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INTRODUCTION

Groundwater resources near the ccastline and on islands should be
managed in such a way that salt water intrusion into the aquifer does not
jeopardize the quality of the water resource. Management of the salt water
intrusion means knowing the location of the wedge and predicting its
response to changes in aquifer recharge and pumpage so that its future
iocation can be controlled. Observation wells strategically located in the
aquifer could be used to determine the present location of the salt water
wedge. However, to predict the response of the wedge to altered conditibns
of recharge and pumping, cne must have a model to simulate the dynamics of
the salt water wedge. These models may be analytical in nature for simple
geometries.or numerical for more complicated aquifers,

For many aquifers, one may sssume that the fresh water and the salt
water are two immiscible liquids of different densities that are separated
by a sharp interface. A variety of numerical, computer models have been
reported in the technical literature simulating the dynamics of the inter-
face (1,2,3). Continuity of pressure across the interface is maintained
and the velocity of the two fluids parallel to the interface can and will
be different. 1If the velocity of the salt water is assumed to be zero
everywhere, then the Ghyben-Herzberg condition is satisfied. Interface
medels have been applied to confined and unconfined aquifers, can be steady
or unsteady and have been applied in one or more dimensions.

A sharp interface model is only a convenient approximation to actual

field conditions. The shear stress along the interface and the hydrodynamic



dispersion that occurs when the interface moves (due to sea-level fluctuations

or variations in recharge) causes the interface to lose its sharpness and

&)

the density to vary gradually across a transition zone. If it can be shown
that the density does not vary over a significant portion of the aquifer;
i.e.the transition zone 1s narrow, one may still use a sharp interface model.
However, there do exist some aquifers where the sharp interface model will
not provide meaningful results and a dispersion model would have to be used.
Compared with sharp-interface models, dispersion models are more complex as
they have to take into account the mass balance of salt and the relation-
ship between salt concentration and density of the salt water. Most of the
dispersion models have been developed for a vertical cross section only

eqt
(4,5). In addition to knowing the usual aquifer properties such as porosity d

. mea
and permeability, dispersion models also require knowledge of dispersion

coefficients of the aquifer. Because of these difficulties, dispersion
models have been applied to relatively few natural aquifers.

This report describes a one-dimensional, finite element salt water

int¥usion model. Such a model ean be very useful “in understanding local

features of an extensive aquifer system. Certainly, two-dimensional models
usi:

are available and should be used whenever the mecessary data,'computer
eler

facilities and cost are available. However, when first-cut results are

necessary in a limited time frame, a one-dimensional model may be the

et e i S iy - < el

appropriate tool. Two dimensional models can of course be used to provide

Py

one dimensional results; but,only by the use of twice the number of nodes

iamir .

as used in a one~dimensional model. Simi




FINITE ELEMENT METHOD

The depth-averaged equations of motion and continuity have been derived
in references 1,2,3 and 6. The one-dimensional equations for fresh water

and salt water are given below.

e .
- To maintain continuity of pressure at the interface, the following
* equation must be satisfied, resulting in theé depth of the interface below
ty._. :
mean sea level,
Z = ¥ 97X 4F
= M. —_ e &)
- At DY
'.c L
The partial differential equations (1) and (2) are solved numerically
.8
_ using the finite element method. Linear variation of variables within an
element is assumed.
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Similar equations can be written for ¢s, bf and bs. The variables N, K and n

are assumed to be constant within an element. Substituting these approximations
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to equations (1) and (2) will vield residuals R and B~ from each eguation,

Using Calerkin's method, we have

f N.Rfatx ) L= 4,2 - (7)
J A
[M,RYdx =0 =2 - ®
Upon integration, the final element equa ati are given below.
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¢f and ¢5 can be evaluated at any time between t and t +
following equations
3 . -0)d +ed
=TSR 7Y Tieat

5

Also, the time derivatives can be approximated as

dé& = (9, - sl)/at

AL,

) 1 S )
$"=(1-6) & + O Ppynr-

using the
.(13a)

. (13Db)

.(l4da)

. (14b)

Substituting equations {13) and (l4) into equations (9} thru (12} one

can develop the final element equaticns in the following form.

T 1 (€
AoA A A |9

ra 3 4 CP;'

ALA, A, Al Ld

5

4 t £ ?

/6\6 fﬁklo ;d\li /ﬁ"z q)z
1 S

LAI3 Am A_Is‘ Al(v_ f??-)

[

& .. (15)

These element equations can be assembled for all the elements in the

system to build up the global matrix. The global matrix thus developed has

an unsymmetrical banded structure consisting of 3 upper co-diagonals, the

main diagonal and 3 lower co-diagonals. The first terms of equations (9)

thru (12) form the boundary conditions and have to be applied only for the

first and last elements.

-



Anmm—— TR TS s B S e R

DESCRIPTION OF COMPUTER PROGRAM

The computer program has been written in Fortran and uses the concepts
and methodology described in ref. 2. The nodes are numbered consecutively
from left to right and the elements are numbered so that they are the same as
the node number at the left hand end of the element. A pump can be located
at any node in the system. The lower boundary can be of any general shape
and its elevation is specified at each node. The aquifer properties are
read in as a function of the element number. Three types of boundary
conditions can be specified at either eﬁd. Boundary condition type I specifies
the variation of the head at the boundary as 2 function of time. The second
type of boundary condition specifies the discharge at the boundary as a
function of time. Finally, the third type of boundary condition is a mixed
boundary condigion, where q = K(qbf - ¢s). Both confined and unconfined flows
can be handled in the program. |

The program code uses a constant time interval At. The matrix of
equations can be solved in a fully implicit condition (THETA=1.0) or
using the Crank-Nicolson approximation (THETA=0.5) or for any value of THETA
in between. A subroutine that so}ves a banded matrix using the Gauss

11
Elimination technique is also provided in the code. Two variables (the

fresh water head and the salt water head) are solved for ét each node. If g
the aquifer is such that a salt water toe develops along the lower boundary, ;
then in the region where only fresh water is supposed to exist, a very thin E
(0.25 ft.) layer of salt water is also assumed to exist. Similarly, where E
a fresh.water toe is expected, a thin (0.25 ft.) layer of fresh watér is ;

| |

assumed to exist beyond the toe. The location of the salt water toe is

obtained by extrapolating the interface from the adjacent element and
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determining where it intersects the impervious boundary. Similarly, the
location of the fresh water toe is obtained from the intersection of the

phreatic surface in the adjacent element and the impervious boundary.



APPLICATIONS OF THE COMPUTER PROGRAM

The results of the progwram were compared with two analveic resulets.,  The
first was the steady interface flow in an aquifer having a phreatic surface
with precipitation. The analvtic solution is derived io ref. 7. Fig. 1 shows
the results of the computer program for this situatiom. The computed phreatic
surface is within 1% of the analytic results because the tolerance used for
convergence was 1%. The phreatic surface responds to changes in input
variables quite rapidly (in days or weeks). However, the interface responds
to the same changes very slowly (in yeérs). Final steady state results are
obtained when the salt water head becomes zero or close to zero everywhere.
This aquifer configuration is also representative of the situation beneath
an island because fhe first mode can be taken to be thecenterline of the

island if symmetrical conditions exist about the island center.

NP N

Fig. 2 shows tHe locaticn of the interface in a coﬁfined aquifer that
has a constant fresh water discharge. The analytic solution is presented
in refs. 8 and 9. The computed-results vary from the analytic results by
less than 1%. Thus, it can be assumed that the numerical, computer model

behaves well for steady state flows. Fig. 3 shows the location of

3
the interface in an unconfined aquifer but which has a lower impermeable l :
boundary at 300 ft. below MSL. Tt can be seen that the salt water toe is ;
further inland in this case than in figure 2. This is so because the g
piezametric heads in this case are lower and hence the salt water wedge !
intrudes further inland into the aquifer. :
Figure 4 shows the behavior of the interface in an aquifer with a é

lower impervious boundary with a constant slope. The break in the slope

shown in the figure is only due to the change in the scale of the y axis
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above and below mean sea level. In this situation, both a salt water toe
and a fresh water toe exist in the system and the program keeps track of
both the toes.

Figure 5 shows the effect of a non-homogenous aquifer on the phreatic
surface. The aquifer from the shoreline to x=-5000 ft. has a permeability
one—tenth that of the permeability in the rest of the aquifer. It can be
seen that the phreatic surface rises considerably to force the flow through
the region with low permeability. Figure 6 shows the effect of a pump located
approximately in the middle of the aquifer. The amcount of pumpage is equal to
half the total recharge. It can be seen that the phreatic surface is drawn
down and the salt water toe moves inland by approximatelf 1000 fr. Figure 7
shows the effect of the same amount of pumpage located at x=-2000 ft. The
change in’the phreatic surface is only slight and the salt water toe is
drawn inland by approximately 300 ft.

Figure 8 shows the effect of tides on the locations of the interface
and the piezometric surface. The sea level is varied sinusoildally with an
amplitude of one foot and a period of 12 hours. The tidal fluctuations do
not effect the interface excep: within the first 100 feet from the shoreline.
The piezometric surface however does fespond and the range of its variation
is shown. Finally, figure 9 shows the variation of the interface location
due to an annual cycle of recharge. A typical cycle of annual recharge is
taken from table 2 of reference 10. The first six months of the year are
the dry months when evapotranspiration exceeds rainfall and hence groundwater
recﬁarge is zero. In the last 6 months, rainfall exceeds evapotranspiration
and the excess rainfall becomes groundwater recharge., The following table

gives the magnitude of the recharge for the last & months.
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; July 3.92 inches

- August 6.63 inches
_ September 9.34  inches
October 7.35  inches

— November 2.83 inches
December 0.247 dinches

The range of variation (max. and min.) of the phreatic surface and
the interface for these recharge conditions is shown in figure 9. It can be
seen that the interface does move inland by about 1000 ft. at the end of the

— é dry season. The phreatic surface also falls to low levels at the same time.
At the height of the recharge, the phreatic surface rises and the interface

moves out toward the shore line.

CONCLUSIONS

A one-dimensional model of salt water intrusion into coastal or imsular
aquifers can be very helpful to managers oﬁ aquifers. The advantages of such
a model arise out of its simplicity, low co;t of data aquisition, low computer
time and low total cost. The versatility of such a model has been demonstrated
in this report. Confined and unconfined aquifers can be handled. Time dependent
situations can also be taken into account. Non-homogeneities can be specified
- in the longitudinal direction.
‘Thus, the model can be used to get preliminary insights into a problem

when there is a time deadline and when data or finances for a two-dimensional

model are not available.
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APPENDIX A

List of Symbols

Symbol Description

A1-Arg Matrix constants for an element
b Thickness of saturated acuifer
K Coefficient of Permeability

2 Length of an element

n Porosity of aquifer

N Recharge or Accretion

Ni Shape or Interpolation function
qf Pump flow rate

R Residue

Ry-Ry Right hand side of element matrix
t Time ’

X Distance

Y Specific weight of fluid

¢ Piezometric head

4 Location of interface from MSL
Ar Computational time interval

® Weighting factor

Supercripts

f Fresh water

5 Salt water

e Element

Subscripts

1, 2 ‘Nodes of an element

PR

Units

LT

L/T

L/T

L /T
L /T

1 /T

21
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APPENDIX B

Input Data and Format

.ist of Input Variables

NN -
[E -
—{CONF -

-
B -
KFF -
vSS -
'ORSTY
TMAX -
ITERMX
ISWTOE

NEWTOE

“THETA

oL -
—TWBCI -
SWBCI
TWBCHN
_J3WBCN

FWH1 -
SWH1
_TWQL
SWQ1
TWHNN -
SWHNN -

TFWQN -
SWQN -
RECHG -~

—PUMPS -
NODEP -
PUMPQ -

_qF (I1,1)
HS (1,1)
BF (I,1)
BS (I,1)

—I0 (1) -

1

Number of Nodes.

Number of Elements.

= 0, for unconfined flow

= 1, for confined flow

X coordinate of node,

Elevation of the lower impervious boundary.

Freshwater coefficient of permeability

Saltwater coefficient of permeability

Porosity of aquifer

Number of time intervals At, that program must execute.
Max. number of iterations for convergence at each time interval.
= (, when no salt water toe exists

= I, element number in which salt water toe exists

when no fresh water toe exists in the system

= I, element number in which fresh water toe exists
Computational time interval, At

= 0.5, for Crank-Nicolson approximation

= 1.0, for fully implicit calculations

Tolerance (as a fraction} used in convergence of solutiom.

|
o
-

Type of fresh water bodary conlel?n at I=1 -1, for specifiedhead
Type of salt water boundary condition at I=1 _ " .
. =2, for discharge
Type of fresh water boundary condition at I=NN .
: =3, for mixed boundary
Type of Salt water boundary condition at I=NN .
conditions.

Fresh water head at I=l as a function of time

Salt Water Head at I=1 as a function of time

Fresh water discharge at I=1 as a function of time

Salt water discharge at I=1 as a function of time _
Fresh water head at I=NN as a function of time .
Salt water head at I=NN as a function of time

Fresh water discharge at I=NN as a function of time
Salt water discharge at I=NN as a function of time
Fresh water recharge as a function of x and time

Number of pumps in the system

Node numbers at which pumps are located.

Pump discharge as a function of time.

Fresh water head as a function of x

Salt water head as a function of X

Thickness of fresh water zone as a function of X Initial Conditiocns
Thickness of salt water zome as a function of x

=0, when no output at node (I) is required

=1, when output at node (I) is required

="

] % R R Rl el S

NN/

Dir
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List and Format of Input

No. of Cards. List of Variables

1 NN, NF, NCONF

NN {(XC(1),ZB(1),I=1,8N)

NE (KFF(1),KSS(1),PORSTY(I},I=1,NE)
1 JMAX, ITERMX , NSWTOE , NFWTOE

1 DT, THETA,TOL

1 FWBC1, SWBC1,FWBCN, SWBCN

JMAX/8 (FWH1(J},J=1,JMAX),IF FWBCl=1
JMAX /8 (FWC1{J),J=1, MAX),IF PUBCl=2
JMAX/8 (SWH1(J),J=1,MAX),TF SWBCl=1
JMAX/8 (SWQL(J),J=1,IMAX),IF SWBC1=2
JMAX/8 (FWHNN(J),J=1,MAX) ,IF FWBCN=1
JMAX /8 {(FVQN{J) ,J=1,JMAX),IF FWBCN=2
JMAX /8 (SWHNN(J),J=1,MAX},IF SWBCN=1
JMAX/8 (SWON(J),J=1,JMAX),IF SWBCN=2
NE* (JMAX/8) ((RECHG(T,J),J=1,JMAX),I=1,NE)

1 NPUMPS

NPUMPS /16 (NODEP(1),I=1,NPUMPS)

NPUMPS* ( JMAX /8) { (PUMPN (NODEP (I) ,J) ,J=1,IMAX) ,I=1,NPUMPS)
NM ((HF(I,1),HS(I,1),BF(1,1),BS(1,1)),I=1,N0)
NN /80 I0(I),I=1,NN ‘

Dimension Statements

23

Format

1615
5%,2F10.0
5%,3F10.0
1615
£15.7,6F10.0
1615
8F10.
8F10.
8F10.
8710.
8F10.
8F10.2
8F10.2
8F10.2
§F10.2

[RCJ o o6 B S I AN

1615

1615
8F10.2
5X,4F10.0
8011

Some of the dimension statements have to be adjusted according to the number of
nodes (NN) in the system and the mwaximum number of computational time steps

(JMAX) that the program is to execute.

are fixed,

DIMENSION

DIMENSION

DIMENSION
DIMENSION

DIMENSION

DIMENSION

Some variables will have dimensiens that

since only linear elements are used. The dimension statements are
presented below in terms of NN and JMAX.

s
XC{NN) ,NODEP {NN),KF(NN),KS(NN),RECHG(NN,JMAX), PUMPQ (NN, JMAX)

AL(7x(NNx2-1)-6) ,HF (NN, JMAX) ,HS (NN, JMAX) , BF (NN, JMAX) , BS (NN, JMAX) ,

R1(2xNN-1)

A(14XNN-6) ,R(2xNN) ,B(16) ,RHI (4) ,ZB(NN) ,ZETA (NN, JMAX) , SWQN (JMAX)

ERRORl(NN),ERRORZ(NN),IO(NN),FWQl(JNAX),SWQl(JMAX),FWQN(JMAX)

FWHI (JMAX) , SWH1 (JMAX) , FWHNN (JMAX) , SWHNN (JMAX) ,KFF (N} ,KSS (NN)

PORSTY (NN)
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APPENDIX C

Listing of Source Program

B eheations WA

1
C
C
4




[alaEaEalnlalalyl

1Q5C

1065
1076

1080
1032
1050

¢ A e S i w s -

25

e e L L L R Y b E e e s
ONC=-D!MENSIONAL SALYT WATER INTAUSTON MODEL =
ESSECESsERSNS SNSRI SD SIS THIITSRTEST

DEPTH AVERAGED SAUATIONS USED FOR FRESH AND SALT WATER.

FINITE ELEMENT METHOD USED WITH IMPLICIT TIME TRNTEGRATION.

LINEAR ELEMENTS USED. 1BM~SS5P SUBROUTINE GELB USED TO SOLVE ECUATIONS.
DIMENSTON xClZlI-NUDEPIZlI.KFIZII.KSIZIi-RECHGIZl.?blv?UHPQlZI.?bl
DIMENSTON ALUZEL)I+HFIZ]l v 95 4HS I 2147614 2F1214+96)4BS121+496)¢R1[4%1]
DIMENSTON AlZBBl.Rt#Zi.EILbl.RHSI&l'ZBl21l.LET&iZl.?bl'SHQNlQBI
DEMENSTION ERRORLIIZ1II«EERORZE 211410211 sFHQLIG56) 4 5HOLITO) s FHINISG)
DOUBLE PRECISION AsRsAL4RI

FlA.B)=ASTHETAY «B=THETA

DIMENSTUN FWHL(961 ¢y SHHL[95) o FWHNNI96 ), SHHNHIP0) o KFFL21) 4K550211%
INTEGER RD+WR4FHRAL1 +SWBC) ¢ FWBCM,SWABLN

REAL KF ¢KS+KFT3KSTeKFF K55

DATA GFeGSeDG/62.4%+544C 1.6/

DIMENSIDON PORSTYI211}

RD=1

HR=3

WRITEt{WR. 10100

FORMATI®*]l ONHE-OISMENSIONAL SALT WATER INTRUSION HMODEL"}

READ IN CATA .

NCONF=1 FOR CONFINED FLOWy =0 FOR UNCONFINED FLOW

READ(RD, LOZO YNM 4HE « NCONF ’

FORHAT{1&6I5¢ .

READ [N NODE NUMBERSs NODAL CQOROTINATES AND BED ELEVATIONS
READIARD133001 XCUI1+IB01240=1 #NN)

FORMATISX+2F1l0.014

READ IN PERMEABILITIES anNO POROSITIES

ELEMENT NUYM3IER, FRESH WATER PERY.;SALT WaTER PERM, AMD PORQSITY
REAQIRD+10321f KFFLI)yKSS11)1PORSTY(IN1=14NE])

FORMHATLISX 4F1C. 00

-

PRINT OUT ALL DATA

WRITEIWR, 1050 NNy NE « NCONF

FJRMAT(*OND. OF MODES=*3I5+5Xy *NO. OF ELEM.=" 4 I5+5X " NCONF=*, 15}
WRITE{WR+1C00O]

WRITEITHWR, LCTOILT e XCHUTI)»ZBIT1+I=1eNR]

FORMATE *ONCODE® +5X 4 *X-COORDIHATE® +5X4 *8EQ ELEVATION'I
FORMAT(1XyI 49w SXeFl0a2+5%X,F1G.2)

WHITE{WR,1CH0O]

Hﬂ[TElHR.10901|I|KFF‘II'KSS{I]UQURSTYtI]'I=1!NE}
FORMAT("OCLEMENT " »5Xs"Fa He PERM.* 45Xy 'S5: Wa PERM." +5X¢"PORDSITY ")
FORMATIS9X,3F10.0!

FORMATI L Xsl5+05XKeFlUu535%X,Fl0.8+5X+F1l0.B1
READIRU'IOZO’JHAKQITERMX'NS“TOEONFHTOE

READ{RO,1110IDT THETALTOL

REAB[RO.IOZOIFNBC1OSHaCi'FHBCNtSH3CN
WRITE(WR+20501FWBCY +SWBLL FHBON ,SWBLN

FWAC1eSWACL ¢ FWACNSSWBCN =1 FOR SPECIFIED HEAD, = 2 FOR SPECIFIEQ DISCH.
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c = 3 FOR MIXED BOUNDARY LONDITION.
2053 FORMAT{"OFwaCl =';I3.5!;'SHBC1='.[3.51"Fn3CN=‘,[3-5X:'SH&CN='.I3]
GO TO (ls2e3),F3CE
1 REAQ{RD, %) (FWHL [Jted=letMax]
WRITE{WR 20001 J¢FWHIL I v J=1 e JMAX]
2000 FORMATI'CFw HEaD SPEC. aT LEFT HAND END* v /91082 X+[2+1X+FT711)
GO TO 2
2 REAC(RD +4) (FWIL (]) s =L JMAX])
WRITS{WR 201G (JeFHULETI e J v JMAXD
2010 FGRMAT(*GFW DISCH. SPEC. AT LEFT HAND END*+/+10t2Xs 12«1 X2FTost}

o FORMATISFLC.CI
3 GO TO (5.&61,5WHCL
-] READIRD «&1 {SWHI LI e Jd=1+JHAXY

HRETEIHWR2C2C) (Jy SWHLI S v =L e JMaX) .
2020 FORMAT{*0QSW KEAD SPEC. AT LEFT HAND END"+/¢l0{2X4[2+1%+FT411)

GO 70 7T
-] READ{RD ¢4 1 {SHALIJ) s J=Ly JHAK)
WRITE(NR, 20301 (33 SWALLJ}yJd=1 v IHAX]
T GO TAO (8yF+0L1)+FWILN
8 READIRD ¢4 ) { FRANNI ST o Jd=1vIMaX]

WRITE(WR2CaC) (Js FHANNLI) 93214 JMAX)

2040 FORMAT(TOFW MEAD SPEC. AT RIGHT HANO END®»/»10(2XsI2+1X,F7.111
Go 70 11

9 READIRD +4LIFWANEI] s J=1sJMAX}
WRITE(WRy 205607 ( JoFWANII] 4 J= 1y JMAX)

2063 FORMAT('OFW DISCH. SPEC. AT RIGHT HAND END'¢/510(2X+I2¢1X,FT7.41)

11 GO TD (12,13)4SHBCN

12 READ(RDy4) LSHHANNL ) 5 J2L e JHRX]
WARITE(WRy2070) (S5 SWHNNII) s J= Lo JnAX] )

207) FORMAT('0SW HEAD SPEC. AT RIGHT HAND ENO®+/¢l012Xs1251XsFT.4)]
GO TO 1o

13 READ{ROy4} [SWONTJIed=1vJHAX)
WRITE(WR ¢ 20300 (Jy SHON(I) s J=1 e JHAX)

2080 FORMAT('OSW DISCH. SPEC. AT RIGHT HAND END'+/,10(2Xe12+1X,F7-11)

14  CONTINUE

203G FORMATE®OSW DISCH. SPEC. AT LEFT HAND ENO'y/s10(2X+1241%X,FT.51)
DO 21 I=L,NE
KFE11=KEF(T) %

21 KSII1=KSS(I)

CFL=PORSTYI11¢GF/{DG20T)

GSL=PORSTY(1)2GS/10620T]

GS3I=PGRSTY(11$65/13.206%0T)

GS6=653/2.

GF3=PORSTYALI JIEGF/{3.3DG30T}

GF52GF3/2.

1095 FORMATILA{ELS.T.5X)]
1110 FORMATLELS.TFr8F10.013

1100 FORMAT{BFILC.2}

C READ I[N RECHARGE AND PUMPING CONDITIONS
D23 10 I=1,N€
READ{RD4110GI IRECHG{ L divJ=1adHaX)
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O
: C) Ao
é
R
) ‘29,?, 4 y
10 CONTINUE ¥ A C?6>

READIRO,13ZGINPUMPS (ab .
READIRD+ 10251 (NODEPIT1 4121 sNPUMPS)
00 20 1:=1,NPUMPS Ce

READ[AD+LICCICPUMPQINODEP (T )+ d) +d=1 2 JHAX)
4] CONTINUE @.

READ IN INITIAL CONDITIONS

O f e

READ(RD 10313 HF{Is11yHSTI 411 +BFITsl) B5{L+134T=1sNN)
WRITE{WRy L15CIDT» THETA,JMAX,TOL
1150 FOR™MAT {(*CTIME INTERVAL 0T = "4E15.7410X«*WEIGHTING FACTOR
1 THETA = *+F5e2¢/+" MaX, NO« OF TIME [TERATIONSs JMAX = *414410Xs
2% TOLERANLE ON CONVERGENCE AS A FRACTION = "+£10.51
DO 28 I=1lsNN
28 ZETALLs1)=tGSFHS( I+ LI-GFFHF [ [»121/0G
WRITE{WRs L160)
1160 FORMAT(®QRECHARGE AS A FUNCTION OF TIME®)
00 15 I=l,NE
WRITE{WR, 11700
1170 FOSKMAT(® ELEMENT I = *+I3}
WRITEtWAy 1130 (S RECHGITy J) v 3=l JHAX])
1183 FORMATIBIZX+12+1X4F11.9))
15 CONTINUE
, DO L6 I=1.NPUMPS
- WRITEL{WRs12Z0GINODEPI I
1200 FORMATE®*OPUMP AT NODE *»I3+/+* FLOW RATE AS A FUNCTION OF TIME®)
16 HRITE(WRy 11801 (J+PUMPRINDDEP (1) o b ¢ =1 e IMAK)
THETAL=1.0-THETA
WRITE{WR.1210)
1210 FORMATI*GINITIAL CONDITIONS'./s* NODE NUMBER F.W. HEAD S.W. HEAD
l1FeWe THICKNESS S.W. THICKNESS®)
DO 17 I=1+NN

17 WRITE{HWR 103311 yHF (L1410 4HSIL1 41} BF{L+11,850(141)
— J21
25 J=del

¢ IFtJ.GT.JHAX1GA TO 10G0
DD 2& I=1sNN
BFII+J)=BFILleJ=1}

26 BSL[4+J1=8501,J=-1)
1037  FORMATIY "s{a+4{2XFl0.231}
ITER=0
50 Ma=NN®L&—6
- ME=MA~&
0O 30 I=1l.Ma
30 ALI)=0.

D3 40 I[=1+Nh
Ri2=1-11=0a.

4Q RI22[1=0a
ITER=ITER+]

c CYCLE FOR EACH ELEMENT aND FORH SYSTEM HATRICES

: DO 300 K=1yNE

- EL=XC{Xe1ll-XCtK)
KFT=KFIKIS(F(BFIKe =Ll +BFIX s J}I+FIBF(KeLsd=11,BFIKs1,J)}I3THETAS (2
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C55

-1d]

100

105
1220

La*ELL
xsr=x5(xn=tF135tK.J—1n.BSIK.J:roFlBStKrL.J—lI.BSlxol.J:r:cYHETa/tz
l-=EL])

Bll11=-KFT-GF3ISEL

B{2)1=GSI=EL

BlMI=KFT-GF&=EL

Bl4)1=GS5&6%EL

B{5)=GF3=EL

A6 1==KST-GSISEL

B{TI=GFL=EL

BlAI=KST-GSOSZEL

B(9)2KFT-GFO=EL

B{10)=GS&%EL

B(lli==KFT-GF3I2EL

BlLl2)=G53=EL

8113)1=GF&6=EL

BLL4)=KST-GSA=EL

B(15)=GFISEL

B{lal=—KST-5S3IREL
RHS:11=KF:K1=tF:BF:K.J—Ll.aFtK.J::oF:aF:K+1.J-1:.3F{K01.Jllla
1THETA1/I2.=ELI¢IHF{K'J—II—HFIK'le-Lll—lFIRECHGIK.J—lI'RECHG{KrJll
Zl‘EL/Z.*GSI=tHSlKrJ-ll/3.+HS{Kt1rJ—1l/&.l*EL—GFL=iHFlKpJ—l}IJ.
AeHF{K+14J-1)} /6 *EL
RHS{ZI=KSIKI=IFIBSIK1J—1I.BS{K-JII*FIES(K*i.J-ll.BSthlelll=THETA
11/2./EL =IHS!K:J—11—HS{K*l-J-l1}—GSL*{HSIK'J—l1/3.+HSIK+1¢J—1I/6.I
ZFELSGFISIHF{K e J=L1/ 3 +HF(K*LsJ-L)/54)5EL
RHSI3I=KFIKI=IFlEFlK-J—lI.EFIKyJI)OFlBF[K!I.J-ll-BFIK*l.JII1=THETA
11/2-/EL=(-HF(K.J—LI*HF{&*le—llI—iFiRECHG[K.J-ll-RECHG[K.JiII
2=EL/2.0651=tns:x.J—1:/6.oH5{K~1.J~11/3.1=EL-GF1atHFiK.J—1|/6.o
BHF{K* Ly =L}/ I HEL .
RuSt«::xSlxathtBSIK.J—ll.as:K.Jni+F(35iK-1.J-11.35tK+1.J11:=THETA
11/2./€EL *I-HS{K-J—II‘HS[K*I.J-IIl-GSl*lHSIK'J—Ll/b.¢HSIK*LoJ—ll/3.
ZVSELAGFLE{HF{R s J—L1/6.sHFIK*1lpJ=1}1/3.0=EL

D0 55 I=1lslbra

HRITE(HR,LZZOIB&II-BlIvLI.BlIoZ!.BtIv3I

WRITE{WRy 12201 (RHS{L}¢I=1s4)
DO &6C KX=L+NPUMPS

IFIK.NE .NODEP(KK)IGO TQ &0
RHSI1=RHS(1)- {PUMPQIKyJ-1)2THETAL «PUMPQIK+JIZTHETA H
RHS(31=RHSI3};EL3IPUHPQIK;J-II“THETA[ sPUMPOLK J)*THETA ]
CONTIMUE
IF(K.NEL1IGD TO 230
00 100 KK=1.8
ALXK)I=B{KK]

DO 105 KK=l%
Al9eKKI=BIBvKK)

AL1S+KKI=8112+KK)

RIKKI=RHSIKK?}

FURMAT(® *+4{EL15.T+53XI1

BOUNDARY CONDITIONS AT LEFT-HANO END

GO TO (11D¢115+116) sFWEBCL




R e

110

11s

120
125

130
L35

2490

2Q5

400

40%

410

29

R{LI=REL)I=B{ 1) SFRHI L JI-RFIL}SFI8F 1 4d=11+B8F 114 JIISTHETA/ELSFAHL L))
1+KF{1)ISF(BFllsJ=114BFILl 15 THETAL/EL*I-HFILLyJ-LI*HF(24d=11]}
RI21=RIZI-ALS)ISFUHLLY)

RIM)=RE3I-ALIGI=FNHLLY)

RiaI=Ri4g)I~AL1EISFARLII]

Alll1=0.
AU31=AT3-XFULISFIBFIL+J-1)+BFILl.J}ISTHETA/EL
AlS)=0.

AL10)1=0.

Allel=0.

GO 70 120

RILI=AILI=FIFAQLIJ-1)sFHW2ILLII)

G2 T0 120

ALLI=ALL)-KF{1)=THETA

AL21=AL2)+KFIL)2THETA
RILYSRELI-KFILI=THETALS(HS(Led=11-HF[1sJ-11) 4
GO TO (125+13214548C1

REtr=R{1}-AL2)=5WHL L It
RE2IZRI2)-A(EITSWHLIEJI-KSILISFIBSE{L o J=1)+BSI{1,J}I2THETA/ELS=SHHT {2}
LSKST1)SF{BStlyd=11+BSt L)) =THETAL/ELSI-HES L1 J-1)+n512+J-1))
R{III=RI3)-A(LL)=SWHL{J]

RILI=RI4I-A(LTISSAHLL I}

AL2)=0.

Af51=0.

Alll}r=0.

A{l17)=C.

AUB)I=ALBI-KSI1}F(BS(L,d~1)sBSt{LsJ)ISTHETA/EL

GO TO 135

RIZI=RI2)-SwWQL LT}

CONTINUE

GD TO 500

IF{K-EQ.NEIGO TO 400

00 205 KK=l+4
A{l4=K=1T+KKI=ZB{O+KKI+A{145K~-1T+KK])
AflasK=11+KKI=B(4+XKI+AlIl4¥K~112KK]}
AfLesK-3¢kKI=3{BrKKI*A{Ll43K=5¢KK])

-y

R{2%K-2 ¢+KR I =RHS[KK] +R{Z=K-2+ KK}
Al14FK»1eKK1=B{L2+KK)+AILa2R+1+KK]
GO 7O 540 '

D0 405 KK=ls+%
ATME—17+KKI=BIXKK) +a (ME-L19+KK}
RIZANE-2+KK)=RHS{KK} *RIZZNE=-2+KK)
A{HE-13+KK) =Bl &eKK] +ATHE-LI+KK])
AIME~8+KXI=BIO+KK)+AITME-O+XK!}

AIME-G+KKI=B1L1Z+HK] ¢A[MC-4+KK]

ROUNOARY CONDITEONS 4T RIGHT-HAAND END

GO TO {41064l Se41b)FHECN

RI2=NE-11=RI22NE-LI-AIME-LSI=FWHNNIJ}
R{2ENEI=RIZSNE)-AIHE-1Q1FFWHNNTI]
R{Z2SNE*LISRIZENE+LY~ALME=S)3FWHNN{ J}=KF INE)SFIBFINNyJ-1)+3FINMNyJI})
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415

%20
425

430
435
500
C510
1230

€520

350

540

800
aL0

l=THETA/EL=FHHNNtJl—KF{NEl*FtBF'NN;J'lloBFINN-JII*THETll/EL*l—HF{NN

2-1sJ=LY +HF (RN, J-111]
R12=NE'2I=R(2=NE*2I—n(HE—lI#FHHNNIJl

A[HE-L141=0.

A[ME~1C1=0.
AtHE-?l=AinE—?i—KF{NEltFIBFiNN'J—la.BFtNH.J:i#THETn/EL
ALME-S)=0.

A{ME-1)=0.

GO TD 420

RlzﬁNEfl1=R[2=NE¢1]0FIFHQN!J—11.FHON[JI]

GO TO 42

AIHE—OSI=AIHE—OSI—KF{NEI=THETA

ALME-&)=A[ME—4) *XF [NE)ISTHETA '
R{Z*NE’l|=RlZ=NE'1}0KFlNEl=THET&l$iHFlNN¢J—1)—HSlNNoJ—lll

GO TO [425:4301 ,SWBCH
R(2eNE-11=R(2SNE=11-AIME—15)*SWHNN(J]
RINESZ1=RI2ZENEY—A[ME~FISSHHNNI L)
QE25NE+LI=RI2ONE+1) ~A(ME=4) ®SWHNNLF)
Rl2=NE*ZI=R{2$NE*21—AlMEIGSHHNN(JI—KSlNEltF[BS(NM,J-IIvBSINN.J!Iﬂ
1THETA/EL=stNNtJ:-KSINEI=F155(NN.J—1I.BSth.Jl::THETA&/EL::—HSINN-
Zle"l]’HS[NHvJ"‘).I]

A(ME=151=0.

ALME-9]=C.

A(ME—-21=A{ME-21-KS{NE)SF18SL NNsJ-1)¢RSI NN+J1)1%THETA/EL
ATME=-4)=C.

ALME)=0.

GO TO 435

R{Z2NE+21=R{2¢KE+2] + SHANT I}

COMTINUE

CONTINUE

D0 510 1=1.280.10

WRITE(WRs1Z301ACI) o fATT40JY 0 d 321 D)
WRITEIWR,123C1A1281),A1202)

FGRMAT{*® *+10(E12.5,1X))

00 520 [=1l+40+10

WRITE(WR» 1230IR{ I 5 RIT+1II 50310 D)
WRITE(WRL23CIRL4LY 4R 42)

NNL=23NNT}

MAL=TaNH1-0

00 550 I=14N8NL

RLI13=0.

DO 540 I[=L.MAL

ALIL)=C.

IFIEMBCL.NE.11GO TO 840
00 800 I=1¢4
ALLTY=A(]L*5]

00AL0 I=5+9
ALIT)=AlT+0)

Mz2eMNN-1

MAZTEN-&

ME=HA=~5&




gz20

/30

g40

1510

1520

1533

E50C

1618

162C

L4l
L6630

1600

700

710

T20

D0 #20 [=1C+ME
ALIII=sAtTI«T)

00 830 T=1.N
R1{I)=R{l+1)

GO T3 999
IF{SWALCL.NELLIGO TO 1500
Al(L)=ALl)
AlLLIZ)=A1(3)
AlLRNzAlL)
AlisI=ai9)
ALELS5)I=A110)

0O 1510 I=6410
ALIL)I=AtLeH)

Nz Z2eNN—1

MA=TSN=6

ME=MA-&

oG 1520 I=11.ME
AL{TI=A{L+T]
R1I{L¥=RI1L}

DO 153C I=2N
R1{II=Rtlel}

GO TO 979
IFIFWBCN.NEL.L1IGO TC 1600
HMEL6=ME~-16
MELZ=ME~=12

00 1610 [=MELlBWMEL2
ALLLY=ALTI+1
ALIME~11)=A(¥E-3)
DO Le2n D=l
ALIME=LI+I)=2lME-4+])
H=2=HN-1

MAE=T2N-&

ME=MA-5

00 1630 Ist+N
IF{I.EQ.NIGO TD 1640
R1(JI1=R(I]}

GO TO 1630
RLITI=R[I+1)
CUONTINVUE

GO TO 999
IFISWACN.NELLIICDO (O L7700
MEL b=MHE-16

DO T00 I=1eHELS
ALELI=ALIY
MELS=ME=-15
HMELl=ME~11

DD 710 I=MELS.MELL
AL{ITI=AlI+1}
MELO=ME-10

MET=ME-T

00 T2C I=MELlC.MET
ALIT1=a([e2)
N=2ZtNN-1

MA=TON-&

P bk
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32

T30

1700
1710

1720

999

1810

1800

1330

1820

1855
1£50
1840

1370

1360

1899
190G

ME=MA-6&

00 730 I=LeN

R1iI1=RIT)

ca 1O 999

03 1710 I=1.ME
AlLidy=40D)

DO L1720 T=1eNN
RLII)=R¢D)

N=22=NN

CONTINUE

CALL GELB[Rl.AlvN:l.3:3-Hhvl-OE—lS-IER1
[FIFWBCL.NELLIGO TO 13C0O
R{LI=FWHL{J?

Do 1810 I=1sN
R{I+VI=RL{I}

GO TO LS0C

IF{SWBC1.NE.1IGO TQ 1820
RI1}=R1(1)}

R(Z1=SWH1L.

00 1830 I=2.N

RCE+11=R1LT)

G0 TO 1900

IFLFWBCNLNE.11G0 TO 1840

03 1850 I=1.N

IF(1.EQ.NIGD TO 1855
R{I1=RL(I}

GO TO 1350

R{NI=FRHNN{J}Y

R{N+1)=R1IN)

CONTINUE

GO TO 1900

IF{SWACN.NE.21GQ TO 1860

DO 1870 I=1,N

RITI=R1 (I}

REZ2NN) =SWHNNTJ)

60 TO 1900

DD 1890 I=L.NN
R(23T-11=R1(221~1)
RL2%1)=RLL231)

CONTINUE

IF (1ER.NE.OIWRITE{WR,53C1IER
IF(J.EQ.3IWRITE(WRy120)J+ ITER
00 603 [=leNN
IETA{I,J1=(GSSR{23TI=GF=R{231-111/06
IFUZETALT 21 -LEtZBLI) +0.251)60 TO 605
[FINCONF-EQa L AND-ZETALLJ1.GELQIZETAIT 00 =
KSEI1=KSSLD)
BSMEW=ZETAIT.J)=2B(I]

BENEN=R {291-11-ZETA(T,J)

LF INCONF+EQ.LIBFNEH==2ETALT ¢ J)
IFIBFNEW.LE.C.25)3FNEN=0425
GO TO 06

-0.25

TR T

Ers

T | NS PR ST




605

&06

126

124
400

623
620

&30

63}
515

640
845

450
&35

610

JETA(].J1=20101)+0.295

3FNEH=R{Z°I-1l-ZStII-G-ZS

IF{NCDNF.EQ.IlBFNEH=-ZalIl-O-ZS

BSNEW=0 .25

lFtBFNEH.LE.0.25!6FNEH=0.25
IFtI.GT.HSHTDEIKSINSHTUEI=KSSINSHTGEI#1.0E-S
ERRURlIII=(BF{I.JI—BFNEH!/SFtIvJJ
ERRDRZ(I]=IBS|I.Jl—BSNEHIIBSIIvJI

BFL1l+J)=BFNEW

BStLI4JI=BSNEW

HE{leJI=RLI®2-1}

HStTI+ J)=REI=2Z)
IFIEFHEH.LE.O.ZS.ANO.ZETAGchl.GT.D.)HFII.JI=£BIIi'O.S

FGRMAT(* TIME STE? = ¢ 13, 10Xy *ITESATION "NGs = *» 13}
IF!J-EQ.}INRITElHR-lZﬁ)I'HFII.JI'HSIIle.BFII.JI-&SIIeJl-ZETAtInJl
FORMAT (" 'oI‘voBtElB.szxll -

CONTINUE

IFINSWTDE-EQ.01G0 TO &1S

DO 625 I=1sNE
IFllZETAtI.JI-ZB(III.LE.D.ZS.AND.[ZET&(I»I.JI—lB(I*llI-GT.U.ZSlGO
17O 620

CONTINUE

NSWTRE=1I
IBZ=ZBtI*11-iZB[II"ZHIIvllI*GCl!fll—XClIvZIIIIXC(II—XC{I*lll
ELZ=IXC[I*ZI—XC|I~1!I=IZETAlI*1.JI—lBIIf1}l/llETAII*Z.J!—ZEZ-ZETA
LEI+1lsJdVeZ8(I+1l)) .
ASWTDE=XC(I+1)=-EL2

WRITE{WR 630 1XSHTOE

FORMATL® S.wW. TOE LOCATED AT X = *4el5.T)
IF(ELZ.LT.IXCtNSHTDE*lI-XCINSNTDEIlIGO TO 631
BS{NSHTOE.JI=35lNSHTGE*1'JI¢t1.-IICINSHTDE*1}—ICINSHTOEIl/ELZl
BFINSHTOE.JJ=3FtNSHTDE.JI—BSINSﬂTOE.J]

KSATOE=I-1

KSINSWTCE)I=KSSINSHTQEI =140ES

CONTINUE

IFINFRTOELEQ.CIGO TO 635

D &40 I=LeNE
IF(thfIle—ZETAIIoJIl-LE-D.ZS-#ND.IHFII*l:J)—IETAtI'lvdll.GT..ZSI
1GD TO 645 ¥

COMTINUE

NFUTDE=1

KF{NFWTOEI=1.0E-8
ZBZ=IETA!I*1.JI—IZETAtI'JI-ZETAII°1'J11313CIltll—XCl!OZII/IXCIII-
LACII+1} ]}
EL2=IXCiI*Zl-XCIIOlll*lHFII*l-JI-IETl(I*l.JlI/{HFII’ZoJl—ZBZ-HFlI'
114J)+ZETALL+1 201

XEWTOE=ZXCINFWTICE+1)-EL2

WAITEIWR 6501 XFwTQE

FORMATI®* F.W. TOE LOCATED AT X =*3EL5.T)

DO &10 I=LleNN

IF{ITER .GE-ITEFPMXIGO TO &10
IF(#BSIERROR[{III-GT.TCL.GR.ASSIERRORZtIil.GT.IGLIGO TQ %0
CUONTINUE

MRITE(WR11T5)VJLITER

33



34

IECITER GELITERMXIWRITE (WR41185)
TFINSHTOEGTOIWRITSIWR 630 I XSWTOE

1175 FORMAT{® SOLUTION OATAINED aT J =%,[343Xe"IN*¢I3s’ ITERATIONS. "]
IF[NFUTOC.GTLJIWRITEIHWR 650 1 XFHTOE

1185 FORMAT{® {TERATIONSy ITER = MAX. SPECIFIEDs ITERMX®)

GU TO 2%
53u FORMAT(® ERRGR IN GEL3s TER = *+I5) ¢
C QUTPUT OF RESULTS .

1000 READIRDsL120016T10¢ I I=1NN)
1120 FORMAT(4DIL1)

DO 90C I=lsMH

IFLIQIIIN.EQ.01GO TQ 900

WRITE(HR, 112511
1125 FORMATI(/,"00UTPUT AT NODE*[5+/%

WRITEIWR s 11303 {JyHF{ I 1) s d=1sJMAX])

ARITE(WRs L1335 LI HS LT d v =1 e dHAK]

WRITE(HR L1403 (JyBF{T+2)s =1y JMAX)

WRITE(WRs L1551 0350 Led)sJd=1eJHaX]

HRITE{NR'llTBI(JOIETAtItJloJ=1'JHAx|
1130 FORMAT{'JPIEZOMETRIC AEAD OF FRESH KWATERe HF o/

LIGEZ2X e[ 2y LX+FT+3)} .
1135 FORMATI*OPIEZOMETRIC HEAD OF SALT WATERs HS *+/ i

L1901 2XeI2¢1XsFBakl}] i C
L1400 FORMATI'OTHICKNESS OF FRESH WATER LENS"/’lGlZX![ZiIXvFTcZ)I i C
1155 FORMATI*QTHICKNESS GF SALT WATER LENS "o/ ¢ 112X L1241 XsFT2 01
1178 FOAMATI'*ODREPTH OF INTERFACE ABOVE MSL®e/s LCI2X4I291XsFT22})
20C CONTINUE

HRETE(WR 22001

00 910 I=1l+NN i
910 NRITEIHvaZ#IlvHFII'JHAXl.HSIIcJHaXIqEFleJHAKI;BS(I:JHAX! |
2200 FORMAT('O AQUIFER CONDITIONS AT TIME J = JMAX®) y
sTQap §
END
c GELCQ&TO
SUBRDUTINE GELB (R 4AgMello MUDsHLD +MA4EPS,LER] GELOOGLEQ
c N GELOC&70Q c
c ; ¥ GELOATOO c
DIMENSION RIMI4ALRAI GELOCTLO
DGUBLE PRECISION A+R+TB.PIV GELUOT20 ¢
C TEST ON WRONG INPUT PARAMETERS GELQN T30 C
IF(MLD)4T w14l GELOOT4GC
1 IF{HUDI4Tv242 GELCOTSO
2 MC=1 +MLD *+MUD GELOOTGO
[EAMC*»L=M=M])3 43¢t GELOQTTO
C GELOOT8Q
C PREPARE INTEGER PARAMETERS GELOOTI0
o MC=NUMBER OF COLUMNS TN MATRIX A GELGOBGD
c HUsHUMBER OF IERQS TO 8E INSERTED IN FIRST ROW OF MATRIX A GELOOB10
[ ML=NUMBER OF MISSING ELEMENTS IN LAST ROW OF MATARIX A GELOO3 20
C MR=INOEX OF LAST ROW IN MATRIX A WITH MC ELEMENTS GELON330
c MZ=TOTAL NUMBER OF ZERJS TO BE INSEATED IN HATRIX A GELCOB40
C MA=TOTAL NUMAER OF STORAGE LOCATIDNS NECESSARY FOR MATRIX A GELDOO8S50




R B i

CAw

alaNsl

[alal an

WV

L |

10

11
12
13

14

15

s

NHaNUMBER f}Ff ELEMENTS IN MATRIX A
IFIMC-HM15:50%
MC=M
MU=MC=-MyD-1
ML=HC-MLD-1
MA=M=ML
MEIz(MUS(HU+LY)/2
MATMBHC~(MLELML+11Y) /2
NH=N=M
DIMENSION R{M}IsAL[MA)

MGYE ELEMENTS BACKWARDO AND SEARCH FOR ABSQLUTELY GREATEST ELEMENT

i W 4

[NOT KECESSARY IN CASE OF A MATRIX WITHOUT LOWER CODTAGONALS)

IER=0

PIV=0.
IFtYLDIi4s1G46
JJ=MA

J=HA=-M2

KST=J

DD 9 K=1eKST
Th=alJ)
ALJL)=TB
TB=DABS(T3)
IF(TE=PIVIB:+84T
Plv=T18

J=J-1

Ja=JJ-1

INSERT ZEROS IN FIRST MU ROWS INOT NECESSARY IM CASE.ﬁZ=Ol

IF(HZIIi4avsl4+10
Jr=1

J=HI+1
IC=1+MUD

DO 13 I=1l.MV
00, L2 K=1eHC
AlLJS)=0a
IFIK-ICI11y12,12
AtdJI=A1])
J=J+l

NELANES
1C=IC+1

GENERATE TEST VALUE FOR SINGULARITY
TOL=EPS*PIY¥Y

START ODECOMPOSITION LOOP
K5Tal

T10ST=K{

IC=MC-1

DO 38 K=1l4M
IF{K-ME=1)16+16¢l5
UDST=ID8T~1

ID=IDST

ILR=K+MLD
IFUILA-MI18,18e17

35

GELQOBAC
GELODATO
GELOOABD
GELOQB 9D
GEL0D900
GELOC910
GELOC920
CELDO930
GELOO940
GELACISD
GELDO940
GELDOITO
GELDCG9EO
GELC0990
GEL.ALCOO
$ELO1010
GELQ102C
GELG1G30
GELO1040
GELD1050
GELOLGS0
GELOOTO
GELOIOB0
GELO1090
GELO100
GELOQLL10
GELOL1120
GELO1130
GELO1140
GELOL1150
GELOL160
GELOLLTO
GELOLLBOD
GELJ1190
GELI1200
GELJ1210
GELO1220
GELOL1230D
GELOL 240
GELO1250
Gelol 260
GELG1270
GELD1280
GELO1290
GELO1310
GELO122D
GELO1330
GELG1340
CELO1350
GELOL360
GELO1370
GELO1380
GELD1 390
GELU140D



36

\7
18

19

20

22

23
24
25
26

27

28

29

ac
3

-

PIVOT SEARCH IN FIRST COLUMMIROW INDEXES FROM [=X TQ [=[LR}

Piv=0.

DO 22 1=X.ILR
TB=0ARSCA(IL?}
IFITB=-PIV1I2Z0+20417%
PIv=Y8

J=I

JJ=11
IFII-MR)22+22,21
I0=10-1

II=(I+ID

TEST ON SINGULARITY
IFIPIVI&T»4T+23
IFIIER) 26924426
IFIPIV-TOL)25¢25+26
IER=K~1
PIV=1l./A401J])

PIVOY ROW REDUCTION
10=J-K

00 27 T=KsNMsM
LI=E+]D
TR=PIVSRIII)
RILL}I=RILI}

RiI1=Ta

PIVOT TOW REDUCTION
II=KST

J=Ja+1C

00 28 I=JJ»Jd
Te=PIv=ail)
AlLK=ALID)

ATIII=TB

II=1]~1

ELEMENT RECUCTION
IF{K=TILR)29+34,34
10=KST

1t=K*l

HU=KSTel
MZI=KST+IC

D3 33 I=II.ILR

IN MATRIX A
I0=1D+MC
JJ=[=-MR-1
IFEJJI3L+31,30
I0=1D-JJ
Pliv=-ALLDI
J=10+1

AND ROW INTERCHANGE [N RIGHT HAND SIDE R

AND ROM INTERCHANGE IN COEFFICIENT MATRIX A

GELOLA10
GELO1420
GELN1430
GELOL44Q
GELO1450
GELD 1460
GELO14TO
GELOL%8C
GELO14%0
GELO1500
GELDL1510
GELOLS520
GELOL1530
GELO1540
GELQ155C
GELO1560
GELO15TQ
GELO1580
GELO1530
GELO15600
GELUL610
GELOLS20
GELULle30
GELO15640
GELGL&S50
GELOL &S0
GELO16T0
GELD1580
GELD14690
GELO1700
GELOLT1O
GELOLT20
GELO1720
GELO17%0
GELOLTS0
GELD1TA0
GELO1T70
GELO1TBC
GELGL790
GELOLBOQ
GELOlB10
GELO1820
GELG1830
GELO1840
GELOLB50
GELO1360
GELO13T0
GELO1880
GELO1830
GELO190C0
GELOLl91¢
GELO1920
GELOL9MO
GELOL 940
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inNalalyl

InEalal

32

a3
34
35

a7
is

39

40
51

42

L
45

47

00 12 Ji=MuU.MI
ATJ-l1=alJ)ePIvzatgdl
Jd=Je1

AlJ=-11=0.

IN MATAIX R

J=K

00 33 JU=1«NMeM
RIJII=RIEJIV+PIVYSR LI
J=JeM

KST=KSTeNL
IFLILR-MR) Y6y 35435
IC=1C-1

ID=K=MR
IFLID)IB438,37
KST=KS5T~ID

CONTINUE

END DF DECOMPOSITION LOOP

BACK SUBSTITUTION
IFIMC~1)45445+439
IC=2
KST=MA+ML-MC+2
II=M

DD &5 I=2+M
KS5T=KST-M[
II=11-%

J=II-HMR
IFLI14) +4]1 +40
KST=KS5T+J

DO 43 Ja]Jl«NMWH
TB=R1J)
HZ=K5T+I[{=-2

10=J

0O 42 JJ=K5T+MZ
I0=1ID+1
Ta=TB-ALJJISRLID)
RU{JI=TB
IF{IC-MCYab 445445
IC=]C+1

CONTINUE

RETURN

EAROR RETURN

IER=-1
RETURN
END

37

GELO1950
GELOL9&0
GELOL980

- GELD1990

GELOZ0OO0
GELG2C10
6ZL02020
GELO2030
GELO2Z2C40
GEZLO20%0
GELD2060
GELO2Z2GCTO
GELOZUBY
GELO20%0
GELOZ100
GELG2110
GELOZ1 20
GELO2130
GELO214D
GELQ2140
GELU2150
GELOZ1&0
GELGZLTO
GELO2130
Gel02190
GELO2200
GELO220
GELOZ220D
GELO2230
GELO2240
GELO2250
GzL02260
GEL22270
GELQ2280
GELGZ300
GELOZ310
GELO2320
GELOZ330
GELCZ340
GELOZ350
GELO2360
GELGZ3TO
GELOZ38D
GELO 2290
GELO2390
GELQ2400
GELO2410
GELO2420
GELO2430
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APPENDIX D
Sample Problems
The input and output for two different problems are given. The
first problem is that of an équifer with a uniform recharge and a fresh

water lens over the salt water. The results of this example are plotted

in figure 1. The second example is that of a confined aquifer with a

fresh water discharge flowing inte the aquifer at the left-hand end

and the ocean on the right-hand end. This situation is identical to that

shown in figure 2.




DATA FOR SAMPLE PROGRAM

AQUIFEP WITH UNIFJRM RECHARGE aAND A FRESH WATER LENS OVER SALT WATER

39

NOOGGO00I1111111111222222222233333333324444444604455555555535060006064666TTTTITTTTTR
123456T7890123450T85012345578901234557895123456T7890123654789012345678901234567890

Z1 20 0
1 -22000.
3 -20000.
3 -17:00.
4 ~15300.
5 ~13500.
& -120Q0.
7 ~15500.
8 -910C.
9 ~-T80C.
10 ~64600.
11 ~5500.
lZ ‘4500.
13 -3500.
14 =-2800.
15 -2100.
16 =1500.
17  -1000.
18 =400.
19  =300.
20 =100
21 0.
1 .01
2 .01
a 01
& -G1L
5 .01
5 =01
7 .01
8 .01
g .01
10 -0l
11 .01
12 .0L
13 «01
14 -01
15 .01
16 <01
17 =01
18 .01
19 =01
20 .01
16 10 0
+C.8650000E+05
2 2 3
0. o.
0. 0.
0. 0w

0. 0-

~50C .
-600 .
-600 -
=500 .
=400 .
~600.
-6GC0.
=500
-600.
-600.
=600.
=400 .
"600 -
=500,
-6C0 -
-600.
-300.
—600.
—600.
-500.
_600 -
.01025
-21025
-01025
-01C2%
«-Cl025
01625
LCLC25
«Q1525
«01025
01625
«01025
«01C25
«C1025
201025
«Gl025
«01C25
L01025
L01C25
«01025
»01025
v
1.0
1

0.
C.
0.

OO COoOQAOOOI0COo0D0anoo
WL G L L W W W W W e b

=003

o-
0.
0.
0.

0.
0.
0.
0.



40

0.

0.

0.0GC0o00L
0.0000001
0.0206001
0.00N2001
0.0000001
0.000GCO1L
¢ .00C0001L
0 .-000o0al
o.cniool
0.020C001
0.0000001
0.0C0C001
¢.060C001
2.0000001
¢ .000C001
0.000C001
0.020C001
0.000C001
G.0000001
0.0500001
0 .C20G001
0.0000001
G0.00CC001
¢.Co0G00L
0.0300001
0.0602001
0.0C0L00T
£.0C00001
C.-00Q¢00l
0.-0D0CCOo1
0.0006001
0.00CC001
0.Qoocoal
0.050C001
0 .0000001
€ .0G00001
0.000C00L1
0.0C0C001
C .0000001L
£0.00000G1

3

6 10

0.
0.
Q.
o.
0.
Q.

1

Q.
0.
0.00G2001
0.00000G1
0.000CC0O1
0.0000001
0.000000C1
C.0G00001
0.oogoCat
0.C0000Q01
0.0000001
0.0Q000G1
0.0000001
0.000CC01
0.0000001
6.0000001
0.0000001
q-0000001
0.000Q0001
0.0000001
0.0G04001
0.G000C01
0.0000001
0.C002001
0.0Q0C001
0.0CC0001
0.00G00RA1
g.0000001
0-0G00001
0.0000001
0.0000001
0.00QC001
0.000001
0.000G0a1
0.000C001L
c.focogcal
0.00000J1
0.C0QC201
0.-.0400031
0.0Q000Q01
0.00CU00L
0.C0000G1

15
0.
0.
C.
0.
0.
Q.
10.87
17.82
10.59
10.35
I0.04
9.468
9.26
8.80C
8.300
T.T60
T-19
6.590
5.960
5.31
G.63
4040
3.240
2.550
1.800
1-040
0.203
1

0.

C.

0.00C0001
0.0000001
0.00CO001
0.0000001
0 .0000001
0.0000001
0.0G00001
0.000G001
0.00C0001
0.000C001
©.0000001
0.0005001
0.0000001
r.000CC01
0.0000001
0.000C001
.00CO001
Cc.Co0C001
0.0000001
0.0GCCC0L
c.000C0O01L
0.0000001
0.0000001
0.03C0001
0.0000001
0.00GCQA01
0.0000091
0.000C001
0.0000001
0.0000001
0.0002001
0.0000001
0.0000021%
0.000C001
0D .000C0o01
0.0000001
p.0000001
0.0000001
0.0000001
0.000C0G1

0.
0.
0.
0.
Q.
a.
0.000
0.000
0.000
0.000Q
0.000
0.000
0.000
0.000
0.000
0.204
0.000
0.000
« 000
000
«000
«000

a.

.

0.C0C0col
0.0000001
C.7G0CN01
¢.0000001
p.2000C01L
0.000G001
0.0000001
0.0005C01
0.0000001
0.200C001
0.0000801
0.0000C01
0.0300001
C.0000001
o.0Co0cool
0.0000001
0.0002001
0.0000001
0.0G00001
0.0000001
0.2000001
0.9600001
0 .0000001
0.0GC0001
0.0000001L
0.00CCTOL
0.23000001
0.000G001L
0.006o001
0.0G00C0o1
0.0000CQ1
0.0000C0L
0.0000C01
0.0GCoCol
0-0005001
0.000Q001L
0.0000001
¢.020J001
0.0500001
0.0000001

0.
Q.
0.
C.
0.
0.
446.00
Gt .00
£34.00
424.00
412.00
397.00
380.90C
361.00
340.00
318.00
295.090
210.00
264.00
218.0
190.9
162.0
133.0
22.0
73.0
42.00
8.570

o.

C.

0.0000C01
0.000C021
0.0060001
0.0000001
0.000G001L
0.0000COt
G .0000001
0.C00G001
0.000C001
0.0000031
0.0000001
0.0006C01
0.600C0a1
0.0000G01
0.000C031
0.0000001
¢.00NCO01
0.0000031
G .0000001
0.000000}
0.0000001
0.00C0001
£.0006GC21
0.0G00001
0.00C09201
0.0000001
00000001
0.00c0021
0.00C3001
0.0000001
0.0003001
0.00C0C01
0.00009221
0.0600001
0.0000001
0.0C00201
0.0000001
$.0000001
0.0000001
0.0000001

0.

0.

0.

00

O.

O.
156.0
156.0

1656.0

176.0
188.0
203.00
220.00
239.00
2460.0
232.00
305.0
330.00
356.0
332.0
410.0
4&38.0
467.0
508.0
527.0
558.0
591.40

OC

0.

0.0000001
0.000C001
¢.0000C01
©.0003001
0.0000001%
0.00023001
0.0000C01
0.GG0o0001
0.0000001
C.0000CG1E
0.0000001
.-.000CP01
0.0000001
0.0000001
0.000C001
0.0000001
0.Cc000001
0.CooonNgo1
0.0C00001%
0.0000001
0.7000001
0.000C001
0.00900C01L
¢.0000001
c.coeccol
0.0000001
Cc.cooocol
0.0000001
0.0000001L
0.0Q0uC0L
0.0000001
¢.0000001
c.conanal
c.-0000001
0.0000001
0.Co00201
¢.0ooocol
0.Go00Co
0.0000001
o0.0000001

O.
0.
C.
D.
Q.
0.

0.

Q.

0.0000001
0.0000001
0.04grooot
0.0000001
0.C0C0u001
0.0000001
0.000C0001
c.00035001
0.0000001
0.0000001
0.0000001L
0.0000001
c.0sC0001
¢.00C0001
0.0000031
0.C0o00001
0.0300001
€.0000001
0.C000C01
o.c000001
0.000000]
¢.0000001
0.0200001
D.0000001
0.0200001
0.000G001
0.06C00701
0.0000001
0.00C0001
0.0000001
0.0000001
0.00C0001L
0.C000001
0.0000001
c.0Cc00001
5 .0000001
¢.Ca0cool
0.00C0001
0.0000001
0.0000001

0.
0.
0.0000001
¢.03¢c0001
©.0000001
0.00000061
0.0000001
0.C000001
0.0000001
0.0000001
0.0000001
0.0000N01L
0.0000001
0.0000601
0.0000001
0.0000001
0.coococl
0.0000001
0.0000001
0.0000001
0.0000001
0.0000701
0.0000001
0.0004001
0.0000001
0.0C00001
0.0000001
0.000C001
0.0000001
0.0000001
¢.0000001
0.C0000001
0.0009001
¢.0000001
0.0000001
0.0000001%
0.0000001
¢.0000001
0.000Q001
0.C000001
0.0000001
0.0000001

Q.
Q.
0.
0.
Q.
Q.




OQutput of Sample Problem 1.

ONE-DIMENSIONAL SaLY WaATER INTRUSION MODEL

N0- OF NDDESE 21
mMODE X-COCROINATE
1 -22000.0C
2 ~2N00%.00
3 =171CC .00
% -1530C.00
5 -L340C.00
& -1200G .00
T -1¢50G.C0
8 -910C .00
9 =T80G.00
10 -6600 .00

211 -550C.00
12 =£500.00
13 -34600.00
le ~Z2AC0 .00
15 -2100.00
16 =1500.C0
17 -1000.00
13 +&0G .00
19 -30C .30
20 =-10G .00
21 Q.0
ELEMENT F. Wa PERM.
1 0.01300
2 GD1GOG
3 G.a1500
L3 g.21000
5 Q.01000
23 0.01000
T 0.010C0
A G.01000
9 0.01000
10 0.01000
11 0.01000
12 C.01000
13 C.u1000
14 0.J1c0a
15 G.01000
16 0.21000
17 0.GLO00
18 0.0100C
i9 Q0.01000
Z0 0.21009

NO, OF ELEM.=

BECQ ELEVATIDON

-600.00
-600.00
-600.00
-440.00
=-&60C.00
~6GC.00
-607.00
-40G3.00
-600.00
-500.00
-600,.00
-&00.00
-600.00
-600.00
-600.00
-600.00
~&0C.70
-600,00
~600.00
-500.00
-600.70

S« We PERM.

0.Glg2s5000
0.01025C0G0
0.31025730
0.C1Q250G0
0.51G25000
0.31025006
0.01Q25CG0
Q.21025020
G.01025000
0.010250¢C0
0.01025000
0.010250G0
g.Gloz25000
0.01025700Q
0.01625000
C.01025200
¢.G1025000
0.01625000
0.01025%0CC
0.01025000

20 RLONF=

POROSITY

Q.29969595
0.29999995
0.29999995
Q.29999995
N.29999995%
0.29999995
N.29999995
0.29999955
0.29999995
0.29999995
0.29999995
0.29999995
0.29999995
N.2993999%
0.29999995%5
n.29939995
0.299999%95
N.29999995
0.29999995
0.29999995

41
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FWBCLl = 2 SWacl= 2 F

Fad DISCH. SPEC. AT LEFT HaND £
1 0.0 2 0.0 3

C.0 ] .0 9 C.0 1
11 Q.L 12 0.0 i3

SW DISCH. SPEC. 8T RIGHT HAND
1 .0 2 0.0 3

2.0 R g.n 9 0.0 1
11 J.0 12 0-0 13

tW HEAD SPEC. AT RIGHT HAWND EN
1 n.g Z 0.0 3

0.0 ] c.0 9 0.0 1
11 0.0 12 0.0 13

TIME INTERVAL 0T =
Max, NO. OF TIME ITERATIONS. J
FRACTION = 0.0G500

QECHARGE AS A FUNLCTION OF TIME
ELEMENT T = 1

1 0.0000001 2 0.0000001
C.0000Q01 « 7 (0.000C501 8

% 0.0300991 10 0.,00C0201
0.CON00GL 15 0.2000001 16
ELEMENT [ = .

1 0.0ocooel 2 G.0oOgool
C.0000001 T C.000C001L q

g 0.0000021 10 C.0002GoL
n,.00060C1 15 G.000C001 16
ELEMENT [ = 3

1 9.09¢0001 2 0.0000001
C.060GO0CL T 0.0000001 8

9 2.0000001 1G 0.0000001
0.0900001 15 0.000C001 16

SLEHENT [ = 4

1 D0.0NC001L 2 0.0000001

0.000Q001 T 0..000C00L 8
9 0.0000001 10 C.0000001

0.0000001 15 G.000GO01 16

ELEMENT I = 5§ %

2 0.0000001
G.GOGrool 8

1 0.6000001
C.0000001 7

9 C.0Q00001 10 Q.0000001
C.000Q001 15 0.0000001 16
ELEMENT | = -]

I 0.0900Q071 2 C.0CG000G1

Q.0C00001 T 0.000C001 g

9 0.600CCOL1 10 ©.0000001
C.00CJ0Q1 IS5 0.000C001 186
ELEMENT I = 7

1 0¢.0000001 2 ©0.0000001

J.G000G001 g
10 0Q.0GC0001

0 .0co0001 T
¥ dO.0C00001

C.0000001 15 ©.0000001 1&
ELEMENT [ = a

1 0.0000001 2 0.0000001
0.00020001 T 0.000G001 8

9 0.0000001 19 0Q.0Q00001
0 .00NQ00Y 15 0.000C001 1lé&
ELEHENT [ = 9

1  G.0000001 2 0.0000001
0.2000001 T 0.00000Q01 a

9 0.070000! 10 0.0900C01
C.0000001 1% 0.0000001 1lb

wBCH= 3 SWBL M=
ND

2.0 5 Q0.0
n G0

0.C L% C.0
EMD

0.0 4 Q.0
o] 0.0

0.0 14 0.0
0

0.0 4 0.0
o] 0.0

0.0 14 0.0

0.B8640Q00CE 05

HAX = 16

3 0.00090G01
C.00GG0QL

11 0.0000001
0.0000001

3 (.0000001
. .3003C01

11 0.06G6Ca01
C..2CA0001

3 2.0000001L
€ .0G00001

i1 0.0000001
£.9000001

3 G.00G0001
¢.0Goocol

11 G&.0Q00001
¢.000uN0L

3 0.005900Q1
G.0G0CQ01L

11 ¢.0000001
2.C000001

3 0.0050001
0.00G0001

il 0.09G0001
0.0000041

3 0.0000001
0.00C0CO1

11 J.0000001
¢.00C00U01

3 0.00G0001
0.000C001

11 6.9000001
0.00000Q1

3 0.0000001
0.0006001

i1 0.0000001
£.200GC01

[ ¥4

12

12

12

12

12

12

12

12

15

15

15 0.0

WEIGHTING FACTOR
TOLERANCE

0.0QCoCal

C.Cog0Ccol

0.0000031

g.Ccgoocal

¢.N000001

0.NG00001

0.C000001

0.0000041

0.0Q00001

g.0000001

0.0000001

0.0000001

0.0000C01L

C.0Q00C01

¢.0000001

0.Cac0001

0.0000001

¢.0000C01

T S ——
.3 c.0 T
1d 0.0

[ .0 7
1¥- c.0

& c.0 T
16 Cc.0
THETA = 1.00

ON CONVERGENCE AS A

13

13

13

13

13

L3

13

13

13

0.070G001

¢.0000001

0.G400001

0.QC30001

0.00G0001

0.6000001L

0.3090091

Q.0C000001

0.000C001

0.000000L

J.00Q0J01

0.J9C00G01

0.0000001

0.0000GCO01

0.3000001

0.000C001

0.0C00001

0.0C00001

[

L4

&

1%

]

14

14

14

14

14

l&

14




ELEMENT I = 10

1 0.0040001 2 0.0000001
0.0Cc00001 T o0.o000C001 8
? 0.0000001 10 0.0000001

0.0pno00l 15 0.00008001 16

ELEMENT I = 11

1 G-Lo0coCl 2 D.0Ooconol
¢.000o00l T G.GLOGCOOL 8
9 $.000C0N1 10 C.00CO001

0.9400001 15 J2.0000001 18

ELERMENT I = 12

1 oO.popC0R1 2 0.00G0001
C.0co0001 7 0.0000001 a
% 0.0000001 10 c.eoc00cl

£.00n0001 15 L.ocoCcool 1s
ELEHENT T = 13
1 0.00DC0N1 2 0.00CuQ0]
C.Cdo000l 7 0.G0ooCoCl 8
? 0.0200001 1¢ ¢€.00C00G1
0.0c00001 15 0.0GoC001 16

ELEMENT 1 = 14

1 G.oco0001 2 0.00000G1
0.coC0001 T 0.0000001 a
9 0.000000% ¢ ¢€.Cc000001

¢.000G001 15 92.0000001 16

ELEMENT I = 1S

1 0.07200001 2 0.0000001
L.0Do0001 7 0.00GGC0O01 8
9 0.0000DC1 10 C.00D0QO0L

C.0O00D001 15 D.000CC01 16

ELEMENT T = 1&

1 0.6000001 2 0.00C0001
0-0000001 T 0.00G00OD1 a
? 0.0000001 10 C.00C0001

C.0000001 15 C.0000001 16

ELEMENT T = 17

1 0.0000001 2 0.03C0001
C.0000001 T D.0006001 8
% C.QILCDC1 10 C-0G0QOC1

0.0000061 15 0.003000L 16

ELEMENT | = 8

1 0.00c00D) 2 0.00050G1
C.GLN0001 T J-006G001 B

¢ 0.0000001 10 ¢.0000001
N.OO0CO01 15 0.0000001 16
ELEMENT 1 = 1%

1 0.00G0001 2 £.0000001

0.000C001 a
10 0.00C0CCI

0.0030001 16

C.0000001 7
9 o0.00000C1
¢.0000001 15
ELEMENT 1 = 20
1 &.00000C1L
C.00C0001 T 4.0000001 a
9 0.0000001 10 0.0000001
0.0000001 1% GC.000C001 15

2 C.0003001

PUMP AT NODE -3

3

0.0040001

0.oo00CC1

1t

0.0000001

0.00GoCOl

k)

G.-00000Cc]

0.0000001

11

V.0000001

0.00000G1

3

0.0000001

C.0000C01

11

0.00300D1

C.oc0a00]

a

0.000000]

0.060C001

11

0.000000])

L.0000001

3

G.00090001

0.0000001

11

0.0000001

¢.0000001

3

0.0000001

0.5G00001

11

0.C000001

0.0000001

3

0.00G000]1

0.0000001

1l

J-0000001

0.000CQ01

3

0.3050001

£.0GG5001

11

0.00G0001

0.0600001

3

0.0000001

11

0.0000001
5

0.0000Q01L

0.0000C01

3

6-0000001

0.COC0C0DL

11

0.000C001

0.000C001

3

0.0000001

0.0000001

11

C.0C0000])

0.0CcCo00!L

FLOW RATE AS & FUNCTION OF TIME

1 0.0 2 0.0 2
8.0 7 0.0 8 0.0

9 0.0 10 0.0 1t
0.0 15 0.0 16 0.0
PUMF AT NODE 10
FLOW RATE AS A FUNCTION OF TIME

1 ¢.0 2 0.0 3
0.0 7 0.0 8 0.0

9 0.0 10 0.0 11
c.0 15 0.0 16 0.0

0.0

0.0

0.0

0.0

12

12

12

12

12

12

12

12

12

12

12

12

¥4

Cc.coQoo0]

0.000000%

C-GOOOOO]

0.000QCc00

0.00C0oC01

C.0000001

N.000CCO1

C.000G001
&

0.0G00001

o.0000001

C.Co00001

0.0000C01

Cc.C000001

C.0000001

0.0000001

c.0000001

c.poCoCcol

0.0000001

0.0000C01

0.C0G00G1

0.0000001

0.0000001

13

13

13

13

13

13

13

13

13

13

12

43

0.C000301

0.aC00001

0.0C00901

0.0000001

0.0000G601

0.0000001

0.000000C1

0.0000001

0.000000]1

G.0C0000)

0.0CO0001

D.uCGoocl

0.0000001

0.0000G01

Q.0C00001

D.0oCc00001

0.0C00001

0.0000001

0.0CG000)

0.0000601

Q.0CDo0D1

0.0C00001

[

14

14

1e

14

14

14

14

14

14

14

14

14

14



b4

PUMP AT NOOE 15
FLON RATE AS A& FUNCTION OF TIHE

Q

[ ]

1 0.0 z €.0 3 0.0 4 0.0 5
0 7 0.0 g C€.0
9 0.0 10 0.0 11 0.0 12 0.0 13
4] 1% 0.0 146 0.0
THITTaL CONDITIONS
NODE WUMBER F.W. HEaAD S.W. HEAD F.wW. THICKMESS S.Wa THICKNESS
1 10 .AT .0 &466 .00 154.00
iIC A2 0.0 HhH4 .00 156 .00
3 10.59 C.0 434.00 156.00
4 10.35 0.0 £24.00 176.00
3 10 .04 C.0 412.00 183.00
& 9.468 C.0 197,00 203.00
7 9.26 c.0 380.00 220.00
B 8.80 r.0 341.00 239.00
9 8.30 0.0 340.00 260.00
10 T.76 0.0 3168.00 282.00
11 7419 c.0 295.00 195 .00
12 6.59 £.0 270.00 330.00
13 5.96 G.0 244.00 356.00
14 5.31 C.0 218.00 382.00
15 fab3 0.0 19C 00 410,00
16 404 ¢.0 162 .00 438.00
17 3.24 c.0 133.00 467.00
11 2.55 c.0 92.00 508.00
19 1.80 0.0 73.00 527.00
20 1.04 0.0 42 .00 558.00
zZ1l 0.20 0.0 8.5T7 591.40
TIME STEP = 2 ITERATION ND. = 1
TIME STEP = 2 ITERATION ND. = 2
TIME STEP = 2 {TERATION NO. = 3
SOLUTIGCN OBTAINED AT = 2 IN 3 [TERATIONS.
TIME STEP = 3 {TERATIDH NO. = 1
TIHE STEP = 3 ITERATION ND. = 2
SOLUTION OATAINED AT J = 3 IN 2 ITERATIONS.
TIME STEP = & ITERATION HO. = 1
TIME STEP = 4 ITERATION NO. = 2
SOLUTION OBTAINED AT J = & IN 2 ITERATIONS.
TIME STEP = S [TERLTIONM NO. = 1
SOLUTION OBTAINED AT J = 5 IN 1 ITERATIONS.
TIrE STEP = & 7 ITERATION NQ. = 1
SOLUTION OBTAINEO AT J = & IN 1 ITERATIONS.
Timc STEP = T fTERATION NQa. = 1
SOLUTION OBTAINED AT J = 7  IN L ITERATIONS.
TIME STEP = 8 ITERATEON NO. = 1
SOLUTION OBTAINED AT = 8 IN 1 ITERATIONMS.
TIME STEP = 9 ITERATION NO. = t
SOLUTION OBTAINED AT J = 9 IN 1 ITERATIONS.
TI“E STEP = 10 {TERATLON NO. = 1
SOLUTION OBTAINED AT = 10 IN 1 ITERATIONS.
TIME STEP = 11l ITERATION NQ. = H
SOLUTION OBTAINED AT J = 11 IN 1 TTERATIONS.
TImE STEP = 12 ITERATION NO. = 1
SOLUTION OBTA{NED AT 4 = 12 IN 1 ITERATIONS.
TIME STEP = 13 ITERAT[ON HO, = 1
SOLUTION OBTAINED AT J = 13 IN I ITERATIONS.
TIME STEP = 14 ITERATIDN NO. = t
SOLUTION OBTAINED AT J = 1& IN 1 ITERATIONS.
TIME STEP = 15 ITERATION NO. = L
SQLUTION OBRTA{NED AT J = 15 IN 1 ITERATIONS.
TIME STEP = 16 ITERATION NO. = i
SOLUTION OBTAINED AT J = t& IN 1 ITERATIONS.

0-0

1%




QUTPUT AT NDOE 1
PIEIOHMETRIC HEAD OF FRESH WATER., HF
1 1c.870 2 10.9861 3 1T.974 4
774 8 1C.977 3 10.971 10 10.980
11 1C.985 12 10.976 13 10.773 14
PIEIQMETRIL HEAD OF SALT WATER. HS
1 0.0 2 ¢.0D8d8 3 0.1017 &
017 8 0.1748 g 0.0991 10 GC.1C77
11 0.1128 12 ©0.1036 13 0.1204 14

THICKNESS OF FRESH WATER LENS
1 44&.00 2 434,89 3

90 8  434.90 9 434.89
11 434.50 (2 43%.89 13

434.50 4
10 434.90
435.89 1%

THICKNESS OF SALT WATER LENS

1 154.000 2 176.C071 3 176.073 4
078 84 1T6.280 % 176.081 10D 176.083
L3 1716.086 14

11 17&.084 12 176.085

DEPTH OF INTERFACE ABOVE MSL

1 —-4523.93 2 —423.93 3 =423.93 4
=92 8 -+23.92 9 «423.92 10 -423.%2

11 -423.92 12 —423.91 13 -423.91 14
CUTPUT AT NODE 5
PIEZOMETRIC HEAD OF FAESH WATER, HF

1 10.3%0 2 10.123 3 10.134% &
133 8§ 10.136 g 10.13t 1D 10.13%9

11 19.143 12 10.135 13 1C.132 14
PIEZOMETRIL HEAD OF SALT WATERs HS

1 Q.0 2 w.2806 3 0.9915 &
G5 8 0.06931 9 0.0883 10 G.0957

11 0.1002 12 0Q.0922 13 (0.08389 14
THICKRESS OF FRESH J4ATER LENS

1 412.00 2 4Cil.06%9 3 401.70 &
«71 8 401.71 9 401.71 10 501.72

11 4N1.73 12 401.72 13 &Cl.72 14

THICKNESS OF SaALY WATER LENS

I 188.C0Q0 2 209.437 ) 208.435 4
225 8 200.422 9 208.%19 10 208.418
11 20B8.416 12 208.41l% 13 208.412 1%

DEPTH OF INTERFACE ABOVE MSL

1 =391.5%& 2 -3921.546 3 =391.57 4
58 8 -3191.58 9 ~-391.58 10 -391.58
11 =391.58 12 =391.59 13 -391.59 14

10.975%

10.976

0.1025

0.3i0235

£34.90

434.89

176.074

176.088

=523.93

—423.91

10.133

I0.135

0.0%407

0.0921

“0L.TC

401.73

208.432

208.4510

~391.57

-391.59

15

15

15

is

15

10.976

10.978

0.1C0%0

0.1054

434.90

434.89

‘\
176.075

176.090

~423.92

-423.91

10,135

10.1237

0.0924%

0.0936

4C1.T1

01.73

208.429

208 .408

—391.57

-1391.59

16

16

16

16

16

16

16

lb

16

L&

45

10.980 T 10,
10.981
0.1073 T 0.1
Q0.1084%
434,90 T 434
434.89
176.077 T 176,
1L76.G21
—4R23.92 T =423
-423.91
10.138 T 140.
10.140
Q.0949 7 0.0
0.0962
©0l.71 T &0l
401.73
208.427 T 204.
208.407
-391.57 T =391
-391.59
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QUTPUT AT NAODE 10

PLEZOMETRIC HEAD OF FRESH WATER, nFf
1 T.T4C 2 1.809 3 7.815 4
ats -] T7.816 9 T.8L4 10 7.818
11 T«.320 12 T-81&6 13 T«.815 14

PIEZOMETRIC HEAD GOF SALT WATER. HS
! 0.0 2 Ga.0%32 3 0.G539 L

534 8 0.05464 9 0.0521 10 0.U559
11 2.56%82 12 0.3541 13 0.G%25 14

THICKMNMESS GF FRESH WATER LENS
t 318.G0 2 315.45 3 310.486 &
4T 8 310.47 9 3047 10 310.48
11 31J.%8 12 310.43 L3 310.48 14

THICKNESS OF SALT WATER LENS
1 z82.000 2 297.3548 3 29T7.355 4
346 8 297.3¢3 9 297T.341 10 297.339
11 297.337 12 297.335 13 297.3331 14

DEPTH OF IMTERFACE AB0VE HMSL
1 -302.64 2 ~302.5% 1 -302.6% 4
55 8 -302.88 9 ~3C2.66 10 -302.86
11 ~302.466 12 =-302.,56T7 13 -322.567T 14

OuTPUT AT NODE | ]

PIEIOMETRIC HEAD OF FRESH WATER, HF
-1 4.630 2 445653 3 44558 &
645 a b bbHT 3 G.666 10 4.56568
11 Gehd9 12 fabH68 13 5.668 14

PIEIOMETRIC HEAD GF SALT WATER, HS
1 0.0 2 0.0175 3 ¢.0181 4
150 B 0.0151 9 0.0139 10 0.0149
11 0.0155% 12 0.01%0 13 0.0134 1%

THICKMESS OF FRESH WATER LENS
1 190.00 2 1RS.44 3 185.62 &
01 8 184.06 9 i8s.10 to iBs.l3
11 186.16 12 18&.18 13 186.19 14

THICKMESS UF SALT WATER LENS
1 410.000 2 4l9.212 3 419.042 &
&58 8 4l8.407 T 418.56T7 10 418.536
11 418.511 12 418.472 13 418.478 1%

DEPTH QF INTERFACE ABOVE MSL
«34 3 -181.39 9 ~18Ll.43 10 -181l.46
11 =181.49 12 -181.51 13 -181.52 14

T.815

7.816

QL0534

0.0541

31046

310 .48

297.353

297.332

-3GZ.05

-302.67

46561

4.5669

0.0149

G.0139

185.73%

186.20

418.908

418.4567

~181.09

=1B1.53

5

15

15

15

15

15

T.B16

T.817

Ca0543

040545

310467

310.49

297T.35Q

29T.330

-302.565

=302.67

ba663

& 5569

Q01565

0.0139

185.86

186.21

419.804%

HlL8.458

-181.20

~181le5%

-]

L6

l&

16

-3

16

16

15

16

T.817

7.818

0.0554%

J.0%561

I10.4T

310.49

297241

2737.328

=302.65

-302.67

4.&65

4.870

Q.Gl62

Q.0144

i35.94

186.22

“lB.722

418.452

-181.29

-181.5%

Te

310

297,

-302

L

186

418.

-181




ODUTPUT AT NODE 20

PIEIOMETRIC HEAD OF FRESH WATER., HF

1 1.040 2 1.C46 3 1.049 4
657 9 1.C58 9 1.05a8 10 1.059
11 1.J60 12 1.060 13 1.0680 14

PIEZQOMETRIC HEAD OF SALT WATERs HS

1 9.0 2 G.0018 3 0.0915 4
ol 8 0.0Cl0 9 0.5C09 19 0.0009
11 ©.CNG9 12 0.0C38 13 0.0006 L4

THICKNESS OF FRESH WATER LENS

1 42.00 2 41.77 3 41.91 4
24 8 42.28 9 42.30 10 42,33
1! 42,35 12 42.36 13 42.38 14

THICKNESS OF SALT WATER LENS

1 558.300 2 559,277 3 559.135 &
819 S 558.783 9 5%8.755 10 558.732

11 558.7t3 12 556.69T7 13 598.683 14
DEPTH OF INTERFACE ABOVE mSL

1 -%0.5%6 2 -40.72 3 -%0.86 4
18 8 —4l.22 9 ~41.25 10 =61.27

11 ~%1.29 12 =41.30 13 -4l.32 14

QUTPUT AT NODE 2t

S{EIDMETRIC HEAD OF FRESH WATER,s HF

1 G.233 2 C+.207 3 3.210 4
214 8 0.214 9 0.215 10 0.215
11 0.215 12 0.215 13 G.216 14

PIEIOMETRIC MEAD OF SALT WATERs HS

I 0C.0 2 9.0 . 3 0.0 4
8 0.0 9 QJ0 10 Q.9
il 0.0 I2 0.0 13 @.0 14
THICKNESS OF FRESH WaTER LENS
1 8457 2 B.30 3 8.39 &4
«55 8 B.5T 9 8.59 10 8.60
11 .61 12 8.62 13 8.63 14

THICKKESS OF SaLT WATER LENS

1 591.400 2 591.910¢ 3 591.819 4
[-3-7.] 8 S9l.654 9 591.&628 L0 $91.515

11 591.60& 12 591.597 13 591.590 14
DEPTH DOF INTERFACE ABOVE M5t .

I =-T.92 Z -8.09 3 -8.18 4
=33 8 ~8.36 9 -8.37 10 ~8.319

Il -8.40 12 -0.40 13 ~8.41 14

1.052

1.061

0.0013

G.0008

42.03

%2439

559.02%

558.670

=-40.98

-&] .33

0.211

0.216

591.7%9

591.584%

~8.2%

-2

S 1aCSi
15 1.061
5 0.0013
15 G.0CoB
5 h2el2
’\
15 42+40
5 558.935
15 558.457
5 '41.0?
15 -=41.34
5 ~0.212
15 0.216
5 0.0
15 0.0
S .09
LS B.b%
5 591.72&
15 591.579
b 8,27
15 -B.42

16

16

16

-3

16

lo

lo

L&

16

&

1.G56

L.Cs1

0.0012

0.0008

42.19

42.42

55B.868

558,545

-41.%3

~31.35

591.693

591.574%

-B.31

—B.43

I T P

47
7 1.
T 0.0
T w2
T 558
T =41
7 C.
7 0.0
T B
T 591
T -8

com s A
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DATA FOR SAMPLE PROALEHM 2 2.

CONFINED AQUIFER WITH A CONSTANT FRESH WATSR DI1SCHARGES
COOCO00O0 L1111 EL11L222222222233333333335444404450444455595555555066540666606TTTTTTTTTITE
121456T890123456T590L234567890123456T8901234567890123456T890L23454678301234567890

21 20 1
1 —22000. "300.
2 =-20000. ~300.
3 -171Q00. -3Q0.
& =15300. ~300.
5 -13400C. -302.
b -1200Q0. -30Q.
1 =10500. =300.
B -2100Q. -30.
k) -7TA00. -30C.
10 =6500. -300.
11 -5500. -300.
12 =450C. -300.
13 -35600. -300.
14 -2800. =-300.
15 -2100. -300.
| 4] =-1500. -300.
Ly -100Q4Q. -300.
la -600. -300a.
19 -300. -300.
20 =100. - =303.
21 O- =300 .
1 01 -0000001L c.3
«01 « 0000001 0.3
3 201 «0C00041 C.3
4 <0 «0000001 C.3
5. Q1 -000G001 0.3
& 01 -0000001L 0.3
7 «01 - 0000C01 .3
8 «01 - 0000001 0.3
9 «01 « 000001 0.3
10 .01 00000401 N3
il 01 .00Q00C01 0.3
12 -0l -01025 0.3
12 <01 -01025 0.3
14 «01 -01025 0.3
15 01 -0102% 0.3
16 01 «01025 Q.32
17 «01 -Drozs 0.3
ia «01 «01025 Q0.3
19 <01 -C1C25 0.3
20 «O1 «31025 0.3
16 1a 11 o
+0.1036800E+081.0 «005
2 2z 3 1
0.0022 g.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.c022
0.0C22 0.0022 0.0022 0.0022 0.0022 c.0022 0.0022 0.0022
0' 0- 0. 0- 09 0- 0. Ot
0. U= [« ]9 Da Q. 00 D O.




O.

c.
0.
0.
0.

-
QD@

11

Pt it por om gt et g e P
SR @~ W

(Y]
-

10 15

e et e = B B et i P =P o 7w

0.

Ol' .

0.

0.

0'

0.
299.75
299.75
299.75
299.75
299.7%
299.75
299.75
299.75
299.7%
299.7%
299.75
27TT.90
248.50

219.3

190.0

160.86

133.0

92.0

73.0

42.00

8.570

0-
0.
00
0.
0.
Q.
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Cutput of Sample Problem #2.

INE~OIMENSIONAL S4LT WATER INTRUSION HODEL

NO. OF NODES= 21 NO. OF ELEM.= 20 NCONF=
NUDE A=-COOROINATE BED ELEVATION
1 —22GN40.C0 ~-300.00
2 -2C010.00 -300.00
3 -17103.00 -1300.0G
& ~15300.00 =-300.00
5 -13600.00 -3G6¢.00
& -12006.00 -300.00
7 -in50Cc.Go -300.00
a -910G.00 -300.00
9 -7805.00 -1360.00
1c -5600.0C -300.02
1t -5500.30 -30C.00
12 -4500.00 -300.00
13 -360G.G0 ~300.00
14 -2300.00 -30C.00
15 -2100.30C -300.00
le -150C .30 ~-300.00
17 -1Q0C.00 -300.00
18 -600.00 -301.00
19 -300.00 -316¢.00
2c -105.00 -30¢.00
21 Gals -300.00
ELEMENT F. W. PERM. S. W. PERM. POROSITY
1 0.01009 0.000709210 0.29999995
F4 0.010C0 c.ccoogole "0.29999995
3 0.G1900 C.000Cou10 C.+299999595
4 0.31000 Ge.c00Co0L0 0.29599995
S C.01300 Cc.0CoCQnLe C.299%9995
6 0.31000 0.00000010 0.29999995
7 Q.01C00 0.0G000CL0 0.29999995
8 ¢.J1000 0.0000031C 0.29999995
9 0.31009 0.000GaNL0 0.29999995
G.01000 0.00000%10 0.29999995
0.a1G00 0.L000021C 0.29999995
G.01G00 J.01025060 d.29999995
0.31000 0.010253G0 0.29999995
0.01200 C.u10250G0 C.29999995
0.01000 0.01G259C0 0.29999995
C.01G00 0.01025200 0.29999995
0.01000 0.01025300 C.29999995
0.31000 0.01025900 029999995
0.3L000 G.01025000 0.29999995
0.01000 0.01025000 0.29999995




p‘_‘“ I - S

51

FrBLYl = 2 swBll=x 2 FRafn= 3 SWBCH= 1

Fv DISCH. SPEC. AT LEFT HAND END
1 0Q.0022 2 D.0C22 3 0.0022 4 0Da.0022 5 Q.9r22 6 0.0r22 7T 0.0

cz2 8 Q.0n22 g 0.0022 10 0.0022
11 0.0822 12 0.0022 13 Q.0322 14 GQ.0022 15 0.0C22 16 0.0n22

Sd DISCH. SPEC. AT RIGHT HAnND END

1 Q.0 2z 0.0 3 L0 & 0.0 5 0.0 & C.0 T
3.0 8 c.0 ? 0.0 10 c.0
- 1 0.0 12 0.0 13 0.0 14 0.0 15 0.0 1& 0.0
SW HEAD SPEC. AT RIGHT HAND END
1 0.0 2 0.0 3 a.0 & 0.0 -] C.0 & c.0 7
C.0 a 0.0 9 c.0 10 0.0
11 .0 12 Cc.0 13 0.0 14 0.0 15 C.0 16 0
TIME INTERVAL OT = 0.103680CE 98 WEIGHTING FACTOR THESTA = [.00Q
MaX. MNO. QF TIME ITERATIONS, JMAX = 16 TCLERANCE ON CONVERGENCE AS A

FRACTION = 0.00500

RECHARGE AS A FUNETION OF TIME
ELEMENT I = 1

1 0.0 2 c.0 3 0.0 4 0.0 5 0.0 6
0.0 T 0.0 8 0.0
— 9 0.0 10 C.0 11 0.0 12 0.0 13 0.0 14
c.0 15 0.0 16 0.0
ELEMENT I = FJ
1 0.0 Z .0 3 0.0 4 C.0 .5 0.0 &
B 0.0 T O.CI a C.0
- _ 9 0.0 10 0.0 11 0.0 12 0.0 13 0.0 14
.0 *15 0.0 16 0.0
SLEMENT [ = 3
1 0.0 2 0.0 3 0.0 4 0.0 5 0.0 &
- 0.0 7 0.0 8 0.0
9 0.0 10 0.0 11 0.0 12 0.0 13 0.0 14
0.0 15 D0 16 ©.0
ELEMENT I = &
- 1 0.0 2 0.0 3 0.0 % 0.0 S 0.0 &
0.0 T 5.0 8 0.0
g 0.0 10 G.0 Il 0.0 12 0.0 13 0.0 14
0.0 15 0.0 186 0.0
ELEMENT I = 5
- 1 6.0 2 0.0 3 0.0 4 0.0 5 0.0 6
.0 T 0.0 8 0.0
? 0.0 10 C.0 11 0.0 12 6.0 13 0.0 14
€0 15 0.0 16 0.0 '
- ELEMENT I = &
1 0.0 2 0.0 3 0.0 5 0.0 5 0.0 &
C.0 T 0.0 8 0.0
9 0.0 10 0.0 11 0.0 12 C.0 13 0.0 14
0.0 15 0.0 16 0.0
- ELEMENT I = 7
1 G.0 2 0.0 3 0.0 4 0.0 5 0.0 &
c.0 7 0.0 8 0.0
9 0.0 10 c.0 11 0.0 12 0.0 13 0.0 14
- 0.0 15 0.0 16 0.0
ELEMENT [ = L]
1 G.0 2 0.0 3 0.0 4 0.0 5 0.0 &
0.0 T 0.0 8 0.0
9 0.0 10 C.0 11 0.0 12 0.0 13 0.0 14
- C.0 15 0.0 s 0.0
ELEMENT I = 9
I 0.0 2 0.0 3 0.0 & C.0 5 Q.0 &
0.0 T 0.0 a 0.0
— 2 0.0 1o C.0 11 0.0 12 0.0 13 0.0 14

c.0 15 2.0 16 0.0
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SLEMENT [ = O

1 Ca.0 2 0.0
~.0 T Q.0
9 0.0 1C C.D
0.0 15 2.0
ELEMENT T = L1
1 G.0 2 C.0
3.0 T 0«0
9 C.0 10 C.0
0.0 15 3-0
ELEMENT T = L2
1 0.C 2 C.0
0.0 T 0.0
9 0.0 10 0.0
0.0 15 2.0
ELEMENRT I = ‘13
1 ¢.0 2 0.0
fL.o 7 0.G
9 G.0 10 0.0
C.D 15 Q.0
ELEMENMT [ = 14
1 G¢-0 Z 0.0
C.q T 0.0
% 0.0 10 Cc.0
£.0 15 0.0
ELEMENT I = 15
1 0.0 2 0.0
g.c T J.0
9 0.6 1c ¢.,0
C.0 15 0.0
SLEMENT I = L&
1 6.0 2 0.0
0.0 T G0
9 0.0 10 0.0
0. 15 Q.0
ELEMERNT I = 17
1 0.0 2 0.0
C.0 T 0.4
.9 0.0 10 0.0
0.0 15 C.3d
ELEMENT [ = 18
1 0.0 - 2 GC.0
n.o 7% 0.0
9 0.0 10 0.0
C.0 15 9.0
ELEMENT I = 19
1 4.0 2 0.0
0.0 T 0.0
9 0.0 10 C.0
c.0 L5 £.0
ELEMENT [ = 20
1 2.0 2 0.0
0.0 7T 0.0
9 0.0 16 0.0
0.0 15 (a0
PUMP AT NOOE &
FLOA RATE AS A FUNCTION
1 0.0 2 0.0
C.0 T 0.0
9 0.0 10 0.0
0.0 15 0.0
PUHP AT MODE 10
FLOW HATE AS A FUNCTION
1 0.6 2 C.0
0.0 T 0.0°
9 0.0 10 0.0
0.0 1% 0.0

d r.C
L1

16 C.0
3

8 0.0
11

16 C.0
3

8 0.0
11

is Q.0
3

8 0.0
11

16 0.0
3

8 0.0
11

16 2.0
3

8 0.0
11

le 0.3
3

a4 0.0
11

15 GC.0Q

3

8 C.0

11

I&6 0.0

3

8 0.0

11

16 0.Q

1

8 0.0

11

15 0.0

3

a 0.0

i1

14 C.8
aF TIWE

3

8 0.0

il

14 0.0
OF TIME

3

8 cC.0

11

1s 0.0

Ga0

¢.0

12

12

12

12

12

12

12

12

12

12

12

12

0.0

0.0

0.0

‘C ol

13

13

i3

13

13

13

13

13

13

11

13

13

13

-0-0

Q.0

0.0

te

14

14

14

14

14

14

14

14

14

14

14

14




PUMP 4T HODE 15
FLOW RATE AS & FUNCTION OF TIME

1 G.0 2 0.0 3 0.0 % C.C
Q.0 T C.0 8 0.0

% 9.0 10 0.0 11 C.0 12 0.0 13
SaC 1% 0.0 16 G.3

INITIAL CONOITIONS
NODE MUMBER F.W. HEAD SeWa HEAD FoWs TAICKNESS S.W. THICANESS

1 20.04 0.0 259.75 D.25
2 18.54 .0 239.75 0.25
3 16.44 c.0 299.75% C.25
i 15.12 0.0 299.75 0.2%
5 13,87 0.0 299.75 0.25
& 12.69 G.0 299.75 0.25
7 11.59 0.0 299,75 0.25
8 10.56 0.0 29%.75 C.25
9 .60 G.0 299.75 0.25
11 1.98 L.0 299.75 0.25
12 T.08 0.0 277.90 22.10
13 6.30 0.0 24BR .80 51.40
14 5.54 C.0 219.30 8C.70
15 4,79 0.0 190.00 110.00
16 4,04 0.0 160 .60 139.40
17 3.24 0.0 133.00 167.00
18 2.55 0.0 92.00 238.00
19 1.80 2.0 73.00 227.00
20 1.04 c.0 42 .00 258.00
21 0.29 C.0 B.57 291 .40
Tise sTEP = 2 ITERATION KD. = 1

S.W. TOE LOCATED AT X = -C.5229191f G&

TIME STEP = 2 ITERATION ND. = 2

S.W. TDE LOCATED AT X = =0,5226313E 04

TI“E STEP = 2 ITERATION NO. = 3

S.W. TOE LOCATED AT X = =-0.5225457E C4

SOLUTION OSTAINED AT 4 = 2 IN 3 ITERATIQNS.

TIME SYEP = k) ITERATION NO. = 1 )

S.H. TOE LOCATED AT X = =~0.5235496E 04 t

TIME STEP = 3 ITERATION NO. = Fi

S.W. TOE LOCATED aT X = =-0.5235250F 06

SOLUTION OBTAINED AT 2 = 3 IN 2 ITERATIONS.

TIME STEP = 4 [TERATION NO. = 1

S.W. TOE LOCATED AT X = =0.523B&T&E 04

SOLUTION O9TAINED AT 2 = & IN 1 ITERATIONS.

T{ME STEP = 5 ITERATION NO. = L

S.H. TGE LOCATED AT X = ~C.5238564E 04

SOLUTION QOBTAINED AT 1 = S IN 1 ITERATIONS.

TIME STEP = & ITERATION NO. = 1

S+W. TOE LOCATED AT X = -0.%234532E 0%

TIME STEP = & [TEAATION NO. = 2

S.W. TOE LOCATED AT X = -0.5236781E 04

SOLUTLION OBTAINED AT J = & IN 2 IVERATIONS.

TIHE STaEpP = T ITERATION NO. = 1

S.H., TOE LOCATED 4T X = -0.5233578E 04

TIME STEP = 7 ITERATION NO. = 2

S«W. TOE LOCATED AT X = =0.%5233416£ 0%
SOLUTION QBTAINED AT J = T I 2 ITERATIONS.

TI®E STEP = a ITERATIOY NC. = 1
S.W. TOE LOCATED AT X = ~C.5230023F 0%

TIME STEP = 8 ITERATION NO. = 2
S.#. TOE LOCATED AT X = =0.5230264E 04
SOLUTION OBTAINED AT j = B IN 2 ITERATIONS.
TIME STEP = 9 ITERATION NO. = 1
Sa.W. TOc LOCATED AT X = -0.5224230€ 0%

TIME STEP = 9 [TERATION NO. = 2
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SeWe TOZ LOCATED AT %X = =0.52264%469€ 046
SOLUTION OBTAINED AT J = 9 IN
TIME STEP = 10 ITERATION NO.
S.W. TOE LOCATED AT % = =0,522241%E 04
TI4E STEP = 1D ITERATION KO,

S.W. TOE LOCATED AT X = -~0.5222641F Q4

2 ITERATIONS.
= 1l

= 2

2 [ TERATIONS.

SOLUTION OBTAINED AT J = 1@ IN

TIME STEP = 11 ITERATION NO. = i
SaW. TOE LOCATED AT X = ~0.52186480F 04

TIME STEP = 11 ITERATION NOa. = 2
S.W. TOE LOCATEQ AT X = =0.52189%95E 04

SOLUTION OBTAINED AT J = 11 IN
TIME STEP = 12 ITERATION NO.
S.W. TOE LOCATED AT X = =-0.%215137E 04
TIME STE? = 12 ITERATION NO.
S.W. TOE LOCATED AT X = =(0.5215324c 04
SOLUTION QBTAINED AT 4 = 12 IH
TIiME STEP = 12 [ITERATION NQOa
S.We TOE LDCATED AT X = =0.5211785E 0%
SOLUTION OBTAIMED AT J = 13 IN
TIME STEP = 14 ITERATION NO.
SeW. TOE LOCATED AT X = ~0Q.520851l2E 04
SOLUTION OBTAINED AT J = 14 IN
TIME ST = 19 ITERATION ND.
S.W. TOE LOCATED AT X = =0,5%20%4%2E 04
SOLUTION OBTAINED AT J = 195 IN
TIME STEP = 14 [TERATION NO.
S-"- TUE LUCATED AT X =
SOLUT1OMN QBTAINED AT g =

Lé IN

OUTPUT AT NODE 1

PIEIOMETRIC HEAD OF FRESH WATER, HMF

~C.5202738E O4
1 ITERATIONS.

2 ITERATIONS.
= L

= 2

2 [TERATIONS.

= L

1L [TERATIONS.

= i

1 ITERATIONS.

= i

1 ITERATIONS.

= 1

1 20.040 2 19.99& 3 19,997 4  20.Q06&
999 B 19.999 9 19.999 10 19.999
11 19.99% 12 19.999 1% 20.961 1l& 20.001
.
PIEIOMETRIC AEAD OF SALT WATER,s HS
1 G.0 2 ~0.0424 3 -0.0414 & ~0.0336
139 8 -0.0399 9 -0.0396 10 -0.0395
11 ~3.0394 12 =-0.0393 13 -0.0378 14 -0.0378
THICKNESS OF FRESH WATER LENS
1 299.715 2 299.7% 3 299.715 4 299475
75 B 299.75 9 299.75 10 299.75
L1 299.75 12 299.75 13 299.75 1& 299.7%
THICKNESS OF SALT WATER LENS
1 0.2%0 2 0.2%0 3 0.250 4 0.250
250 a 0.250 9 0.250 10 0.250
11 0.250 12 0.250 13 0.250 14 0.250
OEPTH OF INTERFACE ABOVE MSL
1 =T781.56 2 -299.7% 3 ~299,.7T5% & =299.T5
«T75 8 =299.75 9 -299.75 L0 -299.75
IL =299.75 12 -299.7% 13 -299.75 l4& -299.7%

5 20.004
15 20.001
5 -0.0352
15 -0.0379
5 299.75
L5 29%.75
5 g.2s50
15 0250
5 =299.75

15 =299.7%5

6 19.999
16 20.001
& =0.0402
16 -0.0379
& 299.75
14 299.75
& 0.250
16 0.250
& =299.73%
16 -299.75%

7

19.

=0.0

299

=299




OUTPUT AT NODE
PIEIOHETR]IC HEAD

1 13.870 2

13.83
12

536 3
11 13.834%

PIEIOMETRIC HEAD

5
OF FRESH WATER, HF
13.831 1 13.832 &
9 13.834 10 13.83%
L3.8234 13 13.836 1%
ODF SALT WATER. HS

1 0.0 2 -C.O37T 3 —0.03467 4
353 8 -0.0351 9 -0.0350 10 -0.0349
- 11 =-0.G348 12 -0.034T7 13 -D.0332 15

1 299.75 2
«75 8 299-75
11 299.75 12

1 0.250 Fd
250 -] 0.250
11 0.250 12

THICXNESS OF FRESH AATER LENS

THICKNESS OF SALT WATER LENS

299.T5 3 299.75 &
9 299.T5 10 299.75
299.75 13 299.75 14
0.250 3 0.25%0 4
9 0.250 10 0.250
0.250 13 D.250 1%

DEPTH OF INTERFACE ABOVE M3L

- 1 —540.93 2 =-299-T5 3 —299.T5 4
: L75 B —299.15 ¢ -299.75 10 -299.75
11 ~299.75 12 —=299.75 13 —299.75 14
_ OUTPUT AT NODE IO
PIEZOMEYRIC HEAD OF FRESH WATER, MF
1 8.720 2 B.69% 3 B.695 4
- 696 B B.696 9  B.696 10  B.697
- 11 B.697 12 B.697 13 B8.698 14
¥
PIEIOMNETRIC HEAD OF SALT WATERy HS
_ 1 0.C 2 -0.0252 3 -0.GZ4l - &
233 6 -0.0233 9 =-0.0234 1C =-0.0235
11 =0.0236 12 =0.0237 13 =0.0224 14
THICKNESS OF FRESH WATER LENS
- 1 299.75 2 299-75 3 299.75 %
275 B 299.75 9 299.T5 10 299.75
11 299.75 12 299.75% 13 299.75 14
_ THICKNESS OF SALT WATER LENS
1 0.250 2 0.250 3 0.250 &
250 B 0.250 9 _ 0.250 10 0.250
11 0.250 12 D0.250 13 1%

0.250

DEPTH OF INTERFACE ABQOVE MSL

1 ~-340.019 2 ~299.75 3 =299.75 4
«75 8 -299.75 9 -299.T5 10 -299.75
L1l =299.75 12 -299.75 13 -299.75 L&

e e L L L e W S PR

13.840 5 13.839 & 13.83%
13.836 1S5 13.8256 146 13.836
~0.0288 S -0.0305 & —-J.0355
~0.0332 15 -0.0333 |6 —-0.0333
299.75 5 299.75 & 299.75
299.73 15 299.75 16 299.75
.\

0.250 ] 0.250 6 0.250
0.250 15 0.250 16 N.250
—-299.75 5 «299.75 & -299.75
-299.75 1% -299.75 l& —-299.75
8.703 S B.701 6 B.696
8.598 15 B.&678 16 B.5698
-0.0163 5 -0.0181 & =0.0233
~0.0226 1% -0.0228 16 -0.0230
299.75 5 299.75 & 299.73
299.T5 15 299.75 16 299.75
0.250 S 0.250 & 0.250
Q0.250 15 0.250 18 0.250
-299.75 5 -299.75 6 ~-299.75
“299.75 15 =299.75 16 -299.75

55
7 13.
7 -0.0
T 299
7T 0.
7 ~299
7 a.
7 -0.0
T 299
T o.
T -299
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QUTPUT AT NODE 15

PIEZOMETRIC HEAD OF FRESH WATER. HF
1 Ha T30 2 4.84] 3 e840 i
360 a Ga.B41 9 %, 863 10 LhoBbb
11 u8b4 12 4.865 11 6,867 14

PLEZOMETRIC HEAD OF SALT WATERe HS
1 0.0 2 0.042T 3 0.0373 4

204 9 0.3J181 T 0.0t62 10 0.014%6
11 €.Q13% 12 0.3119 13 0Q.3l13 14

THAICKHESS OF FRESH WATER LENS
1 190.G0 2 l87.1é& 3 187.59 4
-T3 A 188.37 9 1B8.99 10 189.l10
11 189.19 12 189.2T7 13 189.3% 14

THICKNESS OF SaLT WATER LENS
1 110.000 2 112.838 3 1L2.412 %
274 8 111.128 9 111.6046 10 116G.3701L
11 110.911 12 110.T731 13 1i6.657 1=&

DJEPTH OF INTERFACE ARQOVE 4SL
1 -186.81 2 -18T7.16 } -147.59 %
73 8 -182.37 g -i88.99 IC ~-189.10
11 -189.19 12 -189.27 13 -189.3% 14

OUTPUT AT NODE 29

PIEZOMETRIC HEAD DF FRESH WATER ., MF
i 1.0>0 2 1.069 3 1.273 4
0ao a l.081 9 1.081 10 1.081
11 1.082 12 L.082 13 1.082 l4

PIEIOMETRIC HEAD OF SALT WATERs HS
I 0.0, 2 C.0024 } o0.goty 4
ooT 8 §.2006 9 0.0005 10 0.0005
11 5.0004 12 0.0C04 13 Q.0004 14

THICXHESS OF FRESH WATER LENS
1 42.00 2 41.58 3 41.79 4
«09 B 42.12 9 42.14 10 4216
11 $2.17 12 42.19 13 42.20 14

THICXNESS OF SALT WATER LENS
1 258.000 2 258.421 3 258.206 4
908 8 257.881 9 257.860 10 257.842
11 257.826 12 257.813 13 257.802 L4

DEPTH OF INTERFACE ABQVE MSL :
1 =-40.58 2 =4l.58 3 -41.79 &
«Q9 8  -42.12 T =42.1% 10 -%2.14
11 =42.17 12 =42.19 13 -42.20 1%

Hh.8%8

4.86T

Q.Gl62

C.0102

L183.01

149.41

L11.986

113.591

-188.01

18941

1.078

1.083

Q.0C14

0.0003

41.92

42.21

258.0a0.

2574791

-41.92

-42.21

s
L35

15

15

15

15

5

15

5
15

5

15

5

15

5

15

4.859

448468

0.0297

a.0092

188.33

18%a%7

111.5670

110.532

-188.32

~1B9.47

1.C78

1.C83

0.0011

0.Cc003

42.02

42.22

257.983

257781

-42.02

~42.227

.}

16

16

|§.2

L&

l&

&

14

1é&

16

l&

1s

4.858

4.868

C.0230

0.80812

188.5%

139.52

LLl.45C

L10.480

-L88.55

-189.52

1.G79

1.083

¢.0C08
0.0003

42.06

42.23

257.%44%

257.7723

=42.06

=52.23

T 188

T 111l

7 -188

T 257




QUTPUT AT NODE 21

PIEL{OMETRIC HEAD OF FRESH WATER. MF
1 0.203 F4 Ca.213 3 0.215 &
218 8 0.218 e 0.218 10 C.219
11 0.219 12 0.219 13 D.219 14

PIEZOMETRIC HMEAD OF SaLT WATERs HS

1 0.0 2 0.9 3 0.0 &
8 0.0 9 0.0 1€ Q.0
11 0.0 12 0.0 13 9.0 14
THICKMESS OF FRESH WATER LENS
1 8.57 2 8.31 3 8.39 4
- 5C a 8.51 9 8.52 10 8.53
11 8.53 12 §.54 13 8.54 14

THICKNESS OF SALT WATER LENS
1 291.400 2 291.4385 3 291.607 &
437 8 291.487 9 291.479 10 291.473
11 2914467 12 271.4562 13 271.460 14

DEPTH OF INTERFACE ABOVE MSL
1 -T.92 2 -8.31 3 -4.39 &
50 8 8451 9 -8.52 10 ~8.53
11 -8.53 12 -B.54 13 —-8.54 14

S 291.542

15 291.452

0.218

0.219

291.509

291 a4

- %

=-8,55

57
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