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~ABSTRACT

A digita] computef model for aquifer evaluation developed by
G. F. Pinder and J. D. Bredenhoeft, U.S. Geological Survey, was
modified and applied in a study of the Wichita well field of the
Equus Beds aquifer. The model basically consists of a numerical
algorithm for solution of the differential equations describing two-
dimensional, unsteady state flow in a ground-water reservoir.
Permeability and storage coefficient are allowed to vary with position
in the aquifer. However, transmissibi]ity (the product of permeability
and saturated thickness) is held constant with time and, therefore;
the model strictly applies only to confined aquifers. Provision
" is made in the model for withdrawal of water through wells, recharge
by precipitation, and interchange of water with surface sources such
as streams or lakes.

In this application, an 18-year period of history (Ju]y 1940-
January 1959) was simulated. Computed changes in water-table levels
were compared to field measured values. This was done through
comparison of water-level contour maps and observation well
hydrographs (in 13 wells) to calculated contour maps and hydfographs.

The matches were generally good.



INTRODUCTION

1) Background
On March 27, 1969, Mr. Jack Pinney, in a report to Mr. Bill
Steps, Assistant Chief Engineer of the Water Resources Board of
Kaﬁsas; stated, fIt is essential in the Little Ark Study to know the
safe yield of the ground and surface water. The basin has an extensive
aquifer which, for the most part, has excellent recharge characteristics.
It would seem logical to try to encourage development of this aquifer
to yield levels which can be sustained on a Tong-term basis. Intellig-
ent planning and management of the water resources of the basin would
be dependent upon knowing the well Tocations and the pumping patterns
which would optimize the recharge and natural discharge of the basin
and best control the movement of the pollutants in the aquifer. This
type of knowledge can best be gained from an aquifer model which
simulates the characteristics of the aquifer and its response to
various types of management practices.” -
On May 23, 1969, the author met with Mr. Krause, Executive
Director of the Water Resources Board 6f Kansas to become acquainted
with the Water Resources Board objectives for the Little Arkansas
River Basin. The following are the objectives described by Mr. Krause:
1) To mofe clearly define, within the authority and responsibility
of the Water Board, the water uses, future needs, and specific problems
of the basin looking to a comprehensive plan for the area.
2) To determine the magnitude of the probable long-range defi-

ciencies or excess of water supply in the area.



-3) To seek solution of the presént and antigipated future water
control problems of the area,Awith.alternative‘solutions where possible.

4) To make recommendationsvas to future legal, financial, physi-
‘cal and social efforts required to most effectivé]y utilize the water
-resources of the Little Arkansas River Basin for the benefit of the
citizens of Kansas. v

On June 16, 1969, a meeting was held at the U.S. Geological
Survey office in Lawrence, Kansas. Water Resources Board staff;
U.S. Geological Survey staff; Dr. Bredenhoeft with the U.S. Geological
Survey, Washington, D. C.; Dr. Green with the University of Kansas;
-and the author were present. Mr. Krause opened the meeting and
described the need for a mathematical model to help meet the objectives
of the Kansas Water Resources Board. Then Dr. Bredenhoeft described
a similar basin study (hydrologic and economic) in the.State of
Arizona. Later he sent a copy of his computer program which was used
in that study.

On July 2, Mr. Steps, Dr. Winslow, Dr. Green, and the author met
to make a decision concerning this project. As a result of this
meeting it was decided to modify and use the Pinder-Bredenhoeft model

in a study of the Equus Beds aquifer.

2) -Objective of this Study
A general basin simulator would include the elements shown in
Figure 1. The Pinder-Bredeﬁbeft model (1) allows a detailed description
of the ground-water portion of this system, while also treating recharge
from precipitation and stream-aquifer interaction in a "lumped parameter"

manner.
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It was the objective of this study to modffy the Pinder-Bredehoft
model to make it more general, and then to apply the model to the
Wichita well-field area of the Equus Beds. The model was to be
tested by a comparison of computed results to historical record in

the well-field area.
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THEORETICAL DEVELOPMENT

1) Differential and Difference Equations .
\ The differential equation for nonsteady flow of a compressible

fluid in an elastic non-homogeneous porous medium can be written (1)

a/3x (Tyah/ax) + 3/3y (Ty ah/ay) = S sh/at + W(X,y,t) (1)
where T is the transmissivity (LZ2/T) (ftz/hr)
h is the hydraulic head (L) (ft)
S is the storage coefficient (dimensionless)
t is time (hr)
W is a source-sink term, volume flux per unit area (L/T) (ft/hr)
. The source/sink term, W(x,y,t), may be used to account for well
production, recharge from precipitaiion, and flow between the aquifer
and streams or lakes.
Equation (1) cannot genera]iy be solved analytically. Therefore,
finite difference schemes are used. A rectangular net or grid as indi-

cated in Figure 2 is superimposed on a plan view of the aquifer.

i-1,3-1 i,j-1 i+1,j-1
v 31,5 3 i+,
'i"‘] ,j+] i ,j+] i+] ,j+] ‘
X

Figure 2.--Nodal Array for Digital Model



- Equation (1) may be written (see Figure 2 for grid node identification).
o1 (1‘;53)(__1_'}}1‘_}53_k>+ T, (i+hg) Pitlik” hl]k
. ANk (8x)2

+T (1j—k)(‘ij-1k h13k)+ T (1J+45)( ij+ik™ le) :
T (ay)2 (ay)2 (2)

e séijl;;hijk-i | + Jwifk _ g Zﬂr(ig)‘hljk“higk-1)+ Rijk
: Axty mr(xj)
where i is the iﬁdex in the z dimension
| J is the index in the y dimension
ks the index in the ¢ dimension
Ks is the hydrau11c conduct1v1ty of the stream bottom (L/T) (ft/hr)
My is the thickness of the stream bottom (L) (ft)
" Gyjjk Ts a rate of withdrawal or injection at the node duriﬁg the
S time increment (k-1) to k (L3/T) (ft3/hr) |
At is the increment in the ¢ dimension (T) (hr)
AX,Ay are space increments (L) (ft)
H.(ij) is the hydraulic head in the lakes aﬁd}stfeams (L) (ft)

- -—Rjjk is a recharge term to account for precipitation (L/T) (ft/hr)

- . Note that the source/sink term, W(x,y,t), has been broken down
into terms for well production, stream or lake interaction, and recharge

. from precipitation.



Equation (2) is an implicit finite difference equation in that
the space derivitivé‘terms are written at the fnewﬁ time level. It
is also possible to write explicit finite difference forms (space
derivitives written at "old" time level). These are simple to solve
but yield a stable solution only for very small time step sizes.

‘ Equation (2) must be applied to each grid point in the system.
This results in a set of simultaneous algebraic equations, there
being as many equations as grid points in the system. For large
systems with many grid points, the number of simultaneous equations
may become unwieldly because of the work involved in solution. There-
fore, a scheme termed the alternating direction implicit (ADI) procedure
has become popular. This technique offefs a compromise between the
completely implicit and completely explicit methods. It is stable
for all size time steps and requires less work than the completely
implicit procedure.

In the ADI procedure, hydraulic head values are first calculated
for each node in the matrix by solving the equations for half of a time
‘ step, at/2, with the x-direction derivitives written implicitly and the
y-direction derivitives written explicitly. This means that the
finite difference equations can be solved row by row. Next, the
time step is increased by At/2 and the equations are sd]ved with the
x-direction derivitives written explicitly and the y-direction derivitives
written implicitly. The difference equations are thus solved column
- by column. This completes the calculation for one complete time step,

~at, and the process is repeated for the next step.



Equation (2) for the x-direction implicit is (for a row calculation)

T (1-%3) Tx(i-%3) | Ty (i+si) K '
'3 3 — X A ————————— — —
@027 Pi-ljk [:;Ax) * ?AX)Z * §?'+ Z;r(ij) Pijk
+ Tx(ij";i) h
OoZ MHk
o . | (3)
=Ty Ty(ii-9) T, (ii#s) o, Ky
(ay)Z  Mig-lk- +[:;AY)2 TTenr T ax TN EE)) Pijk-
+ Ty(ij'*'l'f) | Qyist ... K
~at72 - PagHlei t Ziil; - Mr(ij) B (11)

The equation for the calculation of columns is of the same form but
with the y-derivitive termsvwritten implicitly and the x-direction terms
written exh]icitly (note that all unknown values occur on the left hand
side of the equation, the values on the right were determined at the
previous time step). For a detailed explanation of a simplified technique
for solving equations of this kind see Peaceman and Rachford. (2)

The equations must, of course, be solved subject to the béundary
»conditions. The handling of boundary and initial conditions js dis-

cussed in the following section.

2) Computer Program

| A FORTRAN computer program to solve the finite difference equations
was previously developed by Pinder and Bredehoeft. (1) This program was
modified to make the program compatible with the GE 635 at the University
of Kansas. In addition, other modifications were made to generalize

the model for this study. A listing of the program along with information

on input data format is given in the Appendices.
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3) Input Data

The aquifer syﬁtem to be evaluated is overlaid with a grid system.
Thé intersection of any two Tines on the grid is considered a node
location. Four matrices are generated by entering for each node
location the transmissibility, storage coefficient, initial head in
the aduifer, and hydraulic conductivities of streams or lake bottoms
over their thickness. The initial head in the aquifer is the initial
-condition on the prob]em;

Production or injection wells must be "moved" to the nearest
node location. Production (injection) rates are entered along with
the time period for which that particular rate is to hold. Usually
it is convenient to enter yearly production rates. It is necessary
that the pumping periods be the same for a]] wells. For example,
if a field had five wells and the desired simulation period was
three years, it might be convenient to break the pumping info thfee
one-year periods. Three fcards“ would be entered giving the rates
of the individual wells for each year of the three-year period. ’
Along with production data, the amount of recharge due to
precipitation for each pumping period is entered.

Other input data include the ax and ay increment sizes, the |
dimensions of the system, the size of the initial time step, and the
~ total length of the simulation period. The time step size is auto-
matically incremented in the program in order to decrease the ﬁumber
of calculations. Information controlling the output is also

included as part of the input information.

10
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4) Boundary Conditions

As written, the user must input zero transmissibi]itykvalues along
the outside edge of the system, i.e., outside row and column nodes.
This, in effect, makes a no-flow boundary one-half a grid interval
inside this outer row and column of nodes. Aquifer geometries other
than rectangular can be}generated by putting zero transmissibility

along the boundaries of the aquifer. This is illustrated in Figure 3.

@ @ N7 L i) OO
0 BN
& © &— o
60— 0/,' 9 ‘,
o 1 ’) ! P 0 zero transmissibility
17 e .
X AQUIRER | 4 — — — Effective no-flow
( B boundary
o | L g '
[ !
& ' &
(g Y N NG N .
bbb 4 &b b
V.Figufe 3.~--Definition of boundaries. : e j}

In many applications it may be desirable to have flow across par-

ticular boundaries. This can be accomplished in two ways.
1. Input or production wells can be placed along the flow
boundaries (these should be placed one node Tocation "in" from the

zero transmissibility nodes). The flow rates of these wells would be

set equal to the estimated flow across the particu]ar‘boundary.

1



- f,2;A The stream/lake term,can‘be used to simq1ate flow across a

boundary. The flow can be expressed by

9z _ TAy (Hp(ij) - hyy
Axby - AxAy Ax

or

Ax _,T(Hr(ij) - hij)
AxAy (ax)“

(L/T)

- (4)

Thus, (T/ax2), (or T/ay2), is read in place of Kg/Mp. Again these

values of (T/ax?), along with H.(ij), are read in to Tocations one

node "in" from the zero transmissibility nodes. This procedure is

‘equivalent to setting a constant hydraulic head boundary at the node

location of the zero transmissibility node.

For example, if (T/ax2)

values and Hr(ij) values were read in along the boundary as shown in

Figure 4, this would be equivalent to setting a constant-head boundary

at the nodes along the left-hand boundary.

Flow into or out of the

PN

P—o—e- =

$— X'

=4

)

O
"

o Zero transmissibility
- s}

. x T/8x2 and Hp(ij)

e
~

Vn

¢

. Vol o
A

Vany

Fant
<

e

y. N
— g L ) <= A=

- Figure 4.--Simulation of constant head boundary.

system at each node (x) would be governed by the T and H.(ij) values

at that particular node. The flow would increase or decrease as hyj

decreased or increased.
12



5) Major Modifications to the Pinder-Bredehoeft Model

- 1) Providing the possibility having a different initial aquifer
head at each grid point. ‘ ‘
2) Providing for variable pumping rates for specified periods;
3) Providing for precipitation which reachgs the aquifer during
each pumping pe?iod.‘ | |
- 4) Providing thé possibility of having a production and
recharge well at any grid node.
~5) Providing the possibility of having variable head along the
streams or lakes. |
6) Using the fstreamf term to simulate a constant pressure boundary.
6) Output

The output of the program consists of numerical values and an

alphameric contour map of the drawdown in the aquifer at pre-

selected time steps. In order to estimate the precision of the

calculations, a mass balance may also be computed at selected time

levels.

The input data (transmissibilities, production rates, etc.)

are also listed with the output.

13



APPLICATION OF THE MODEL
1) Experimental Data

The Wichita Well Field was chosen to test the digital model.
Figure 5 shows the Little Arkansas River Basin. Figure 6 shows the
area covered in this study and the 294 computer grid nodes superimposed
on the 294 square miles of the area. The circles show the actual
location of the Wichita Wells. The pumping locations of these wells
were moved to the closest grid nodes. In some cases pumping rates

for more than one well were located at a node. This is shown by a

- square on the figure. The east boundary of the digital model was the

Little Arkansas River. The water level contour map for July 1940 is
also superimposed on the area.
To test the validity of the digital model describing the "Equus
Bedsf aquifer, it was necessaryvto have experimental data in the area.
'For this purpose, measured data reported by the United States
| Geological Survey were used (3, 4, 5). .
a) Initial water table elevation:
~ Initial watér table elevation (initial aquifer head) was
taken from water level contour map of July 1940 prepared
by the U.S. Geological Survey. A copy of this map is
shown in Figure 6. ' |
b) Transmissibility:
Transhissibi]ity data are taken from a transmissibility map

prepared by Charles W. Lane, Figure 7.

14
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L , - Figure 6. Ground-Water Level Contour Map of the Mode] Area-Ju]y 1940
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= F'i;gure 7. Computed Transmissibﬂity Contour Map of the Model Area
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c) Storage coefficient:
Storage coefficient values of .1, .15, and .2 (estimated)
were used in 3 runs. The effect of changing S will be shown
in the following section.

d) Hydraulic conductivity of streams or lake bottoms:

| Hydraulic conductivity of the media between Little Arkansas
River and the aquifer was estimated from the transmissibility
data.

€e) Streams or lake heads:

| The water head in the Little Arkansas River was taken from

the July 1940 water level contour map, Figure 6. |

f) Well production rates:
The yearly water production of each well in the Wichita
Well Field was taken from files of the U.S. Geological
Survey; Lawrénce, Kansas. The main source of this data
was the Water Division of the City of Wichita, Kansas.
The ?sma]]—cityf municipal and irrigation water consumption
were not considered.

g) Annual recharge from precipitationﬁ

Annual precipitation in inches/year at Wichita were used for
the yearly average precipitation. The source is the U.S.
‘Weather Bureau. The fraction of that précipitation actually

‘reaching the aquifer was estimated.

2) Comparison of Computed Results to Measured Data
. The computer model was used to simulate an 18 year history of
the "Equus Beds" aquifer, from July 1940 to January 1959. The computed

. results (drawdown or rise) were compared with measured data in three ways:

18



a) Compafing the measured water 1e§e1 contour maps-with
«-computed water level contour maps at different times.

b) Comparing the yearly average of water level in observatiqn
wells with the computed water level at the closest grid
‘node to the location of that observation well.

.c) Comparing the measured water flow from the aquifer to the
river with computed values. For this purpose seepage run
data taken in September of 1961 were used for comparison with
computed results for January of 1959. No actual seepage
run wés available until 1960 but the model was run only to
1959 because of data limitations. This is the reason for the
two year lag. This was considered to be a qualitative
cdmparison. | |

Computed water level change maps are shown in Figures 8, 9, and

10. These maps show contours of equal changes in water levels
between July 1940 and January 1945; January 1951 and January 1959,
‘vrespectively. For these computer runs, a storage coefficient value
of .15 was used. For comparison purposes, water level change maps
based on actual field data are shown in Figures 11, 12, and 13.

When compared with Fjgures’8, 9, and 10, it cah be seen that the
~‘general shape and magnitudes of the drawdowns and rises for the
measured and computed contours are comparable. Probably the poorest
_fit is in the north part of the area near Burrton. However, it is

noted that there is a scarcity of data in that part of the field.

19
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Measured Changes in Ground-Water Levels in the Model Area

Between July, 1940 to January, 1951.
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The ca]cﬁ]ated results were checked by.a comparison to measured
”hydrographs in 13 observation wells. The wells $e1ected are shown
in Figure 14, and are identified by reference to Table I. Observation
well locations (for comparison to the‘computations) were moved to the
' nearest grid location. The hydrographs for the wells were actually
"~ water level fluctuations and were determined by calculating yearly
averages. The U.S. Geological Survey has deVeloped a computer
program to compute and plot yeaf]y average water levels or water level
changes, using any desiréd year as a base. This program was used to
. generate the plots for the comparison. |
| In the history matching prqcess, storage coefficient values of
0.10, 0.15 and 0.20 were used. A typical result is shown in Figure 15.
In general, the fbest" fit was given by using .15 as the storage’
coefficient value.
| The.comparisons of computed to measured hydrographs for four
“typical wells are shown in Figures 16 through 19; The agreement,
'in'general, is quite good. There are, to be sure, differences in
the magnitudes of the water level changes. Part of this difference
is due to the plotting procedure. The "basisf for the measured
results is the average water level for 1940. For the calculated
reéu]ts, the basis is the water level on a specific date, Jhly 1, 1940.
This correction, if made, would improve the fit to the data. While .
there are differences in magnitude of water level change, the agreement

in trend betweenAthe computed and measured hydrographs is excellent.

26



Figure 14. Observation Wells Which Were Moved to the Closest
: . Grid Node. ' :

L T
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. Table I.
Observation Wells Location

Column T* Column 2* Cotumn 3* C‘.”_ umn 4
1 506 23 zWZSAB 12,7
2 P35 24 3017CC 3,8

3 P32 23 3W8DD2 7,3
4 853 24 2W13BBB 11,12
5 1174 24 1W32cCC 1,7
6 880 | 24 3W110D2 | 6,9
7 - 804 24 2W18AA 8,11
8 878 .7 24 3W1DDD2 8,9
9 816 25 TW7CC 9,8

10 872 23 2W310DD 10,9

1 839 20 WM 10,15

12 33 25 2W1CBB | 10,17

i3 886 2 2W16BRA 10,11

- *Column T: Well number in Figure 14.

" *Column 2: Well number of map of Wichita Well Field, Bulletin 119,
‘ Part 1, P1ot 1.

~*Column 3: Well number in report by G. J. Strame] on the Equus Beds,
| 1956, pages 15-18. 4

. *Column 4: Node location in Figures 6 and 14.

-~
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A third check 6n the computed results consisted of a study of
the amount of water being discharged from the aquifer to the Little
Arkansas River. . The U.S. Geological Survey cgnducted seepage runs
on the Little Arkansas River during September 1960. There were no
seepage-run data available during the period of the history match
(July 1, 1940 to January 1, 1959). Therefore, it was decided to
use the 1960 data for a comparison to the calculations. Since the
calculations ended over a year and one-half before the date of the
seepage run, it was realized that this could only be a qﬁa]atitive
check. |

The data used for the comparison afe sthn in Table II. The
river site locations are on file at the U.S. Geological Survey
office, Lawrence, Kansas. The computed and measured discharges at
several sites are shown in Table III. The calculated discharges

were determined using the equation
Q = K/Me(Hp(i4) - hyy) axay
While it is seen that there are large differences at several locations,
the "order of magnitude" comparison is good. This comparison perhaps
does indicate the need for a better description of the stream-aquifer
;ainteraction in the computer model.

N

\\
N
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Table II

' Discharge to
River Discharge Differ- Valley Differ- the River

- Site (efs)  ence . Miles ence  cfs/mile  cfs/mile

R-1 17.6 | 39.2
| 3.2 } 3.3 .96 .48

R-2 20.8 - 35.9 S |
R-3 22.6 1.8 - 34.8 1.1 1.63 .81
R-4 23.2 6 T 335 1.3 .46 .23
R-5 25.2 2.0 32.5 1.0 2.0 1.0
R-6 26.0 .8-.05 3.0 25 .3 .15
R-7 27.4 1.4 29.0 1.0 1.4 .7

‘R-8 27.8 4 27.9 1.1 .36 18
R-9 29.6 1.8 26.9 1.0 1.8 .9
R-10 31.9 2.3-.05 25.7 1.2 1.87 .93
R-11 34.4 2.5 24.3 1.4 1.78 .89.
R-12 51.7 17.3-16.44 22.2 2.1 4.00 2.04
R-13 58.1 6.4 21.0 1.2 5.33 2.6
R-14 60.5 2.4 19.8 1.2 20 1.0
R-15  66.1 5.6 17.4 1.9 2.94 1.47
R-16 79.4 13.3+.32 15.6 2.3 5.28 2.64

. 35



B _ _ Table III
Computed and Measured Discharge to the River
Computed Results are Based on .1 Storage Coefficient

Location Computed Measured
- (Row Index discharge to the discharge to the
in grid river, 1958 river, 1961
Csysten) (O N (cf3)
| -
2 .48
3 48 | | .48
4 6 | |
5 .92 ] . .81
6 .86
7 1.01 .23
8 1.15 1.0
9 1.01 - .15
10 43 7

—t
——t
.

[3,]
on
.

—t
(o]

9

12 43

13 55 .93
14 .37 .89
15 .63 \\

16 .63

7 .63 2.04
18 2.03

19 0

20 1.39 1.0
21 --




1)

2)

CONCLUSIONS

The Pinder-Bredehoeft computer program was successfully modified

for application to the Wichita Well field of the Equus Beds aquifer.

An 18 year history match of the well field resulted in a good
fit to observed field data.

The computer aquifer model is a versatile tdo] that can be used
to make predictions of future behavior of an aquifer under

assumed conditions of stress. It is, potentially, a significant

management tool.

RECOMMENDAT IONS
It is known that the "Equus Beds" aquifer is an unconfined aquifer,
thus the saturated thickness changes in time. The transmissfbi]ity-
which has been considered constant with time, must in fact, change
with time. Therefore, it is recommended that transmissibility

be considered as a product of permeability and saturated thickness:
. T=Kh

where:
T = Transmissibility '\\\\
- Permeability \
h « Saturated thickness |
The saturated thickness should be changed and updated after each
time step. Thus, T would change with time. .

Evapotranspiration should be considered in the model.

37



3) The storage coefficient value used in the program should be
checked.

4) The history match should be extended to the present date.

- If the fmatchf proved to be satisfactory, then the model
could be used with reliability to make predictions of

future behavior.

38



BIBLIOGRAPHY

Pinder, G.F., Bredehoeft, J.D., "Application of the Digital

Computer for Aquifer Evaluation", Water R.R., Vol. 4, No. 5,

"Pp. 1069-1093, October 1968.

Douglas, J. V., J., Peaceman, D.W., Rachford, F.V., H.H., "A
Method for Ca]cu]afing MuTti-Dimensional Immiscible Displacement,”
A.I.M.E., Pp. 297-308, 216, 1959.

Charles C. Williams and Stanley W. Lohman, "Geology and Ground-
w§ter ReSources of a Part of South-Central Kansas, with Special

Réference to the Wichita Municipal Water Supply", KGS Bulletin

79, 1949.

G. J. Strammel, "Progress Report on the Ground-Water Hydrology
of the Equus-Beds.Area, Kansas", 1956.

G. J. Strammel, "Progress Report on the Ground-Water Hydrology

- of the Equus-Beds Area, Kansas", 1966.

. o \/



APPENDIX A

~“Data Cards Information

Card #1
- Column - : " 'Contents
1-10 ' Variable format used for input
' transmissibility, storage coefficient,
and initial head in the aquifer,
AFMT(I).
Card #2
COIUmh
1-10 Variable format used for input
: ~hydraulic conductivities of streams
and lakes wherever they occur,
BFMT(I).
Card #3
Coidﬁn
1-10 . Variable format used for input
pumping or recharge rate, CFMT(I).
Card #4
" Column
1-10 Desired period of pumping in years,
11-20 ‘Number of nodes in a column of the
. ’ matR{x (no decimal point), DIML.
- 21-30 \ Number of nodes in a row of the
o ~matrix (no decimal point), DIMW.
- 31-40 : Maximum number of time steps
‘ ~ (no decimal point), NUMT.
41-50 Vertical leakage into the aquifer
in feet per second, QRE.
-51-60 ~ Size of initial time increment in
seconds, DELT.
. 61-70 Distance between nodes in feet

(X direction), DELX.

- 40



Card #5
‘Column

- 1-10
11-20

- 21-30
- 31-40
Cards #6-26

Cards #27-47

Cards #48-68

Cards #69-89

Cards #90-110

Card #111
“Column

1-10

"‘contents

Number of time steps between print
out of row values (no decimal point),
KTH. '

Number of time steps between print
out of column values (no decimal
point), LTH.

Percéntage of rainfall which reaches
the aquifer, PRECFA.

Distance between nodes in the Y
direction (feet), DELY.

Initial head in aquifer (feet),

~ STRT(I,3). (1)

Transmissibility values (gallon/day-
ft). A value of zero is assigned

.to all nodes beyond the perimeter

of the aquifer and to nodes along
the limiting rows and columns of
the matrix, T(I,j). (1)

‘Storage coefficient values

(dimensionless), S(I,j). (1)
Hydraﬁ]ic conductivity of streams

or lake bottoms over their thick-
ness (1/sec), KOVSRM(I,j). (2) )

The head of streams or lakes, (feet),

_ HEAD(I,3). (1)

\\\ |

!

" Time period of pumping rate which

follows (year), PTIME.

Yearly average rainfall (inch/year),
PRECIP.

Initial time step (second), DELT.

(1) Data card should be prepared according to the punched format

on the first data card.

(2) Data card should be prepared according to the punched format

on the second data card.

“
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Cards #112-154 o Pumping rate matrix (gal/year*

: 103) during the time period read
from card #111. (In this program
the time periods in the second
half of 1940). RATE(I,.j). (3)

Card #155 : Same as card #111 with the data
- - belonging to 1941, PTIME, PRECIP,
DELT.
Cards #156-177 Same as cards #112-154 with pumping
. - rate matrix belonging to 1941,
RATE(I,J)
Card #158 _ Same as card #111 with the data
: belonging to 1942, PTIME, PRECIP,
. DELT.
Cards #198-219 . Same as cards #112-154 with pumping
- rate matrix belonging to 1942,
RATE(I,j).
The rest of data cards up to card #555 are pumping rate matrix
belonging to 1943-1958 in the same manner.
The pumping rate data cards are in a form which gives enough
flexibility to shoot down a well or digging a new well during the

history of the basin.

S

(3) Data card should be prepared accord1ng to the punched format
on_the third data card.

42



APPENDIX B .. . &

o ; SAMPLE INPUT DATA

- . . IS
. R - . Y - - . .
o A v

g

INPUT PARAMETER

LENGTH OF INIYTAL TIME STEP|N SECONDS=z 0,200E 04

"MAX MUM PERMITTED PERIOD OF PUMPING IN YEARSs 18,5

MAXIMUN PERM]TTED NUMBER OF TIME STEPS (ITERATIONS)= 100000

FLoX DUE YO VERTICAL LEAKAGE FROM A CONFINING LAYER IN CFSa 0,

GRiC SPACING [N PROTOTYPE IN FEETa 0,528E 04

~ ~MoER OF NODES IN COLUMN OF MATRIX= 21

- ~w#BER OF NODES IN ROW OF MATRIXs: 14

o
i
¢
.

/




R4

0,

T T ST TR SETRILTTY WATRIXS (GPOZFTIe 10793 |
e TR 0. . T b e T s i
T2 70y 100,0 55,00 45,0 4%,0 97 0 3.7.0 100,0 30,0 15,0 10,0 10,0 O, o
737 0, 100,0 75,0 45,0 45,0 70,0 100.0 100,0 40,0 15,0 10,0 10,0 0, 0,
"4 0y 100,0 90,0 50,0 47,0 65,0 105,0 100,0 50,0 15,0 10,0 10,0 q;' o.%
"5 0y 100,0 100.0 75,0 50,0 65,0 110,0 120,0 90,0 30.0 20,0 15,0 0, O,

6 0y 103,00 104,0 90,0 75,0 80,0 120,0 150,0 1300 1oo.oA 40,0 25,0 0, o.§7
7 0y 105,0 105,0 145,0 120,0 110,0 125,0 160,0 125,0 100,0 50,0 25,0 0, 0,
8 0, 106,0 105,0 40,0 160,0 140,0 120,0 170,0 425,0 70,0 50,0 25,0 0, 0,
9 0 107,0 100,0 110,0 40,0 150,0 150,0 180,0 95,0 80,0 45,0 25,0 0, o
10 6, 107,0 90,0 16,6 135,0 150,0 200,0 190,0 100,0 90,0 45,0 30,0 25,0 0. !
1T 0, 106,0 93.0 95,0 120,0 130,0 205.0 200,0 100.,0 100,0 50,0 30,0 30,0 o;;
12 0, 104,0 95,0 96,0 105,0 140,0 200,0 200,0 150.6 130,0 80,0 40,0 25,0 o;:
13 6, 102,0 97,0 97,0 00,0 140,0 200.0 200,0 100,0 100,0 100,0 50,0 30,0 0s
14 0o, 100,0 99,0 98,0 98,0 140,0 175,0 200,0 210,0 75,0 400,0 100,0 20,0 O, )
15 0, 120,0 100.,0 99,0 99,0 120,0 150,0 200,0 120,0 100,0 50,0 100,0 00,0 0,
I8 oy 140,0 120,0 1000 100,0 140,0 1500 150,0 140,0 140,0 100,0 100,0 100,0 0,
17 0, 210,0 175,0 150,0 150,0 150,0 200,0 200,0 200,0 100,0 140,0 110,0 105,0 0, _
18 0. "250,0 240,0 205,0 200,0 200,0 200,0 200,0 300,0 156,0 150,0 125,0 0. 0,
719 70, 250,0 24070 250,0 220.0 220,0 220,0 205,0 195,0 165,0 145,0 100,06 0, 0,
20 0, éé61b455620”25(.0”215 . 220,0 20¢0H.0 1400 140,0 120,0 100,0 90,0 ”’67”'““67?
21 0, 0, 3, 0, 0, 0, 0, 0. 0, 0, 0, 0, 6;5
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| N ' STORAGE COEFFIGCIENT MATRIX.
i "o0.i5 0.i5 0.15 0.15 0.15 0.i15 0,15 0.i5 0,15 0,15 0,15 0.15 0.15 0.15

i — errr— g < o + e e e o & kv

R R e T o S P NUP S

. o #e e + s e - e

"% 0,15 0.15 0.15 0.15 0,15 0.i5 0.15 0.i5 0.15 0,15 0,15 0.15 0.15 0.15
3 0.15 0.15 0.15 0.15 0.15 0,15 0.15 0.15 0.15 0.15 .9;15 0.15 0.15 0,15
i 6.15 0.15 0.5 0,15 0.15 0,15 0,15 0.15 0,15 0,15 0,15 0.15 0.15 0,15
5 0.15 0.15 o0.15 0,15 0.i15 0.15 0.15 0.15 ¢.15 0.15 0,15 0.15 0.15 0,15
& 0.i5 0,15 0.15 0.15 0.15 0,15 0.15 0,15 0,15 0.15 0.15 0.15 0,15 0.15
7 0.15 0.15 0.15 0.15 0.15 0,15 0.15 0.i5 0,15 0.15 0.45 0.15 0.15 0.15
8 0.15 0.15 0.15 0,15 0.15 0.15 0.15 0.15 0,15 0,15 0,15 0.15 0,15 0.15
§ 0.15 0,15 0.15 0,15 0/15 0.15 .15 0,15 0,15 0.i5 0,15 0,15 0.15 0,15
10 0.15 0,15 ©0.15 0.15 0.15 0,15 0.15 0,15 0,15 0.15 0.15 0.15 0.15 0,15
11 0.15 0.15 0.15 0.15 0.15 0.15 0,15 0,15 0.15 0.15 0.15 0.15 0,15 0.15
12 0.15 0.15 0.15 0.15 0.15 0,15 0,15 0,15 0.15 0,15 0,15 0.15 0.15 0,15
13 0.15 0.15 0.15 0.15 0.15 0.15 0,15 0.15 0,15 0.i5 0.15 0.15 0.15 0.15
14 6.15 0.15 0.15 0.15 0.15 0,15 0.15 0.15 0.15 0.15 q.is 0.15 0,15 0.15
15 0.15 0.15 0.15 0.15 o.is 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0715 0,157
160,15 0.15 0.15 0.15 0.15 0,15 0,15 0,15 0,15 0,15 0,15 0.15 G.i5 0.15
17 0.15 0.15 o0.15 0.15 0.15 0.15 o0.15 0.15 0,15 0.15 0.i5 0.15 0,15 0,15
{8 0.15 0.15 Ad.isf‘éiis 0.15 0.15 o0.15 0.i5 0.i5 0,15 0.i5 0.15 0.15 0,15
19 0.157 0,15 0.15 0,15 0,15 .15 0,15 6,15 0,15 0,15 0.15 0.15 0.15 (ST e

20 0,15 0,15 6.i5 0.15 0.15 0,15 0.15 0.45 0,15 0,15 0,15 0.15 0715 0,15
21 0.15 0.15. 0.15 0.15 0.15 0.15 0.15 0715 0,15 0,15 6,15770.1570.15 "0.15
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T INTTTAL VALUE OF HYDRAULIC HEAD IN AQUIFER (FEET)+1000 FT=ALTITUDE

T472,0 469,0 456,0 464,0 463,0 463,0 450,0 435,0 430,0 425,0 410,0 392,0 395,0 402,0

. 727747040 466,0 4530 458,0 456,0 457,0 457,0 445,0 438,0 427,0 412,0 391,0 394,0 402,0
T3 466,0 464,0 459.0 454,0 44970 448,0 450,0 451,0 445,0 435,0 418,0 390,0 390,0 401,0 | .

462,0 460,0 455,0 449,0 443,0 440,0 441,0 440,0 443,0 440,0 425,0 390,0 392,0 398,0

457¢0 454,0 450,0 445,0 440,0 436,0 434,0 431,0 430,0 430,0 422,0 386,0 393,0 397,0

| 44610 443,0 44170 437,0 43370 428,0 425,0 422,0 417,0 413,0 405,0 380,0 391,0 393,0

44270 440,0 436,0 433,0 430,0 425,0 422,0 418,0 414,0 408,0 400,0 374,0 380,0 394,0

4
5

6§ 450,0 447,0 445.0 440,0 437,0 433,0 429,0 426,0 424,0 420,0 414,0 383,0 392,0 397,0
7

8

9

438,0 435,0 432,0 430,0 426;0'422;0 418;6 414,0 411,0 408,0 402,0 371,0 375,0 377,0

- —

10 433,0 430,0 427,0 425,0 422,0 418,0 416,0 410,0 406,0 404,0 401,0 390,0 368,0 374,0

pmomr

11 428,0 426,0 422,0 419,0 417,0 415,0 411,0 406.0 402,0 398,0 392,0 384,0 365,0 372,0

Lo

12 426,0 422,0 418.0 415,0 412,0 410,0 406,0 402,0 398,0 392,0 365,0 375,0 363,0 370,0

13 422,0 418,0 413,0 410,0 407,0 405,0 402,0 398,0 393,0 386,0 380,0 369,0 362,0 366,0

14 418,0 414,0 408,0 405,0 403,0 400,0 397,0 393,0 387,0 382,0 376,0 367,0 360,0 363,0

15 414,0 410,0 403,0 404.,0 398,0 396,0 393,0 388,0 383,0 377,0 372,0 366,0 357,0 361,0

16 440,0 403,0 399,0 397,0 395,0 392,0 388,0 384,0 380,0 374,0 368,0 363,0 354,0 358,0

17 402,0 398,0 396,0 393,0 390,0 387,0 384,0 380,0 375,0 371,0 3660 359,0 352,0 357,0

18 398,0 395,0 392,0 388,0 385,0 382,0 379,0 375,0 371,0 366,0 360,0 350,0 349,0 354,0

T4977394,0 396,0 387,0 384,0 381, 377,0 374.0 371.0 367,0 362,0 355,0 347,0 349,0 353,0

"“§5~m350r5"355;6”39216'3i3f6_376}0‘373;5M369;5_357f6'365:5b358.0'352.6_364.0_3?776ﬁ§S§T6“7
21 385,0 382,0 378.0 374,0 372,0 368,0 366.0 362,0 358,0 355,0 350,0 341,07 346,0 351,07



THE VALUE OF HYDRAULIC HEAD IN RIVER OR LAKE (FEET)

£ 0y 0, 0. 0. 07 o, 0, "0, 0~ 0, 0, 0, 0, 0,
"2 0, 469,0 466,0 464,0 463,0 463,0 450,0 435,0 430,0 425.0 410,0 381,00y 0,
3 0, 466,0 0, 0, 0, O, O, O, 0, 0. 0, 379,0 0, o0,
4 0r 462,0 0, 0, 0, 0. 0, o, 0, 0. 0, 381,0 0, 0,
5 0« 457,0 0, 0. 0, 0, o, 0, 0, . 0, 0, 379,0 0, o,
‘6 0, 450,0 o, 0, O, O, 0,7 O, 0O, O, O, 376,0 0, 0,
T 0y 446,0 0, 0. 07 0, 0, 0. 0, 0. 0, 3750 08, 0,
8 0, 442,0 0, K} i o o 0, 0, 0, 0, 368,0 0, 0,
5 oy 438,0 0, 0, 6 0, 0 o fo; 0, 0, 365,0 0, o,

L

10 o0, 433,0 o0, 0. 9y 0, 0, 0, 0, 0, 0, 0, 366,0 0,

i1 0y 428,0 0. 0. - 0, 0, 0. 0, 0, 0, 6, 0, 362,0 0.

12 o0, 4260 0 0. O O O O O 0, 0, O, 361,0 0,

13 0, 422,0 o, G, 0, 0, 0, 0, 0, 0, 0, 0, 3590 0,

14 0., 418,0 0, 0. 0, 0, 0, 0, 0, 0, 0, 0, 35,0 0,

15 0y 414,0 o0, 0. 0, 0, 0, 0, 0, 0, 0, 0, 357,0 o,

16 oy 410,0 o0, 0. o, o, 0, 0. 0, 0, 0, 0, 354,0 0,

“17 0y 402,0 0, o0, 0, 0, 0, 0, 0, 0, 0, 0, 352,0 o,

18 0y 398,0 0, 0, 0, 0, 0, 0. 0, 0. 0, 349.0 0, 0.

197 78, 394,00,y T oy o0, 0, 0, 0, 0, 0, 346,0 0, 0.

20 0, 386,0 378,0 374,0 372,0 368,0 366,0 362,0 358,0 355,0 350,0 343,0 0, 0,

21 0 0, 0y 0, o, 0, o, o, 0, 0, 0, 0, 0, 0,

¢ e mam——— e im e ——— N N meim e e ————— - e e e e o o o me a i -



8¥v

‘ WYDWAULTC CONDUCT{VITY OF STAEAW OR LAKE BOTTON OVER IVS THICKNESS
T, t 8, L % o, 8, 0. _ O, e, o0, . 6, 0, i

‘—T_Wmﬁ}u.zaxe.-qeo.zns-oao.4o95-oao'.uss-oan.uzs-oao.aue-ovo.sue-o 01215E+080, 0.
L= I, ~ 0.255E-080, [H . o 0, ) 0, 9%, 0. 0 0,215E~040, 6.
49, 8.255E~080, 0, 0, 0, i 0s 0 0, 0, 0 . 8,215E-080, 0.
30, 0.205E-080, —_ 0. % 0, 0, 0, 0, o, 0, 0,333E«080, 0.
™ & 9, 0,i175E=080, . O, s, 0. 0, - 0, o, . 0. 0, 0.5206-080, 0.
7 o, $.203E~080, 04 .. 0. 8. [N 0, 0. o, 0.5208-080, 0.
Ve, 9.2086%080, O, , o o 8.- - 0 % %, 5, 0:5208-080, %
’o, 0.194£-080, [H 0, 0, e, 0. 0, - 8., 0, 0.,520E«080, 0.
00, - 0.19¢e-080, . (B . 0, o, . o.‘ . 0, 0 0 0, [H 0,5208-080.
110, 0.188E2080, K 8 0. o, 0 0 LD [ o ~0.668E-080.
iz 0, 8.167€-080, 0 - 8, . 9, 0 o, & 7. o %, 0,920€-080,
13 6, 0,186E=080, [H . l', 0, Q, 0, 0, 8, 0, [N 0,068E-080,
140, 8.205E2080, [H I PR M 0. 0 0 0. 0, 'Y 0,442E-080,
50, - 0.236Ec080, 0" 0, o, 0, 0. 0, 0. 0, ' H 0.226€-070.
36 0, 0.257E-080, o PO o, o o, o 0 M 0.2266-070,
AL 8.1176-070, 0% [P (M T, o T, 9. T, M §,226E<070,
{o e, 0.139E-070, 03 o, . . 0. - 0, 0, o, 0. PR ¥ LM} (N
1% 0, 0.1396=070, o, L1 o, - 8 0, 9% B PRREIN TR 3. 2Z6E-070, 0.
FT . 0, N 9. 0, 0. (B 0, %, 0, (M 0. o.
i . ' . .
. ’ o s R
> -
- ¢ . l '



6¥

‘ _3 »
PTIME(MAX TIME FOR RATES THAT FOLLOW) = 0,50
T PRECIP(INCHES/YR) = 36,77 T T

PRECIP, RECHARGE TO AQUIFER (INCHS/YR)= T 4,41

DELT(INIT TIME STEP IN SEC) = 2000, '
; | | RATE MATRIX,CU,FT/SEC
: 10, 0, 0. 0, 0, 0, 0, 0, 0, 0, 0,
i 2 0, 0, 0, 0, 0, 0, 04 ) 0, 0, D, , 0;
‘ 3 0, 01 09 OL 0. ‘Q,nn_ ,0: 0y 0, 0, 0;
4 0' 0’ 0. 00 0' 0| 0. 0. 0. ., 0. 0.
5 Ql o- 0. 01 Ol 01 01 Q- OI on o;
8 0. 0. 0. 0. 0! ol Ol 0| . 00 o! 00
’7 0, 0, 0, ,0_1 0, 0, 04 0, 0, »0,40 ’
8 0' Op 0. 'Og 0' 0. 0' 0| 0. ‘”°|41
9 0. 0, - 0, 0 0., 0, 0,, 0, -QQ_ZQ Qn

10 0, 0, 0, 0, 0, 0, 0, 0, =0,70 0,
11 Q, 0 0. 0. 0, 0, 04 [ =-0,93 ’9,149

12 °| 09 0. 0': OQ‘ 0. 0' 0' 0' '0|23 .

——13 00, 0, 0, Qe 0, 0, 0., »0,25__0,
: '14 0. 0' °| 0. 01 ' 0' 0! 0. »‘-0.27 '-'0.13
15 0, 0, 0y 0, 0, 0, 0,y 0. 0, -0,38

: 16 0' 0. 0' OQ 01 09 0| ) 0. 0. '0.47
e e __._1? . _On Ol Op ,0..-___,,.0.:.-___ _Q_I 01 0! ,0! o.l

18 0. 0. 0| 0, °| oo 0. 0. . 0. ot

19__ o0, 0, 0, Oy 0. 0, 04 0, - 0, 0,

20 0' 0, "0, 0. 0, 0. 0. 09' o, ol

- 2% 0, 0., 04 0, 0, 0, 0., 0, 0, 0,



0s

0

—PYIME(WAX TINE FOR RATES THAT FOLLOW) &

i,

50

"PRECIP(INCHES/YR) = 33,25

PRECIP, RECHARGE TO AQUIFER (INCHS/YR)=

3,99

DELT(INIT TIME STEP IN SEC) = 2000,

RATE MATRIX,CU,FT/SEC

1o, 0, 0, 0, -0, 0, 0, 0, :
2 o, 0, 0, 0, 0, 0, 04 0, 0, 0, 0, 0, 0, 0,
30, 0, 0, 0, 0. 0. 0, -0, 0, 0, 0, 0, o, 0,
4 0, 0, 0, 0, 0. 0, 0, 0, 0, 0, 0, 0. 0, 0,
5 0- Dn D! 0- ) 0. 0. 0, De 0, 0= 0-' 0. 0; 09

6 0 0, 0 0, 0, 0, 0y 0, - 0,y 0 0, 0, 0y 0,

7 0. 0- Q- OI O. 01 ﬂe 0, 0. ‘71.43 0- 0- Ql 0- .

8 0, 0, 0,4 0, 0, 0, 0, 0.4 0, ~1,86 0, 0, 0, 0, |

9 03 0,. ﬂe - 0. '0. ng 03 D; "2‘.19 0; 0; 0; 03 0,__
10 0. -0, 0| 0! 0. 0. 0, 0, '2.16' 0, 0. 0. 0. 0.
! ____.__11___Dl 0( 09 ) Q- 0., 0. v 0_- 0. '2.95 "1 .29 0- 0_.5 0, OA
12 0, 0, 0y 0, 0, 0, Oi 0, o, -0,79 0, 0, 0, 0,
'4 13 0, O,. 0, 0, : 03 0., 0, 0, -0__.85 0, 0, 0, 0, 0.
k 14 0, 0, 0, 0, 0. 0, 0, 0, “1,06 =0,41 0, 0, 0, _,00
15 0, 0, [/ Y 0., 0. 1 0., 0., 0, "11_18 0_: 0, 0'| 0,
16 0, 0, 0, 0, 0, 0, 0, 0, 0. - =1,73 O, 0, 0, 0,

17 0, Qs 0, 0, 0, 0, 0, 0y ____ 0, 0, 0, 0, 0, 0,
18 0' 0' l 0. Ol 0' o' 0' .0. ol 00 00 0' OI o.
—_ 19 _ 0, 0, 04 0, 0. 0, 04 0, 0, 0,_ 0, 0, 0, 0,
20 0, 0, 0, 0, 0., 0, 0, 0, 0, 0, 0, 0, -0,y 0,

21 0. 0. Dn 0- °| on Ol 01 01 gl Ol ol ol 0:.__
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- Prxféfikx_*\'x.né F—‘O‘R: R/{fes THAT FOLLOW) = ‘ 2:50
T PRECIP(INCHES/YR) = 42,13 ) '

T PRECIP, RECHARGE TO AQUIFER (INCHS/YR)= 5,06
TTTDELT(INIT TIME STEP IN SEC) = 2000,

- . RATE MATRIX,CU,FT/SEC
9, 0. D4 0.4 0, 0, 0,4 0, n, 0,

0, 0, 0 0, 0y 0, 0y, 0, 0, 0,
0, 0, 0, 0, 0, ‘0, 04 0, 0, 0,

D. °| O.' 0. 0. 0| 0’ 0| 0. _0.
0., 0, Ql Qo 0.4 0, 04 0, 0. 0,

"0,y 0, 0, 0, 0. 0, 0, 0, 0, 0,

0, 0, Qal y 0: 0, 0, 0.1 0, 0, -'1159

OVO®RINOD LGN

0. 0, . 0, Qn °| Un 0, Qn '2_.68 0-

- » ® ® @ b e @

°| 0' 0| 0' .0' 0. 0, 0| °| "1.86

IGO0 0C0O0O0o0O0 T |°

-

10 °| 0, 09 o 00 00 0| 0. 0| "2.58 °|

[ N = ]
-

11 0., _ 0, 0, 0, 01 0, 0.4 0, »3,68 1,39

12 °| 0. 09 0| 0; 0| 0| 0| _0. !'°|91

1,3 0, ‘ 04 0., . 0, Q_n Qn 0, 0, "1.__4;_7 0-

(= = N o ]
- ® -

14 0y 0, 0, 0, 0 0, 0, 0, =1,37 =-0,59
15 0., 0, o I 0, 0., 0., 04 : 0, 0. "1._;0
16 0| 09 0| 0' OI 0. 0. 0' 0. '-1|69

17__0,___ 0, 0o 04 0. 0, Oy 0, 0Os_ 0,
18 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
19 0. .0| 0. 0. 0| Ol On 0,.' DQ OI

=1
"

20 o0, 0, 0, 0, 0, 0, 0, 0, 0, 0,

Y=Y XN X,

21 0 . 0 [P 0 .____A_VO [P D b 0 [ — _,_01 : 0, 0, 0.,
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v U ‘
—PYTWETHAX TTRE FOR RAYES THAT FOLLOW) & 3,50
.~ PRECIPCINCHES/YRY ¥~ = 29794 —
T TPRECIP, RECHARGE TO AGUIFER (INCHS/YR)= 3,59
— DECTTINTY TIHE STEP IN SECY = 2000, -
- . RATE WATRIX, CU,FT/SEC

0, 0, 0, 0, 0, 0, 0, 0, 0, 0,

0, 0, 0 - 0, 0., 0y -0y 0, 0, 0,
ol o. Ol o. 0’ o. °l D' 0. ol

0. 0! Oi 0' : 0. . 0. Oi 0. OQ' 0.
0, 0, 0, 0. 0, 0, 0, 0, 0,

°| 0| 0._ 0. <. 0| 0. 0' 0. _0. 0,
01 0. _Dl °|' 0! on 0y Q, 0, '1.89

Ay

0. 00 0. 0. 0' . 0. Oi 0' . 0. °2|11
0, 0. 0, 0_‘ 0, 0, Ol Q4 '2_194 0.,

O i~ O & ikl N2
[ ]
o

) 0, 0, - 0, 0, 0, 0, 3,36 0,
0, 0, 0, Dn Oi 0, 0, D4 4,13 '2;84

WP
- o
[ =]
-
[ =]
-

O0O0O0OO0O0O00 OO

12 0, 0, - 0, 0. ‘0' 0, 0 0, g, ’1039
13 0, 0, 0., 0. 0, 0, 0, Ql ’il;Q__gL

14 0' : 0, 0, 0, 0. 0. 0, 0, '1152 ’0049

15 0, 0] D, 01 Ol___ng Q4 0+ Dn f1.61

16 0, 0, 0. Q¢ 0 0, oi 0, 0, '2078
—_— 17 0y 0e Q4 O, 0, 0, 0 0, 0, 0,

18 0. 0. 0, . 01 00 0| Oi 0. 0. 0.
-19 0. Q, Q._ 0, __OQ gn Ol S 0, .On

20 0, 0, 0, .0, 0, 0, 0, 0, 0,. 0

2L _ 0, 0, D, Qs 0e___Oe__ 8y 0, O, 0.



r
- [} ) - “b .
e e et s T Crme e é\.-)...-...i.»..: e e e A e ke 4 A i e e e
PTIME(MAX TINE FOR RATES THAT FOLLOW) = 4,50
T PRECIP(INCHES/YR) = 43,53
PRECIP, RECHARGE TO AQUIFER (INCHS/YR)s 5,22
DELT(INIT TIME STEP IN SECY = 2000,
| , RATE MATRIX,CU,FT/SEC -
0, 0, 0, 0. 0., 0, 0., 0, 0, 0,
0, 0, 0, 0, 0, ¢ -0, 0, 0y 0, 0,
0, 0, 0, 0, 0, 0, 0, 0. 0, 0,

0, 0, 0, 0, - 0, Oy 0, 04 0, 0,
0, 0, D, i 0, 0. 0, 0, 0, 0, 0,

€9

0| O. U. - 0. 0| 0| 0| ’ °|' 00 A ol'

O OiNONN &Gl

0. 0, ) 0., Dg_v D 0. 0., ‘3155;“Dn

0g OA Di .Dl 0., ‘ on 0; Qg : 0, ’1L88
0, 0, 0. 0, 0, 0, 0, 0, 0, -2,88

10 0. 0. 0. 0! 00 0| O. ’ 0. "3.64 °|

11 . 0, 0, [ 0. Qs 0, D3 0., '4L94 ‘ZLli

12 0, 0, 0. 0, 0. 0, 0, 0. 0, ’1056

13 0. B 0., N Qs 0. = 0., 0, 0 -1,54 0,

14 0. 0, 0. 0, 0. 0, 0, 0. =-0,98 =-0,82
15 04 Ql 0. 0. OJ 0, ﬂ. 0: 0., '2:15

16 0, 0. D, 0, 0. Do 0 0, 0, '2123

17 0, 0., 0, D Qe .. __ 0, 0» 0, __0, 0._

18 0. 0' . 0. 0' 0' 0. Ol ol ol o!-
19 0, 0, 0, 0, 0, 0, 0,4 0, 0, 0,

20 0, 0, B, 0, 0, 0, 0, 0, O, 0,

1
gOOOO'OO‘OOOOQQGGr\nnn———

21 0, 0, 0 0. 0. 0, O¢____ 0, 0, 0.,



e | AR

|

“PTIME(HAX OR RATES THAT FOLLOW) = . .5,50

¥S

PRECIP(INCHES/YR) = 36,71
PRECIP, RECHARGE TO AQUIFER (INCHS/YR)= 4,44
DELT(INIT TIME STEP IN SEC) = 20010,
| = 3 RATE MATRIX,CU,FT/SEC
1 01 01 0. oj 0] gl O! OL ﬁl Q. on 0. 01
2 0. 0. 0. 0. °| 0' 0' °' °| 0. U, 0. 0.
3 ol; Ol [] 0! 01 0! 01 °| 0. 0- ol 01 OL :
4 0, 0, 0, 0% 0 0, 0, 0 0, 0., 0, 0, 0, '
. 5 01 0. °l QI °| oa OI 0.- : 01 0. 0- 01 0. {
é 0, 0, 0, 0, N 0, 0, 0, 0. 0, 0, 0, 0, {
2 0, 0, D, 0, 0, 0, 0, 0, 0, "1.41 0. 0, O‘L |
8 0, 0. 0, ¢, 0, 0, 0, 0. 0, «3,23 0, 0, 0, {
9 0, 0, 0. Q...._____Qn 0, D; D. '.‘!3..55__-0. 0, 0, 0. .(
10 0, 0, 0, 0, 0, 0, 0, 04 3,81 .0, 0, 0, 0, A
' 11 0, 0, 0, 0, 0., 0, 0_. 0,3 "'5_.,57 -1 ..37_____00___0 Iy 0'5 (
[ 12 0. 0‘. 0. 0. 0! o. 0. 0' 0. ‘1]23 0| 0. 0. (
/ 13 0. 0, Q, 0., Qn 0, 0; 0, "1._,,3_5 0, 0- 0, 01 £
.14 0, 0, 0, n, 0, 0, 0, 0, “1,31 -0,72 0, 0, 0, ¢
,'I 15 0. : 0, ) ._<___,_Q_. D4 0, 0,; 0. 0. -1 182 _0, 0, 0: ‘ 4
© 16 0, 0, 0, 0, 0, 0, 0 0, 0, 1,96 0, 0, 0, ¢
17 0. 0. O. 04 . 0! Ol 0,! D| Q‘ o._ Ql 01 0.. 0
18 0. 0, °| Qg 0' 0' 0, 0. 0, 0. 0. 0' 0; ¢
19 0. 0.4 0, 0, 04 08, 0, 04 0, 0, 0, 0, 0, 0
20 0, 0, 0, 0, 0, 0, 6, o0, 0, O, o, o, o, 0
21___ 0, Q, 0, 0, 0, 0, 0. 0., 0, 0, 0, 0




94

»

[ -4

—PYINE(HAX YINE FOR

. ‘
RATES THAT FOLLOW) =

6,50

PRECIP(INCHES/YR) = 23,67

PRECIP, RECHARGE TO AQUJFER (INCHS/YR)a 2,84

DELT(INIT TIME STEP IN SEC) = 2000,

| RATE MATRIX,CU,FT/SEC

10, 0, 0. 0, 0,0, 0, 0, 0, 0, 0, 0. 0, 0,

_ 2 0, 0. 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,

‘ S 0, 0., 0, Or 0, 0, 04 04 0, 0, 0, 0. 0, 0,
4 o, 6. o0, 0, 0, 0, o, o6, o, o0, 0, 0, o0, 0,
5 0, 0, 0, 0, 0.4 0, 0, 0, VI 0, 0, 0., 0, 0,
6 0, 0. 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0. 0,
7 0. .0. ﬁ. ‘ 0- 01 0- 0, 01 0. "1181 01 0; 01 0._
8 0' OQ. 0. 0' 0| ‘0' 0' 0] 0| '2.69 0. °| 0| 0.
9 0._ 0., 0., 04 Q.. 0_. 0, Og '3_‘__7_8_._._09 0,3 0, 0; 0,_
10 0, 0, 0, 0, 0, 0, 0, 0, =3,45 0, 0, 0, 0, 0,
11 . Qn 0, 0, Qn Qg D.l 0, 04 -5._[__38 -2,100 0- 0, 0'. 0.
12 0, 0, 0, 0, 04 0, 0, 0, 0, ~1.20 0, 0, 0, 0,
13 D, 0, 0.4 un Qe 0. 0, 0., "1,,38 0,: 0_: OL oi o__g_
14 0, 0, 0, N, 0. °| 0, 0y -1Q76 ‘0.75 0. 0, 0' 0.
15 0. 0., 0, Q, 0, 0, 0, 0, 0, "1:51 0, 0, 0., 04_
16 0. 0| O. 0. 0. 0. 0. 0| 0. '2.25, 0. 0' O. 0.
17 __ 0, 0, 0, Q, 0, D1 0. 0., 0, __0, 0, 0, .0, 0,
18 0, 0, 0,4 0, 0, 0, 0, .0y 0, 0, 0, 0, 0, 0,
19 0, 0, 04 0, 0, 0, 0. 0, 0, 0, 0, 0, 0, OL_
20 0. 0. 0| 0' 0' 0| 0. vO. 0| 0. OI 0' ol' 0.
21 . 0, 0. 04 0, 9_ g, 0, 0; 0[




9

PTIME(MAX TIME FOR

7,50

RATES THAT FOLLOW) =
PRECIP (INCHES/YR) = 25,93
PRECIP, RECHARGE TO AQUIFER (INCHS/YR)= 3.11
DELT(INIT TIME STEP IN SEC) = 2000, /
, ‘ RAYE MATRIX,CU,FT/SEC
1 0. 0, 0, 0- 0, 0, Dg 0, 0, 0, 0, 0. 0‘? 0,
2 0, 0, 0, 0, 0, 0, 0y 0, 0, 0, 0, 0, 0, o,
3 0., 0, 0., 0, ° 0, 0, 0, 0, 0, 0., 0, 0. 0, 0,
4 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 6, 0. 0, 0,
5 0 0, 0 0 0 0, 0, 0, 0 0 0, 0 0, 0,
§ o, 0, 0, 0, 0, 0, 0, O, 0, o, O, 0, 0, 0,
? 0, 0, 0, 0, 0. 0, Dl 0, 11y "0.23 0, 0, 0. 01
. 8 0. 0' 0’ 0' 0| 0' 0. 0. 0. !'-2'79 og 0’ 0. ' 0.
9 0. 0, D, 0, 0, 0, 0, 0. ‘5_.27‘ 0, 0. _0, 0.. o_.__
10 O. 0! D. 0. 0. 0. 0| 0( ”3._53 0. 0. 0' 0. 0'
11 0: 0, 0, ; 0. 0, 00 0. 0, '51_7_0 "2194 ol 0., 0. 0_;__
12 0, 3, 0, ; 0, 0, 0, 0, 0, 0, ~=1,19 O, 0, 0, 0,
13 01 O| 0, ‘ 0_. Qt ol Oo 0, "L.ﬁ_q 0. 01 0: 0. 0.
14 00 0| 0. 0; 0| 0| 0' 0. "1.56 '0.78 0. 0' .0; 0._
15 __ o0, 0.4 0, ' 0. 0, 0, Q4 0. 0, ~1,75 0, -0, 0, 0,
16 0. 0. 0.’ 0| ’0| 0. 0. 0| D. "2.12 0. 0. 0. 0.
17 O,; 0.._' 0. Qn.-v_.._.Oq 0, 0. 0, 0, 0, D.L 0. 0, _O.a._.
18 0, 0, 0, 0, 0, 0, 0, 0, 0, 0. 0, 0., 0, 0,
19 0: - 0. 0. 01 01 01 01 . 01 01 01 ol ol O_l 01___
20 0' 0.‘ DQ 0! 0| 0. 0. 0. 0' 0' 0. *0' 0. 0|
200, 0, 0, 0, 0, 0O, 0, 0, 0, 0,

0, 0, 0, 0,



PTTME(NAX TINME FOR RATES THAT FOLLOW) 3 T 8,50

PRECIP(INCHES/YR) = 31,35

PRECIP, RECHARGE TO AQUIFER (INCHS/YR)= 3,76

DELY(INIT TIME STEP [N SEC) 3 2000,

- | RATE MATRIX,CU,FT/SEC
0, D, D, 0. 0, 0., 0, 0, 0, 0,

1S

p |

2 o, o0 o0 0 0 0 o0 0 0, 0,

; OQ Dg D- 0- hd 09 0.' 04 ng 0; 0.

4 0, 0, 0, 04 0 0, 04 0, ~ 0, 0,

5 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,

6 0, 0, 0, 0, 0, 0, 0y 0. 0, 0,

7 0, i+ J 0, 0, Q, 0, 0, 0, 0, |

g 0. 0. 0. 0| 0| 0, 0| 0' 0. ‘2.57




86 .

e - R A
—PTTRE(MAX TINE FOR RATES THAT FOLLOW) = 9,50
PRECIP(INCHES/YR) = 38,47

PRECIP, RECHARGE TO AQUIFER (INCHS/YR)=

4,58 -

DELTC(IN]IT TIME STEP N SEC) = 2000,

—

0, 0, 0, 0, 0, 0,

RATE MATRIX,CU,FT/SEC

i | 0, O, DF’ 0., 0, ﬂg 0; 0,
2 o. 0. O. 0. 0| 0|, 0. 0. 0. 0. 0; 0. 0; 0'
3_0, 0, 0, 0, ° 0, 0, 0, 0, 0, 0, 0, 0. 0, 0,
4 0. 0. °| 0. on '0' 0& 0.' '0! 0. 0. 0. 0; 0.
s o o0 0 0 0 0 0, 0 0 0, 0 9, 0, 0,
6 0, 0, 0, 0. 0. 0, 0, 0 0, 0, 0, 0, 0, 0,

- ? 0, Q. 0, 0, 0. 0, Oé 0, 0, -0,47 0, 0, 0. 0,
‘8 0' 0. ’ 0. 0| 00 - 0. 0' 0| U. "2.26 0. 0. 0; 0.
9 0, 0, 0, 0, 0. 0, 01 0, "3_127 0, 0, 0, _ 01 0,
s »I 10 ) 0. D. 0; 0'. o. 0.< 0. 0. '3.51 0. 0' 0' 0} 0.
F_;____il___ﬂ; 0. 0: On 0; OI 0. 01 '6.06 ’1178 On 01 01 0.
12 0. 0. 0. OQ 0' 0| 06 0' 0‘ 90.72 0| 0.‘ 0‘ 0.
13 0, D, 0. 0, 0 0, DQ 0., '1;44 0. 0, Q. Q; 0,
14 0, 0, 0, 0, 0. 0, 0, 0, -1,87 -0,82 O, 0. 0, a,
15 0, 0 0, 0, 0,4 0. U; D, 91350_31 c24 a, 0, ol o,l
16 0. 0' 0. 0. »OQ 0. 0. .2'43 '0.59 ‘1.35 0. 0. 0; 0'
17 [ 0. 0.4 Q, 0. 0, [V Y D+ ’0,1__9_1 -1,04 0, 0, 0, 0.!
18 o' Ol Uo 0! o’m' ol 0' 0' 0| -°|16 0' 0| 0. 0.
19 o0, 0, 0. 0, 0. 0, 0.4 0, 0, 0, 0, 0, 0, 0,
20 o0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
ol ol Ol °| o’ 0' 0; 0l

240, 0, 0.0, 0,0,



~.

65

N vt ey mm— g et em—mmegeate s g e s

i S D -.."..".’;.N._...,-m...;.‘...h-....._,...:.».,--_‘."...... K ..;\‘;:.-.\,.._.; [P U A
: , : § A
PYIME(MAX TIME FOR RATES THAT FOLLOW) = 10,50
PRECIP(INCHES/YR) = 30,87
PRECIP, RECHARGE TO AQUIFER (INCHS/YR)= = 3,70
DELT(INIT TIME STEP IN SEC) 3 2000, ' -
. . - | RATE MATRIX,CU,FT/SEC
i 0, 0, 0. 0. 0, 0, 0, 0, g, 0, 0,
2 °| 0. Og 0, °| Q‘O.l 0, 00 ol 00 o'
3 0, 0, 0., 0{' 0., 0., 04 0, 9, O, 0, 0, 0,
4 o0, 0, 0, 0. 0, 0, 0, 0, 0. 0, 0, ' 0
. 5 ol o_l 01 ol 09 _ol O! nl DI o. ,
.6 0, 0, 0, 0, 0 0,4 -0y 0, . 0, 0, 0,
7 D. 0- ﬂn Ol 01 0. 0. 0. 01 "2.10 0.
8 0, 0, 0, 0, 0, 0, 0, D, 0, =2,33 O,
9 05 i ﬂe 0, O'A 03‘ oe OQ 0., “2;..84 0; 0g
- 10 6, 0, 0. 0, 0y 0, 0, "D -2,80 0, 0,
_____11~_01 0., O 0, Dl ng 0;_____0._ '5_,_8__9_;'1.97 O.
12 0, 0, 0¢ 0, 0. 0, 0, 0. 0, ~1,08 0,
13 05 ﬂ_,. 0, 0, 0, Dg (1 I 09 -2103 0, D-
14 0. O. D. '0. 0| 0. "0. : 0| ”1.32 "0.63 0.
15 0. 0, Q. 0. 1Y 04. 0 L 0. =Q 151_!1 172____.0 *
16 o0, 0, 0, 0, 0, 0, 0, =~2,77 =0,51 ~0,94 O,
1?7 0., 0, D, 0, 0, 0, 0., 0. =2,34 =2,06__0,

0, 0. 0 a, . a, 0, 0, 09 -1,75 0,
0, Q. .0, 9, 0. 0, 04 0. 0., 0, 0,

O| 0. 00

NN =
et =20 o -]

o ;

-

o

-

Q

-

o

-

[~}

-

L= ]

-

o

-

[« ]

-

0. 0,3 0, 'o,l 0. 0., OI 0, 0, on on
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L RPN ,—;' - e D
: LI S o . . _ ]
~ PTIME(MAX TIME FOR RATES THAT FOLLOW) = 11,50
ﬁﬂecxptlucueélvny z 50,48
PRECTP, RECHARGE TO gouiFER (INCHS/YR5=A T 6,06
_DELT(!NIT TIMéSTEP\}N SEC) s 2000,

_RATE MATRIX,CU,FT/SEC
0

1 o. ol ul Vo. ' O| ol - 0;_ Ol 0. '} ol 0. o.
2 0. O. 0. 0. . 09 01. 0| 0’ 0. o. 0, 0. 0. 0'
3 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
4 0. 0| D. ‘0| 0! ’ °| 0. 0, 0. g', o' ol 0. 0.
5 o0, 0, 0, 0. 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
6 0 0, 0, 0, 0, . 0. 0, ) 0_.' 0, o. 0, 0, ol 0,
2 0, 0, ﬁB. 0, 0. 0, ﬂe g, 0, "2_509 09 0, 09 Q.
8 0, 0, 0, 0, 0, -0, 0y 0, 0, 2,60 0, 0, 0, 0,
9 0, Q, 0, D, 0, 0., ng Qg___._'3.16___0 ._____0_, 0, 0; Q,
10 0, 0, 0. 0, 0, 0, 0, 0, «3,68 0, 0, 0, 0, 0,
11 0, Q_g_;__nn 01 0. ‘ 01 0: 0, "7an__!2.02 On 0., 0, 0.
12 o' 0| 0. .o' o’ ! o. 0| 0. 0. -1'20 O. 0' 0. 0.
13 0, 0., 0, 0, 0, 0, 0, 0, =2.38 0, 0, 0. 0, 0,
1‘ . 0, 0, O' 0| o’ °| 0' 0. "2,25 -0|63 0' D. 0; 0.
15 0, 0, D, 0. Oc" 0, Q. 0. "1-,11-.9 ‘1_.80 0, 0, 0, 0,
16 09 0| 0! 0| 0, 0| 0| '2|77 0. "1.40 0. 0' °| 0.
17 . 0, 0;.-_-..-_..0. 0; Og' 0;.. 0, .. .__.._0.__.___.';'2.52 _,'_'2.12___,0- 0, Qg .OJ._...
18 0. 0, 0, 0, 0, 0, 0, 0, 0, -1,74 0, 0, 0, 0,
19 0. . 0. 0, 0._:_..___0! 0. 04 04 0., 0. 0, 0, og 01
20 0. ’ 0. 0. 0, 0| 0. 0. 0. 0, o. OQ 0' ol 00
0, 0, 0, 0, 0, 0,

2t 0, O Do 0y 040, 04 0.4
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' . A :
. Ny B S
e it m e m e 2 e T e 2wk .}.f. . '_.'»-,-,,..9.’.._'_'._..'.".-.. a __f._:'-.,_.‘...--,_,‘.‘.7‘;-..- B T e Nt ERCHRS ..;.-“- ‘. .. ..
PTIME(MAX TIME FOR RATES THAT FOLLOW) & 12,50
T PRECIP(INCHES/YR) = 20,08 - ‘
PRECTP, RECHARGE 70 AGUIFER (INCHS/YRys 2,40
DELT(INIT TIME STEP IN SEC) = 2000, —._ T
| — RATE MATRIX,CU,FT/SEC -
1 o0, 0, o 0 0 0 0, 0, 0, 0, 0,
2 0' 0, D. 09 . 00 0' 0' 0. 0'_ 0. 0.‘
3 OI 0; DQ 0; 01 OI 09 0, Q!" 0. 0-
40, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
5 ol 0. DI ol 01 ol o.l 01 o. Jl o?
6 0' 0,v 0, 0' 09 0| ’ 0, 0. 0' D. 0.
7 0, 0, 0, 0, 0. 0, 09 0, 0., =-2,00 oq
8 0. 0. D. °| 0| D. _~/0, 0. 0' '2,33 0.
9 0, 0 0. 0. 0. 04 0, 01 -3,57 0, 0,

10 -0' ) 0' ol 0' » OO_ o' 0. ‘0. "4.18 0' 0.
11 0, 0, D - 0y 0o 0, 04 04 ~6,97 =-2,82 0,

12 0, 0, 0, 0, 0, 0, C. 0 0, =~1,42 0,
13 0. 0, 0, Q] [ D, D3 0.1 _:2.1._5_8___01 0,

14 0, 0, 0, "0, 0, 0., 0, 0. =2,26 ~0,93 O,
15 0, D, D, 0. 0, 0, 0, 0, . _=1,03_=-2,62__0,

16 0, 0, 0, 0, 0, D' 0.| -2,28 "0.44 ’2,03 0.

| L1770, D 0. e 0 :__._l_._Q_n___-_O 0y ~.m=3,14 =2,17 0,
00 00 00 0. 0| 0. "1.91 0'
— 19 Qn 01 Dl ,-,OQ_-,_....OJ 01 01 01_ QA: on on

20 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,

21 Qa 0, D; 01 0. 01 0, 0, 0..’ 0, 0-
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21 0. 0, 0., (1Y

) . , ) \.ﬂ.s )
F‘iMEtMAx TIME FOR RATES THAT FOLLOW) = 13,50
PRECIPHNCHES/YR) s 19 11
PRECIP, RE(‘HARGE TO AQUXFER UNCHS/YR): 2,29
DELT(INIT TIME STEP !N SEC) E 2000, v
| | ~ RATE MATRIX.CU FT/SEC T
1 0, 0, --—0;— -0, . 0, " 0, 0, 0, 0, 0, 0., 0, 0,
2 0' 0! . D. A 0. * °| OQ' 0' 0'. 0. 0. 0. 0, 0’. 0
3o, 0, ——0,— -0, 00, 0, 0, 0, 0,0, 0,
4 0. 0. ’ OQ ) 0. 0’ °| 0. O. 0. D. 0. 0. 0, 0.
5 0- DL "_Q‘T'A ' 05‘ Oe D, ﬂ. Oe 0- 0. 0. ; 0, i 09_
6 0, 0, 0, 0, 0, . B0, 0, 0, o, 8, 0, 0, o, O,
7 0, 0, 0, 0, 0; 0, Dg 0, 0, -2;_04 0, 0. 0, 0,
8 o, 0, 0, 0, 0, . 0, 0, 0, 0o, =-1,8%3 0, O, 0, 0,
9 0, 0, o, 0, 0y 0, 0, 0, =3,94_0, 0, -0, 0, 0,
10 0. 0' 0' 0. 0. . 0. 0' ) : 0' 91.85 0, 0. 0| 0. 0.
11__.. Q 1] s D, 0...______,04__..._..04 0 g_ 1} Py ‘7_. 89_22 ‘.75__00 O;___O_;__ﬂ,__
12 0. 09 0| °| 0. 0. 0| 0. 0. "1'29 0' ) 0' 0' 0.
3__0, 0, 0, 10, Qy— 0,0, 04 ~2,40 0, o, 0. 0, 0,
14 0, 0, o, 0, 0. 0, 0, 0, ~1,77 =1,00 O, 0, 0, 0,
15 0, 0 - 0. a, 0, [ Y Q04 ___=0,54_-2,54_0, [ . 0,. 0,
16 0. 0. 0. 0. 0' ] 0| °2 56 "0 61 "'2 45 0. 0, 0. 0'
17 O. 0.___.._-0 *-— OQH.OQ ~~~~~~ Qp... ..... OLA-.._.-OL. .~.__"3 14 "2 35 .._04___0 n_-___0.<___ .. —
18 0, 0, 0. 0. 0, 00 0| 01 0. "1 74 00 0., 00 00
19 0, Q. Q. Q. 0, I 0y 0, 0, Q. 0, 0, 0, 0,
20 0, 0, 04 0, 0y 0, 04 0, 0, 0, 6, -0, 0, 0,
L 8 ﬂ.- QA._ 09 __Q_Q 09 Q.__. 09 0. 0; 0‘_
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.
t

PTIME(MAX TIME FOR

RATES THAT FOLLOW)

s 14,50

PRECIP(INCHES/YR) = 14,53

PRECIP, RECHARGE TO AQUIFER (INCHS/YR)=" 1.74

DELTC(INIT TIME STEP IN SEC) 2000,

RATE MATRIX,CU,FT/SEC

1o, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
2 0. OQ 0. 0| °| 0,1 0' 0' 0' 0. 0. . 0. 0, 0.
3 o, 0, 0 0, -0, 0’ ‘0, 0, 0, w 0, 0, 0, 0,
« o o0 o0 O o0 O 0 O 6 0, 0, 0, 0, 0,
5' 0. 0_. D. Dn 01 09 ‘ 0; 09 Dv‘ 0, '0- 0. Dg O;
6 0, 0_' 0, 0, 0, 0, 0g ' 0, 0’ AO. 0, 0, 0, o,
? 0, 0., 0, 01 0 0, 0, Q, 0, '»'1-60 '0- 0; 0; 01
8 °| 0' 'OQ °| Ol 0. 0, 0| 0, ”1.90 00 0. 0! 00
9 0, 0, Q, 0; 0.4 0, 0;. 0, -3'64 0, 0, 0, Q. 0_;
10 0. 0. 0, 0. 0' 0. 0, 0. "4,20 D.' 0. 0. 0.» 0.
11 0, 0; 0, 0.4 0, 0g 0; Ql "7.38 "2_1_38 0, 0, 04 on
12 0, 0, 04 0, 0 0, 0 0 0, 1,43 0, 0, 0, 0,
13 0, 0, 0, 0., 0. 0, (11 Do =2,89 o__l 0, 0, 0, 0,

14 0, 0, 04 0, 0, 0, 0, 0, 1,44 =0,52 0, 0, 0, 0,
15 0, 0, 04 0. 0, 0, 01 0, -0,54 =-1,76 0, 0, 0, 0,
16 0, 0, 0, 0, S0y 0, O -2,54 ~0,54 -2,08 O, 0, 0 o,
17 0, Qs 0, 0, Q. 0. 0, 0¢_ _ =3,14 -2,10_0, 0 0, 0, _
18 0. 0| 0' 0. OI 0. 0. U. 0. ‘1'67 0. 0. 0'! 0.
19 0, Qe 0,0, Qe 0, 0, 0., 0, 0, 0, 0, 0, 0,
20 0. °| 0' O' 0| 0' 0' 0. 0' 0. U. 0. 0. 0'
21 0, 0, 0., 0, Q. 0, 0, 0., 0, 0, 0, 0, 0, 0,
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t.h :
!

!' ’i ) .‘..,..... ' . . i "‘ ,' . v 4 . ) l“
~PYTME(NAX TINE FOR RATES YHAT FOLLOW) = 15,50

T TPRECTP(INCRES/YRY = 23,77

T PRECIP, RECHARGE 10 AQUIFER (INCHS/YR)= 2,85

DELT(INIT TIWE STEP IN SEC) = 2000,

| ] ' RATE MATRIX,CU,FT/SEC
ol o; ’ a; OL 0! QQ OI OI 09 - 0.

O O O it e
(=]
po
L=
-
L ]
[ ]
=]
=]
| = ]
-
=
o
=]
-
x>

0:' 01 D; 0i 0, °| ' 0, 0, "3£;§ 0,

10 o0, 0, o, 0, 0, 0, 0, 0, =3,13 o0,
11 Ol 0| D, 0. OI 01 Oi 0, '6196 “2[53

12 0. 0; 0, 0. 0| 0. 40. : 0‘ 0. '1.41
13 0, 0, 0, 0, 0, 0, 0, 0., '2157 0,

.ro-.r.-.p.p

OO00000I00 0 Oo|o oo

;

14 0, 0, O,v 0. 0; 0. 0@ 0! -0,80 '0’84
15 0, 0. 0., 0, 0, 0, 0, 0, 1,31 _-1,74

o

16 '0' 0( 0! 0, 0, 0, 0! ‘1'74 '0.42 -2,06
17 0. 0, 0., Qv _ 0y __ 0, _ ___0, 0, =2,75 =2,16
18 0. 0' 0. 0! °| 0| 0. 0. 0. "1.52'
1? Vol Ol OQ : 01 Ql ol Ql 0( 0| OI

- » e

ooooooo

20 o0, 0, 0, 0, 0, 0, 0, 0, 0, 0,

°T

)

21 0‘1 0- 0; QJ \ Ol - Dl 0. 01 og gl
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P ”. » (. ¢:.'. D L - s
" PTIME(MAX TIME FOR RATES THAT FOLLOW) = 16,50
PRECIP(INCHES/YR) = 12,73
PRECIP, RECHARGE TO AQUIFER ([NCHS/YR)s - 1,53
DELTC(IN]T TIME STER\}N SEC) = 2000,
| o RATE MATRIX,CU,FT/SEC-
2 0, 0! 0, 0, - 0, 0y 0, 09' 0, 0,
4 0, 0, 0, 0, 04 0, 0, 0, 0, 0, ‘ _
6 o. 0’ - 0' 0. 0' 0. 0' 0. 0, 0. ’ 0
7 0, 0, : D, Q, 0- 0, ﬂ, 0.______04____:_04_32
8 0, 0 I 0, 0, 0, 0! 0, 0, P2.95
9 0, 0. 0., _0.- 0. 0' 0,__.__.0_‘___"12,_02 0'
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~— '

- : , . B . ...
PYTMECMAX TIWE FOR RATES THAT FOLLOW) = | 17,50
PRECIP(INCHES/YR) = 37,15
PRECIP, RECHARGE T0 AQUIFER (INCHS/YR)= 4,46
DELT(INIT TIME STEP [N SEC) = 2000,
- N . RATE MATRIX,CU,FT/SEC
i 0, 0, 0, Q, 09 0, 0& Qyi Dg 0,
2 o6, o0, 0, 0, 0. 0, 0, -0, 0, O,
3 [ JY 0, 0, 0, ° 0! 0, De 09 09. 0?
4 0, 0, - 0, 0, 04 0, .0, 0, 0, 0,
5 ol 01 Dl QI 01 ol 03 0. 0. 0l
6 o, o0 0, 0, 0, O, o, 0, 0, 0,
7 0, [ 02 0. Q. 0, : 0, 0, 0., "1418
8 0. 0| .' O. 0' ) 0' 0. 0' ) 0' 0. -92.73
9 0, 0, 0., 0, 0, 0, _ 0 0. 2,67 Og

10 0, 0, 0, 0, G 0, 0, 0, »3,98 0,
11 0: 0, 0, 0| -0, 01 0, 0, "5174 '2;20

-12 0' 01 0. DQ 0. 0. 0| 0; 0. u91g26
13 0, 0, 0, 0, Q. 0, 0, 0, -2,47_0,

14 0| 0' 0' 0. 0! OQ 0| 0| '0.53 ’1.05
15 0, 0y 0, 0, 0. 0, - Q. Q. "1!53_:1097

16 0, 0, 0, 0. 0, 0, 0. =1,07 «0,36 -2,10
17 0, 0, 0, 0, 04 0, .0y 0, _=3,19 -2,33_0

18 °| 0' 0. 0. 0. 0, 0‘ 0' 0. ’1.71

19___0, 0, 0. 0, 0, 0, 0y 0, 0. 0,
20 D' 0| 0, 0, °| 0| 0| O| 0. 0._

21__MD.' Q; 0, Qj . 0, 0; 0; 0, 0, 0;
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’ !
B |

4 e o oy 0 g o

ot

T e L ; ) .
| -PTIME(MAX TIME FOR RATES THAT FOLLOW) = 18,50
PRECIP(INCHES/YR) = 31,66
PRECIP, RECHARGE TO AQUIFER (INCHS/YR)= 3,80
- at
DELTCINIT TIME STEP [N SEC) = 2000,
. - RATE MATRIX,CU,FT/SEC : ,,
1 ol 01 Dl Ql OI ol‘ OQ 0. Qg 0. OL OI 0_. 0.
2 o' ol ol Ol . 0! o'l 0' ‘O| - 0' °| 0, 034 0! ‘ 0'
3 ‘ol ol nl ,01 o,l_ ol ue al 0? ol o. 01 o_l‘ 0‘.
4 0. 0, 0, 0' 0. 0. 0' O' 0, D, 0, 0. 0,' 0,-
5 0, 0, 0, 0, 0, 0, D, 0, 0, 0, 0, 0, 0, 0,
6 0, 0, O, 0, 6, o0, o0, e, o0, o0, 0, 0, 0, O,
7 0., 0, 04 0, 0, 03 0, 04 0., "2_._18 0, 0, 0, 0, ;
8 0. 0| 0' O' OO 0. 0. 0| 0' -91!74 O. 0.. 0. 0'
9 0, 04 ﬂ; 0, 04 09 Q’ 0, »2,74 o.g 0, 0. 0; o,n
10 . 0, 0. 0. 0. 0, 0. 0‘ 0| ’4.34 0., O. 0, 0, 0.
_11 0., A 0. 0, 0. 0, Qg Dg 0. ‘6;19___".1.;.96 0. OL 0- 0_.____
12 0. 0( O, 0. 0'. 0. 0. 0.' 0. ‘1.27 0. 0' 0. 0.
13 0, 0, n, 01 ﬂ. 0- [} 0. P1*22 Q. 0. 0| Qn 0-
14 0. i 0| 0. 0' 0' 0' 0'0' 0. '0,17 '0'97 0. 0. 0. 0, .
15 0. 0. 0, o. O 0, Og ,0' "0.97 "1|.53,_Q; Qg_.___O; oy
16 0. 0, 0, 0, 0 0, 04 1,78 ~0,35 ~-2,74 0, 0, 0, g,
17 0, 0. _ 0, 0, 0, 0, 04 0, ._»2,33 =2,52_0,_ _ 0, __0;__ 0, _
18 0. o. 00 0' 0' °| °| 0. ' 0. 91.54 0. 0. 0! 0.
19 Dl 0! .__DJ ot 0! o,l 0[ Ql ol o__l ol ol 0l ol
20 o, o0, 0, 0, 0, 0, 04 0, 0, 0, 0, o, 0, O,
21 0., 0, 0. Qe 04 -0 0., 04 0, 0. 0, 0. 0, 0,



. APPENDIX C
COMPUTER PROGRAMMING LISTING

10

¢ T3 PROVIDE THF POTENTIAL DISTRIBUTION IN A° conr:weo AQUXFER X AFTER _
C A DESIGNATED PERIOD OF TIME, 20
c THE PROGRAM CAN ALSO BE USED TO APPROXIMATE AN UNCONFINED AGUIFER 30
.C _ _IF TRANSMISSIBILITY IS ALMOST CONSTANT WIYH TIME _1,E,, 40
c TRANSMISSIBILITY ALMOST CONSTANT WITN CNANGING AEAD 50
c - 60
¢ T METROD 70
€ THE ALTERNATING DIRECTION IMPLICIT TECHNIQUE xs USED TO SOLVE 80
c THE LINEAR EQUATIONS, 90
c___ o L ~ 100
c DESCRIPTION OF PARAMETERS 110
_C___ A=COEFFICIENT IN FINITE DIFFERENCE_EQUATION 120
c B-VOEFFICIENT "IN FINITE DIFFERENCE EQUQTION 130
_C E(1)=DUMMY VARIABLE DEFINED AS G/ 140
c SCOEFFICIENT IN FINITE DIFFERENCE EQUATION 450
¢ _D=DUMMY VARIABLE REPRESENTING PARAMETERS OF EQUAT]ON WHOSE VALUES 160
c " ARZ KNOWN FROM PREVIOUS ITERATION : 170
_C_____DAYS=NUMBER OF DAYS SINCE PUMPING STARTED 180
c DELY= LENGTH OF INITIAL TIME STEP (SECONDS) v 190
C-_ DE_X=DISTANCE RETWEEN non&s IN_THE PROTOT!PE IN THE X DIRECTION 200
c (FEET) 210
_C__ DELY=DISTANCE BETWEEN_NODEsnlN THE PROTOTYPE IN THE Y DIRECTION 220
c -(FEET) _ 230
__C___ _DIFSuUM TIME PERIOD FOR USE IN MATERIAL BALANCE CALC INCREMENT 240
c BZTWEEN ACCUMULATED TIME ANF TIME OF PREVIOWS MAT, BAL, CALC 250
C _DIML=NUMBER OF NODES IN COLUMN OF MATRIX - 260
c DIMW=NUMBER OF NOUES JN ROW OF MATRIX 270
€. _FACTOR=MULTIPLICATION FACTOR FOR ADJUSTING STORAGE COEFFICIENT 280
c G  DUMMY VARIABLE DEFINED AS DeA2G Jei1 /W THOMAS ALGOR]THM 290
_C____HEAD I,J POTENTIAL AT POINT OF RECHARGE OR WITNDRAWAL 300
c HRS=NUMBER OF HOURS SINCE PUMPING STARTED 310
_C_____ KTH=NUMBER OF TIME STEPS BETWEEN PRINTOUTS(ROWS) ‘320
c LTH=NUMBER OF TIME STEPS BETWEEN PRINTOUTS(CQLUMNS) - 330
_C ____M=THICKNESS OF STREAM BED OR LAKE BOTYOM (FEET) 340
c K= HYDRAUL!C CONDUCTIVITY oF RTREAM OR LLAKE 80TTOM,ALSO MAY BE 350
_C_____USZD ALONG BOUNDARY 360
c KOVERM(]I,J)Y=K/M ,1/SEC 370
C NUMT=MAXIMUM NUMBER OF TIME STEPS 380_
c PHI(1,J)=HEAD IN AQUIFER AT NODE (1,J) IN FEET 390
€ PRE CFY = FRACTION OF PRECIPITATION THAT REACHES AQUIFER 400
c PRNT(I,JY=ARRAY FOR PRINTING QUT HEAD MATRIX IN CONTOUR FORM 410
_C . PRECIP = INCHES OF RAINFALL PER YEAR 420
C PTIME = MAX TIME FOR THE CORRESPONDING PUMRTNG SCHEDULE (YEAR) 430
_C______ORZ= RECHARGE FLUX FROM THE CONFINING LAYER (CU,FT,/SEC,#FTea2 440
c RATE(I J) = RATE OF PUMPING (READ IN AS GAL/YEAR®1000) 451
C - READ OUT AS CU, FT,/SEC, 460
o T POSITIVE IF IT IS PRODUCTION WELL (STGNS REVERSED‘TN PROGRKM) 470
€ RWD=DUMMY VARIABLE DEFINED AS s(lsJ)/DELT 480
€ RRzVARIABLE ACCOUNTING FOR VERTICAL LEAKAGE 490
c_ RWsVARIABLE ACCOUNTING FOR PUMPING 500

|
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l

c S(1,J)=STNRAGE COEFFICIENT (DIMENSIONLESS) 51¢
_C____ STRT= INITIAL VALUE OF HYDRAULIC HEAD IN_AQUIFER (FEET) 52(
c SUM=DURATION OF PUMPING IN SECONDS ) . 53¢
_C __Suvg= ' _ 54¢
TC SUM0= v ' - . 55¢(
. C__ SUMN= 56¢
c SYM(J)=LINEAR ARRAY CONTAINING SYMBOLS FOR PRINTING OUT HEAD 57¢
. . MATRIX 58t
c T(l.J) 3 TRANSMISSIBILITY (FEETanISECOND) READ IN AS (GAL/DAY/FT  59¢
_C o+ 1p=e=3) 60¢
c TEMP(])sTEMPORY LOCAT]ON OF CURRENTLY CALCULATED VALUES OF HEAD 61¢
_C___ TMaAX = MAX ALLOTED PUMPING. PER(0D_JBEAD_lu_A§_15A5§l£Au§E§_Bﬁn§_ln____620
c TYERMINATE 630
__g WzDUMMY_VARIABLE DEFINED AS BeA®BE(Jwl) 4 640
650

—_____ COMMON PH],SUM,DELX,DIML, DIMNLSIRI.RAIEJ,JIEER,DIESQH,PREQL,:PREQF 660
1A,PUMP, T,HEAD, Kovean.suua RR , . 670
DIMENSION AFM1<10;L_pr1119). CEMY(40) 680

INTEGER DIML,DIMW 690

REAL Y(32,48),5(32,48),RATE(32,48), MINS,STRY¢32,48),HEAD(32,48),K0 700

AVERM(32,48) 710

—__ DOUBLE PRECISION_ PH1!32L48)LDJGMMMLBEJ_EL)J_!M7ZO
$RHI,A,B,C,DELT

730
READ (5 1) CAFMY(I)131,10) . 740

READ (5,1) (8FMT<I).:=1,10) e _ . 750
e __READ (5.1) (CFMT(])s]=1,10) ‘ ' __760
- FORMAT (10A6) . ' - . .. 770
e e . ' - 780
c 790
_C READ [N _FROM PARAMETER_CARD DM L.gxnu,ng;z.p&;x.Nunf.ons QW, THAX, 800
c STRT,M,KTH,LTH,FACTOR , 810
_ READ (5,60) TMAX,DIML,DIMW,NUMT,QRE,DELY,DELX,KTH,LIH,PRECFA,DELY gzq
c ' : ‘ 40
_C______ - ' - : A ‘ 850
c PRINT PARAMETER VALUES T ' 860
. _WRITE (6,48) DELT,TMAX,NUMT, one.gng.nx L DIMK 870
c READ IN INITIAL HEAD MATRIX o ' . 880
_C_____SEY HEAD MATRIX. TO INITIAL VALUE STRT (I1,J) - 890
c READ (5,AFMT) ((srar‘x ) J'iaDXHN)aluioDlHL’ e 328
THAX:THAXu3600.~24.n365, . R - .. 920

_C o ' 930
c T . 940
_C_____READ _TRANSMISSIBILITY AND ) STORAGE | COEFFICIENT VAkyEs ' 950_
~-READ (5,AFMTY ((T(1,J)sJ2d,DIMH), I81)DIML) - L 960,

v READ (5 AFMTL_1L§(IaJ>LJ-1LnL_KLLLLLLQL.h)‘ s 37Q3
< » 990
c PRINT TRANSMISSIBILIYY AND STORAGE OOEFFXC!ENT VALUES - . 1000
e WRITE _(6,49) _ 41010




S P

Do 2 Tai,DIMC

. 102¢
_ @ WRITE (6450) J4(T(1sd)aJEl,DIMK) 103¢
WRITE (6,52) , 104¢

.. DO 3 l=1,DIML 105¢
"3 WRITE (6453) 1,(S(1,d)svunl, DIMN) 106¢

el ______WRJTYE (6,59) __ 107¢
DO 4 Ja1,DIML 108

DR, NRITE (6:50) x.csrnr¢x J)odlx.nJHH) 1091
c _ 1101
e e 11114
c INITIALIZE VARIABLES 1121
KT=1 1131
SUM=0,0 1144
TPgRag, _ 115(
SUMOLD=0, . 1161

. PUMP=0,____  _ . 1471
SUHB‘OI 118‘

—C 119¢
c READ IN LOCATIONS OF STREAMS, LAKES,AND WELLS 120¢
READ (5,BFMY) ((KOVERM(] g).qulnjuul.!_1;DIMLL_______________H__ 124

DO 5 x=1 DIML, . 1221

DO 5 Jzi,DIMW 123¢
T(1,J)8T¢],J)0(133,68/(24,03600,)) 124¢(
______ENPHI(I J)SSTRY(14y) 125¢
READ (5,AFMT) ((WEAD(T, J).Jai.DlMH;.l-;,DIML) 126

WRITE (6,55) 1271

DO 6 ]=1,DIML 128!

e 6 _ WR]TE (6162)_ xl(KOVERH‘lLJ)JJlljpl"H) 129¢(
WRITE (6456) 130¢

DO 7 ]=1,DIML. 131!

7 WRITE (6,50) 1, (HEAD(],d)sJ%%,DIMH) 132¢(

8 KEY=0 133¢
DIFSUMzSUMeSUMOLD I R 134¢
_SUMOLDaSUM . 135¢

I1F (SUM,EQ,0,) GO TQ 9 136(

WRITE (6o511_KT¢DEL1LSUH MINSoHRS|DAY§ 137¢

CALL PRNTy 138¢

CALL CHECK o 139¢

CALL PRNTA - 140¢

— 9 IF (PTIME,GE,TMAX) GO TO 45 T 141¢
READ (5-61> PTIME PRECIPsDELY : 142¢C
PREREC=PREC]PaPRECFA 1430

WRITE (6,54) PTIME.PRECXP PREREC, DELT 1440
PTIMEsPTIME#3600,#2470365, 1450

: DO 10 1=31,DIM| 1460
10 READ (5,CFMT) gRATE;],J),JALL&lﬂH) 1470
DO 11 181,DIML 1480

— D0 311 J®1,DIMW 1490
c . 1500

c " 1530




~—

=

"11 RATE(]2J)SeRATE(],)J)#333,68/(365;#24 :.3600 )

€C__ PRINT RATE MATR]X e 1550
~HWRITE (6,47) 1560
b0 12 1=1,DIML . 1570
12 WRITE (6'53) I (RATE(I J)oJ'loDlMN) 1580
L SUM=sSUM«DELT 1590
GO T0 15 1600
_C___ . - 1610
c 1620
C_____CALCULATE THE HEAD AT_ EACH_POINI_lN_IHE_HAIle_AEIER_DESJQNAIED 1630
v PERIOGDS OF PUMPING 1640
G _CONSIDER.CALCULATIONS_FOR_ROMS 1650.
13 SUM=SUM*DELT 1660
_ IF (KEY.EQ41) SUM=SUM=DELT 1670
IF (KEY, EQ,1) GO TO 8 1680
______.-TSUH‘SUM*DELT e ' . 1690
c CHZCK SUM TO SEE IF 1T EXCEEDS PRODUCGTION TIHE OF CURRENT SET OF. 1700
G RATES ___lF_ _YES_RESEY DELTY S P 1710
c OF Y=DIRECTION IMPLICIT CALC 1720
__1F (TSUM=PTIME)_ 15,14,14 1730
14 KEy=i 1740
__SUM=SUM=~DELT ' 1750
DELT=(PTIME-SUM) /2,0 C ' . . 4760
SUM=SUMDELT : 1770
. §5 HRS=SUM/3600, ] ' .7 1780
-"INS;HRsﬂéo, 1790
DAYS=HRS/24,0 — 1800
JNO1=DIMW=1 1810
SUM0=0, 1820
SUWN 0.__,_ : : 1830
DO 27 I=2.DXML : . . A et 1840
- DO 19 J=2,JUNOY ' 1850
C CALCULATION FOR MATERIAL BALANCE PURROSES i860
— SUMO= SU&_!DELT“DELX.QELY0KQ!, RM(1,)8(HEAD(],J)» H]‘I.J)’ 1870
1880
-Cc__ 1890
c DETERM!NE wHETHER NODE lS OUTSIDE AQU!PER BQUNDARY 1900
_. IF_(T(10a)) 16,19,16 | 1910
c ’ . o= - 1920
-c : 1930
c CALCULATE VALUES FOR DELXX AND DELYY 1940
16 DELYY=DELY 1950
RHO=S(10J)/DELT 1960
__DELXXsDELX 1970
c . . » P . . : e g - . Lo PRI . . 1980
_g.._____u ' 61,.-_u_u.LU,_Q_:__':.J.l.l_'l'_o_l_q_n_' v1 v nee : Peeseren e et sned ot eanseon oV ony ;99.2_
: 00
_C CALCULAYE AVERAGE VALUES OF Y BETWEEN ADJACENT NODES ~ 2010
c NOOE CONF!GURATXQN TisLEFT, T2aR]GHT, T3IsURPER) T4=mOWER 2020
Vi (T(lanwi)sT(lsJ))/(2,%DELXX2e2) ' : 2030
—— . . * - o e o e , e — .- -
: L, b n Y,
i 4 S ‘ ’



B

T2a(T(1,Jel)+T(],U))/(2,0DELXXn02)

2040
L Y3s(T(I=1,d)eT(1,J))/(2,4DELYYw02) e 2050
T4s(T(Ie1,)¢T(],U))/(2,8DELYYne2) 2060

_____ IF (T(l,J=1),6Q,0,0) T1=0,0 2070
IF (T(XOJ*i)geﬁioio) Y2=0,0 2080

e MF (T(1=1,4d)4EQ,0,0) _T330,0 2090
IF (T(ley,J),EQ,0,0) T4=0,0 2100

. C ' e ... 2110
c « . 2120
€ CHECK WHETHER NODE ]S ALONG A STREAM OR ON A LAKE 2130
c : . 2140
c__ 2150
C  CALCULATE VALUES FOR PARAMETERS A.a G, AND BE 2160
o B==T1<T2=RHO=KOVERM(1,J172,0 - : 2470
AsT S T 2180

e €872 : : : : 2190
Wa3wAsBE(Jmw1) R 2200
_____BE(J)aC/W 2210

o] 2220

c B o o ' 2230
c CHECK NODE FOR POSSIBLE WELL LOCATION 2240
_RR=zQRE . 2250
RW=z040 2260

__1F (RATE(],J)) 17,18,47 2270

17 RW=eRATE(1,J)/(DELXX®DELYY) - 2280
.18 D--TS«PH!(I 1)J)4(T46T73=RHO)#PHI (1 J)eT48PHI(]¢1,J))¢RW=RR«KOVERM(] 2290
1,JD)e(HEAD(I, J)~PHI(X Ji1/2, 0)-PRECIPQPRECFA/{zz.03600.5365.924 ) 2300
o 6{y)=(DeARG(Jwl) ) /W 2310
19 CONTINUE 2320
_c__ , . 2330
c 2340
__C__ CALCULATE HEAD VALUES FOR ROWS or MATRXX AND PLACE THEM IN 2350
c TEMPORARY LLOCATION TEMP 2360
_ NO3:zD]IMWn2 2370

IF (1:GT42) GO 1O 23 2360

_ DO 22 KNO4=1,NO3 2390

" NO4=DIMW=KNO4 2400

IF (T(1,N04)) 21,20,2% 2440

20 TEHP(N04)=STRT(I VOG) 2420

GO YO 22 2430

21 TEHP(NO4’aG(N04)-BE(NOQ)QTEMP(N04¢1) 2440
22 CONTINUE 2450

GO T0 27 2460
23 DO 26 KND4=1,NO3 2470
NO4=DIMW=KNO4 2480
PH](1=1,NO4)aTEMP(NO4) . ' ‘ ' 2490

IF ‘T‘I NO4)) ™ 25:24025 ' o B - 2500

24 TEqP<N04)-31RT¢x  NO4) a ’ 2510

GO YO0 26 _ 2520

25 YEMP(NO4)sG(NO4)eBE(NO4)#»TEMP(NO4ey) 2530

L e e e

12



26 CONTINUE

2540

_____ .27 CONTINUE o 2550
c 2560
. 2570
c "PRINT OUT HEAD DISTRIBUTION AT EVERY KTH T!ME STEP 2580
_IF (MOD(KT.KTH)) 29,28,29 2590

T 28 WRITE (6451) KT, DELT:SUM MlNSnHRScDAYS 2600
__.c~“._~_‘_4“ R 2610
c . 2620
—C !F A CHECK OF THE_ACCURAGCY _OF THE. CQMEHTkllﬂNS"}§_QESLBEDL_BEHQYE 2630
o THE C FROM COLUMN & ON THE FOLLOWING CARD 2640
€ CALL CHECK_ 2650
c _ 2660
. C 2670
C  IF NUMERICAL OUTPUT IS DESIRED Renova THE ¢ FROM COLUMN 1 ON THE 2680
__C______FOLLOWING CARD 2690
CALL PRNTL .2700

R v 2710
¢ 2720
__C______1F SYMBOLIC OYTPUT IS DE_jREQ REM QVE THE C FROM GQLUHN 1 ON THE 2730
c FOLLOWING CARD 2740
e ._CALL PRNTA __ . 2750
29 CONTINUE 2760

_C . - 2770
c 2780
_C FOLLOW SIMILIAR PBQQ“nu_E FOR COLUMNS OF MATR!X AS THAT GQNSIDERED 2790
c FOR ROWS , , 2800
KTaKT+1 ' A 28410
SUMzSUM$DELT _ - S S - v _ » 2820
HRS=SUM/3600, ' S - ' 2830
MINS=HRS%60, : ; 2840

. DAYS=HRS/24, . ! ‘ . . 2850
INOL=DIM(=1 R . I - .t 2860

. DO 41 us2,DIMW B ' 2870
" DO 33 1= 2.!N01 - 2880

o IF_(T(l,)) 30,33,30 2890
c ! 2900
_c__ : 2910
c CALCULATE VALUES FOR| DELXX AND DELYY 72920

30 DELXX=DELX i 2930
RHO3S(1,J)/DELT i 2940

_ DELYY=DELY ! | 2950
c T | e e e T 2960,
__c 'l‘!l_Q_'OIQIQOOO0‘00!?0.'00!}_0000:l!!'(!t!!l!"(.t"i!l"""_"l;iol_! 2970_
c 2980
€ _CALCULAYE AVERAGE VALUES OF T BETNEEN AQJAcgyr Nogss R 2990
Ti=(T(1,Jnl)*T(1,J))/(2,9DELXXa02) | R 3000
—— .23.(-7,(_1,‘.4_!_1)_*T.(_l Aa__,-_.J.).)/_(_2_..QD‘E_L_X.><_9_~,2) . ‘ o 3010
T3a(T(lwlyd)oT(1,J))/(2,9DELYY®a2) 3020

- 3030

T43(T(3ed,d)eT(]0J))/(2,#DELYY"82)




3040

. 1F (T(Ilyl‘l)nEQ.Ooo).Tz:O.D 3050

IF (T(1-1,,),EQ,0,0) Y320,0 3060

PR, __”- (T(I*ln“.EQ.0.0) 143_0|ﬂ 3070
. C . 3080
I 3090
c CHE CK 'WHETHER NODE IS ALONG A STREAM OR ON A LAKE 3100
G 3110
c 3120
.G CALCULATE _VALVUES._ FOB_EAR...T RS,AoQLQLAND BE._. 3130
Az13 - 3140

e ..C=14 ’ 3150
Bz-T4-T3I-RHO=KOVERM(,J)/2, 3160

e WE3eA®BE(lw1) L 3170
BE(1)=C/W 31890

_C e 3190
c 3200
c__ CHECK NODE FOR POSSIBLE WELL LOCATION 3210
RR3QRE 3220
_RW=040 3230

IF (RATE(I,J)) 31,32,31 3240
33 RW=z=RATE(],J)/(DELXXsDELYY) 3250

32 DewT1ePHI(1,J~1)%(T1eT2=-RHO)*PHI(I, J)-Tzepnxcx J*L)+RH-RR=KOVERM(] 3260

e 1.Jd)e(HEAD(I, J)~PHI(lLJ)/ZJO)-PRECIP*PRECFA/(iZ.03600.*365 ®24,) 3270
G(l)=(DwAaG(]=1))/W 3280

— 33 CONTINUE 3290
c . 3300
€ 3310
¢ CALCULATE HEAD VALUES FOR COLUMNS OF MATRIX AND PLACE IN TEMPORARY 3320
c LOCAT]ION_TEMP 3330
NO3=DIM =2 , 3340

__1F (J,GT,42) GO 1O 37 o A 3350

DO 36 KNO4=1,NO3 B 3360

_ NC4=DIML=KNO4 ‘ 3370

IF (T(NO4,J)) 35,34,35 3380
34 TEMP(NO4)=STRT(NO4 J) 3390

GO TO 3% 3400
.35 TEwP(No4)=G(N04)=BE(N04>oTEMP¢NO4¢1) 3410
36 CONTINUE 3420
__GO TO 41 3430
37 DO 40 KNO4=1,NO3 3440~
—___NO4=DIML7KNO4 - 3450_
PH] (NO4, 3-1)=75MP1N0?3 I 3460

. _1F (T(NO4,J)) 39,38,39 - / 3470

38 TE%P(NO4):STRT(NO40J) - o 3480
_____GO TO0 40 3490
39 TEMP<N04>.s(N04a.ae(N04;or*ﬂP¢N04oi) 3500
____40 CONTINUE . 3510

e O A > ———

IF (T(1,J=%),EN,0,0) Tiz0,0

P N




c | | _ — 73540
c

_C__ - PRINT OUT HEAD DISTRIBUTION AY EVERY LTH TIME STEP__ 3550
IF (MOD(KT,LTH)) 43,42,43 S 3560

.42 _MWRITE (6,451) KT:DELTnSUM MINS»HRSLQAIS . 3570

c 3580
_C e : 3590
c IF A CHECK OF THE ACCURACY OF THE COMPUTATIONS IS CESIRED, REMOVE 3600
—-C____THE C FROM COLUMN 1 _ON YHE FOLLOWING CARD 3610
c CALL CHECK . : 3620
_..C . ' 3630
c 3640
_C____1F _NUMERICAL_OUTPUYT IS DESIR ED_BEHQME_IHE_B_EBQM_CQLQﬂN 1 ON TH E 3650
c FOLLOWING CARD 3660
—— CALL PRNT1 __ _ ~ - : 3670
c ’ B o ‘ : 3680
—C 3690
c IF SYMBOLIC OUTPUT [S DESIRED REHOVE THE C FROM COLUMN 4 ON THE 3700
__C . FOLLOWING CARD 3710
CALL PRNTA , L S o 3720

- .43 CONTINUE__ .. _ i ) ‘ R 3730
c _ , 3740
€ _CALCULATION FOR MATER]IAL. BALANQE PuaPosss ' ‘ 3750
DO 44 1=21,DIML , , . 3760

DO 44 Jzi,DIMW S 3770

44 SUMN= SUMNoDELT¢DELX¢DELY¢KOVERM(I J)O(HEAD(I J),Pux(x J)) -7 3780

e SUMB=SUMB+SUMQ+SUMN__ ' ' 3790
c : - . 3800
—~.C______ADJUST LENGTH OF TIME _STEP ' : 3810
DELT=DELT+ ,254DELT T _ : - 3820

— o __KTeXTe1 . - ' . ‘ 3830
c S ‘ . ' ‘ . 3840
-C__ ~ e ' - - 3850,

C  DETERMINE WHETHER DESIRED PUMPING PERJOD HAS ELAPSED 3860
_C_____OR THE LIMITING NUMBER_FOR_TIME_STEPS HAS BEEN REAGCHED, IF EITHER 3870

c HAS OCCURRED TERMINATE PROGRAM . - 3880
—_YF (KY,LT,NUMT) GO_T0 13 : 3890

WRITE (6,57) NUMT . _ : - 3900

45 WRITE (6,58) / e : - 3910
DO 46 1s1,DIML ' . - 3920

46 WRITE (6L?0) I.(RHICI J)aJEL,DIMW) : - 3930

STaP , , . . T . 3940

£ . L 3950
c o 3960

47 FORMAT (1H0,41X, 24 HRATE MATRIX,CU,FT/SEC) 3970

" 48 FORMAT (1H1,16%X,15HINPUT PARAMETER//SBHLENGTH OF INTTTAL TIME STEP 3980

——— 1IN SECONDS=,G10,3//45HMAXIMUM PERMITTED PERIOD OF PUMPING IN YEARS 3990
2-:«10 3//53HHAXIMUM PERMITTED NUMBER OF TIME STEPS (ITERATIONS)=z , 4000
19//59HFLUX DUYE _T0 VERTJCAL LEAKAGE FROM A CONFINING LAYER IN CFSa 4010
4,610,3//34HGRID SPACING IN PROTOTYPE IN FEETa,G10,3//36HNUMBER OF 4020

SNQDES IN _COLUMN OF MATRIX=,]4//33HNUMBER OF NODES .IN ROW OF MATRIX 4030

\ .
¥ mm e e .

. - , .
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6=,1477y

: 40
49 F04MAT (1HY, 54x,39HTRANSMISSIBILlTY MATRIX, (GPD/FT)el10e0e3) __ . ___ 40
50 FORMAT (1H0.14,(1X.20F6 1)) 40

_ 51 FORMAT. (1H1 35X.16HITERATION NUMBER,140/30X%,28HS1ZE OF TIME STEPIN _
1 SSCONDS=,6190,3/20X,48HDURATION OF PUMPING AT THIS PRINTOUT IN SEC 40
20an-.§10 3/56X%,8HMINUTESE,G10,3/56X,6HHOURSE,G10,3/56X,5HDAYSa,FL _ 40
30,3) 41
52 FOQMAT (1H1,54X,26HSTORAGE GOEFFICIENT MATRIX) __ 44
53 FORMAT (1H ,14,(1%X,20F6,2)) 41
54 FORMAT. (1H1:40HPT1ME(MAX TIME FOR RATES THAT FOLLOW) = WFL342/749H__ 41
1PR=CIP(INCHES/YR) =,F10,2//39HPRECIP; RECHARGE TO AQUIFER (INCHS/Y 41
2R)=,F10,2//30KNELYCINIT TIME _STEP LM_§EC2 1F10,0) 41
55 FORIMAT (1H1 33X, 66HHYDRAULIC CONDUCTIVITY or STREAM OR LAKE BOTTOM 41
1 OVER ITS THICKNESS) 43
T 56 FORMAT (1H1,35X%X,51HTHE VALUE or = HYDRAULIC HEAD IN RIVER OR LAKE (F 41
_ 1EET)) 41
57 FORMAT (1H ,8110) 42
58 FORMAT_(1H1,34%X,52HHEAD IN THE AQUIFER AT THE END OF THE PERIOD IN 42
1 FEET) 42
59 FORMAT (1H1,15X, 66H1N}TIAL _VALUE OF HYDRAULIC HEAD IN AOUXFER (FEE 42
17)¢1000 FT=ALTITUDE) 42
60 FOSMAT (F10,0,3110,3F10,0/214042F10,0) 42
61 FORMAT (8F10,2) 42
62 FORMAT (1H0,14,(1X,44E9,3)) 42
END | = 42

155 NURDS ~OF MEMORY" USED BY*THTS COHPILATION
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1 01iw1d4=70 19,366
SUBROUTINE PRNTA A
c THIS SUBROUTINE PRINTS QUY THE HEAD MATRIX AS ALPHABETIC CONTOURS A
COMMON PH],SUM,DELX,DIML,DIMW,STRT,RATE,S,TPER,DIFSUM,PREC]P,PRECFA
1A, PUMP,T(32,48),HEAD(32,48),KOVERM,SUMB,RR A
INTEGER_ D!MLJDIHN.W A
RE AL RATE(32.48).SYM(39) PRNT(51),STRT(32,48),K,5(32,48), KOVERM<32A
1448) A
DOUBLE PRECISION PHI(32.48> A |
WRITE (6,5) A !
DAYA SYM/2H35,2H34,2H33,2HW ,2H31,2H30,2H29,2H28,2H27,2H26,2H25,2HA §
124,2H23,2422,2H21,2H20,2H19,2H18,2H17,2H16,2H15,2H14,2H13,2H12,2H4A 1
. 2112H1042H9 ,2HB 4 2H7 ,2H6 ,2H5 ,2H4 ,2H3 ,2H2 ,2H1 ,2H0 ,2H+ ,2H# A ¢
3,24/ - A ¢
PO 4 [R=1,DIML A4
DO 3 JB=1,DIMW_ A g
KsPHI(1B,JB)=(STRT(IB, B)n36,49) A1
IF (K GT,36,49) pRNT(J&l-va¢39) A 1
IF (K,GT7,36,49) GO T0O 4 Y
IF <K.LT;1;2 GO 10 2 A1
NsK A 2
PRNT(JB)=SYM(N) A 2
1 1F (RATE(]B,JB),GT,0,) PRNT(JB)=SYM(9) A2
IF _(RATE(IB,J4B),LT,0;) PRNT(JB)=SYM(4) A2
IF (PH] (1B, JB) EQ srnrcxs JB)Y) PRNT(JB)=SYM(37) A 2
G0 70 3 A 2t
2 PRNT(JB)=SYM(38) A 24
3 CONTINUE - A 2]
-4 WRITE (6,56) (PRNT(JB),JB=1,DIMW) A2t
WRITE (6,7) A 2¢
RETURN A3
c A 31
c A :
5 FORMAT (1H1,50X,32HALPHABETIC CONTOURS FOR DRAWDOWN) s A 3
6 FORMAT (1HO0,32A3) A 3¢
7 FORMAT (9HOLEGEND../50HDRANDONN FROM 0=35 FEET REPRESENTED BY SYMBA 3¢
10LS 0~Z/57HDRAWDOWN GREATER THAN 35 FEET REPRESENTED BY THE SYMBOLA ~ 3¢
g #/60HAREA OF INCREASED HEAD(GREATER THAN ORIGINAL) INDICAYED BY A g;
) A £
END / L A 39
890 WORDS OF MEMORY USED BY THIS COMPILATION
- : -
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1 01=14n70 19,376

SUBROUTINE PRNTY ' B

¥ THIS SUBRQUTINE PRINTS OUT THE HEAD MATRIX IN NUMERICAL FORM - B

COMMON_PH1,SUM,DELX,DIM,,DIMW,STRT,RATE,S, TPER,DIFSUM,PREC]IP,PRECFB

1A,PUMP,T(32,48),HEAD(32,48),KOVERM, SUMB,RR

REAL RATE(32.48),DDNjil)1STRT(§244al;S!324”§).KOVERM(32048)
INTEGER DIML DIMW .

WRITE (6,8)
IF_(DIMW,LT,32) GO TO i

LIMRQN:DXMN/Z
GO TO 2

LIMROW=DIMW
DO 4 1=1,DIM,

DO 3 J=1,LIMROW
DDN(.J)=STRT(],J)=sPHI(],J)

PR Ny =

WRITE (649) 1,(DDN(K),K=1,LIMROW)
IF_(DIMW,{T.32) GO 70 7

WRITE (6,10)
LIMROL=LIMROWe]

LIMRO2=sDIMW
DO 6 I=1:DIML

no s J=LIMRO1,LIMRO2
5 DDN(JI=STRY(1,J)<PHI(],J)

6 WRITE (6,9) Ia(DDN(K)a sLIMROYL, LIMR02)

@pMNNMPPPPPLPPﬂf

7 _RETURN

8 FORMAT (1H0,38X,20HDRAWDOWN IN FEET(1) /7)
9 FORMAT (1H ,14,26F5,1)

10 FSRMAT (1H1)58x.20HDRAwnowN IN FEET(2) //)
END

@m0 WO Mmoo oo o 0o T oemom DM oo

'892 WORDS OF MEMORY USED BY THIS COMPILATION




1 01-14-70 19,382

SUSROUTINE CHECK

c THIS SUBRQUTINE COMPUTES THE ERROR IN THE SOLYTION ON A MASS

c BALANCE BASIS ,
COMMON PHI,SUM,DELX,DIML,DIMW,STRT,RATE,S, TOTL, DIFSUH  PRECIP,PRECF
1A,PUMP, T(32 48);HEAD(32,48) KOVERM SUMB, RR

INTEGER DIML.DIMw
REAL RATF(32;4QJJSS32148)pSTRT(32.48).KOVERM!32.48)

!

¢

c

[

cC

c

c

c
DOUBLE PRECISION PH](32,48) c 1
TOTL=0, c
DO 1 JC=z1,DIML c 1
DO 1 JC=z1,DIMu C 1
TOTL=TOTL¢S(IC,JC)#DELX422s(STRT(IC,JC)=PHI(I1C,JC))+RRoDIFSUMsDELXC 1
10DSL X c 1
IF (T(IC4JC),EN,0,) GO TO 1 c 3
TPER=TPER+PRECIP#PRECFA®#DE|L X#u#2#DIFSUM/(12,983600,4365,0424,) c i
1 IF (RATE(IC,JC),bT,0,0) PUMP=PUMPwRATE(IC,JC)aDIFSUM ¢ 1
TOTL=TOTL«TPER+SUMB cC 1
DIFF=PUMP-TOTL ¢ 2
PERCNT=s(DIFF/PUMP)®#100, c 2
DIFSUM=DIFSUM/ (24,#3600,) c 2
WRITE (6,2) TOTL,PUMP,DIFF, PERCNT DIFSUM.SUMB TPER c 2
RETURN c 2
c c 2
C c 2
2 FORMAT_ (65HOOUANTITY PUMPED ACCORDING TO CONE OF DEPRESSION IN CUBC 2
11C FEET = ,G15,5 /59HQUANTITY PUMPED ACCORDING TO WELL DISCHARGE IC 2
2N CUBIC FEET =2,G15,5 /S1HESTIMATE FRAM PUMPING LESS ESTIMATE FROM C 2
SDRANDONN =,G15,5 /41HDIFFERENCE AS A PERCENT OF VOLUME PUMPED=,G15C 3
4,5 /17HTIME PERIOD,DAYS=,G15,5 /26HNET BOUNDARY EFFECY,CU,FT=,G15,C 3
55 /20HPRECIPITATION,CU, FT-.615 5) ¢ 3
END c 3

43
[No}




-Q

 ITERA
ON

S1ZE OF TIME STEPIN.  SECONDS= 0,
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