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ABSTRACT

A two-dimensional, finite element model has been developed to simulate
saltwater intrusion into coastal and insular groundwater aquifers.™ The
depth-averaged equations of continuity for fresh water and salt water are
solved simultaneously with the assumption of a sharp interface separating the
two liquids. The aquifer is discretized into linear, triangular elements.
The Galerkin weighted residual method was used to develop element equations.
Boundary conditions of the Dirichlet and Neumann type can be applied. A
third type (Cauchy) boundary condition is used where freshwater exits along
the coastline.

A computer program has been written in FORTRAN to solve for the freshwater
and saltwater heads at each node of the finite element grid. The program can
simulate steady or unsteady conditions in phreatic or confined aquifers. Wells
can be specified at any node. The pump rate, aquifer recharge rate and boundary
conditions can be specified as functions of time. The program can track the
location of the saltwater toes (where the interface touches the impervious
basement) and the freshwater toe (where the phreatic surface touches the
impervious basement). The program can provide the magnitude and direction of
the fresh and salt water in each element of the grid. The program can also
be used to simulate aquifers that have only fresh water, by specifying the
saltwater head at all nodes to be much lower than the expected fresh water head.

The solution has been checked for accuracy against the following analytic
solutions:

1) Steady, one dimensional saltwater intrusion in confined and unconfined

aquifers.
2) Unsteady drawdown due to pumping in a confined aquifer. (Theis
solution). Saltwater heads are assumed to be zero everywhere.

3) One-dimensional gravitational, segregation problem.

The model has also been applied to natural aquifers for management and
future planning purposes.
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INTRODUCTION

Careful management and planning of groundwater aquifers is essential to
assure users of an adequate and sustained yield of water. This process helps
to avoid the 'mining' of water and excessive drawdown of the water table and
the dangers inherent therein. When the acuifer has a coastal boundary, an
additional danger is the intrusion of the seawater into the aquifer. Excessive
pumping could cause an increase in the salinity concentration of water, rendering
it unfit for drinking and other purposes. Management of the acuifer includes
knowing the location of the saltwater under present and future pumping conditions.
A numerical model is one method by which the location of the saltwater can be
estimated for a given set of hydrologic conditions.

Two types of models have been develoned to study saltwater intrusion into
aquifers. The first type of model is one in which a sharp interface separates
the freshwater and saltwater (Bear and Dagan, 1964; Fetter, 1972; Glover, 1959; Kashef,
1975; Pinder and Page, 1976: Rumer and Harleman, 1963; Shamir and Dagan, 1971;
Van der Veer, 1976). The second type assumes that the saltwater has gradually
mixed (diffused) with the freshwater and salt concentration varies continuously
from zero in the freshwater to the concentration that exists in the sea (Bear
and Dagan, 1963; Desai and Contractor, 1977; Gelhar et al., 1972; Henry, 1964;
Segol et al., 1975). 1In general, there is always some degree of saltwater
diffusion in coastal aquifers. However, when the diffusion is confined to a
narrow band in the aquifer, it mav still be appropriate to use a sharp interface
model. This report describes the development and use of a sharp interface
model.

Several numerical methods have been used in sharp interface models,
including the method of characteristics, finite difference and finite element
methods. The concepts and techniques described by Sd da Costa and Wilson (1979)
have some unique features and were used extensively in this study. The model
(SWIM) described by Sa da Costa and Wilson (1979) is very general, versatile
and accurate and would have been used in this study if the necessary computer
hardware facilities were available in Guam. For this reason, a simpler model
(SWIGS2D) was developed to utilize the locally-available facilities. The model
utilizes linear triangular elements and the Galerkin weighted residual method
for deriving the element equations. The model can simulate steady or unsteady
conditions in confined or unconfined aquifers. Several types of boundary
conditions can be imposed; freshwater and saltwater heads can be specified as
a function of time at any number of nodes; freshwater and saltwater flows can
be specified between any pair of boundary nodes and a mixed-type boundary
condition can be applied along coastal boundaries. By specifving the saltwater
head at all nodes to be very low in comparison with expected freshwater heads,
the thickness of the salt-water everywhere can be held to an arbitrarily small
value, thus simulating an aquifer with only freshwater flows. By specifying the
saltwater head to be equal to zero above mean sea leavel at all nodes, the
Ghyben-Herzberg condition is fulfilled and the location of the interface can
be calculated. Under these conditions, there is no saltwater movement with
hydrostatic pressures existing everywhere in the salt water.
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Application of the model to a variety of flow situations for which
analytical solutions are available shows the accuracy of the model. The
model has been applied to several natural aquifers, with complex geometries,
basement topography and boundary conditions. These applications will be
described in future technical reports of this Institute. Availability of
such a model enables the manager of an aquifer to explore the advantages and
disadvantages of a number of options relating to development of the resource.
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FINITE ELEMENT EQUATIONS

Two partial differential eguations were used to describe the flow of
freshwater and saltwater. These equations were derived by Si da Costa and
Wilson (1979) and Bear (1972) and obtained by integrating the three-
dimensional equations in the ve;tical 'z' direction, resulting in depth-
averaged quantities {e.g. KX, ¢, m)

£
/3 KE6E (07 13300 +3/3y (T (307 /ay))+ W + o]+ (07-0 ) =

7

(v /av) et /ot - (myS/av)asS /ot (1)
a/ax<K§bS<a¢s/ax>>+a/ay(K;bS<a¢s/ay>> = (ny°/ay)34°% /0t -

(an/AY)8¢f/3t (2)

To assure continuity of pressures across the interface in the fresh
and salt water, the following equation must be satisfied

L o= YS/AY¢S—Yf/AY¢f (2)

Linear triangular elements have been used in the solution of the above
equations. Figure 1 shows triangular elements with Cartesian coordinates
(x,y) and triangular coordinates (Li;,L2,L3). The relationship between the
Cartesian and triangular coordinates for any point in the element is given

by
Ji 1 1 1 ﬁgj
Xp = [x] Xz X3 <Lz> (4)
‘_Y__q Y1 Y2 V3 LaJ
It can be shown that:
L1 = A1/A, L, = Ay/A, and Ly = A3/A (5)
Also
[‘Ll‘] 1 2A,3 by a: [_l_]
<L2>=ﬁ 2A37 by az| <xp (6)
LLQJ 2A1, b3 aj bd
Where

ay = X3 ~ Xp by =yy - ys 2A12 = x1y2 - X2Vy1
a = X1 — X3 by =y3 - y1 2Ar3 = Xoy3 - X3¥» (7)
as = Xo - X1 b3y =y1 - y2 2A31 = X3y1 - X1¥3
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Yy
k A5 Xy- X3 A= Xy X,

J 30Xy Va) o
By=Y,- ¥
D, y,)
b2= y3'y1 x2y2
(b3=y1-y2
1()(1 y1) A=X5 X,
20X

a. CARTESIAN COORDINATES

2(0,1,0)

1(1,0,0)

- X
b. TRIANGULAR COORDINATES

Figure 1. Cartesian and triangular co-ordinate systems.
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and A = area of the element =

(asb, - azbj3) = %(a1by - asby) = L(azb; - ajby)

£

£
The dependent variables (¢, ¢S, b, bs) are supposed to vary within

an element in the following manner.
3

o = ) 1651° = 11 1o 1s) 1%§; (8)

)

b3

Also, °=[L116°3%, bT=[L1(b )%, b°=[L](b%)°

Substituting the above equations in equations 1 and 2, we get

3/ax (KL [L1 (b 1% /0% (1L] 70T 39)) + a/ay<K§[L]{bf}ea/ay<[L}{¢f}e>) +

N+ a4 K (L1671 =0 )= oy /o) a0t fote (ny®/5v) 56% /3t = 0 (9)

a/ax<K§[L1{bs}ea/ax<[L1{¢S}e>>+a/ay<K§[L]{bs}ea/ay<[L]{¢S}e>> -

(v ®/8v)36°%/3t + (vt /ay)aset/ae = 0 (10)

When the exact values of ¢f and ¢S at all the nodes are input into
equations 9 and 10, the_right-hand sides will be equal to zero. If, however,
approximate values of ¢  and ¢ are used, the right-hand sides will be equal
to residues Rf and RS other than zero. The correct values of ¢f and ¢s are
obtained by Galerkin's weighted residual method. In this method, the
following equations must be satisfied

fL.RfdA
o

1l
o

for i = 1,2,3 (11)

and

i
o

fLiRSdA for i = 1,2,3 (12)

Equations 9 and 10 can be substituted into equations 11 and 12.
Each term is integrated separately below.

first term: fLia/Sx[Ki[L]{bf}ea/ax([L}{¢f}e)]dA
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Use is made of the following identity in integrating the first term
S L, 3/3x (B) dA = - f (B) 93L./3x dA + f L .Bn_ds (13)
i i s 1 x

Tﬁus the first term becomes
—f(Ki[L]{bf}ea/ax([L]{¢f}e))8Li/8x dA + fLi(Ki[L]{bf}ea/ax([L]{¢f}e))
n ds = K'b./2a0b/241(6T18 /L] 1bT1%dA + 7 L, (~an_)ds = -K'b. /2A[b/2A]
X x i s i Tx x i
f.e f.e f f.e f.,e
{6 31 Aa/3(b7 1 + fSLi(—an)ds = —KXbi/aA[b]{¢ 1/3(p )} 4+ fSLi(—an)ds
Similarly the second term will become
k' a /4ala]{0"1® + S L. (~qn_)d
yai alid sFi qny s
Adding the first two terms, we get
f f.,e f.e f f.e f.e
—KXbi/AA[b]{¢ }71/3{p"} —Kyai/AA[a]{¢ }71/3{b7} +fSLi(—an—qny)ds

The last term has to be evaluated around the boundary of the element.

For a flow boundary, this term becomes
L

—qfolj(l—s/ﬂij)ds = —quj/Z (14)

ISLi(—an—qny)ds = fLiqu

For a coastal boundary, we get

SL; (-an,-an )ds = -/L qds —fLiKC(¢f—¢S)ds = —f(Li)Ké¢fds + f(Li)KC¢Sds
= —fLiKC[L]{¢f}eds + fLiKC[L]{¢S}eds = -f(1-s/zij)KC[<1-s/zij)(s/zij)]
(651%as + FQ-s/ny DKL Qms /0y ) (s/2y PT16%15ds = K00, 1A/3) (1/6)]

o518 + K0, ((1/3) (1/6)11651° (15)

The third term in equation 11 (after substituting equation 9) is

fLiNdA = NfLidA for constant N over element = N(A/3)
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The fourth term is

£ _ £ _f _
fLiqp dA = Lt , oTL 19, AA = a, AA Qp/ne

Where Qp is the total pump flow and n, is the number of elements at well node

i, and Li =0 outsidé the well and equal to 1 within the well.

The fifth term is

fLiKO([L]{¢f}e—¢O)dA KL 1{651%4a - SLK 6 dA = K A[(1/6) (1/12)
(1/12)1{6T1°K ¢ A/3
[e o]

The sixth term is

—fLian/Ay(d¢f/dt)dA —nyf/Anyi[L]{d¢f/dt}edA = oyl /av)AL1/6)  (1/12)
(1/12)1{do /ac1®
Similarly, the last term becomes

(my3/8)AL(L/6)  (1/12)  (1/12)1{d$%/dc}®

The three equations in equation 11 are given below in matrix form, without
the boundary terms.

1730 3k 10671 + Na/3 10 6] 4o /n 10 0] + K (A/12)
3 01 0 P 0 0 0
0 0 1 0 0 O
2 1 1 {¢f}e—(K A¢ /3) 1 0 d“—nyf/Ay(A/lz) {d¢ Jde}€
1 2 1 ° ©° 0 1 0
112 0 0 1]
S S e
ny /oy (A/12) [2 1 1({d¢"/dt} =0 (16)
1 2 1
1 1 2
where K —( 1/4A) fb1b1+KSa1a1 fb1b2+1(sa1a2 fb1b3+KSalag
X X X X X X
£ £ £
Xb2b1+Kiazal Xb2b2+Kiazaz Kb2b3+Kiaza3 an
£ £ s £ s
KXb3b1+K;agal Xb3b2+Kya3a2 Xb3b3+Kya3a3
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. f s . . . . .
Since ¢ and ¢~ are functions of time, the following substitutions are
in equation 16.

£

(611%=-0) (o 1%+0te,,, 3¢ and (3°%)°=(1-0)(47)%0 007, 1°
ittt 1%] and b5)8=4[(b51%+(b°, 1°]
2L e t+AL 2 t t+AL

f

{d¢f/dt}e=1/At[{¢t+At

t+at”

The final element equation for freshwater flow is given below.

R f £ e f ; 2 f e
1/305( +b D VIR T0Le ) oy /iy (A/46) (1/12) i ; } IS,
112
s s e -,.f e
+ ny /Ay (A/AE) (1/12) {2 1 1({¢ 14K A0/12[2 1 1]{¢ }o= -1/3
121 t+At o 121 t+AL
112 11 2]

f f f f.e
{%(bt+bt+At)}[Kij](1—@){¢t} —NA/B{

100
o010l P
0 1]

(1/12) T2 1 17005 18 4myS/ay (a/oe) (1/12) [2 1 1] 165184k ¢ A/3
t t o'o
121 121
112 112
f.e
100] -(1-0)K A/12 (2 11 {¢t}
010 ° 121
001 112
Similarly, the final element equation for saltwater becomes
1 S S S S e_ S S e
1/38(b+b [ IR T0Te L, F oy /by (A/at) (1/12) i % 1 Lo ine?
112
S s
t+At t+At)}[Kij](l_®){¢

121

+ nyf/Ay<A/At)<1/1z)[2 1 1}{¢f 1°=-1/304 (654
112

[

made

(18)
(19)

12-1601°1 and (do®/ar}®=1/ael (67, 15-(971%7(20)

1-q /ne[? 0 g]_nyf/AY (A/bt)

(21)

s.e
t}
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- nyS /Ay (A/AE) (1/12) {¢:}e+nyf/Ay(A/At)(l/12) 2

21 1 17 {¢§}e (22)
121 121
112 112

where [Kij] is defined in a manner similar to the definition of [Kf

..] in
1]

equation 17.
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DESCRIPTION OF COMPUTER PROGRAM

The computer program has the capacity to handle steady and unsteady flows,
‘and analyze both confined and unconfined flows. If the aquifer is confined,
the program can consider leaky and non-leaky conditions. Additionally, any
number of pumps can be accommodated at the nodes of the network. Recharge is
constant in an element but can be varied from element to element. Specified
head or flow conditions can be applied at the boundaries. At a coastal
boundary, a mixed or third-type boundary condition can be specified. For
steady flow conditions, the saltwater head can be specified to be zero along
the boundary or at every node in the network. This procedure assures that the
Ghyben-Herzberg condition is satisfied. The program can also be run in the
unsteady mode with the Ghyben-Herzberg condition. Constant head conditions
are taken into account by eliminating that variable from the matrix. The
right-hand side of each equation is reduced by the product of the constant
head times its coefficient in the matrix. The row and column of that variable
are eliminated and the size of the matrix reduced.

If the saltwater head at every node in the network is specified to be much
less than the anticipated freshwater head, the results of the computer program
will show that the thickness of the saltwater layer is equal to an arbitrarily
small value (BTOE). Under these conditions, the program can simulate flow in
a freshwater aquifer. Use of the program to simulate freshwater aquifers will
be limited only by the number of nodes usable, since the element matrix still
contains saltwater heads. Apart from this limitation, the solution procedure
should still be efficient.

Since the heads are assumed to vary linearly across the triangular element,
the velocity in each element will be constant. By specifying NVEL = 1, the
program will print out the velocities in the x and y directions in each element
in both the fresh water and salt water layers. These velocities can then be
used to calculate the flow rates across any line or boundary. By specifying
NTOE = 1, the program will determine where in the network a freshwater or
saltwater toe occurs. A saltwater toe occurs where the interface intersects
the lower impervious boundary. The output provides the element number, the
node numbers, and the fractional distance between the two nodes where the salt-
water toe occurs. The same kind of information is also provided about the
freshwater toe. A freshwater toe occurs where the phreatic surface intersects
the lower impervious boundary or where the interface intersects the upper
impervious boundary irn confined aquifers.

The program assumes that there are two independent variables at each node:
the freshwater head and saltwater head. After solving for the heads, equation
3 is used to determine the depth (z) of the interface. The location of the
interface determines the thickness of the freshwater and the saltwater layers.
1f, however, the interface is calculated to be below the lower impervious
boundary, then the entire aquifer thickness should contain only freshwater and
the thickness of the saltwater layer should theoretically be zero. However,
the program makes the saltwater layer equal to BTOE. The permeability in the
saltwater thickness BTOE is made much smaller than that specified in the region
where the saltwater thickness is greater than BTOE. Similarly, when the
phreatic surface intersects the lower impervious boundary, the freshwater layer
beyond the toe is made equal to BTOE instead of zero. In the course of the
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program, as the interface and the phreatic surface move with respect to time,
the thickness and permeability of the saltwater and freshwater toes are
altered accordingly.

FEquation 18 introduces a weighting factor, ©, which varies between zero
and one. This factor is useful in regulating the stability and accuracy of
the solution. When 6 = 0, the problem formulation is referred to as explicit.
In this formulation, the spatial derivatives are evaluated at the known time-
step, t. The time-step, At, necessary for stable results is very small. y
This results in very long execution times for the program. When © = 0.5, the
problem formulation is referred to as the Crank-Nicolson approximation. This
approach provides high-accuracy with large values of At, even though the
results may show some numerical instability. When 8 = 1.0, the formulation
is known as fully implicit. This formulation provides the maximum stability
at a sacrifice of some accuracy. Values of 8 between 0.5 and 1.0 (e.g., 0.6,
2/3, 3/4) have been used to provide the proper balance between accuracy and
stability. All of the examples presented in this report were run with 6 = 1.
When steady state results are desired, the program should be run with 8 = 1.0
and At equal to a very large number (e.g. 1.0E20). Since At is large, the
time derivative terms in the element equations 21 and 22 become very small. By
making O = 1.0, initial values of the thickness of the freshwater and saltwater
layers are required because of the non-linear nature of the problem. The
program should be run for several time steps until the error is less than the
specified tolerance in one or two iterations.

The program can be run in any set of consistent units. Thus, if feet and
seconds are the length and time units, the permeability and recharge must be
input in ft/sec and the pump rate in cu.ft/sec. If meters and days are the
length and time units, then the permeability and recharge must be input in
m/day and the pump rate in cu.m/day.

When subdividing an aquifer into triangular elements, only one side of a
triangle may form a boundary. The program cannot handle triangles with
boundary conditions on two of its sides. The versatility of using triangles
of different sizes and orientation should be taken advantage of. Place a node
wherever a pump exists or is projected to be in the future. It is, however,
advisable not to let the ratio of the largest triangle to the smallest triangle
become too large. It will generally be the size of the smallest triangle that
determines the time step At that can be used for stable results.
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APPLICATIONS OF THE PROGRAM

The computer program described in the previous section is very general

" and can be applied to a wide variety of complex aquifers. Before this program
can be used with confidence, it is advisable to check the results of the program
against results that are analytically known. Even this does not guarantee that
the program will behave properly when applied to complex aquifers. However, if
it does not compare favorably with analytic results, it most certainly would not
give valid results with complex aquifers. This program was checked out against
three different groundwater situations. The first situation deals with the
steady state, one dimensional saltwater intrusion into confined and unconfined
aquifers. The second case is the unsteady drawdown of head due to pumping of a
well (Theis solution) in a confined aquifer. Finally, the program is checked
against the analytic solution of the one-dimensional gravitational segregation
problem.

Figure 2 shows the 2-D network of elements used to simulate 1-D flow towards
the sea coast. The recharge within the three impervious boundaries flows towards
the sea in an unconfined aquifer. Van der Veer (1976) gives the analytic solution
for this flow situation. Figure 3 shows a comparison between this analytic
solution and the 2-D model results. Better results could have been obtained had
a finer element mesh been used. The velocity in almost all of the elements had
an angle of zero degrees to the x axis. The elements close to the sea coast did
show velocity directions up to 10 degrees away from the x axis. The numerical
results were symmetrical about a line joining node 3 and node 30.

The network shown in Figure 2 was also used to simulate 1-D flow towards the
sea coast in a confined aquifer. The analytic solution to this flow situation
is given by Glover (1959). A constant freshwater flow enters the aquifer between
node 1 and node 2. A saltwater toe occurs in this case, with only freshwater
occurring to the left of the toe and both fresh and saltwater occurring to the
right. The program output provides the element numbers in which the toe occurs
and provides data to plot the location of the toe in those elements. Both of
these flow cases were simulated in the steady-state mode of the program, that is,
with @ = 1.0 and At equal to a very large number. Figure 4 presents a comparison
between the analytic solution and the results of the 2-D model. Once again, the
velocity direction in nearly all elements is in the x direction. However, the
directions in the elements close to the sea coast were up to 10 degrees away from
the x axis.

The next flow simulation dealt with the unsteady drawdown of the piezometric
head due to pumping from a well in a confined aquifer. Because of radial symmetry,
the finite element network (Figure 5) simulated only a 15 degree pie-shaped wedge.
The pump is located at the tip of the wedge (node 1), and the pumping rate is
kept constant. The analytic solution to the drawdown as a function of radius and
time is presented by Theis (1935). The boundary conditions at the outer nodes
were obtained from the Theis solution. 1In order to keep the thickness of the
saltwater layer to an arbitrarily small value (BTOE), the saltwater heads at all
nodes was specified to be much smaller than the anticipated freshwater heads.

The program was run in the unsteady mode with 6 = 1.0 and At = 0.1 days for the
0.5 days and again with At = 0.5 days for four days. Figure 6 shows a comparison
cf the 2-D numerical results with the Theis solution at node 3. Because of the
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gradients in the initial stages, the numerical solution does not match the
analytic solution. However, the results after t = 0.3 days do follow the
theoretical solution. Figure 7 shows a comparison of the 2-D numerical results
~with the Theis solution as a function of radius at t = 2 days. The agreement
is good at all radii except at the pump itself. This is because the Theis
solution calculates the water level in the well from the pump diameter, whereas

the numerical program does not use the pump diameter, in its internal calculations.

The results of the numerical program close to the well could, of course, be
improved by refining the element mesh in that neighborhood.

The final flow simulation deals with the gravitational segregation problem.
Figure 8 shows a schematic of this problem. At time t = 0, there exists a
vertical interface separating freshwater on the left and saltwater on the right.
With passage of time, this interface rotates in a clockwise direction about the
midpoint. The analytical solution to this problem (Gelhar et al., 1972) shows
that the interface remains a straight line at any given time. This flow case
was simulated by the model using constant head boundaries at both ends. The
following parameters for the problem were used:

Kxf = 39.024 m/day, KXS = 40.m/day, n= 0.3, b = 10m, At = 1 day

Simulation was begun with the interface at t = tg
conditions are given below:

7.87 days. The initial

x (m) of (m) 0% (m) £ (m)
-16 and less 5.125 4.7561 -10.
-12 5.12305 4.7847 - 8.75
- 8 5.11718 4,8094 - 7.5
-4 5.10742 4.8304 - 6.25

0 5.09375 4.8609 - 5.0
4 5.07617 4.8609 - 3.75
8 5.05469 4.8609 - 2.50
12 5.02930 4.8761 - 1.25
16 and over 5.0 4.878 0.0

Figure 9 shows the location of the interface 10 days and 25 days after the
initial conditions. The modelfollows the analytic solution very well.

The three different flow simulations described in this section indicate that

the model behaves properly for these simple cases. The model has many capabi-~
lities that have not been tested for accuracy (e.g., flow through anisotropic
media). Indeed, a model such as this may never be tested in all its features.
However, based on the accuracy of the results till now, one can develop a level
of confidence that new applications will be simulated properly. The purpose of

developing this model was to study saltwater intrusion in the northern Guam lens.

This application has been carried out successfully and a description of the
results are provided in the succeeding Technical Report No. 27.
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CONCLUSIONS

A computer program has been developed to simulate saltwater intrusion in
groundwater systems. The main features of this program are:

1) 1Model uses linear triangular elements.
2) Confined or unconfined aquifers can be simulated.
3) Steady state or unsteady conditions can be handled.
4) Isotropic or anisotropic media can be studied.
5) Three types of boundary conditions can be specified.
a) Head as a function of time.
b) Flow as a function of time.
c) A mixed boundary condition for freshwater flowing into a coastal
boundary.
6) Freshwater wells can be located at any node.
7) Freshwater and saltwater toes can be tracked with time.
8) Direction and magnitude of the velocity in each element can be output.
9) Aquifers that contain only freshwater can also be simulated by
specifying the saltwater head at all nodes to be much less than
expected freshwater heads.
The program has been used to simulate three simple flow situations and
the results compared with analytic solutions. In all three cases, the

comparisons were good and promoted a degree of confidence in the program. The
program has also been applied to large, complex, natural aquifers,
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APPENDIX

List of Svmbols

Symbol Description Dimensions
aq Xa — Xo L
ar Xy — X3 L
ag 5 = Xa L
A, . (x,v, - x,v.)/2 %
1] 1] 11
A Area of element = !3(azb.- a;b:) L
Ay, A, As Areas used to define Triangular Coordinates LY
b Thickness of saturated laver L
by Vo = Va3 L
by Vi = oV L
by Y1 =¥ L
B A function of x and v L
K" Permeabilitv of the coastal aquifer L/T
Kx Permeability in the x direction L/T
Ky Permeability in the vy direction L/T
KO ?ermeability of aquitard overlying aquifer L/T
Kij Matrix defined by equation 17 L
lij Distance from node 1 to node j
Ly, Lo, Ls Approximation Functions L/T
n Porosityv
nx, n, Direction cosines of the outward normal
a ! Flow rate/unit length of boundary 12/7
qp - Pump discharge L/T
Qp Pump discharge LY/T
Rf, rR® Residues of freshwater and saltwater equations L/T
s Distance along boundarv L
t Time T
X Cartesian coordinate L
y Cartesian coordinat L
y Specific weight of fluid M/LTY
Ny Difference in specific weight of salt and

.l

i

D
fresh water M/LAT
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Symbol

At

Description
Time increment
Piezometric head
Constant piezometric head of aquitard

Depth of interface below datum

Superscripts

Referring to element.
Freshwater quantity.

Saltwater quantity.
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APPENDIX B

INPUT DATA AND FORMAT

List of Input Variables.

TITLE (I)
NN

NE
ITERMX
NPUMPS
NDATA

NOUT

JMAX
JTRC

NVEL

NTOE

DT
THETA

TOL
GAMAF
GAMAS
TSTART
BTOE
LMNTQF
LMNTQS
LMNTCF

NNODHF
NNODHS
XC(I)
YC (L)
ZB(1)
ZU (1)

NODE (I,1)
NODE(I,2)
NODE (1,3)J
KFFX(I)
KFFY (1)
KSSX(I)
KSSY (1)

Character variable for title of run.

Number of nodes

Number of elements

Maximum number of iterations for convergence at each time interval.
Number of pumps in system.

=0, Input data will not be printed out.

=1, Input data will be printed out.

=1, Output will be printed out at the end of every time counter J.
=N, 1" 1" " mn 1" " 1" 1h} n 1t I\Ith time COul’lter J,
Maximum value of time counter J for execution of program.
=0, for detailed matrix output not to be printed out.
=J, for detailed matrix output to be printed out beginning at time
counter J = JTRC
=0, for no print out of magnitude and direction of velocities in
elements.
=1, for print out of magnitude and direction of velocities in elements.
=0, for no print out of location of saltwater and freshwater toes.
=1’ for print Out 1" 1 1" 1" 1 1t 1
Time interval for incrementing time counter J.
Time weighting factor =0.5, for Crank-Nicolson approximation.
" " " =1.0, for fully implicit calculation.
Tolerance (as a fraction) used in convergence of solution.
Specific weight of lighter fluid (fresh water) .
" " " denser " (saltwater).
Time at start of program.
Thickness of freshwater and saltwater toes.
Number of boundary elements along which fresh water flow is specified.
1 " 1t 1 " 1" Salt Water " 1 "
" N " " " " coastal boundary condition
is specified.
Number of nodes at which fresh water head is specified.

1" " 1" " 1" Salt 1t " " 1A}
X-coordinate of node.
Y__ 1 T 1
Elevation of lower boundary (basement) of aquifer.
" " upper " of confined aquifer.

=1000.1 for phreatic aquifers.
Node numbers of element I, specified in counter—clockwise direction.

direction in element I.
Tt " 1 1"

Freshwater Permeability in the
1" " 1 11

Saltwater
" 11" 1t "

X
Y

" " " X 1" " u 14 .
Y

1 L3 1" 1"
.
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Appendix B -- Continued.

PRSTY(I) Porosity in element I.

NCONF (1) =0 for phreatic (or unconfined) conditions in element T.
=] for confined conditions in element 1.

NLMN Number of succeeding elements with node numbers incremented by INC
and having the same properties (permeability, porosity and NCONF).

INC Increment

RECHG(I,J) Recharge into element I, at time counter J.

NODEQF(I,1)
NODEQF(I,2)
OFWBND (T,.J)

Nodes between which rfreshwater flow is specified.

Nodes must be specified in anti-clockwise direction inside element.
Freshwater flow between NODEQF(I,!) and NODEQF(I,2) entering aquifer
between time counter (J-1) and (J).

NODEQS(I,I)\’Nodes between which saltwater flow is specified. Nodes must be
NODEQS(1,2) ¢ specified in anti-clockwise direction. )
QSWBND(T,J) Saltwater flow between NODEQS(I,! AND NODEQS(I,2) entering aquifer
between time counter (J-1) and (J).

Nodes between which coastal boundary condition is to be applied.
Nodes must be specified in anti-clockwise direction.

Permeability of coastal aquifer adiacent to boundary element.

NODECF(T,1)
NODECF (1,2
KC(T)

NODEHF (1)

SPECHF(I,J)

NMODEHS(T)

SPECHS(I,J)

Node number at which fresh water head is to be specified.
Specified{reshwater head as a function of time counter J.
Node number at which salt water head is to be specified.

Specified saltwater head as a function of time counter J.

NODEP (1) Node number at which -pump is to be located.

NELEM(I) Number of elements around pump node.

OPUMP(T,.J) Pump discharge occurring between time counter (J-1) and (J).

NLEAKY () =0, when there is no leakage from agquitard above element 1 in aquifer.
=1, when leakage can occur from aquitard above element I in aquifer.

KO (1> Permeabiiity of aquitard above element I in aquifer.

PHIO(T) Constant head in aquitard above e.ement I in aquifer.

HF(T,1}

HS(I,l)I Initial
Conditions

BF(I,1)
BS(I,])}
LMNTYP (1)

I0(1)

(Freshwater head at node I and time counter J=1.

+S5altwater head at node T and time counter J=1.

yThickness of freshwater layer at node Tandtime counter J=1.
Thickness of saltwater Tayer at node I and time counter J=1.
=0, when ail three nodes of element I have freshwater and saltwater
thickness creater than BTOE.

=1, when al!l three nodes of element I have freshwater tLhickness
equal to BTOE, but saltwater thickness oreater than BTOE.

=2, when all three nodes of element I have saltwater thickness
equal to BTOL, but freshwater thickness greater than BTOE.

=3, when al’ three nodes of element I have freshwater and saltwater
thicknesses equal to BTOE.

=0, when output of program is not to be nrinted out for node 1.

:l, ‘/\7}]@11 K i 1 T 1 1" " T ”.

Counter.

o0 bhe
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Appendix B -- Continued.

List and Format of Input

No. of cards

l}égngf_Yariableg

1 TITLE(I), I=1,20
1 NN,NE, ITERMX, NPUMPS,NDATA,NOUT, JMAX,JTRC,NVEL,NTOE
1 DT, THETA, TOL ,GAMAF , GAMAS , TSTART , BTOE
1 ILMNTOQF , LMNTQS , LMNTCF , NNODHF , NNODHS
NN (XC(1),YC(1),ZB(I),ZU(L),I=1,NN)
N,where (NODE(T,1) ,NODE(I,2),NODE(I,3),KFFX(I),KFFY(I),
N KSSX(T),KSSY(T),PRSTY(I),NCONF(I),NLEAKY(I),
Z (14NLMN , ) =NF NLMN, INC)
i=1 .
N (1+JMAX/8)
where
N
7 (1+INC,)=NE T,INC For all elements, for
i=1 * » which NCONF(I)=0.
RECHG (J) ,J=1, JMAX |
IF LMNTQF>0
LMNTQF (1+JMAX/8) I1,NODEQF(I,2),NODEQF(I,2)
(QFWBND (I,J),J=1,JMAX)
IF IMNTQS>0.
LMNTQS (1+JMAX/8) I7,NODEQS(T,1),NODEQS(I,2)
(QSWBND (I,J),J=1,JMAX)
IF LMNTCF>0.
LMNTCF 11,NODECF(I,1),NODECI(I,2),KC(T)
IF NNODHF>0.
NNODHF (1+JMAX/8) I1,NODEHF(I)
(SPECHF(T1,J),J=1,JMAX)
IF NNODHS>O.
NNODHS (1+JMAX/8) I1,NODEHS(T)
(SPECHS(I,J),J=1,JMAX
IF NPUMPS>0.
NPUMPS (1+JMAX/8) NODEP(I),NELEM(T)
(QPUMP(I,J) ,J=1,JMAX)
FOR ALL ELEMENTS FOR WHICH NCONF(I)=1 AND
NLEAKY (I)=1
N,where 1,KO(I),PHIO(I),NLMN
N
£ (14+NLMN,)=NE
i=1 *
N,where I,HF(I,1),NND

N

% (1+NND, )=NN
. i

i=1

N,where

N

¥ (1+NND, )=NN
. i

i=1

I,HS(I,1),NND

Format

20A4

1615
E10-3,7F10-4
1615
10X,4F104
5X,315,5F10-2,
11,112,213

1615
8F10-4

315
8F10-4

315
8F10-4

315,5X,F15-13

215
8F10-4

215
8F10-4

1615

15,5X,F10°4,15

15,5X,F10°4,15
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Appendix B -- Continued.

List and Format of Input

No. of cards List of Variables Format

N,where I,BF(I,1),NND 15,5X,F10-4,15
N

% (14NND, )=NN

. i

i=1

N,where I,BS(I,1),N\D I5,5X,F10:4,15
N

7 (1+NND, )=NN

. i

i=1

NE/80 LMNTYP(I),I=1,NE 80I1

NN/80 I0(1),I=1,NN 8011
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APPENDIX C

SOURCE LISTING OF SWIGSZ2De.

bt Lt
FRNIE R RN

WO-DIMENSIONAL

e S T A A A
RIRFIEREXANNVSES

MODEL OF SALT

Ao A e e A
RRFRRRANNES

WATER INTRUSION

A e A .
¥R R

—~ %

A
DEPTH-AVERAGED EQUATIONS FOR FRESH AND SALT WATER ARE SOLVED.
LINEARs TRIANGULAR ELEMENTS ARE USED TO DISCRETIZE THE AQUIFER
THE GALERKIN METHOD IS USED TO DEVELOP THE ELEMENT EQUATIONS.
THIS MODEL wAS DEVELOPED FOR THE NORTHERN GUAM LENS STUDY

BY DINSHAW N« CONTRACTORy WATER AND ENERGY RESEARCH

WESTERN PACIFIC, UNI. OF GUAM, COLLEGE STATIONs MANGILAO,
MODEL DESCRIPTION PROVIDED IN TECHe REPTe 26 ¢+ WERI«9UOGyGUAM,

MODEL CAN SIMULATE CONFINED OR UNCONFINED AQUIFERS AND STEADY OR

UNSTEADY CONDITIONSy WITH A VARIETY OF BOUNDARY CONDITIONS.

.‘«.1:44-\‘#-45-\..A.J-J-.A.J.Jr»u-&J.J‘&-lc-h..k‘k-ﬁ-J.&&do*-NJod\-Aw&**-&*d&$*Jo**-&d4¢-&.\*“--ﬂ-.~**
N BRE R R LN N R REERVBRIRARIRRE IR RRIIFERNERENN SIS ey v HMENEILEFRENERSE SIS

e A ol b A e S Ae A A WA e Ay S Ay S e e Ay e d
EESS N LR ERERREETTETRER

INTO GROUNDWATER SYSTEMS
A SHARP INTERFACE IS ASSUMED TC EXIST RETWEEN THE FRESH AND SALT WATER.

INSTITUTE OF THE
GUAM+96913.

P23 -2 -2 2 122 8 R

3¢

3 4F 4 45 38 48 3 4k b 4 3k 4t 3%

3¢
4
4
4

DIMENSIGN TITLE{20) oXCU192)9YC(192)+ZB(192)4PRSTY(300)yNODE(300+3)5SWIG0001
DIMENSION ZU{192)9HF(192¢2)9HS(19292)9BF(19292)4BS5(1924+2) SWIGO002
DIMENSION QFHBND(049948)vQSHBND(049004)vNODEQF(44v2)QNODEQS(04092)SH160003
DIMENSION SPECHF(4C ¢048) s NODECF(4042)yNODEHF{40 )9 NODEHS (040} SWIGOO0C4
DIMENSION SPECHSIO4GeC4B )9 QPUMP(T24048) ¢NODEP(T2)9NELEMITZ) SWIGOO00S
DIMENSION PHIUL(O04) 9A(30043)¢yB(300+¢3)+ELQF(044) SWIGC006
DIMENSION ELQS(04) ELCF(40) 9R(380)9AA(3804380) yRECHGI300+048) SWIGOOQCT
DIMENSION RLI{4) gAL(493)9A2(4%43) sAAA(25000),10(192) SWIG00O08
DIMENSION ZETA(192) ¢AREA(300) s LMNTYP(300)¢NCONF{300)+NLEAKY(300) SWIGD009
COMMON Ry AAA SWIGOO10
DIMENSIUN NT{120)912(380) ¢HFNEW{192)¢HSNEW(192) SWIGOG11

SWIGOO012
REAL KIJF(3009393)9KIJS(3009393)sKFX{300}9KFY(300)9KSX(300) SWIG0C13
REAL KN (004) oKFIJ(300+393)9KSIJI3UC343)4KSY(3001,KFFX(300) SWIGOO14
REAL KOIJUOC493¢3) 9KCI04C) 9KM{493) oKFFY(300)9KSSX(300)+KSSY(300) SWIGOGLS
INTEGER RDewWR SWIGOO16

SWIGOC17

[aNaNe!

DATA RD,NR,KM(I.I)oKﬂ(I'Z)oKM(103)9KM(2v1)9KM(Zv2)vKM(213)1KM(391)SN160018
l'KM(3v2)vKM(3'3)/193v016666671008333333'-08333333,008333333'-166665HIG0019

1679408333333, ,08333333,4.08333333,4.1666667/ SWIGO020
AR A AR S SRS S N AN SN AR S RSN RSO R ERYRART SR B L HEE TR XEIXRXRXATISWICO021
% READ TITLE CARD SWIG0Q022
A SR SN AR E AN SRR E S S FEE R R A AR CE T LSRG R LS RS RERLERFRAEEXESWICO0023

READ(RDy1000) (TITLE(T) 9yI=1420) SWIG0024
WRITE(WRy1010) SWIGOG25
WRITE(WRe 120} (TITLELI)yI=1,20) SWIG0026
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[aNaNe]

aNaNaNel

10

20

30

40

c
C
c

29

AR N AN RS RS AN AR S SRR CE SR U AT SR AN SR RF AT RS R LS R L F B F R R w AR AHEESWIGC0027
* READ CONTROL CARDS SWIG0028
B R e b b L L L Ll L YL B elelo A
READ(RD9103UINNgNE9 ITERMX ¢ NPUMPSoNDATA9NOUT 9 JMAX 9 JTRCoNVEL9NTOE SWIG0030
IFINDATASEQa 1 IWRITE(WRyLC4DINNeNEs ITERMXy NPUMPSy SWIGOO31
INDATAGNGOUT 9 JMAX ¢ JTRCoNVEL 9 NTOE SWI1G0032
READ{RDy1045)DT 4 THETA,TOL 9 GAMAF 9GAMAS,TSTART+BTOE SWIGO0033
IF(NDATA«EQel ) WRITE(WRy1CED)IDT ¢ THETA9TCLYGAMAF 9 GAMAS, TSTART,,BTOE  SWIGOC34
SWIGO(035

READ (RD+1C30)LMNTQF o LMNTQS9LMNTCF 9 NNODHF 9 NNODHS SWIG0O036
IF{NDATAEQel ) WRITE (WReLCS55)ILMNTQF s LMNTQSsLMNTCF o NNODHF y NNODHS SWIGNO37
AR SR RS A S AR R I R SR S RSN AT ST ARG R A SR I TR ARG HRES RS AFERERIREXINIC0038
% READ NODAL DATA. X & Y CO-ORDINATES, BOTTOM AND TOP ELEVe OF AQUI.SWIGOOQ39
P EE A OIS S AN R A SN RS E SR AT S SR NN RRRE R L RE S EE A IR A TSR AT RS TLEESWIC0040
READ(RD$1GTCI(  XCUIDeYCUINe2BII)9ZULI)yI=149NN) SWIGOU41l
IFINDATACEQel)IWRITE(WRLID8II{IoXCUI D9 YCITI)9oZBIT)o2UlTI}sI=14NN) SWIGOQ042
SR R H TS AR AR RS PP NS AE TSR ER LT ERF LSS L G IR DN AR LR AR BRI RRSWIGO04 3
* SWIGO044
% READ ELEMENT DATA. NODE NOSe IN ELEMeyPERM.yPRSTYoNEW ELEMs GENERASWIGOO45
ST S S AT NS S SR IR AR A ST RS EE IR LFRG FERFERE AL F SR E e 28222 ESWIGC00406
I=1 SWIGOQ47
READ(RDy1UGOINODE(TI 91) oNODE (142} ¢NODE(TI ¢3) ¢KFFX(I)9oKFFY(I)9KSSX(T)SWIGOC4S
LoKSSY(I)oPRSTY(I)yNCONF(I)oNLEAKY (T )9oNLMNyINC SWIGO049
IF{NLMN.GT.C)IGO TO 2C SWIGOOS50
I=1+1 SWIGOO0S51
IF(I.GTNEIGO TO 40 SWIGO052

GO TO 1¢C SWIGO0S3

D0 30 K=1¢NLMN SWIGCO54
Il=1+K SWIGPOS5S
KINC=K*INC SWIGNOS56
NODE(I1¢1)=NODE{TI+1)+KINC SWIGCOS7
NODE(I142)=NODE(I,42)+KINC SWIGCCS58
NODE(I193)=NODE(I¢43)+KINC SWIGOO59
KFFX(IL)=KFFX{I) SWIGCO060
KFFY(I1)=KFFY(I) SWIGOO61
KSSX(I1)=KSSX(I) SWIGOO062
KSSY(TI1)=KSS5Y(I) SWIG0G63
NCONF({IL)I=NCONF(I} SWIG0064
PRSTY(IL1Y=PRSTY(I} SWIGC065
I=I+NLMN+1 SWIG0066
IF(I.GTSNEIGD TO 40 SWIGO067

GO 70 10 SWIGOC68
CONTINUE SWIGO069
IFINDATACEQel ) WRITE (WR91100) (I 4NODE(I91)9NODE(TI+2)¢NODE(T93)sKFFX{SWIGOOTU
11)oKFFY(T) gKSSX{TI)gKSSY(I) oPRSTY(I)¢NCONFII)oNLEAKY(I)sI=14NE) SWIG0071
RSB A N EG E E R AR FE RPN E R SR TS SO R AR EIRIRF ST S LA E XX RFXBXTFEXETEXSWIGCO0T2
% READ IN RECHARGE DATA SWIGO073
AR AR S AR TR EREEHAE TR LRSS XILE IR G AR T TS LA BERIBEBILR R ETFTHATEXSWIC00T 4
I=0 SWIGOO75
I=1+1 SWIGOO0T6
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IF(NCONF(I)eEQ.l1)GO TO 31 SWIGOQ77
IF(NDATALEQ.1)IWRITE(WRy1105) SWIGC(CT8
READ(RD91030)I9INC SWIG0OG79
READ(RD 1050 M (RECHG(I9J) 9 J=19¢JMAX]) SWIGCS80
IFINDATACEQ.LIWRITEIWReLIO6II9INCy (JeRECHG(I9J) 9J=1yJIMAX) SWIGO081
IF{I.EQ.NE)GO TO 32 SWIGCO82
IF(INC.EQ.O)GU TO 29 SWIGC(0B83
I1=1+1 SWIGL(C84
KINC=I+INC SWIGRO8S

DO 33 K=I1eKINC SWIGC(086

DO 33 J=1e+JMAX SWIGCQ87
RECHG(K 9 J)=RECHG(I+J) SWIG0G8s8
I=KINC SWIGCJ89
IF(I.EQ.NE}GO TO 32 SWIGOO90U

GO TO 29 SWIGO(C91
T L T L P L L AN B (L[ RFi
%# READ DATA ON BOUNDARY CONDITIONS SWIGCU093
R RN NS A N S A NS A S RS S AR SRR FE SR IR RS FEA S AV T RS EEHRIEH AT L ELREZSWIG0094
% SWIGO095
% BOUNDARIES ALONG WHICH FRESHWATER FLOW IS SPECIFIED. SWIGNC96
D e Ll R Ty LRt TR EE L L E P L L LY B (eJale X
IFILMNTQF.EQeQ)IGO TO 41 SWIG0093
IFINDATAEQ.1IWRITE{WR1114)} SWIGOG99

DO 34 I=1oLMNTQF SWIGO100C
READ{RD¢y111C)I1+NODEQF(I191) ¢NODEQF{I1+2)+{QFWBND(IeJ)eJ=19JIMAX) SWIGC101
IF{NDATALEQ.1IWRITE(WRe1115) ({I1yNODEQF(1+1)9yNODEQF{1+2)9(Jy SWIGQO102
1QFWBND(IeJd) 9Jd=19JMAX]) SWIGO103
B T T P TP P TP PP P e P T L e T P 2L L L L s L LY R (ele b N o2
* BOUNDARIES ALONG WHICH SALTWATER FLOW IS SPECIFIED. SWIGO105
T g P S e L Lt 22 s L L 22 5D (eled Hol-)
TFILMNTQS.EQeGIGO TO 42 SWIG0107
IFINDATALEQ.1IWRITE(WRs1124) SWIGO108

DO 35 I=1,LMNTQS SWIGD109
READ{RDs1110)I1¢NODEQS(I1¢1J¢yNODEQS(I¢2)+(QSWBND(I9J)ed=1sJdMAX) SWIGOL110
IF(NDATAEQel )WRITF{WR91125)1 I ¢NODEQS(T 1) ¢NODEQS(I92)s(JeQSWBNDI{ISWIGOL11
led) oJ=19JMAX])) SWIGC112

ey S b e e S L L Lt ) D STIa) B i)
# COASTAL BOUNDARIES ALONG WHICH MIXED BOUND. CONDe IS TO BE APPLIEDSWIGC114
EESERREAEF RSB L EXABSE AR AR RETIXRREERFAB L BT FXFFFFEXLBRASVEXFREFXXEISWIGCOLLS

IF(LMNTCFL.EQ.01GO TO 43 SWIGO11le
IF{NDATALEQ.1)IWRITE(WRs1127} SWIGC117
DO 36 I=1+LMNTCF SWIGO118
READ(RDy1130) 11 ¢NODECF(I¢1) s NODECF(I192)+KC(I} SWIGO119
IF(NDATAEQe1IWRITE(WRy1126) I4NODECFII91)oNODECF(I+2)sKCLI) SWIGD120
SEEEHEREREFTLAITABETHIBHE AN EFE T EIXSEFIEXS QX FTETRIEFRREREXTLIXFFFASHICO121
% NODES AT WHICH FRESHWATER HEAD IS SPECIFIED. SWIGO122
SEEEFEESEREEHESETLERISR RS LLFTLEEARXXEELAIAGIFEIF XXX FF R XX T LREFEXTLEESWIGCOL 23
IF(NNODHF.EQ.0)GO TO 44 SWIGO124
IFINDATALEQ.1IWRITE(WRy1134) SWIGO125

00 37 I=1+NNOOHF SWIGO126
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READIRD¢1140) 11 yNODEHF(I) ¢y (SPECHF(IsJ}eJ=19JMAX]) SWIGO127
IF(NDATAEQ.1)WRITE(WR1135S) T 9yNODEHF (1) 9ol JsSPECHF{TIsJd)9J=19JMAX]) SWIGO128
SRR NSRRI EEIL R LR RERERRX T i ittt e T 2220 2 2 2223 £ 2-2 2 2 AR f o B W~}
* NODES AT WHICH SALTWATER HEAD IS SPECIFIED. SWIGO130
Pt T -2 E- TR .2 2 0 2 - R 222 2 223 22 3 F 2 2 k2 2] RN ESEXGREEEEEETxEXTESWICO01I3]
IF{NNODHS.EQ.0)1GO TO 45 SWIGD132
IF(NDATACEQe1IWRITE(WRe1144) SWIGO133

DO 38 I=1,NNOOHS SWIGO134
READ(RD91140)I1 ¢yNODEHS(I) 9 (SPECHS(I4J)aJd=1sJMAX) SWIGO135S
IF(NDATACEQel ) WRITE(WRy1145) ( IyNODEHS(I )9 (J9SPECHS(I9J)9J=19JMAX))ISHIGOL36
RS E YN RN AR RS R R IS S ST ARSI TSR SRS KT IR TR SER eI SR RESWIGOL 3T
& READ IN PUMP DATA. SWIGO138
PRt e g ¢$##¢$*#*####*###*##t###*##3**$$t#####z*#*#**##*##*#¢*$#$$¢¢¢#*$SH160139
SWIGO140

IF{NPUMPS.EQ.01GO TO 46 SWIGO141
IF(NDATALEQ.1IWRITE({WRs1160)NPUMPS SWIGO142
1=1 SWIGO143
READ{RDs 1030 )INODEP(I )¢ NELEM(I) SWIG0144
READ(RDy 1050 ) {QPUMP (I 4J) e =19 JMAX) SWIGO1l4S
TE(NDATACEQel JWRITE({WR¢1150) I4NODEP(I) e NELEM(I) SWIGOl46
IFINDATAEQeLIWRITE(WR1165) (J9QPUMP(I9J) 9J=19JMAX) SWIGO147
I=1+1 SWIGO148
IF(ILE.NPUMPS)IGO TO 50 SWIG0149
RN Rk *##*#****3#*:###3##¢¢#$$*###############v####*########SH160150
%« DATA ON LEAKY AQUITARD ABOVE AQUIFER. SWIGO151
S S SRR AR S SRS R AT TS EFANEREEET IR EE TSI LS FRATATFEEFSEXIFXIAXFFXXXBABEEESHIGCOLS2
I=1 SWNIGO153
IFINCONFU{I)eEQe0eORNLEAKY(I)EQ.0)GOD TO 54 SWIGO154
READ(RDs1190)I+KO(I)ePHIO(I) ¢NLMN SWIGO15S
IF(NLMNGEQ.OIGO TO 54 SWIGO1S56

DO 52 J=14NLMN SWIGO157
I1=1+J SWIGO158
SWIGO159

KO(I1)=KO(I) SWIGO160
PHIO(I1)=PHIOLT) SWIGO161
CONTINUE SWIGD162
T=1+NLMN+L SWIGO163
IF(I.GTNEIGO TO 55 SWIGO164

GO TO 53 SWIGC165
I=1+1 SWIGO1l66
IF({I.GT.NEIGO TO 55 SWIGO167
IF(NCONF(I-1).EQ.Q0)GO TO 58 SWIGo168

GO TO S3 SWIGC169
1=1 SWIGO170
J=1 SWIGOL17T1
IFINCONF{I)eEQsCeORNLEAKY(I)1.EQ.0)G0O TO 56 SWIGO172
IFINDATAEQel eANDeJeEQel)WRITEIWR,1200) SWIGC173
IF(NDATACEQelIWRITE{WR91205) I+KO(I)4PHIOLI) SWIGCL1T4
J=2 SWIGC1TS
I=1+1 SWIGO01T7e
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IFCT «GTaNEYIGD TU %8 SWwIGILT7

- GG T 87 SWIGO178

C o e B e S R S R S e e A R R S R AN E R AT R IR EAEESWIGOLT S
C = READ IN INITIAL CONDITIONS SWIpOISO
G R R N S S R R A S R R R S R R RS A R RS R R A A RS S E R A R R RS ST RRTE e S W[GO0181
48 J=1 SWIGO1R?2
47 I=1 SWIGO183
51 READ(RD1180)I4ZETA(I)¢NND SWIGO184
IF(NND«GTC)GO TO 60 SWIGO18S

I=1+¢1 SWIGO186
IF({I«GT«NNIGO TO 70 SWIGO187

GO TO 51 SWIGO188

60 DO 61 K=14NND SWIGN189
I1=1+K SWIGN190

61 ZETA(IL)=ZETA(I) SWIGC191
I=TI+NND+1 SWIGO192
IF{I.GT&NN}IGO TO 70 SWIGN193

GO TO 51 SWIGN194

70 CONTINUE SWIGN195
GO TO (809909100911 04115)4J SWIGO196

80 DO 81 I=14NN SWIGN197
HFE(I41)=2ETA(I) SWIGO198

81 CUNTINUE SWIGC199
J=2 SWIG0200

GO TO 47 SWIGN201

90 DO 91 I=14NN SWIG0202
HS(Is1)=ZETA(I) SWIGO0203

91 CONTINUE SWIGC204
J=3 SWIG0205

GO TO 47 SWIG0206

100 DO 101 I=1¢NN SWIG0207
101 BF(I¢s1)=ZETALI) SwIG0208
J=4 SWIGC209

GO TQ 47 SWIG0210

110 DGAMA=GAMAS~-GAMAF SWIGNZ211
DO 111 I=1eNN SWIGR212
BS(Ie1)=ZETA(I) SWIGO213

111 CONTINUE SWIG0214
C SWIGO215
C SR e S R N R e S N A R A AN R E R R E TR R R SR SRR SR EREESWIGN 216
C %* READ IN ELEMENT TYPE AND OQUTPUT INFORMATION. SWIGC217
C e e R R S Rt S A R SR S R S S A A R T A R R RS ARG EE R A ESWIGN2 1 8
115 READ(RD¢1225) ( ( LMNTYP(I))eI=1,4NE) SWIGCZ219
SWIGOD220

IFINDATACEQelIWRITE(WRGL1230) (I 4LMNTYP(I)eI=1¢NE) SWIGD221
READIRD91225)(I0(I)4eI=14NN) SWIGO222
IFINDATACEQWLINRITE(WRS1170) SWIGD223
IF(NDATACEQa1)IWRIFE(WRe1175) (I oHF (T o1) o HS{Ie1)eBF(I91)sBSIIy1), SWIGD224
1I=14NN) SWIG0225

c SWIGDZ226
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141
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C

%
=

%*

A N RS S S R R N R S RS SR N RN F R e AR R e e TR FRR KX EETSWIC022T
CALCULATE CONSTANTS FOR EACH ELEMENT SWIGD228
NN R RS R AR R TR SRR AR N AR ST SR SR RS HT RS AN XGRS FE AR EEERERREERSWIGC0229
.00 150 I=1sNE SWIG023C
N1=NCGDE(Is1) SWIGO231
N2=NODE(1I+2) SWIG0232
N3=NODE(I+3) SWIGO233
AtT¢1)=XC{N3)-XCIN2) SWIGC234
A{TI¢2)=XCINL1)=-XCIN3) SWIGN235
A(I93)=XC{N2)I~-XC(N1) SWIGN236
B{Is1)=YCIN2)-YC(N3) SWIG0237
B(I«2)=YC(N3)~YCIN1) SWIGN238
B{Iy¢3)=YCINL)=-YCIN2) SWIGD239
AREA(II=0.5%(A(1+3)%B(I42)-A(14+2)3B(143)) SWIGDZ24U
IF(AREA(I) 4L T4OIWRITE(WRy1510)19AREA(T) SWIGDZ241
CONTINUE SWIGD242
SWIGD243

IF(LMNTQF.EQ.0)G0O 70O 135 SWIGCZ244
D3 131 J=1+LMNTQF SWIG0245
N1=NODEQF(J,1) SWIGO246
NZ2=NODEQF(Jy2) SWIGD247
ELQF(J)=SQRTUIXCINL)=XCAN2) ) *%2+(YC(NL)=YCIN2]})%**x2) SWIG0248
' SWIG0249

CONTINUE SWIG0250
IF(LMNTQS.EQ.0}GD TO 140 SWIG0251
DO 136 J=14LMNTQS SWIGO252
N1=NODEQS(Js1) SWIGD253
N2=NODEQS(Jy2) SWIGDZ254
ELQSIJI=SQRTIIXCINL)=XCIN2))F=%2+(YC(NLI-YC(N2))=%x2) SWIGN25%5
SWIGNZ256

CONTINUE SWIGD257
IF{LMNTCF.EQ.0}GO TO 145 SWIGNZ2S8
DO 141 J=1+LMNTCF SWIGD259
N1=NODECF(J,1) SWIG0260
N2=NODECF(Js2) SWIGN261
ELCF(JI=SQRTUIXCINL)I=XC(N2Z)) =2« (YCINLI-YCIN2))*%2) SWIGO262
SWIGO263

CONTINUE SWIGDZ264
CONTINUE SWIGQ265
SHIGOZ266

IF(JTRCeGToCIWRITE(WR91240) (T9AlTg1)9Al(I92)9AlT93)eBlIs1)sB(Iy2)y SWIGO267
1B(I43)9yAREA(I) 9 I=14NE) SWIGO268
IF(JTRC «GTe0e ANDoeLMNTQF oGT «CIWRITE(WR91250) (I4NODEQF(1+1)9sNODEQF{ISWIGC269
1e2) ELQF(I)eI=14LMNTQF) SWIGD270
IF(JTRC «GT 0o ANDSLMNTQSeGTeOIWRITE(WR91260) (19NODEQS( 19119 NODEQSIISWIGO2T1
le2)s ELQS(I)sI=14LMNTOS) SWIGC272
IF(JTRCoGT o0 ANDoLMNTCFoGTeOIWRITE(WR9L2T0) (I4NODECF(I91)9sNODECFIISWIGC273
1+2) JELCF(I)oI=1+LMNTCF) SWIGO274
E TR R 2 S 2 - i L R ] S R ST e BN R RSB xenLxREEESWIGCO2TS
CALCULATE ELEMENT MATRICES THAT DO NOT CHANGE WITH EACH ITERATION SWIGO276
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€ R R RS R R PR T S A NS TR A XS A AR A EX AL T XXV G F RS XXX XXX B A XL XS WIGO2T T
c = SWIGO278
C % MATRIX KFIJ(IyJeK) AND KSIJ(IgJyK) SWIG0279
I b e L T T T Lt P IV feto Fd: o)
c ’ SWIGO281
GAMASF=GAMAS/GAMAF SWIGO282

DO 160 I=14NE SWIGO283

DO 160 J=1+3 SWIGCZ284

DO 160 K=1,3 SWIGC285
KFTJ(I9JoK)=PRSTY (T )=GAMAFZAREALTI)/ (DTH*DGAMATHKM( J9K) SWIGC286
IF(ABSUKFIJUTI9J9K)) e TaleOE-1CIKFIJ(I¢J9eKI=0o SWIG0287

160 KSTJUIeJeKI=KFIJ( s JoK)EGAMASF SWIG0288
IF(JTRCGTUIWRITE(WRG 1280V [T9yKFIJ(Iolol) o KFIJlIele2)9KFIJ(Iel9e3)eSWIGO289
LKFIJ(I929 L) oKFTJl 19292 9KFTJ(19293) 9KFTJ(L9391)9KFIJ(I9342), SWIG0290
2KFTJtI9393)9I=14NE)} SWIG0291
TFUJUTRCeGTaOUIWRITE(WRS1I29CHIT o {(KSTIJ(T9JoK)oeK=193)9J=193)9yI=14NE) SWIGO292

C SWIGO0Z294
(sl e e S e S R R S AR R A A E R SN AR LR LT LN E IS REEESWIGC0295
C % MATRIX KOILJ(IydeK) SWIG0296
e R A A AR R R N A R R R SR AR AR AR N R R AR T R TR AT REEHSWIGN297
DO 170 I=14NE SWIG0298
IFINCONFUI) oEQeCeOR «NLEAKY(I)eEQ0)GO TO 170 SWIGCR299

DO 170 J=1+3 SWIGC300

DO 170 K=1+3 SWIGO301
KOTJ(IeJeK)=KI(IIHAREA(LIIZKMJ9K) SWIGC302

17¢C CONTINUE SWIGC303
IF(JTRC.EQ.V)GD TO 180 SWIG0304
WRITE(WR,y130C) SWIGO305

DO 175 [=1sNE SWIGO0306

IF( NCONFI{I)eEQel s ANDSNLEAKY (I} oEQel)IWRITE(WR91305)I4SWIGN307
LU(KOIJ(IoJoK)oK=193)9J=143) SWIGO308

175 CONTINUE SWIGO0309
130 JT=1 SWIGC310
T=TSTART SWIGO311
THETAL=1le~THETA SWIGN312
NNZ2=NN=2 SWIGN313

o R A R R R R R R R e R A A N R KR SR A T R R S X NI N SRR H ISR E LR RES A G031 4
C % ADVANCE TIMe T BY OT SHWIGN315
C R A R R S S R e N SRR T SN R NN T SR S A EE T S AR R ATL LSS A EASWIGO 316
200 T=T+DT SWIGR317
ITER=1 SWIGN318
JT=JT+1 SWIGO319

DO 210 I[=1sNN SWIGR320
HF(Is2)=HF(Is1) SWiGNn321
HS(Ie2)=HS(Is 1) SWIGC322
BF(I+2)=BF{Is1) SWIGC323

210 BS(I+2)=BS{Is1) SWIGO324
215 DO 225 I=1eNE SWIGN325
KEX{I)=KFFX{I) SWIGC326

KFY({TI=KFFY(T) SWIG0327
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KSX{I)=KSSX(I) SWIG0328
KSY(TI1=KSSY(I) SWIG0329
IFCLMNTYP(T)eEQeLIKFX(T)Y=KFFX{I)/1.EQ5 SWIGO330
CIF(LMNTYP(I)«EQelIKFY(I)=KFFY{I1)/14EQ5 SWIGO331
IF(LMNTYP(I)EQa2)KSX(T)=KSSX(I}/1eEQ5 SWIGN332
IF(LMNTYP(T)eEQa2IKSY(T)=KSSY(I)/1.EQ5 SWIG0333
IF(LMNTYP(I)eNEL3)GO TO 216 SWIG0334
KEX{I)=KFFX{I)/1eEDS SWIGG335
KFY(I)=KFFY(1)/1.ED5 SWIG0336
KSX{I)=KSSX{I)/1l.EQCS SWIGC337
KSY(I)=KSSY{I)/1.ECS SWIG0338

216 DO 225 J=1+3 SWIGO339
DO 225 K=143 SWIGO340
KIJFIIoJdsK)I==(KFX(T)*B(I4J)=BIT oK) +KFYT{II®A(T9J)ZA{I9K))/(4¥AREA(SWIGO34]

11)) SWIGQO342

225 KIJS(IeJeKI==(KSX{I)#¥B(I9JI®BII oK) +KSY{II®A(I4J)IZA(I9K))I/{4aFAREA(SWIGO343
11 SWIGO344

IF{JTRCeGTeUIWRITEIWRe 1310 (I g ((KIJF{I9JoK) oK=193)9J=193)9I=14NE) SWIGO345
TF(JTRCeGTCIWRITEIWRy1320) {T9l (KIJS{IpJoK)eK=193)9J=193)9sI=14NE} SWIGO346

T T L T LD e e S S MR e Ty}
€ % SET GLOBAL MATRIX COEFICIENTS TO ZERO SWIGO348
C oSSRt sttt e et e R E SN N R RN R S SR E TR T EE SRR R EREEFERE SR HXLXFIRFXTESNIGCO349
DO 220 I=140N2 SWIG0350
R(I)=0e SWIGO351

DO 220 J=19NN2 SWIGO352
AA(T9J) =00 SWIGQO353

220 CONTINUE SWIG0354
£ SRt AN AR SR AR SRS A AR SO IT R EE AR E LR LR E R EEFSBEASTRIRAAFEXXEESHIGCO355
€ % LOOP THROUGH EACH ELEMENT TO CALCULATE ELEMENT MATRIX COEFICIENTS SWIGO356
C % AND ADD THEM UP TO FORM THE GLOBAL MATRIX. SWIG0357
L D (LT
DO 500 I=1sNE SWIGO359
N1=NODE(Is1} SWIGO360
NZ=NODE(I+2) SWIGO361
N3=NODE(I+3} SWIGO362
BFE=105 “{BFINLyL)+BF(N291)+BF(N3y1)}1+0e5 “{(BF(N1ly2})+ SWIGC363
IBFIN2¢2) +BF{N3+2)1)/3. SWIGO364
BSE=1(0.5% S(BSINLeLI+BSINZy1)+BSIN391} 14045 X(BS(NLy2)+BSIN2+2)+SWIGO365
1BS{N34233)/3. SWIGO366
IF(JTEQeJTRCIKRITEIWRy13301TaN19N24N3+BFEWBSE SWIGC 367

D3 230 J=i+3 SWIGC368
R1I(J)=-BFESTHETALS(KIJF(IyJdel)=HFINL 1) +KIJF(IoJ9s2)FHFIN2y1)+KIJF(SWIGO369
1T4Je3) *HF(N341)) ~(KFIJ{IeJel)¥HF(N1y1l)+ SWIGC370
2KFIJ(IaJa2 ) 5HFIN2 o1 J¢KFIJUT 9y 3)5HF (N39 1))+ (KSIJUI9Jel)®HSINLy1)+ SWIGO371
AKSTJ(T9de2 ) EHSIN29 L) +KSTJItT 9 Jy3)FHS{N3s1)) ‘ SWIGO372
IF(NCONF(I)eEQeOIRI(JI=RIIII~={RECHGITIyJTIHAREALTI)/34) SWIG0373
IFINCONF(I)eEQala ANDaNLEAKY(I) «EQ.1IRL(JI=RI(J} SWIGC374

i +KOUII#PHIO( 1) *AREALI)/34~THETAL®KOLI)* SWIGO375
ZAREATIIH(KMIJgL )EHF {NLol ¢ KMI Jo2 ) ¥HFIN2 1) +KMI{Js3)2HFIN3s1)) SWIG0376

IF(NPUMPS.EQ.0)GO TO 231 SWIGO377
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DO 232 L=14NPUMPS SWIG0378
IFINODEP{L ) «EWeNODE(T 9 J)IRLUEII=RI(I)I=QPUMP (L9 JT)/FLOATINELEMIL)) SWIGO379
CONTINUE SWIG038G
CONTINUE SWIG0381
DO 230 K=143 SWIGD382
AL(JgK)=BFEFTHETAZKIJF( Iy JoK)I-KFIJ( Iy JeK) SWIG0383
IF(NCONF(I)eEQel e ANDeNLEAKY{I) etQel)AL(JeKI=AL(J9K)¢KOI I T o JyK) SWIGD384
A2(1JeKI=KSTIJ(IyJeK) SWIG0385
CONTINUE SWIGC386
IFLJTNE-JTRCIGO TO 239 SWIG0387
WRITE(WR1350) T ¢yAL( 19l gA2(1eLl) 9ALl{192)9A2(192)9Al0193)9A2(193)4R1SWIGC388
1y SWIGN389
WRITE(WR9L1350)1 T ¢AL10291)9A2(291) 9gAL{292)9A2(292)9ALl293)9A2(293)4R1SWIG0390
1t2) SWIGO391
WRITE(WRs 13501 1 9AL{391)9A20341) 9AL(392)9A2(342)9A11343)14A2(343)4R1SWIGO392
1(3) SWIG0393
CONTINUE SWIG0394
DO 240 J=143 SWIG0395
RI2%=NODE(I4J)=1)1=R1(JI+R{2ENODE(I9J}-1) SWIGC396
DO 240 K=143 SWIG0397
AA{2ENODE{ T 9 J)=192%NODE{TyK)=11=A1 (JoK)+AA(2ENODE(T 3 J)-142%NODE(I,SWIG0398
1K)-1) SWIGC399
AAL2=NDDE(T 9J)~1e2%NODE(T 9K ) I=A2LJgK)I+AA(ZENODE (T 9J)=192%NODE(I4K)ISWIGO400
1) SWIG0401
CONTINUE SWIGD402
DO 25C J=193 SWIG0403
SWIG0404
R1(J)=-BSEXTHETALZ(KIJS(IsJsl) 5HSINL 1) +KIJS{I9Je2)%HSIN2s1) +KIJS{SWIGOD4OS
11yJ43) HHSIN39 1) )= (KSTIJ(IoJel)*HSINL9L)+KSIJ(I9J92)5HSI{N2sLl}+ SWIGO406
2KSTJ(I9ode3)5HSINI gL ) )+ (KFIJ(T9eJgl ) XHF(NLy 1) +KFIJ(I9od92)SHFIN291)+ SWIGO4OT
AKFIJ(IgJe3)THF {N341)) SWIGN408
DO 250 K=143 ' SWIGD409
AL{JeK)=BSEXTHETARKIJS (I ¢ JoKI=-KSTJ(IyJeK) SWIG0410
A2(JeKI=KFIJ(I9JeK) SWIGD412
CONTINUE SWIGD413
IF(JTNEJTRC}IGO TO 259 SWIGO4Y4
WRITE(WR91350) 1 ¢A2¢191) ¢yALU191l) 9pA2(192) 9All192)9A2(193)9A1(1s3)y SWIGO415
IR1(1) SWIGO416
WRITE(WReL1350) 1 9A2(29 1) 9AL(291)9A2{292) 4AL10292)9A21293)4A1(243)y SWIGO4L7
1R1(2) SWIGN418
WRITE(WR1350) T yA21391) 9Al{391) 9A2(342)9AL(392)9A2(343)4A1(343)y SWIGD419
1IR1(3) SWIG0420
CONTINUE SWIGD421
DO 260 J=1+3 SWIGD422
R(2*NODE(I4J))=RL(JI+R(2ENODE(T 9 J)) SWIGD423
DO 260 K=1,3 SWIGO424

AAL2NODENT 9J) 9 2¥NODE(T9K)I=AL(JgK)+AA(2ENODE(T 9y J) 9 2ENODE(T 9K ) ) SWIG0425
AALZ2ENODE(T 9J) 9 2%NODE(T oK) =1 1=A20 oK) +AA(2ENDODE(T9J )} 9 25NODE(I+KI-1SWIGO426
1) SWIGO427
CONTINUE SWIGD428
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[ et s S SRS ATRRTR AR RE R ST SH XXX BURGF VAL S X LRI VXA X XXX X X DL XA XS WIGCO429
C = CORRECT MATRIX FOR BOUNDARY CONDITIONS. SWIGO430
C oSSR S ERE R R AT TEEAEELL L L ENEARR AV ARG IRXTRLARAX ST L L LTF ST TS T ESWIG0431
IF(LMNTQF.EQ.D)GO TO 272 SWIG0432

DO 270 L=1.LMNTQF SWI1G0433
IF(NODEQF(Ls1)«EQeNODE(I¢1)  AND'NODEQF(L+2)+EQ.NODE(I42))G0 TO 271SW1G0434
IF(NODEQF(Lel)eEQ.NUODE(I92) e AND.NODEQF(L92)«EQ«NODE(I43))1GO TO 2T1SWIG043S
IF{NODEQF(L9l) e EQsNODE(I+3) e ANDSNODEQF{Le2) +EQeNODE(I91)3G0O TO 27T1SW1IG0436

GO T0 270 SWIG0437

271 R(Z*NODEQF(L,1)-1)=R(2*NO0EQF(Lol)-l)-QFHBND(LvJT)*ELQF(L)/Z- SWIGC438
R{ZENODEQF (L+2)-1)1=R(2ENODEQFI(L +2)-11-QFWBND(L+JT)ZELQFIL) /2. SWIG0439

GO T0 272 SWIG0440

270 CONTINUE SWIGO441
272 IF(LMNTQS.EQ.0)GD TO 282 SWIGO0442
DO 280 L=19LMNTQS SWIGO443
IF(NODEQS(L91) eEQeNODE(T91) e ANDNODEQS(L+2)«EQeNODE(I92))GO TO 281SWIGO444
IF(NODEQS(Lsl)eEQeNODE(I+2) s ANDNODEQS(L+2) +EQeNODE(I43))GO TO 281SWIG044S
IF(NODEQS(Lyl)eEQaNODE(I93) e ANDJNODEQS(L92)+EQ.NODE(Is11)G0O TO 281SHIGO446

GO TO 280 SWIGD44T

281 R{2%NODEQS(Ls 1) )=R{2ENODEQS({L¢1)I-QSWBND{L9JT)IXELQS(L) /2. SHIG0448
R{2%NODEQS(L92) )=R(2XNODEQS(Ls2 ) )-QSWBND(L»JT)*ELQS(L)/2. SWIGO0449

GO 7O 282 SWIG0450

280 CONTINUE SWIGO4S51
282 IF(LMNTCF.EQ.Q)GO TO 294 SWIG0452
DO 290 L=1+LMNTCF SWIGO453
IF{NODECF(Lyl) e EQ.NODE(Is1) e ANDNODECF(Le2).EQ«NODE(142))GO TO 291SWIG04S4
IF(NODECF(Lysl) e EQeNODE(I+2) s AND.NODECF(L+2)+EQ.NODE(193))G0 TO 291SWIG04SS
IF(NOCDECF(L¢l) eEQeNODE(Iv3) e ANDJNODECF(L92) «EQeNODE(I41))G0 TO 291SWIG0456

G0 1O 290 SHIG0457

291 NCFLI=NODECF(Ls1l) SWIG0458
NCFL2=NODECF(L+2) SWIG0459
IF(JTNELJTRCIGO TO 292 SWIGC460
WRITE(WRe1350)INCFLL oAA{ZENCFLLI-1923NCFLL=1) ¢AAI2ENCFL1-192%*NCFL2-1SWIGO461

1) s AACZENCFLLI=192%NCFLL) gAAI2ENCFLI=192%NCFL2)9oR(2%NCFL1-1) SWIGO0462
HRITE(NR,1350)NCFL29AA(2*NCFL2-1'2¢NCFL1-1)9AA(Z*NCFLZ-le*NCFL2°15“160463

1V 9AA(2ENCFL2-192NCFLL) gAA(2ENCFL2=192%NCFL2)9yRI2¥NCFL2-1) SWIG0464

292 CONTINUE SWIG0465
DO 295 LL=1¢NNODHS SWIGO4 66
IFINODEHSILL) «EQ.NCFL1YL1=LL SWIG0467
IF(NODEHSILL) e EQeNCFL2)L2=LL SWIG0468

29% CONTINUE SWIG0469
FACT=KC(L)FELCF (L) SWIG04TO
RUEZENCFLI-1)=R{2=NCFL1-1)+FACT*0e5 T(HFINCFLY191)/3++HFINCFL291)/SWIGO4T]
16e~SPECHS! LleyJT=11/3,-SPECHSH L29JT=1)/64}) ‘ SWIG04T2
RE2ENCFL2-1)=R{2ENCFL2-1)+FACT*0e5 Z(HF(NCFL191)/6e+HF(NCFL241)/SWIG04T3
13.-SPECHSH L1 ¢JT=1)/6~SPECHSH L29JT-1)/34) SWIGO4T4
AA(2ENCFLLI-192%NCFL1-1)=AA(2%NCFL1-142%NCFL1-1)=-FACT/3¢%0.5 SWIG047S
AA(ZENCFLL-192%NCFL2=1)=AA(25NCFL1~1¢2%NCFL2-1)=FACT/6.%045 SWIG04T6
AAT2ENCFLL1=-1925NCFLLY=  AAU(2%NCFL1-192%NCFL1) +FACT/3.%0.5 SKWIGO477
AA(ZENCFLL1-192%NCFL2)= AA(Z2ENCFLL1-192%NCFLZ} *FACT/b.*d.S SWIG0473
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293
290
294

500

40

AAC2%NCFL2=-192¥NCFLL1=1)=AA(2%NCFL2=192*NCFLL1=1)=FACT/6+%0.5 SWIG0479
AA(23NCFL2=1y2%NCFL2=1)=AA(2ENCFL2=1y2¥NCFL2=1)=FACT/3+%045 SWIG0480
AAL23NCFL2-192%NCFLL) =AA(2ENCFL2~192%NCFLL) +FACT/64%045 SWIGC481
AAC2ENCFL2=-192NCFL2) =AA(2ENCFL2~192¥NCFL2) +FACT/3.%0.5 SWIG0482
IF(JTNE.JTRCIGO TO 293 SWIGC483
WRITE(WRy1350)INCFLL yAA(2ENCFLL=192NCFLL1=1) yAA(2%NCFL1~142%NCFL2=1SWIG0484

1)9R(25NCFLL1-1) SWIGE485

WRITE(WRyL350)INCFL2 ¢ AAI2ENCFL2-1925NCFL1=-1)gAA{2FNCFL2-192%NCFL2-1SWIGC486

1) oR{2ENCFL2-1) SWIGD487
CONTINUE SWIGO488
CONTINUE SWIGC489
IF(JTeNE.JTRCIGO TO 500 SWIGO490
N1=2%NODE(Is1)-1 SWIGO491
N2=2%NODE(I,1) SWIGO492
N3=2%NODE(I+2)-1 SWIGG493
Ne=2=NODEtT+2) SWIGN494
NS=2=NODE(I+3)-1 SHIGO495
No6=2%NODE(I43) SWIG0496
WRITE(WR9134CINLIN2Z9N3gNG9yNS59Nb SWIG0497

WRITE(WRe1350)IN1s AAINL9NT) yAAINLINZ2IsAA(NLeN3) 9AA(NLIN4G)sAA(NLNSISWIGO498

1o AAUNLoNG6) 9RIN1 )

SWIGD499

WRITE(WRe1350IN2s AAINZoN1) vAA(N2sN2) sAA{N2¢yN3) 9 AA(NZ9ING ) s AAIN29NSISWIGCS500

LyAA(N2eNGE) yRIN2)

SWIGOS501

WRITE(WRe135CIN3sAA(NIWNL) sAAIN3IN2) yAAINI¢N3) yAA(N39NG) ¢ AAIN3¢NS)ISWIGNS02

19 AA(N3eN6) sRIN3)

SWIGC503

WRITE(WRy1350IN49 AAINGoNL) yAAINGIN2) 9y AA(NSG¢N3) ¢AAIN49NG) » AA(N4sNS)SHWIGOS504

Ly AAIN4 s NE) 9R(N4A)

SWIGOS5CS

WRITE(WRy1350IN5y AAINSeNL) 9AA(NS N2 ) s AAINSoN3) 9 AA(NS9N4) 9 AAINSINS)SHIGOS506

1o AAINS59N6) ¢RINS)

SWIGC507

WRITE(WRyL350)N69AA{NOINL) yAA(NOIN2) ¢ AA(NOIN3) 9 AA(NG6ING) 9 AAINO6INS)SAIGO508

Lo AALNOWNGE) »RINGE) SWIGOS509
CONTINUE SWIGCS510
IFUJT.NELJTRC)IGO TO 340 SWIGN511
N1=NN2/120+1 SWIGO512
D0 310 I=1sN1 SWIGC513
N2=120C SWIGOS514
IF(I«EQeNLIN2=NN2={N1=-1)%120 SWIGO515
DO 320 J=1sNN2 SWIGGS16
N3={I-1}1%120+1 SWIGOS17
N4=N3+N2-1 SWIGO518
00330 K=N3ysN& SWIGOS519

SWIGO520
IF(AA(J9K) oL Te-100C.INT(K}=1 SWIGN521
IFLAACJ9K) «GTe—1000ee ANDe AAT J9K) e LE~1C0& INTIK)=2 SWIG052¢2
IF{AA(J9K) e GTe~100e0e ANDeAA(J9K)eLE«=10,0INT(K) =3 SWIGD523
IFLAALGJ9K) eGTe~106e00+s ANDe AALJ1K) oL ToOW INT(K) =4 SWIGDS524
IFCAALJ oK) eEQeDINT(K)=0 SWIGC525
IF(AA(J oK) eGTe0ee ANDeAA(J9K)} 4 LEL1D0CO0INTIKI=6 SWIGCS26
IFCAALD oK) eGTa10e00ANDeAAlJIK)} oLE1004CINTI(K)=T SWIGCS27
IF(AALJ9K) «GT o100 e ANDeAAlJ9K) oLE«LOOOINT(K)=8 SWIGG528
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335

340

OO0

501

510
520

530
535

540
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56C

S70
590
€CC

41

IF{AA{JI9K) «GT 41000« INTIK)=9
WRITE(WR91360}J9(NTIK)eK=N3yN4) oJ
CONTINUE

CONTINUE

N1=NN2/10%10-9

N2=N1+10C

N3=NN2-N2

DO 335 I=1eNN2

WRITE(WRs1450) ((T9JoAATLed) 9 {AA{T¢J+K)9K=199))9J=19N1s10)
WRITE(WRs1450) (19N29AA(TIoN2) 9 (AAL I sN2+K)9K=1eN3)}
WRITE(WRe1460) (L (IyRIT) o (R{I+K)9K=199))eI=19N1s10)
WRITE(WRy146C) I{N2sRIN2) 9 {RINZ+K)9sK=19N3))

CONTINUE

S At A A Ay Ao A e e B
LHRELV I RLR LR/ EX

REDUCE MATRIX S
AND SALTWATER H
DO 501 I=1eNN2

12(1)=1

CONTINUE

1F(NNODHF.EQ.01GO TO 520

DO 510 I=1¢NNODHF

J=2%NODEHFI(I)~-1

DO 510 L=19¢NN2
RILI=RUL)I-AA(L9JI=SPECHF(14JT)
IF(NNODHS.EU.C)GO TO 535

DU 530 I=1+NNODHS

J=2+NODEHS ()

DO 53C L=1eNNZ
RILI=RIL)I-AA(IL9JIFSPECHS(I4JT)
IF(NNODHF.EQ.01G0 TO 6CO

DO 590 I=1+NNOOHF

NN2S=NN2-1

N1=NNZS+1

DO 540 J=1¢N1
IF(I2(J)EQe(2=NODEHFI(I)-1))GO TO 550
CONTINUE

D0 560 K=J9NN2S
R{K)=R{K+1)
I2(K)=I2(K+1)

DO 560 L=14N1
AALKoL)=AA(K+1lyL}
00 570 L=1eNN2S
D30 570 K=JeNN2Z2S
AA(LoKISAA(LeK+1)
CONTINUE

IF (NNODHSEQ.0}GO
0O 690 I=1¢NNODHS
NN2S=NN2=-NNODHF~1

&<

4 4r 4r 4t

3

%X

YO0 700

SWIGD529
SwIG0530
SWIGCS31
SWIGD532
SWIGNS33
SWIGN534
SWIGNS535
SWIGNS536
SWIGG537
SWIG0538
SWIGO539
SWIG0540
SWIG0541
SWIGO542
*SWIGD543
ASWIGDS44
SWIGO545
=SWIGD546
SWIGO547
SWIG0548
SWIG0549
SWIGO550
SWIGN551
SWIGO552
SWIGDS53
SWIGD554
SWIGDS555
SWIGD556
SWIGO557
SWIGDS558
SWIGO559
SWIGDS60
SWIGES561
SWIGD562
SWIGO563
SWIGD564
SWIGO565
SWIGD566
SWIGO567
SWIGOS568
SWIG0569
SWIGOS570
SWIGDS571
SWIGDS72
SWIGOST3
SWIGOST4
SWIGOSTS
SWIGO576
SWIGOSTY
SWIGOSTE
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N1=NNZ2S+1

" DO 610 J=1eN1

IF(I2(J)«EQ.L
CONTINUE
IF{I2(J)EQ.NN2)GO TO 690

D0 630 K=Jy9NN2S

RIK)=R{K+1)

I2(K)=T2(K+1)

DO 630 L=1.N1

AA(KoL ) =AA(K+]1lyL)

DO 640 L=1sNNZS

DO 640 K=JgeNNZ2S

AA(LeK)I=ZAA(LIK+1)

CONTINUE

IF(JUT«NESJTRC)IGO TO 68N

NI=NN2S/12C+1

DO 650 I=1sN1

NZ2=120

IF(IEQeNLINZ2=NN2S-(NL1=-1)%120

D0 660 J=1+NNZS

N3=(I-1)=x12G+]

N4=N3+N2-1

NS=12(J)

DO 670G K=N3,N4

IFTAALJ9K) e LE-100CINTIKI=1

IF(AACJIK) «GT e =1000ee ANDeAA{ JgK) e LE«=100e0INTIK)=2
IFCAACJ9K) eGT e =100 e 0 ANDaAA{ J9K) e LEL=10.00)INT(K}=3
IFLAA(J9K) oGTa=1Ca00eANDa AA(J9K) e LTeO0s000UINTIK)=4
IFIAALY 9K) e EQeC o INT(KI=D0

IFCAA(IIK) aGT a0 aNTUC ANDe AAlJeK) oL E«1DeCUINT(KI=6
IFCAATJ9K) eGT a1 0eCC o ANDAA(J 9K ) aLE1O00UINT(K)I=T
IFTAALI9K) «GT o1 UNCoANDeAA(J9K) eLE«1OOC 4 INT(K)=8
IFCAA(YIK) «aGT«1CO0CeINT(K)=9

CONTINUE

WRITE(WR913O6CINSs (INT(K)9K=N3I9gN4) ¢NS

CONTINUE

CONTINUE

N1=NN2S/10%10-G

N2=N1+10

N3=NN2S-N2

D3O 675 I1=1¢NN2S

WRITE(WRe145C) ({ToJsAAlIeJ) s (AA(T 9 J+KIgK=19F))9J=1sN1y10)
WRITE(WR 14501 ({LeN2yAA(IoN2) 9 (AA(T gN2+4K)}gK=1¢N3))
WRITE{WR 91460 (T yRUI) o(RII+K)I9K=193F))eI=1eN1slQ)
WRITE(WR91460C) (NZ2yRIN2)y{RINZ2+K) 9sK=1¢N3))
WRITE(WRe1420)({ToI2(I) e I2(1+K)eK=199))eI=1eN1,1C)
WRITE(WR91GFD)IN29yI2IN2)e(I2IN2+K) oK=19eN3}}
CDNTINUE

e e T T T
< AR

2%NODEHS(I)))IGO TO 620

REDUCE MATRIX TGO FORM PtOUIRED BY GAUSS ELIMINATIDN ALGORITHM

SWIGO579
SWIGO580
SWIGO581
SWIGCS82
SWIG0583
SWIGD584
SWIGO585
SWIGO586
SWIGO587
SWIG0588
SWIGC589
SWIGO590
SWIGO591
SWIG0592
SWIGO0593
SWIGO594
SWIGG595
SWIGO596
SWIGO597
SWIGG598
SWIGD599
SWIGO600
SWIGO601
SWIGD602
SWIG0603
SWIGD604
SWIG0605.,
SWIGO606
SWIGR607
SWIGO608
SWIG0609
SWIGO610
SWIGO611
SWIGO612
SWIGO613
SWIGD614
SWIGO615
SWIGO0616
SWIGO617
SWIGD618
SWIGC619
SWIGO620
SWIGNs21
SWIGN622
SWIG0623
SWIGC624
SAIGC625
SHWIGG626

o el kot ook ook ks P L L T MRk
NF A TR AR el R R e fep

SWIG0628
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532

715

720
710

740

750
751

O At b A
SR MMM NMR

TdR g g
D0 682 I=1sNNZS
IF( ABSIR(TI))elTeleQE-10IR(]I)=CW

DU 682 J=1¢NNZS

IF( ABS(AA(I9J))elLTeleNE-10)1AALTI+J}=0.
CONTINUE

IFUITER «GTeleORaJTGTL21G0 TO 725
MAXBW=0

MINBW=C

DO 710 I=14NNZS

DO 710 J=19NN2S

IF(AA(T9J)EQeRe)IGO TO 71U
IF(J=-1I)T159710+720
TF((I-J)eGTMINBH)MINBW=I=-J

GO TO 710

IF({J-T1)eGTMAXBW)MAXBW=U~1

CONTINUE

NBWMIN=1¢MINBW

NBWMAX=1+MAXBA

NBHWTOT=1¢MAXBA+MINBW

MC=MINC (NN2SeN3WTOT)

ML=MC-NBWMIN

MU=MC-NBWMAX

MA=NN2SEMC-ML%(ML+1)/2
ME=MA-MU%(MU+1) /2

IF(JTRC «GTeGOIWRITE(WRy1030)IMC oMLy MUsMASME
D0 730 I=1yMA

AAA(T)=0C.

CONTINUE

IF(NN2S «LT.NBWTOT)IGO TO 761

NBW=MAX3W

IC=0

DO 740 I=1¢NBWMIN

NBW=NBW+1

DO 740 J=1eNBW

IC=1ICe1

AAACICI=AA (I4J)

CONTINUE

NBWU=1+NBAMIN

NBWL=NNZ2S-NBWMAX
IF{NN2S «EQe (1 +NBWTOT))IGO TO 751

DO 750 I=NBWUyNBWL

DO 750 J=1eNN2S

IF(JoLEs{ I-NBWMIN) «OReJGT {I+MAXBW) GO TO 750
IC=1IC+1

AAA{IC)=AA (I,0)

CONTINUE

NBWL=NBWL+1

NBW=NBWTOT

DO 760 I=NBWLsNN2S

Ao frde ey ot Sl gk ok s o R ole vt e ot sk et o e e ol ok sl e sk
RN NN RFRRERR IR ENEN AN RN
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B EEXREESWIGCO629

SWIG0630
SWIG0631
SWIG0632
SWIGN633
SWIGN634
SWIGD635
SWIGN636
SWIGN637
SWIGN638
SWIGN639
SWIG0640
SWIGO641
SWIGD642
SWIGD643
SWIGO644
SWIG0645
SWIGO646
SWIG064T
SWIGD648
SWIGD649
$WIGD650
SWIG0651
SWIG6S52
SWIG0653
SWIG0654
SWIGD655
SWIG0656
SWIGD6ST
SWIG0658
SWIGD659
SWIG0660
SWIGC661
SWIG0662
SWIGN663
SWIG0664
SWIGD665
SWIG0666
SWIG0667
SWIG0668
SWIG0669
SWIGO6TC
SWIGN6TI
SWIG06T2
SWIGO6T3
SWIGO6T4
SWIGD6TS
SWIG06T6
SWIGO6TT
SWIG06TE
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7161

763

765

166
762

775

770

g6 44 3

44

NBW=NBW=-1 SWIG0679
DO 760 J=1+KNNZS SWIG0680
IF{JeLTSINNZ2S-NBW))IGO TO 760 SWIGO681
IC=IC+1 SWIG0682
AAALIC)Y=AA (14J) SWIG0683
CONTINUE SWIGC684
GO TO 762 SWIG068S
NBW=MAXBW SWIGO686
I1C=0 SWIG0687
N2=NN2S-NBWMAX SWIGC688
DO 763 I=1eN2 SWIG0689
NBW=NBW+1 SWIG0690
DO 763 J=19+NBW SWIGO691
IC=1IC+1 . SWIGD692
AAALICY=AA(I+J) SWIGO693
CONTINUE SWIG0694
NBWU=NZ2+1 SWIG0695
IF{N2.EQ«QINBWU=2 SWIG0696
NBWL=NBWMIN SWIGD697
DO 765 I=NBWUNBWL SWIGC698
DO 765 J=1¢NN2S SWIG0699
IC=1C+1 SWIGO700
AAACIC)Y=AA(I»J) SWIGO701
CONTINUE SWIGOT702
NBWL=NBwWL+1 SWIGO703
NBW=NN2S SWIGOT04
IF{NN2SLTNBWLIGO TO 762 SWIGOT05
D3 766 I=NBWL+NNZ2S SWIGRT706
NBW=NBW-1 SWIGOT707
DO 766 J=1eNN2S SWIGOT7C8
IF{JeLE«INN2S-NBW)IGO TO 766 SWIGO709
IC=1C+1 SWIGOT10
AAALIC)I=AA(L 4 J) SWIGOT11
CONTINUE SWIGO712
IF(JTRC«GTeO0IWRITE(WR$LI3TOINN2SyMINBWeMAXBWeIC SWIGOT713
IF{JTNELJTRC)IGO TO 775 SWIGO714
N1=I1C/10%10~9 SWIGO715
N2=N1+10 SWIGO716
N3=IC-N2 SWIGO717
WRITE(WRy1460) ({1 sAAA(T )e (AAA(TI¢K) ¢K=199))9I=19N1e1l0) SWIGO718
WRITE(WR91460) IN29AAAIN2) 9 (AAA(NZ2+K) 9K=19N3)) SWIGO719
CONTINUE SWIG0O720
D e T T T T T LT L E PR PP P R P e PP T S L TP L L 22 TS 23N B { s N 731
SOLVE MATRIX USING GELB ‘ SWIGN722
D R g I T L T LT L L R E L S AN B (o
CALL GELBI NNZ2Sel yMAXBWyMINEWeMA91e0E=1541ER]} SWIGOT24
IF(IERLEQ.C)IGO TO 770 SWIGOT2%
WRITE(WRs 1430} 1ER SWIGOT726
STOP SWIGO727

CONTINUE SWIGOT28
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DO 780 I[=1+NN2S SWIGO729
IC=(12(1)+1)/2 SWIGO730
IF((2%IC)«EQe(I2(I)+1))GO TO 771 SWIGOT31
HSNEW(IC)=R(I) SWIGOT732
IF(JTRC4GTOIWRITE(WRy15C0) 19 I2(T) ¢ ICHHSNEW(IC) SWIGO733
GO TO 780 SWIGOT734
771 HFNEW(IC)I=R(I) SWIGOT735
IFIHFNEW(IC) e LT+0 IHFNEWIIC)=BTOE SWIGOT36
IF{JTRCeGTeCIWRITE{WR1S00 1 912(I) 9 ICIHFNEWLIC) SWIGOT737
780 CONTINUE SWIGO738
IF{NNODHF.EQ.0)GO TO 773 SWIGOT39
DO 772 I1=1+NNODHF SWIGD740
N1=NODEHF(TI) SWIGO0741
772 HFNEW{NL)I=SPECHF(I4JT) SWIGOT42
773 IFINNODHS.EQ.01GO TO 776 SWIGCT43
D0 774 1=1+NNODHS SWIGOT744
N1=NODEHSI(I) SWIGO0745
174 HSNEW(NL)=SPECHS(I+JT) SWIGOT46
776 IFIJTRC.EQ.C)IGO TO 783 SWIGOT47
DO 781 I=14NN2S SWIGO748
FWRES=C. SWIGOT49
DO 782 J=1¢NN2S SWIGOT50
782 FWRES=AA(I+J}ER{J)+FWRES SWIGOT7S51
WRITE(WR91450)1412(1)9FHRES SWIGOT52
781 CONTINUE SWIGOTS53
C ottt sssssXe s RRRETERRLL AT L ETETEEERRRELETLE AT L ABEE XL XXX BXXXSWIGOT 54
C % CALCULATE NEW VALUES OF BF(I142)4BS(142) AND ZETA(I) SWIGOT55
C St tstes Xt aAL SRS SR EETLTLES SRS EASHTHEETLAXBLERTTEEEXEAGEAEF LR EXXXSWIGOTS6
783 00 800 I=1eNN SWIGOT57
ZETA(I)=(GAMASH*HSNENW{ I )-GAMAF=HFNEW(I))/DGAMA SWIGO758
IF(ZETA(I)LE.(ZB(I)+BTOE})IGO TQ 820 SWIGOTS9
IFCINT(ZU(L) ) eNEe 1000 ANDSZETA(I)eGTZULI)IZETA(II=ZULI)~BTOE SWIGO760
BS(I+2)=2ETA(I)-ZB(1]} SWIGOT761
BF(I92)=HFNEW(I)=-ZETA(I) SWIGOT62
IFUINT(ZUCI)) oNE.1O000IBF(192)=2ZUtI)=-2ETALI) SWIGO763
IF(BF(I1+2)elLT.BTOEIBF(I42)=BTOE SWIGOT64
GO TO 830 SWIGOT6S
820 ZETALI1=2B(1)+BTOE SWIGOT66
BF{I92)=HFNEW(I)=-ZB(I)-BTOE SWIGOT67
IFCINT{2ZU(I)) «NE«1000IBF(142)=2U(I1-ZB(1}=-BTOE SWIGO768
BS({I+2)=BT0E SWIGOT69
IF(BF(1¢2).LT.BTOE)BF(I42)=BTOE SWIGOTTO
830 CONTINUE SWIGOTT1
800 CONTINUE SWIGOT72
DO 840 I=1eNE SWIGOT773
N1=NODE(Is1)} SWIGOT74
N2=NODE(I¢2} SWIGOTTS5
N3=NODE(143) SWIGOTT6
LMNTYPI(I)=0 SWIGOT7?
IF{BS(NL9e2) eEQeBTOE«ANDeBSIN292)«EQeBTOE+AND«BS(N3+2)+EQ.BTOE) SWIGOTTS
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LLMNTYP(I)=2
IF({BFINL1y2) «EQeBTOE «ANDeBF(N292)+eEQsBTOE«AND+BF {N342).EQ.BTOE)
ILMNTYP(I)=1

SWIGOT79
SWIGO78C

SWIGOT781

IE(BS(NloZ)-EQ.BTOE.AND.BS(NZoZ).EQ.BTOE.AND.BS(N3;2)oEQoBTDE-AND.SNIGO782
1BF(N192) e EQeBTOECANDBF{N292) eEQeBTOE«ANDsBF(N3¢2)<EQ.BTOE)LMNTYP SWIGO783

2(1)=3 SWIGCT84

840  CONTINUE SWIGOT785
C XS EX SRS TSN ERE R REPE AL XSS SRR UG XSRS KR RE AR S HEFE R XER RS RESWIGCOTB6
C % CALCULATE ERROR TO CHECK IF IT IS «LE. TOL SWIGOT787
C RS SRR E RIS AR E AP A E RS LSS FR S AR RSB AR R I B RS RRR Lo F AT HR AR SWIGO788
ERROR=0. SWIGO789
BASE=0. SWIGCT90

DO 790 I=1sNN SWIGOT91
ERROR=ERROR+ SQRT((HS(Iy2)=HSNEW(I)) S22+ {HF(T92)-HFNEW(I})*%2) SWIG0792
BASE=BASE+SQRT(HS(I¢1)3¥X2+HF(191)3%%2) SWIGOT93

790  CONTINUE SWIGDT94
IF((ERROR/BASE) «LE.TOLIGO TO 810 SWIGO795

DO 793 I=1sNN SWIGCT96

HF (1¢2) =HFNEW(I) SWIGOT797
HS(192) =HSNEW(T) SWIGNT98

793  CONTINUE SWIGOT99
IF(JTRC.EQ.01GO TO 860 SWIG03CO
WRITE(WRy1380)JT+ToITERyERRORyBASE SWIG0801

DO 792 I=1eNN SWI160802
WRITE(WRsL1390) I yHF (1921 9HS(142) ¢BF(142)9BS(192)4ZETALT) SWIG0803

792  CONTINUE SWIG0804
860 IF(ITERGE.ITERMX)IGO TO 810 SWIGN30S
WRITE(WRy1380)1JT,ToITER,ERRORyBASE SWIGN&06
ITER=ITER+1 SWIGOBOT

GO TO 215 SWIG0808

81C DO 850 I=14NN SWIG0809
HF(192)=HFNEW(T) SWIGOB10
HS{I92)=HSNEW(T) SWIGOB11

HF (19 1) =HF (I+2) SWIG0812
HS(I91)=HS(I42) SWIGO813
BF(Is1)=BF(Is2) SWIGD814
BS(I141)=BS(I,+2) SWIGOB15

850  CONTINUE SWIGO816
IF(JT/NOUTSNOUT.EQ.JT)IGO TO 900 SWIGD817

GO TO 990 SWIGN318

B T e e i N D (eleh B )
C * OUTPUT OF RESULTS SWIGNB20
C SRS E RS N r S S R AN SRS E TS A S SRR PR R H TR BT EE R LN R DR FFXXETRSNICO3 21
900  WRITE(WRs13801JTsToITER,ERRORyBASE SWIGN822
WRITE(WR¢1400) SWIGN323

DO 910 I=1+NN SWIGO824
IF(IO(I).EQ.0)GO TO 910 SWIGD825
WRITE(WRy1390) T 9HF (1920 ¢HS(192) 9BF (192)9BS(192) 9ZETALI) SWIG0Y 26

910  CONTINUE SWIGDB27
ZETA1=0. SWIG0328
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LETA2=C. SWIGL829
FRAC1=0. SWIGCE30
DO 915 I=1eNE SWIGO831
ZETA1=ZETALl+AREA(])} SWIGC832
ZETA2=2ETA2+({BF(NODE(I¢s1)92)+BF(NDODE(I42)92)¢BF(NODE(I¢3)42))% SWIGN333
1AREA(I)/3. SWIG0834
FRACL=FRACY+PRSTY(I) %(BF{NODE(Is1)2)+BF(NODE(I+2)4+2)+BF(NCDEII+3SWIGO0835
1)92) V=AREA(I)/3. SWIG0836
CONTINUE SWIG0B837
ZETA3=ZETA2/ZETAL SWIGO838
WRITE(WRe1520)2ZETAL yFRAC1+ZETA3 SWIGN839
IFINTOELEQ.G)IGO TO 927 SWIGO840
DO 921 I=1eNE SWIGN841
N1=NODE(I,1) SWIGD842
N2=NODE(I+2) SWIGN843
N3=NODE(I+3) SWIGDB44
N4=1 SWIGO845

IF(BS(N192) eGTeBTOE4ANDeBS(N292)eEQeBTOEANDeBS(N3+2)EQeBTOEING=2SWIGOB46
IF(BS(NL192) eFJeBTOE«ANDeBSIN292)eGToBTOE«ANDeBS(N342)EQe3TOEING=25WIGNB4T
IF(B3S{N192) eEueBTOE o ANDeRSIN292)eEQeBTOE«ANDeBS(N392)eGToBTOEING=2SAIGC0848
IF(BSINLy2) eEQeBTOE cANDeBS(N292)1eGToBTOE«ANDeBS(N392) oGT.BTOEING=2SWIG0849
IF(B3S(N192) eGTaBTOEsANDeBS(N292)eEQeBTOE«ANDBS(N392)eGToBTOEING=2SWIGNI50
IF(BS(N1y2) eGTaBTOIE«ANDBS(N292)eGTeBTOE«AND«BSIN3+2)4EQ.3TOEING=25WIG0851

GO TO (9219922) ¢N4 SWIGNBse
ZETAL=(GAMAS*HS(N1+2)-GAMAF*HF (N1¢2))/DGAMA SWIGD853
ZETA2=(GAMASZHS (N292)-GAMAFZHF (N242))/DGAMA SWIGO854
ZETA3={GAMASZHS (N34 2)-GAMAF*HF (N342) }/DGAMA SWIG0855
FRAC1=(ZETAL-ZB(N1))/(ZETA2-ZB(N2)} SWIGOB56
FRAC2=(ZETA2-2IBIN2})/(ZETA3-ZBIN3}) SWIGO8S57
FRAC3=(ZETA3-ZB(N3))/(ZETAL1-1B(N1)) SWIGN8S58
IF(FRACLLToCe)F1=ABS{FRACL1)/{1.+ABS({FRACL)]} SWIGO8S59
IFIFRACZ2.LT<Ce)F2=ABSIFRAC2)/{1e+ABSIFRAC2)) SWIGN860
IF{FRAC3eLT.061F3=ABSIFRAC3)/(1e+ABS(FRAC3)) SWIGC861
IFIFRACLeLTeOIWRITE(WR91420)1I9N1sN2yF1 SWIGO862
IF(FRACZeLTeOIWRITE(WRY1420)19N29N3yF2 SWIGOB63
IFIFRAC3.LT«0s IWRITE(WRy1420)1yN34N1+F3 SWIGN364
CONTINUE SWIGO865
DO 923 I=1leNE SWIGO866
N1=NODE(T41) SWIGO367
N2=NODE (142} SWIGN368
N3=NODE(I43) SWIGN869
N4=1 SWIGO870

IF(BF(MNL192) eGTeBTOEeANDeBFIN242)eEQeBTOE«ANDeBF(N342)EQeBTOEING=2SWIGO8T1
IF(BF(NLy2) eFEQeBTIEANDeBF(N292)eGToBTOE«ANDeBF{N342)+EQeBTOEING=2SWIGN872
IF(BF(NL9y2) eEQeBTOE «ANDeBFIN292)+EQeBTOE«ANDBF(N342)4GT«BTOEING4=2SWIGC873
IF(BFINLY2) e EQeBTOEoANDeBFIN292)eGToBTOE«ANDeBF(N392)eGTBTOEING=2SWIGOBT4
IF(BF(NL¢2) eGTeBTOE«ANDeBFIN2¢2)eEQeBTOE«ANDaBF{N392)eGT+BTOEIN4=2SWIGO875
IF(BF{NL1y2) «GT e BTIEeANDeBF(N292)eGT«eBTOE«ANDBF(N342)EQeBTOEING=2SWIGOBTE
GO TO (3234924) N4 SWIGO877
ZETA1=HF(Nl42) SWIGO87T3
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ZETA2=HF(NZ2y2) SWIGO879
ZETA3=HF(N3,2) SWIG0880
IFINCONFUI) ¢EQel)ZETAL=(GAMASXHSIN]L 92)-GAMAF*HF (N1+2))/DGAML SWIGC881
IF(NCONF( 1) eEQel ) ZETAZ=(GAMASEHSINZ 9 2)-GAMAF*HF (N242))/DGAMA SWIGo882
IF{NCONFU]1) eEQel)ZETA3I=(GAMASTHS(N3+2)-GAMAF®HF (N342))/DGAMA SWIG0883
FRACLI=(ZETAL-ZBINL))}/(ZETA2-IB(N2)) SWIGO884
FRAC2=(2ETA2-28(N2))/(ZETA3-7Zb(N3}) SWIGO885
FRAC3=(2ETA3-2R(N3))/(ZETAL-IB(N1)) SWIGO886
IFINCONFII)eEQel)IFRACL=(ZETAL-ZUINL) )/ (ZETA2=-ZU{N2}) SWIG0887
IFINCONF(I)e€EQal)FRAC2=(ZETA2-2JIN2))/LZETA3-ZU(N3)) SWIGO888
IF(NCONF{I)eEQel)FRAC3=(ZETA3-ZUIN3) }/UZETAL-ZU(N1)) SWIGO0889
IF(FRACLWLTe0)F1=ABS(FRACL)/{1.+ABS(FRACL1)) SWIGO890
IFIFRAC24LTe0e)F2=ABS{FRAC2}/{11e+ABSIFRACZ)) SWIGO891
IF{FRAC3.LT40.)F3=ABS{FRAC3)/(1.+ABSIFRAC3)) SWIG0892
IF(FRACLeLT0)WRITE(WRG1440)YI9iN19eN2yF1 SWIG0893
IF(FRAC2eLToCo)WRITE{WR 9144011 eN2yN34F2 SWIG089¢4
IF{FRAC3 4L TeOe)WRITE(WR$144G)ToN3gNL¢F3 SWIGC895

923 CIONT INUE SWIGO896
327 IFINVEL.EQLCIGO TO 990 SWIGO897
WRITE(WRy1470) SWIGNB98

DO 930 I=1NE SWIG2399
N1=NODZ (I+1) SWIGCSOQO0
Neg=n0DF (Te2) SWIGOS01
N3="0Duc (ls3) SWIG0902
FACT=-14C0C/(2eAREALT)) SWIG0903
XVELF=EACT S (RYT oL )EAFNEWINLI+B (192 ) *HFNEWINZ2) 4B (T 43)%*HFNEWIN3)) SWIG0904
1#=KFEXCT) - SWIG0905
YVELF=FACTH(A(T g L) SHFNEWINL ) +A( 142 )=HFNEWINZ)+A{ L¢3 15HFNEAIN3)) SWIGO906

1%KFY (1) SWIGOS07
XVELS=FACTX(BII 41 )*HSNEWINL) +B (L 92 ) *HSNEW(NZ)+RLT 93 )=HSHEAIN3)) SWIGO308
LEKSX(I) SWIGNI909
YVELS=FACTH(AIT g 1) EHSNEWINL) #A(T 92 ) FHSNEWINZ2)+A (T3 1FHSNEWIN3) ) SWIG0S10
IFKSY(I) SWIGO311
VELF=SQRTIXVELF**2+YVELF%%2) SWIGN912
VELS=SQRTUXVELS*%2+YVELS**2) SWIG0913
IF(XVELFeEQ.0.}GO TO 931 SWIGDI1l4
TANF=ATANZ (YVELF o XVELF)%5743 SWIGRI15

GO T0 932 SWIGC916

931 IF(YVELFeGTeDe) TANF=90, SWIGOI17
IF(YVELFeLTe0.3) TANF==90, SWIG0918
IF(YVELFeEQeOoe} TANF=0, SWIGO0919

932 IF(XVELS.EQ.C.)G0 TO 925 SWIG0920
TANS=ATANZ(YVELSyXVELS)*57.3 SWIG0921

GO TO 926 SWIG0922

925 IF(YVELSeGTo0s) TANS=90. SWIG0923
IF{YVELS«LT.0e) TANS==90, SWIG0924
IF(YVELS+EQ.Ce ) TANS=0, SWIGD325

G26 WRITE(WR 14801 T ¢XVELFyYVELF oy VELFeTANFyXVELSsYVELSeVELSeTANS SWIGD926
330 CONTINUE SWIGO9327
990 IF{JT.GE«JMAX)GO TO 999 SWIG0928
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GO TO 200 SWIG0929
STOP SWIG0930
FORMAT (20A4) SWIGC331
FORMAT (0 o/ 9 TS XKyt /T X g P X g 3X g "%y /g TO4Xg "XV g TX g %%/ SWIG0932
LT3X g% 90X g% % g/ g T2 XtV g LI X "5 o/ g TIXe ' T V913X 09/ 9eTOXg %%,y SWIGO0933
219X 9% g/ 9 TOX o= 916X gt g/ g TOX "RV g1 TX g%y /9T0X9*%%917TXy SWIGD934
3V g /e TOX g ¥t g1 BX g " %% g/ 70X T 918Xt &0,/ g TN 5 ,193Xy %% XESWIG0935
GEXXEERT o /g TOX g = g 31X 9"/ g TOX " 50 930X 9"y /96Xt 33]1Xy SWIGD936
AR ARV PRLANEED AL ARYEY-EI CRLLNESD FRLLEVAY. NS SRLARE IS SR LRV SWIG0937
Y SRR ANED S SR ARVEY LI SALAREYS CRALARYAY.LY FLELREED CRELLEVET-T'S SR L LI SWIG0938

T33X e %" g/ 963X 0"V 933X g "5 g/ 963X "1 932X g 5 9/ 302Xy 933Xy %%y/ SWIG0939
BeOIXp "% 934X "% /961X e T 933X 9% 4/ 902X ' T 932X g "9/ 962K * %93 1IXSWIGOT40
Qo ¥EY g /902X gt T g2BX gt XXV g/ gOLX gt 925X g 0NN o/ gSFX g ETHTFHXNT, SWIG0941
24X ' ¥E 9 /953Xy T, SWIG0942
* BIXe %Y 9/ 952X Xg %P 932Xt g/ 954X 9 %1 429X 9"/ 954Xyt 925Xy %R ySWIG0943
1/ 953X g "5t 925X g 13 g/ 903X g %t 925X g%V g/ gla2X gt g9yt 25X e 0%, SWIGD944

IR0 SRR AR VI SRR VAT 7S SR LA E L) PR LARYVETED CRLLAREES §1 SWIG0945
ERRARWAY YIS SRELIVEITREARVAL S CRELEYE'S SR EE-DLIFYAT IS ERELRY.ED R Y S SWIGD946
P23 CREARYA) CRLARYVARIN SRLAREE S FRLLRVELYS TALAR VS TRLLARYELYY CR N SWIG0347
Se9Xg* %% e/ 956Xy *RuTRDBLEERRI) SWIGO948

FORMAT(///+4B X9 *NORTHERN GUAM LENS STUDY'y//42TXs* A TWO-DIMENSIONSWIGO349
UAL MODEL OF SALT WATER INTRUSION INTO GROUNDWATER SYSTEMS®4//433XysSWIGCI50
2' AATER AND ENERGY RESEARCH INSTITUTE OF THE WESTERN PACIFIC's//9s 'SWIGO9S1
350Xy " UNIVERSITY OF GUAM®4//940Xe" COLLEGE STATIONs MANGILAOs GUAMSWIGO9S52

3y 96913'4///925X+2CA%) SWIGD953
FORMAT(1615) SWIG0954
FORMAT(*CINPUT OATA", //95Xe® NUMBER OF NODESy NN ="4I15¢/95XySWIGO955
1* NUMBEFR UF ELEMENTSy NE ='49154/ SWIG0956
2 S5Xe' MAXe NOe OF ITERASWIGO957

3TIONSy 1TERMX = '4I54/95Xy* TOTAL NOe OF PUMPSe NPUMPS =®4I59/95XsSHWIG0958
4*' INPUT DATA TO Bt PRINTED QUT ? o NDATA ='4I54/95Xe* RESULTS TU BSWIGO959
5E PRINTED OQUT EVERY*'9I392Xe*'TIME STEPS'9/95Xe* MAXe NOe OF TIME STSWIGC960
OEPSyUMAX ='4154/93Xs* DETAILED MATRIX OUTPUT TO BE PRINTED AT JT=JSWIGO961
TTRC ='9159/9 SXe* OUTPUT OF VELOCITIES IN ELEMENTS ? NVEL=',15s SWIGO962

B/95Xe* OUTPUT FOR LOCATION OF TOE(S) ? ¢ NTOE ='415) SWIGO0963
FORMAT(ELS«3¢7F1044) SWIGD964
FORMAT(8F10.4%) SWIG0965
FORMAT (O TIME INTERVAL DT ='9E15e79/95Xe* WEIGHTING FACTOR THSWIGO966

LETA =%9F5439/95Xs* TOLEKANCE (AS A FRACTION) USED IN CONVERGENCEs SWIGO967
2 TOL ='"sFbebe/e5Xe* SPECIFIC WEIGHT OF FRESH WATERe GAMAF ='4FT7434SWIG0968
3/95Xe* SPECIFIC WEIGHT OF SALT WATERe GAMAS =*9FTe39/95Xe* STARTINSWIGOG969
4G TIMEe TSTART ='4yFEi5e79/95Xe* THICKNESS OF FW OR SW LAYER BEYOND SWIGCI70
5TOty BTOE ='9F10.5) SWIGNIT1
FORMAT(*ONO. OF ELEMENTS THAT HAVE FRESHWATER FLOW SPECIFIED ALONGSWIGO?72
1ONE SIDEs LMNTQF ="4154/9"' NOeo OF ELEMENTS THAT HAVE SALTWATER FLOSWIGOS973
2W SPECIFIED ALONG ONE SIDEe LMNTQS ="9¢I5¢/+°' NO. OF ELEMENTS THAT SWIGO0974
3HAVE A COASTAL BOUNDARY CONDITION SPECIFIED ALONG ONE SIDEe LMNTCFSWIGO375
4 =%4159/9' NO. OF NODES THAT HAVE FRESHWATER HEAD SPECIFIEDs NNODHSWIGO976
SF=*$1I5¢/9' NOe. OF NODES THAT HAVE SALTWATER HEAD SPECIFIEDs NNODHSSWIGOQT?
6="915) SWIGO9 T4
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FORMAT( 10X e4F10.4) SWIGN979
FORMAT( *ONODAL DATA'+//+' NOOE X CO-URDe Y CO-0ORDe BOTTOM ELESWIGC /8y
1Ve TOP ELEVe OF AQUIFER'¢/9(1545X92F1Ca092F10ec)) SWIGNGR1
FORMAT{5X431595F10e0sI1912+213) SWIGO282
FORMAT(*0 ELEMENT DATA'y//9* ELEMs NO. NODE(Iy1) NIDE(I,2) NODE(I9SAIG0223
131 FeWePERM, X FeWePERM, Y SeWePERM, X SeWePERM. Y PORSWIGN9IB4

20SITY NCONF(I) NLEAKY(I)'v/v(4(ISvSX)04(F12.7v2X)95XoF10180215)) SWIGTI8S
FORMAT (*ORECHARGE TO UNCONFINED AQUIFER AS A FUNCTION OF TIME®) SWIG09¢80s
FORMAT(YOELEMENT I ='91595X9*NOe OF SUCCEEDING ELEMENTS WITH SAME SWIGCY8T

LRECHARGEs INC ='9I5¢/9(B12XsI241XyF1lle))) SWIGNI8S
SWIGCIRS

SWIGNS390

FORMAT(3I54/98(Fl0e4)) SWIG0991

FORMAT ( YOBOUNDARIES ALONG WHICH FeWe FLOW IS SPECIFIEDW®) SWIG0392

FORMAT( /9! I ='915¢45Xe? NODEQF(I91)=*915¢5Xs SWIGNS93

1'NODEQF(I42)="9I5s /94(8(2X9s1291XeFlleT))) SWIGL994
FORMAT{*CBOUNDARIES ALONG WHICH SeWe FLOW IS SPECIFIED.') SWIGNS95

FORMATHL RN I ='9I545Xy *NODEQS(I9l) ="9I545Xy SAIGN990

1*NODEQS (I42) ="1I5y /9(8(2X9I1291XsF1lle9))) SAIGCYIT
FORMATI3I5¢5XsF15413) SWIGO0998

FORMAT(*OCOASTAL BOUNDARY ALONG WHICH MIXED B.Ce IS SPECIFTED') SWIGO999

FORMAT( /e* NODECF(Isl) NODECF(142SAIG1000

1) PERMEABILITY KC®9/9(3(1595X)9F12.10)) SWIG1u01
FORMAT(2I59/4(8F10e4)) SWIGLl002

FORMAT(*ONODES AT WHICH FRESHWATER HEAD IS SPECIFIED") SWIG1G03

FORMAT(//¢1595X " NODEHF(I) ="9I15¢/9(8(2X91291XsFlla4))) SWIGLOC4

FORMAT ( *ONDODES AT WHICH SALTWATER HEAD IS SPECIFIED®) SWIG10CS

FORMAT(//915¢45X 9 "NODEHS(I) =*3154/9(8(2Xe[291XeFllea))) SWIGLUOOG

FORMAT(*OPUMP DATA *4/¢'OTOTAL NUMBER OF PUMPS IN AQUIFER =°+I5) SWIG1007
FORMATI(*0% 915, NODE AT WHICH PUMP IS LOCATEDs NODEP(I) ='9I5s° SWIG1208

INUMBER OF ELEMENTS AROUND NODEs NELEMII) =%,15) SWIGLCO9
FORMAT(/948(2X91291XsFl1e3)) SWIGLO10
FORMAT(IS95Xe2F10e4s15) SWIG1011
FORMAT(*ODATA ON LEAKY AQUITARD ABOVE AQUIFER®s//y* ELEMENT KC{IISWIGLIC12

1 PHICAI} /) SWIG1013
FORMAT(® ®, IS5910XeF12.10+F10.2) SWIGl014
FORMAT(IS5¢5X9F10e4915) SWIG1C1S
FORMAT(*OINITIAL CONDITIONS® /o' NQODE HF(1s1) HS(Iwl) BFSWIGIC16

1tI,1) BS{I.1} *) SWIGLlO017
FORMAT(® *4I544F10.3) SWIGlCls
FORMAT(215) SWIGLO19
FORMAT(80I1) SWIG1G20
FORMAT(*OELEMENT TYPE AT TIME T = TSTART *4/s' ELEMENT LMNTYP(I}*SWIGL1021

Le/e(* *910(215})) SWIGLD22
FORMAT{ *OAREAS OF ELEMENTS o /94Xe T "9 0Xe*A(I 91 )" 9OXe A(I¢2)"+9Xs"SWIGLLZ3

lA(I'B)"9X9'B(191)'99X9'B(I,2)"9X"B(I,3)'q9X9'AREA(I)'q/o SWIGl024

2LI595X9TELS 7)) SWIG1G25
FORMAT(*ODISTANCE BETWEEN FRESHWATER FLOW NODES 2//9? I SWIGLG26
INCOEQF(I¢1) NODEQF(I92) ELQFII}* ¢/9(3(I5¢5X)9EL5T7)) SWIG1C27

FORMAT(®*ODISTANCE BETWEEN SALTWATER FLOW NOOES Yo/l I SWIG10238
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INODEQS{Is1) NODEQS(I,Z) ELQS(I}® 2/9({3(I545X)9EL57)) SWIGl029
FORMAT(*ODISTANCE BETWEEN COASTAL BOUNDARY NODES 'y SWIG1030
1/+* I NODECF{I41) NODECF(I92) ELCF(II®"¢/+t3(I5¢5X)4EL15.T7))ISWIGLO31

. FORMAT (*OELEMENTS OF MATRIX KFIJ®s/9&Xe'I%910Xe*Tolsl®y7Xs*I0192°+SWIG1032

1T7Xo " Tole3® gTX o " Ta2 ol ' oTXe T 0292% 97 X9 10203 ¢TXe"I9391%9TX9"I93492%9SWIG1033
2TX9%'19393%4/9(I15¢5X93(EL2.5))) SWIG1034
FORMAT(*OELEMENTS OF MATRIX KSIJ®s/ 94Xy T"910Xe " Tolol®eTX9*I9192"+SWIG1035
17XKe " Tol o3 g7X o "I 929l 9 TXe 19292 0TXe® 19203 %9TXe I9391%9TXe*I19342°9SWIGLO36
2TX9'T9393%,/4(I1545X99(EL265))) SWIG1037
FORMAT(*OELEMENTS OF MATRIX KOIJ®e/04Xe®I®910Xe"I9lel®eTXe*Iele2*+SWIGLO038
27X 0% Tol 930 g T Xy " 19241 g TXe 19292  eTX90 102939 TX9?19391%¢TXe"I9392"'9SWIG1039
3T7Xe'19393%/) SWIG1040
FORMAT(?' *9I5¢5X99(EL12.5)) SWIGl1041
FORMAT(*OELEMENTS OF MATRIX KIJF*s/94Xe*I%910X9°T9lel®eTXs"I91+2°9SWIGL1CA2
17Xe " Tol o3 % gTXe 1920l " 9TXe 19292 97Xe*I9293%¢TXe*T9391%9TXs°193¢2'+SWIGLO43
2TXe*T9393%¢/9(15¢5X49(EL12e5))) SWIGL044
FORMAT (YOELEMENTS OF MATRIX KIJS® s/ 94X "T'910Xe*Telel®sTX9 " I9le2'+SWIGLITAS
2TX e " Tol o3t o X9 1929l e TXe "I 9202 97Xy 192¢3"% 9TXe"T9391% 97X '19342'+SWIGLC4O

37TXe*I19393%9/9(1545X9F(EL2451)1)) SWIG1047
FORMAT(*ODETAILED OUTPUT FOR ELEMENT I =%415" NL1="9I1392Xg"N2="9ySWIGIC48
11392Xe*N3=131342Xy *BFE="9E15eT 95Xy "BSE="9E1547) SWIG1049
FORMAT (20X961110¢3X) ) SWIGLO050
FORMAT{10XsI595XeTUELLe492X)} SWIG1051
FORMAT(®' *91392X91201192Xs13) SWIGLOS52

FORMAT(®* MATRIX DIMENSIONSsy NN25=', I5¢/9* NOe. OF LOWER CO-DIAGJSWIGLICS53
INALSy MINBW=',159/9* NOe OF UPPER CO-DIAGONALSs MAXBW ='415+/4* TOSWIGlO54

2TAL NO. OF ELEMENTS IN BANDED MATRIXs IC =%,I10) SWIGL1USS
FORMAT(® TIME COUNTERy JT =%3I345Xe* TIME T ='9E15.745Xs " ITERATIONSWIGLO56
1 NOey ITER ="4159/9* ERROR ="94E15.795Xs*BASE ="*+E15.7) SWIG1l057
FORMAT(I595X95(F10e3¢5X)) SWIG1358
FORMAT(® NODE® 95Xy *HF(I32) "9BXe HS (192} *98Xe*BF(I192)" 98Xy *BS(I+2)°*SWIGIO59
198X ZETALIN ) SWIGLlO60
FORMAT(* SALTWATER TOE OCCURS IN ELEMENT ] =°431495Xs*FRACTIONAL DISWIG1061
1STANCE FROM NODE'yI49* TO NODE'9I&s* IS *"yFbe4) SWIG1062
FORMAT(* ERROR IN SUBROUTINE GELBsy IER ='4I5) SWIG1063
FORMAT(* FRESH WATER TOE OCCURS IN ELEMENT I ='9I545Xy*FRACTIONAL SWIGlO64
IDISTANCE FROM NODE®*sI49* TO NODE®*el4y' IS '9F6.4) SWIG1065
FORMAT((®* "91591491001XeELlle4))) ' SWIG1066
FORMAT((® *91594Xs10{1XeELLla%)}) ' SWIGl067

FORMAT(*ODIRECTION AND MAGNITUDE OF DISCHARGE VELOCITY OF FRESHWATSWIG1063
LER AND SALTWATER IN ELEMENTSe "o/ 94Xs"I"9s5Xe* XVELF " ¢5Xy* YVELF*9y5XSWIG1069

L1y *VELF S 96X e " TANF* 9T Xe "XVELS® 95X o *YVELS® 95X e VELS " y6 X9 *TANS®) SWIGLCTO
FORMAT(? ®91495Xe4E10e393Xe4EL103]) SWIG1071
FORMAT( (" *9I15410(9XeI3))) . SWIGLCT2
FORMAT(® *44Xy3(I545X)sF10e4) SWIG1073
FORMAT(*OAREA OF ELEMENT I = "9I34* IS EQUAL TC '9E15.7) SWIG1O74

FORMAT(*OAREA OF AQUIFER ='4E15e74/9*' VOLUME OF FRESH WATER IN AQUSWIGl075
1IFER ="9E1547+/+°* AVERAGE DEPTH OF FRESH WATER LENS IN AQUIFER ='ySWIG1076
2E15.7) SWIG10T7

END SWIGLYT8
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SUBROUTINE GELB
PURPOSE

TO SOLVE A SYSTEM OF SIMULTANEOUS LINEAR EQUATIONS WITH A
COEFFICIENT MATRIX OF BAND STRUCTURE.

USAGE
CALL GELB(RyAyMyNyMUDyMLDsEPSsIER)

DESCRIPTION OF PARAMETERS

R - M BY N RIGHT HAND SIDE MATRIX (DESTROYED!}.
ON RETURNy R CONTAINS THE SOLUTION OF THE EQUATIONS.

A - M BY M COEFFICIENT MATRIX WITH BAND STRUCTURE
(DESTROYED).

M - THE NUMBER OF EQUATIONS IN THE SYSTEM.

N ~ THE NUMBER OF RIGHT HAND SIDE VECTORS.

MUD - THE NUMBER OF UPPER CODIAGONALS (THAT MEANS
CODIAGONALS ABOVE THE MAIN DIAGONAL).

MLD - THE NUMBER OF LOWER CODIAGONALS (THAT MEANS
CODIAGONALS BELOW MAIN DIAGONAL).

EPS - AN INPUT CONSTANT WHICH IS USED AS RELATIVE
TOLERANCE FOR TEST ON LOSS OF SIGNIFICANCE.

I1ER - RESULTING ERROR PARAMETER CODED AS FOLLOWS
IER=0 - NO ERRORy

IER=-1 - NO RESULT BECAUSE OF WRONG INPUT PARAMETERS
MyMUDyMLDy OR BECAUSE OF PIVOT ELEMENT
AT ANY ELIMINATION STEP EQUAL TO ZERQ,
IER=K - WARNING DUE TO POSSIBLE LOSS OF SIGNIFICANCE
INDICATED AT ELIMINATION STEP K+l
WHERE PIVOT ELEMENT WAS LESS THAN OR
EQUAL TO INTERNAL TOLERANCE EPS TIMES
ABSOLUTELY GREATEST ELEMENT OF MATRIX A.

REMARKS
BAND MATRIX A IS ASSUMED TO BE STORED ROWWISE IN THE FIRST
ME SUCCESSIVE STORAGE LOCATIONS OF TOTALLY NEEDED MA
STORAGE LOCATIONSs WHERE
MA=MEMC-MLE({MLe1) /2 AND ME=MA-MUZ(MU+1)/2 WITH
MC=MIN(My1l+MUD+MLD)y ML=MC-1-MLD, MU=MC-1-MUD,
RIGHT HAND SIDE MATRIX R ASSUMED TO BE STORED COLUMNWISE
IN N*M SUCCESSIVE STORAGE LOCATIONS. ON RETURN, SOLUTION
MATRIX IS STORED COLUMNWISE TO0O.
INPUT PARAMETERS MyMUDoMLD SHOULD SATISFY THE FOLLOWING
RESTRICTIONS. MUD NOT LESS THAN ZERO
MLD NOT LESS THAN ZERD
MUD+MLD NOT GREATER THAN 2%M-2.
NO ACTION BESIDES ERROR MESSAGE IER=-1 TAKES PLACE IF THESE
RESTRICTIONS ARE NOT SATISFIED.
THE PROCEDURE GIVES RESULTS IF THE RESTICTIONS ON INPUT
PARAMETERS ARE SATISFIED AND IF PIVOTELEMENTS AT ALL
ELIMINATION STEPS ARE DIFFERENT FROM 0. HOWEVERs WARNING

GELOOO3u
GELO0OQ4O

GELODOSO
GELOOO6U
GELOOOT0
GELCCOBO
GELO0O90
GELDO100
GELODL10
GELOO120
GELON130
GELOO140
GELOCL50
GELOO16G
GELJOLTO
GELOC180
GELOO19C
GELDO200
GELOO210
GELOD22C
GELO0230
GELOD240
GELOC250
GELOQ26C
GELO0270C
GELO0280
GELOD290
GELOO30C
GELOO310
GELOO32¢
GELO0330
GELOO340
GELOQ350
GELOO360
GELOO370
GELO0 380
GELOO390
GEL00400
GELO0410
GELO0420
GELOO430
GELOO440
GELO0450
GELDOD460

"GELO04TO

GELOO480
GELOO490
GELGO500
GELONS10
GEL0O0520
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IER=K - IF GIVEN - INDICATES POSSIBLELOSS OF SIGNIFICANCE.
IN CASE OF A WELL SCALED MATRIX A AND APPROPRIATE TOLERANCE
EPSy IER=K MAY BE INTERPRETED THAT MATRIX A HAS THE RANK K,

NO WARNING IS GIVEN IF MATRIX A HAS NO LOWER CODIAGONALe
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
NONE
METHOD

SOLUTION IS DONE BY MEANS OF GAUSS ELIMINATION WITH
COLUMN PIVOTING ONLYs IN ORDER TO PRESERVE BAND STRUCTURE
IN REMAINING COEFFICIENT MATRICES.

SUBROUTINE GELB( MyNoeMUDyMLD yMAGEPS,IER)

DIMENSION R{(38014A(25000)
COMMON Ry A

TEST ON WRONG INPUT PARAMETERS
IFIMLD}I4T 41,41

IF(MUDY4T 242

MC=1+MLD+MUD
IF(MCe1-M=M)3,43,447

PREPARE INTEGER PARAMETERS
MC=NUMBER OF COLUMNS IN MATRIX A
MU=NUMGER OF ZEROS TO BE INSERTED IN FIRST ROW OF MATRIX A
ML=NUMBER OF MISSING ELEMENTS IN LAST ROW OF MATRIX A
MR=INDEX OF LAST ROW IN MATRIX A WITH MC ELEMENTS
MZ=TOTAL NUMBER OF ZERGOS TO BE INSERTED IN MATRIX A
MA=TOTAL NUMBER OF STORAGE LOCATIONS NECESSARY FOR MATRIX A
NM=NUMBER OF ELEMENTS IN MATRIX A

IF(MC-M)5+544

MC=M

MU=MC-MUD-1

ML=MC-MLD-1

MR=M~-ML

MZ={(MUX(MU+1))/2

MA=MZMC=-(MLE(ML+1)) /2

NM=N*M

DIMENSION S(M)s2(MA)

MOVE ELEMENTS BACKWARD AND SEARCH FOR ABSOLUTELY GREATEST ELEMENT

{(NOT NECESSARY IN CASE OF A MATRIX WITHOUT LOWER CODIAGONALS)

IER=0

PIV=0.

IFIMLD) 1441496

JJd=MA

J=MA-M?

GEL00530
GELO0S540
GELO0SS50
GEL00560
GELOO570
GEL00580
GEL00590
GELO0600
GELOO610
GEL0O062U
GEL00630
GELOO640
GELOD650
GELO0660
GELOC670
GELOC680
GELO0690
GELOOT00
GELOOT10
GELOOT2C
GELOOT30
GELOOT40
GELOO750
GELDO760
GELOOTTO
GELOOT780
GELODT90
GELOOBOO
GELOO810
GELO0820
GELON330
GELOOB4G
GEL0OO8S0
GELO0B60
GELONBTO
GELOOBRO
GELOO890
GELO0900
GELGO910
GELO0920
GELOD930
GEL00940
GELOO950U
GELOO960
GELO0970
GELOO980
GEL0O0990
GELO1000
GELO1010
GELO102u
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KST=J

" DO 9 K=19KST

TB=A(J)
AlJJI=TB

T8=" ABS(T3)
IF(TB-PIVIB4347
PIV=TB

J=J-1

Jd=JJ-1

INSERT ZEROS IN FIRST MU ROWS (NOT NECESSARY IN CASE MZ=0)
IFI{MZ) 14914910
JJd=1

J=MZ+1

IC=1+MUD

00 13 I=1sMy

DO 12 K=14MC
A(JJ)I=".
IF(K-IC)IL11lallsl12
AlJyd=a(d)

J=J+1

JJ=JJ+1

IC=1C+1

GEMERATE TEST VALUE FUR SINGULARITY
TOL=EPS%=PIV

START DECOMPOSITION LOOP
KsT=1

I10ST=MC

1C=MC-1

DU 38 K=lyM
IFIK=MP=1)154916415
IDST=IDST-1
I1D0=1IDST

ILtR=K+MLD
IF{ILR=-1)184918417
ILR=M

I1I=KST

PIVOT SEARCH InN FIRST COLUMN(ROW INDEXES FROM I=K TO I=ILR)
PIv=C.

D3 22 I=KyILR

T8= A3S(A(IL))

IF(TB=-PIV)I20Us2N419

PIV=T38

J=1

JJ=11

IF(I-MR 122422421

ID=1D0-1

GELO1030
GELO1040
GELO1050
GELO1060
GELO1070
GELO1080
GELO1090
GELO1100
GELO1110
GELO1120
GELOL1130
GELO114C
GELO1150
GELOL1160
GELOL1170
GELO1180
GELO1190
GELG1200
GELO1210
GELG1220
GELO1230
GELO1240
GELO1250
GELO1260
GELD1270
GELO128C
GELQ1290
GELO1310
GELO1320
GELOL1330C
GELO1340
GELO1350
GELD136L
GELO1370
GELO1380
GeLul390
GELO1400
GeELJ1410
GELO1420
GELO1430
GELO1440
GELOL145C
GELOL1460
GELOL47TU
GELO1480
GELO1490
GELO1500
GELG1510
GELC152C
GELO1530
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II=11+1D

TEST ON SINGULARITY
IF(PIV)I4T 947423
TF(IER) 26924426
IF(PIV-TOL) 25425926
1ER=K-1
PIVz=1e/AlJJ)

PIVOT ROW REDUCTION AND RUW INTERCHANGE IN RIGHT HAND SIDE R

10=J-K

DO 27 T=KyNMeM
II=1+10
TE=PIVER(II)
R(II)I=R(I)
R({I)=TR

PIVOT TUW REQUCTION AND ROW INTERCHANGE IN COEFFICIENT MATRIX A

II=KST
J=JJ+IC

DO 28 I=JdsJ
T3=PIV=all)
A(IN=ACIT)
A(II)=T8B
I1=11+1

ELEMENT REDUCTION
IF(K=ILR)Z2P 934434
ID=KST

II=Kel

MU=KST+1
MZ=KST+IC

DO 33 I=II,ILR

IN MATRIX A
I0=10+M(C
JJ=I-MR-1
IF(JJII31931430
ID=1D0-JJ
PIV==A(ID)
J=10+1

DI 32 JJ=MUMZ
ALJ=-1)=A0J)+PIVZALJI)
J=J+1
AtJ-1)=0.

IN MATRIX R

J=K

DO 33 JJ=IeNMeM
RUJUI=R(JIII+PIVER{J)

55

GELO1540
GELQL1550
GELC1560
GELU1570Q
GELU1580
GELO1590
GELO1600
GELO1610
GELO1620
GELG1630
GELG1640
GELO1650
GELG1660
GELU16T0
GELOU168C
GELO1690
GELO1700
GELO1710
GELO1720
GELO1730
GELO1740
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GELO1850
GELO136C
GELO1870
GELO1880
GELQ1890
GELO1900
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GELO2000
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GELD2020
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GELO2040
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J=J+M

KST=KST+M(C
IF{ILR-MR) 36435435
IC=IC~-1

I0=K~MR

IF(ID) 38438437
KST=KST-1D
CONTINUE

END OF DECOMPOSITION LOOP

BACK SUSBSTITUTION
IF(MC-1)46946439
IC=2
KST=MA+ML-MC+?2
II=M

DO 45 I1=24M
KST=KST-MC
II=11I-1

J=II-MR

IF(J)41 941940
KS5T=KST+J

DO 43 J=TI1sNMyM
TB=R{J)
MZ=KST+1C-2

1D=J

DO 42 JJ=KSTeMZ
ID=1D+1
TB8=TB=-A{(JJ)=R(ID)
R(J1=T3
IF(IC~-MC)1449454945
IC=IC+1

CONTINUE

RETURN

ERROR RETURN
IER=~1
RETURN

END

GELG2050
GELO2060

GELO2070
GelLC2C8¢
Gel0206C
GELO2100
GELOZ2110
GELO2120
GeLO213C
GELU2140
GELO2140
GELO2150
GELC216C
GELQO2170
GELO2180
GELO2190
GELY2200
GELO220

GELQ2220
GELO2230
GEL32240
GELO2250
GELO2260
GELO2270
GELG2280
GELOZ2300
Gzl02310
GELO2320
GELO2330
GELOZ2340
GELO235C
GELOZ236¢C
GELO2370C
GELD2380
GELOZ2390
GELO2390C
GELG2400
GELO2410
GELJ32420
GELQO243C
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SAMPLE LISTING AND QUTPUT.
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STEADY STATE SOLJTION OF SALT WATER INTRUSION INTO A PHREATIC AQUIFER.

32 49
+Ue 180E+24
9] 0

Oy Wy

10
11
12
13
14
15
16
17
13
19
20
21
22
23
24
25
26
27
28
29
30
31
32
1

11
21
31

O W W

1 3
«0CJ0001

1 31

1 31

10
1.0
1

=-22000.
=22000
=2CQ000.
-17100.
"17100 .
~-15300.
-13500.
=-13500.
- 12000 .
-105000
-10500.
~-9100.
-7800.
-7800.
—66000
=-5500.
=5%00.
-450Q,
-3500.
-3500.,
-2800.
-2100.
-2100.
-1500.
-1000.
=-1000.
‘600.
-300.
-300.
-100.
C.
C.

(S0 SR VU

«0000001
32

0

J

NN W

1
«005
2
O.
500,
250.
Ce
50C.
250.
Ce
500
250.
Oe
SC0.
250,
Ce
500,
250.
Ce
500.
250
Ce
50Ce
250.
Oe
500.
25C.
Ce
500
250.
Oe
500.
250,
Ce
500
«01
«01
«01
.01

« 0000001
«01

4
624

'600.
-600.
"6000
-6000
-5000
-bOO.
‘500.
~50GC.
‘bOOo
‘600.
-6000
-6000
"600.
-6000
-6000
"600.
=600,
‘600.
=600
-6000
"6000
-6000
-6000
-600.
=600
=600,
-6000
-600.
-bOO.
‘600.
-6000
~600C.
«J1
«01
«01
«01

«0000001

1
6440

1000.1
1000.1
1000.1
100061
1000.1
100041
1000.1
1000.1
1000.1
1000.1
1000.1
1000.1
1000.1
10001
1000.1
1000.1
100041
1000.1
1000.1
1000.1
1000.1
1000.1
1000.1
1000.1
1000.1
1000.1
1000.1
1000.1
1000.1
1000.1
1000.1
1000.1
0.01025
0.01C25
0.01025%
0.01025

«0000001

0.

«01025
«01025
«01025
«01025

«0000001

O.1

0.3 co 9
0.3 00 9
0.3 00 9
0.3 00 9

«0000001 .00Q0COC1

W w W w
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2 32
1 20.00 1
3 . 18453 0
4 1641 1
6 15.09 o]
7 13.77 1
9 12.66 0
10 1156 1
12 13.53 o
13 9.58 1
15 8.70 8]
16 7.893 1
18 T.09 0
19 6.28 1
21 Se58 0
22 4.87 1
24 4.04 0
25 3.24 1
27 2455 o
28 1.80 1
30 l.04 0
31 0«20 1
1 0" 31
1 299 .9 16
18 27645 0
19 24546 1
21 2177 ¢
22 189.76 1
24 158425 c
25 130.9 1
27 99. G
28 73« 1
30 42 0
31 Be57 1
1 0.10 16
18 235 ¢
19 550 1
21 824 0
22 1103 1
24 141. 0
25 169, 1
21 201. o
28 226 1
30 258, 0
31 28943 1
22222222222222222

11111111111121131111211111111111
VA
/&
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APPENDIX D

CONTINUED

STEADY STATE SOLUTION OF SALTWATER INTRUSION INTO A PHREATIC AQUIFER
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