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A QUASI THREE-DIMENSIONAL FINITE-DIFFERENCE
GROUND-WATER FLOW MODEL
WITH A FIELD APPLICATION

by
Grufron Achmad and James M. Weigle*

ABSTRACT

This report describes a quasi three-dimensional model which was constructed from a sequence of aquifer
areal-flow equations coupled by leakage terms representing flow through the confining beds. In simulating
a four-aquifer system in northeastern Worcester County, Md., the model was able to reproduce the hydrographs
of several observation wells with differences of less than 1 foot for 60 percent and less than 5 feet for 95
percent of the data points. The computer program of the model is given in the appendices.

*U. S. Geological Survey.






INTRODUCTION

This report describes the quasi three-dimen-
sional ground-water flow model (quasi 3-D model)
which was developed by the Maryland Geological
Survey in cooperation with the U.S. Geological
Survey. Included in this report is a brief discussion
of the application of the model in simulating a four-
aquifer system in northeastern Worcester County,
Md. (fig. 1). The computer program of the model is
given in the appendices.

In a multiaquifer system in which the aquifers
are separated by semi-permeable layers, the evalu-
ation of ground-water flow requires a simultaneous
consideration of the entire system. Jacob (1946)
introduced into the nonsteady-state flow interaction
between aquifers. Since then many investigators
have published various results on the subject. Among
these previous works, the analytical solution of a
hypothetical two-aquifer system obtained by Neu-
man and Witherspoon (1969a, 1969b) is of particular
interest in the present work, because it was used to
verify the solution obtained in this investigation
(Achmad, 1979). Briefly stated the Neuman and
Witherspoon analytical solution considered a wide
range of aquifer properties, solved for drawdowns in
the pumped and unpumped aquifers, matched the

Hantush solution (1956), and was tested by finite-
element modeling methods.

When using an areal model for the simulation
of a multiaquifer system, the aquifers must be
coupled by terms representing flow through the
confining beds. Bredehoeft and Pinder (1970) and
Herrera and Rodarte (1973), among others, solved
the nonsteady-state vertical-flow equation, taking
into account the storage of the confining bed, and
used this leakage term to couple the aquifers. The
finite-difference multiaquifer model documented in
this report adapted a leakage term which is the
nonsteady-state solution of the confining-bed vertical
flow equation; the solution assumes boundary con-
ditions that are conformable with the head distri-
bution in adjacent aquifers. The model provides two
leakage terms representing flow through the lower
and upper halves of the confining bed. The alter-
nating-direction implicit procedure (ADIP) used in
the model employs a row sweep for all the aquifers,
followed by a similar column sweep to complete one
iteration. As indicated by Achmad (1979) the model
in conjunction with the numerical technique used in
this investigation yielded a reasonable match with
the analytical solution of Neuman and Witherspoon
(1969a, 1969b).
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QUASI 3-D MODEL

Development of Flow Equation

The quasi three-dimensional model was devel-
oped with the assumption that the flow in the
aquifers is lateral and mathematically described as:

d dh dh
iT”%—i—-—TW— =S—+W, (1)
0x dox  dy ay ot
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Figure 1. Location of model area



and the flow in the confining beds is vertical and
mathematically described as:

oh' 4
(Kb =g 2L o @)
0z ot

Under homogeneous conditions, equation 2 can
be written as:

9*h'  S;ah’
022 K’ at

(3)

Furthermore, by assuming that the head distribution
in the confining bed is bounded by the head of the
adjacent aquifers (h,, and A,,) and that initially the
head in the confining bed is in equilibrium condition
(h'?), the boundary conditions governing equation
3 can be stated as:

hi(z,0) =
h'(0,t) = hy,, (4)
h'(b,t) = hq,.

Solving the boundary value problem of equa-
tions 3 and 4, the head distribution in the confining
bed can be described by the following equations:

ko, —Ra
h’(z, t)=ha1+<—2,_—])z
b
2 e
+— (g, ha)E—sm -3 | g
T : b
9 (5)
- — = —\3t
7T(h —h, )"E_—cos(nw)mn(b, z)e A

where

The amount of flux resulting from the head
distribution A’(z, t) in the confining bed is:

(4w
q@J)=—K<ck>,
or
q(z: t): _{%(haz _hu,) (6)

+£(th —h,,])z cos( b ) e~ it

= T (hgz — h“z) E COS (n 7T) COoS (—b—’z> e—)\;"xt} .

n=1

The two leakage terms resulting from equation
6 are qy.p, evaluated at z = 0; and gyttom, evaluated
atx = b. A more detailed description of the approx-
imate solution of equations 5 and 6 is given by
Achmad (1979).

Following the conditions described above, the
flow equation for each aquifer becomes:

9
2p ok dh

oh
— +—Tyy— + Quottom — Qo =S — + W.
o a  ay vy 3y Qvottom — Gtop ot

(7

Finite-Difference Approximations

The finite-difference approximation of the space
derivative of the flow equation is obtained by ma-
nipulating the Taylor series expansion of function
h in the vicinity of a node (x, y, z), assuming that A
is continuous, and that higher-order derivatives of
h with respect to x exist:

oh  Ax®d*h
h(x+Axy,z)—h(xy,z)+Ax—x o o
Aac3 #®h  Ax*d*h Ax™ o"h
—+— + X
3' ax3 4! ox* n!ox®
and
oh  Ax?9*h
h(x—Ax,y’Z):h(x,y,Z)*Ax— ?E
Ax® 9*h  Ax*o*h Ax™ 0"h
T3l o | 4l et nlext

Combining these two equations and neglecting the
derivatives higher than the third order (Ax®), an
approximate second order partial derivative of A
with respect to x can be expressed as:

?h _hx—Ax,y,2)— 2h(x,y,2) + h(x + Ax, y, 2)
o Ax?

Similarly, the second order partial derivative of A
with respect to y can be expanded as:

*h  hxy — Ay,z) — 2h(x,y,2) + h(x,y + Ay, 2)
dy* B Ay? ’



The time derivative at a node (x =i,y =) is Omitting the derivatives higher than the first order,
a partial derivative of A with respect to time can be

approximated as follows:
written as:

h@i,j,z,t + At)

= hss +£%+ A_tzaz_h o i 3 +_Aﬁﬂ %zh(i,j.z,t-FAl)_h(iJ.z.t)
R T RIS nl o ot AL :

Numerical Method

The finite-difference approximation of the par-
tial differential equation 7 can be stated as follows:

A{Tx, T Y R h)}
Ao 77T Ay + A TR A+ Axy
2 (Bij1e — Rigae) (Pijk — Pijern) S t
+_Ti'—' —— : _Ti"'ﬂ_.” + G r.vottom — Gk op — A, Wigk — ik
ij{ Yii—b.k Ay, + Ay, Yig+h.k Ay, + Ay;e; q ,bott 4 k+1,top At (hijrk — Pijx)
n (8)
+ 2 Qr,y, 2)8x —x)(y —y)) (2 — zp),
i,i,k=1
where
K’ 2K’ w 2, 2K’ = 2
q k,bottom = —{ b_,(hak - hrzk_,) + b (hgkﬂ = h(lk_l) 21 cos (n) e Mt — b_,(hg,\_ hn,\) 2 e"‘"’} 5
n= n=1
and

K’ 2K’ o i 2K = .
Qk+1.top = _{ _(h"k+l - h”k) + b_:(h‘(l);\ - huk) 2 B == b—r(h;.)-H = h(l;.~+1) 2 cos (n 7T)eg)‘7't} 8

b' =1 n=1
Simplifying in a compact algebraic form, equation 8 can be written as:
AXijihiovin + (mAX 0 — CXijudPign + CXijuchivrgn + AY i ihisp + (—AY 0 — CYudhis + CYi;nhijiin
= STRM s (hilsc = Ris) + QTRM s + QL1 (B ey — Ri5N—1) — QL2 (kY — RiS
~ QL2 141(hiyy — hisy) + QL Lisarr(igpss = Rigiss) + Rigu(hish — Risi-1) — Rijur(his e — Risi),  (9)
where

S
STRMI',J',I\‘ = A—t

QTRM, ;. =2, Qx,y,2)8(x —x,)(y — y;,)(z — 2;),

i,d,2
K’ 2 L
QL 1i.j,lc = F (22 CcoSs (n77-)e—n“77"7,,)’
n=1
K' ~ .
QL2,-,J-J‘. = F (22 e‘"-Tr”l)),
n=1
K’
Ri.j.lc = F’
th =t
D Sipnt



and

AXijk = 2T iy yu/{(Ax; + Ax;_)Ax;},
CXijwe = 2T iy ju/{(Ax; + Axis1)Ax;}.

Similarly for AY ., and CY .

The leakage terms, as calculated in equation 9,
are made implicit in terms of head distribution in
the corresponding aquifers, and are, therefore, eval-
uated at the same time step as the head distribution
is calculated. For this purpose, at the beginning of
each time step the A{%%, term in equation 9 is
estimated using a straight line head prediction
(Achmad, 1973):

Atne\\'
Atuld

t+1.:% t t t—1
Rijier = Rijrer + Rigrsr — Rigaesr)

The alternating direction implicit procedure
(ADIP), introduced by Peaceman and Rachford
(1955), is used in solving the resulting finite-differ-
ence equations. Setting up equation 9 for ADIP
solution the linear algebraic equation for each axial
direction calculation is the following:

For X direction calculation:

AX, Attt +BX, AU +CX At =DX

Lk i=1,0.k Lk L Lk i1k L.k
where
BXijx=-AX;jx —CXij—AYi;x —CYjx —STRM
= QL2ix —Rijn — QL2ijk+1 — Rijkras
DX = =AY uhli-10 — CYiguhijen — STRM,; khi;x
+ QTRM,;;, + LTRM,;,
and

LTRM ;) = QL1 ;1 (hd; -1 — hi3k—1) — QL2 hdsx + QL1 k+1(As e — AESKE:
- QL21J.k+1h1,j,l\' —Ru,khw}k 1 _Rw h+1hu A+1

For Y direction calculation:
AYz oFs l\hz J—1,k e BY: o khlu k + CY!,} Ahl NS DYi.j,k,
where

BYiJ.k = —AYi,j,k = CYi.j.k —AXu k - CX; gk
- STRMi.j,k - Qin,j,k 1,) k QL21 Jk+1 T Rig\kﬂ >

and

DYi,j,k = _AXi,j.kh;t%.j‘k - CXi,j,kh(i:%,j.k - STRMi,j,khf'J,k
+QTRM,;;, + LTRM, ;.
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In solving the flow equation for a two-dimen-
sional one-layer model the ADIP makes an alternate
row and column calculations for all the nodes in that
layer. In a multiaquifer system, the flow equation
must be solved simultaneously for all the aquifers.
In order to simultaneously solve the finite-difference
equations the row and column calculations were
performed alternately so that the entire system of

nodes were covered at each time step. In this manner,
the row calculation sweeps the nodes in the first
aquifer, proceeds with the ones in the second, and
finishes with the ones in the last aquifer; and the
column calculation sweeps the nodes in the first,
proceeds with the ones in the second, and finishes
with the ones in the last aquifer. The procedures are
repeated until the closure criterion is met.

FIELD APPLICATION

Description of Aquifer System
The 450-ft (137 m) thick fresh ground-water

reservoir in northeastern Worcester County, Mary-

land contains a series of interconnected aquifers of
Miocene, Pliocene (?) and Pleistocene age. Seasonally
heavy pumping of 5 Mgal/d (18,925 m*®/d) produces
a maximum 30-ft (9 m) areal drawdown in the
pumped aquifer and a 5-ft (1.5 m) areal drawdown
in the adjacent aquifers. The reduction of pumping
during the off-season, combined with recharge from
precipitation, results in annual recovery of water
levels. The aquifer system is best represented as a
multiaquifer system.

The aquifers under study are the four uppermost
aquifers, which supply the water needed for farming,
domestic use, and public utilities in Worcester
County. In that vicinity, the aquifers are known as
the Pleistocene, Pocomoke, Ocean City, and Manokin
aquifers (fig. 2).

Finite-Difference Grid

The model area, which includes only a portion
of the entire aquifer system, covers 875 mi”* (2266
km?) and is divided into 35 x 25 elemental blocks
of 1-square mile each (fig. 3). Specific conditions are
assigned to the boundary nodes of the model to
represent the hydrologic setting.

Constant-head conditions are assigned to the
boundary nodes at the northwestern corner of the
model, which represents a part of the outcrop area
of the aquifers. The southeastern boundary nodes
are made constant head nodes as they are assumed
to represent a part of the aquifer zone of ocean
discharge. These assignments establish hydraulic
gradient and provide for subsurface flow in the
model. The other boundary nodes, which define the
aquifer limits or represent flow divides, are assigned
no-flow boundary conditions.

The simulation of flow in the aquifers and of
leakage between the aquifers creates a recharge-

discharge mechanism in the model, and simulates
the field conditions.

Source of Data

The data used for the model were derived mostly
from recently published reports. Prepumping poten-
tiometric and transmissivity matrices were derived
from maps prepared by Weigle (1974). Data were
extrapolated to cover the complete model area and
an average value was estimated for each element of
the finite-difference grid.

Storage coefficients were selected from values
reported by Cushing, Kantrowitz, and Taylor (1973).
The confining-bed hydraulic characteristics were
derived from laboratory tests of Miocene clays cored
at Ocean City in 1976 (data filed in U.S. Geological
Survey Maryland District Office) and from field and
laboratory results obtained at Salisbury (Wolff,
1970).

Model Calibration

Calibration was achieved by adjusting values of
the hydraulic characteristics used in the model until
the model could reproduce the prepumping poten-
tiometric surface, and match the measured hydro-
graphs of the observation wells.

In general, the amount of change of parameter
values permitted was based on: (1) the reliability of
the data, (2) the significance of the parameter, and
(3) the range of values normally encountered in the
field.

Only minor adjustments were allowed in the
water levels of the model in the process of duplicating
the prepumping potentiometric surfaces. These ad-
justments consisted of equating the water levels of
the Pocomoke aquifer in its subcrop area with the
water levels of the Pleistocene aquifer and smoothing
the water levels in the Manokin aquifer at the
southwest corner of the model. The simulated pre-
pumping water levels are shown in figures 4 to 7.
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During calibration, only minor adjustments
were permitted in the transmissivity matrices be-
cause the transmissivity and water-level data were
considered the most reliable of the model input
parameters. The calibrated transmissivity values
are shown in figures 8 to 11.

The aquifers were regarded as having a uniform
storage coefficient (S ) and a single value was assigned
to each aquifer. After several trial runs, it was found
that the storage coefficient values that gave the best
results are as follows: Syuanekin = 0.00012, S ocean city =
0.00009, Spocomoke = 0.00012, and Spieisiocene = 0.0015.

The vertical hydraulic conductivity and the
specific storage of the confining beds are the least
known parameters. Values for vertical conductivity
and specific storage of a Miocene clay from Salisbury,
Maryland have been reported by Wolff (1970). The
values are as follows: hydraulic conductivity ranged
from 2.8 x 107° to 5.7 x 107 ft/day (8.5 x 107° to
1.7 x 107 m/day); specific storage ranged from 0.3
X 107" to 1.8 x 10~* ft7! (9.8 x 107 to 5.9 x 10°*
m!). Laboratory tests made in 1976 on a Pleistocene

clay sample from Ocean City (filed in U.S. Geological
Survey Maryland District Office) indicated a vertical
conductivity of 9.0 X 107° ft/ day (3.0 X 10~ m/ day).
However, simulation runs indicated that the most
satisfactory results were obtained by using the fol-
lowing values:

S¢=04x 107 ft7' (0.1 X 10 m™), Kl ertical fOr
confining bed on top of Pocomoke and Ocean
City aquifer = 3.6 x 107 ft/d (1.1 x 10~ m/d),
and K .ica for confining bed on top of Manokin
=19 x 1073 ft/d (5.8 x 10~ m/d).

Using the hydraulic parameters described
above, the production performance of the multia-
quifer system at Ocean City was simulated for a 2-
year period of 1971 and 1972. The model simulated
the effect of pumping from the Ocean City aquifer
at four pumping centers in Ocean City (table 1). The
pumping was not uniformly distributed throughout
the year; it varied seasonally, reflecting the fact that
Ocean City is a resort area.

TABLE 1. RATE OF WATER WITHDRAWAL FROM WELLS SCREENED IN THE OCEAN CITY AQUIFER

(In Million Gallons Per Day)
1971 1972
well 1 2 3 4 well 1 2 3 4
Jan 0.385 0.081 0.183 0.610 0.622 0.0 0.242 0.610
Feb .0 .402 226 .610 .553 .0 .340 .610
Mar .0 444 .259 .920 451 .0 .318 .920
Apr .0 735 441 .920 675 .0 493 .920
May 221 .874 516 .920 1.041 .146 627 .920
Jun 615 1.077 .907 .920 1.118 578 916 .920
Jul 1.089 1.289 1.408 .920 1.374 1.370 1.576 .920
Aug 1.061 1.499 1.745 .920 1.510 1.423 1.915 .920
Sep 582 .814 .879 .920 991 799 .965 .920
Oct 161 .528 414 .920 .818 .0 .532 .920
Nov .263 .236 .367 610 .601 .0 516 .610
Dec 447 0 251 610 .618 .0 .518 .610
Explanation:

well 1 = Cg 33, South-end

well 2 = Bh 26, 14th and 15th Street

well 3 = Bh 81, 44th Street

well 4 = Bh 39 and 40, Convention Hall
(see figure 3 for well location)

The two-year period of pumping was divided
into 25 pumping intervals of one month each. Starting
with an initial time step of 24 hours and using a
multiplication factor of 1.2, the time step was grad-
ually increased up to 300 hours where it was then
kept constant. With this time step, the ADIP con-
verged to a solution within two, or at the most three
iterations, which is considered reasonable and effec-
tive.

11

A comparison of simulated hydrographs with
records of observation wells is shown in figure 12.
The starting head used in the simulation is the
prepumping water level, upon which the 1971 and
1972 monthly pumpage was stressed. For places
further away from the pumping center like Ah 6, Bg
15, and Bg 16, the prepumping and 1971 water
levels are about the same. However, at places nearby
a pumping center, as for example Bh 33 and Bh 31,
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the differences are between 3 to 6 feet each. This
accounts for the offset between the observed and
simulated hydrographs at the start of the simulation
period.

A report detailing the use of the developed quasi
3-D model to predict future ground water trends in
the northeastern Worcester County, Md. is currently
in preparation by the authors (Weigle and Achmad,
1980).

CONCLUSIONS

A quasi three-dimensional model was developed
and used to simulate the four-aquifer system in
northeastern Worcester County, Maryland. Over a
two-year simulation period, the model was capable
of generating a potentiometric head distribution
that adequately reproduced hydrographs from sev-

eral observation wells screened in the pumped aqui-
fer, as well as in other aquifers (Manokin, Pocomoke,
Pleistocene). The simulated hydrographs match the
ones measured in the field with differences of less
than 1 foot for 60 percent and less than 5 feet for 95
percent of the data points.
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Notation

A cross-sectional area of flow (L?);
b saturated thickness (L );
D right-hand side of the flow equation;
AX, AY, AZ, CX, CY, CZ,

BX, BY, DX, DY coefficients of the finite-difference equation;
h altitude of water level (L);
K hydraulic conductivity (LT™!);
q unit discharge through the entire thickness of aquifer (L*T!);
S storage coefficient (dimensionless);
S specific storage (L™1);
t time (7');
T transmissivity (L*T1);
w source term (LT ');
Ax, Ay, Az space increments, in the X, Y, and Z directions (L);
At time increment (7);
Subscript
al, a2 aquifer 1, aquifer 2;
i, ], k position index, in the X, Y, and Z directions;
xXx, yy, 22 primary x, y, and z directions.
Superscript
0 initial time level;
t—1 previous time level;
t current time level,
t+1 next time level;
n—1 previous iteration level;
n current iteration level;
n+1 next iteration level;

confining bed index.

I-1
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COMPUTER PROGRAM

Main Program

The program was kept simple by writing it as a single main program. In this manner the program can
be easily expanded to account for specific problems to be modeled.

For each program, the program has to be dimensioned specifically. The hydraulic parameters are
dimensioned according to the number of nodes in the system. The layers are numbered sequentially starting
with a smaller number for the top layer and increasing to a higher number for a lower layer.

There are three main loops in the calculation process: (1) time-period loop; (2) time-step loop; and (3)
iteration loop. The iteration loop is completed as soon as the calculated water levels of two consecutive
iterations are less than the closure criterion. The magnitude of the closure criterion determines the accuracy
of the results, and a value of 0.01 is considered sufficient.

Input Data

This part of the main program initializes and defines the hydraulic parameters of the aquifer system. In
addition to the values of the hydraulic parameters, the size of the time step, the total period of simulation,
the number of time steps, and the calculation options must be read in. The program was written in consistent
units with hour as the time unit.

A constant-head boundary node is coded with a negative storage coefficient value, and the program
assigns to these nodes a very large storage coefficient (1 x 10*).

Coefficients Calculations

In order to reduce computational efforts, all coefficients of the finite-difference equations that are
independent of time are calculated outside the time-period loop and stored. For this reason, the A and the C
coefficients are stored as well as parts of the B and the D coefficients. The leakage coefficients are time
dependent, and they are reevaluated for each time step.

Mass Balance

The mass-balance routine computes the amount of flux coming into and going out of the system as
pumping stress is applied. The volume released from storage is considered to be a source. The volume pumped
is classified as a discharge.

Subroutine Map

This subroutine has been adapted from the Trescott model (1975). This routine will print maps of
potentiometric head distribution. By specifying the parameter SCALE, the unit length used in the model is
changed to the unit length used in the map. The parameter DINCH is the number of map units per inch. The
parameter SPACNG is the multiplication factor for adjusting the value plotted on the map to the value of each
node in the model.

In case of the Ocean City model, the parameters: SCALE, DINCH, and SPACNG, and the aquifer names
are set by program.
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PROGRAM LISTING

QUASI THREE-DIMENSIONAL FINITE-DIFFERENCE
GROUND-wATER FLOW MODEL

USED TO SIMULATE THE MULTIAQUIFER SYSTEM
IN NORTHEASTERN WORCESTER COUNTYs MARYLAND

JULY 1978

ARA
ATIME
AXoAYoAZ
BeGoW

BX

CDLT
CHDT
CHST
CLNT
CLST

CM
CXsCYoCZ
DD

DELTA
DTN
DTO
ERROR
FC

FCT

H (HIsHO.
HC o HF)
IDDN
IHDN
IITER
IMAP
IPCH
IREP
ISS
IWCH
IWMB
IWRT
KP

SURFACE AREA OF AN ELEMENT

PREVIOUS SIMULATION TIME

A=COEFFICIENTS IN THE Xo¢ Yo AND Z DIRECTIONS
ADI PARAMETERSy THOMAS ALGORITHM
B=COEFFICIENT

MULTIPLICATION FACTOR FOR THE TIME-STEP SIZE
RECHARGE FROM CONSTANT HEAD

DISCHARGE FROM CONSTANT HEAD

DISCHARGE FROM LEAKAGE

RECHARGE FROM LEAKAGE

CONFINING BED THICKNESS

C-COEFFICIENTS IN THE Xs Yo AND Z DIRECTIONS

MN001000
MN001010
MN001020
MN001030
MN001040
MN001050
MN0O01060
MNOO01070
MN001080
MN001090
MN0OO01100
MN0OO01110
MNO001120
MN001130
MN0O01140
MNOO01150
MN001160
MN001170
MN001180
MN0O01190
MN0O01200
MN0O01210
MN0OO01220
MN001230
MN001240
MN001250

TOTAL OF THE RIGHT-HAND SIDE OF THE FINITE DIFFERENCEMNQ01260

EQUATION

SIZE OF TIME STEP
NEW TIME INCREMENT
OLD TIME INCREMENT
CLOSURE CRITERIA
MULTIPLICATION FOR GRID SPACING
MULTIPLICATION FACTOR FOR TRANSMISSIVITY

WATER LEVEL (INITIAL=-s PREVIOUS=-s CURRENT

TIME STEPs PREVIOUS ITERATION LEVEL)

PARAMETER CONTROLLING THE PRINTING OF DRAWDOWNS
PARAMETER CONTROLLING THE PRINTING OF HEADS
MAXIMUM NUMBER OF ITERATION
PARAMETER CONTROLLING THE PRINTING OF MAP
CONTROL CODE TO PUNCH HEAD FOR CONTINUATION RUN
CONTROL CODE FOR CONTINUATION RUN
CONTROL CODE FOR STEADY=STATE RUN
CONTROL CODE TO PRINT OUT HEAD FOR CONTINUATION RUN
CONTROL CODE TO PRINT OUT MATERIAL BALANCE
CONTROL CODE TO PRINT OUT INPUT DATA MATRICES
COUNTING NUMBER FOR CURRENT TIME PERIOD

III-1

MN001270
MN0OO01280
MN001290
MN001300
MN001310
MN001320
MN001330
MN001340
MN001350
MN001360
MN0O01370
MN001380
MN001390
MN0OO01400
MN0O01410
MNQO01420
MN0O01430
MN0OO01440
MN001450
MNQO01460
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ok % % % & ok R X

3*

3*

KPM1
NC

NL

NR
NPER
NWEL
NUMT
PUMPT

QL

RATE
RADIUS
SC

SS
STORT
TLNT
TLST
TS
XoeYoZ

DIMENSION

DIMENSION
COMMON

DATA
CALL ERRSE

DATA INPUT

COUNTING NUMBER FOR THE PREVIOUS TIME STEP
NUMBER OF COLUMNS

NUMBER OF LAYERS

NUMBER OF ROWS

NUMBER OF TIME PERIODS

TOTAL NUMBER OF wELLS

TOTAL NUMBER OF TIME PERIOD

VOLUME PUMPED

WELL PRODUCTION RATE

COEFFICIENT OF TRANSIENT LEAKAGE
COEFFICIENT OF CONSTANT LEAKAGE
CONDUCTIVITY OF THE CONFINING BED
WELL RADIUS

STORAGE COEFFICIENT OF THE AQUIFER
SPECIFIC STORAGE OF THE CONFINING BED
VOLUME FROM STORAGE

RECHARGE FROM TRANSIENT LEAKAGE
DISCHARGE FROM TRANSIENT LEAKAGE
TRANSMISSIVITY

INCREMENTS IN THE Xs Ys AND Z DIRECTIONS

HI (3592594) sHC(3592594) sHF (3592594) sHO(3592594) s
DDN(3592594) ¢sDDNN(3592594) 9

AX(3552594) 9CX(3592594) s AY (3562594) sCY (3592594) »
BX(3592594) sD(3592594)

B(3594) 9G(3594) sARA(35925) oNWR (8092) sNW (4) »
TS(3592594) 9R(3592594) 9SS (4) sRATE(4) 9SC(4) sCM(4) »
SF2(3592594) sRADIUS (3592594) 9QRE (3592594) 9QL (3592594) »
CHDT (4) oCHST (4) ¢ PUMPT (4) s CFLUXT (4) ¢ TOTL1(4) oTOTL2(4)»
SUMR(4) ¢DIFF (4) sPERCNT (4) o TITLE(40) ¢STORT(4) sCLST(4) o
CLNT (4) ¢ TLST(4) sTLNT(4) sESM(4) sFCT (4)

QL1(3592594)9QL2(3592594) 9SD (4) sQRET (4)

H(3592594) 9SF1(3592594) sX(35)sY(25)
Q(3592594) sNCoNRoNL 9 IKP

P1/3+1415926535898/9TOL/174.673/9¢BNUM/1E40/
BNUM1/.5E40/

T(20892569=191)

III-2

MNO001470
MN001480
MN001490
MN001500
MNO001510
MN001520
MN001530
MN0O01540
MN001550
MN001560
MN0O01570
MN001580
MN001590
MN001600
MNOO1610
MN001620
MN0OO01630
MN0OO01640
MN001650
MN001660
MNOO01670
MN001680
MN001690
MNOO1700
MNOO01710
MN0O01720
MNOO01730
MN001740
MN0OO01750
MNOO01760
MNOO1770
MN0O01780
MN001790
MN001800
MN001810
MN001820
MN001830
MN001840
MN001850
MN0O01860
MN001870
MN001880
MN001890
MN001500
MN0O01910
MN001920
MN001930
MN001940



100

110

120

130

140

150
160

170

180
190
200
210
220
230

3*

READ(55180) TITLE
READ(59210) NC9yNRoyNLosNPERsDELTAsERRORATIME
(K9SC(K) sRATE (K) 9SS (K) ¢ CM(K) s KK=19NL)

READ(59340) IITER9 IHDNy IDDN9 IWRT 9 ISS9yIREP 9 IPCH9o IMAP s IWMBs IWCH

DO 100 K=1sNL

READ(59310) STORT(K) sCHDT (K) s CHST (K) s PUMPT (K)
READ(59310) CLST(K) oCLNT(K) o TLST(K) ¢ TLNT (K)
READ (59320) FC

READ(59110) (X(I)eI=19NC)
READ(59110) (Y (J) 9J=19NR)
FORMAT (20G4.0)

DO 120 K=1e¢NL

READ(594320) FCT(K)

DO 120 J=1oNR

READ(59300) (TS(IesJeK)eI=19¢NC)
DO 130 K=1sNL

DO 130 J=1lsNR

READ(59300) (HI(IeJeK)eI=1eNC)
DO 160 K=1sNL

DO 140 J=1¢NR

TS(1leJeK)=0e

TS(NCoeJsK)=0e

DO 150 I=1sNC

TS(IeleK)=0,

TS(IsNReK)=0»

CONTINUE

WRITE(69190) TITLE

WRITE(69230) NRoeNCsNLINPERyICSPRsDELTASERRORsATIME
WRITE(6¢240) FCo(X(I)eI=1sNC)
WRITE(6+250) (Y (J)eJ=19NR)
WRITE(6+260)

WRITE(6+270)

DO 170 K=1¢NL

WRITE(69280) (RATE(K) ¢SS(K)sCM(K))
WRITE(6+290)

WRITE(6s )

WRITE(6¢330) (KKeSC(KK) ¢KK=1¢NL)

FORMAT (20A49/920A4)

FORMAT (1X930A49/910A4s////)

FORMAT (4012)

FORMAT (413926G5409G10e09/9(I594G1060))
FORMAT (8G10.2)

FORMAT (1Xo'# ROW (J) *9S5Xet'= ?9I59/91Xe?# COLUMN (I)?92Xs?=

1I1-3

MN001950
MN001960
MN0OO01970
MN001980
MN001990
MN002000
MN002010
MN002020
MN002030
MN002040
MN002050
MN002060
MN002070
MN002080
MN002090
MN002100
MN002110
MN002120
MN002130
MN002140
MN002150
MN002160
MN002170
MN002180
MN002190
MN002200
MN002210
MN002220
MN002230
MN002240
MN002250
MN002260
MN002270
MN002280
MN002290
MN002300
MN002310
MN002320
MN002330
MN002340
MN002350
MN002360
MN002370
MN002380
MN002390
MN002400
MN002410

"9I159/9MN002420



&

240

250
260
270
280
290
300
310
320
330
340

350

366

370

380

390

#1Xe'# AQUIFER (K)?olXet=
#1Xo'# PMP PERIOD'" 92Xy '=
#9159/91Xe VINITIAL DELT'92Xe =
#9FTe293X9"HRS"9/91X9 *EPSILON E=SUM?,?
#L TIME'"92X9e?'= "9FTels?

FORMAT (//// "

FORMAT (/93E20.7)

FORMAT(///91X9 *AQUIFER DATA'9//)

FORMAT (206G4.0)
FORMAT (4 (1X9E19.6))
FORMAT (8G10.0)
FORMAT(/9169E20.7)
FORMAT (12+7811)

DO 350 I=1sNC
X(I)=X(I)*FC
CONTINUE

DO 360 J=1sNR
Y(J)=Y (J) *FC
CONTINUE

NLM1=NL=-1
NRM1=NR=1
NCM1=NC-1

‘DO 370 K=1,sNL

NW (K) =0

DO 380 I=1sNC

DO 380 J=19NR
ARA(IoJ)=X(I)*Y(J)

DO 390 K=1sNL

DO 390 J=1sNR

DO 390 I=19NC
SF1(IeJsK)=SC(K)#ARA(IsJ)
R(IsJeK)=RCM*ARA(IosJ)
H(IsJoK)=HI(IeJsK)
RADIUS(IsJsK)=0o
Q(IesJeK)=0o,

QL (I9JsK) =0,

QL1 (T9JeK) =00

QL2 (I9JeK) =00
SF2(IeJeK)=SFl(IeJeK)*2,
QRE(I9J9eK) =0

CONTINUE

19I159/91Xe*STARTING PER' 92X =

HR'9/91X9e "STARTING DATE
GRID SIZE'9//95Xe *MULTIPLICATION FACTOR
#le/ 9! DELX 29'920F6.09/9(10X920F6.0))

FORMAT (/4" DELY :9920F6.09/95(10X920F6.0))

FORMAT (///91Xs "CONFINING BED DATA's//)

FORMAT (/99X "CONDUCTIVITY 96Xy *SPEC,

111-4

STORAGE'910Xs * THICKNESS /)

MN002430
MN002440
MN002450

VoFTo493Xe'FT'9/1Xe "INITIAMNOO02460

MN002470

='9F10.MN002480

MN002490
MN002500
MN002510
MN002520
MN002530
MN002540
MN0 02550
MN002560
MN002570
MN002580
MN002590
MN002600
MN0OO02610
MN002620
MN002630
MN002640
MN002650
MN002660
MN002670
MN002680
MN002690
MN002700
MN002710
MN002720
MN002730
MN002740
MN002750
MN002760
MN002770
MN002780
MN002790
MN002800
MN002810
MN002820
MN002830
MN002840
MN002850
MN002860
MN002870
MN002880
MN0 02890
MN002900



OO

400

410

420

430

440
450

460
470

480
490

500

510

BOUNDARY CONDITIONS

DO 400 K=1sNL

DO 400 I=1¢NC

DO 400 J=19¢NK
IF(SF1(IeJsK)elLTe0e) SF1(IeJoK)=1.E4OQ
SF2(I9JsK)=2e*SF1(IeJsK)
CONTINUE

IF(IREP.EQel) GG TO 420

DO 410 K=1sNL

DO 410 J=19NR

DO 410 I=1sNC
HO(IeJoK)=H(IeJeK)

GO TO 450

CONTINUE

DO 430 K=1e¢NL

DO 430 J=1sNR

READ(59470) (HO(IeJoeK)eI=1eNC)
DO 440 K=19¢NL

DO 440 J=19¢NR

READ(59470) (H(IgJeK)eI=1¢NC)
CONTINUE

DO 460 K=19¢NL

DO 460 J=19NR

DO 460 I=1¢NC

HF (I eJsK)=H(IeJeK)
HC(IoeJoK)=H(I9JeK)
FORMAT(1X913F6.1)

A AND C COEFFECIENTS
DO 490 K=1sNL

DO 490 J=19sNK
DO 490 I=1,NCM1

DENOMI=TS(IoJoK)#¥X(I+1)+TS(I+1eJeK)*X(I)

IF (DENOMI.EQ.0s,) GO TO 480

CX(I9JoK)=2e*TS(IoJsK)#TS(I+19JeK)/ (DENOMI#X(I))*ARA(IsJ)*(=14)

GO TO 490
CX(IoJoK)=TS(I+1loJeK)#*(=1,)
CONTINUE

DO 500 K=1sNL

DO 500 J=1sNR
CX(NCoJoeK)=0e

DO 510 K=1lsNL

DO 510 J=1sNR

DO 510 I=29¢NC
AX(I9JeK)=CX(I=19JsK)
DO 520 K=1sNL
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MN0023910
MN002920
MN002930
MN002940
MN002950
MN002960
MN002970
MN002980
MN002990
MN003000
MN003010
MN003020
MN003030
MN003040
MNO003050
MN003060
MN0OO03070
MN003080
MN003090
MN0OO03100
MNOO03110
MN003120
MN003130
MN003140
MN003150
MN0O03160
MN003170
MN003180
MN003190
MN003200
MN003210
MN003220
MN003230
MN003240
MN003250
MN003260
MN003270
MN003280
MN003290
MN003300
MN003310
MN003320
MN003330
MN003340
MN003350
MN003360
MN003370
MN003380



520

530
540

550

560

570

580

590
600
610
620

630
640

650

660

DO 520 J=19NR

AX(1leJsK)=0e

DO 540 K=1sNL

DO 540 I=1sNC

DO 540 J=1sNRM1

DENOMJU=TS (I 9JoK) #Y (J+1)+TS(IeJ+1eK)*Y (J)
IF (DENOMJ+EQ.0O0.) GO TO 530

CY(I9JsK)=2e#TS(I9JsK)#TS(IoJ+19K)/ (DENOMUI*Y (J)) #ARA(IsJ)#*(=10)

GO TO 540
CY(I9JoK)=TS(IoJ+1loK)#(=1,)
CONTINUE

DO 550 K=1s¢NL

DO 550 I=1sNC
CY(IeNRoK)=0e

DO 560 K=1sNL

DO 560 I=19NC

DO 560 J=29NR
AY(I9JoK)=CY(I9J=19K)
DO 570 K=1sNL

DO 570 I=1eNC
AY(I91l9K)=0,

IF(IWRT.EQe.0) GO TO 600
WRITE(69610)

DO 580 K=1sNL

WRITE(69640) K

DO 580 J=1s¢NR

WRITE(69630) Js (TS(I9JsK)eI=19NC)
WRITE(6s620)

DO 590 K=1sNL

WRITE(6+640) K

DO 590 J=1sNR

WRITE(69630) Je (H(IeJeK)eI=19sNC)
CONTINUE

FORMAT (///91X9 *TRANSMISSIVITY MATRIX'9e//)
FORMAT (///91X9 "HEAD MATRIX's///)

FORMAT (1X9I391X920F6el9/9(5X920F6.1))
FORMAT (//91Xs "AQUIFER '9I2+//)

TIME PERIOD LOOP

TIME=0.

FORMAT (F5.2)
DO 1580 IPER=1,NPER

READ (59320) KPyKPM1 sNWEL s TMAX9yNUMT9CDLTsDELTA

DT=DELTA
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MN003390
MN003400
MN0G3410
MN003420
MN003430
MN003440
MN003450
MN003460
MN003470
MN003480
MN003490
MN003500
MN003510
MN003520
MN003530
MN003540
MN003550
MN003560
MN0O03570
MN003580
MN003590
MN003600
MN003610
MN003620
MN003630
MN003640
MN003650
MN003660
MN0O03670
MN003680
MN003690
MN003700
MNO003710
MN003720
MN0O03730
MN003740
MN003750
MN003760
MN003770
MN003780
MN003790
MN003800
MN003810
MN003820
MN003830
MN003840
MN003850
MN003860



sNeNe!

670

680

690

700
710
720

TM=0,

DO 670 I=1e¢NUMT
DT=CDLT*DT

TM=TM+DT

IF(TMe.GE.TMAX) GO TO 680
CONTINUE

GO TO 690
DELTA=TMAX/TM#*DELTA
NUMT=1

IKP=KP+ICSPR

WRITE(69730) IKPsTMAXeNUMToDELTASCDLT

WRITE(69740) NWEL
ICNWEL=0

IF (NWEL.EQ.0) GO TO 720
KW=0

READ IN PUMPING SCHEDULE
DO 710 II=1,NWEL

READ(59320) IsJsKsQ(IsJsK)9RADIUS(I9JsK) sNW(K)

IF(RADIUS(I9J9K) oEQeOos) GO TO 700

NWR(IIs1l)=I

NWR(IIs2)=J

NWR(IIs3)=K
Q(IoJoK)=Q(I9JeK)#5570.41
CONTINUE

CONTINUE

CONTINUE

MN003870
MN003880
MN003890
MN003900
MN003910
MN003920
MN003930
MN003940
MN003950
MNO003960
MN003970
MN003980
MN003990
MN004000
MN004010
MN004020
MNOO0403U
MNQU~uaU
MNLU«US0
MNOv4060
MiNuU40T70
mNU04080
mN004090
MN004100
MN004110
MNQ04120
MN004130

730 FORMAT (*=?950X9 "PUMPING PERIOD NOo®9I49?:'9F10e29® HRS '/51A938( "MN004140
#=1)//53X9 "NUMBER OF TIME STEPS='916//59Xe*DELT IN HRS =°9r10.3//MN004150

#53Xe "MULTIPLIER FOR DELT =99F10.3) MN004160
740 FORMAT ('=0963X9I49? WELLS'/65X99('=?)//) MN004170
750 FORMAT(41X9311092F13.2) MN004180

MN004190
TIME STEP LOOP MN004200
MN004210
DTO=DELTA MN004220
DO 1520 ISTEP=19NUMT MN004230
DELTA=DELTA#CDLT MN004240
DTN=DELTA MN004250
ATIME=ATIME+DELTA MN004260
TIME=TIME+DELTA MN004270
MN004280
LEAKAGE TERMS CALCULATION MN004290
MN004300
PI2=PI#*#PI MN004310
PRE=0. MN004320
MN004330
DO 840 K=1,sNL MN004340

III-7



C

O0O0O0

IF(SS(K)+EQe0.) GO TO 840

MN004350

IF(CM(K) sEQs0s) GO TO 840 MNQOO04360
TDIM=RATE(K) #*ATIME/ (SS(K) *CM(K)*#CM(K)) MNQOQ4370
IF(TDIM.GT.10.) GO TO 820 MNQ04380

DO 810 1I=1sNC MN0 04390

DO 810 J=1sNR MNINLL QY
SUM1=0. L RVAVC 2 3P V)
SUM2=0. +NQ04420

DO 780 N=1,200 MN004430
SUM11=SUM1 MN004440
SUM21=SuUme MN0O04450
AN=PIZ2#N#N*#TDIM MN004460
PIN=PI*#N MN004470
IF(AN.GT-TOL) AN=TOL MN004480
E=1./(EXP(AN)) MN004490
IF(EeLT.0,000001) GO TO 760 MN004500
ARGI=(COS(PIN))*®E MN004510
ARG2=E MNQ04520

GO TO 770 MN004530

760 ARG1=0. MN004540
ARG2=0, MN0 04550

770 SUM1=SUM1+ARG1 MN004560
SUM2=SUM2+ARG2 MN0O04570
IF(SUM11.EQeSUM]1 s ANDoSUM21 EQ.SUM2) GO TO 790 MN004580

780 CONTINUE MN004590
790 CONTINUE MNO004600
800 Ql=RATE (K)/CM(K) MN004610
QL1I(TI9JeK)=2.*Q1¥SUM1I*ARA(IsJ) MN004620

QL2 (I9JoK)=2%Q1#SUM2*¥ARA (T 9J) MN004630
PRE=RATE (K) /CM (K) MN004640

810 CONTINUE MNQ04650
GO TO 840 MN004660

820 CONTINUE MN0Q4670
212 WRITE(698) TDIMsATIME MN004680
830 FORMAT(/glXgt¥##s#r TDIM =99E20.79"AND ELAPSED TIME =?'9F20.19*IN HRMNOO04690
#S0) MNOO04700
840 CONTINUE MNQO04710
850 CONTINUE MN004720
MNOO04730

MN004740

B AND D COEFFICIENTS MNO0OQ4750
MN004760

DO 860 K=19NLM1 MNQ04770

DO 860 I=19NC MN004780

DO 860 J=1sNK MN004790
BX(IeJoK)=SF1(IsJsK)/DELTA=(AX(TIoJoK)+CX(I1oJoK)+AY(I9JsK)+CY(I9JoKMNOO4800
#))+R(IoJoK)+R(I9JoK+1)+QL2(I9JeK)+QL2(I9JsK+1) MN0O0481¢0C
860 CONTINUE MN004820
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s NoNe]

870

880

890

900

910

920

930

DO 870 I=1sNC
DO 870 J=1sNR

BX(IoJoNL)=SF1(IsJoNL)/DELTA+R(I9sJeNL)+QL2(I9JoNL)
Fe (AX(IoJoNL) #+CX(I9JoNL) +AY (I9JoNL)+CY (IsJoNL))

CONTINUE
RTM=DTO/DTN

DO 890 K=1sNL

DO 890 J=19NR

DO 890 I=1sNC
HOKM1=HI(IsJsK=1)
IF(KeEQel) HOKM1=0,

DD=HO(I9sJoK)*SF1(I9JoK)/DELTA=Q(I9sJoK)+QRE(IosJsK)
#+QL2 (I 9JoK)#HI(I9JeK)=QL1 (I9JeK)*HOKM]

IF(KsEQ.NL) GO TO 880

DD=DD+QL2(I9JoK+1)#HI(I9oJoK)=QL1(IoJoK+1)#HI(ToJsK+1)

D(IeJeK)=DD

DH=0.,

HO(IoJoK)=H(IeJsK)

HF (I9JsK)=HC(IsJeK)
H(IoJosK)=H(IoJeK)=RTM#*DH
DTO=DELTA

ITERATION LOOP

ITER=0

E=0.
EMAX=0.,
ITER=ITER+1

ALTERNATING DIRECTION PROCEDURES

DO 960 K=1sNL

DO 960 I=19NC

DO 940 J=1¢NR

IF(TS(IeJesK)eEQeOs) GO TO 940
HKM1=H(IsJoK=1)

IF(KeEQel) HKM1=0,
DD=D(I9JosK)+(R(IoJoK)+QL1(IsJeK))#*HKM1
IF(KeEQeNL) GO TO 910

DD=DD+ (R(I9oJoK+1)+QL1(IoJoK+1))#H(IeJoK+1)
IF(I.EQes1) GO TO 920
HAX=H(I=19JoK)#AX (I 9JsK)

DD=DD-HAX

IF(I.EQsNC) GO TO 930
HCX=H(I+19JeK)#CX(IoJsK)

DD=DD-HCX
W=BX(IeJeK)=AY (I oJoK)#B(J=19K)
B(JoK)=CY(IoJoK) /W

1II1-9

MN004830
MN004840
MN004850
MN004860
MN004870
MN004880
MN0 04890
MNQ04900
MN004910
MN004920
MN004930
MN004940
MN004950
MN004960
MN004970
MN004980
MN004990
MN005000
MN0O05010
MNQ05020
MN005030
MN0O05040
MN005050
MN0O05060
MNO05070
MN005080
MN005090
MN005100
MN0OO05110
MN005120
MN005130
MN005140
MN005150
MN005160
MNO05170
MN005180
MN005190
MN005200
MN005210
MN005220
MN0O05230
MN005240
MN005250
MN005260
MN0O05270
MN005280
MN005290
MN005300



940

950

960

970

980

990

1000

1010

1020

G(JoK)=(DD=AY (I oJsK)#G(J=19K)) /W
CONTINUE

HA=G (NRsK)

IF(TS(IsNRoK) eEQoaOo) HA=H(IsNRoK)
H(IsNReK)=HA

N=NR-=-1

HA=G (NoK)=B(NoK) #¥H(IoN+1sK)
IF(TS(IoN9K) eEQeOs) HA=H(IsNoK)
ER=ABS (HA=H(IoeNoK))

EMAX=AMAX1 (ER9EMAX)

E=E+ER

H(IsN9K)=HA

N=N-1

IF(NeGTo.0) GO TO 950

CONTINUE

DO 1020 K=1oNL

DO 1020 J=1sNR

DO 1000 I=19NC
IF(TS(I9sJeK)eEQeOs) GO TO 1000
HKM1=H(IesJosK=1)

IF(KeEQoel) HKM1I=0,

DD=D(IoJoK)+(R(IoJsK)+QLL(I9JsK))*HKM]

IF(KeEQeNL) GO TO 970

DD=DD+ (R(I9JoK+1)+QLL1(IsJsK+1))#H(I9JoK+1)

IF(JeEQsl) GO TO 980
HAY=H(IoJ=19oK)#AY (I 9JsK)
DD=DD=-HAY

IF(JsEQeNR) GO TO 990
HCY=H(IoJ+19K)*¥CY(I9JeK)
DD=DD-=HCY
W=BX(IoJoK)=AX(IoJsK)#B(I=19K)
B(IeK)=CX(IoJsK)/W
G(IeK)=(DD=AX(IoJeK)H#G(I=1sK))/W
CONTINUE

HA=G (NCoK)

IF(TS{(NCoJoK) eEQeOe) HA=H(NCosJsK)
H(NCosJoeK) =HA

N=NC=1

HA=G (NoK) =B (NoK) *¥H(N+19JeK)
IF(TS(NgJoK) eEQe Qo) HA=H(NoJoK)
ER=ABS(H(NoJ9sK)=HA)

EMAX=AMAX1 (ERsEMAX)

E=E+ER

H(NsJoK)=HA

N=N=1

IF(NeGT.0) GO TO 1010

CONTINUE

IF(IWIT.EQ.0) GO TO 1030

I1I-10

MN005310
MN005320
MN005330
MN005340
MN005350
MN005360
MN0OO05370
MN005380
MN005390
MN005400
MN005410
MN005420
MN005430
MN005440
MN005450
MN005460
MN0O05470
MN005480
MN005490
MN005500
MN005510
MN005520
MN005530
MN005540
MN005550
MN005560
MNOO05570
MN0O05580
MN005590
MN005600
MN005610
MN005620
MN005630
MN005640
MN005650
MN005660
MN0O05670
MN0O05680
MN00569¢0
MN0O05700
MN0OO0S5710
MN005720
MN0O05730
MN0O05740
MN0O05750
MN0OO05760
MNOO05770
MN005780



WRITE(6+1040)
1030 CONTINUE

ATIMESsITERsEMAXE

MN005790
MN005800

1040 FORMAT (909 9SX9'TIME ='9F13s292X9"HRS" 95X *ITERATION #?5I3+5Xy YEMAXMNO05810

# =09F13.695X9 'SUM EMAX =?9F13.69/)
IF(ITER.EQ.IITER ) GO TO 1590

DO 1050 K=1leNL

DO 1050 I=1sNC

DO 1050 J=1sNR

HC(IsJosK)= H(IoJoK)

1050 CONTINUE
ICSS=0
DO 1090 K=1sNL
ES=0.
DO 1060 I=1sNC
DO 1060 J=19NR

ESME=ABS (HC(I9JoK)=HF (IsJosK))
ES =AMAX1(ESsESME)
DDNN (I 9JoK)=HF (I 9J9K) =HC(I9JsK)
DDN(I9JoK)=HI(IeJeK)= H(IesJsK)
IF(ES.LE.ERROR) ICSS=ICSS+1
WRITE(6 +372) ESsK
FORMAT (5X9 *MAX HF = HC = ?"9F10s195Xs"AQUIFER
IF(ES.LE.ERROR) WRITE(651080) ESsK :
1080 FORMAT (20X, ####% STEADY STATE FOR HEAD DIFF OF
#5X9 "LAYER ?4513)

CONTINUE

CONTINUE
IF(ICSSeEQeNLsANDoISS.EQ.1)

1060

1070

1090
1100
NUMT=ISTEP

CONVERGENCE TEST

IF (EMAX.LE.ERROR) GO TO 1110
IF(E.GT.ERROR) GO TO 900
CONTINUE
IF(ISTEP<NENUMT)
WRITE(691040) ATIMEsITERsEMAXSE
WRITE(691120) ISTEP.DELTA

FORMAT (/95X9*TIME STEP #95I1395Xs*DELTA
CONTINUE

1110
GO TO 1130

1120
1130

PRINT OUTPUT

CONTINUE

DO 1510 K=1lsNL
IF(ISTEP.NENUMT)
CONTINUE
WRITE(691160) K
FORMAT (*QAQUIFER

1140

GO TO 1280
1150

1160 "9129/)

III-11

' 1I5)

VoEL3.6 tuuwE,

=99F8,29°'DY?")

MN005820
MN005830
MN005840
MN005850
MN005860
MN005870
MN005880
MN005890
MN005900
MN005910
MN005920
MN005930
MN005940
MN005950
MN005960
MN005970
MN005980
MN005990
MNOO06000
MN006010
MN006020
MN006030
MN0O06040
MN0O06050
MN0OO06060
MNQO06070
MN006080
MN0O06090
MN006100
MNOO06110
MN006120
MN006130
MN006140
MN0O06150
MN006160
MNOO06170
MN0O06180
MN006190
MN006200
MN0OO06210
MN006220
MN006230
MN006240
MN006250
MN006260



e NeoNe]

1170

1180
1190
1200

1210

1220
1230

1240
#

3*

3

1250
1260
1270
1280

IF(IHDN.EQ.0) GO TO 1200

MN006270

WRITE(691170) MN006280
FORMAT ('0%920Xe *HEAD MATRIX?) MNQ06290
DO 1180 J=1eNR MN006300
WRITE(691190) Je (HC(IeJeK)eI=19NC) MN006310
FORMAT(/91I595X920F6.1) MN006320
CONTINUE MN006330
IF(IDDN.EQ.0O) GO TO 1230 MN006340
WRITE(6451210) MN006350
FORMAT('0*920Xs 'DRAW DOWN?) MN0O 06360
DO 1220 J=1¢NR MN006370
WRITE(691190) Jo (DDN(IesJsK)eI=19eNC) MN006380
CONTINUE MN006390
IF(NW(K) sEQ.0) GO TO 1270 MN006400
WRITE(6+1240) MN006410
FORMAT (=9 950Xe *HEAD AND DRAWDOWN IN PUMPING WELLS'"9/951Xe34('=-%)sMN006420
//948Xe 1 J K Q IN MGD DRAWDOWN AREAL DDN MNO006430
AREAL HEAD?) MN006440

DO 1260 KwW=1ls NWEL MN006450
IF(NWR(KWe3) eNEsK) GO TO 1260 MN006460
I=NWR (KWs1) MN006470
J=NWR (KW 2) MN006480
KC=NWR (KW ¢ 3) MN006490
IF(RADIUS(IsJ9KC) cEQa0) GO TO 1260 MN006500
RE=SQRT (ARA(IesJ)/PI) MN006510
HW=HC(I9sJosKC)=Q(I9JeKC)* (ALOG(RE/RADIUS(I9sJsKC)) )/ (2#PI #TS(IsJs MNQO06520
KC)) MN006530
DRAW=HI (IsJeK)=HW MN006540
DRAWA=HI(I9J9sKC)=HC(I9sJsKC) MN006550
WHEAD=HC (I9JsKC) MN006560
QMGD=Q (I 9J9KC) /557041 MNO06570
WRITE(691250) I9eJ9sKC9QMGDoHWsDRAWIDRAWAIWHEAD MN0 06580
FORMAT(* 9943X93I595F11.2) MN006590
CONTINUE MN006600
CONTINUE MN006610
CONTINUE MN006620
MN006630

MASS BALANCE CALCULATION MN006640
MN0O06650

PUMP=0. MN006660
STOR=0, MN0O06670
FLUXS=0. MN006680
CHD1=0. MN006690
CHD2=0. MNQOO06700
CFLUX=0. MNOO06710
FLXN=0, MN006720
FLBXN=0, MN006730
FLBXS=0. MN006740
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1290

1300

1310

1320

1330

1340

OBTR=0,
PBTR=0.
PUTR=0.
OUTR=0.

HU=0.

DO 1360 I=1sNC

DO 1360 J=19NR

IF(Q(IeJoK)) 13009131051290

PUMP=PUMP=Q (I 9sJoK)
GO TO 1310

CFLUX=CFLUX=Q(IsJsK)
CONTINUE

IF(SF1(IsJsK) eGE.BNUM1) GO TO 1320

STOR=STOR+SF2(I9JsK)*# (HO(I9sJoK)=H(IsJsK))

CONTINUE

IF(KeEQel) GO TO 1330
HUO=HI (I9JsK=1)
HU=HC(I¢sJoK=1)

GO TO 1340

HU=0.

HUO=0,

CONTINUE
XU=HC(IsJsK)=HU
XUO1=HUO=HU
XUO2=HI(I9sJoeK)=HC(IsJsK)

UTR=XUO1#QL1(IeJeK)=XUO2*QL2(IsJsK)

UL=XU#*R (I9JoK)+UTR
IF(ULeGTe0e) FLUXS=FLUXS+UL
IF(ULoLTe06e) FLXN=FLXN+UL
IF(UTReGTo0e.) PUTR=PUTR+UTR
IF(UTReLTe0e) OUTR=0QUTR+UTR
HB=HC (I oJsK+1)

HBO=HI (IsJsK+1)

IF(KeEQeNL) GO TO 1350
XB=HC(IsJeK)~=HB

XB0O1=HBO~-HB
XBO2=HI(IosJoK+1)=HC(IoJoK+1)

BTR=XBO1#QL1 (IsJoK+1)=XBO2%*QL2(IeJoK+1)

BL=XB#*R(IsJoK+1)+BTR

IF(BLeGTe0o) FLBXS=FLBXS+BL
IF(BLoeLTo0es) FLBXN=FLBXN+BL
IF(BTR«GT+0.) PBTR=PBTR+BTR
IF(BTResLTo0s) OBTR=0BTR+BTR

III-13

MN006750
MN0O06760
MNO06770
MN0OO06780
MN006790
MN006800
MN006810
MN006820
MN006830
MN006840
MN006850
MN006860
MN006870
MN006880
MN006890
MN006900
MN006910
MN006920
MNO06930
MN006940
MN006950
MN006960
MNO06970
MN006980
MN006990
MNOO7000
MN007010
MN0O07020
MN0OO07030
MN0O07040
MN0O07050
MNOO7060
MNOO7070
MNOO0T7080
MNOO07090
MNOO07100
MN0OO07110
MN0OO07120
MN0OO07130
MN0OO0T7140
MN007150
MN0OO07160
MNOO7170
MN007180
MNO07190
MNO007200
MN0OO7210
MNQOO07220



1350 CONTINUE

1360

1370
1380
1390
1400
1410
1420
1430
1440
1450
1460

1470
1480

CLS=FLUXS+FLBXS
CLN=FLXN+FLBXN
TLS=PUTR+PBTR
TLN=OUTR+0BTK
CONTINUE

XIP=0,

YIP=0.

XI=0e

YI=0e

DO 1480 I=2¢NCM1

DO 1480 J=2sNRM1
IF(SF1(IsJsK)eLTeBNUM1) GO TO 1480
IF(SF1(I=19JsK)eGE+BNUM1) GO TO 1390
XI=AX(IoJoK)*(H(I=19JoK)=H(IsJsK))
IF(XI) 1370+1390,1380

CHD1=CHD1+XI

GO TO 1390

CHD2=CHD2+XI
IF(SF1(I+19JsK)eGE«BNUM1) GO TO 1420
XIP=CX(IoJoK)¥(H(I+1loJoK)=H(IosJeK))
IF(XIP) 140091420491410

CHD1=CHD1+XIP

GO TO 1420

CHD2=CHD2+XIP
IF(SF1(IeJ=19K)GE«BNUM1) GO TO 1450
YI=AY(IeJoK) ¥ (H(IeJ=1eK)=H(IoJsK))
IF(YI) 143091450+91440

CHD1=CHD1+YI

GO TO 1450

CHD2=CHD2+YI
IF(SF1(IeJ+19K)eGEsBNUM1) GO TO 1480
YIP=CY(IoJoK)#* (H(IoJ+1sK)=H(IsJeK))
IF(YIP) 14609148091470

CHD1=CHD1+YIP

GO TO 1480

CHD2=CHD2+YIP

CONTINUE

STORT (K)=STORT (K) +STOR

CHDT (K)=CHDT (K)=-CHD1#*DELTA
CHST (K)=CHST (K) +CHD2%*DELTA
PUMPT (K)=PUMPT (K) =PUMP*DELTA
CLST(K)=CLST(K)+CLS*DELTA
CLNT (K)=CLNT (K)=CLN*DELTA
TLST(K)=TLST(K) +TLS*DELTA
TLNT(K) =TLNT (K)=TLN#DELTA
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MN0OO07230
MN007240
MN007250
MNQOO07260
MNOO7270
MN007280
MNO07290
MN0O07300
MN0O07310
MN007320
MNO07330
MNOO7340
MNQO07350
MN007360
MNO07370
MN0OO07380
MNOO07390
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TOTL1 (K)=STORT(K) +CHST (K) +CLST (K) MNOO7710
TOTL2 (K)=PUMPT (K) +CHDT (K) +CLNT (K) MN0O07720

SUMR (K) =STOR/DELTA+CHD2+CHD1+CLS+CLN+PUMP MNOO7730
DIFF(K)=TOTL1(K)=TOTL2(K) MNO007740
PERCNT(K)=DIFF(K)/(TOTLI1(K)+TOTL2(K))%#200. MNQO7750
IF(IWMB.NE.1) GO TO 1500 MNOO07760
IF(ISTEP<NENUMT) GO TO 1500 MNOO7770
MNOO07780

WRITE(691490) KoSTORT(K) ¢STOReCHST (K) s CHD2 9 CLST(K) 9CHD1e MNQO7790

# TOTL1 (K) o PUMPT (K) 9 CLSsCHDT (K) s CLNsCLNT(K)e MNOO7800

# PUMPoTOTL2(K) ¢ SUMRI(K) ¢DIFF (K) ¢ PERCNT (K) MNQOO7810
1490 FORMAT (90?92Xe%AQUIFER®9I294Xy MNO07820
# "CUMULATIVE VOLUME :9938Xe'TIME STEP RATES :'s//s MNOO0O7830
#1X9'SOURCE :'917X9'STORAGE ='9F20.2926X9'STORAGE =99F20.49/920Xs MNOO07840
#9CONSTANT HEAD =9'9F20.2919X9 *CONSTANT HEAD: "9/919Xe? MN007850

# ¢ 931Xo "IN =99F20e49/919X9'TOTAL LEAKAGE ='9F20.2930Xs MNOO7860
#IOUT =99F20.49/928X9'TOTAL "9F202925X9 'LEAKAGE:*/77Xs 'IN : MNQOQ7870

# ' 9/91X9'DISCHARGE :9914Xe'PUMPING ='9F20,2927Xs*TOTAL =MNQ07880
#99F20e49/920X9 *CONSTANT HEAD ='9F20.2921Xeo'0UT : " MNOO07890
#9/919Xo ? U 92TXe "TOTAL ='9F20.49/919Xs MNOO07900
#ITOTAL LEAKAGE ='9F20.2929X 9 'PUMP ='9F20e49/928X9*TOTAL '9F20.2sMNO07910
#28Xo "TOTAL "9F20e49//926X9"BALANCE '9F20e209/ 9 MN007920
#23X9 "PERCENTAGE '9F20.29//) MN0O07930
1500 CONTINUE MNO007940
1510 CONTINUE MNOO07950
IF(ICSS.EQeNL«AND-ISS.EQ.1) GO TO 1530 MN0OO07960

1520 CONTINUE MN0O07970
1530 CONTINUE MN007980
TSTORT=0. MN0O07990
TCHDS=0. MNO08000
TCLST=0. MN0O08010
TPUMPT=0, MN008020
TCHDT=0. MN0O08030
TCLNT=0. MN008040

DO 1540 K=1¢NL MNO080S50
TSTORT=TSTORT+STORT (K) MN0O0B060
TCHDS=TCHDS+CHST (K) MNOO08070
TCLST=TCLST+CLST (K) MN008080
TPUMPT=TPUMPT+PUMPT (K) MN008090
TCHDT=TCHDT+CHDT (K) MN008100
TCLNT=TCLNT+CLNT (K) MN008110

1540 CONTINUE MN008120
SUMS=TSTORT+TCHDS+TCLST MN008130
SUMN=TCHDT+TPUMPT+TCLNT MN008140
SPN=SUMS+SUMN MN008150
SMN=SUMS=SUMN MN008160
DIFSN=SMN/SPN#200, MN0O08170
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1560

1570

1580

1590

1600

1610

1620

1630
1640
1650
1660
1670

1680

1690

E(691560) TSTORT9yTPUMPTeTCHDSsTCHDT9TCLST9TCLNT3SUMS9SUMNsSMNyMN008190

‘SN MN00B8200
TINUE MNQ08210
v« IMAT(//915X9 *TOTAL MASS BALANCE :%'9//926Xs MN008220
# "STORAGE =99F20.2926X9 "PUMPING ='9F20s29/918X9'POS CMN008230

#ONSTe HEAD ='9F20.2918X9*NEG CONST. HEAD ='9F20e29/922X+"POS LEAKAMNO08240

¥GE ='9F20.2922X9 *NEG LEAKAGE ='9F20.29//928X9*TOTAL

'9F20.2928X9 *MN008250

#TOTAL "9F20e29//926X9 "BALANCE =%9F20.29/923X9s "PERCENTAGE ='3F20.2MN008260

#*9//)

CONTINUE

IF(ICSS.EQeNLesANDISS.EQe1l) GO TO 1630
CONTINUE

IF(INCHeNE.1) GO TO 1640

DO 1590 K=1sNL

WRITE(69310) STORT(K) ¢CHDT (K) ¢ CHST (K) ¢ PUMPT (K)
WRITE(69310) CLST(K) ¢CLNT(K) ¢TLST(K) s TLNT(K)
CONTINUE

WRITE(691600)

FORMAT (/9lXot¥#3# HO(IgJeK) ##H#Vg/94Xglmmmme—can=== '9/)
DO 1610 K=1sNL

WRITE(6+1160) K

DO 1610 J=1eNR

WRITE(69630) Je(HO(IsJesK)esI=19eNC)

CONTINUE

WRITE(6+1620)

FORMAT (/9lXe'+++ H(IoJoK) +4403/94Xglmmmmmccc=- t9/)
DO 1630 K=1sNL

WRITE(691160) K

DO 1630 J=1sNR

WRITE(69630) Je(H(IeJsK)eI=1¢NC)

CONTINUE

CONTINUE

IF(IPCHeNE.1) GO TO 1690

DO 1650 K=1sNL

WRITE(79310) STORT(K) ¢CHDT (K) s CHST (K) s PUMPT (K)
WRITE(79310) CLST(K) 9CLNT(K) ¢ TLST(K) ¢ TLNT (K)
CONTINUE

DO 1660 K=1sNL

DO 1660 J=19NR

WRITE(7¢470) (HO(IeJoeK)sesI=1sNC)

DO 1670 K=1sNL

DO 1670 J=1sNR

WRITE(79470) (H(IgJeK)eI=19NC)
IF (MAP.EQ.0) GO TO 1680

CALL MAP

CONTINUE

IF(ITER<EQ.IITER) WRITE(6+1690) ITER
FORMAT (/91X ? s#3 04]590 JTERATIONS EXCEEDED #i#0)

STOP
END
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100
110
120

SUBROUTINE MAP MP0O01000
MP001010
COMMON H(3592594) sSF1(3592594) e X(35) ¢Y (25) MP001020
# Q(3592594) sNCsNRsNL 9 IKP MP001030
MP001040
DIMENSION VF&(11) MP001050

DIMENSION XLABEL(3)oTTLE(S) 9SYM(28) ¢PRNT(122) ¢ BLANK(60) ¢DIGIT(122)MP001060

s sVF1(6) 9VF2(6) o VF3(7) 9NA(4) 9XN(100) 9 YN(L13) s YLABEL (3) MP001070
MP001080

REAL #*4 KPRM MP001090
REAL *8XLABELsYLABELSTTLE MP001100
INTEGER 0UT MP0OO01110
DATA TTLE/*ALPHAMER®s?IC CONTO's'URS OF H's'EAD*/ MP001120

DATA S5YM/1H 91H191H291H391H491H591H691HT791HB891H991lH s1HA91HBel1HCe1MP0O01130
#HD9 IHE 9 1HF 9 1HGo 1HHo 1HI 9 1H ol1H¥*9g1H|l9olH=91H+91H091HRs 1HW/ MP001140

DATA PRNT/122%9" ¢/¢N19N2sN39XN1/651091339.0833333333D0/+BLANK/60%tMP001150
# 0/9eNA(4)/1000/ MP001160

DATA DIGIT/91%9020403090404058,06090704080430Q90,0]00,0]]10,0]1294,°9]30MP001170
Hgl14040]5090]60,0]T7090]18090]100,02005°2] 04922050230 40240,0250,0260,MP001180
HOIPTU 0280402904 03()0903]0403209033040340903509,036040937040389403G0,0MP001190
HLQ 0 904]) 09042090430 904409045090460904T0904809049040500,05]090520,05MP001200
#3309 054040550, 1560057050580 40590,0600406]0,962"99163049640,9650,966MP001210
g 0ETI9g 1689109190700 7] 0407205073040 74090750,50760,4,07704078049 T9MP001220
H#090800998] 09082050830 5084090859,086040870901880199890,0900,05]110,992:MP(001230
#9093099940410504009614097040980491991,0]10009°10129°102°'s°103%s° 104*MP001240
#90]105%90106%97107%9%108%°9°109%90110%9%111%9%112%90113%9%9114%,°115'MP001250

Fe 11609011799 %118%9%119°%50120%90121%90122%/ MP001260
DATA VF1/9(1H "9ty 0,0 Y9lAlsF19?110.2%9) %/ MP001270
DATA VF2/9(1H 9040, T99Al9l%9"X9ABYo ")/ MP001280
DATA VF3/?(1HOV 904040 "9'AloF'9®3el9?9'12F1'9%0.2) 0/ MP001290
DATA VF4/9 (1H0 904040 P9 'XoIl2%9992Xe "9 '20F6%9%.1/(047 99 X9 2MP001300

#0999'F6a19%)) '/ MP001310

DATA XLABEL /* X DIS= "9 *TANCE IN"'e® MILES */sYLABEL/'" Y DISTA'9*MP001320

#*NCE IN *9* MILES */ MP001330
DELX=5280. MP001340
DELY=5280, MP001350
BNUM1=,5E40 MP001360
JNO1=NC-1 MP001370
INO1=NR=-1 MP001380
DINCH=2, MP0C1390
SCALE=5280. MP001400
SPACNG=5, MP001410
FORMAT (2064 .0) MP001420
FORMAT (//91X9 "LAYER 's129//) MP001430
FORMAT(1X9I391X920F6ele/95X920F6.1) MP001440
WIDTH=0. MP001450
YDIM=0, MP001460
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130

140

150

160
170
180

190

200
210

DO 130 I=1sNC
WIDTH=WIDTH+X(I)

DO 140 J=1sNR

YDIM=YDIM+Y (J)

IM=MINO (6*NR+44124)
IM=(132-1IM) /2
VF4(3)=DIGIT(IM)

VF4 (8)=DIGIT(IM+5)
XSF=DINCH*SCALE

NYD=YDIM/XSF
IF(NYD¥XSFeLE«YDIM=Y (NR)/2.) NYD=NYD+1
IF (NYDeLEs12) GO TO 160
DINCH=YDIM/ (12.%#SCALE)
WRITE(69170) DINCH
IF(SCALE«LTele0) WRITE(69180)
GO TO 150

NXD=WIDTH/XSF

FORMAT (/s SCALE SHOULD BE 'sF10.2)
FORMAT (/s SCALE SHOULD BE GT 1.°%)
IF (NXD#¥XSFeLEoWIDTH=X(NC)/2.) NXD=NXD+1
N4=NXD*N1+1

N5=NXD+1

N6=NYD+1

N8=NZ2*NYD+1

NA(1)=N4s2=1

NA(2)=N4/2

NA(3)=N4/2+3

NCC=(N3-N8=10)/2

ND=NCC+N8

NE=MAXO0 (NS9N6)
VF1(3)=DIGIT(ND)
VF2(3)=DIGIT(ND)
VF3(3)=DIGIT(NCC)

DO 210 I=1e¢NE

NNX=N5-1

NNY=I-1

IF (NNYsGE«N6) GO TO 190
YN(I)=XSF*NNY/SCALE
IF(NNXsLT-0) GO TO 200
XN(I)=XSF*NNX/SCALE

CONTINUE

CONTINUE

DO 440 K=1sNL
DIST=WIDTH=X(1)/2.

JJ=Jnh01

JJ=NC

LL=1

Z=NXD#*XSF
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MP001470
MP001480
MP001490
MP001500
MP001510
MP001520
MP001530
MP001540
MP001550
MP001560
MP001570
MP001580
MP001590
MP001600
MP001610
MP001620
MP001630C
MP001640
MP001650
MP001660
MP001670
MP001680
MP001690
MP001700
MP001710
MP001720
MP001730
MP001740
MP001750
MP001760
MP001770
MP001780
MP001790
MP001800
MP001810
MP001820
MP001830
MP001840
MP001850
MP001860
MP001870
MP001880
MP001890
MP001900
MP001910
MP001920
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MP001940



220
230
240
250

260

270
280

290

300

310

320
330

340

390

IF(KeEWoel)
IF(KeEQe2)

WRITE(69220) IKP
WRITE(64230) IKP
IF(KeEWe3) WRITE(69240) IKP
IF(KeEQo4) WRITE(64250) IKP

FORMAT (119 95Xe*PLEISTOCENE AQUIFER
FORMAT(?]1995X9 *POCOMOKE AQUIFER
FORMAT (*1995Xe*OCEAN CITY AQUIFER
FORMAT (?1 %" 95Xe "MANOKIN AQUIFER
WRITE(6 ¢410) (TTLE(I)eI=194)

DO 400 I=19N4

IF (TeENeloeOKoeIoEQeN4)
PRNT (1) =SYM(23)

PRNT (N8)=SY#1(23)

IF ((I=-1)/N1%¥NleNEoI-1)
PRNT (1) =SYM(25)

PRNT (N8)=SYM(25)

GO TO 290

DO 280 J=19¢NB8
JM1l=d-1
IF(JUM1/N2%N2eEQoJM1)
PRNT (J) =SYM(24)

GO TO 280
PRNT (J) =SYM(25)
CONTINUE

GO TO 350

IF (DISTelLTo0eeOReDISTeLToZ=XN1#XSF)
YLEN=Y (1) /2.

DO 340 L=1sNRK
J=YLEN#*NZ2/XSF+1,.5

KPRM=H (JJsLsK) /SPACNG
IF(KPRM) 30093109300

KPRM=ABS (KPRM)
IF(KPRMoGTe0o e ANDe KPRMoLTole)
KPRM=AMOD (KPRMs20.)
N=KPRM

PRNT (J) =SYM(N+1)

GO TO 330
PRNT (J) =SYM(26)

GO TO 330

PRNT (J)=SYM(22)
IF(SF1(JJsblsK) eGT e KNUM])
IF(Q(JJsL oK) eNEoOo) PRNT(J)=SYM(28)
YLEN=YLEN+ (Y (L)+Y(L+1))/2.
DIST=DIST=(X(JJ)+X(JJ=1)) /2.,
JJd=dd-1

CONTINUE

IF (I-NA(LL)EQs0) GO TO 370

IF ((I=1)/N1%N1-=(I-1)) 380¢360+380

GO TO 260

GO TO 290

GO TO 270
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"9TXe *PERIOD
"9 7Xe *PERIOD
"9 7Xe *PERIOD
"9 T7TXe "PERIOD

G0 TO 350

GO TO 320

PRNT (J)=SYM(27)

- S S

"914)
Y914)
1914)
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MP001950
MP001960
MP001970
MP001980
MP001990
MP002000
MP002010
MP002020
MP002030
MP002040
MP002050
MP002060
MP002070
MP002080
MP002090
MP002100
MP002110
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MP002130
MP002140
MP002150
MP002160
MP002170
MP002180
MP002190
MP002200
MP002210
MP002220
MP002230
MP002240
MP002250
MP002260
MP002270
MP002280
MP002290
MP002300
MP002310
MP002320
MP002330
MP002340
MP002350
MP002360
MP002370
MP002380
MP002390
MP002400
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360

370

380

390

400

410 -
420
430
440

WRITE (69VF1) (BLANK(J) 9J=19NCC) o (PRNT(J) 9J=19N8) s XN(1+(I-1)/6)
GO TO 390

WRITE (69VF2) (BLANK(J) 9J=19NCC) ¢ (PRNT(J) 9 J=19NB) s XLABEL (LL)
LL=LL+1

GO TO 390

WRITE (b9VF2) (BLANK(J) 9J=19NCC) s (PRNT(J)9sJ=19N8)

2=7-2 ¢« *AN1*XSF

DO 400 J=1sN&

PRNT (J)=SYM(11)

WRITE (69VF3) (BLANK(J) 9J=19NCC) o (YN(I)oI=19N6)
WRITE (69420) (YLABEL(I)eI=143)
WRITE (69430) SPACNG

FORMAT (//946X94ABs//)
FORMAT (0 939X96A8)
FORMAT(//s% CONTOUR INTERVAL
CONTINUE

RETURN

END

=19F10e2)
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APPENDIX IV

COMPUTER INPUT DATA-DECK SETUP

Figures 13 to 22 show the arrangement of the input data cards. Values used for the Ocean City model
were punched in the cards as an example. The first two cards (fig. 13) are the title cards. A 160-character title
can be accommodated. The parameter card determines the dimension of the grid, number of pumping period,
size of the first time step, closure criterion and previous simulation time (in hour).

CARD COLUMN FORMAT PARAMETER EXPLANATION
Title card 1-80 20A4 TITLE Title of the project
Parameter card 1-3 13 NC Number of columns
4-6 13 NR Number of rows
7-9 I3 NL Number of aquifers
10-12 13 NPER Number of pumping period
13-17 G5.0 DELTA Time step size
18-22 G5.0 ERROR Closure criterion
23-33 G10.0 ATIME Previous simulation time, 0 when

starting a new simulation.

The confining beds are numbered according to the position of the aquifer below it. On top of aquifer 1 is
confining bed 1, and so on. The following cards (fig. 14) assign a single default value for a parameter which
is assumed to be uniform. In this model the values of aquifer storage coefficient and confining bed hydraulic
properties are assumed to be uniform.

Four aquifers were used in the Ocean City model. One card is required for each aquifer and its overlying
confining bed.

CARD COLUMN FORMAT PARAMETER EXPLANATION
Default value card 1-5 15 K Counting number for aquifer and
its overlying confining bed
6-15 G10.0 SC(K) Aquifer storage coefficient
16-25 G10.0 RATE(K) Leakance factor K'/b’
26-35 G10.0 SS(K) Confining bed specific storage
36-45 G10.0 CM(K) Confining bed thickness

The option card (fig. 15) specifies the maximum number of iterations and selects options. Insert 1 if an
option is to be performed, and 0 if it is not wanted.

CARD COLUMN FORMAT PARAMETER EXPLANATION
Option card 1-2 12 IITER Maximum number of iteration
3 I1 THDN Print out of computed head
4 11 IDDN Print out of computed drawdowns
5 11 IWRT Print out of transmissivity arrays
6 11 ISS Steady-state run
7 11 IREP Continuation run
8 11 IPCH Punch out of head for a continuation
run
9 11 IMAP Print out of map
10 11 IWMB Print out of material balance
i 11 IWCH Print out of head for a continuation
run
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The next cards (fig. 15, 16) assign values to the material balance parameters for a continuation run. For
a new simulation, use blank cards.

CARD COLUMN FORMAT PARAMETER EXPLANATION
Material-balance 2-20 E19.6 STORT(K) Volume from storage

parameter 22-40 E19.6 CHDT(K) Recharge from constant head nodes
42-60 E19.6 CHST(K) Discharge from constant head nodes
62-80 E19.6 PUMT(K) Volume pumped

2-20 E19.6 CLST(K) Recharge from leakage

22-40 E19.6 CLNT(K) Discharge from leakage
42-60 E19.6 TLNT(K) Recharge from transient leakage
62-80 E19.6 TLST(K) Discharge from transient leakage

The grid spacing is specified by the next set of cards (fig. 17).

CARD COLUMN FORMAT PARAMETER EXPLANATION
Grid spacing 1-10 G10.0 FC Multiplication factor for grid spac-
ing
1-80 G4.0 X(D) Grid spacing in the X-direction, 20
values in each card.
1-80 G4.0 Y(J) Grid spacing in the Y-direction, 20

values in each card.

The next group of cards specify the transmissivity arrays (fig. 18, 19). One factor card followed by one
set of value cards are needed for each aquifer. Each number on the transmissivity-value cards is multiplied
by the number on the factor card as the matrix is read.

CARD COLUMN FORMAT PARAMETER EXPLANATION
Factor card 1-10 G10.0 FCT(K) Multiplication factor. One card for
each aquifer.
Transmissivity 1-80 G4.0 TS, J, K) Transmissivity, 20 values for each
value card card. Each new row started with

a new card.

Head arrays for each aquifer follow the transmissivity arrays (fig. 20, 21). If initial conditions are related
to drawdown rather than head, drawdown values are entered in the head arrays.

CARD COLUMN FORMAT PARAMETER EXPLANATION

Head 1-80 G4.0 HI(, J, K) Head or drawdown distribution, 20
values on each card. Each new row
started with a new card.

Pumping period and well cards follow the head cards (fig. 22). One pumping period card plus one well
card for each well pumped during the period are required for each pumping period. In the example shown on
figure 22, no wells are pumped during the first period (KP = 1, NWEL = 0); thus no well cards are required.
Four wells are pumped during pumping period number two (KP = 2, NWEL = 4); thus four well cards are
required (only the first and last well cards are shown in the example).
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CARD
Pumping period

CARD
Well card

COLUMN
1-10

11-20

21-30
31-40
41-50
51-60

COLUMN
1-10
11-20
21-30
31-40
41-50
51-60

FORMAT
G10.0

G10.0

G10.0
G10.0
G10.0
G10.0

FORMAT

G10.0
G10.0
G10.0
G10.0
G10.0
G10.0

PARAMETER
KP

KPM1

NWEL
TMAX
NUMT
CDLT

PARAMETER

I
J
K
Q, J, K)
RADIUS (I, J, K)
NW(K)

IV-3

EXPLANATION

Current pumping period counting
number

Previous pumping period counting
number

Number of well

Total period of pumping

Estimated number of time steps

Multiplication factor for the size of
time step

EXPLANATION

X position of the well

Y position of the well

Z position of the well

Rate of withdrawal

Radius of the well

Total number of wells in aquifer K
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Figure 13. Data-deck setup: Title and parameter cards.
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Figure 14. Data-deck setup: Aquifer and confining bed parameter default value cards.
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Figure 15. Data-deck setup: Options and material-balance values.
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Figure 16. Data-deck setup: Material-balance values (continued).
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Figure 17. Data-deck setup: Grid spacing.
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Figure 18. Data-deck setup: Transmissivity arrays.
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Figure 19. Data-deck setup: Transmissivity arrays (continued).
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Figure 20. Data-deck setup: Head matrix.
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Figure 21. Data-deck setup: Head matrix (continued).
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Figure 22. Data-deck setup: Pumping period and well cards.
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