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CONVERSION FACTORS

The following factors may be used to convert the Englishrunits published
herein to the International System of Units (SI).

Multiply English units By To obtain SI units
million gallons per day cubic metres per second
.04381
(M gal/day) 0 8 (m3/s)
square miles (miz) square kilometres
. 590
2 (km?)

feet (ft) . 3048 metres {(m)




ABSTRACT

A digital-computer program was developed to compute nonsteady and steady-
state hydrologic changes caused by pumping from a confined aquifer. The
program computes head changes in the confined aquifer and the rate and volume

of water withdrawn from aquifer boundaries.

The program wag used to model the sandstone aguifer underlying Dane County,

Wisconsin, The aquifer was modeled as.a confined aquifer recharged by leakage
from the overlying upper aquifer., The physical properties of the aguifer
system needed for the model were approximated using aguifer-test data and by
matching drawdowns resulting from aquifer developmeﬁt through 1970 with draw-
downs computed by the model.

The sandstone aguifer should be able to supply the water needs of Dane
County well beyond 1920, Maximum regional drawdowns of approximately 40 feet
(12 m) between 1970 and 1990 were computed by the model, This amount of

additicnal drawdown would not seriously deplete the ground-water supply.




INTRODUCTION

The sandstone aguifer is the source of water supply for most municipali-
ties and industries in Dane County, Wisconsin. The first major use of this
ground-water reservoir was in 1882, when the city of Madison began its public
water-supply s}stem. The total capacity of the system in 1882 was less than
1 M gal/day (3,785 m3/day) (Weidman and Schultz, 1915, p, 293). By comparison,
the average daily pumpage from the sandstone aquifer in 1970 by all users in
the county was 40.2 M gal}day (1,522 x 10° m3/day), with Madison averaging
29.0 M gal/day (1,098 x 10° m3/day), approximately 72 percent of the total.
Projected pumpage trends indicate that total pumpage will increase to 66 M
gal/day (2,498 x 10° ms/day) by 1990, with Madison pumping approximately 75
percent of the total.

Progressive declines of ground-water levels in the sandstone aguifer have
accompanied increasing ground-water withdrawals. Although these declines are
not serious, proper planning for the futureﬁdevelopment of the sandstone aquifer
will minimize the impact of withdrawals and insure proper management of the
total water resources of the county.

éurpose and Scope

The purpose of this report is to present a digital-computer program that
can be used to solve two-dimensional, confined ground-water flow problems and
to apply the program tq the sandstone aquifer in Dane County.

The report describes how the program was developed, using algebraic
finite-difference equations to approximate the equation for ground—ﬁater fiow
in a continﬁous system, and how tﬁese equations can be solved on a high-speed
digital computer. The digital-computer program is a modification of one

developed by Pinder (1970). The report also describes how the program was




applied to the sandstone aguifer in Dane County to predict drawdowns in the
aquifer through the year 1990 under proposed ground-water development plans,
Location and Extent of the Study Area

The study area is Dane Counfy; an area of 1,233 square miles (3,192 km?)
in south-central Wisconsin (fig. 1). The sandstone aquifer in the county was
modeled with particular attention given to a 16- by l7-square-mile area {(25.7
X 27.4 kmz), roughly centered on Madison, where development of the aguifer has
been greatest.

Previous Investigations

Studies that have described the geology and hydrology of all or parts of
Dane County are summarized by Uttormark and others (1969). The-work of Cline
(1965) provided background information for this report. He described the
occurrence, movement, and availability of ground water in Dane County and the
relationship between ground water and surface water in the area, Cline also
described the geology of Dane County.

More recently, an electric-analog model study of the Madison area was
made by the U.S. Geological Survey in cooperation with the city of Madison and
the University of Wisconsin-Extension, Geological and Natural History Survey
(J.B. Gonthier, written commun,, 1971).

Acknowledgment

The cooperation of the Madison Water Utility over the years in well

testing is gratefully acknowledged. Without the information thus provided,

this study may not have been possible.




WISCONSIN

ol 50 100 MILES

0 50 100 KILOMETERS

:/Area of greatest

Stream gag

Upper Yahara River basin outline

ground-water deveiopment

ng station

/Da'ne County, Wisconsin

O 2 4 5 MILES

02 46 KILOMETERS

Figure 1. Location and extent of study area, \




DEVELOPMENT OF A DIGITAL~COMPUTER PROGRAM FOR
SOLVING CONFINED GROUND-WATER FLOW PROBLEMS

Finite~difference methods are used to calculate approximate solutions to
the partial-differential equation describing areal head changes in a continuous
confined aquifer that result from pumping. First, a reétangular grid network
(fig. 2) isg superimposed over a plan view of the aquifer to divide it into
finite elements. Second, finite-difference equations for describing head
changes in each element caused by pumping are formulated to approximate changes
in the continuous aquifer, Third, a digital-computer program is written to
solve these equétions.

Development of Finite-Difference Equations

Finite-difference equations for estimating head changes and changes in
flow across aguifer boundariesg that result from pumpingra confined aquifer are
developed for the aquifer systém (fig. 3a), which includes two aquifers,
Essential elements of the system include a confined aquifer overlain by con-
fining beds of moderate hydraulic conductivity and underlain by impermeable
bedrock and an unconfined aquifer overlying the confining beds. Initially,
the potentiometric surface in the confined aquifer may be different from the
water table in the unconfined aquifer, and water may be moving through the
confining beds.

Simplifying assumptions are made concerning water movement in this aquifer
system in order to develop equations that could be solved easily. These
assumptions are:

1. Flow in the confined aquifer is horizontal, even though leakage may

occur through the confining beds, This assumption is justified if
the horizontal extent of the aquifer system is much greater than the

thickness of the aquifer.
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Flow through the confining beds is vertical. This assumption is
valid if the hydraulic conductivities of the confined and unconfined
agquifers are much greater than the hydraulic conductivity of the
confining beds.

The water table of the unconfined aquifer remains constant at all
times. This assumption is justified if the water table can be main-
tained at a nearly constant level by rainfall and infiltration from
surface-~water bodies in spite of flow changes in the aquifer system

caused by pumping or recharging the confined aquifer.

Flow changes 'into or out of confined-aquifer elements caused by pumping

are designated Q,, Q,, Q,, @,, and Q_ (fig. 3b). The Q. ., Q,, Q,, and §, terms
1 2 3 5 1 2 3 4

represent flow changes between elements. The Q5 term represents a change in

flow across the contact surface between a confined~aquifer element and the

confining beds, These flow changes are approximated (Pinder, 1970} as:

—— T'l . } - A A s
% i,j-% (Sl,J,k 51,3—1,1:) Ay
o ]
O =~ Vi34 (51 J+l,k © Ti, i,k )
= - 7' . 5. - ﬂ(
% ~3,3 (1,3,k ®i- l,J,> (1
Q, =-T', . (s, /—\X
4 l+%,J ( 1+1,3, ,J,)
and - W, . 8, . RVAS ST * DU
Q5 i3,k 1,3,k AXJ 1 Ql:J;
2Ti J Ti+1 3
1 — 3 2 E) . .
where, for example, T i+%,j = T AV T Y which is the
i,J +1 i+1,3 i
. T, . T, R
harmonic mean of: i,j. "i+1,3
32
o~ é;'g'ri+]_
and i = row index,

3 = column index,

W
i

time index,




OAX . Y, = horizontal dimensions of aquifer elements, in units of length;

T, . = transmissivity values for elements of the confined aguifer
defined as the rate at which water is transmitted through a
unit width of the confined aquifer element under a unit hy-
draulic gradient (Lohman and others, 1972, p. 13). Trans-
missivity may differ with location, but 13 assumed not to vary
with time, in duits of length squared per unit time;

s. = head change in elements of the confined aguifer resulting from
additions or withdrawals of water, in units of length.
Drawdowns are negative, rises are positive;

Wi,j,k = leakage coefficient defined as the rate at which water flows
through a unit horizontal area of contact surface between the
confining beds and the confined aquifer at the prevailing
kinematic viscosity, if the difference between the head in the
confined aquifer and the water table is unity (after DeWiest,
1965, p. 274), in units of time to the minus one power;

and Qi,j = pumping rate from confined-aquifer elements, in units of length

cubed per unit time. Recharge is negative, discharge is positive.

The following expression is used to represent the leakage coefficient:

[as]
K':i. j 1 nz '
W, = T 1 +2 exp | v : (2}
ISR N ENE thy

n=1

..t

where: t'k = L Kk 5 , a dimensionless time parameter;
38! b'",
5, i,
i, 3




XK', = hydraulic conductivity of the confining beds defined as the
rate at which water flows through arunit area, measured at
right angles to the direction of flow, under a unit hydraulic
gradient and at the prevailing kinematic viscosity {(Lohman and
others, 1972, p. 4), in units of length per unit time;
b, = saturated thickness of confining beds, in units of length;
s = specific storage of confining bedé defined as the volume of
water feleased from or taken into storage per unit volume of the
confining beds per unit change in head (Lohman and others, 1972,
p- 13), in units of length to the minus one power;

and t

x time since pumping began, in units of time.

An expression similar to this was proposed by Bredehoeft and Pinder (1970)
and Pinder {(1970).

This form for the leakage coefficient allows inclusion of the effects of
storage in the confining beds when estimating flow changés across the contact
surface between the confining beds and the confined aquifer elements. Storage
in the confining beds is important in determining these changes, if the con-
fining beds are thick or theip hydraulic conductivity is small,.

Eqﬁation set (1) alone does not provide enough information to solve for
head changes in an aquifer element. An additional equation is needed. This
additional equation is based on flow continuity and requires that the change
in volume of water taken into or withdrawn from storage in a confined-aquifer
element must equal the volume difference between changes in inflow and outflow

during a short increment of time. Stated in quantitative terms:

(Ql - Q'z) ot + (Q:a - Q4> Ot + Qg Ot = 8, o /X, OY, (si,j,k - si,j,k—l) (3)

where: At = time increment for calculation of head changes;




and Si,j = storage coefficient for the confined-aguifer elements defined
as the volume of water released from or taken into storage
per unit surface area of the element per unit change in
head (Lohman and others, 1972, p. 13). The storage co-
efficient may differ with location but does not vary with
time, dimensionless.

Substituting equation set (1) into equation (3) and rearranging terms

leads to the following equation, in which the only unknowns are head changes:

T 1

;s 1 coa, 1
—2d7 [y -8 +—22d'2 g - 8
AXj i,3-1,k i,k / AXj i,i+1,k i, i,k
T 5. T 1 .
+ 175, < - 8 +_._}..+Ei g -8
AYi i-1,3,k i,j,k AYi i+1, 3,k i, i,k (4)
A Q |
- ,J g — QJ

A \%1,3,% 7 ®i,5,k1 +AX_J_§Y_; W5k %a, 5K

An equation similar to equation (4) is written for each element. This
means that N equations are written, where N is the number of elements, A
simultaneoué solution of these equations gives the approximate distribution
of head changes in the confined aquifer resulting from pumping.

Changes in rates and volumes of flow across boundaries of the confined
aquifer can be computed using the computed head changes and equation set (1).
A Method for Solving the Finite-Difference Equations

The iterative alternating—-direction, implicit method (IADI} was selected
- to solve the finite-difference equations. It has been used successfully for
solving large setis of equations with a digital computer. The method is
efficient, and the computer core storage required is minimal,

The IADI method involves_the alternate szolution for a given time step
of equation (4) at elements zlong each row and then along each column of the
grid in figure 2 until convergence is achieved, The solution along rows is

accomplished by assuming that all head changes are known during each iteration

10




except those along the row for which a solution is gought. The golution proceeds
in this manner from row to row until all rows have been processed.. The same
procedure is then used for columns until all columns have been processed. The
method continues, alternating solutions by rows and then by columns, until the
largest discrepancy between row and column computations for the head change
in any element is less than a prescribed maximum value.

The method then steps to the next time increment, and the process is
repeated.

To facilitate computations along a row, equation (4) is written:

n n n

A s, | +. B, 8, . +C., s, . = D, {5a)
J i,i-Lk J i1,k Jj 1,341,k 3

where: Aj = —=2d7%

Tl g n1 (Tady . Taed g
and D, = = ——R2E 5 LT+ 20 g - I, .)s, .
3 AY, i-1,3,k AY, AY, i,3/ 1,3,k

1}

T, 4 Q. . .
~ i+5,3] s n-1 . i,3 T
AY . i+1,3,k AX ., AY, At Ti,§,k-17
1 J 1 .

Similarly, for computations down a column, equation (4) is written:

n+l n+l n+1l

A %5k TP Cigx TSt TH on
here: e
where; A:L = AYi s
B, = - ES + RET S T + 1
i AY, AY, At i,3,k 1,3/ 7
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T' T* .

.- 1 .1 . ., 1
i,j-5 n i,i-5 i, j+= n
and D, = - —2t—=35_ . + 2 + - I .| s, .
1 AX 1,J-1,k AX AX i,] 1,3;k
J J J
T, . Q, . -
_ 1,3+ n . i,] N T
AXj i,i+1i,k AXj AYi At i,j,k-1"
In equations (5a) and (5b):
n = cyele of iteration,
and I. . = iteration terms introduced into the equation to speed convergence,

in units of time to the minus one power.

The iteration terms are defined by:

where: r is set of iteration parameters that are used cyclically during the
computations., B8election of iteration parameters follow that given by
Pinder (1970, p. 12).

Initial head changes must be specified for every element in the finite-
difference grid, and boundary conditions must be specified around the edges of
the grid. Zero head changes are used as initial conditions in the solution
process,

Iﬁpermeable boundary conditions are used at the locations outlined on
figure 2 by assigning zero transmissivity values to all elements in the first
and last rows and columns of the grid. Equation (52) can be expanded for any

interior row (2 < i < L~1) using these boundary conditions into:

By Si2x T C2 513k ° ° ° = Dy
A3 S1,2,kn * By Si,S,kn G 51,4,kn ° ° = Dy

° Ay sl,3,kn T By Si,4,kn Gy S1,5,131 g = Dy

o o 0 o o o

° ° ° -1 si,w-z,kn * By Si,W—l,kn = Dyy

12




Similarly, for any interior column (2 < J §;W41), equation (Bb) can be

expanded into:

B, 5, . n+l + C, 5, . n+l o o o
2 72,3,k 2 73,1,k
A3 sz,j,kn+1 + B3 sS,j,kn+1 + C3 34’j’kn+l o o
i A4 Ss,j,kn+1 . B4 54,j,kn+1 + 04 55,3,kn+1
o o o o o
. . . A n+l n+i1 -

s + s
L-1 "L-2,3,k Bt 511,35,k

These sets of egquations form tri-diagonal matrices. Equations of this

type are conveniently solved using the Thomas algeorithm (von Rosenberg, 1969,

p. 8). This glgorithm computes head changes along any row or column using the

equation:
Sm - Gm - (BE)m Sm+1 - (6
where: (BE) = A ?
) m B = A (BE)
- m m m-1
G = Em - Am Gm—l
T B =A E
m m m (8 )m—l
m = j if the computation is proceeding along a row,
m = i1 if the computation is proceeding down a column,
and A , B, C, D = the coefficients in equation (5).
m m m m

To compute head changes along a row, BEJ and Gj are first computed for
each aquifer element in the row, beginning with j = 2 and proceeding until
J = W-1. Head changes for each element in the row are then computed by sub-
stituting values of BEJ and Gj into equation (6) in order of decreasing j
values, beginning with j = W-1 and proceeding through j = 2, A similar pro-

cedure is followed for computation by columns.

13
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The alternate processing of all rows and then all columns continues until
the largest difference between head changes computed by row and column computationsg
for all aquifer elements is less than a prescribed allowable error.

A Description of the Digital-Computer Program

The program consists of a source deék, a set of parameter cards, and as

many as eight aguifer data decks. The mathematical computations are carried

out in the source deck using the IADI method just described. Input data needed

for the computations are contained on the parameter cards and the agquifer data
decks. An assembled program is shown in figure 4,

The program is a modification of a program described by'Pinder (1970).
The program is written in FORTRAN 1V, It will handle rectangular grids that

do not exceed 50 rows by 55 columns in grid size, and it requires approximately

45,000 words of storage, at 36.bits per word.

A printout of the information contained on the parﬁmeter cards and the
aquifer data decks accompanies each computer run.

Optional printouts from the program during a run are (1) an alphameric map
of computed heéd changes in the confined aquifer, (2) a numerical printout of
these head changes, (3) a numerical printout of flow changes to the confined
aquifer from confining beds and fully penetrating streams, and (4) a mass
balance check of the computations. Also optional is punched output of the last
computed head changes during a run.

The program permits modeling (1) constant head or barrier-boundary
conditions, {(2) nonhomogeneous transmigsivity and'storage coefficients for
the confined aguifer, and (3) areal variations in hydraulic conductivity,

gpecific storage, and saturated thickness for the confining heds,

14
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EVALUATION OF THE PROGRAM

Analytical solutions of the ground-water flow equations were compared
with solutions obtained from the program for a single pumping well, These
comparisons demonstrate the versatility and reliability of the program.

Four boundary—condition.problems were evaluated. The first evaluation
was for an infinite aquifer overlain by impermeable confining heds, The second
evaluation considered an infinitely long barrier boundary along one side of the
confined aguifer, The third was for a simulated constant-head boundary along
one side of the confined aquifer, and the fourth evaluation was for an aguifer
of infinite areal extent overlain by confining bheds of moderate permeability.

Infinite-Aquifer Conditions

The simplest confined-aquifer system is areally infinite and overlain by
impermeable confining beds; The infinite aquifer was computer-simulated by
extending the boundary edges of the finite-difference grid to such large dis-
tances that the area of interest would not be affected by the boundary edges
during the period of analysis.

Computer output for this condition is a drawdown value for each element
at the end of each time step. Analytical solutions are computed using the
Theis nonequilibrium formula (Hantush, 1964, p. 338).

Computer results compared with analytical solutions are shown in figure 5.
The agreement between computer results and analytical solutions 18 good.

Barrier-Boundary Conditions

A barrier bhoundary is a boundary across.which no flow occurs. This

condition can be simulated in the program by assigning zero transmissivity

values to the appropriate elements in data deck 2 (fig. 4).
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Output from the program for this condition is a drawdown value for each
element at the end of each time step. Analytical solutions are computed using
the Theis nonequilibrium formula and method of images (Hantush, 1964, p. 388).

Examples of computer results compared with analytical solutions are shown
in figure 6. The agreément between computer results and the analytical
solutions is good.

Constant-Head Boundary Conditions

A constant-head boundary is a boundary across which no drawdown occurs,
such as a stream that fully penetrates the aquifer, This condition can be
simulated in the program by assigning values of -1,0 to elements in data deck 5
(fig. 4) wherever a constant-head boundary occurs, Negative numbers in this
data deck are used to indicate constant-head boundaries,

Computer output for this condition includes the rate and volume of water
withdrawn from the boundary, the volume of water withdrawn from storage from
the confined aquifer, and computed drawdowns in the confined aquifer at the
end of each time step. Analytical solutions are computed by methods outlined
by Hantush (1964, p. 388).

Examples of computer results compared with analytical solutions are shown
in figure 7. The agreement between computer results and analytical solutions
is good.

Leaky Aquifer Conditions

A leazky aquifer condition exists whenever flow changes occur across the
contact surface between the confining beds and the confined aguifer in response
to pumping. This condition can be simulated in the program by including
aquifer data decks 5, 6§, and 7 in the analysis (fig. 4). Data deck 7 may be
omitted if the amount of water released from storage in the confining beds is

assumed fto be insignificant.
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Cutput from the program for this condition includes the change in rate
and volume of flow across the contact surface between the confining beds and
the confined aquifer, the volume of water withdrawn from storage in the confined
aquifer, and computed drawdowns in the confined aquifer at the end of each time
step. Analytical solutions are computed by methods outlined by Hantush
(1964, p. 334).

Examples of computer results are compared with analytical solutions in
figure 8. The agreement between computer results and the analytical solutions
is good.

Discussion of the Evaluations

The time-drawdown and distance—drawdown computer solutions are in good
agreement with analytical solutions for all the evaluations.

Computer solutions for rates and volumes of flow across aquifer boundaries
are less than the analytical solutions during the middle time period in the
analyses (figs. 7 and 8)., This results partly from the approximation used to
compute flow changes and partly from truncation error in the finite~difference
equations,

Truncation errors are inherent in the computer solutions because finite-
difference methods are used to approximate a continuous system. These errors
are greater when either nonhomogeneous conditions are simulated or the grid
spacing in the finite-difference grid is not uniform.

The masgs~balance check option aids in Judging the correctness of the
solution. Flow changes in each elementi are compared with the change in storage
within the element at the end of each time step. The difference (residual) is
summed for all elements. The largest residual for each time step and a cumu-
lative total for all time steps are printed. The cumulétive residual should be
less than 1 percent of the total flow changes at each time step for an accept-

able solution.
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APPLICATION OF THE PROGRAM TO THE
SANDSTONE AQUIFER IN DANE COUNTY

The Hydrogeology of Dane County

Dane County is underlain by rocks of Precambrian, Cambrian, Ordovician,
and Quaternary age. A stratigraphic column representing the sequence of rocks
in the county is given in table 1.

Dense crystalline rock of Precambrian age forms the basement upon which
younger geologic units were deposited. The depth below land surface to the
Precambrian rock ranges from less than 600 feet (183 m) to more than 1,300
feet (396 m). Crystalline rock thickness is unknown but is very great.

Cambrian formations overlie the Precambrian bedrock and include, in
ascending order, Mount Simon, Eau Claire, Galesville, and Franconia Sandstones,
and the Trempealeau Formation., These rocks are chiefly sandstone intermixed
with layers of shale, siltstone, and dolomite, The combined average thickness
of the Cambrian units within the county, as determined from structure contour
maps, is about 800 feet (244 m); the greatest thickness, about 1,100 feet
(335 m), oceurs in the southwest.

Ordovician rocks overlie the Cambrianisandstones and include, in ascending
order, the Prairie du Chien Group, S5t. Peter Sandstone, Platteville and Decorah
Formations, and Galena Dolomite. The Prairie du Chien Group and Platteville-
Galena unit, (Platteville and Decorah Formations, and Galena Dolomite, undif-
ferentiated), consist mostly of dense dolomite. The St. Peter Sandstone congists
mostly of sandstone., In many parts of the county the Ordovician units have been
removed by erosion., The thickest deposits within the county, more than 500 feet
(152 m), occur in the southwest.

Unconsoclidated deposits of Quaternary age overlie bedrock of Cambrian and i
Ordovician age. These deposits include morainal deposits, outwash, and glacial-

lake deposits, and they range in thickness from zero to about 370 feet (113 m).
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Table 1,--Generalized stratigraphy and aguifer system.
Era . . Subsurface Saturated
Geologic Dominant . )
or Unit Litholo Hydrologic Thickness
System &y Unit (£1)
Holocene and
i d
Quaternary Pleistocene Deposits Clay, silt, san
Galena Dolomite Dolomite
Decorah Formation Dolomite
Ordovician Platteville Formation Dolomite
5t. Peter Sandstone Sandstone Up?er 50-450
aguifer
Prairie du Chien Dolomite
Group
d
Trempealeau Formation Sandstoné an
Dolomite
Reno Member™
_— Mazomanie
Cambrian g 8 Sandstone Sandstone
Sh - Member
g g
= Ironton
Il Sandstone
Member
Galesville Sandstone Sandstone Sandstone 450-900
aquifer
. Sandstone
Eau Claire Sandstone and Shale
Mount Simon Sandstone Sandstone
Precambrian Crystalline Rocks

Not an aquifer

fNot approved by U.8, Geological Survey forlformal use,




The glacial deposits are covered in places by thin lcess, alluvium, and marsh
deposits.

A comprehensive discussion of the geology of Dane County is available in
Cline's report (1965).

The aquifer system underlying Dane County is composed of the entire
thickness of Cambrian, Ordovician, and Quaternary units, The Precambrian
basement rocks are relatively impermeable and are assumed to form the base
of the aguifer system.

The aquifer system is subdivided into the sandstone and upper aguifers
(table 1). This subdivision is based on well construction practices in the
county which, in turn, reflect hydrologic conditions.

The Ironton Sandstone Member of the Franconia Sandstone, plus the Gales-
ville, Eau Claire, and Mount Simon Sandstones, collectively form the sandstone
aguifer., These units are saturated everywhere in the county. The aguifer
generally is composed of fine-to coarse-grained sandstone. Ground-water
movement in the aguifer is primarily through intergranular pore spaces and
secondarily through joints and other fractures. The areal variation in
saturated thickness of the aquifer, as determined from structure contour maps,
is shown in figure 9.

The Mazomanie Sandstone Member and Reno Member (these names are not
approved by the U,8. Geological Survey for formal use) of the Franconia Sand-
stone, the Trempealeau Formation, plus all Ordovician and.Quaternary deposits,
collectively form the upper aquifer, Water 1n the upper aguifer probably moves
primarily through fractures, joints, and solution channels in dolomitic rocks,
intergranular pore spaces in unconsolidated deposits, and fractures, joints,
and intergranular pore spaces in sandstone, The areal variation in saturated
thickness of this aquifer, as determined from a structure contour map of the

base of the aquifer and a water-table map, is shown in figure 10,
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The Mazomanie Sandstone and Reno Members of the Franconia, the Trempealeau
Formation, and Quaternary deposits form the major part of the saturated thick-
ness of the upper aguifer, These deposits are saturated in part throughout
mést of the county.

The Prairie du Chien Group and St, Peter Sandstone generally form a small
part of the saturated thickness of the upper aguifer. These deposits are
generally saturated in part where they are present, but they have been eroded
away in many areas. Their saturated fthickness is greatest in the southwest part
of the county,

The Platteville-~Galena unit does not form a significant part of the satu~
rated thickness of the upper aquifer, The unit has been eroded away throughout
much of the county. Where present, it is generally unsaturated,

Many municipal and industrial wells penetrate to Precambrian bedrock and
are finished in the sandstone aquifer, Most domestic wells in the county are
finished in the upper aquifer.

Hydrologiec Changes Caused by Pumping

Observed hydrologic changes in the aguifer system caused by pumping from
the sandstone aguifer include drawdown of.the potentiometrie surface in the
sandstone aquifer, drawdown of the water table in the upper aquifer away from
constant head boundaries, and reductions in base flow to streams. Drawdown
of the potentiometric surface by 1970, as determined from water-level measure-
ments in municipal and industrial wells, is shown in figure 11. Largest draw-
downs, more than 70 feet (about 21 m), occur along a northeast-southwest line
through the Madison area. This trend is due partly to the distribution of
pumping {(fig. 12) and partly to the hydrogeology of the aquifer system.

Drawdéwn of the water table by 1970 ranged from O to 20 feet (6.10 m)
(fig. 13). These drawdowns were estimated from water-level measurements in

shallow wells, Largest drawdowns, 10-20 feet (3,05-10 m), occurred in central
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and west Madison. Drawdowns in the water table were generally much smaller
than those in the sandstone aguifer at corresponding locations.

Pumping has approximately equaled observed reductions in streamflow past
the Upper Yahara River stream—gaging station (fig, 1) (Cline, 1965, p. 61).
This indicates that flow in the aquifer system adjusts to maintain an approximate
equilibrium between recharge to and discharge from the sandstone aquifer,

These hydrologic changes are an expression of changes in ground-water
movement that have occurred as a result of pumping., Water movement in the
aquifer system along section A-A' (fig. 12) before any man-induced changes
and during 1970 is illustrated in figure 14. ZKeeping in mind the vertical
exaggeration of the section (approximately 25 to 1), note that water movement
in the sandstone aquifer has been predominately horizontal., Exceptions are
areas of potentiometric highs and lows. Areas of ground-water recharge are
associated with potentiometric highs. Areas of ground-water discharge are
agsgsociated with potentiometric lows, Vertical water movement predominated in
these areas before development (fig. 14a). By 1970, however, somé discharge
from the sandstone aguifer in the Madison area had been diverted to wells
(fig, 14b). Also the west potentiometric surface divide for the Yahara River
had shifted southwestward because of pumping. This resulted in the diversion
of some ground water to the Yahara River basin that previously discharged into
the Sugar River basin.

Modeling the Sandstone Aquifer

The sandstone aquifer was modeled as a confined aguifer overlain by
leaky confining beds. Hydrologic changes in the aquifer systeﬁ indicated that
the sandstone agquifer behaved in response to pumping as a confined agquifer

that received leakage from the upper aquifer.
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Flow changes in the sandstone aguifer were approximated as horizontal
flows for the model. This is a reasonable approximation throughout much of
the Madison area (fig, 14b).

Leakage changes to the sandstone aguifer were approximated as vertical
flows across the contact surface between the sandstone and upper aquifers.

This approximation is partially justifiable because the vertical hydraulic
conductivity of the upper aguifer is much legs than the horizontal hydraulic
conductivity of the sandstone aguifer at corresponding locations.

The water table of the aquifer system was approximated as a constant head
boundary for the model. This is a reasonable approximation so long as new
drawdowns in the water table are small, The model calibration process incor-
porates into the model any effects of past drawdowns of the water table on
flow changes in the sandstone aquifer.

Two other boundaries alsc were modeled. One is an outerop of Precambrian
crystalline rock just northeast of Dane County (Alden, 1918, p, 63). The other
iz the Wisconsin River on the northwest, The crystalline outcrop was modeled
as a barrier boundary. The Wisconsin River was modeled as a constant head
boundary., The locations of the outcrop and river are shown in figure 15, The
sandstone aguifer was assumed to be infinite in aresal extent in all other areas.

The maximum number of elements allowed in the program was used for modeling
the sandstone aquifer. Grid spacing was made small enough for a reasonakble
representation of the sandstone aquifer in the Madison area by averaging
physical properties within grid elements. The edges of the grid were located
far enough from this area to include boundaries that influence flow in the
aguifer, The finite-difference grid configuration chosen for the sandstone-

agquifer model is shown by figure 15.
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Approximating Areal Variations in Physical Properties of the Agquifer System

Physical properties of the aquifer system needed for the model are:
transmissivity and storage coefficients in the sandstone aquifer, and saturated
thickness, vertical hydraulic conductivity, and specific storage in the upper
aguifer. These properties are not areally uniform.

The areal variation of transmigsivity in the sandstone aquifer (fig. 16)
was determined by a method outlined by Jenking (1963). Briefly, the method
involved a graphical multiple-regression analysis to estimate an average hy-
draulie conductivity.for the sandstone aquifer from well-log and aquifer-test
data. The hydraulic-conductivity estimate was then used with the saturated
thickness map of the sandstone aquifer (fig. 9) to determine areal variations
in transmissivity for the aguifer.

The areal variation in storage coefficient (fig. 17) of the sandstone
aguifer was detérmined using agquifer-test data and tﬁe saturated thickness
map. Storage-coefficient values determined from pumping tests were correlated
with the average thicknesses of the sandstone aquifer in the vicinity of the
tests, This correlation was then used with the thickness map to determine the
areal variation in storage coefficient.

The areal variation in saturated thickness of the upper aquifer was
determined earlier (fig. 10).

Areal variations in vertical hydraulic conductivity and specific storage
for the upper aquifer (fig. 18) are based on areal differences in geology. One
set of average values for vertical hydraulic conductivity and specific storage
was estimated for areas where the upper aquifer was composed entirely of un-
consolidated deposiés. Such areas exist in the deeply buried preglacial
Yahara and Wisconsin River valleys. Another set of average values was estimated
for remaining areas of the aguifer. These values are derived from aguifer-test

data and the results of the model calibration,
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Calibrating the Model

A steady~state analysis with 1970 average daily pumpage data was used to
calibrate the model.

Two observations suggest that this type of analysis would be appropriate.
First, water levels in wells stabilize after relatively short periods of
pumping. Second, streamflow in the upper Yahara River basin has been declining
at about the same rate as pumping from the sandstone aquifer has been increasing.

Aguifer-test data also suggest that a steady-state analysis would be
appropriate, This data showed that the time required for pumping wells to
reach steady state at fhe test locations would be approximately one year,

The information needed by the program was recorded in the aquifer data
decks. Values for transmissivity and storage coefficient of the sandstone
aquifer and saturated thicknesé, vertical hydraulie conductivity, and specific
storage of the upper aquifer were assigned to each element of the.finite—
difference grid for the model in accordance with the estimated areal variations
in these properties. Pumpages were assigned to grid elementts in accordance
with the areal distribution shown in figure 12, If two or more wells fell
within the same grid element, their combined pumpage was assigned to that element.

Wells whose 1990 pumpage from the sandstone aguifer would bhe less than 0.1
h&gal/day(378 mg/s) are not included in the analysis. They could not sig-
nificantly affect the computations.

Drawdowns computed by the program in the first calibration attempt were
greater than 1970 drawdowns observed in the sandstone aquifer, indicating that
one or more of the aguifer properties used in the model were incorrect. It was
assumed that the errér lay in the values of vertical hydraulic conductivity
used to represent the upper aquifer. The storage properties of the aquifer

system do not affect the computations in a steady-state analysis., Also, the
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control available for determining the transmissivity of the sandstone aquifer
was relatively good compared to the control available for estimating the
vertieal hydraulic conductivities fo? the upper aquifer.

Computed drawdowns were very sensitive to changes in the value of verticai
hydraulic conductivity used for the unconsolidated deposits and moderately
sensitive to changes in the value of vertical hydraulic conductivity used for
the rest of the upper aquifer. The vertical hydraulic conductivity value used
for the unconsolidated deposits was altered in the model until computed and
observed drawdowns were in general agreement, Final adjustments were made by
altering the vertical hydraulic conductivity value used in the model to
represent the rest of the upper agquifer,

Comparison of model results (fig. 19) with observedrdrawdowns (fig. 11)
shows some différences in local areas. These differences may reflect in-
adequate drawdown information in these areas rather than an inadequacy in
the model. In general, drawdowns in the model reproduced observed drawdowns
in the aquifer very well.

Cdmputing Future Drawdowns

Rates and locations of future pumping)ffém the sandstoﬁe aquifer had to
be determined to compute 1980 and 1990 drawdowns, Pumping rates were deter-
mined by the author using an arithmetic projection of the past pumping trend
for each user to the year 1990. Each user's long-range ground-water development
plan then was used to distribute the projected pumpages. For those users
having no long-range plan, projected pumpages were distributed among wells in
use in 1970, The rates and locations qf pumping from the sandsione aquifer
by 1980 and 1990, using the above methods, are shown in figures 20 and 21,
respectively. A summary of the projected pumpages for each user is given in

table 2 along with the 1970 values.
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Table 2,--Reported and project pumpages from the sandstone aguifer.

Reported Projected pumpage

User pumpage (M gal/day)

(M gal/day)

1970 1980 1950
Dane County Home, Verona . . . . . . .|  0.10 0.1 0.1
DeForest, village of . ., . . . . . . . .35 .4 .5
Madison Water Utility. . . . . . . . . 28.98 39.0 49,5
McFarland, village of. . . . . . . . . 17 .3 .4
Mendota State Hospital, Madison. . ., . .46 .6 .7
Middleton, city of . . . . . . . . . . 1.01 1.5 1.7
Monona, village of . . . . . . . . . . .94 1.2 1.6
Oconecomowoc Canning Company, Waunakee . .13 .2 .2
Oregon Sghool for Girls. . . . . . ., . .10 .1 .1
Oregon, village of . . . . . . . . . . . 27 .4 .6
Oscar Mayer and Company, Madison. . , , 4.42 4.5 4,8
Stoughton, eity of . . . . . . . . . . 1.50 2.0 2.6
Sun Prairie, village of. . . . . . . . 1.20 1.7 2.2
Town of Fitchburg. . . . . . . . . . . 07 .1 .1
Verona, village of . ., . . . . . . . . .27 .4 .6
Waunakee, village of . . . . . . . . . .25 .4 .D
Total . . . . . . . . . . 40.22 52.9 66.2
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Regional steady-state drawdowns in the sandstone aguifer for 1980 and
1990 were computed by running the model twice, once using pumpages for 1980
and once using pumpages for 1990, The computed 1980 and 1990 drawdowns are
shown in figures 22 and 23, respectively.

Computed 1980 and 1920 drawdowns reflect the same general northeast-
southwest trend as 1970 drawdowns. Maximum drawdowns continued to occur
to the east and south of Lake Mendota and on the southwest side of Madison,
Drawdowns in these areas by 1990 ranged from 40 to 80 feet (12,2 to 24.4 m).
This would represent an increase over 1970 drawdowns of 10-20 feet (3.0 to
6.1 m) to the east and south of Lake Mendota and 20-40 feet (6.1 to 12.2 m)
on the southwest si&e of Madison., (Compare figs. 19 and 22.)

These drawdowns could eliminate the potentiometric divide between the
Yahara and Sugar River basins in the area of the hydrologic section {(fig. 14)
by 1990. This would result in the capture of additional ground water by the
Yahara River that normally discharged from the sandstone aguifer to the Sugar
River. Additional ground water also would be captured from the Maunesha River
by 1990 because of a northwest migration of the potentiometric divide between
the Yahara and Maunesha Rivers.

The estimated 1980 and 1990 pumpages represent only one of many possible
courses that development of the sandstone aguifer may take in future years.
These estimates represent, however, one of the more likely courses to be fol-

lowed if current development trends continue,
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SUMMARY AND CONCLUSIONS

A digital-computer program was developed to solve ‘confined ground-water
flow problems., The program uses the iterative alternating-direction, impliéit
technigue for solving a set of finite-difference approximations to the partial-
differential equation governing two-dimensional flow in a confined aquifer.

' The program computes head changes.in the confined aquifer. 1t also computes
changes in the rate and volume of water withdrawn from constant-head boundaries
and leaky confining beds.

The program was used to model the sandstone agquifer underlying Dane
County, Wis., as a confined aguifer overlain by leaky confining beds. Observed
drawdowns in the aquifer system indicated that flow in the system could be
approximated by horizontal flow in the sandstone aquifer, supplemented by
leakage from the upper aquifer, The physical properties of the aquiferrsystem
needed for the model were approximated by aquifer-test data and by matching
measured 1970 drawdowns with 1970 drawdowns computed by the model,

The model was used to compute 1980 and 1990 drawdowns in the aquifer.

The 1980 and 1990 pumping rates were estimated by an arithmetic projection
of the past pumping trend of each ground-water user to 1980, These pumping
rates were distributed in the model according to the likely course that
agquifer development would take if current development trends continue.

The sandstone aguifer should be able to supply the water needs of the
county well beyond the projected 1990 demands., Drawdowns of 40 feet or less
could be expected between 1970 and 1990 if the estimated development trend is
accurate, This amount of additional drawdown would not seriously deplete the
ground-water supply. However, pump settings in some we}ls in the Madison
area may have to be lowered if the wells are to meet their estimated 1990

pumpage rates.
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The confined-aquifer model can be used to guide future ground-water
development of the sandstone agquifer. The hydrologic consegquences of alternate
development plans can be computed by the model, thus aiding efficient develop-

ment of the aguifer.

50




REFERENCES CITED

Alden, W.C., 1918, The Quaternary geology of southeastern Wisconsin:
U.8. Geol. Survey Prof, Paper 106, 355 p,

Bredehoeft, J.D., and Pinder, G,F., 1970, Digital analysis of areal flow
in multiaquifer ground water systems: A quasi three-dimensiocnal
model: Water Resources Research, v. 6, no. 3, p. 883-888.

Cline, D.R., 1965, Geology and ground-water resources of Dane County,
Wisconsin: U.S. Geol. Survey Water-Supply Paper 1779-U, 64 p.

DeWiest, R,J.M., 1965, Geohydrology: New York, John Wiley and Sons, 366 p.

Hantush, M.S., 1964, Hydraulics of wells, in Advances in hydroscience,
v. 1: New York, Academic Press, p. 281-432, '

Jenkins, C.T., 1963, Graphicél multiple-regression analysis of aquifer
tests: U.S. Geol. Survey Prof. Paper 475-C, p. C198-C201.

Lohman, S.W., and others, 1972, Definitions of selected ground-water terms—-
revisions and conceptual refinements: U.S, Geol. Survey Water-Supply
Paper 1988, 21 p.

Pinder, G.F¥,, 1970, An iterative digital model for aguifer evaluation:
U,S. Geol, Survey open-file report, 44 p.

Uttormark, P.D,, Nunnelee, L.J,, and Utter, L.C,, 1969, Selected water
resources index for Wisconsin: Wisconsin Univ., Water Resources
Center, 202 p,

von Rosenberg, D,U,, 1969, Methods for the numerical solution of partial
differential equations: New York, Am. Elsvier Pub. Co., 128 p.

Weldman, Samuel, and Schultiz, A,R,, 1915, The underground and surface water

supplies of Wigconsin: Wisconsgin Geol. and Nat. History Survey
Bull. 35, 664 p.

51




APPENDIX
Preparation of Input Data

Input data for the digital-computer program are on the parameter cards
and the aquifer data decks. The parameter cards contain data used to control
cémputations and printouts from the program. The aquifer data decks contain
data on the size of grid elements used in the model, physical properties of
the aguifer system modeled, and pumping rates from the agquifer systen.

The inconsistent gallon-~foot-day system of units is used with the program.
The user must be careful to conform to this measurement system when coding
paraneter cards and aquifer data decks,

Twelve parameter cards must be coded for the model. Table 3 outlines
the input data required on the parameter cards and the coding used to prepare
the ecards, Table 4 aids in determining input data for the parameter cards.
Table 4 is based on the formula:

SUM = DELT (1.51 + 1.52 + 1.53 t oiaeeae. T 1.5KT) (7
where: SUM = period of time through which the computations have
advanced,

KT = the number of time steps through which the computations

have advanced, and

DELT length of initial time step,
Examples of coded parameter cards are shown by figure 24,
A maximum of eight aguifer data decks can be coded for the program;
a minimum of four decks must be coded (fig. 4). Table 5 cutlines the input

data contained in the aguifer data decks and the coding used to prepare the

decks,
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Table 3,--Preparation

of parameter data cards.

Card | Column Format Program
Input Parameter no. nos. Specifi- |variable Remarks
cation name
Program title 1 1-80 A 1/ _ Up to 131 spaces may be used in a program
: HEADNG title. The title is printed as one line
2 1-51 A of output.
Length of pumping 1-10 F E/ TMAX The period of time to be covered for a non-
period, ' gteady-state analysis is recorded. SUM in
equation (7) equals TMAX at the end of the
computations.
Assign TMAX any value less than DELT for
steady-state runs (see coding for parameter
card no, 7).
. 3/ ‘ ) .
Number of elements in 11-20 I - DIML The maximum permitted number of elements
a column of the finite~- for columns is 50,
difference grid. '
Number of elements in 21-30 I Dimw The maximum permitted number of elements
a row of the finite- for rows is 55,
difference grid.
Maximum permitted 31-40 I NUMT The number of time steps to be used for a
number of time steps. nonsteady-state analysis, KT in equation
(7) equals NUMT at the end of the compu-
tations, NUMT and DELT (see parameter
card no. 7) must be chosen simultaneously.
Agssign NUMT a value of one for steady-
state runs.




[74°]

Table 3.,~Continued.

system of measurement
units.

Card Colunn Format Program
Input Parameter no, nos, Specifi-| variable’ Remarks
cation name
Maximum permitted 3 41-50 I ITMAX Row and column computations should converge
number of iterations to a solution within 100 iterations for
per time step. most problems. The diagnostic IXCEEDED
PERMITTED NUMBER OF ITERATIONS is printed
and the run is terminated if the specified
value is exceeded. Computed head changes
and the variables SUM, C@NET, PUMPT, DELQT,
DIFFT, and DELT at that iteration are
provided as punched output for a possible
later run. Nonconvergence generally results
when a mistake in the input data makes a
solution impossible,.
Number of time steps 51-60 I KTH KTH can range from 1 to NUMT if XTH = 1,
between printouts,. then NUMT printouts will be made, If
KTH = NUMT, then only the final result
will be printed.
Number of iteration 61~70 I LENGTH Three to seven parameters generally result
parameters. in reasonable convergence rates.
Closure error for 71-80 F ERR A closure error of 0,001 to 0.01 foot
acceptable sclution. (0,03048 to 0,3048 centimeters) between
row and column computations generally
gives a good solution,
Conversion factor for 1-10 F FUDGE FUDGE is assigned a value of 7.48., This

factor allows for the use of the inconsis-
tent gallon-foot-day system of units with
the program.
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Table 3.,-Continued.

Card Column Format Program
Input Parameter no. nos, Specifi~ |-variable Remarks
cation name
Multiplier for 11-20 F FACT-
transmissivity values
coded in aquifer data
deck no. 2
Multipliers provided for aquifer data decks
Multiplier for storage 2130 F FACS 2 through 7 to reduce the number of numerical
coefficient values characters that must be recorded in these
coded in aquifer data decks. Example: Assume pumpages are re-
deck no, 3. corded in aquifer data deck no. 4 in Mgal/day
The multiplication factor FACPP must bhe
Multiplier for pumpage 31-40 F FACPP assigned a value of 1000000.0,
values coded in aquifer 4 '
data deck no. 4, Aguifer data decks 5,6, and 7 may be
omitted by assigning values of -1.0 to the
Multiplier for saturated . 41-50 o FACTOR appropriate multipliers (also see table 5).
thickness values coded '
in aquifer data deck Assign FACTOR a value of 0.0 if aguifer
ne. 5. data deck no. 5 is used only to identify
recharge boundaries.
Multiplier for hydraulic 51-60 F - FACH
conductivity values
coded in aquifer data
deck no. 6
Multiplier for specific 81-70 F FACSS
storage wvalues coded
in aquifer data deck
no., 7
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Table 3.-Continued,

Card Column Format Program
Input Parameter no. nos. Specifi~ | variable Remarks
cation name
Numerical interval for 71-80 F SPACNG The interval between numerical values for
alphameric printout a coded alphameriec printout of computed
of computed head head changes is specified, Leave this
changes, space blank if such a printout is not
desired (also see parameter card no. 9).
Numerical interval for 1-10 ¥ SPACT
‘alphameric printout of
transmissivity values.
Numerical interval for 11~-20 F SPACS
alphameric printout of
storage coefficient The interval between numerical values for
values. alphameric printouts of the physical
properties of the aquifer system that are
Numerical interval for 21-30 F SPACR included as aquifer data decks in the
alphameric printout of analysis must be specified, otherwise leave
saturated thickness 5 the appropriate spaces blank,
values, '
There will be an alphameric printout for
Numerical interval for 31-40 F SPACYV each of the physical properties of the
alphameric printout of aquifer system that are included in the
hydraulic conductivity analysis.
values for confining
beds.
Numerical interval for 41-50 F SPACSS

alphameric printout of
specific storage values
for confining beds,
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Table 3.-Continued.

Card Column Format Program
Input Parameter noe. nos. Specifi- | variable Remarks
: cation name

Duration of pumping 1-20 E ﬂ/ S5UM
since start of
computations,

Volume of cone of 21-40 E CONET
depression since start Each of these variables is assigned a
of computations. value of 0.0 for the initial run. New

6 values are provided as punched output for

Volume of water pumped 41-60 E PUMPT successive runs, if punched output is
gince start of requested (see parameter card no. 8).
computations.

Volume of induced 61-80 E DELQT
leakage since start
of computations,

Cumulative residual 1-20 E DIFFT Assigned a value of 0.0 for the initial
error im mass balance run. A new value is provided as punched
analysis at start of output for successive runs, if punched
computations, output iz requested (see parameter card

7 no. 8).
Length of time step 21-40- D é/ DELT Nonsteady-state runs: Divide TMAX by the

at start of
computations,

value from column (2) of Table (4) that is
opposite the number of time steps (NUMT)
chosen for the analysis (column 1) to obtain
DELT. Smaller values of DELT give more
accurate results. Values of 10°~ to 1072
days have been satisfactory for most problens.
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Table 3,-Continued.

Input Parameter

Card

- NO.

Column
nos.

Format- Program
Specifi~ | variable
cation name

Remarks

Cont'd. Steady-state runs: Assign DELT
any value that is great enough to assure
steady-state conditions in the aquifer.
Steady-state conditions can be checked by
comparing the computed rate of induced
leakage (see parameter card no. 12) with
the net pumping rate from the confined
agquifer, :
A pew value of DELT is provided as punched
output for successive runs, if punched
output is requested.

Indicator for punched
output of computed
head changes,

A PNCH

Punch the variable name PUNCH on this card
if punched output is desired at the end of
the run, otherwise leave this card blank.
Punched output would include computed head
changes and computed values of SUM, C@NET,
PUMPT, DELQT, DIFFT, and DELT at the end
of the run.

Indicator for alphameric
printout of computed
head changes.

A CONTR

Punch the variable name CONTOUR on this card
if a coded alphameric printout of computed
head changes is desired, otherwise leave
this ecard blank.2

Indicator for numerical
printout of computed
“head changes,

10

Punch the variable name NUMERIC on this
card if a numerical printout of computed
head changes is desired, otherwise leave
this card blank.é
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Table 3.-Continued,

Card Column Format Program
Input Parameter no, nos. Specifi- | variable | Remarks
cation name
Indicator for printout 11 1-5 A CHCK " Punch the variable name CHECK on. this card
of mass balance ' if a printout of mass balance computations
computations, is desired, otherwise leave this card
blank.5

Indicator for numerical 12 1-6 A FLOW Punch the variable name LEAKAGE on this

printout of induced
leakage rates from
confining beds and
fully penetrating
streans,

card if a numerical printout of induced
leakage rates is_desired, otherwise leave
this card blank.2

Alphameric characters appearing anywhere in the field spe01fled by the column numbers will be

agsigned to the program variable name.

The number appearing in the field specified by the column numbers will be assigned to the program
variable name, A decimal point must be included in the number.

The number appearing in the field specified by the column numbers will be assigned to the program
variable name, The number must be right justified and cannot include a decimal point.

This format is used to record very large or very small numbers in the specified field making use
For example, 0,00011 could be punched as 1.1E-04. The letter D is used

of scientific notation.

in place of an E to specify double precision.
in the last column of the field,

The last digit to the right of the E or D must end

This printout will occur at the interval specified by the program variable KTH.




Table 4.--Table used to compute length of initial time step for

nonsteady-state runs.

Number of

Number of

time steps (1.51 + 1.52 ey time steps (1.51 + 1.52 +
(KT or NUMT) vees T 1.57) (KT or NUMT) cees 1,57
Column 1 Column 2 Column 1 Column 2
1 1.5000 + Q0 61 2.8863 + 09
2 3.,7500 + 00 &2 4,3086 + 09
] 7,1250 + GO &3 8.4550 + 09
4 1.2188 + 01 54 92,8839 + 09
& 1.0781 + 01 55 1.,4528 * 10
8 F.1172 + 01 58 2,1789 + 10
7 4,8258 + 01 57 3.26683 + 10
8 7.5887 + 01 58 4,.8025 + 10
) 1,1233 + 02 59 7.3687 + 10
10 1,7000 + 02 80 1.1081 + 11
11 2,5648 + 02 8} 1.,0548 + 11
12 3.8824 + 02 82 2,4319 + 11
13 5.8088 + 02 s 3.7288 + 11
14 8,7879 + 02 84 5.5842 + 11
16 1,3107 + 03 85 8.,27683 + 11
16 1.88756 + 03 [.1+] 1.2584 + 12
17 2.9528 + 03 87 1.8847 + 12
18 4.43067 + 03 88 2.8270 + 12
18 8,8475 + 03 89 4,32405 + 12
20 29,9728 + 03 70 8.3808 *+ 12
21 1.4961 + 04 71 9.5411 + 12
22 2.2442 + 04 72 1,4312 + 15
b3 5.5665 + 04 % 2,148 + 13
24 5.0499 + 04 4 3.2801 + 13
25 7.5750 + 04 76 4,830 + 13
2% 1,1363 * 05 78 7.2453 + 13
27 1,7044 + 05 77 1.,0888 + 14
&8 2,5567 + 05 78 1.8308 + 14
29 3.8380 + 05 79 2.4483 + 14
30 5.7628 + 05 ec 5.8679 + 14
3l 8.6288 + 05 8l 5.5019 + 14
a2 1.2043 + 08 82 8.2589 + 14
33 1,946 + 08 83 1.2379 + 18
34 £.9122 + 06 84 1.8589 + 15
35 4,3883 + 08 85 2,785 + 16
8 a.5526 + 08 88 4,1780 + 15
37 2,8267 + 08 87 8.,2870 + 15
&8 1,4743 + O7 88 9.4005 + 15
38 2,2115 + 07 89 1.4201 + 16
40 35,5172 + O7 20 2,1151 + 18
41 4,9758 + 7 ol 3.1727 + 18
42 T.4857 + 07 - 82 4,7580 + 18
43 1.119¢ + 08 3 7.1386 + 16
ad 1.,8768 + 08 84 1,0708 + 17
46 2.6190 + 08 o5 1.6082 + 17
48 3,7788 + 08 e 24005 * 17
47 5.8877 * 08 " 3.8139 * 17
48 8.6018 + 08 o8 5.4208 * 17
48 1,2752 + 09 b 8,1312 + 17
50 1.9120 + 09 100 1.2197 + 18

60
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Table 5.--Preparation of aguifer data decks.

values for confining
beds and location of
becharge boundaries

for confined aquifer.

Aquifer | Maximum | Format Program
data no, for variable
I t D
apd ata deck of editing name Remarks
no, cards code

‘Width of rectangular 1 7 8F10.4 DELX (J) Record width of each grid element going
grid elements, from left to right across the grid. There

can be a maximum of 55 values.l

Length of rectangular 7 87F10.4 DELY(I) Record the length of each grid element
grid elements. going down the grid., There can be a

maximum of 50 values.lf

Transmissivity values 2 150 20F4.0 T(I,J) Record transmissivitg values divided by
and location of the multiplier FACT.M/ Transmissivity
barrier boundaries values of 0.0 are recorded wherever a
for confined aquifer. . barrier boundary occurs. Values of 0,0

must be assigned to the first and last
rows and columns of the grid to conform
to the computational scheme.

Storage coefficient 3 150 20F4.0 S(I,MN Record storage coefficient values divided
values for confined by the multiplier FACS.E
aquifer.

Artificial recharge or 4 150 20F4.0 PUMP(I, J) | Record recharge and withdrawal rates
withdrawal rates for divided by the multiplier FACPP.E/ Re~
confined aquifer, charge is recorded as negative values,

withdrawals are recorded as positive
values.

Saturated thickness 5 150 2074, 0 RATE(I, J) { Record saturated thickness values of con-

fining beds divided by the multiplier
FACTZR,2/ Record values of -1.,0 wherever
a recharge boundary occurs.

Omit this deck if FACTOR is assigned a
value of -1.0 in the parameter cards,
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Table 5.,~Continued

Aguifer

Maximum Format Program
data no. for variable
Input Data deck of editing name Remarks
no. cards

Hydraulic conductivity 6 150 20F4.0 HYC@ND Record hydraulic conductivity values for
values for confining (1,0) confining beds divided by the multiplier
beds. FACH.2/ oOmit this deck if FACH is as-

signed a value of ~1.0 in the parameter
cards.

Specific storage 7 150 20r4.0 38(1, J) Record specific storage wvalues for con~
values for confining fining heds divided by the multiplier
beds. FACSS.2/ Omit this deck if FACSS is

assigned a value of -1.0 in the parameter
cards.

Head changes 8 350 8F10,4 | PHI(I,J) This deck is omitted in the initial run

computed by an
earlier run.

but can be provided as punched output to
continue the computations in later runs
(see parameter card no. 8).

Eight values are recorded per card (columns 1-10, 11-20, ,...., 71-80).

Twenty values are recorded per card (columns 1-4, 5-8, 9-12, ....., 77-80).
Record values left to right along rows beginning with the first row.

Begin each row with a new card.
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Figure 24. Parameter data cards for the digital computer program.




Degcription of Source Deck

The source deck consists of a main program and 16 subroutines. The
main program is used to set the calling sequence for the 16 subroutines, to
cycle iteration parameters and check the maximum number of iterations allowed
for computations during each time step, to advance the computations through
time, and to check for completion of the simulation. A flow chart for the
main program shows the sequence of computations (fig. 25). Input data are
read in by subroutine DATAIN, Printout of input data is controlled by sub-
routine INGUT, Included in subroutine INAUT are subroutines PRNTA through
PRNTF, which print out the data included in aguifer data decks 2 through 7.
Subroutine IPARAM computes the iteration parameters for equations (5a) and
(5b) (p. ). Leakage coefficient values for these equations are computed in
subroutine CLAY, Subroutines ROW and COLUMN solve these equations using the
Thomas algorithm. Subroutine CHECK then computes rates and volumes of flow
through the confined aguifer., Printout of the solutions is controlled by
subroutines PRNT1 to PRNT3. A listing of the gsource program is given in

Table §.

64




START

COMPUTE HEAD

READ DATA CHANGE ALONG
COLUMNS
CALL DATAIN [ CALL COLUMN

NO

PRINT DATA
CALL INOUT

CALL PRNTA
TO PRNTF

* EXCEED
TERATION
PERMITTED DURING
TIME STEP?

iS ACCURACY
ACCEPTABLE?

YES YES

COMPUTE TTERATION
PARAMETERS

PUNCH LATEST
COMPUTATIONS

MASS BALANCE? ™
CALL CHECK

CALL IPARAM

FORMAT
FOR PRINTING
RESULTS

CALL PRNT1 T,
PRNT3

ADVANCE TIME

l

TOAKAGE
SIMULATION
COEFFICIENTS SIMULATION NO
CALL CLAY _
L ' YES

PUNCH
SOLUTION?

CYCLE [TERATION
PARAMETERS

COMPUTE HEAD
CHANGE ALONG
ROWS

CALL ROW

Figure 25. Flow chart for the main program.
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Table 6,-—-Source program listing,

LA AR AR RS FE AR NS Y R e I Y E N E N R R R R A R T R R R R RN RS R R Y

PURPQSE
TG COMPUTE THE DRAWDOWN IN A CONFINED AGUIFER AFTER DESIGNATED
PERIDDS oF TiIME

METHOD
THE ITERATIVE ALTERNATING DIRECTION IMPLICIT PROCEDURE IS USED
TG sOLVE THE DIFFERENTIAL EQUATIONS

PROGRAMMED BY Ga Fo PINDFER = VERSIQON &, SEPT. 1y 197D
REVISED BY Ro.S, MCLEGD MARCH !}y, 1972

L AL B A I B L A A A R - AN I R R BB I N RO RPN N O B S L N I BRI B R AR B RN N I I Y

¢ TABLE OF CONTENTS .
® SURPROGRAM ND, MNAME .
» 1 DATAIN .
» 2 INQUT »
. 3 IPARAM »

y CLAY *
» 5 ROW °
» & COLUMN .
* 7 CHECK »
[ =] PRNT .
s G : PRNT 2 .
* 10 PRNT3 o
* 11 PRNTA .
+ 12 PRNTR .
® 13 PRNTC .
J 14 FRNTD .
L] i% PRNTE .
. 16 PRNTF [
* 3

LA AL T B T B B R B B BN A B I RN A RN I RN IO P B R R N R N R e A N e A N YN

DESCRIPTION OF INPUT PARAMETERS (GALLON=-DAY=FOOT SYSTEM OF UNITS)

CHCK=INDICATOR FOR MpaSS BALANCE CHECK OF COMPUTATIONS

CONET=VOLUME OF CONE OF DEPRESSION AT START OF COMPUTATIONS
(GALLONS}

COMTR=INDICATOR FOR ALPHAMERIC PRINTOUT OF COMPUTED DRAWDOWNS

DELQT=CUMULATIVE VOLUME OF INDUCED LEAKAGE AT START oOF
COMPUTATIONS (GALLONS])

DELT=LENGTH OF INITIAL TIME STEP (DAYS)

DELX=DISTANCE BETWEEN MODES IN THE PROTOTYPE 1N THr X DIRECTION

(FEET)
DELY=DISTANCE BETWFEN NODES [N THE PROTOTYPE N THE y DIRECTION
(FEETY
DIFFT=CUMULATIVE RFSIDUAL ERROR AT START OF CoMPUTATIONS
{GALLONS)

DIML=NUMBER OF MNODES Iy COLUMN OF MATRIX

DIM¥=NUMBER OF NODES IN ROW OF MATRIX

ERR=CLOSURE ERROR FOR JTERATION (FEET)

FACH=MULTIPLICATION FACTOR FOR VERTICAL HYDRAULIC CONDUCTIVITY

66
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Table 6,-Continued,

VALUES OF LEAKY CONFINING BEDS
FACPP=MULTIPLICATION FACTOR FOR PUMPAGE VALUES
FACS=MULTIPLICATION FACTOR FOR STORAGE COEFFICIENT VALUES
FACSS=MULTIPLICATION FACTOR FOR SPECIFIC STORAGE VALUES OF
LEAKY CONFINING BEDS '
FACT=MUTIPLICATION FACTOR FOR TRANSMISSIVITY VALUES
FACTOR=MULTIPLICATION FACTOR FOR SATURATED THICKNESS VALUES
OF LEAKY CONFINING BEDS _ _
FLON=INDICATOR FOR NUMERICAL PRINTOUT OF INDUCED LEAKAGE FROM
CONFINING BEDS AND/OR FULLY PENETRATING STREAMS
FUDGE=CONVERSION FACTOR BETWEEN GALLONS AND CUBRIC FEET
{7.48 GALLONS PER CUBI¢ FODOT)
HEADNG=ANY HEADING OF INTEREST TO USER-DOQ NOT EXCEED
131 CHARACTERS
HYCONDET,JI=VERTICAL HWYDRAULIC CONDUCTIVITY OF LEAKY
CONFINING BEDS (GPD/SQWFTs)
ITMAX=MAXIMUM PERMITTED NUMBER OF ITERATIONS PER TIMg STEP
KTH=NUMBER OF TIME STEPS BETWEEN PRINTQUTS
LENGTH=NUMBER OF ITERATION PARAMETERS
NUM=INDICATOR FOR NUMERICAL PRINTOUT OF DRAWDOWN
NUMT=zMAXIMUM NUMBER OF TIME STEPS
PHI{I,J)=DRAWDOWN INEGATIVE) OR RISE [POSITIVE) IN POTENTIOMETRIC
SURFACE OF THE ARUIFER AT START OF EAcH TIME STEP (FEET)
PNCH=INDICATOR FOR PUNCHED OUTPUT OF COMPUTED DRAWDONNS
PUMP {1+ J)=PUMPAGE FROM AQUIFER {(GPDI=FOSITIVE FOR
DISCHARGE WELL NEGATIVE FOR RECHARGE WELL
PUMPT=VOL UME oF WATER PUMPEDR AT START OF COMPUTATI]IONS
{GALLONS)
RATE(!3J)=SATURATED THICKNESS OF LEAKY CONFINING BEDS (FEET)
S{EoJ)=STORAGE COEFFICTIENT (DIMENSIONLESS)
SPACNG=SPACING FOR ALPHAMERIC PRINTOUT OF COMPUTED DRAWDOWNS
SPACR=SPACING FOR ALPHAMERIC PRINTOUT oF SATURATED THICKNESS
VALUES OF LEAKY CONFINING BEDS
SPACS=SPACING FOR ALPHAMERIC PRINTOUT 0oF STORAGE COEFFICIENT
VALUES
SPACSS=SPACING FOR ALPHAMERIC PRINTOUT OF SPECIFIC STORAGE VALUES
OF LEAKY CONFINING BEDS
SPACT=SPACING FOR ALPHAMERIC PRINTOUT 0F TRANSMISSIVITY VALUES
SPACV=SPACING FOR ALPHAMERIC PRINTOUT oF VERTICAL HYDRAULIC
CONDUCTIVITY VALUES OF LEAKY CONFINING RERS
$5{1,J)=SPECIFIC STORAGE OF LEAKY CONFINING BEDS {1/FEET)
SUMEDURATION OF PUMPING (DAYS)
TOIWJIRTRANSMISSIVITY (GPD/FTe}
TMAXaMAXIMUM ALLOTTED PERIOD FOR PUMPING (DAYS)

[ E N R R R NN N N NN N N N N NN NN N RN EEEREER NN NN
INTEGER DIML,pIMW

REAL*8 KEEP MK

REAL NiUM,MINS

DIMENSION S(50,55),RATE(50,55) yKEEPI50,55) ,6(55)+TEMPI535),BE(55]),
LRHOP(25) ,CHEK(5) ,T(50,55)PHI (50,551 yPUMP{50,:55),DELX(55%),DELY(50),
25YM{39),QC0EF (50,55} ,HEADNG(33) JHYCOND{50,55},55(50,55),PRNT(5%),
3BLANK(A0),DDNIG5),DELRISD,55)

DOUBLE PRECISION PHI DG TEMP,BE W, T)1,T2,T73, T4, RHOA,BsC DELT,
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Table 6,~Continued,

I1RHOP ,PARAM

COMMON ZINTEGR/ DIML ,DIMY NUMT,LENGTH,ITMAX,INOL,JNO1,KTH

COMMON /SINGLE/ SUM,DELXsDELY, RATE,S,SPACNG,T,FUDGE PUMP,FACTOR,
LERR yFACS FACT , TMAX ,TEST ,CHK s PNCHCONTR NUM,QCDEF 5SS, TT+HYCOND,
ZHEADNGyFACHIFACSS yFACPP CHCK ,SPACR,SPACT ySPACS,SPACV,SPACSS,,FLOW
COMMON /DOUBLE/ PHI KEEP DELT+D,G,TEMP ,BE W, T1,7T2,7T3,TH4,RHO,A,B,C,
IRHOP ,PARAM, I MK

COMMON /CHXWRT/ CONET,PUMPY,DELRT,DIFF,DIFFT,pELR,DELGR

COMMON /PRNTOT/ SYM,PRNT,BLANK,DDN

DIMENSION ASTRIX{SD}

DATA ASTRIX/S50¢1Hs/

!'0.'C'lqnliﬁoﬁioooocopoooi.olth.ct!.o".c-ls‘..oﬂt..',llll‘!.!'l

READ INPUT DATA

L E X ERER N X FEE N

CALL DATAIN
[ X T NR Ry

PRINT INPUT pDATA

L ER A X SR N FEE R

CALL TINOUT
IR R T R Y RS

COMPUTE I1TERATION PARAMETERS

I EE S TR LR FUE N
CALL IPARAM

LR X IR P I

KT=0

TEST=0

JNOI=DIMW=-
INOl=DIM_ -}
IFITEST«FEQ«C}) G0 To 50

TEST FOR MAXIMUM PERMITTED NO. OF JTERATIONS PER TIME STEP

IF{KQUNT L TeITMAX) GO TC 20
WRITE (4,170}
G0 To 60

CYCLE ITERATION PARAMETERS

KOUNT=sKQUNT+|

IF(MODIKOUNT ,LENGTHY )} 30,30,40
NTH=0D

NTHEKTH+]

PARAM=RHQOP(NTH)

TEST=0.

COMRUTE IMPLICITLY AL ONG ROWS
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Table 6,-Continued,

EXER FEE R EWEE Y

CALEL ROW
I EEEEE R EENEE N

COMPUTE IMPLICITLY ApLONG COLUMNS

FURTE R B IHS

CALL COLUMN

FRERGENE Ry
GO Yo 10
ADJUST FoR NEW TIME STEP

5n IFINAL=0
IF{{CHEK yERsCHK{H4) e ORWFLOWLERSCHE(S) ) o ANDKTWNEO) CaLL CHECK
IF (KT eST o NUMT s ORSUM,GT«eTHAX}) IFINAL=]
IF(U(MOD (KT yKTH) e NE 2 D4 ORsKToEGeO) o AND W IFINAL o NEol) G0 TO 8C
WRITE (&,180) KT,DELT,SEC,MINS,HRS,5UM KOUNT,TT
IF{CONTRWEQeCHK(2)) CALL PRNT2Z
IF{NUM«EQ+CHK (3]} CALL PRNTI
IF{FLOW.EQeCHK{5)) CALL PRNT3
IF(CHCKsERCHK {4} WRITE {6,120) GIFFDIFFT,CONET,PUMPT,DELRT
WRITE (4,130) ASTRIX
1F(IFINALWNEL]) GO TO AD
IF{PNCH«NE.CHKI[1}) STOP
40 DO 70 1=1,DIML
70 WRITE {(1,150) {(PHI{],J)»J=1,DI1MW)
WRITE(],140) SUM,CONET,PUMPT DELGT,DIFFT,DELT
STOP
a0 CONTINUE
KT=KT+]
KQUNT=D
DO %0 I=],DI1ML
Do %0 J=1,DIMw
90 KEEP{I,yJ)=PHI(T,J}
100 CONTINUE
110 DE{LT=15#pDELT
SUM=SUM+DELT

COMPUTE COEFFICIENT oF VERT!ICAL LEAKAGE FOR CONFINING BEDS
LA X R EER XN

CalLl CLAY
SPARE IR NE

HRS=5UM* 24,
MINS=HRS#AN
SEC=MINS*A0 e
60 To 30

oe-Oounau.-o-|u.-oqou..lqg-tcoa'o.;to.o&lnteo.ootolcg!'!!"lll!llo

120 FORMATUIHY ,//7,51X,29HINFORMATION FROM MASS BALANCE//BOX,Z2IHMASS B
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Table 6,~Continued

TALANCE RESIDUALIPE!] «3/50X, lFHCUMULATIVE RESIDUALIPEL1+3/50%X,28HVD
2ZLUME OF CONE OF DEPRESSIONIPEI1.3/50X,18HCUMULATIVE PUMPINGIPELL.3
3/50X,26HCUMULATIVE INDUCED LEAKAGE!PEL].3)

130 FORMATIIH ,15X,50A2)

140 FORMATIAE2N+10/F20,10,020.10)

150 FORMATI(BE]IO«3)

170 FORMATUIHO,IFHEXCEFDED PERMITTED NUMBER OF ITERATIONS)

180 FORMATIIH]L 55X, 17HTIME STEP NUMBER »110/49X32&HSIZE OF TIME STEP |
IN DAYS ,EINe3/40X,4BHDIJRATION GF PUMPING AT THIS PRINTOUT IN SECON
2DS JEID0.3/R0X,BHMINUTES ,E10,3/80X,5HHOURS ,E104s3/80Xx,5HDAYS ,EI10,.
33/56%X,17HITERATION NUMBER ,110/48X,26HMAXIMUM DIMENSIONLESS TIME,!
SFE10,3)

END
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Table §,-Continued,

SUBROUTINE DATAIN

SURPROGRAM NGO, 1
'O!’!!’I..'..Q.Q!..Q"'.q||0.."0!.'!!.|.'.lCl.......i...ool"...l..
INTEGER DIML,DIMW

REAL#8 KEEP MK

REAL NUM

DIMENSION S1{50,55) ,RATE(50,55) KEEP (50,55} ,G6{55),TEMPIS5) BE(BS),
[RHOP(2%) ,CHK (G5}, TI50,55),PHI(50,:55)PUMP{50,55),DELX{55),DELYISD),
25YMU39),RC0EF(5N,56) ,HEADNG{33) JHYCOND{50,55),55(50,55) ,PRNT(E5),
3BLANK(AD),NDON(55),0ELRI50,55)

DOUBLE PRECISION PHY D Gy TEMP ,BE W, T1+T2:T3,TH,RHO,A,B,C,DELT,
IRHOP ,PARAM

COMMON /INTEGR/ DIML DIMU,NUMT, LENGTH,ITMAX INOL ,,JNO],KTH

COMMON /SINGLE/ SUMDELX,DELYRATE .S ,SPACNG,T,FUDGE PUNP,FACTOR,
JERRyFACS yFACT ,TMAX,TEST  CHK yPNCHyCONTR 4 NUM ,QCOEF 4S5+ TT»HYCOND,
Z2HEADNG ,FACHFACSS FACPP ,CHCK ,SPACR,SPACT ySPACS,SPACV,SPACSS,FLOW
COMMON /DOUBLE/ PHIJKEEP sDELT D vy TEMP,BE WeT1,,TZ2T3,THyRHOSANB,C,
1RHOP ,PARAM, I My

COMMON /CHXWRT/ CONET,PUMPT.DELQT,DIFF,DIFFT,pFLA,DELQR

COMMON /PRNTOT/ SYMPRNT,BLANKDDN

LR I R I N R A I N A I I A R IS S I I N A A I B R B B B I AR BN L B L R N KR B N 1
PURPOSE=~=T0O READ INPUT DATA

READI(S,130) HEADNG

READ(S,140) THMAX,DIML ,DIMW NUMT  ITHAX,KTH,LENGTH,ERR,
IFUBGE yFACT FACS,FACPP,FACTOR ,FACH,FACSS15PACNG
READ(5,200) SPACT,SPACS:SPACR,SPACVISPACSS
READ(S5,170) SUMCONET,PUMPT ,0DFELOT,DIFFTDELT
READ{5,160) PNCH,CONTR ,NUM,CHCK,FLOW
READ(5,190) (DELX{JY,d=l,D1MW)

READ(S5,190) {peELY{I},I=l,DIML)

DO 1o I=1,nIML

READI(S, 1501 (T(1sJd) =] DIMW)

B0 10 J=1,D1Mu

TUIsJ)=T(1,J)aFACT

DO 211 1=1,DIML

READI(5,150) (Stlsd)sd=1,D1M%)

oo 20 J=t,DIMw

S(I+d)=S(1,J)aFACS

DO 30 1=1,DINML

READ{5,150) (PUMPI{T1,4),J51,DMH)

D0 30 J=),0IMw

PUMP (1,J)=2PUMP(],J)*FACPP

IF(FACTORCLT 0.0} G0 TO 50

DO 40 Is1,DIML

READI{S,150) (RATE(T 44} +J=),DIMN)

DO 40 Jd=l,.DIMy

IFERATE (I 4 J) ol TeDe) QCOEF{T,U)®1+0E+O7
IFIRATELT 3 J)aGTa0) RATE(TI UV =RATE(I»JI*FACTOR
IFIFACHSt T4040) GO To 70

DD &0 I=1,plML

READ(S, 1501 (HYCONDI{] ,J)YaJd=1,DINMNE)

DO &0 J=1,0IM¥
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Table 6,-Continued,

HYCONDtL,J)=HYCOND(T,J)*FACH
JIF(FACSSLT+D.0) GO TO 90

DO 80 I=],p1ML

READ(S,150) (SS{1,40),,Jd=1,DIMW)
DO 80 J={,DIMW
5S{I,+J1=5511,0)*FACSS
IF{SUMEQeDs) 6O T 12N

DO 110 I=1,01ML

READ(5,180) {PHILI,J),)=],DIMN)
RETURN

L R N N N N N N N I N N I N N N N N N N Y YRR R R LR R R

FORMAT{20A4/20A4 )
FORMATIFI0.2,4110,FiD.2/83F10,2)
FORMATIZ20F4 D)
FORMATUIAS/AG/AL/AS/AL)
FORMAT(H4E20¢)lG/E20.10,020,10)
FORMATIBE!N«3)

FORMAT{8F 100}

FORMAT{5F 102}

END
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Table §,-Continued.

SURRQUTINE InOyT

SUBPROGRAM NOD., 2

LR NN N NN e R RNy N R N N NS R AR R R AR RN N ]
INTEGER DIML,DIMW

REAL*8 KEEP, MK

REAL NUM

DIMENSION S150,56) RATE(S50,55),KEEPIS0,55),G6{65) s TEMPI55),BE(55],
IRHOP{25) ,CHX({5) ,T(50,55]1yPHI{50,55)PUMP{50,55),DELX{55),DELY(5D),
2SYMI{39)Y yQCOEF IS0 ,55) ,HEADMNG(33) JHYCOND (50,551 ,55(50,55) PRNT(55),
IBLANK{S0),DONIREB) ,PELR({5N,55)

DOUBLE PRECISION PHI D,G+TEMP,BE W, T1,T2+723,T4,RHO,A,ByCyDELT,
IRHOP ,PARAM

COMMON ZINTEGR/ DIML,DIM&,NUMT ,LENGTHJTHMAX ,IND]JNOL (KTH

COMMON /SINGLE/ SUM,DFELXDELY,RATE,S,SPACNG, T ,FUDGE,PUNP ,FACTOR,
1ERRyFACS yFACT yTMAX,TEST 1 CHK4PNCHyCONTR yNUM , GCOEF 4SS TTsHYCOND,
ZHEADNG FACHIFACSSFACPP CHCK ,SPACR,SPACT SPACS,SPACY,SPACSS,FLOW
COMMON /DOUBLE/ PHI4KEEPIDELT D G, TEMP,BE ¥, T1,72,73,T4:RHO,A,+B.C,
IRHOP ,PARAM, I MK

COMMON /CHKWRT/ CONET,PUMPTDELGT,DIFF,DIFFT,DEL&,yDELAR

COMMON /PRNTOT/ SYMsPRNTBLANK,DDN

nu-s--o;oot'vo.gi!anQn.ngounaqunc..oagaoivnlnnt-ccu-t""ilitl'lll
PURPOSE=-=TO PRINT QUT INPUT paTA
PRINT PARAMETER CaARD DATA

WRITE{A,41460) HEADNG

WRITEL4,180) DELT TMAX NUMTyDIMLDIMA,LENGTH,ERR,FACTORFACS,
1FACT KTH,ITMAX ,FACH,FACSS,FACPP

IF{CHKI112EQG«PNCH) WRITEL(G,1]1D)

IF{CHKI2).FQaCONTR) WRITE(S:]30)

IF{CHK (3} FQeNUM) WRITELS,1490)

IFICHKIHYEQGeCHEK) WRITELS,150)

IF{CHKIS) sEQaFLOW) WRITE(A,155)

PRINT GRID DIMENSIONS

ARITE14,210) (DELX{J) 4=t ,yDIMW)
WRITE(A,220) (DELY (I} ,1=1,DIML)

PRINT TRANSMISSIVITY VALUES ANp LOCATION OF BARRIER BOUNDARIES
I EERZEREE FYRE R

CALL PRNTA
I ZEEEEERE TN I

PRINT STORAGE COEFFICIENT VALUES

I E AR SRS EE L NR N
CALL PRNTR
IEE RN EREN SRS R

PRINY PUMPAGE
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Table 6,-Continued,

[ ZXREEE R SRR YN
CALL PRNTC
L AZEEEERE TIE N

PRINT SATURATED THICKMESS OF LEAKY CONFINING BEDS AND/OQR
LOCATION OF RECHARGE BOUNDARIES

IF{FACTORSLTea0) GO To 10O

EZ A RN ERE NFEE Y

CALL PRNTD
L2 R X P RE R FIE 2

PRINT VERTICAL MYDRAULIC CONDUCTIVITY OF CONFINING BEDS

IFIFACHSt. ToO0Wu0y GO TO 20

[ EE A ERENE R XY ¥

CALL PRNTE

FeadpekIpdpady
PRINT SPECIFIC STORAGE OF CONFINING BEDS

IF{FACSS.LTe0.0) GO TO 30

SENER DU R a gty
CALL PRNTF
L LEZ A XY R R FEY NS

CONTINUE
RETURN

LR B IR A BN SN BN BN B N SN B B B R A A I SN N I NN A IR BTN N R R R B N S L R N B RN BN RE B N BE RCRE LR BE B B N N BN N RE B 2 )

FORMAT(1IHO,24HPUNCHED QUTPUT REGUESTEDR)

FORMAT{IHD,26HCONTOURED OUTPUT REQUESTED)

FORMAT(IHD,24HNUMERIC nUTPUT REQUESTED)

FORMAT (1H0,28HMASS BALANCE CHECK RERUESTED)

FORMATIIHD 324 INDUCED LEAKAGE OUTPUT REQUESTED)

FORMATUIHY /71X 32A9,A3//)

FORMAT{IHD,60X,1AHINPUT PARAMFETERS//37H LENGTH OF INITIAL TIME STE
1P IN DAYS=,E]1Q.3//458 MAXIMUM PERMITTED PERIOD OF PUMPING IN pDAYS=
24F10.3//7490H MAXIMUM PERMITTED NUMBER OF TIME STEPS=,14//37H NUMBER
3 OF NODES IN cOLUMN OF MATRIX=:19//34H NUMBER OF NOQDES IN ROW QF M
YATRIX=414//32H NUMRER nF ITERATION PARAMETERS=,14//28H ERROR {RITE
BRIA FOR CLNSURE=,F10,3//44H MULTIPLIER FOR THICKNESS OF CDONFINING
SREDS=, IPFINed/s/346H MULTIPLIER FOR STORAGE COEFFICIENT=S:E1043//31H
JMULTIPLIER FOR TRANSMISSIVITY=,EiQ,3//408 NUMBER OF TIME STEPS BET
BWEEN PRINTOUTS=,14//40H MAXIMUM PERMITTED NUMBER OF JTERATIONS=,14
9//57H MULTIPLIER FOR HYDRAULIC cONDUCTIVITY OF CONFINING BEDS=,IPE
$10e3//51H MULTIPLIER FOR SPECIFIC STORAGE OF CONFINING BEDS=,|PELD
$43//24H4 MULTIPLIER FDR PUMPAGE=,I1PEIDO.3)

FORMATU(tH! 42X ,48HGRID SPACING IN PROTOTYPE 1IN X DIRECTION,IN FEET
V//Z701H0y12E10.3)) ) '

FORMATIIHD ,H2X,48BHGRID SPACING IN PROTOTYPE IN Y DIRECTION,IN FEET
1/7/101H0,12F104300

END
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SURROUTINE IPARAM

SURPROGRAM ND, 3

L R R N R N N N e Y E F F F EF E E R A N R A R NN NN NN EEEE R AR R R R RN NN ]
INTEGER DIML,DIMW

REAL#8 KEEP,IMK

REAL NUM

DIMENSION 5{50,55),RATE(S0,55) KEEP(50,55),6(55),TEMP(55),BE{55),
IRHOP{25) yCHK(5) 4 T(S0,55),PHI (50,55) PUMP (50,55} ,DELX(55),DELY (501},
25YMI39}) ,QCOEF(50,55) ,HEADNG(33) ,HYCOND(50,55),55({50,55},PRNT (55,
3BLANK{AD) 4DDNISE) ,DELR(5N,55)

DOUBLE PRECISION PHI D,G+TEMP ,BE W, T1,T2,73,T4,RHO,A,B,C,DELT,
IRHOP ,PARAM

COMMON /INTEGR/ DIML,DIMW,NUMT ,LENGTH,ITMAX,INO1,JNO] ,KTH

COMMON /SINGLE/ SUMDELX:DELY,RATE SySPACNG,T,FUDGE »PUMP,,FACTOR,
lERR 4yFACS yFACT , TMAX , TEST 4 CHK yPNCH,CONTR ,NUM , QCOEF ,55,TT,HYCOND,
ZHEADNG s FACHIFACSS FACPPCHCK,SPACR,SPACT»SPACS,SPACY,5PACSS,FLOW
COMMON /DOURBLE, PHI,KEEP DELT,D,G,TEMP ,BE,W,T1,7T2,7T3,T4,RH0,A,B,C,
IRHOP ,PARAM, IMK :

COMMON /CHKWRT, CONET,PUMPT,DELQT,DIFF,DIFFT,DELR,DELGR

COMMON /PRNTOT/ SYM,PRNTBLANK,DDN

.QQ!.CI-o.llD;.....luogunuooutlatulltlnQ'O.oagi.l.’.o!'.‘.ﬁgiﬂ..i.
PURPDSE~=TO COMPUTE (TERATION PARAMETERS

COMPUTE HMIN
HMIN=2.

XVAL=3e 1415242 /({2 ,aD My **2)

YVAL=30 14|52 /{2,aD M 22}

DO 10 1=2,nlML

no 10 J=2.DIMW

IFITITyJ)«FEQe0,) G0 TO 1D
XPART=XVAL® {1/ (1+DFLX{J)**2/DELY(])%*2))
YPART=YVAL* U1/ (1+DELY{I)*#2/DELX( ) *s2))
HMIN=AMINLI (HMIN,XPART,YPART}

CONTINUE

ALPHAZEXP(ALOG(I/HMIN} /{LENGTH=1))
RHOP({1)=HMIN

DO 20 NTIME=2,L ENGTH
RHOP(NTIME)I=RHOP (NTIME~] ) #ALPHA

WRITE {4,30) (RHOP(J), J=1,LENGTH)

RETURN

QllQ.luq.l.'gQ...‘|-I-Q.0Q‘I';Olllll.'.‘"...'.5"".‘...'.....‘_"..

FORMAT {1H! 54X ,204ITERATION PARAMETERS///(1H ,10E12,3))
END
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SUBROUTINE CLAY

SUBPROGRAM NO, 4

L N N N N N N Y IR R R R N N N RN N R RN NN NE NN I NN NN NN
INTEGER DIML,DIMW

REAL#8 KEEP»IMK

REAL NUM

DIMENSION S(50.,55),RATE(50,55)KEERPIGD, 55).G(SSJ.TEHP:SBl.BE(SB}.
IRHOP ({25} ,cHK{5),T(50,55) ,PHI(50,55)PUMP(50,55),DELX(55),DELY (S0},
25YM(39).@coEFQSO,Ss).HEAnNGtas).HVCGNDrSO.SS).SS(SO.SSl.PRNT&BS).
IBLANK(40) ,DDN(SS)4yNELR(EN,455)

DOUBLE PRECISION PHILD,G TEMP,BE W,T1,T2+73,T4,RH0,A,8,C4DELT,
{RHOP ,PARAM

comnou JINTEGR/ DIML ,DIMW NUMT,LENGTH, 1TMAX,INOL 4 JNO] ,KTH

COMMON /SINGLE/ SUMZDELX+DELYRATE S ,SPACNGyT,FUDGE PUMP,FACTOR,
FERRIFACS,FACT ,TMAX ,TEST,CHK yPNCH 3 CONTR \NUM,QCOEF 455, TTHHYCZOND,
2ZHEADNG yFACH»FACSS,FACPP ,CHCK ,SPALR ,SPACT SPACS,SPACY ,SPACSS,FLOW
COMMON /DOUBLE/ PHI yKEEPWDELT D 4G, TEMP 4BE ¢W,T},7T2,73, THIRH01A|3’C|
IRHOP ,PARAM, IMK

COMMON /cHKWRT/ CONET, PUﬂPT DELGT,DIFF,DIFFT, DELQ pEL 4R

COMMON /PRNTOT/ SYMsPRNT,BLANK,DDN

'."!.QIOQ..'QOQQC'!I..0.l.'l....!..‘.ll..‘ﬂllll".'l-l'.‘llll'.'ll

THIS SUBROUTINE CALCULATES THE COEFFICIENT OF VERTICAL LEAKAGE
FOR THE CONFINING BEDS

PIE=3.1415927

TT=0.

Do 5N I=1|OIML

DO 50 J=t,DlMw
!F(RATE{!,J'oLE.Do:OR.T(I|J)-EQon) G0 TO 50
JIFIHYCONDI(T+Jd)eLEsDeD) GO TO0 50D
IF{S5s{1,J)eLE4DsD} GO TO 40 )
DIMT=HYCOND (], ) ®SUM/(RATEIT ,JI#RATE(] ,J)%55(1,J}% 3,¢FUDGE}
IFINDIMT 6T TT) TT=DIMT

SUMN={.

DO 20 L=1,200

PPT=RIE*PIE*DIMT

IFIDIMT.LTeleDE=03) PPT=1+0/DINT
CK=z{243=PPT)Y/(2.9%PPT)

POWER=L | «pPT

IF{POWERLE=174:+) GO TO D

POWER=150

PEXSEXP{=POWER}

SUMN=SUMN+PEX

IF{PEX«GT.0«00009} GO TO 20

IF{LJaGT.CK) GO TO 30

CONTINUE

DENOM=1.0

IFIDIMY LT, 140E~-03) DENOM=SARTIPIESDINMT)
QI=HYCONDI{Ts J)/IRATE{] ,J)=DENOM)

QCOEF (14, 0)=R1+2,080]sSUMN

GO To 50

ACOEF{T+0)aHYCONDI{T ,J)/RATE(] ,4J)

CONT INUE

RETURN

END
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SURRDUTINE ROW

SUBPROGRAM NO. §
...'...l.""l..’l‘lu.ql‘.'.!l!q.g'.Ol(ﬁ"‘.'.'..t.lll".l.l'."‘.
INTEGER DIML,DIMW

REAL®B KEEPIMK

REAL NUM

DIMENSION 5{50,5%) ,RATE(S0,558 4XEEPIS0,55),G6(55),TEMP155)},BE(551},
IRHOP (251, CHK (5) ,T(50,55}) jPHI {50,556} s PUMP IS0 455),DELX(55),DELY(50),
25YMU39) ,QCOEF{G0,55) ,HEADNG( 331 ,HYCOND (B0 ,558),55(50:55) PRNT(55),
IBLANK(AQ) ,DDNIE5),DELQ(5T,565) "

DOUBLE PRECISION PHI, D,GsTEMP ,BE,W,T1,T2:T3,T4,RHO,A,BsC,DELT,
1RHOP ,PARAM

COMMON /INTEGR/ DIML DIMW NUMT ZLENGTH, ITMAX yINOT 4 JNOLKTH

COMMON /SINGLE/ SUM,DELX,DELY,RATE,S,S5PACNG,T ,FUDGE ,.PUMP,FACTOR,
1ERRyFACS yFACT yTMAX ,TEST yCHK yPNCHCONTR ,NUM ,GCOEF 5SS TT+HYCOND,
ZHEADNG sFACH FACSS,FACPPCHCK ,SPACR ,SPACT )SPACS,SPACV ,SPACSS,FLOW
COMMON /DOUBLE/ PHI JKEEPsDELT,D,6, TEMP,BE W, T1,T2,T3,TH4sRHDOyAIBC,
IRHOP ¢PARAM, I MK

COMMON /CHKWRY/ CONET,PUMPT,DELGT,DIFF,DIFFT DELG,DELER

COMMON /PRNTOT, SYM,PRNT BLANK , DDN

RN N R N N e T Y N L N R R R L E R R R E N A NN N R R N NN RN NN NN RS NN

PURPOSE=TO CALCULATE IMPLICITLY ALCNG ROWS,EXPLICITLY
ALONG COLUMNS '

DO 10 J=1,0IMw
BE(J)=0.

Glyl=Du
TEMP{II=PHTILL, )

Do 70 I=2,niMp

DO 30 J=2,. N0y
IFLTOTeJY ) 20,30,20
RHO=FUDGE=S{],J)/DELT

CALCULATE AVERAGE VALUES OF T BETWEEN ADJACENT NODES
NODE CONFIGURATION Ti=LEFTs T2=RIGHT, T3=UPPER, TH4=  OWER

Tl (20T ydmitoT il I/ /UTE ) eDELX{U=124T (1, J=1)*DELX{J}))/DELX
l;;l((2-!?(1:J+1}*T(I.J)}/(T(],J)*DELX(J*I)+Tllgd*i)‘DELx(Jll)/DELX
ggl((ZcﬁT{I‘!.J)'TtI.J))IITII.JI*QELY{I”13+T(I-I.J)*DELY(I)’i/DELY
;il((2-*T!!*I.J);T{I,J))/(T‘!.J)'DELYlI+ll+Tl!+l,J)'DELY(ll})/DELY
l:;;=PAﬁAMt¢T1+Tz¢T3+Tq}

-

—

CALCULATE VALUES OF B AND G ARRAYS

=2=T1mT2=RHO=IMK~QCOEF{]sd}
A=T]

C=T2

W=B=AsRE{ J=1)

BE(J)=C/W
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D==T38PHIlI=] ,J3+{T4+T3=IMKIePHI{] ) =TH#PHI (141 ,J)~RHO*KEEP({I,J}+
TPUMP LT 3 J) /IDELX () eDELY (]}

GlJI=s(DmpsGl dmy) ) /0

CONTINUF

CALCULATE HEAD VALUES FOR ROWS OF MATRIX AND PLACE THEM 1IN
TEMPORARY  OCATION TEMP

NO3=pIM¥%=2

DO &0 KND4=1,M03
NOY=DIME=kM0g

PHIlI =t yNOY)=TEMP (MOY)
IFIT(I,NO4Y) 50,40,50
TEMP (NO4)Y=PH] {T,NO&}
G0 TO &D

TEHMP (NDH) =G INOY ) wBE (NOY)*TEMPINGY+1)
CONT I NUE

CONTINUE

RETURMN

END
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SUBROUTINE COLUMN

SUBPROGRAM NO,.&

A N N N N NN RN NN RN NN NN W NI N I I S e
INTEGER DIML,DIMW '

REAL®B KEEP, MK

REAL NUM

DIMENSION SU50,55),RATE(50,55),KEEP(50,55),6(55),TEMP(55),BE(55),
IRHOP (25) yCHK(5) ,T(50,55) ,PHI (50,55} 4PUMP(50,55) ,DELX(55),DELY(50),
25YM{39) ,QCOEF (50,55} ,HEADNG {33} JHYCOND(50:55) ,5S5(50,55) +PRNT (551,
IBLANK(60) ,DON(S5) ,DELQ(50,55)

BOUBLE PREC!SlON PHl.D’G’TEMP.BE‘W,TI.T2|T3,TH,RHU,A,8,C'DEL?,
IRHOP ,PARAM

COMMON /INTEGR/ DIML ,DIM¥  NUMT ,LENGTH, ITMAX ,INO] 4 JUNOL,KTH

COMMON /SINGLE/ SUM'DELx.DELY,RATE,5,SPACNG;T.FUDGE’PUMPuFACTORi
TERR G FACS ,FACT ,TMAX , TEST s CHK yPNCH,CONTR ,NUM ,QCOEF 4SS, TTsHYCOND ,
ZHEADNG yFACH yFACSS ,FACPP CHCK ,SPACR,SPACT SPACS,SPACV,SPACSS ,FLOW
COMMON /DOUBLE/ PHIKEEP DELT DG, TEMP ,BE,W,T1,7T2,73,T4,RHO4A,8,C,
IRHOP ,PARAM, I MK

COMMON /CHKWRT/ CONET,PUMPT, DELRT,DIFF,DIFFT,DELG,DELGR

COMMON /PRNTGT/ SYM,PRNTBLANK,DON

LB R B I B I B R R N O I R N R N I I N A I N N N N N NN N N T E N R R ]

PURPOSE==T0 CALCULATE [MPLICITLY ALONG COLUMNS, EXPLICITLY ALONG
ROWS

DO 10 I=1,nD1ML
BE(I)=D,
Gll)=0e.

10 TEMPLD)=PHIL], 1)

DO 70 J=2,DIM%
DO 39 l=2,1N0]
FFETU1,JY)Y 20,30,20

20 RHO=FUDRGE#*S{,J)/DFELT

CALCULATE AVERAGE VALUES OF T BETWEEN ADJACENT NODES

TI1m i 2amT i s =11 2Tl U/ UTE] 4 ) *DELX( =11 +TH1,J=1)%pELX(J}))I/DELX
l;;;ﬁ(Z-NT(IsJ+l)*T(!.J}l/(T(!,J}‘QELX(J+1)+T!!.J4i)*DELX(J}))/DELX
1;§;(t2a*T¢!‘i.J!'TII,J))I(T(I.JJ'DELY(I'll+T(}*an"D£LY(1)})/DELY
1;::f{2-'T(!*l.J)*TII.J)!/(TKI.J)ﬂnELY{x+1)+T1g+!nJ)ﬁoiLY(I)))/DELy
1;;;=PARAM¢(T1+T2+T3+Tq,

CALCULATE VALUES OF B AND G ARRAYS

A=T3

C=T4

Br=T3=THaRHO~IMK=QCOEF(tsJ)

W=R=A*RE({]=1)

BE(I)=C/W

DE=TI#PHILT sm i)+ (T 4T2m [MKIMPHI(T ;J)=T2%PHI(],J+1)~RHO®KEEP (] 4J)+
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IPUMP{ Ty ) ZIDELXLJ)DELY (1))
Gil)=(D-p+ci]=11) /W
CONTINUE

CALCULATE HEAD VALUES FOR COLUMNS DF MATRIX AND PLACE IN TEMPORARY
LOCATION TEMP

NO3I=DIML =2

DO 60 KNOH4=1,N03

NO4=D IME=KNOY
PHI(NDG, =]} sTEMP(NOG)
1F{T(ND4, J)) 50,40,50
TEMPI{NOH)aPHT (NOU,J)

G0 To &0

TEMP{NOY ) =GINO4)Y~BEINO4)STEMP(NO4+])
SNGL=TEMP (NO4)=PHI (NQY , )
IF{ARSISNGL)«GT+ERRY TEST=1,
CONTINUE

CONTINUE

RETURN

END
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SUBRQUTINE CHECK

SUBPROGRAM NO, 7

L N N A LN A R R
INTEGER DIML,DIMW

REAL#8 KEEP,IMK

REAL NUM

DIMENSION S{50,55) ,RATE(SD 55} +KEFP(50,55)4G(55},TEMP(55),BE{55]),
IRHOP{25) ,CHK(S) ,T(50,55) ,PHI{50,55) PUMPI{50,55),DELX(55%),DELY(50),
25SYMI{39) s RCO0EF (50,58 ) JHEANNGI{33) ,HYCOND(50,55),55{504+55) PRNT{35},
JBLANK{60) ,DON{BS)4yNELR(50,55)

DOUBLFE PRECISION PHI 4D G yTEMPBE W, T1,T2+T3474,RHOLA,B2C,DELTY,
IRHOP ,PARAM

COMMON /INTEGR/ DIML DIMASNUMT o LENGTH ITMAX INGL JNOY KTH

COMMON /SINGLE/ SUM,DELXDELY,RATE S,SPACNG,T,FUDGE ,PUMP,FACTQR,
FERRyFACSFACT ,TMAX , TEST yCHK sPNCH,,CONTR  NUM (RCOEF +SSeTTHHYCOND,
2HEADNG FACHIFACSS ,FACPP yCHCK ,SPACR,SPACT +SPACS,5PACY,SPACSS,FLOW
COMMON /DOUBLE/ PHI KEEPDELTyD 6, TEMP ,BEsW,T1,T2,73,T4,RHOA+8,C,
[RHOP,PARAM, I MK

COMMON /CHKWRT/ CONET,PUMPTDELQT,DIFF,DIFFT,pELD,DELGER

COMMON /PRNTOT/ SY“,PRNT+BLANK,DDN

DOUBLE PRECIS|ON DELS

LR N N N N N N N N T L LR R R R R A N R NN I AN I I AR R IR 2SI O W N B I O W

TH1S SURROUTINE COMPUTES THE ERROR IN THE SOLUTION ON A MASS
BALANCE BASIS

DIFF=N

DELAR=N,.0

DO o 1=2,nimML

Do In J=2|D!MW

IFITIT+dI4EQeDe) GO TO 1A

AREA=DELX{JI#DELY(])

Tl t2e T i ad=1 08T (], U3 /{T T J)¥DELX{J=1)+T {1, =1)#nELX{J))I#DELY
1{1)

T2 ({202 TUIadwt)sTIL, 1) ZLTUL,JI*DELXII+1)+T (1, U+ 1) #DELX{J) ) )#DELY
1¢1)

T3 {Za T~ , )3T (1)) /7 (T 3 Y epELY LI =10 +TE =1, )*pELYL{]))}eDELX
10d)

TH={{2a0T (1 +1, 0 2Tt] 1) /74T o JYeDELY I+ +T 1+l ) *epELY L]} =DELX
IV '

GINZ=T] ¢ {PHI{1 ,J)mPHI{1,J=11)1mT38(PHI (I ,J)=PHI(I~1,J}]}

QOUT==T2# (PHI (] 4J+1)=PHI(T,J))~THe (PHT{T1+1,Jd)=PHTi1,J}}
DELS==5{1,J)*«AREA®»{PHI({I1+J)=KEEP(],J)}¢FUDGE

DELPMP==PUMP{],J}

DELOQIT,J)=RCO0EF I J)s{«PHI{],J) }%AREA

DELQR=DFLOR*DELA(], J)

CONET=CONET+DELS

PUMPT=PUMPT+DELPMP«DELT

DELAT=DELQT+DELQ{I,J)¢DELT
DIF=({Q0UT=QIN={DELPMP+DELQ{I,J )} )#DELT=-DELS

DUM=ARS{DIF}

DIFF=AMAXI{DIFF ,DUM)

DIFFT=DIFFT+DLF

CONTINUE

RETURN

END
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Table 6,-Continued,

SUBRQUTINE PRNTI

SUBPROGRAM NO.§

LR B I I B B A I A N R S EE AN R T I S I R N O I L B N R I N B B O B RPN B DL R B AN B BB BE O NN )
INTEGER DIML,DIMW

REAL*8 KEEP,;IMK

REAL NUM

DIMENSION SI50,55) ,RATE(50,55),KEEP{505,585}4,G(55),TEMP{S5),BE(E5),
IRHOP (257 ,CcHK [5),T{50,558) ,PHI{580,55)sPUMPI{5D,55) ,DELX(55),DELY (B0},
25YM(39),QC0EF(50,55) HEADNG(33),HYCOND (503551 ,55(50,55) +PRNTI55),
IBLANK{&0) ,nDDNIS5} 4DELQ(5EN,55}

DOUBLE PRECISION PHI D GsTEMP BE W.aT1,T2:T3,T4,RHO,A,B,C,DELT,
IRHOP ,PARAM

COMMON /INTEGR/ DIML,DIM#,NUMT,,LENGTH I TMAX,INODI JNO1,KTH

COMMON /SINGLE/ SUMDELXsDELY RATE 5 ,SPACNG,T,FUDGE ,PUMP ,FACTOR,
JERRYyFACS FACT , TMAX , TEST CHK s PNCH CONTRNUM, QCOEF 4SS+ TTsHYCOND,
ZHEADNG yFACH FACSS ,FACPP ,CHCK ,SPACR,SPACT ,SPACS,SPACV ,SPACSS,FLOW
COMMON /DOUBLE/Z PHIWKEEPINELTyD G, TEMP yBE s W T1,T2, T3, TH4RHO,A4B,4C,
IRHOP ,PARAM, | MK

COMMON SCHKWRT/ CONET, ,PUMPT, DELAT,DIFF,DIFFT,DELQ,DELGR

COMMON /PRNTOT/ SYM,PRNTsBLANK DDN

LU N I I I N A RO N S e O IR B I BT BRSSO N B O BV IR NN SRR U BN NN N BN R Y BN R N A Y
THIS SUBROUTINE PRINTS OUT DRAWHDOWN IN NUMER]ICAL FOQORM

WRITEt&,30}

PD 20 I=1,dIML

Bo 10 J=i,nIMK

DONCJY=PHTI L 4 U}

WRITE(S,40) 1,iDDNtL,L=1,DInMu)
RETURN

LA R R R A EERE RN NN A RO RS S A N A R R I ISR BB I SRR R I L S N T Y IR N N Y

FORMATI(IH! 58X, I6HDRAWDOWN,IN FEET//)
FORMATIIRD, IS, 11ELT«3/7¢4%,11E11.3))
END
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Table 6,-Continued,

SUBROUTINE PRNTZ

SUBPROGRAM NO, 9

AR AR N N N NN NREE RN ENN NN
INTEGER DIML,DIMW

REAL#R KEEP, MK

REAL NUM,X

DIMENSION S050,55),RATFE(50,55)KEEP{50,55),6(551,TEMP(55),BE(55),
IRHOP {25} ,CHK({5) 4 T(50,55),PHI{50,55) +PUMP (50,55} ,DELX(55),DELY{50),
2SYM139) ,QCOEF(50,55) ,HEADNGI33)} ,HYCOND{50,55),55(50,55),PRNT (55},
IBLANK(AD) ,DDON(S5),DELQ(5D,55)

DOUBLE PRECISION PHI,D,G,TEMP BE,N,T1,T2,T3,T4,RHO,A,B,C,DELT,
IRHOP ,PARAN

COMMON JINTEGR/ DIML DIMW NMUMT L ENGTH, ITMAX o INDL 4 UND] KTH

COMMON /SINGLE/ SUM,DELX+DELY,RATE,S,SPACNG,T,FUDGE ,RUMP ,FACTOR,
LERR yFACS ,FACT ,TMAX, TEST,CHK 4PNCH,CONTR,NUM ,QCOEF ,SS,TT,HYCOND,
ZHEADNG sF ACHIFACSS ,FACPP yCHCK ,SPACR,SPACT sSPACS,SPACY ,SPACSSFLOW
COMMON /DOUBLE/ PHI,KEEPyDELT,D,6,TEMP ,BE,W,T!,7T2,T3,T4,RHO,A,8,C,
IRHMOP ,PARAM, I MK

COMMON fCHKWRT/ CONET,PUMPT,DELGT,DIFF,DIFFT,DELQ,DELGR

COMMON /PRNTOT/ SYM,PRNT BLANK DDN

'""ﬂﬁlileﬁl!oli!t!.oosouo..'..otllg.ollnOlunonloioc!.Ov.Ootuiooo
THTS SUBROUTINE PRINTS QUT DRAWHDOWN AS ALPHAMERIC CONTOURS

WRITE(4450)
IND=(AS=DIMN} /2
DO 40 18=]1,DIML
0O 3p JB=1,DIMW
s=PHI(IB,JB)/SPACNG
1F(KQL7.B) GO TO In
K=AMOD{K ,34¢)
IF{KalTels) PRNTIJR)=SYM(34])
IF{K.LTe0) PRNTIJB)I=SYM{39)
IFIPHI{IB, JB)4EQaD,0) PRNT(JRI=SYN(IT7)
N=K
IF(N«LTety Gg TO 20
PRNT(JRI=SYM{N) -
IF{PUMPLIB,JB)aGTeNe) PRNTIJRISSYN(3IZ)
IFIRATE (IR JB) «LTaNs) RPRMT(JBI=SYM(27}
CONTINUE
WRITE(S,460) (RLANK({T},I1=1,3INDI s {PRNT{JR) s JB=1,DIMW)
WRITE(A,70) SPACNG
RETURN

R N N N N N N NN R E R N R R N I N R I I R N I R A NI O

FORMAT{1H0,50X,32HALPHAMERIC CONTOURS FOR DRAWDOWN,////)

FORMATUIH ,6542)

FORMAT({IOHOLEGEND### /1 8HOCONTOUR INTERVAL F10,3/32H0OLOCATION OF R
1ECHARGE BOUNDARY R/1&HDWELL LOCATION W/21HOCONE OF IMPRESSION 6)
END
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Table 6,-Continued,

SUBROUTINE PRNT23

SUBPROGRAM ND,.1D
O!‘Ooo.!.c"!n.“toil!.!!c"iol00;!'IgIlIl'olooolotOn""!'loogtooo
INTEGER DIML,DIMW

REAL#8® KEEP, MK

REAL NUM

DIMENSION S{50,55) ,RATE(50,455) KEEPI50,55),G6(55),TEMP{55),8E(551,
IRHOP (25 4 CHK(5) ,T(50,585) 4PHI(50455) +PUMP{50,55) ,DELX(55),DELY(50),
25YM{39) ,QCOEF{50,55) ,HEADNG(33) ,HYCONDI(50,55),55(50+55),,PRNT(55]),
IBLANK{GTD) 2DDN{B5},DELQ(50,55) _

DOUBLE PRECISION PHI, D, GaTEMP ,BE,w,T1,72,7T3,T4,RHO,A,ByC,DELT,
IRROP ,PARAM

COMMON /INTEGR/ DIML ,DIM¥ NUMT LENGTH ITHAX,INOL o JNO},KTH

COMMON /SINGLE/ SUM,DELX,DELY,RATE,S,SPACNG,T,FUDGE »PUMP,FACTOR,
LERR W FACSFACT ,THAX , TEST ,CHK PNCH,CONTR,NUM ,BCOEF ,SSsTT HYCOND,
2HEADNGFACH ) FACSS FACPP CHCK,SPACR,SPACT )SPACS,SPACV ,SPACSSyFLOW
COMMON /DOUBLE/ PHI  KEEPWDELT D6, TEMP ,BE Wy T1,T2,T3,T44RHO1A,B,C,
IRHOP ,PARAM, I MK : :

COMMOMN /CHXWRT/ CONET,PUMPT,DELGT,DIFF,DIFFT,DELA,DELAR

COMMON /PRNTOT/ SYM,PRNT,RLANK,DDN

L A E R R N RN NN N NN B I IR NI IS I A I IS 0 I B Y R O RPN BB RN B I S N N RN R

THIS SUBROUTINE PRINTS OUYT INDUCED LEAKAGE TO THE CONFINED AQUIFER

HRITE(4,30)

Do 20 =I.DIML

DO 1o Jd=1,.nlMw

DONEYSDELRLT , )

WRITE (A,H40) 1 ,(DDN{LY,L=1,0IMN)
WRITE(A,50) DELAR

RETURN

."”"'."."0'00-lQull!ll.Ol"!l"’.l.li!.U.u'l.!tll‘!!ll;leotgo
FORMATKIHI|55X,22H}NDUCEQ LEAKAGE.IN GPDZ// /)
FORMATUIHD, IG5, 1 €113 /16X11E11e3))

FORMATU{IHD,///,50X,258 RATE OF INDUCED LEAKAGE=,l1PEl1l.3)
END
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Table 6.—Contiﬁued.
BLOCK DATA

I R R R P R R R R R R T 2 e A B N D S N R R NN I NN N ]

INTEGER DIML,DIMW

REAL*#8 KEEP:IMK

REAL NUM }

DIMENSION S{50,65) ,RATELISD,55) yKEEP(50,55),6{55),TEMPI55),8E(55),
IRHOP({25) yCHK(5) 4 T(80,5%) +PHI (B0,55) PUMP{50,55) ,DELX(55),DELY (B0},
ZSYMI39) ,QCOEF(50,55) JHEADNGI33) yHYCOND(50955) ,55(50455)+PRNT{55),
JBLANK(AM0) ,DDNIGE) ,RELQIBN,55)

DOUBLE PRECISION PHI DG TEMP,BE W, T T24T3,THRHOAB+C,DELT,
1RHOP ,PARAM

COMMON /INTEGR/ DIML ,DIME NUMT L ENGTH, I TMAX,INOL , JNOL KTH -

COMMON /SINGLE/ SUMDELX+DELYRATE,S,SPACNG,T ,FUDGE,PUMF,FACTCOR,
1ERR,FACS FACT , THAX ,TEST, CHKyPNCH,LONTR ,NUM,QCOEF +55,TT»HYCOND,
2HEADNG ) FACHIFACSS s FACPP CHCK ,SPACRSPACT s SPACS,SPACY,5PACSS,,FLOW
T COMMON /DOUBLE/ PHY,KEEP,DELT 40,6, TEMP ,BE W ,T1,T2,73,T4,RHO,A,B,C,
IRHOP ,PARAM, I MK

COMMON JCHKWRT/ CONET,PUMPT,DELRT,DIFF,DIFFT,DELQ,DELAQR

COMMON /PRNTOT/ SYM,PRNTBLANK,,DDN

ﬂ.ll'..'l'l’!.lil"'ll..Ol.ﬁl".....ﬂo.!.."'ll..l.lll'll..!ll!lﬂI

DATA CHKI(])/SHPUNCHZ ,CHKI12)/6HCONTOU/ ,CHKLA) J4HNUMER T /2y CHEK{ %)} /BHCH
1ECK/ CHKIB)/6HLFAKAG/ 4 QCOEF/2750%0,0/4PHI/2750+Ga0/

DATA SYM/JH! ,IHZ,1H3 ,1H%,1HD ,IMé I H? ,IHB, 1HF,iHA,1HB,1HC,1HD, HE,]
THE s JHG o I HH s JHT o LHU s LHK 2 THL o THMy THR , THO y LHP 5 FHQ s THR, 1HS» LB, LHU, LHY
2y lHW,IHX G IHY JIHZ 4 1HO,1H ,1H* , 1HG/ BLANK/60siH /

DATA RATE/275020e0/ 2 HYCOND/2750%0,0/,55/2750%0.0/

END
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Table 6,~Continued,

SURROUTINE PRNTA

SUBPROGRAM NO,.1!}
..'.llﬂI..gll.‘l-q.....‘&."r"l'..".Il.'.l.’l!.lg.l‘l"i‘..‘ﬂ.l".
INTEGER DIML,DIMW

REAL#8 KEEPsIMK

REAL NUM,K

DIMENSION S{50,556}) ,RATEISD 55} ,KEEPIS0,55),6(55),TEMP(55),BE(B5]},
IRHOP{25) yCHELS ) ,TI50,56) 4PHI (B0 ,55)yPUMPIB0,55) ,DELX{55),DELY (501,
2SYMI39) ,QCOEF (S0 ,55) ,HEADNG{33) ,HYCOND (50,455} ,55({50,55),PRNT(55),
JBLANK(60) ,DDNISS ) ,DELR{E0,55)

DOUBLE PRECISION PHI DG, TEMP,BE W, T]1,T2sT3,T4,RHO,A,B4C,DELT,
IRHOP ,PARAM

COMMON ZINTEGR/ DIML ,DIMW NUMT LENGTH, ITMAX, INQL ,JNOL4KTH

COMMON /SINGLE/ SUMDELX+DELY,RATE S, SPACNG,T,FUDGE sPUMP,FACTOR,
TERRIFACS yFACT s TMAX , TEST s CHK s PNCH, CONTR ,NUM ,QCOEF ,SS+TT HYCOND,
2HEADNG ) FACHIFACSS FACPP ,CHCK ,SPACR,,SPACT ySPACS,SPACVY ,SPACSS,FLOW
COMMON /DDUBRLE/ PH1 ,KEEP,DELT DG, TEMP ,BE W, T1,T2,T3,TH,RHO»A;8,C,
IRHOP ,PARAM, IMK .

COMMON /CHKWRT/ CONET,PUHMPTDELQT,DIFF,DIFFT,DELA,DELGR

COMMON /PRNTOT/ SYM,PRNT  8LANKsDDN

LR I N N N A I N e L L L R R A R R N E R R NI I A N A AP A B B I L B B B B B I IR B RE 3N N O I

THIS SUBROUTINE PRINTS OUT TRANSMISSIVITY VALUES AND LOCATION
OF BARRIER BOUNDARIES

WRITE{&, 100

INDE(AS~DIMW) /2

Do 110 JR=1DIML

Do 120 JBR=1,DI1mMW
K=T{]B,JR)/ISPACT+,99999999)
1IF(TEI8,UR)«EQsDN) 5O To 130
K=AMODIK 4344}

IF(RsLTele) PRNTIJR)=SYMI(34)
IFIT{IB,JR)*FR+0) PRNT(JBI=SYMI1)
N=K

IFINLLTely GO TO 120
PRNT{JR}=5YM{N)

CONTINUE

WRITELS,140) (BLANKI(I},1=1,IND} IPRNT(JB},UB=],DIMu)
WRITE{&,4150) SPACT

WRITE(&, 14600

DO 170 =) ,DiML

DO 180 Js=i,DIMw

DON(JYST(],J}

WRITE(L,190) T,(DDN{L) L=1,0IMu)
RETURN

..‘...!‘..‘.....""...-!'l...'QlQQ‘..."'.I!..!U..'Ql".l.'ﬂ.‘l‘!

FORMATUIIH] 47X ,38HALPHAMERTIC CONTOURS FOR TRANSMISSIVITY,///)
FORMATIIH ,45p2)

FORMAT({1AaH CONTOUR INTERVAL ,F123,3/31H0LOCATION OF BARRIER BOUNDAR
1Y 1)

FORMATUI1IH1,51%X 43NHTRANSMISSIVITY,IN GPD PER FOQT//)
FORMATIIHO, 1S, 11E11+3/(6X,11E113))

END '
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Table 6.-Continued,

SUBROUTINE PRNTR

SURPROGRAM NO,12
OQQ.‘QII.n.".to.to;g.q."'...t.!u!".UDllll'.'!.!it;l‘ll!ill".t.
INTEGER DIML,DIMW

REAL#8 KFEP MK

REAL NUM,K

DIMEMSION S(50,55) ,RATE(80,565) KEEP(50,55) ,6{551,TEMP{55),BE([55),
tRHOP(25) ,CHK(5) ,TIE0,55) 4PHI{50,55)PUHP{50,55),DELX{55),DELY (50},
2SYM{39) ,QCOEF(B0,558) ,HEANNG{3I3) ,HYCOND (50,55} ,55(50,55)PRNT(55),
3BLANK{&0),DDN(B5),NDELQ(50,55)

DOUBLE PRECISION PHI,D G, TEMP,BE%,T1,T2:T3,T4,RHO,A ,BC,DELT,
IRHOP,PARAM

COMMON AINTEGR/ DIML, DIMW NUMT,LENGTH,ITMAX,ING]JNO],KTH

COMMON /SINGLE/ SUMDELXsDELYsRATE,S5,SPACNG,T,FUDGE ,PUMP,FACTOR,
IERRYFACS ,FACT , TMAX ,TEST CHK yPNCHCONTR NUM ,QCOEF 4SSy TT+HYCOND,
ZHEADNG ,FACH)FACSS ,FACPP ,CHCK ,SPACR,SPACT 4SPACS,SPACV ,SPACSS,FLOW
COMMON /DOUBLE/ PHIsKEEP  DELT 3D G, TEMP,BE W, T1,T2,73, T4, RHO A8 ,C,
IRHQP ,PARAM, | MK

COMMON /CHXWRT,/ CONET,PUMPT,DELGY,DIFF,DIFFT,pELE,DEL QR

COMMON /PRMTOT/ SYM,PRANT,BLANKDDN

L N N N N e N N N R N NN AN N S R RN RN NN
THIS SUBROUTINE PRINTS DUY STORAGE COEFFICIENT VALUES

RRITE(S,100)

IND={65=DIMW) /2

DO 110 IR=!,DIML

DO 120 J8=1sDIMW

K=S I8, R)/{SPACS+,99999999)
K=AMODIK y340)

IFIKelLTale) PRNTIJRI=SYM(34)

N=K

IFINLLTs1} GO TO 120
PRNT{JR)=SYHM{N)

CONTINUE

WRITELA,140) (RLANK(TY, 121 ,TNDY,(PRNTIJB) JB=] ,DIMW)
WRITE(A,150) SPACS

HRITELtAh,1460)

DO 170 I=1,DImL

DO 18D J=1,D1mMw

DONDEJY=S (T ,d)

WRITE{&,190) 1 ,(DDNILY, L= ,DIMW}
RETURN

LR R N N NN Y L EEE EEEEEEE E N N I A L B IO IS RS B B B I B BN BN B B NS B K B N N Y

FORMAT(1H] 494X ,43HALPHAMERIC CONTQURS FOR STORAGE COEFFICIENT ,//7)
FORMATIIHN ,6%42)

FORMAT(18H CONTOUR INTERVAL ,Fl4+8)}

FORMAT(IH} ,56%,19HSTORAGE COEFFICIENT//)
FORMAT(IHNO, IG5, 11E11e3/{6X,11E11+3))

END
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Table B6,.-Continued,

SUBROUTINE PRNTC
SUBPROGRAM NO, 13

LR R R N N N NN A R R R R A R N R E N Y R R R E N R R N A N N NN N |

INTEGER DIML ,DIMW

REAL®8 KEEP,)IMK

REAL NUM,K.

DIMENSION SI50,558) RATE(50,55),KEEP(50,55),4:G6(655%),TEMP(55),BE{BS),
IRHOP{25) ,CHK(5) ,T(50,55) ,PHI (50,55} PUMP{504+558) +DELX(55},DELY(5D),
25YMU39) yQCOEF (5N ,55) ,HEADNG{33) ;HYCONDIS0,55) ,55{50:55) 4PRNT (55},
3BLANK{&0) ,DDONISS) ,DELQIBN,55)

DOUBLE PRECISION PHI DG TEMP BE W4 T1,T2,T3,T4,RHOA,BsC,DELT,
IRHOQP ,PARAM

COMMON /INTEGR/ DIML DIMN,NUMT JLENGTH, ITMAX,INO1,JND! KTH

COMMON /SINGLE/ SUMDELX DELY RATE 3S,SPACNG T, ,FUDGEsPUMP,FACTOR,
LERRyFACS FACT , TMAX , TESTyCHK s PNCHyCONTR yNUM , QCOFF 355, TT»HYCOND,
ZHEADNG»FACH I FACSS,FACPP ,CHCK ,SPACR,SPACT SPACS,SPACY,SPACSS,yFLOW

COMMON /DOUBLE/ PHIWKEEP ) DELT DG TEMP ,BE W, T1,T2,T3,T4,RHO,A4B+1C,
IRHOP ,PARAM, I MK ‘

COMMON /CHKWRT/ CONET ., PUMPT,DELAT,DIFF,DIFFT,DELR,DELGR

COMMDN /PRNTOT/ SYMsPRNT;BLANK,DDN

.ﬂ"00090'Iiltl.llp0|lll!lllGO’O....!pll'!Ilt.tﬂl'.io""'ll!lll!l
THIS SUBRQUTINE PRINTS QUTY PUMPAGE

WRITg(é,100)

IND=(65~DIMW) /2

BO 110 IB=i DML

DO 120 JB=l.0IMYW

K=PUMP (18,48}

IF(KeGTsBOe) PRNT{JRY=SYM{32)
IF{K EQeTe} PRNTIJR)I=SYM{34)
IFIK«LTe0ue) PRNT{JR)I=SYM(27}
CONT [NUE

WRITE(&,14D) {(BLANK{1),1=1,IND){PRNT(JB),JB=1{ ,DIMW}
WRITE{A,150)

WRITE(A,1601

Do 178 I=1,01mML

DO 180 J=x) ,DIiMw

DONUUYSPUMPLT , J)

WRITE(6,190) 1,(RDNIL),L=],D1M¥)
RETURN

'ililivn--uluuoaot.oooggqn-ooon.-.n-tg’:Qcobqoplccntallno!¢l|c-loa

FORMAT{IH! 59X, |4HWELL LOCATIONS,s//)
FORMATUIH ,65a2) '

150 FORMATI{29H LOCATION OF DISCHARGE WELL %wW/2BHOLOCATION OF RECHARGE W

1ELL R?

160 FORMAT{1IH] 459X, | 4HPUMPAGE,IN GPD/ /)

190

FORMATULHG, IS5, 1IE o3/ 16X ,11E11,3))
END
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Table 6,-Continued,

SUBROQUTINE PRNTD

SURPROGRAM NO,.14

[ N NN N N Y R R RN R RN E N NN E N NN E RN NN NN NN N RN N N NN NN
INTEGER DIML,DIMW

REAL#8 KEEP, [ MK

REAL NUM,K

DIMENSION S{50,55) RATE(B0,55) ,KEEP{50,55),6(55),TEMP{D5),8E(55},
TRHOP(25) ,CHKI5) ,T(50,55) yPHI(50,55) PUMP (50,55 ,DELXK(S5),DELYI50),
25¥YMIU39) ,QCOEF{50,558) yHEADNG(33) ,HYCOND({50,:55),5S(50,55) 4PRNT(55),
IBLANKIS0) DDN(GR) 4y DELR (50,455}

DOUBLE PRECISION PHEI,D,G,TEMP,BE,W,T1,T2,T7T3,T4,RHO,A,B8,C,DELT,
IRHOP ,PARAM

COMMON /INTEGR/ DIML ,DIMW NUMT,LENGTH,ITHAX ,INOL,JNG},KTH

COMMON /SINGLE/ SUMDELX+DELY,RATE,S,SPACNG,T ,FUDGE,PUHP ,FACTOR,
TERRSFACS, FACT ,TMAX,, TEST 1 CHK 3 PNCHCONTR,\NUM,QCOEF 552 TTHYCOND,
ZHEADNG ) FACHFACSS)FACPP CHCK ,SPACR,SPACT ySPACS,SPACY ,SPACSSyFLOW
COMMON /DOUBLE, PHI ,KEEP,DELT D,G,TEMP,BE W, T1,T72,T2,T4,RHO,A,B,C,
IRHOP ,PARAM, I MK

COMMON /CHXWRT/ CONET,PUMPTDELAT,DIFF,DIFFT,pELR,DELGR

COMMON /PRNTOT/ SYM.PRNT3BLANK,DDN

l90'-"!Ulll-Ql.l..ngg.aig(l..u.lntlllul!!t.utoo!.llcill.tD.'.!#Ot

THIS SUBROUTINE PRINTS OUT THE SATURATED THICKNESS OF LEAKY
CONFINING BREDRS AND LOCATION 0oF RECHARGE BOUNDARIES

WRITE(4,1090)
IND={45E=DIMW) /2
DO 110 IB=1,:DIML
DO 120 JB=tDIMW
IF(SPACRSLED«D)Y SPACR=]14D
KeRATELIR,JB) /(SPACRe.999997999)
IF{K..T«0) GO TO 130
K=AMODIK , 340}
IF(KelLTele) PRNTIJR)=SYM(35)
130 IF(K.LTeDY PRNT{JB)I®SYM(27)
N=K
IFINLLT«1} GO TO 120
PRNT(JR)Y=SYM (N}
120 CONTINUE
110 WRITEL&,140) (BLANK(]),1=1,IND){PRNT(JB)JB=]1,DIMW]
WRITE(A,150) SPACR
WRITE(&y160)
DO 170 1=1,D1ML
DO 180 J=1,DIMw
180 DON{JY=sRATELT ,0)
170 WRITE(A,190) 1,(DONCL),L=1,DIMW}
RETURN

IR R R RN NN NN NI A I S I B A RS N B A BN N L B S N R O I R R I AP S B S I S B S Y B

100 FDRNAT(}HIg32X,67HALFHAMERIC CONTQURS FOR SATURATED THICKNESS QOF L
1EAKY CONFINING BEDSs///)

140 FORMAT(INH ,4542)

150 FORMAT({18H CONTOUR INTERVAL ,Fl14.3/32HCLOCATION OF RECHARGE BOUNDA
IRY R)

160 FORMATILIHI 40X ,51HSATURATED THICKNESS OF LEAKY CONFINING BEDS,IN F
LEET/ /) '

190 FORMAT(IHO,I5,11E11e3/7(6X,11E11431})
END
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[ a e e N at

[alFa el

120
110

180
170

100 FORMATIIHI 27X ,79HALPHAMERIC CONTOURS FOR VERTICAL HYDRAULIC CONDU
ICTIVITY OF LEAKY CONFINING BEDS,///)
190 FORMAT(IH ,6542)

150
160

IRHOP ,PARAM, I MK

ING BEDS,In GPD PER SQUARE FOOT/)
190 FORMAT(IHO 15, {1E1123/(6X,11E11e3))

Table 6,-Continued,

SUBROUTINE PRNTE

SUBPROGRAM NO,15

PTERT IR T RO N AN O RNBAD DR OED PO F AN OO PP OO RO R YR
INTEGER DIML,DIMW

REAL®8 KEEP, MK

REAL NUM,K

DIMENSION S{50,55%) ,RATF(50,55) :KEEP(50,55)4G(55) sTEMP(B5),8E(55},

IRBOP(25) 4 CHK (8}, T{50,55) 4PHI (50,55} sPUMPIB055) ,DELX{55) ,DELY (50},
25YMI39) ,QCOEF(50,55) ,HEADNG(33) ;HYCOND(50,55),55(50,55) ,PRNT(55), ;
38LANK€60),QDN(55)|DELQ(50 55) - .

DOUBLE PRECISION PHI,D,G+TEMP,BE,%, T!.TZ T3yT4,RHO A, ByC,DELT,

IRHOP ,PARAYN

commow FINTEGR/ DIML,DIMA ,NUMT,LENGTH, ITHAX,INOI,JNO] KTH
COMMON /SINGLE/ SUM,DELX,DELYRATE,5,5PACNG,T ,FUDGE ,PUMP ,FACTOR,

1ERRyFACS yFACT ,TMAX ,TEST »CHK s PNCH,CONTR ,NUM,QCOEF 4S5, TT yHYCOND,
2ZHEADNG sFACHPFACSS 4 FACPP 4 CHCK SPACR,SPACT ySPACS ,SPACY ,SPACSSFLOW

COMMON /DOUBLF/ PHI,KEEPyDELT D ,G,TEMP ,BE W,71,T2,T3,T4,RHG,A,B,C,

COMMON /CHKWRYT/ CONET,PUMPTY,DELQT,DIFF,DIFFT DELR,DE QR
COMMON /PRNTQT/ SYM,PRNTBLANK,DDN

LR R N TR NN IR NN NN N TN NN R NI I N

THIS SURRQUTINE PRINTS OUT THE VERTICAL HYDRAULIC CONGUCTIVITY OF .
LEAKY CONFINING BEDS i

WRITE(A,100)

IND=(45=DIM¥E) /2

DO 110 IR=],DIML

DO 120 JB=1+01MW

K=HYCOND{IBIJRI/{SPACVE£.99999999)

KeAMODIK 436+

IF(RKeLTala} PRNTIJR}=SYMI34]

N=K

IF(NLLT«1) GO T 120

PRMNT{JRI=SYM(N)

CONTINUE

WRITEL6,140) (BLANK(J),I=},IND),IPRNT(JB)} JB=],hINN)
WRITEL(A,150) SpPACY

WRITE(L,1480) 3
DO 170 I=1,D1ML

DO 180 Jsi1,Dlnw
DON{J)=HYCOND(],4)

WRITE(A,190) T,(DDNM{LY, L=],DIMW)
RETURN

L RS R N A I I SO I IR R IR A RN RN AR B R BN I N I P I I IO R R I R R I R

FORMAT(18H CONTOUR INTERVAL ,Fl4.8)
FORMATOIM] 427X ,7BHVERTICAL HYDRAULIC CONDUCTIVITY OF LEAKY CONFINI

END
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Table 6,-Continued,

SUBROUTINE PRNTF

SUBPROGRAM NOD.1&
Q'Cll‘..'||.liOIOl.ll.quril‘llq!..|.!l.llllll"'!'lll.“"‘!‘.....!
INTEGER DIML,pIMW

REAL#8 XFEP MK

REAL NUM,K

DIMENSION SISD.SS),RATE(SU,SS!.KEEP(SG,SS),G(SS),TEMP(SS!;BEGSBl,
FRHOP{25) 4 CHKI{B) ,TISN 4,551 +PHI(50,:55) sPUMP {50455} ,DELX{55),DELY (50},
25YM139) 4 QCOEF (50,5%) ,HEADNG(33) ,HYCOND{50,55),55(50,455) 4PRNT {551},
3BLANK{AN) ,DDN{35)},DELR(BN,55)

DOUBLE PRECISION PHI ,D,G TEMP BE % ,T1,T72,T3,T4,RHO,A,BC,DELT,
IRROP ,PARAM '

COMMON /INTEGR/ DIML DIMW NUMT LENGTH, I THAX yIND] s JNOL 4 KTH

COMMON /SINGLE/ SUM,DELXDELY , RATE,SsSPACNG,T,FUDGE PUMP,FACTOR,
JERR I FACS ,FACT ,TMAX , TEST s CHK 4+ PNCHCONTR {NUM,QCOEF 455+ TTsHYCOND,
ZHEADNG sFACH sFACSS ,FACPPCHCK ,SPACR,SPACT ,SPACS,SPACV ,SPACSS,FLOW
COMMON /DOUBLE/ PHI yKEEP BELT 1D ,G, TEMP yBE WaT1,T2,T3,T4RHOA,B4C,
IRHOP ,PARAM, I MK

COMMON /CHKWRT/ CONET,PUMPT yDELAT,0IFF DIFFT,DELQ,DELGR

COMMON /PRNTOT/ SYM PRNTBLANK,DDN

I N N N N e R R R R A N E N N N N I W N RN R I O S I I N I N R I BB R BB IR B O I Y

THIS SUBROUTINE PRINTS OUT THE SPECIFIC STORAGE
OF LEAKY CONFINING BEDS

WRITE(A,1N0)
IND=(&5~DIMW) /2
DO 11D IB=1sDIML
DO 120 JR=1 DIMW
K=SS5{IR JB)/ISPACSS*,99999999}
K=AMODUK,340)
IFIKeLTals) PRNTIJBI=SYM{34)
N=K
iF{N.LTe1) GO TO 120
PRNT({JB)Y=SYM{N)
120 CONTINUE
1I0D WRITE(A, 140 [RBLANKEL) , T=21,IND} ,(PRNT(JB) 4 B=1,01HW)
WRITE(6,1560) SPACSS
WRITE(A,140)
DO 170 [=1,DIML
00 t8n J=),DiMw
1RD DDONEJI=SS{]4s.J}
170 WRITELS,190) 1,(DDNLL)Y L= ,DIMW)
RETURN

!D.'000!'nl!l.l'!ll..n;cclcl..0..-.0'.0!".!!.!!!!‘0-0'!!__0_!‘00!.0.

100 FORMATUIH],34X,64HALPHAMERIC CONTOURS FOR SPECIFIC STORAGE OF LEAK
1Y CONFINING BEDS///)

140 FORMATUIH ,6542)

150 FORMAT{18H CONTOUR INTERVAL ,Fl4s:0)

160 FORMATU{1H] ,40X,30HSPECIFIC STORAGE OF LFAKY CONFINING BEDS,IN 1/FE
1ET/)

190 FORMAT{IHGO, 15, 11EL13/(6X,11E1143))
END
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