
NH3=HS (1,.J)
ZIEZRAF *riHF =R ALDARHS

IF (LIket Vo ZB(T,d)) L1IE=Z8(1,J)

FTH=HHF~ZI1E
IF (FTH LE,U.) Flmz=l,
STH=/Ie=Z2301,3)
IF (ALPHA b 1a%) wii 10 30
TOP=L8(L,J)+TH(1,J)
FTH=TOP~2]1t
IF (FTr.lL.T.04) FTIn=0,
STH=TA(L,J)=FTH

A0 CONTINJE

COMPUTE TIme CORFFICIENTD =

7/

mMmMmvMmMmmmmmmmmmmmmmmmmMmmmMmmmmmmmmm e mmmo o0

MMmMmMmmMm MMM mmmmmm

530
940
590«
10
20
30
40
950
60
70
8y
90
100
110
120
130
140
159
160
170
180
190
c0u
clu
220
230
c4u
250
ebu
270
-4-34]
244
300
310
20
330
349
350
360
370
380
399
400
410
429
430
440
450
464
470
4849
490
S0V
510
520
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40
50

10

AREASDX (L) *x0uY (J)
FRESH waAlFr EwUATTON
FRESH wWalEX obxIvVailve =
FOLp,JY=abax(S(L,J)xFTh=FUOK({I,J)*xKRAF+ALPHA*POR(TI,J))
SALT wATERE LERIVATIVE =
B(IeJ)=aneax@rin (L,J)*2AS

SALT wATeEw ELUATIUN =

FREo anfbw UERIVATIVE =~
COL,J)=AREARFOR (I ,J) *RAF

SALT WAIEK wbkIVATIVE =
DI, J)Y=akEax (DENS/UENF*S(L[,J) *STH=FOR(I,J)*RAS)

COMPUTE oPACE CUFFFIUIENTS =
FT(I,J)=FTh
ST(I,J)=5In*xVF/V8xuENS/DENF
IF (LaEwal) Lu TL 4o

IF (IDELT.EdeLl) LU TU 4y

COMPUTE TIkE STeV [RCEASING FACTOK =
PDZ2I=Z21I(L,J)=41k

IF (DZ1.L1abary) DLL1==UZ]T

IF (DZT 6T 0ZMX) udkx=nll

CONTINUE

CONT INUE

KETiimn

END

SUBROUTTNE FURMER(AF,AS,BF,RS)

I E R E S SR RS RS EERES SR ESEEEEREREND ]

CALLED Fwxiih bal-y
PURPOSES FIRM FINAL MaTRIX EGUATIONS

DIMENSION AF (L), aA3(1), kKF(1), KS(1)

CUMMON /iabruT/ 2(%4,52) XK (34,32),YK(34,32),HF (34,32),HS5(34,32),0DX
1(34) ,DY(82),2n(564,52),2L1(34,52),uF (34,32),3T(34,32),POR{(34,32),TH(
234;32),NP(§&,§£J

COMMON /LUNTHU/Z 1TIMEDELT yUENS,DENF VS, VF , WT, ZMAX , ALPHA , WU, MK, NX iy
IY,NXX,MYY.Nﬂ,NNH,NY,MbW,MBt,IPT,NIT;RECHG

COMMON /aukR/ AXK(39,32),8X(35,32),AY(34,33),8Y(34,33),TXxX(35,32),7Y
1(34,383),F (84d,32),83084,32),C0(034,32),0(34,32),FT(34,32),57T(34,32),84
2(34,382) 8L (34,32) ,0H3(34,3¢) ,08HF (34,32),09F (34,32),D05(54,32),8WT1(
234,32),wp(54,32)

RAF=DENF/ (L ERF =0k w))

KASEDENS/ (DEnF=idFng)

o 10 K=1,n4

KF(R)=U,

kS(K)=v,

DO 10 L=1,4

N=gx(K=1)

AF (N+L)=v.

AS(N+L)=0,

Ki=0

Ke=3

TA

MY T T I T T T T T T T T T M I MY T TN T TTImMmMMmMMMMmMMmMMmMMMmMMmMmm M mmmm T Mmoo mom g

53V
540
550
Y60
570
580
599
600
610
620
630
640
650
660
6740
680
690
700
710
720
730
749
750
760
770
760
790=
10
20
3y
40
50
ho
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
24y
250
2ni
270
280
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DO 6U J=1,NY
o 60 I=1,X
IF (POR(1sJ) erivelin) G TU bo
Kl=kl+1l
KSK+4
AREA=DX (L) *xDY(J)
FRESH wATER RGUATIUM
DIAGONAL

DIAFE=AX{L, J)=AK(I+1,d)=AY(T1,J)=AY(I,J+1)=8L(1,J)*AKEA

RHSF==DLAF*xHF (T ,J)=AL(1,d) xesH(I,J) *AREA=KECHG*AREA
DIAF=0LAF=-F (T,J)70ELT
DFF DLAGODwAL
AF (K+2)=axX(1+1,4)
COMPLETE ALl Hawmg bHI0E
IF (1eGTel) HeOSFSHHSFeAX (I, J)*HF (1=1,J)
IF (L1 LToRX) whHOF=RbSF=aX([+1,d)x0F (1+1,J)
IF (JeGTol) KeSF=NaASF=AY(T,J)*xHF(I,J=-1)
IF (JeLTanY) #PSFSKHOF=AY (T, J+1)xHF (I,d+1)
SALT wAlER CnUATION
DIAGONAL
DIAS=S=pX(T,J) =X (1+1,J)=BY(1,J)=BY(I,J+1)
KHSS==D1ASXxAS(1,J)
DIAS=D1AS=-L(T1,J) /L]
OFF DIAGONAL
AS(K+3)=ok(1+1,.4)
COMPLETE RIGHT Rann 31be
IF (1e6Tel) EoS32HASS=-6BX(1,J)xHS(I=1,J)
IF (JalTetX) RASSSHHES=BX(I+1,J)*xnS8(I1+1,J)
1F (JeBTel) RALSERASS=8Y ([, J)*HS5(I,0=1)
IF (JablTetd¥) o#HB3S=HES=nY (I,J+1)xHS(I,J+1)
NELL TERMS
FDUR=1,.0
DUDF=0,
peEDS=Y .,
IF (HT(I,Jd)ekliatia) B0 TG 30
IF (21(J,J)elTaabh(1,d3) GG Tu 20
FDuB=0.
wWIOP=WT1(T.J)
IF (ALPHAEN L) witiFzrF (T,.J)
TF (ZIC(T,0).6T.970P) &0 TD 20
WTHSARTUR =20 (10 Jd)
IF (WwTH.LE.Ue) U 10 3¢
WFTHZWTOP=RAF xhiF (1, J) +KAS*HS (1,J)
FOUR=SWFTH/wIH
DODF=(WTHx (BLPHA=RAF ) =ALPHAXAFTH) /{aTHAuTH)I QT (I, J0)
DRDSSRAS/wToxd ) (T,4)
U RHSF=RASF=uT (Lyd) *FOUR
RHOSERHSS =T (1, J)x (1L e=FDUWH)
VIAF=SDLAF+OULF
BDIAS=ULlAD=DULE
GF(IL,J)=qaT (L) *xFin
DOAF(I,J)=uwuf
DES(I,J)=08us
30 CONTINUE
CUNSTANT HEAD CONELTTONS

73
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29u
300
310
3290
330
3440
350
360
370
384
399
409
410
420
430
4490
459
4690
4740
484
490
500
510
5290
530
549
5%0
560
570
580
890
000
61y
620
630
640
650
660
670
680
690
70u
710
720
7130
740
750
760
770
760
7990
800
810
520
B30



(9]

OO0 0oO0

FRESH wWATER

IF (NHF (I, 0).Bal) 0 11 4u
KHSF=0,
DIAF=DIAFx] b 16

SALT wATER

440

50

IF (nHS(l,Jd)enkal) GO 10 Sv
HRHS85=0,

DIAS=RIAB*L LE G

CONTINUK

COMPLETE vLOANTNMG

6u

AF (K+1)=oud=s(l,J) /70ELT
AS(K) ==k =C(L,d)/70kLT
AF (K)=DTAF

AS(k+1)=ulas

RF (K1) =rESE

RS(K1)=Kn33

CONTINUE

KETUKN

END

SUBRUUTINE #5BANL(AL,AZ,B81,52,0111,C012,C021,C122,NEN,NT,INTRY)
KR KA AR KKK AR AR K AR KRR R AR AR R KRR KKK AR AR R AKRARKR KRRk kA ARk k ok

CALLED Frum MAIN

PURPOSE: FACTuUN dlLULA SYMMETIRIC MATRIX
FURWAKD an) nACK SUBSTITUTE

DIMENSTION A1Q1) . A2(1), BL(1),
1122(1)

L X B R PR EYX T LR E L LT EEL LSRR EREREEE X EEEEEEEE T IR ERE LYY EX R L X 2

NR=NEG=1

NI=NEN

IF (NFWerdal) LU TU 90

IF (INTRY.EHec¢) Gu Ty 29
I1=~-3

DO 10 I=1,0x

11=11+4

I2=11+1

I3=11+¢

Td4=T1+3

L1=11+4

Le=L1+1

IT=nNT+I

L=I+1
Ul1=A1(T1)xac(I2)=al(12)xA2(]1)
Cl1=1./01

P1l=A2(I¢)*C)
Ple==A1(I2)*C1
Pelz=A2(11) %L 1L
Pee=al(IL)=xC1

IF (LoG6T k) B 30 10
CrI=AL(I3)xP1i+al(14)xk2d
Cle=Al1([3)+r12+al (Id)xree
C2l=A2(Is)*P1Ll+Aac(La)*xFel
Ceezal([3)xP12+A2(Lu)xPoe
CI11(IT)=C11

B2 (1),

CIti(1), criac1), crei(1),

TTTMTTTTTTTTITMTTREI MY TR TTITIMOT

GO oonahaogaaa oD e e D

D]

L

G.

G



19
c
Chxxx
C

20

30

40
C
Cxxx
c

50

Criedin)=cie

crz1(Iry=scet

CI22(11)=02e

AL(LIY=AL L)+ (=C1i*pal(T3)~C12xA2(T13))
Al(L2)=al (L) +(=~L11xA1(J4)=C12%xA2(14))
A2 (L1)=Ac (L) +(~C21xa1([8)=C22%xA2(1%))
Ac(Le)=Ac(Le)+ti~Celxnl(fd)=Ceexa (14))
D11=pPilxal (I3)+rP12xA2(1%)
PDre=rPiixal()d)+Pliexa2(14)
D21=P21*xA1I3)+rPegxA2(13)

D2e=Preixal (L4)+re2xng (14)

AL(I3)=D11

Al(TI4)=ile

A2 (I3)=u21t

A2(TH4)=0es

CORT I NUE

KETURN

FURWARD SDBSTITUITTION

CONTINUE

11==3

DO 40 T=1,i=

I11=11+4

12=11+1

IT=nNT+]

L=1+1

DlzAal(11) xac(le)=al(I2)xa2(11)
Ci=1./01

Pllzaz2 ie) (1

Pl2==al1(I2) L1}

P2lz=a2(11)*C]

Pee=Al (I1)*xC1]

IF (LeBTatdr:d) GO TO 30

31(L)S 1 (L) =LTi i) x83 (1) ~CT12C1T)%xB2(1)
B2(L)ss2(l)=Ci210IT)*a1 (1) =CI22 (1) *u2 (1)
BBl=Pilxnl L) +P1iPxal ()
pREsPelxdt () +P2e*xd2 (1)
B1(I)=841

B2 (l)=guc

COnNTINUE

RACKAARD SJUSTITUT L

NI=dxNK+1

N2=HN1+)

DN=Al(NL) xac(ng)=Al(n2)*xA2 (W)
CN=1./70N

BeNs(AL (N1) *p2 () =ae (1) xs ] (1)) %CH
BIn=(A2(u2) sl (NI )=al (@) a2 (N1))xCN
Bl(nI)=681n

g2 (NL)=Ben

IF (NEN.EWL1) oETURwN

K3=ne+1

N0 6U I=1,bK

EAR P IR PR ca BR R - R W (R P W IR Ty B PR R O R ]

& @

GELELOLOOGEne

a.

e Y]

GOLOeEOOE oo OO n o e e

LYAY)
380
290
400
419
420
430
440
4540
460
470
480
490
500
910
520
239
540
550
560
570
580
59y
604
610
620
630
6dy
650
660
610
680
690
700
710
720
730
740
750
7160
770
780
790
800
810
620
830
840
850
860
870
880
890
90V
910



CcOoOOs

[}

)

K3z=K $=~4 G 920
RnadsK3+1 5 930
KSivEw=] 6 940
L=K+] 6 950
g2(K)=u82(¥)=ac (KA) Al (L) =A2(Kd)*B2 (L) G 960
Bl rISB1I(R)=A1(aS3)*asl (L) =A1(K4)xBe(L) G 970
CONTINUE G 940
RETURN B 990
END G100~
SUBRODUTINE PLATA(L,TT¥) H 10
AR IARA AR AT A XAXRKRE A KL kK& H 20
30
CALLED Fwup MAT H 40
PURPUSE S T PRI CUMPHTEL OUTRUT H 90
- .- - - - - - - - - - - - - - ] Y]
DIMENSTON MaF (54, 52) H Ty
COMMOUN /1uruT/ S(34,32) %K (54,32),YK(34,32),nF (34,32),15(54,3%32),D0Xx ©H 80
1034),0Y(32),20(4%4,52),21(34,32),uk (34,52),4T(54,52),PUR(34,352),TH( H 90
83“,3&),%#(5#.5&) H IOU
COomMMyty /Cunliku/ Tlf"’}E'“LLT'UE.‘\QS'“E}\!"‘QVS'VF'WT'ZMAX;ALPHA,WO’NK,NXIN H 110
LY, NXX, el YY g reist, T Mbw, MBE, IPT,nlT,RECHG H 120
COMMUN /wORK/ AX(359,32),8X(35,32),AY(34,33),BY(34,33),TX(35,32),TY A 130
1(34,33),F(54,32),5(54,32),C(34,3¢),0(34,32),FT(24,32),8T(34,32),84d d 140
2(354,32) ,00L(56,52) 815 (54,352) ,7HF (34,32),D0F (34,32),D08(34,32),AT1( n 150
334,32) 0 (34,352) H 16U
- - - - - - -~ - - H 170
H 1480
TMNZTIME /U, H 190
THR=TMN/bY , H 200
ThasTHr/24. 1210
TYR=STDA/ 305, H 220
PRINT 906G, L, Timn, TMly, THR,TUA,TYR H 230
4 240
COMPUTE INTERPACE ELEVATION = H 250
RAFSQENF / (DEMF =it 18) H 260
RAS=DENS/ (LENF=0F83) H 270
DO 1u I=1,hx H 280
DD 1U J=l,ivy H 290
IF (POR(L,J)abidave) GU TU 10 H 300
LTIy J)=rAF*xFF(1,4)=wASKkHS(1,d) H 310
CONTINUE H 320
LF (MULIL,ITP) WaE.0) BU Tu 80 h 330
PRINT 106U H 344
DO 20 J=1l,nY H 350
PRINT 110, Jse(nF(leJd),I=1,0X) H 360
PRINT 120 " 370
DO 30 J=1,mY H 380
PRINT 11u, Je(L0CL,pd)1=1,5X) H 390
IF (IPT. kL)L) Y Ty b H 400
PRINT 13v H 410
DO 40 Jd=1,uY H 429
PRINT 1lu, Jrp(HS(Led),1=1,0X) "1 430
CONTINUE A 440
DU A0 T=1,mx A 4%0
DO G J=3,0Y " 460

76



OO0 0

o

C
C
C

MAP(L,J)=0
ZIT=Z1(1,4)
LRT=78(1,4d)
IF (ZIT,6T47b7) mAR(I,d)=1
IF (ABS(LIT=ZusT),LE. 0 U1) #AabF(1,d)=0
TOP=SZBT+THL [, d)
IF (ALPra.vruel) Tur=niF(L,J)
IF (£T1.6T4.10UPR) MAP(I,Jd)=2
IF (ABS(/I1=~TUP) e Ua01) #MAP(I,J)=2
IF (PORC(I,d)abtata) MAP(L1,J)=9
60 CONTINMUE
PRINT 149
DO 70 J=lent
70 PRINT 194, (MAF(I,J),1=1,08%)
80 CuNTINUE
RETURM

90 FORMAT (///11%x,11n9Ter NUMBEK,T4,10%,26H5IMULATION TIME IN SECONDS
1oEL0G3/711X, 1501 4% ), 26X, 10HIN MINUTES,F10,3/792X,10HIN HQURS ,E10.3
/52X, 1unlTi DAYS rb1ua5/52%, 10HIN YEARS yE10.3/77)

100 FORMAT (1ix,leMErFEst WATER HEAD/11X,16(1H=)//)
110 FORMAT (/74,120 2%,3(012.9,2X),7,(11%,8(G12.5,2X)))
120 FORMAT (//11X, 19 I8TERFACE LEVEL/11%,15(1H=)//)
130 FORMAT (//711Xx,159058080 07 wATEK HEAD/ZIL1X,15(1r=)77)
140 FORMAT (//11x,u2bBnaAfEr GUALTTY MAFS  UO=FRESH, 1=MIX, 2=SALT/11X,17
1(1H=) 7 /)
150 FORMAT (l1x,4012)
EnD
SUHRDUT Ik AL (IUX,DELHF pOELHS)
AKAKKAREKRAEKKAKA AN A A kA kA XA A XKAkkhkkkk

CALLED b MALA
PURPOSE: Tu CumPUTE =ASS BALANCE

LR K X R RN X W] LN R X RN R X ) L E RN T T RN ¥ 1 P X T ¥ E X R ¥ E L RN K R N X X K X X3

DIMENSION CELar (1), LELHS(1)

CUMMON /1aruY/ 5(34,32) ,XK(34,32) ,YK(34,3%2),HF (54,32),15(34,32),0DX
103a),DY(32),20(56,352),4L1(364,52),0F(3a,32),4T(34,35%2),P0R(34,52),TH(
234,32) ,NE(34,32)

COMMON /CNRTRG/ TImE,NDELT  DENS,LENF VS, VF, AT, IMAX, ALPHA, WO, NK,NX, N
TY XK e NYY gt paifopn] ,Midw, Mede , IPT,NIT,RECHG

COMMUN /WOiK/ ha(39,32) ,6X(55,32),AY(34,33),bY(34,33),Tx(55,32),TY
1(34,53),F(34,5¢)y(3u4,32),C(34,32),00(34,32),FT(34,32),87T(34,32),84
2(34,32) 0L (54,52),nHE(%4,3%2) ,NHAF (34,32),D0F(34,32),D05(34,32),AT1(
3384,32) 0 (S84, 4¢)

LA X E ¥ X K ¥ 3§ X L XN A L XL EER LR L BT E LT TR E L L R E XX E X 2 N X E KX

COMPUTE TUTAL masS In ImE SYSTEM AND CHANGE IN MASS
TMFw=0,
TMEA=0,
DMF&‘V:().
LuMSaz=(,
DMFNE=(.
DMSWE=U,
vl 10 I=1,0X

77

S IXTXFITITITITIZTITITI

o i s S s S
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Pt it ded bt bt et Gt P b el fed et el et el af bk bl ped od b Beed beed b b o X DT L T IO

47v
480
490
5090
510
520
53¢
540
550
560
570
580
h940
600
610
620
630
640
650
660
6740
684
690
700
T10
720
730
T40=-
10
20
30
49
50
bu
70
80
90
100
110
120
130
140
1590
160
170
180
190
et
210
220
230
24v
250
260
274



0O 1y u=l,ey

IF (POR(LI,d)eiltalie) &IV TO 10
AREAZDX (L) *3Y (J)

FIHSFT(T,.J)

STHEST (I, 4) kv /VF*xQERNF/TIEND
THAFwETYAF w+F ThxFPOR (L, J)*ARFEA
TMSAZTYS A+ THaxPUK (L, J)*AKEA
IF (ICXeed.t) &0 TO 10

K=k ([,J)

SUM TUTAL CrHApGE FriM EwtjaTION VIEwWPOINT
DMFAEZDMF Ak +F (1, JYXDELHF (K) +5 (T, J)*DELHS(X)
DMSANEZOMSNE+C LT, J) *UELRF (X)+0 (1, J)*0ELHS(K)

SUM THE 3TDxAGE raxl OF ThE TRUE MASS CHANGE
PMFASDIMFW+S (1, ) AF THADELMF (K) *AREA
DMSAZUMSA+S (1, d) *x0END/UENF XS THXDELHS (K) xAxEA

10 COnNTINuE
IF (1CK.Ea0) O TU S50
CHF=0,

CHS=0,
RQ=0,

HFI1=0.
35T=0.
HLK=0,

BEGIN LOOPR TO CaLLULATE RATES OF OTHFR COMPOMENMTS

DO 49 Izlrl"u"(

DO 40 J=1,ny

IF (PURCI,J)WLELGL) T Tu 40
h=NP(T,J)

AREA=DX(Ly*0Y (J)

CONSTANT HEAY) FLUX==FRED WATER
IF (NHF(TsJ)enfel) 55U 10 24
X=HF(T,J)

CHFSCHFrr (L, J3) /0P LTxDELHS(K)+AY (T, J+ 1) xX+AY (1, J)xX+AX(I+1,J)xX+AX(
11,J) %X

IF (JeBT41) CHFEZLRF=AY (L, J)*xHF(1,J=1)

IF (JalTaenY) LHF=CHF=AY (I,J+1)*HF (I,J+1)

IF (I.6T41) Crbt=CrF=AX{T,J)*HF(I=1,J)

IF (T LT.nK) UCrirsCraF=ax{I+1,J)*xHF(1+1,J)

CUNSTANT HEAD FLUX==SALT WATER

20 IF (aHS(I,J) ik 1) G 0 30
X=HS8(1,.J) -
CHESChS+C (T, Jd)/RELTAULELNF (K)+BY (L, J) *X+8Y (I, J+1)AX+UX (I, J) xX+3X(I+

11,J) %X

TIF (J.GTal) Cro=Cnd=uY(I,J)*xAS(L,d=1)

IF (JaLTadY) URSSCHS=9Y{(1,J+1)xHS(I,J+1)
IF (1 6T.1) ChS=CHd=nX(L,J)*AS(I=1,J)

IF (T.LTenXx) Ch5=CnS=8a(I+1,J)*HS(1+1,J)

20 IF (WHF(1l,J) eiiEel) RUSKI+RECHGXAKEA

SOURKCE=SINK TExMS
DELG=EDNRF (T,J)*CELRF (R)+03S(1,J)*DELHS(K)
WFTSOF Ttk (LeJd)+LELY
BST=QRSTHUT(Lsd) =LF LT d)=0ELY

LEARAGF TEwxm
1F (nnF (T,d) ok o1) GLACSULK+rL (I, )% (BH(I,J)=HF (I,J)) *AREA

40 CONTINUE

-3 2

bk bt e Gt el bt fei et Yt B B Peed el Bl Bl e et et e feef B o el ol el i peed P et el g ey el beef bl b i B et Bk et ed e e et e Peed P b Bl el e ped e e

2.3}
290
300
310
320
330
40
350
360
370
380
394
a0y
410
42u
4340
4490
450
4640
474
4849
490
50u
510
520
53%0
5440
5590
56U
570
580
590
600
610
620
630
HUY
6h0
66HU
670
680
690
100
710
720
730
740
75u
7160
7170
780
790
800
810
820



Cc VULUME TOTALYS

TCHF=Crr xDELT
TCHS=CHS*GELT
TRYSRUADEL T
TOF=QFTxpELT
TRS=WSTxDe L |

TALK=GLK kL]
DELMFzZ=TMFu+ 1 vk nl =Dk w
DELMS==TM3n4 TMEW ] =Sk
TMFwl=Trr

TASHI=148w

C STORAGE CHAwWGE KaATES
X=1l,/0cl. T
DELMFREDELMF %X
DELMSK=DEL M3 %X
DELMFEz=Dir wk % X
DELMSE=S=DuGaE*xX

C PERCENT FRRuUK

S“MP=0 .

SUMN=O0.

50

IF
IF
IF
LF
IF
1F
IF
IF
IF
IF

(THLK o3 T oUa) SUMP=3UMP+TOLK
(THLE oLE sU o) SumMMsESUMN+TULK
(TCHF ot3T 4V ) SUMPESUMP+TCHF
(TCHF JLF « Ve ) SUMNSSUMN+TUHF
(TRA.GTUa) SUMPISUMP+TRE
(TRUJLE oL a) SUmNzbUMMYTHY
(VDELMF L GT .04) SUSPSSUMP+UELMF
(DELMF Lk o0 ) oSUMN=SUMN+DELMF
(1OF T L0,) SUMP=EUMP+TaF
(THF LE aUe) alwNzoUMN+ TWF

RESI=5UMN+TSUME
PCEFM=xES1I*x1GU,

IF

(SUMP 6T 4i1a) PULEFMSFPLEFM/SUMP

SuymMp=0.
SUMNZO .

IF
IF
IF
IF
1F
IF

(TCHE.,6TLU,.) DUGPSSUMP+TCHS
(TCrS.LF oelle) SuUmMn=SUmMN+TCHS
(DELMS .l oUe) SUAPSSUMP+OELMS
(DELMDLLE UL ) SuUmN=SIHMN+DELMS
(133.6T.,0,) 3uvP=3uUMP+TES
(TWS LLE o) SUANZSUMN+FTES

RES3=SUMN+SUME
PCESM=ERESS*x10U,

IF

FRINT 80,

(SUMP G ,0,) FLESMEPCESH/SUMP

1CHS s dL Ky TaL Sy Ry TR, FEEFM, POESH
RES2SKESL*X

RES4SKES S% X

PRINT 70, NESPE,RES1,KES4,RESS
PRINT 80, DELMFE,DFLMSE

RETURM

TMFw [ =TMF &

TMSwI=THSK

PRINT 90, Tukw, 3w

RETURN

219

DELMF R, LELMF yDELMSK,,DELMS,, GF T, TUF ,dST,TRS,CHF , TCHF ,CHS, T

B30
849
850
860
870
&88uv
89¢
900
910
920
930
940
959
960
970
980
990
11000
11010
11020
11050
11040
11050
11060
11070
11080
11090
11100
11110
11120
11130
11140
11150
11160
11170
11180
11190
11200
I121v
11220
11230
11240
11250
11260
11270
112890
11290
£1300
11310
11320
11350
11340
11350
11360
11370

ot eed bl et Jeed peef et b peed Peed demd ey el feed e e e



C 11380
60 FORMAT (//746X, ) 35HFRESH AALANCE, 33X, 1268ALT SALANCE/46X,13(1H=),33X 11390
1,12(1H=)/dLa,bunbpale (CF3),9X,10HTUTAL (CF),19X,10HRATE (CFS),5X,1 11400
POHTOTAL LCF)//11X,17ACHANSE [® STORAGE,13X,612.9,2X,612.9,18X,612. 11410
35,2% 6129/ 1 0%, L1tlouRLE/STNK,19%,612.%,2%,612.59,18%,5612.5,2X,612. 11420
A% /711X, 190C0NSTANT HEAD NODES, 11X,612.5,2%X,612.5,18X,612.5,2X,612.5 11430
5/11X,16HVERTICAL LeARABE,14X,512.59,2X,612.9/11X, BHRECHARGE ,22X,612 11440
DepPhr512,9/11A,14APER CENT ERROR,30X,612.5,32X,612.59/) 11450
TU FORMAT (L1x,0nTOTALS,,2UX,612.5,2%,012.5,18%,612.59,2X,612.5) 11460
BU FORMAT (1ix,21HEdny CrANGE [N STORAGE,9X%X,612.59,32X,612.5/) 11470
90 FORMAT (//V1x,c0rinilIAL FRESH VULUME,G12.9,1X,10HCUBIC FEET/11X,2 1148y
TOHINITIAL  SaLT vuuitmE,512.5,1x,10CuUsIC FEET/) 11490
Enp 11500~-
EOF s



SALT WATER=FRESH WATER FLOW ANALYSIS

SRRRREABEERRREAR AN AN ER AN A ANAE AR AR AAA AR ACAR A AN AN AR ARARANARARNAARAANARREAS
HELE SHAW EXPERIMENTS TRANSIENT

SERAREEEAACREAREAEARAEEAANBRARARA RS BARRAAAGAACAARNRARAAREARERNARARARAARS

FINITE OIFFERENCE DATA

Soovesessaccancsennaad

NUMBER OF = COLUMNS 20

« ROwS 1

= NON=ZERG 8LOCKS 20

= NOT USED 2

« MAXIMUM TIME STEPS 3

« SOURCES ]

« CONSTANT HEADS (SALT) 1

« CONSTANT HEADS (FRESH) 1

© LAGGING ITERATIONS ' 150
TIME PARAMETERS
e 1 2 L 1 2 X2 3
INITIAL YIME STEP IN SECONDS 5.0000000
WEIGHTING PARAMETER 0.50
OVER-RELAXAYION FACTOR 1.0

ALPHAE 0,0 CONFINED CONDITVIONS -
MUST READ AGUIFER THICKNESS AND NONZERO SPECIFIC STORAGE

THE FOLLOWING ARE UNIFORM3
X=SPACING
Y-SPACING
X=HYDRAULIC CONDUCTIVITY
Y=HYORAULIC CONDUCTIVITY
SPECIFIC STORAGE

PPN
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ELEVATION OF AQUIFER BASE
POROSITY
AQUIFER THICKNESS

MULTIPLICATION FACTORS FOR

X=SPACING 1.00
Y=SPACING 1,00
INITIAL FRESH WATER HEAD 1,00
INITIAL INTERFACE ELEVATION 1,00
XeHYDRAULIC CONDUCTIVITY 1.00

YoHYDRAULIC CONDUCTIVITY 1.00
SPECIFIC STORAGE 1.00
ELEVATIUN OF AQUIFER BASE 1.00
POROSITY 1.00
AGUIFER THICKNESS 1.00

SPACING IN X=DIRECTION

10.000 10.000 10,000 10,000 10.000 10,000 10,000 10,000 ~
10.000 10,000 10,000 10.000 10,000 10,000 10,000 10,000 0
10.000 10,000 10.000 10,000

SPACING IN Y-DIRECTVION

140000

INITIAL FRESH WATER HEADS

29,496 27.790 27.769 27,748 27.727 27.704 27.681 27,658
27,633 27.607 27.581 27,552 27,523 27.491 27.45%8 27.421
27,381 27,337 27,283 27,222



INITIAL INTERFACE ELEVATION

90,0000 0,0000 0.43040
S.1334 6,0200 6,9471
13,841 15,381 17.161

X=HYDRAULIC CONOUCTIVITY

69,000

YoKHYORAULIC CONDUCTIVITY

69,000

SPECIFIC STORAGE

0.10000E~05

ELEVATION OF AQUIFER BASE

0.,0000

1.1592
7.9200
19,346

1.9027
8,9471

2.6693
10,038

3.,4617
11,204

4,2820
12,463



POROSITY

1.0000

AQUIFER THICKNESS

27.000

CONFINING BED HEAD

27.136

CONFINING BED LEAKANCE

AL I LI 2 LT P LYY e Yy

0.0000 0.0000 0.0000
0.0000 0.,0000 09,0000
0.0000 0.0000 0.0000

FRESH WATER DENS]ITY 1.001
SALT WATER DENSITY 1.030
FRESH AATER VISCOSITY 1,000
SALT WATER VISCOSITY 1,000

RECHARGE

0.0000
0.0000
4,6087

0.0000
0,0000

0.,0000
0.0000

0.0000
0.0000

0,0000
0.0000
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RECHARGE = 0,000

10ELT= 1 IMAX= 0,000

CONSTANY SALT WATER HEAD NODES

1= 20, J= 1

apoovce

CONSTANT FRESH WATER HEAD NODES

1= 1, Js 1

INITIAL FRESH VOLUME
INITIAL SALT VOLUME

3916.9 CuBIC FEEY
1483,1 CuBIC FEEY

MAXIMUM HEAD CHANGE FOR EACH ITERATION

15979 90,0000

CHANGE IN STORAGE
SUURCE/SINK
CONSTANT HEAD NOOES
VERTICAL LEAKAGE
RECHARGE

PER CENT ERROR

TOTALS
EUN CHANGE IN STORAGE

STEP NUMBER 1
SERANRARANANANAS

FRESH BALANCE

RATE (CFS8) TOTAL (CF)
-14,227 *71.135
0.0000 0,0000
20,131 100,66
«5.,7580 «28,790
0.,0000 0,0000
0.72647
0.14625 0.,73124
-14,373

SIMULATION TIME IN SECONDS 0.500E+01
IN MINUTES 0,833E-01
IN HOURS 0.,139E~02
IN OAYS 0.579€-04
IN YEARS 0.159€-06

w
%]
SALT BALANCE
RATE (CFS) TOTAL (CF)
.
14,226 71,131
0.0000 0,0000
*14,372 »7}),862
-],0280
=0,14625 -0,.73124
14,372



MAXIMUM HEAD CMANGE FOR EACH ITERATION

lnoﬂ‘ﬂﬂ

FRESH WATER MEAD

29.496 29,308
28,618 26,504
27.667 27,536

INTERFACE LEVEL

0.37253E-08 =0.73127€~01
64,8697 S.Tea8
13.311 14,809

SALT WATER HEAD

28,666 28,538
27,949 27,864
27.264 27.178

WATER QUALITY MAP: O=FRESH,

29.280
28,390
27.6801

0.,2%958
6.,6586
16.374

28,463
27,778
27,0990

1=MIX, 238ALTY

011113111111 111113131

0.0000

CHANGE IN STORAGE
SQURCE/SINK
CONSTANT MHEAD NODES
VERTICAL LEAKAGE
RECHARGE

PER CENT ERROR

TOTALS
EQGN CHANGE IN STORAGE

29,171
28,2748
27,261

0,93855
T.6162
18,002

28,376
27,693
27.000

FRESH BALANCE

RATE (CFS8)

-12,912
0.0000
20.046

«7.0437
0.,0000

0.90259E~01
.nuoaow

TOTAL (CF)

bl o562
09,0000
100.23

-35,219
0.0000

0.45025

0,45130

29,062
20,157

1.6738
8,6248

28,291
27.607

28,952
20,038

2.4329
9.6928

28,208
27,522

28,841
27.917

3.2171
10,830

28,1290
27,4306

SALT BALANCE

RATE (CFS)

12,912
0,0000
=13,003

«0.,90260E~01
13,003

TOTAL (CF)
64,562
0.,0000

65,018

«0,69901

«0,45130

28,730
27,7194

4,0283
12,081

28,034
27,350

O
0



STEP NUMBER e
BRAARAANARRAARA

FRESH WATER HEAD

1 29.496 29,388
28,623 28,510
27.681 27,553

INTERFACE LEVEL

1 0,37253E~08 <0,11826
4,6105 S.q747
12,919 14,273

SALT WATER HEAD

1 28,0666 28,558
27.9a47 27,862
27,265 27,179

SIMULATION TIME IN SECONOS 0.100E+02

29,281
28,397
27.421

0.,11812
6.3759
15.690

28,460
21,7117
27.091

IN MINUTES 0,167E+00
IN HOURS 0.278E-02
IN DAYS 0.116E~03
IN YEARS 0,317E~06

29,173 29,064
28,282 28,165
21,289
0.72966 1.,4494
7.3188 8.3099
17.039
28,372 28,287
27,691 27.606
27.000

WATER QUALITY MAP? O=FRESH, 1=MIX, 23SALT

001111111111 11111111

MAXIMUM HEAD CHANGE FOR EACH ITERATION

*0.69953E-02 ' 0,0000

CHANGE IN STORAGE
SOURCE/SINK
CONSTANT HEAD NOOES
VERTICAL LEAKAGE
RECHAHRGE

FRESH BALANCE

RATE (CFS)

=1§.927
0,0000
19,976
*8.0071
0.0000

TOTAL (CF)

-59,633
0,0000
99,878

=490,.035
0.0000

28,955
28,048

2.2003
9,3564

28,202
ar.521

28,845 208,734
27.928 27.806
2.9763 3.7789
10,467 11,651
28,117 28,032
27,436 27,3514

SALT BALANCE

RATE (CFS)

11,927
0.0000
=11.,969

TOTAL (CF)

59,633
0.0000
*59,843
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PER CENT ERROR

TOTALS
EON CHANGE IN STORAGE

STEP NUMBER 3
ANNNRRRNRLENANS

FRESH WATER NEAD

29.896 29,389
28.627 28,515
27,693 27.567

INTERFACE LEVEL

woBeeTaencvewere

0,872S3E-08 =0,13926

4,35%6 5.,2093

12.485 13,771
SALT WATER HEAD

28,6606 28,557

27.944 27.859

271,265 27.179

0.82002E=01

11,969

SIMULATION TIME

29,282
28.402
27.439

0.64071E=02
6.,0983
15,090

28.457
er,774
27,091

0.,21027
0.21001

IN SECONDS 0,150E«02
IN MINUTES 0.250E+00

IN HOURS 0.,417E-02
IN DAYS 0.174E=03
IN YEARS 0.276E=06
29,174 29.066
28,288 28,173
27,310
0,53412 1.2306
7.0217¢ 8.0018
16,318
20,368 28,202
27.690 27.605
27,000

WATER QUALITY MAPS OQ=FRESH, 1=MIX, 233ALT

0d0ei111111111111311111

«0,82002E~01
11.969

28,957

28,056

1.9715
9.0281

28,198
e7.520

«0,35218
~0.21001

28,348
27,937

2.7393
10,113

28,113
27,43%

20,738
27,816

3.5333
11.268

28,028
27.350
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