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ABSTRACT
:

The Prickett and Lonnquist two-dimensional groundwater model has been pro- i
grammed for the Apple IF minicomputer. Both leaky and nonleaky confined .
aquifers can be simulated, The model was adapted from the FORTRAN version of : ‘
Prickett and Lounguist, In the configuration presented here, the program requires
64 K bits of of menmory, Because of the large number of arrays used i the program,
and memory limitations of the Apple {1, the maximum grid size that can be used is
20 rows by 20 columns. [aput to the program is interactive, with prompting by the
compuler, Output consists of predicted head values at the row-column intersections

{irodey).
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PRICKETT AND LONNQUIST
AQUIFER SIMULATION PROGRAM
FOR THE APPLE Il MINICOMPUTER

INTRODUCTION

This report summarizes the use of the Prickett and
l.onnguist two-dimensional groundwater model,
which has been programmed for the Apple 1T mini-
compuler. Both leaky and nonleaky confined
aquifers can be simulated, The model was adapted
from the FORTRAN version of Prickett and
I,onnquist,1 Additional information on the model
and some advice on its use can be found in Refer-
ence 1. In the configuration presented here, the pro-
gram requires 64 K bits of memory, Because of the
lurge number of arrays used in the program, and
memory limitations of the Apple [, the maximum

grid sizc that can be used is 20 rows by 20 columns,
Input to the program is interactive, with prompting
by the computer. Qutput consisls of predicted bead
values at the row-column intersections (nodes).

Funding for this projeet was provided by the
l.ow-to-Moderate Temperature Rescrvoir Engi-
neering Program, Department of Energy, super-
vised at EG&G 1daho by Max R. Dolenc. Steve A,
Mizell of the Geosciences Branch, EG&G 1daho,
provided assistance in adapting the program Lo the
Apple 11 minicomputer.




NUMERICAL MODEL

On & microscopic scale, flow in a porous
medium  oceurs along tortuous paths through
various pore spaces, The direction and velocily of
flow through ecach pore can be different. For a
homogeneous medium, if direction and velocity
are averaged over increasing numbers of pores
(that is, over a larger volume of aquifer), a stable
cstimate of mean flow direction and velocity will
be obtained once a certain minithum aquiber
volume is exceeded.? This minimum aquifer
votume is termed the representative elemeatary
volume (REV). The minimum size of the REV will
depend on the size, shape, orientation, and pack-
ing of grains, There will be a maximum REV in
nonhomogeneous aguifers, where aquifer charac-
teristics change spatially, The node spacing in a
finite difference model must be selected so that
aquifer characteristics are adequalely represented.
In this adaptation of the Prickelt and Lonnguist
model, the limited number of nodes requires a
very coarse grid spacing when large arcas are to be
simulated. Thus, onty major nonhonogeneities in
aquifer properties can be represenied. Also,
because the model is a horizontal two-dimensional
model, vertical differences in aquifer character-
istics are averaged into a single aguiter parameler.

The cquations used in the numerical simulation
arc based on the principle of conservation of
mass. The mass of water leaving a nodal volume
must be equal to the amount of water entering,
plus or minus any changes in storage, plus or
minus any external additions or subtractions of
water (such as pumpage). This can be expressed by
Eqguation (1), with subscripts  referenced  to
Figure .

where
Q1 + Q3 = inflow 1o nodal volume
Oy + Q4 = out{low from nodal volume

Qg 2z addition to or subtraction
from storage

Qp = other changes in water
volume, such as pumpage
{-) or injection {+).

/ Node
Qp

R T T

. . A ..
i—1, 41 i+t i+
INEL 2 0110

Figure 1. Finite difference grid showing flow volume
relations.

For flow in the aquifer, Qq through 4, Darcy’s
law can be used to calculate the tlow volumes.
Darcy's law stales thal the discharge through a
unit width of aquifer is related to the ability of the
aquifer to transmit water (the transmissivity, 1),
and the change in head with distance.

.. h
Q = T=ray )
where
ah . .
il head gradient or rate of change of
‘ head (hy with distance (x)
Ay = width
Q = (discharge,

The transmissivity is the amount ol water that
can be passed through a unit width of aguifer
under a unit head gradient. It is related to the
hydraulic conductivity (K) by T — K = m, where
m is aquifer thickness. Therefore, the transmis-
sivily is a vertical average ol aquifer permeability,
and depenils on aquifer thickness.




Using Equation (2) to calculate Q| through Q4
in Equation (1) gives the following relationships.

Bigj~ "y

Q =Ty Y (3a)
Q= 1y - ) o
R TR KL e
Qp =Ty - axe (—h}-JT:”—]) : (3d)

The change in storage (Qg) is given by the
relation

where
S = ralio storage coefficient (volume/
volume}
t = time
h’i,j = head at node i,) at a previous time

given by t - At

External volume changes, such as from pump-
age, must be known explicitly, Other (s are
possible, such as from c¢vapotranspiration or
leakage, For explanation of how these parameters
are added to the modecl, refer to Reference 1,

Replacing the Q's in Equation (1) with Equa-
tioms (3a) through (3d} and (4) gives a finite dif-
ference approximation of flow through a porous
medium. An equation of the same form exists for
each node in the model, and these must be solved
simultancously to determine the head distribution
in the aguifer. This series of equations is solved
using an iterative alternating direction implicit
technique. |




VERIFICATION

Results generated by a nuinerical model must be
verified to assure that they are meaningful, This
adaptation of the Prickelt and Lonnguist model
was verified by comparing numerical solutions
from the model with analytical solutions. The con-
fipuration of the model used for verification iy
shown pictorially in Figure 2. Table 1 gives the
parameters input to the model. A single pumping

well was placed at the center of a grid of sufficient
size 10 assurce that boundary cftects would not
influence the calculations.

Analytical solutions for nouleaky conditions
were caleulated using Fauation (5) and hydrologic
parameters given in Table 1.

m Discharge = 1e 10° ft3/day

ﬁh—&‘—— L.and
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Figure 2.
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Sehematie of aquiter system used to validate the computer cade.




Table 1. Configuration of model for
validation runs

STEPS oo 10
COLUMNS ..o oo 15
ROWS ... o .. 19
DELTA T ..o 0. . (1.385
ERROR ... ... o 3

[HEAULT PARAMETERS

TRANSMSSYTY (.. ... . ... 1000
STORAGE ... ... .. SE-04
HEADS ... .. ... .o . .. 0
PUMPAGE ... 0
VERT COND ................ 27E-d
SOURCE BED ... ... .. ... 0
GRIBS oo 1000

VARIARBLE GRID SPACINGS

X SPACING Y SPACING

10000 10000
7500 7500
5000 5000
3000 3000
1000 1600

500 00
300 300
100 100
100 104)
HID 1060
100 160
300 300
500 500
1000 1000
3000 3600
S000 5000
7500 7500
1GO00 10000

LOCATIONS OF PUMPING WELLS

PUMPAGE COLUMN ROW

100000 it} 10

. — 243_.(2 log 2.25 1t )
| r2S
where
s = drawdown
Q = discharge of pumped well
T = t(ransmissivity
t = tine
r = distance from pumped well
S = storage coetticient.

The drawdown as a (unction of distance from
the pumped well after 10 days of pumping s
shown in Figure 3. Equation {§) is applicable to a
limited range of times and distances. At a given
distance [rom the pumped well, there is a
minimum time that must pass before the assump-
tions inherent in Eguation (5) arc valid. For
nonleaky artesian conditions, this time is given by
the relation

12533 2y

= Q
where
t = days
r = feet
T = ft2/day
S = a [lraction

and where the indicated units must be used for
consistency with the constant in the equation. For
g time ol 10 days, simulated drawdowns beyond
1263 ft will not be strictly comparable to values
given by Fguation (5), For greater distances and
leaky artesian conditions, analytical solutions
were  obtained wsing the Theis equation, as
described by ©ohman,3

Comparison of drawdowns from the analytical
and numerical solution methods for both time and
distance  drawdown  {Tables 2 and 3} show
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Figure 3. Plot of distance versus drawdown for nonteaky aquifer simulation after a time of 14 days.

reasonable apreement, Using straight-line plots
for nonleaky conditions (Figure 3y and type-curve
matching for leaky conditions (Figure 4), aquifer
paramceters were estimated Trom output of the
numerical simulations. For nonleaky conditions,
transmissivity was calculated from Figure 3 and
the equation

_— 23Q
L= 27 (As/Alog 1) O

and storage from

S—-2.25T-t—2 . (8)

r
Q

For leaky conditions, the points in Figure 4 were
matched to type curves piven by Lohman.3 Parts
of the curves for v = 0.02 and v = 0.05 are
shown. From this it was concluded that 0.03 was
the best estimate for v, The match point was
selected and the values shown in Figure 4 used 10
calculate aquifer purameters using

- Qo
T = m\’\ (u, r/b) (9

for transmissivity and

2
. AT .
5 =4T (_—lz’u) {1




Table 2. Comparison of analytical and numerical values for time-drawdown at a

distance of 100 ft

Drawdown

. dy
Time
(d) Analytical

Nonleaky

2.9 -56.9
3.8 -59.2
5.0 -61.3
6.4 -63.3
8.0 -65.1
10.0 -66.9
Leaky
1.4 -46.2
2.3 -47.6
3.6 -48.4
5.5 -48.7
8.2 -48 .8
10.0 -48.8

4. Percentape difference (s defined as:

Analytical - Numerical

Analytical - 100-

Table 3. Comparisan of analytical and numerical values for distance —drawdown at a

time of 10 days

Numerical

-50.4
-58.9
-01.3
-63.7
-66.0
-G8.2

-46.0
-47.9
-48.9
-49.3
-49.5
-49.5

Ditlerenced

(%)

1.0
1.6
0.0
0.7
-1.5
-2.0

b=
[ QN U P s B s S

Drawdown

(1)
Distance '
(fe) Analytical
Nonleaky

20.8 -91.8
100 -68.9
141 -61.4
200 -55.8
283 -50.3
300 -41.3
207 -35.8
1000 -30.3
Feaky

20.8 -73.8
100 -49.0
141 -43.6
200 -38.6
283 -32.3
500 -24.0
207 -18.9
1000 -14.2

Nurnerical

-93.3
-68.2
-61.5
-56.8
-51.1
-41.5
-35.6
-29.8

74.5
495
42.8
38.2
32.6
23.5
18,2
1322

Dillerence

(%)

1 1
:—;D:.“.‘:—»—-C:N-lw—-
A N s ] — — n

R ey
I

f]
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Figure 4. Comparison of simulated drawdown data at a distance of 200 f1 10 (he type curve for feaky aricsian

aquifers.

For storage. l.eakage was calculated from

K'/b" = 4T, (11)

2

r

Input and estimated values for transmissivity
{T), storage (S8), and vertical hydraulic conductiv-
ity (K’ /b ") are shown in Table 4, The parameters
calculated from the numerical solutions show very

close agrecment to Lransmissivity, storage cocffi-
cient, and leakage initially input to the model.

Simulation runs produce reasonably accurate
head distributions, Two factors that probably
contribute to the observed discrepancies are prob-
iemns in scaling aguifer coefficients for variahle
grid spacings, and numerically approximating the
solution to analytical equations, Because of the
relatively small grid size possible with the mini-
compuler, the model is best used for simulations
of small areas.




Table 4. Comparison of hydrologic parameters®

L ] Leaky o Nonleaky o |
T K'/b’ T ‘.
(t2/d) 5 _h (27 oS |
Model 1000 5. 1074 2.7 . 1074 1000 504
paramcter
Nunterical 1190 4.8 » 104 1e o4 1006 4.8 » 1074
solution

a.  Analyses [or leaky conditions were performed by type-curve matching and for nonleaky conditions by
the straight-line method,




PROGRAM USE

Input to the model is in two stages. The first
stage is for input of model parameters and defaunlt
hydrologic parameters. Defzult hydrologic param-
cters dare assigned to cach node, so that all nodes
have equal values of transmissivity, storage, efc.
The second stage of input is for modilying indi-
vidual parameters for a node or for subareas within
the medel, and for changing the grid spacing.

The units must be internally consistent for
proper use., LUinit combinations of gal/day/ft,
ft3/day/ft, m3/s/m, are all equally valid, ¥For
cxample, i transmissivity is given in n12/s, the
time increment must be in seconds and heads in
meters, Input variables in the following list are
labeled as Lo the unit combinations. The letters
symbolize: {—time (min, d};, L—Iength (Tt, m);
v—volume (gal, ft3, m3}.

The input variables, in order of appearance are:

1. Number of steps—The number of time
steps that are simulated by the model. The
time duration modeled is a funclion of the
time increment and the number of steps, At
least six time steps should precede the time
period for which head values are desired.
Large numbers of steps will require large
amounts of time; simulation of a 19x
19 grid required 0.5 h of real time per time
step.

2. Time increment {At}—"The lime increment
increases by a factor of 1.2 with each time
step. This results in more stable solutions
for early time steps and still alows later
time steps to sitnulate longer time periods.

3. Error check (I.)—The maximuam permis-
stble error for testing convergence. To
calculate this value, use:

lirror = {Q » AD/(10 « 5 « Ax = Ay)
where
3 = well discharge summed over all
nodes
At = lime ingcrement

6.

9,

10

. Grid

S = storage coefficient

Ax = geometric mean of largest and
smiallest x grid spacing

Ay = geometric mean of largest and

smallest y grid spacing.

Unils must be consislent to give error in
units of length,

Number of columns--mus! be =20.
Number of rows—must be =20.

Transmissivity, (v/t/L) or (L2/)—The
volume of water transported through unit
width of aquifer, per unit lime, under unit
hydraulic gradient. The program automati-
cally compensates for variable grid spac-
ings. Same value is used Tor both x and
y directions,

Slorage, (ratio) or (v/L3)~-—--Thc storage
coefficient with units depending on the
volume measurement system, If velume is
measured as i,3, then the ratio storage
coefficient is used. If volume is measured
as v {liters, gal) then the storage coeflicient
must be multiplied by the conversion factor
for v to 1.3, For example, 7.48 gal/ft? or
1000 liters/m3. The effects of grid spacing
are taken into account by the modet.

Heads (L}—The elevation of the
piezometric surface for the confined
aquifer relative to some arbitrary datum,

Pumpage, {v/1} or {L3/t)—Discharge from
(-+) or recharge to (-) a node. The rale is
held consiant throughout all time steps.

spacing  (1.)- Default  distance
between nodes if all distances are equat.

. Vertical conductivity, (v/t/L3) or (1/0)—

Volume of water transported through unit
area of confining bed, per unit time, under
unit head differential divided by the
thickness of the confining bed. The model




takes care of determining the volume of
leakage by adjusting for the grid spacing.

12. Source bed heads (L)} The elevation of
waler in the source bed, for leaky condi-
tions, relative to the same datum as the
piezometric surface.

The sceond stape of input to the model aliows
maodification of the default parameters, The pos-
sible changes are listed on the screen, and the
selection made by number. When no further
changes are desired, exit by typing zero, Modifica-
{ions to hydrologic parameters can be made either
to a range of nodes, or 10 a series of individual
nodes, By changing hydrologic parameter values
for certain nodes, recharge boundaries, constant
head boundaries, or highly transmissive fault
zones can be simulated.

The {inal alteration that can be made is to
change the grid spacing. This is done by eatering
tire distance between adjacent nodes, not the
widtit of the nodal arcas, The program will then
adjust the hydrologic parameters Tor the different
grid size. More detail can be obtained by placing
smaller grids near pumping wells and other arcas
where heads are changing rapidiy.

For extensive hydrologic variables (storage, vei-
tical conductivity), the nodal areas are caleulated
using arithnietic means. For intensive hydrologic
variables  {fransmuissivity), the adjusted nodal
values are calculated using harmonic means.d

For cquidimensional grids, the number of nodes
increases as the square of the number of rows (or
columns), and so the time required {or simulation
runs increases greatly with increasing grid sive, A
simulation of a 19 x 19 grid, Tor verification pur-
poses, required aboutl 4 b for 10 time steps.,

Appendix A is an example of the output from a
short simulation run of a 3 x 5 grid. The first page
is a printout of the default parameters. I variable
grid spacings or pumping wells are added, these
are also printed out, Nonleaky conditions ¢an be
simulated by setting the vertical conductivity to
zero. A listing of the hydrologic parameters {or
the nodes, corrected for grid spacing, can be
obtained as an option. The remaining cutput con-
sists of head values at the nodes for cach time step.

Appendix B contains 4 listing of the program.
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APPENDIX A

EXAMPLE PROGRAM QUTPUT

TEST WON-LEAKY AQUIFER MOREL

HODEL DESCRIPTION
STEPS. v
COLAUMHG . .
ROEHS e v v e s
DELTA Teon
ERROR. v

* LA RS

g

BEFAULT FARAHETERS
TRAMNGMESVTY 10000
HE?‘HS LI I 0
FURFALGE, v, @
VERT CONID. ¢
SOURCE BER O
GRIRS v e s 5000

LOCATIONS OF FUMPING WELLS

FUMFAGE COLUMN ROY
A0 1 H
AB000 1 2
2E0040 1 3
25000 1 4
25000 1 &

LAl




TRANSMISSIVITIY{CyRs L)

ROWS i 2 3 4
1 10000 10000 10000 10000
2 10660 10000 10000 10000
3 10000 10000 10000 190000
4 16000 10000 10000 10000
3 10000 10000 10000 10000
ROWS 3 b 7 3]
i 10000 0 0 0
2 10000 0 0 o
3 10000 0 0 Q
4 10000 0 0 O
6] 10000 0 0 0

TRANSHMISSIVITTIY{CsRs2

S

ROWS 1 2 3 4
1 10000 10000 10000 10000

2 10000 10000 10000 10000

3 10000 10000 10000 10000

4 10000 10000 10000 10000

5 10000 10000 10000 10000

ROWS 5 4 7 8

1 10000 0 0 0

2 10000 0 0 0

3 10000 0 0 0

4 10900 0 0 0

5 10000 0 0 0

STORAGE FACTORS

ROWS 1 2 3 4

1 12500 12500 12500 12500

2 12500 12500 12500 12500

3 12500 12500 12500 12500

4 12500 12500 12500 12500

5 12500 12500 12500 12500

ROUS 5 6 7 8 ;
! 12500 0 0 0 !
2 12500 0 0 0 |
3 12500 0 0 0 .
i 12500 0 0 0 !
5 12500 0 0 0 |

4]



STEF = |} TIdE

ROWS

LA T R

STEF = 1 TIME

ROWS

LH e ] P e

STEF = 2 TIHE

RGWSE

LR b Tl PO

BTIER = 2 TIHE

RS

N abee G B s

= ]

-1.31
-1.+31
-1.31%
"'1 oZl
-1, 31

t
ey

n

“002
)
—.02
» 32
_00:‘_

k3

1

-2 44
an o"’l"‘}'
-3, 44
—d+ 44
"";:.}'4"4

Lh

¥ ITER

it

# ITER

¥ ITER

3 ERROK = 1209178037
COLUMN RUMRERS

2 3

"!45 -_016

"‘045 _016

—v 45 -.16

~ 45 ~+16

T+ 5 ""'16

3 ERROR = ,120917802
COLUMN NUMEERS

& 7

0 O

0 &

0 0.

0 O

¢ O

= 3 ERROR = 0789722348
COLUMN NUMBERS

2 3

—l.lQ "‘049

"‘1‘12 ”"t“’g

"'1;14‘., _oé"?

~1.1%7 =49

"Iuj.:‘! —‘49

= 3 ERROR = Q789722348
COLUMK NUMBERS

& 7

¢ 0

0 0

Y &

0 &

0 ¢

_‘iOE‘
""'05
—;05
~ 03

_s06

jas]

SO D OO

b

|

- - - - -
MNP R BT R
AT I O B B

oo

DO Oo0
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APPENDIX B

PROGRAM LISTING

DIW HOZO0520 ) HO( 202035 SFU20520 )y BC 20520 35 TC 20,2052 ) s BCZ0 XG4 20 2y DL 20
p 20 Y UDECIG s KOFQ s Y203 DHO20, 20 ) N1 15 35 R1C 20,70 1o R2{ 205 20)
DIM GCCE0YsQRCBNIINE = QID0E = CHR$ {(4)1F2¢ = "NONE"
BATA "HEADRS" s " TRANS X"+ "TRANS Y"» "STORAGE" » "PUNFAGE" » “GRIDS" » "VERT
COMD" » "SOURCE HEAD"
FOR I = 1 TG 87 REALI WDHECIX NEXT IV BEF FN MO A)Y = INT ({A / 2 - INT
(AR /2 22 %2+ 0.5

nATA 23le 895510000y 00050y 3000:040
FOR I = 1 TO 12¢ READ NLICI ¥ NEXT TIVN = 1
HOOME ¢ UVTAR 47 HTAER 3! PRINT "=rx=ssscommommo=smzsoosmzsszazzms=xa==t b PRINT

Tﬁﬂ\ J)"FRICKETT AND LﬂNNGUIST THG-I MODEL" ! PRINYT TAR( 3 )'s=s=====

VTal 107 FFINT 1ﬁB( SIYCONTACT S.A. HIZELL OR L.C. HULL" 3} PRINT TAR(
GITIF THE GEOSCIENCES BRANCH FORY! FRINT  TAB( 3)"FURTHER DRETAILS ON
ITS USE"T VTAR 230 PRINT "PRESS <RTN> TO CONTINUE"! GET a4

HOHME + VTAR St FRINT "ENTER TITLE FOR PREOELEM.,."! PRINT | INPUT "":71

TLES
HOME | INVERSE | HTAR 3 FPRINT "DATA ENTRY" ! NORMAL 1 VTAR 1! HTAE 14
¢ PRINT ¥~ ENTER THE FOLLOWING" ! HTAR 147 FRINT "PARAMETERS AND"! HTAR

167 FRINTY "DEFAULT VALUES®

FRINT i1 = i¢ FRINT "NUMEER OF STEPS.. "iNI{133 WTAER Si HTAR 300 INFUT
"riMZE] GOSUR 4500 FPRINT "DELTA TIME..(T) "sHN1C2) UTAR & HYAER Z00 INPUY
PUSNEED GUBUR 455

PRINT "ERROR CHECK..(L} "sNI1C3Z)! VTAB 7! HTAHE 30! INFUT ""sN2%¢: GOSUR

4501 PRINT "MNUMBER COLUMNG (<=20) "inNiC4)1 VTAR 8! HTAE 30! INFUT ""%

NZ2%i GOSUR 450

FRINT "HUHMBER ROWS {<=20) "iNL(5)! UTAR 9t HTAR 307 INFUT ""iN24%! GOSUR

4307 FRINT "THANSHEEVTY. LW T/ "iNlC4s)D VTAR 10% HTAR 30! IWNPUT "
FM24 T GOSUR 450

PRINT "STORAGE. .. "3H1CF)1 UTAE 110 HTAE 30! INPUT ""iN2%! GOSUR 450!
FRIMT "HEADS,..(L)  "iNI{8)D UTak 127 HTAR 30! INPUT “V"3N2$! GOSUR 4

o0

FRINT "PUMFAGE. . (V¥ T "iNL(9 3 VTAR 133 HTAB 301 INFUT ""iN2$! LOSUB

4500 PRINT "GRID SPACING..(L) "iN1{10)}! VUTAR 14: HTAH 307 INFUT ""3N

241 GOSUE 450

FRIMT "VERT COMIL {UATAL3Y "iN1CE1 3 UTAR 153 HTAE 301 INFUT "“"iN2$! GOSUR

4508 PRINT "SOURCE HEADS... (L) "iN1C12)] VTAR 14! HTAE 303 INFUT ""j
NZED GRBUR 450

FRINT ¢ PRINT ! INFUT "MAKE AMY CHANGES 7 (Y/N).."i¥$! IF Y$ = "Y" THEN
100

HERE ! UTAR 10! HTAR 81 INVERSE ! PRINT “INITIALIZING ARRAYSY: NORMAL

HIT = NIC4IHR = MI{SDIXY = NI(10)OIS8S = NI(7YHH = N1{8)1RQ = NI(?)INTA
= HIC2IINS = NI{1MEIG = NICIHTF = NICA)IRP = NIC(11)iRH = Ni{12)
FOR I = 1 TO NG: FOR -J = 1 70 NRIT{I»Jsd) = RICANIT{I»dr»d) = NI{&DIISF
{123 = §5 % XY & XYIHO(IsJ) = HHIH(I»J) = HHIG(I»J) = QAIHL(T,J) = O
JOMTHE TJ ) = HHIRICTERJ) = RP & XY % XYVIRZ{IsJ) = RHt NEXT Jdsl
FOR T = 1 70 MC + 1:X¢I3 = N1Ci0) NEXT I!{ FOR J = 1 70 NR + 11Y{(J) =

MIC1OT NEXT J

HOME 3 UTAR 2t HTAER Zi¢ FPRINT DO YOU WISH TO CHANGE THE DEFAULT"! HTAR
2V FRINT “ValUES FOR ANY MORES?"! PRINT ! FRINT ¢ HTAB 4! FRINT "0...
MO CHANGES" ! PRIMT TAER( 4)"1...CHANGE HEADS"

2!




2340

249
250

2410
250
2650
250

300

310
320

A0

3413
350
340
3F0

380
359G

430

430

4370

£330

440

50
450
470
4810
453
300

531G
32 Q

HERY,
540

550
560
S70
8O
5P G
L1929,
631G
LAY,
630

FRINT  TARC 4)72.,,CHANGE Y TRANSMSSBVITY {T¢CsRy1 )" PRINT TARC 4)¢
Zv+ +CHANGE X TRANSHESVITY (T{CHyRsZ )"

FRINT TAR( 4)"4...CHANGE STORATIVITY"! PRINT TAR( 4)"%5..,CHANGE PUM
FING RATES"

FRINT TAE( 4)"4.,.CHANGE YERT CONDUCTIVITY": PRINT TAEC 4)°7...CHAN
GE SOURCE HEADS"

FRINT TAE{ 4)"8..,CHANSE BOTH X ANL Y TRANS"

FRINT | PRINT i MTAE 3! INPUT "ENTER NUMEER OF CHANGE..."iAl

IF Al = 0 THEN 650

HBME ! UTAE 5t HTAR 5! FRINT "CHANGE A RANGE OR SERIES 7"! HTAE 10! INPUT
TURAG)e N ENZED IF N2§ = "§" THEN 330

MOME ¢ PRINT “"ENTER NEW VALUES AND' LOCATIONS": PRINT TAR( &))" =RTN> T
D END"$ PFRINT ¢ FRINT TAK( Z)"ENTER UALUE FDR ";WI${A1)! UTAE &! HTAE
10¢ INFUT A3%: IF A3$ = "" THEN 220
b2 = VAL (A3EIIRE = 2

PRINT ¢ FRINT TAEC 3)"ENTER MINIMUM AND MAXIMUM CODRLINATES"! INPUT

" MIN COL "35Ct INFUT * MIN KOW "3GR? INPUT ° MAX COL "L
Gt OINPUT * MaX ROW "3LR: GOYD 340

HOME | PRINT TAB( S)"ENTER Oss TO END"! PRINT "COLs "3"ROW, *3i"VALUE
"i ERINT

INFUT LCsLRsAZ! IF LE = 0 THEN 220
50 = LCISK = LEIR4 = 8

(N A1 GOTO 370+380,3805400,41C,42054305440 |
FOR KO = 30 70 LEY FOR KR = SR TO LREIHO(KEsRR Y = AZ2IH{KC+KR) = AZIDH¢ |
KCeRR Y = A21 NEXT KRsKCI ON R4 GOTE 340,300
i = 411 IF A1 = 3 THEN M1 = 2

FOR KC = SC TG LC! FOR KR = SR 7@ LR!IT{RCsKR:Ii1) = A21 NEXT KRyKC! ON
R4 GOTO 3405300

FOR KG = SC TO Lt FGR KR = SR TO LRISFOKRERR)Y = A2 ¥ XY X XY! MNEXT K
Ryt ON R4 6GOTO 3405300

FOR KC = 5C TO LC! FOR KRR = SK TO0 LRIG{KCYKR) = A2INF = NP + 1!RC(HP)

= KCIGR{NF) = KRI NEXT KRyKCY ON R4 GOTO 349,300

FOR KGC = SC 78 LEY FOR KR = SR TO LRIRI{KCsKR) = A2 ¥ XY X XY! NEXT K
FsKE: ON R4 GOTO 340,300

FOR KC = B0 To LC! FOR KR = SR T8 LRIR2{KCsKR) = A2! NEXT KR>KC! ON R
4 GOTO 3405300

FOR KC = 5C 70 LCt FOR KR = SR T0 LR! FOR KK = 1 T0O 2ZiT{KCsKRsKK) = A
20 NEXT KKyKR«KC! ON R4 GOTO 3405300

TF 24 > "" THEN NI{I) = VAL (NZ2$)
I =1+ 17 RETURN

FEM SUBRDUTINE TO FRINT OUTFPUT ARRAYS

FR¥ 1! FRINT CHR¥ (% )3 "BON"

FOR KT = 1 TO NG STEP 4

FRINT "3TEF = "§i63" TIHE = "3sTIMES" # ITER = "FITER;" ERROK

= "5E

HTAR 351 FRINT "COLUMN NUHBERS™ D FRINT

FRINT "ROWS" s KTeRT + 12KT 4 2:KT + 31 FRINT

FoR I = 1 70 NCt FOR J = 1 TG NRI IF  ABRS {HH(Is.J) - H(Is.J)}) < 001 THEN

350
Tl = IHT (H{I«J) % 3EQ4XITE =  INT (H(Z»J) % 100,) % 100,01 IF ARS (7

Io— TZY » 50,0 THEM Ti = T1 + 109.
DIy = INT (T1 / 100) / 100,

NEXT JY I

FOR KI = 1 T NR

FRINT RIsDHORTyRID«BHIRT + 1RKIJsDHOKT 4+ 2:KI 3o DHORT 4+ 3»K1D

MEXT KRI :
FRINT CHR¥ (12) ]
MEXT KT

FRrRE O3 RETURN

FrEd END FRINT ROUTING
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6400
650

AL

870

48O
&P 0
Q0

PR
Py

730
741
7od
FEQD
ey
7840
79C
a0
814
8240
B3

B840

gno

B&O

870

830

gy 4

FO0

710
gaG

FED

240

Gl
F50
9ED

FEH  RESCALE AQUIFER COEFFICIENTS

HOWE 3 VTAR 531 HTAR 2! FPRINT "CHANGE GRID SFACINGS 7"! PRINT { HTAB S
POINPUT "ENTER Y OR Nos "5A247 IF AZ2% = "N" THEN 9290

HOME § PRINT "THERE ARE NC-3 DNISTANCES BETWEEN"! PRINT TAR( B)I'NC CO
LUMNG'D FOR I = 2 TO NG PRINT I - 13 TAK( 4¥5XCI): INFUT XX$! GOSUR
7200 NEXT IiX(1) = X{2XXINC + 1) = X(NG)

HOME ! FRINT “THERE ARE NR~1 DISTANCES HETWEEN"! PRINT TAR( B)Y"NR RO
W'D FOR J = 2 F0O NR! FRINT J - 15 TAR( 4)iY(J)! INFUT YY$! GOSUR 810
CONEXT JIY{1) = Y{2MY{(NR + 1) = Y{NR?

HOHE + YTAER 5! HTAE S! INPUT "MAKE ANY CHANGES 7 (Y/N) ;Y& IF Y4 =
¥' THEN 560
HOME ! VUTAR 82

HTAR S0 INVERSE | PRINT “SCALING AQUIFER COEFFICIENTS®
! NORHAL VN = 2
(

FOR I = 1 TJ0O NCY FOR J =1 TO NRIDX = (2 % X(I) % %I + 1)) 7 (X¢T)Y +
XCL 4+ 1Dy = (2 % YOIy ¥ YOFE + 1)) /2 CYedy 4+ Y(J + 1)

AX = CXCTY + XCT + 133 / 201RY = (YLJ)Y 4+ YOI + 1)y / 2,

SF{I«d) = (GFCIsd) X AX X AY) /¥ {XY ¥ XYDMRICI«J) = (RL(I+J) % AX X AY

Y /£ (XY ¥ XY)
T{Isdsl) = T{I»Jds1) % X /7 {Y
T{Ieds2) = T{LsJs2) & Y / (X
NEXT Js1%

2010 920

REM ENI RESCALING

REM  FRINT CGEFFICENT ARRAYS ANI HEALINGS

(3 4+ 10
(I + 1))

TF XX$ <0 > "" THEN X{I) = VAL {(XX%)
RETURN
IF YYs < > "" THEN Y(.J) = VAL {(YY$)
FRETURN

FPRE 11 PRINT LHR4 (9)3"80N"!1 FOR IT = 1 T80 21 PRINT | PRINT "TRANSHMI
SEIVITTY(CSR"3IT5" ) "1 PRINT

FOR KT = 1 TO NC STEF 41 PRINT | PRINT "ROWS"sKTeKT + 1sKT + 2/KT7 + 3

v FRINT

FOR KI = 1 70 MRV PRINT KIsT{KTsRISITI»T(KT + 1+KIsITIsTCKT 4+ 2,KIsIT

PoTORT + ZoRKI»ITH0 NEXT KILKT#IT

FRINT 1 FRINT "STORAGE FACTORS "i FRINT ! FOR KT = 1 TG NC STEF 4t PRINT
POFRINTY "ROWS" «KTyRKT + 1sKT + 29KT + 31 PRINT

FOR KI = 1 T0O NR? PRINT KIsSF{RTsRKIJsSF{KT 4+ 1+KI}rSF(KT 4 2+KI }vSF(K

T + 3sKI¥ NEXT KIsRT
S = 0,01 FOR I = 1 TO NC! FBR J = 1 TO NRISUM = SUM + RIi{I,J)7 NEXT

G100 IF SUH = 0.0 THEN %10

FRINT ! PRINT "VERTICLE CONDUCTIVITY "! PRINT ! FOR KT = t TO NC STEP

4% FRINT ! PRINT "ROUS" sKTsKT + 1»KT + Z+KT + 3! PRINT

FOR KI = 1 70 NR? FRINT RIsRICKTKID»RI{KT 4 1sKX)}yRICKY 4 2,KI)sRI(K

T 4+ BRI MNERT KIWRT

FRIMT CHR¢$ <120 FPR¥ 0! G070 930

HOHE ¢ UTaAk 51 BYAR 2! FRINT "FRINT OUT ARRAYS T"i1 VTAR 7! HTAER 13! INFUT
M{YANYL LT ENDZRD IF N2$ = YY" THEN 830

FRt 1! PRINT CHR% €F)i"BON"! PRINT | FRINT TAR{ i5)TITLE$! FRINT ! PRINT

TAR(Y 5)"MOUEL DESCRIPTION " PRINT TABC 10)"STEPS....» "#NST PRINY
TAR 10)"COLUMNS. .. "3NOC! PRINT  TAB( 10)'ROWS..esve  "iNRD PRINT TaARC
TORELYTA T.us  "3OTA
FRINT  TAR{ 10XERROR... e “FBIGY PRINT ¢ FPRINT TaR( S)I"IEFAULT PAR
AMETERS"! FRINT  TAR(C 10" TRANSHESVTY "sTT! PRINT TaAR(O 10}'STORAGE..
+  "#553 PRINT TAR(C 10 YHEADG,.... "3HH! PRINT TaAR( 10)'PUMPAGE...
"G
FRINT TaAR{ 10'VERT €£0ND., "3REF? PRINT TAR 10)"SOURCE BELx “3iKH
FRINT  TAED FOX'GRIDS. s "3XY!D IF UN = 1 THEN 100&
PRINT § PRINT TARC 15 3"VARIABLE GRID SPAGCINGSG"! FRINT | PRINT TAK
"X BFACTNG" S TAB( 17 3"Y SPACING" ! FRINT
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IBG KT = NC! IF NR » NC THEN KT = NR

790
1000

1016

14320
1038
1032
1049
10642
1056
1040
1079
1084
1690
1100

1119
1120
1130
1140
1150
11 &0

1170
1380
1320
1200
1240

1220

1236
1240Q
1250
1240
12790
1280
1290
1360
1510

1320

1334

134¢
13%%
13490
1370

12Q0

13724
1400
14190
1420
1430
14 40
1450

FOR KL = 2 T0 KT FRINT TAR( 310)XCKL}F TAR( 2S)IYCKL )Y NEXT KL
PRINT ¢ PRINT TAR 15)"LOCATIGNS OF PUMPING WELLS"! PRINT ! FRINT TaR
BI)'PUNFAGE"y TARC 18" COLUMN"» TAB( 25)'ROW"! FRINT
FOR I = 1 7O NP{ PRINT TAR( 10MICRCCIXGROI Y)Yy TARC 203BC{I)s TAR(
27 ARCIN NEXT 1
PRINT CHR$ (1323t FPR¥ ©
IF NS > 14 THEN 1040
X4 = 11RH = 1! GOTG 10990
If N8 3 21 THEN 1050

X4 = LIBH = &} GOTO 1090
X4 = 21BH = 4! GOTO 10%0¢
REH
REM AQUIFER MODEL
RE#
TIKE = 0: FOR IS = 1 TO NSITIME = TIME + DTA
FOR I =1 TQ NEY FOR J = 1 TO NRID = H(Isd)y — HO(T s JIHOC T ) = H{I,
JMF o= 1,0
IF DL{Iy.JJ} = ©0,0 THEN 1150

IF I8 > 2 THEN F = B / HL{Isd)
IFF x9S THEN F = 5
IF F < 0 THEN F = ¢

I

BAIyJYy = DIH{ IS H{XI:J) + I % Fi NEXT J! NEXT I

HOME | PRINT "STEF = "j5I8%* TIHE = "FTIMER? PRINT ! FRINT "ITER E
KREK LIMIT ! FRINT
I7ER = 0O
= 0.0

TTER = ITER + 1

REM COLUMN CALCULATIONS

FOR II = 3 TGO NCII = IIV IF FN MOR(IS + ITER) = 1 THEN 1
1

FOR J = 1 T NRIBR = SF(IsJd) / DITA + RICI»JIION
HTA - GIsJ) + RI(I«d) X R2{I+J)1HA = Q. 0ICC = 0

IF ¢.JJ — 1) = 0 THEN 1250

il

NE - T 4

= HOCErJ) X SF(Isd) /
+0

AA = = T(Ixd - 121)1ER = EE + T(IsJ - tsi)
IF {.JJ -~ NR) = ¢ THEN 1270
CC = ~ T(IsJs1)IEBE = BB + T(Isdrl)

IF {1 - 1) = 0 THEN 1290

FB = BH + T(I — 1sJ020000 = TH 4+ H(TI - 1eJ)} % T(T - 19323
IF (1 ~ NC€) = ¢ THEN 1310

BE = BR + T{IsJs2)I0D0 = DD 4+ BCI + 1od) X TEIads2D

W= EE - A8 ¥ B(J - 1)3R(E)Y = CE 7 WIGGJ )Y = (BI - Af % G(J
NEXT J

1Y)y /W

FE = E + ABS (H(IsNRY —~ GONR)IIH(TsNR) = G{(NR}IN = NR - 1
HA = G{N} - H(N)Y ¥ H{I»N + 1)IE = E + ARBS {HA - H(ISN))IIH{IsN) = HAL
M= N -1

IF N > 0 THEM 1330

NEXT II

REM ROW CALCULATIONS

FeR JJ = § TO NRJJ = JJ3¢ IF FN MOIKIS 4 ITER)Y = 1 THEN J = MR - J +
3

FOR I = 1 7O NC!BR = SF{IsJ) / DTA + R1CI»J)I00 = HO(I»J) X SF(TIJ) /
OTA - Q{Isd) + RICIST) % R2(IsJ30A = 0.0CC = 0,0

IF (J - 1) = 0 THEN 1410
RE = RE-4+ T{(IsJ - 191 IR0 = B0 4 HEErd — 1) X T{Eed ~ 151)

IF (J —~ NR) = O THEN 1430
DD = B0 4 HCTIvd + 1) % T(IsJds1)!RE = BR 4+ T¢IeJdsl)

IF (I - 1) = O THEN 1450
BE = BE + TCI — 1220088 = - T(I - 1eds2)

IF {1 - NE)Y = O THEN 1470

24




1460 BE = BE + TLIsJs2)0I00 = — T Isds2)

147¢

1480
1420

15060
1510
1520
1530
1540
1550
1549
1574
1580
1590
14500
1610

W= EE - aA % B{I - 1)RI) = CC + WiG(T) = (oD — AA X B(Y - 1)) / u!
NEXT T
E = E + ABS (H(NCy»J) - GI{NC)IIH(NGsI) = BEMCIIN = NC ~ 1
HA = GON) - BONDY % HIN + 1,0)tF = F 4 ABS (H(N»J) ~ HAIIHINSJ) = HA!
N o= N - i
IF N » 0 THEN 14990
NEXT JJit PRINT ITER:" fREs" "FRIGY IF ITER > 25 THEN 1590
IF E > BIG THEM 1189
IF ITER <0 3 THEN 1180
IF IS < BH THEN 1560 :
IF INT (1§ / X4) % X4 = IS THEN COSUR 480
Ifa = ITA % 1.2¢ NEXT 1§
I8 = NS IF X4 < > 1 THEN GOSUF 480

GOTO 1s&10

PRINT | PRINT TAE( S)"NO CONVERGENCE IN 25 ITERATIONS®
FRINT TAB( 8)'ERROR = "iE;" LIMIT = YSRIG

END
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