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CONVERSION FACTORS 

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

Multiply English units By To obtain S1 units 

million gallons per day cubic metres per second 

(M gal/day) 0.04381 
(m3/s) 

square miles (mi2) square kilometres 
2.590 

(km2 ) 

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of water withdrawn from aquifer boundaries.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 was used to model the sandstone aquifer 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 aquifer 

system needed for the model were approximated using aquifer-test data and by 

matching drawdowns resulting from aquifer development through 1970 with draw­

downs computed by the model. 

The sandstone aquifer should be able to supply the water needs of Dane 

County well beyond 1990. Maximum regional drawdowns of approximately 40 feet 

(12 m) between 1970 and 1990 were computed by the model. This amount of 

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



INTRODUCTION 

The sandstone aquifer 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 system. 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 pump age from the sandstone aquifer in 1970 by all users in 

the county was 40.2 M gal/day (1,522 x 105 m3/day), with Madison averaging 

29.0 M gal/day (1,098 x 105 m3/day), approximately 72 percent of the total. 

Projected pump age trends indicate that total pumpage will increase to 66 M 

gal/day (2,498 x 105 m3/day) by 1990, with Madison pumping approximately 75 

percent of the total. 

Progressive declines of ground-water levels in the sandstone aquifer have 

accompanied increasing ground-water withdrawals. Although these declines are 

not serious, proper planning for the future development of the sandstone aquifer 

will minimize the impact of withdrawals and insure proper management of the 

total water resources of the county. 

Purpose 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 to 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-water flow 

in a continuous system, and how these 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 
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applied to the sandstone aquifer 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 County, an area of 1,233 square miles (3,192 km2) 

in south-central Wisconsin (fig. 1). The sandstone aquifer in the county was 

modeled with particular attention given to a 16- by 17-square-mile area (25.7 

x 27.4 km2) , roughly centered on Madison, where development of the aquifer 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. 
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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 rectangular grid network 

(fig. 2) is 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 equations. 

Development of Finite-Difference Equations 

Finite-difference equations for estimating head changes and changes in 

flow across aquifer boundaries that result from pumping a confined aquifer are 

developed for the aquifer system (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. 

4 
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2. Flow through the confining beds is vertical. This assumption is 

valid if the hydraulic conductivities of the confined and unconfined 

aquifers are much greater than the hydraulic conductivity of the 

confining beds. 

3. The water table of the unconfined aquifer remains constant at all 

timeso 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 Ql' Q2' Q3' Q4' and Q5 (fig. 3b). The Ql' Q2' Q3' and Q4 terms 

represent flow changes between elements. The Q
5 

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: 

Ql 
- T'. . 1 ti,j,k - Si,j_l,k) &'"i; 

1.,J~ 

Q
2 

~ - T' . . 1 
ti,j+l,k 

- s .. k) !'N . 
1,J+2- 1,J, i' 

Q3 
- T' . 1 . (S - Si_l,j,k) ~. l.~,J i,j,k J; 

Q4 T'. 1 . 
ti+l,j,k 

- s i, j, k) 
~. 

1.+2,J J; 

and Q5 - W .. k s .. k t§.. bY. - Qi j. 1.,J, 1,J, J 1 , , 

2T .. T. 1 . 
1,J 1+ ,J whe re , for examp Ie, T'. 1 . = :::::---=""::'-'-''-:-~':'::'-'-'''---;::::-

l+2,J Ti,j 6Yi +l + Ti+l,j bYi 

harmonic mean of: T .. 
1,J 
LN.; 

1 

and i row index, 

T. 1 . 1+ ,J 

Lilri+1 

j column index, 

k = time index, 

7 
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and 

6X
j 

uY
i 

~ horizontal dimensions of aquifer elements, in units of length; 

T.. transmissivity values for elements of the confined aquifer 
1,J 

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 is assumed not to vary 

with time, in units of length squared per unit time; 

s ~ head change in elements of the confined aquifer resulting from 
i, j ,k 

W .. k 1,J, 

Q .. 
1,J 

additions or withdrawals of water, in units of length. 

Drawdowns are negative, rises are positive; 

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; 

~ 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: 

W .. k 1,J, 
1 

J ott' k 
(2) 

where: t' 
l,< 

K'. . tk 1,J a dimensionless time parameter; 
3S' 

s .. 
1,J 
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K'. . 
1,J 

hydraulic conductivity of the confining beds defined as the 

rate at which water flows through a unit 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; 
1,J 

S' ~ specific storage of confining beds defined as the volume of 
s .. 
1,J 

water released 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 tk ~ 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 changes 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 their hydraulic conductivity is small. 

Equation 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: 

(Q3 - Q4\ 6t + Q5 lit ~ S. . LX. lIY. (s . . k \ V 1,J J 1 \l,J, 

where: time increment for calculation of head changes; 

9 
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and S .. 
1,J 

storage coefficient for the confined-aquifer 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 j_l. ~i,j-l'k 

T'. . 1 

(Si,j+l,k Si,j,k) 
, ~ 

s .. k) + 1,J~ 

6X. 1, J, _ 6 X
j J 

T' ( 
- Si,j,k) 

Tt. 1 . 

(Si+l,j,k - Si,j,k) 
+ i_l. j l+?-,J 2' s + 

L\Y
i 

i-l,j,k 6Y
i 

(4) 

:::: 2..!..J.. s _ s + 1,J S .. ( ) Q .. 
6t i,j,k i,j,k-l 6 X

j 6Yi 

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 

simultaneous 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 sets of equations with a digital computer. The method is 

efficient, and the computer core storage required is minimal. 

The IADI method involves the alternate solution for a given time step 

of equation (4) at elements along 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 iterat10n 
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except those along the row for which a solution is sought. The solution 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 facillotate computations along a row, equation (4) is written: 

n n n 
A. s .. 1 k + B. s .. k + C. S .. 1 k 

J ~~J-, J 1,J, J 1,J+, 
D. 

J 

where: A. 
J 

B. 
J 

C. 
J 

and D. 
J 

T' . . 1 
1,J< 
L\X . 

J 

_ (T' i,j-t + 
L\X . 

J 

T'. . 1 
1,J+?-
LX. 

J 

T'. 1 . 
1+?-,J 

"'Y i 

n-l 
s. 1 . k 1- ,J, 

n-l 
s. 1 . k 1+ ,J, 

s .. 
~ 
",t + W .. k 1,J, 

(

T'. 1. T'. 1 . 
+ 1<,J +. 1+?-,J 

"'Y. "'Y. 
1 1 

- I .. \ 1,j) 
s .. 
1,J 

- ~ Si,j,k_l" 

(5a) 

n-l 
s .. k 
1, J, 

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

(5b) 

T' . 1 . 

where: A. 1.2 ,J 
1 "'Y. 

1 

C" 1 . 

T'. 1 . S. 
B. _ 1-"2,J + 1.+2, J + 

l.,j 
+ W .• k + !. ) 1 "'Yi "'Yi 

6t 1 ,J, 103 

T' .. 1 

C. ~ 
1., J+2 

1 6Y. 
1 
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and 
n 

s .. 1 k 1,J- , 

T'. . 1 
1,J+2 n 
Av s.. 1 k 
UA. 1.,J+, 

J 

In equations (5a) and (5b): 

n cycle of iteration, 

+(T'i,j_-i> + 
6X. 

J 

Q .. 
l.,J + 

T' .. 1 
1., J+3" 
6X

j 

S .. 
-2:.!l. 

At s. ·kl· u 1,J,-

n 
s .. 

1, J, k 

and I.. iteration terms introduced into the equation to speed convergence, 
l.,J 

in units of time to the minus one power. 

The iteration terms are defined by: 

I, . = r (Tt i,j-i + T'i,j4 + T' i--!-,j 
l.,J n 6X

j 
6X

j 
6Yi 

where: r is set of iteration parameters that are used cyclically during the 

computations. Selection 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. 

Impermeable 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 (5a) can be expanded for any 

interior row (2 SiS L-l) using these boundary conditions into: 

B2 
n 

C2 
n 

Si,2,k + Si,3,k 0 0 0 

A3 
n 

B3 
n n 

Si,2,k + 
Si,3,k + C3 Si,4,k 0 0 

A4 
n n n 

0 Si,3,k + B4 Si,4,k + C4 Si,5,k 0 = 

0 0 0 0 0 

4w-l 
n B

W
_

l 
n 

0 0 0 Si,W_2,k + Si,W_l,k = 

12 

D2 

D3 

D4 

0 

D 
W-l 



Similarly, for any interior column (2 < j S W-l) , equation (5b) can be 

expanded into: 

n+l 
C

2 
n+l 

B2 S2,j,k + S3,j ,k 0 0 0 

A3 
n+l 

B3 
n+l 

C3 
n+l 

S2,j,k + S3,j,k + S4,j,k 0 0 

A4 
n+l n+l n+l 

0 S3,j,k + B4 S4,j,k + C
4 s5, j, k 

0 0 0 0 0 

A 
n+l n+l 

0 0 0 SL_2,j,k + B
L

_
1 

s . 
L-l L-l,J,k 

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

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

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

equation: 

where: (BE) 
m 

G = 
m 

s 
m 

C 
m 

B - A (BE) 1 
m m m-

El - A G 
m m m-l 

B - A (BE) 1 
m m m-

m j if the computation is proceeding along a row, 

m i if the computation is proceeding down a column, 

and A , B , C , D = the coefficients in equation (5). 
m m m m 

(6) 

To compute head changes along a row, BE. and G. are first computed for 
JJ 

each aquifer element in the row, beginning with j = 2 and proceeding until 

j = W-l. Head changes for each element in the row are then computed by sub-

stituting values of BE. and G. into equation (6) in order of decreasing j 
J J 

values, beginning with j = W-l and proceeding through j 2. A similar pro-

cedure is followed for computation by columns. 

13 

= D2 

D3 

= D4 

0 

= D
L

_
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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 computations 

for all aquifer elements is less than a prescribed allowable error. 

A Description of the Digital-Computer Program 

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

many as eight aquifer 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 aquifer 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 IV. 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 parameter 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 head 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 transmissivity and storage coefficients for 

the confined aquifer, and (3) areal variations in hydraulic conductivity, 

specific storage, and saturated thickness for the confining beds. 
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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 beds. The second 

evaluation considered an infinitely long barrier boundary along one side of the 

confined aquifer. The third was for a simulated constant-head boundary along 

one side of the confined aquifer, and the fourth evaluation was for an aquifer 

of infinite areal extent overlain by confining beds 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 is good. 

Barrier-Boundary Conditions 

A barrier boundary 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 agreement 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 leaky aquifer condition exists whenever flow changes occur across the 

contact surface between the confining beds and the confined aquifer 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 to be insignificant. 
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Output 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). 

~xamples 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 mass-balance check option aids in judging the correctness of the 

solution. Flow changes in each element 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 cumulative 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), occurs in the southwest. 

Ordovician rocks overlie the Cambrian sandstones and include, in ascending 

order, the Prairie du Chien Group, St. 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 consists 

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. 

Unconsolidated deposits of Quaternary age overlie bedrock of Cambrian and 

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 l.--Generalized stratigraphy and aquifer system. 

Era 
Geologic Dominant Subsurface Saturated 

or 
Unit Lithology Hydrologic Thickness 

System Unit ( ft) 

Quaternary Holocene and 
Pleistocene Deposits 

Clay, silt, sand 

Galena Dolomite Dolomi te I 
Decorah Formation Dolomi te 

Ordovician Platteville Formation Dolomi te 

St. Peter Sandstone Sandstone 
Upper 

50-450 
aquifer 

Prairie du Chien 
Dolomite Group 

Trempealeau Formation 
Sandstone and 

Dolomite 

Reno Member* 

Mazomanie * 
oj Q) 

Cambrian 
.... ,; Sandstone ,; 0 Sandstone 0..., Member 
" " ,; "tl 
oj C Ironton .. " 1><(1) Sandstone 

Member 

Galesville Sandstone Sandstone Sandstone 450-900 

Sandstone aquifer 
E,au Claire Sandstone 

and Shale 

Mount Simon Sandstone Sandstone 

Precambrian Crystalline Rocks Not an aquifer 

.*Not approved by U. S. Geological Survey for formal use. 



The glacial deposits are covered in places by thin loess, 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 aquifer system. 

The aquifer system is subdivided into the sandstone and upper aquifers 

(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 

aquifer. These units are saturated everywhere in the county. The aquifer 

generally is composed of fine-to coarse-grained sandstone. Ground-water 

movement in the aquifer 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.S. 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 in the upper aquifer 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 Quat~rnary deposits form the major part of the saturated thick­

ness of the upper aquifer. These deposits are saturated in part throughout 

most of the county. 

The Prairie du Chien Group and St. Peter Sandstone generally form a small 

part of the saturated thickness of the upper aquifer. These deposits are 

generally saturated in part where they are present, but they have been eroded 

away in many areas~ Their saturated thickness 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. 

Hydrologic Changes Caused by Pumping 

Observed hydrologic changes in the aquifer system caused by pumping from 

the sandstone aquifer include drawdown of the potentiometric 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. 

Drawdown of the water table by 1970 ranged from 0 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 Q Drawdowns in the water table were generally much smaller 

than those in the sandstone aquifer 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. Keeping 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 

associated with potentiometric lows. Vertical water movement predominated in 

these areas before development (fig. l4a). By 1970, however, some discharge 

from the sandstone aquifer in the Madison area had been diverted to wells 

(fig. l4b). 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 aquifer overlain by 

leaky confining beds. Hydrologic changes in the aquifer system indicated that 

the sandstone aquifer behaved in response to pumping as a confined aquifer 

that received leakage from the upper aquifer. 
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Flow changes in the sandstone aquifer 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 aquifer 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 aquifer is much less than the horizontal hydraulic 

conductivity of the sandstone aquifer 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 also were modeled. One is an outcrop of Precambrian 

crystalline rock just northeast of Dane County (Alden, 1918, p. 65). The other 

is 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 aquifer was assumed to be infinite in areal 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 reasonable 

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 

aquifer. The finite-difference grid configuration chosen for the sandstone­

aquifer model is shown by figure 15. 
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Approximating Areal Variations in Physical Properties of the Aquifer 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 

aquifer. These properties are not areal1y uniform. 

The areal variation of transmissivity in the sandstone aquifer (fig. 16) 

was determined by a method outlined by Jenkins (1963). Briefly, the method 

involved a graphical multiple-regression analysis to estimate an average hy­

draulic 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 aquifer. 

The areal variation in storage coefficient (fig. 17) of the s~ndstone 

aquifer was determined using aquifer-test data and the 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 conducti vi ty 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 deposits. 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 aquifer. These values are derived from aquifer-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. 

Aquifer-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 the 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 thickness, vertical hydraulic 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 elements in accordance 

with the areal distribution shown in figure 12. If two or more wells fell 

within the same grid element, their combined pump age was aSSigned to that element. 

Wells whose 1990 pump age from the sandstone aquifer would be less than 0.1 

Mgal/day (378 m
3
/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 aquifer properties used in the model were incorrect. It was 

assumed that the error 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 

vertical hydraulic conductivities for the upper aquifer. 

Computed drawdowns were very sensitive to changes in the value of vertical 

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 aquifer. 

Comparison of model results (fig. 19) with observed drawdowns (fig. 11) 

shows some differences 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. 

Computing Future Drawdowns 

Rates and locations of future pumping from the sandstone 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 pump ages were distributed among wells in 

use in 1970. The rates and locations of pumping from the sandstone 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 aquifer. 

Reported Projected pump age 
User pumpage (M gal/day) 

(M gal/day) 

1970 1980 1990 

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 

Oconomowoc Canning Company, Waunakee · .13 .2 .2 

Oregon School for Girls. · .10 .1 .1 

Oregon, village of . .27 .4 .6 

Oscar Mayer and Company, Madison. 4.42 4.5 4.8 

Stoughton, city 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 .5 

Total · . · 40.22 52.9 66.2 
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Figure 20. Estimated pumpage from the sandstone aquifer by 1980. 

EXPLANATION 

~ 
Average daily pumpage , 

in millon gallons per day 

~[' 
Combined pumpage of wells 

wherever two or more wells 
are assigned to pump from 
the same finite· difference 
grid element 

• Water utility well 
(existing or proposed) 

() 

Industrial or public 
institution well 

ilWO wei ll) 

Number of wells represented 
by well symbol, if more than 
one well 
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Figure 21, Estimated pump age from the sandstone aquifer by 1990. 

EXPLANATION 

~ 
Average daily pumpage, 

in millon gallons per day 

E:§{' 
Combined pumpage of wells 

wherever two or more wells 
are assigned to pump from 
the same finite, difference 
grid element 

• Water utility well 
(existing or proposed) 

(J 

Industrial or pub l ic 
institution well 

(two welill 

Number of wells represented 
by well symbol. if more than 
one well 



Regional steady-state drawdowns in the sandstone aquifer for 1980 and 

1990 were computed by running the model twice, once using pumpages for 1980 

and once using pump ages for 1990. The computed 1980 and 1990 drawdowns are 

shown in figures 22 and 23, respectively. 

Computed 1980 and 1990 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 side 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 aquifer 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 aquifer 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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Figure 22. Computed drawdowns in the sandstone aquifer by 1980. 
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Figure 23, Computed drawdowns in the sandstone aquifer by 1990. 
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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, implicit 

technique 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. It 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 aquifer underlying Dane 

County, Wis., as a confined aquifer 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 aquifer system 

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 1990. These pumping 

rates were distributed in the model according to the likely course that 

aquifer development would take if current development trends continue. 

The sandstone aquifer 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 wells in the Madison 

area may have to be lowered if the wells are to meet their estimated 1990 

pump age rates. 
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The confined-aquifer model can be used to guide future ground-water 

development of the sandstone aquifer. The hydrologic consequences of alternate 

development plans can be computed by the model, thus aiding efficient develop­

ment of the aquifer. 
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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 

computations 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 aquifer system modeled, and pumping rates from the aquifer system. 

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 

parameter 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 cards. Table 4 aids in determining input data for the parameter cards. 

Table 4 is based on the formula: 

(1.5
1 2 3 KT 

SUM ~ DELT + 1.5 + 1.5 + •••.•••• + 1.5 ) (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 aquifer data decks can be coded for the program; 

a minimum of four decks must be coded (fig. 4). Table 5 outlines the input 

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

decks. 
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Input Parameter 

Program title 

Length of pumping 
period. 

Number of elements in 
a column of the finite-
difference grid. 

Number of elements in 
a row of the finite-
difference grid. 

Maximum permitted 
number of time steps. 

----

Table 3.--Preparation of parameter data cards. 

Card Column Format Program 
no. nos. Specifi- variable Remarks 

cation name , 

1 1-80 AY Up to 131 spaces may be used in a program 
HEADNG ti tIe. The title is printed as one line 

2 1-51 A of output. 

1-10 FY TMAX The period of time to be covered for a non-
steady-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. 71. 

11-20 IY DIML The maximum permitted number of elements 
for columns is 50. 

21-30 I DIMW The maximum permitted number of elements 
for rows is 55. 

31-40 I NUMT The number of time steps to be used for a 
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. 
Assign NUMT a value of one for steady-
state runs. 
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Input Parameter 

Maximum permitted 
number of iterations 
per time step. 

Number of time steps 
between printouts. 

Number of iteration 
parameters. 

Closure error for 
acceptable solution. 

Conversion factor for 
system of measurement 
units. 

Card 
no. 

3 

Table 3.-Continued. 

Column Format Program 
nos. Specifi- variable 

cation name 

41-50 I ITMAX 

51-60 I lITH 

61-70 I LENGTH 

71-80 F ERR 

1-10 F FUDGE 

Remarks 

Rowand column computations should converge 
to a solution within 100 iterations for 
most problems. The diagnostic EXCEEDED 
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/'lNET, PUMPT, DELQT, 
DIFFT, and DELT at that iteration are 
provided as punched output for a possible 
later run. Nonc_onvergence generally resul ts 
when a mistake in the input data makes a 
solution impossible. 

KTH can range from 1 to NUMT if KTH = 1, 
then NUMT printouts will be made. If 

KTH = NUMT, then only the final result 
will be printed. 

Three to seven parameters generally result 
in reasonable convergence rates. 

A closure error of 0.001 to 0.01 foot 
(0.03048 to 0.3048 centimeters) between 
row and column computations generally 
gives a good solution. 

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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Input Parameter 

Multiplier for 
transmissivity values 
coded in aquifer data 
deck no. 2 

Multiplier for storage 
coefficient values 
coded in aquifer data 
deck no. 3. 

Multiplier for pumpage 
values coded in aquifer 
data deck no. 4. 

Multiplier for saturated 
thickness values coded 
in aquifer data deck 
no. 5. 

Multiplier for hydraulic 
conductivity values 
coded in aquifer data 
deck no. 6 

Multiplier for specific 
storage values coded 
in aquifer data deck 
no. 7 

Card 
no. 

4 

Column 
nos. 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

Table 3.-Continued. 

Format Program 
Specifi- 'variable 
cation name 

F FACT 

F FACS 

F FACPp 

F FACT¢R 

F . FACH 

F FACSS 

Remarks 

Multipliers provided for aquifer data decks 
2 through 7 to reduce the number of numerical 
characters that must be recorded in these 
decks. Example: Assume pumpages are re­
corded in aquifer data deck no. 4 in Mgal/da 
The multiplication factor FACPP must be 
assigned a value of 1000000.0. 

Aquifer data decks 5,6, and 7 may be 
omitted by assigning values of -1.0 to the 
appropriate multipliers (also see table 5). 

Assign FACT¢R a value of 0.0 if aquifer 
data deck no. 5 is used only to identify 
recharge boundaries. 



'" en 

Input Parameter 

Numerical interval for 
alphameric printout 
of computed head 
changes. 

Numerical interval for 
alphameric printout of 
transmissivity values. 

Numerical interval for 
alphameric printout of 
storage coefficient 
values. 

Numerical interval for 
alphameric printout of 
saturated thickness 
values. 

Numerical interval for 
alphameric printout of 
hydraulic conductivity 
values for confining 
beds. 

Numerical interval for 
alphameric printout of 
specific storage values 
for confining beds. 

Card Column 
no. nos .. 

71-80 

1-10 

11-20 

21-30 

5 

31-40 

41-50 

Table 3.-Continued. 

Format Program . 
Specifi- variable Remarks 
cation name 

F SPACNG The interval between numerical values for 
a coded alphameric printout of computed 
head changes is specified. Leave this 
space blank if such a printout is not I 

desired (also see parameter card no. 9). 

F SPACT 

.. i 

F SPACS I 

The interval between numerical values for 
alphameric printouts of the physical 
properties of the aquifer system that are 

F spACR included as aquifer data decks in the 
analysis must be specified, otherwise leave 
the appropriate spaces blank. 

, 
There will be an alphameric printout for 

F SPACV each of the physical properties of the 
aquifer system that are included in the 
analysis. 

F SPACSS 

T 
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Input Parameter 

Duration of pumping 
since start of 
computations. 

Volume of cone of 
depression since start 
of computations. 

Volume of water pumped 
since start of 
computations. 

Volume of induced 
leakage since start 
of computations. 

Cumulative residual 
error in mass balance 
analysis at start of 
computations. 

Length of time step 
at start of 
computations. 

Card 
no. 

6 

7 

Table 3.-Continued. 

Column Format Program 
nos. Specifi- variable 

cation name 

1-20 EY SUM 

21-40 E C0NET 

41-60 E PUMPT 

61-80 E DELQT 

1-20 E DIFFT 

21-40 Dil DELT 

Remarks 

---------- --

Each of these variables is assigned a 
value of 0.0 for the initial run. New 
values are provided as punched output for 
successive runs, if punched output is 
requested (see parameter card no. 8) . 

. 

Assigned a value of 0.0 for the initial 
! 

run. A new value is provided as punched , 

output for successive runs, if punched 
output is requested (see parameter card 

I no. 8) . 
I 

Nonstead~-state runs: Divide TMAX by the 
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 

-4 -5 accurate results. Values of 10 to 10 
days have been satisfactory for most problems. 
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Input Parameter 

Indicator for punched 
output of computed 
head changes. 

Indicator for alphameric 
printout of computed 
head changes. 

Indicator for numerical 
printout of computed 
head changes. 

Card 
no. 

. 

8 

9 

10 

Table 3.-Continued. 

Column Format Program 
nos. Specifi- variable 

cation name 
---

1-5 A PNCH 

1~7 A C0NTR 

1-7 A NUM 

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 
aquifer. 
A new value of DELT is provided as punched 
output for successive runs, if punched 
output is requested. 

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, C0NET, 
PUMPT, DELQT, DIFFT, and DELT at the end 
of the run. 

Punch the variable name C0NT0UR on this card 
if a coded alphameric printout of computed 
head changes is desired, 
this card blank.~/ 

otherwise leave 

Punch the variable name NUMERIC on this 
card if a numerical printout of computed 
head changes is desired, otherwise leave 
this card blank.~ 
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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, 

blank.V 
otherwise leave this card 

Indicator for numerical 12 1-6 A FLI'lW Punch the variable name LEAKAGE on this 
printout of induced card if a numerical printout of induced 
leakage rates from leakage rates is geSired, otherwise leave 
confining beds and this card blank.~ 
fully penetrating 
streams. 

- ----------- ~---

1. Alphameric characters appearing anywhere in the field specified by the column numbers will be 
assigned to the program variable name. 

2. 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. 

3. 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. 

4. This format is used to record very large or very small numbers in the specified field making use 
of scientific notation. For example, 0.00011 could be punched as 1.lE-04. The letter D is used 
in place of an E to specify double precision. The last digit to the right of the E or D must end 
in the last column of the field. 

5. 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 
time steps 

(KT or NUMT) 

Column 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1a 
14 
15 
16 
17 
18 
III 
20 
81 
22 
22 
114 
25 
28 
27 
28 
28 
30 
31 
32 
33 
34 
35 
38 
37 
38 
311 
4Q 

41 
42 
43 
4& 
415 
48 
47 
48 
49 
50 

1 2 
(1.5 + 1.5 

• • •• + 

column 2 

1.:;000 + 00 
3.7500 + 00 
7.1250 + 00 
1.8188 + 01 
1.9781 + 01 
S.1l72 + 01 
408258 + 01 
7.3887 + 01 
1.l23S + 02 
1.7000 + 02 
2.3649 + 02 
3.88114 + 02 
5.8088 + 02 
8.7279 + 02 
1.3107 + 03 
1.9875 + 03 
2.9628 + OS 
404307 + 03 
6.8475 + 03 
9.9728 + 03 
1.4861 + 04 
2.8442 + 04 
S.388S + 04 
5.0489 + 04 
7.3750 + 04 
1.1Z8S + 05 
1.7044 + 05 
2.5567 + 05 
3.83S0 + 05 
5.75a5 + 05 
8.8288 + 05 1._ + 08 
1.9416 + 06 
2.9122 + 06 
4038815 + 06 
8.5525 + 08 
9.8287 + 08 
1.4743 + 07 
8.8116 + 0'1 
3.3172 + 0'1 
409'168 + 07 
?48a'7 + 07 -
1.1198 + 08 
1.8'1815 + 08 
2.6190 + 08 
3.7786 + 08 
5.6877 + 08 
8.5018 + 08 
1.2752 + 09 
1.9129 + 09 

60 

f-

Number of 
time steps 

(KT or NUMT) 

Column 1 

51 
58 
33 
54 
55 
38 
5'1 
58 
59 
eo 
61 
62 
63 
84 
65 
66 
87 
68 
89 
70 
71 
72 
73 
74 
75 
78 
77 
78 
79 
80 
81 
sa 
815 
84 
S5 
88 
8'1 
88 
88 
90 
91 
92 
815 
94 
95 
98 
11'1 
118 

" 100 

1 2 
(1.5 + 1.5 + 

••.• + 1. 5
KT

) 

Column 2 

2.8895 + 09 
403039 + 09 
8.4559 + 09 
9.6839 + 09 
1.41528 + 10 
2.1'189 + 10 
3.2883 + 10 
409025 + 10 
7.353'1 + 10 
1.1031 + 11 
1.8546 + 11 
2.4819 + 11 
3.'1228 + 11 
5.5842 + 11 
8.3785 + 11 
1 • .2564 + 12 
1.8847 + 1.2 
2.8270 + 12 
4oll405 + 12 
6.3608 + 12 
9.54l1 + 12 
1.4312 + 13 
2.1488 + 13 
3.ll201 + 13 
4.8302 + 13 
7.246S + IS 
1.0888 + 14 
1.6302 + 14 
a.4&63 + 14 
3.0878 + 14. 
5.5019 + 14 8._ + 14 
1.1lII'I9 + 15 
1.8589 + 15 
2.785'5 + 15 
4.1780 + 15 
6.28'70 + 15 
9.41J05 + 15 
1.4101 + 16 
2.1161 + 18 
15.1'127 + 16 
40'7590 + 16 
7.1385 + 16 
1.0706 + 17 
1.6OSll + 17 
2.4D86 + 17 
3.8l39 + 17 
5.4208 + 17 
8.la12 + 1'1 
1.8197 + 18 
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Input Data 

Width of rectangular 
grid elements. 

Length of rectangular 
grid elements. 

Transmissivity values 
and location of 
barrier boundaries 
for confined aquifer. 

Storage coefficient 
values for confined 
aquifer. 

Artificial recharge or 
withdrawal rates for 
confined aquifer. 

Saturated thickness 
values for confining 
beds and location of 
becharge boundaries 
for confined aquifer. 

Table 5.--Preparation of aquifer data decks. 

Aquifer Maximum Format Program 
data no. for variable 

Remarks 
deck of editing name 

no. cards code 

1 7 8FIO.4 DELX(J) Record width of each grid element going 
from left to right across the grid. There 
can be a maximum of 55 values.!! 

7 8FIO.4 DELY(I) Record the length of each grid element 
going down the grid. 7here can be a 
maximum of 50 values.~ 

2 150 20F4.0 T( I, J) Record transmissivit~ values divided by 
the multiplier FACT.~ Transmissivity 
values of 0.0 are recorded wherever a 
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. 

3 150 20F4.0 S (I, J) Record storage coefficient values divided 
by the multiplier FACS.~ , 

J 

4 150 20F4.0 PUMP ( I, J) Record recharge and withdrawal rates 
! 

divided by the multiplier FACPP.~I Re-
charge is recorded as negative values, 

I 
withdrawals are recorded as positive 
values. 

, 

5 150 20F4.0 RATE (I, J) Record saturated thickness values of con-
I fining beds divided by the multiplier 

FACT¢R.~I Record values of -1.0 wherever 
! 

a recharge boundary occurs. 
Omit this deck if FACT¢R is assigned a I 

value of -1.0 in the parameter cards. , 
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Table 5.-Continued 

Aquifer Maximum Format Program 

Input Data 
data no. for variable 

Remarks 
deck of editing name 

no. cards 

Hydraulic conductivity 6 150 20F4.0 HYC0ND Record hydraulic conductivity values for 
values for confining (I, J) confining beds divided by the multiplier 
beds. FACH.~/ Omit this deck if FACH is as-

signed a value of -1.0 in the parameter 
cards. 

Specific storage 7 150 20F4.0 SS(I, J) Record specific storage values for con-
values for confining fining beds divided by the multiplier 
beds. FACSS.~ Omit this deck if FACSS is 

assigned a value of -1.0 in the parameter 
cards. 

Head changes 8 350 8FIO.4 PHI(I, J) This deck is omitted in the initial run 
computed by an but can be provided as punched output to 
earl ier run. continue the computations in later runs 

(see parameter card no. 8) • 
---- ---------_ ... ---~-

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

2. 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. 

! 

i 
, 
, 
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CARD NO 12 FLowl 
~ ~ ~ ~ ~ , , : ~:!!!!:::: : !:!!!!!! ::::! :!!: ! !!:~!:~!!!:!! ! :~.!:!!: !!!::: !!!!!! ~ :::::::!! 

111"1 

CARONO II 

,,,co 1 1111 

CHCK 
~ ~!! ~ , ~:! ,~: : ~!!:! ~ :!!!~,!!~ !!!!!!! :!!,~!!! !!!,! ~~ ~,! !!~!~ !!! ~ !!!!:~ ~!!!!!::!!! :!!!~! 

lll.wn f. 11111 1 
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NUM 
. ~ ~ ~ ~ , ~::!! ~!: !: ~!!! ~~. f !~.~ I!!!:: ~!!! ~ !!! ~ !~,!!! ~ !~ !! :~,!!!! !~ !,~ !~>!~,!~,!!: ~ ~~!:!! !~! 
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(tl'T~1' 111111 I 
CONT 
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CARD NO) 

CARD NO 2 
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Figure 24. Parameter data cards for the digital computer program. 



Description 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 IN0UT. Included in subroutine IN0UT are subroutines PRNTA through 

PRNTF, which print out the data included in aquifer 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 aquifer. Printout of the solutions is controlled by 

subroutines PRNTl to PRNT3. A listing of the source program is given in 

Table 6. 

64 



COMPUTE ITERATION 
PARAMETERS 

CALL IPARAM 

ADVANCE TIME 

COMPUTE 
LEAKAGE 

COEFFICIENTS 

CALL CLAY 

CYCLE ITERATION 
PARAMETERS 

COMPUTE HEAD 
CHANGE ALONG 

ROWS 

CALL ROW 

COMPUTE HEAD 
CHANGE ALONG 

COLUMNS 

CALL COLUMN 

YES 

YES 

STOP 

Q NO 

YES 

NO-0 

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

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C 
C PURPOSE 
C TO COMPUTE THE ORAWaOWN IN A CONFINED AQUIFER AFTER DESIGNATED 
C PERIODS OF TIME 
C 
C METHOD 
C THE ITERATIVE ALTERNATING DIRECTION IMPLICIT PROCEDURE IS USED 
C TO SOLVE THE DIFFERENTIAL EQUATIONS 
( 

C PROGRAMMED BY G. F. PINDER - VERSION 5. SEPT. I. 1970 
C REVISED BY R.S. MCLEOD MAR(H I. 1972 
C 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

TABLE OF (ONTENTS C • 
C 

C 
C 
( 

C 
( 

( 

C 
C 
C 
C 
( 

C 
( 

C 
C 
C 

• 

SUBPROGRAM NO. 
1 
2 
3 
q 

5 
6 

7 
8 
9 

10 
I I 
12 
13 
1 q 
15 
16 

NAME 
DATAIN • 
INOUT 
IPARAH 
CLAY • 
ROW • 
COLUMN 
CHECK 
PRNTI 
PRNT2 
PRNT3 
PRNTA 
PRNTB 
PRNTC • 
PRNTD • 
PRNTf • 
PRNTF 

c ••••••••••••••••••••••••••••••••••••.•.•••••••.••••••••••••••••••• 
C 
C 
C DESCRIPTION OF INPuT PARAMETERS (GALLON-DAY-FOOT SYSTEM OF UNITS) 
( 

C CHCK=INDICATOR FOR "ASS BALANCE CHECK OF COMPUTATIONS 
C CONET=VOLUME OF CONE OF DEPRESSION AT START OF COMPUTATIONS 
C (GALLONS) 
C CONTR=INOICATOR FOR ALPHAMERIC PRINTOUT OF COMPUTED ORAWDOWNS 
C DELQT=CUMULATIVE VOLUME OF INDUCED LEAKAGE AT START OF 
C (OMPUTATIONS (GALLONS) 
C OELT:LfNGTH OF INITIAL TIME STEP (DAYS) 
C DELI=DISTANCE BETWEEN NODES IN THE PROTOTYPE IN THE X DIRECTION 
C (F€ET) 
C CELY=DISTANCE BETWFEN NODES IN THE PROTOTYPE IN THE' DIRECTION 
C (FEETl 
C DIFFT=(UMULATrVE RESIDUAL ERROR AT START OF COMPUTATIONS 
C (GALLONS) 
C DIML=NUMBER OF NODES IN COLUMN OF MATRIX 
C DIMN=NUMBER OF NODES IN ROW OF MATRIX 
C ERR=CLOSURE ERROR FOR ITERATION (FEET) 
C FACH,MULTIPLICATION FACTOR FOR VERTICAL HYDRAULIC CONOUCTIVITY 
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Table 6,-Continued. 

C VA~UcS Of LEAKY CONFINING BEDS 
C FACPP=MULTIP~ICATION FACTOR FOR PUMPAGE VA~UES 

C FACS=MU~TIPLICATION fACTOR fOR STORAGE COEfFICIENT VALUES 
C FACSS=MULTIPLICATION FACTOR FOR SPECIfIC STORAGE VALUES OF 
C LEAKY CONFINING BEDS 
C FACT=MUTIPLICATION FACTOR FOR TRANSMISSIVITY VALUES 
C FACTOR=MULTIP~ICATION FACTOR FOR SATURATED THICKNESS VA~UES 
C OF ~EAKY CONFINING BEDS 
C F~OW=INDICATOR FOR NUMERICA~ PRINTOUT of INDUCED LEAKAGE FROM 
C CONFINING BEDS ANDIOR FULLY PENETRATING STREAMS 
C FUnGE=CONVERSION FACTOR BETWEEN GALLONS AND CUBIC FEfT 
C (7,~B GALLONS PER CUBiC fOOT) 
C HEADNG=ANY HEADING Of INTEREST TO USER-DO NOT EXCEED 
C 131 CHARICTERS 
C HYCONOII,J)=VERTICA~ HYDRAU~IC CONDUCTIVITY Of LEAKY 
C CONFINING BEDS (GPD/SQ,FT.) 
( ITMAX=MAXIMUM PERMITTED NUMBER OF ITERATIONS PER TIME STEP 
C KTH=NUMBER OF TIME STEPS BETWEEN PRINTOUTS 
C LENGTHaNUMBER OF ITERATION PARAMETERS 
( NUM=INDICATOR FOR NUMERICAL PRINTouT OF DRAWDOWN 
C NUHT=MAXIMUM NUMBER OF TIME STEPS 
C PHI(I,JI=ORAwDOWN INEGATIVE) OR RiSE (POSITIVEI IN POTENTIOMETRIC 
C SURFACE OF THE AQUIFER AT START OF EACH TIME STEP (FEET) 
C PNCH=INDICATOR FOR PUNCHED OUTPUT OF COMPUTED DRAWOONNS 
C PUMP(I,J)=PUMPAGE FROM AQUIFER (GPDI-PoSITIVE FOR 
C DISCHARGE WELL,NEGATIVE FOR RECHARGE WE~L 
C PUMPT=VOLUME OF WATER PUMPED AT START of (OMPUTATIONS 
C IGALLONS) 
C RATE(I,J)=SATURATED THICKNESS OF LEAKY CONFINING BEDS (FEETI 
( 51 I.JI=STORAGE COEFFICIENT (DIMENSIONLESS) 
C SPACNG=SPACING FOR ALPHAMERIC PRINTOUT OF COMPUTED DRAWDOWNS 
( SPACR=SPACING FOR ALPHAMERIC PRINTOUT of SATURATED THICKNESS 
C VALUES OF LEAKY CONFINING 8EOS 
C SPACS=SPACING FOR ALPHAMERIC PRINTOUT OF STORAGE COEFFICIENT 
C VALUES 
C SPICSS=SPACING FOR ALPHAMERIC PRINTOUT OF SPECIFI( STORAGE VALUES 
C Of LEAKY CONFINING BEDS 
C SPACT=SPACING FOR ALPHAMERIC PRINTOUT OF TRANSMISSIVITY VALUES 
C SPACV=SPACING FOR ALPHAMERIC PRINTOUT OF VERTICAL HYDRAULIC 
C CONDUCTIVITY VALUES OF LEAKY CONFINING BEDS 
C SS(I,JI=SPECIFIC STORAGE OF LEAKY CONFINING BEDS (I/FEET) 
C SUM=DURATION OF PUMPING (DAYS) 
C TII,J)=TRANSMISSIVITy IGPD/FT.) 
C TMAX.MAXIMUM ALLOTTED pERIOD FOR PUMPING IDAYS) 
C 
c •••••••••••••••••••••••••••••••••• , ••••••••••••••••••••••••••••••• 

INTEGER OIML,DIMW 
REAL.8 KEEPIIMK 
REAL NUM,MINS 
DIMENSION S(SO,SS),RATEISO,SS),KEEP(SO,SS) ,G(SS)oTEMPISS) ,8E(S5), 

lRHOPIZS) ,CHK(S),TISO,SS),PHI ISO,SS),PUMP(SO,SS) ,DELX(55) ,DELYlSO), 
ZSYM(39),QCOEF(SO,SS),HEADNG(33),HY(ONO(SO,SS),SSI50,S5),PRNT(SS), 
3BLANKlbO),DDNIS5),DELQ(SO,SS) 

DOUBLE PRECiSION PHI,D,G,TEMP,BE,W.TI,T2,T3,T~,RHO.A,B,C.DELT, 

67 



Table 6.-Continued. 

IRHOP,PARAM 
COMMON IINTEGRI DIML,OIMW,NUKT,LENGTH,ITMAX,INOI,JNOI,KTH 
COMMON ISINGLEI SUM,OELX,DELy,RATE,S,SPACNG,T,FUDGE,PUMP,FACTOR, 

IERR,FACS,FACT,TMAX,TEST,CHK,PNCH,CONTR,NUM,QCOEF,SS,TT,HYCONO, 
2HEADNG,FACH,FACSS,FACPP,CHCK,SPACR,SPACT,SPACS,SPACV,SPACSS,fLOW 

COMMON IDOUBLEI PHI,KEEP,OELT,D,G,TEMP,BE,W,TI,T2,T3,T~,RHO,A,8,C, 
IRHOP,PARAM,IMK 

COMMON ICHKWRTI CONET,PUMPT,OELQT,OIFF,OIFFT,DELQ,DELQR 
COMMON IPRNTOTI SYM,PRNT,BLANK,OON 
DIMENSION ASTRIX(SO) 
DATA ASTRIX/SO.IH" 

c •••••••••••••••••••••• , • " ••••••••••••••••••••••••••••••••••••••••• 
C 
C READ INPUT DATA 
C C········· .. ·. 

CALL DATAIN C··········.·· 
C 
C 
C 

PRINT INPUT DATA 

c········· .. ·. 
CALL INOUT 

C············· 
C 
C (OMPUTE ITERATION PARAMETERS 
C C········.·.·· CALL !PARAH C····.·······. 
C 

KT=O 
TEST=O 
JNOl=DIMW-l 
INOl=DlML-l 

In IF(TEST.EQ.O) GO TO 50 
c 
( 

( 

TEST FOR MAXIMUM PERMITTED NO. OF ITERATIONS PER TIME STEP 

c 
c 
c 

C 
C 
C 

IF(KOUNT.LT'ITMAX) GO TO 20 
WRITE (6,170) 
GO TO 60 

CYCLE ITERATION PARAMETERS 

20 KOUNT=KOUNT.! 
IF(MODIKOUNT,LENGTH))30,30,~O 

30 NTH=D 
GO NTH=NT".! 

PARAM=RHOP(NTH) 
TEST:;:o. 

COMPUTE IMPLICITLY ALONG ROWS 
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c············· CALL ROW C············· 
C 
C 
C 

COMPUTE IMPLICITLY ALONG COLUMNS 

c·········.··· 
CALL COLUMN C············· 

C 

C 
C 
C 

C 

GO To 10 

ADJUST FOR NEW TIME sTEP 

50 IFINAL=O 
IFIICHCK.EQ.CHKI~).OR.FLOW.EQ.CHKIS)).AND.KT.NE.O) CALL CHECK 
IFCKT.GT,NUMT.OR.SIJM.GT.TMAX, IFJNAL~l 
IFIIMODIKT,KTH).NE.O.OR.KT.EQ.O).ANO.IFINAL.NE.l) GO TO 80 
WRITE 16,180) KT,DELT,SEC,MINS,HRS,SUM,KOUNT,TT 
IF/CONTR.EG.CHK/2)) CALL PRNT2 
IF/NUM.EQ.CHK/3)) CALL PRNTI 
IF/FLOW.EG.CHK/S)) CALL PRNT3 
IF/CHCK.EG.CHKlq)) WRITE /6,120) DIFF,oIFFT,CONET,PUMPT,DELGT 

.WRITE 16,130) ASTRtX 
IFIIFINAL.NE.11 GO TO 80 
IFIPNCH.NE.CHKllll STOP 

60 DO 70 l=l,DIML 
70 WRITE (1,1501 (PHI/l,J),J=I,DIMWI 

WRITE/I,IQOI SUM,CONET,PUMPT,DELGT,DIFFT,DELT 
STOP 

80 CONTINUE 
KT=KT+I 
KOUNT=O 
DO 90 I=I,oIML 
DO 90 J=I,OIMW 

90 KEEP/I,JI=PHIII,J) 
100 CONTINUE 
110 DELT=I.S*OELT 

SUM=SUM+DELT 

C COMPUTE COEFFICIENT of VERTICAL LEAKAGE FOR CONFINING BEDS 
( 

C········· 
CALL CLAY 

( ........• 
C 

c 

HRS=5UM*2'+, 
MINS=HRS*6n. 
SE(=MINS'60' 
GO To 30 

( ................................. " .............................. . 
c 

120 FORMAT/1Hl ,III,SlX,29HINFORMATION FROM MASS BALANCEI150X,21HMASS B 
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IALANCE RESIDUALIPEII.3/SnX,19HCUMULATIVE NESIDUALIPEII.3/S0X,ZSHVO 
2LUME OF CONE OF DEpRESSIONIPEII.3/S0X,ISHCUMULATIVE PUMPINGIPEII.3 
3/50X,2bHCUMULATIVE INDUCED LEAKAGEIPE11.3) 

130 FORMATCIH ,15X,50A2) 
I~O FORMATC~EZO.10IE20.ID,02n.10) 

150 FORMATC8EIO.]) 
170 FORMATCIHO.39HEXCEFDED PERMITTED NuMBER OF ITERATIONS) 
180 FORMATCIHI,55x,I7HTIME STEP NUMBER ,IIO/~9X,Z6HSIZE OF TIME STEP I 

IN DAYS ,EIO.3/QOX,QSHDIJRATION OF PUMPING AT THIS PRINTOUT IN SEC ON 
2DS ,EIO.l/SOX,8HMINUTES ,EID.3/8DX,6HHQURS ,EID.l/SOX,SHDAYS ,EIO. 
3l/S6X,!7HITERATION NUMBER ,IIO/~Sx,26HMAXIMUM DIMENSIONLESS TIME,I 
QpEIO.3) 

END 
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SUBROUTINE DATAIN 
C SUBPROGRAM NO. I 
c •••••••••••••••••••• , ••••••••••••••••••••••••••••••••••••••••••••• 

INTEGER DIML,OIMW 
REAL.a KEEP,IMK 
REAL NUM 
DIMENSION SISO,SSI,RATE(SO,SSI ,KEEP(SO,SSI,G(SSI,TEMP(SSI,BE(SSI, 

lRHOP(2SI,CHK(SI,T(SO,SSI,PHI (SO,5SI,PUMP(SO,SSI,DELX(SSI,OELy(SOI, 
2SYMI39I,QcoEFlsn,SSI,HEADNG(33I,HYCOND(SO,5S1 ,SS(SO,SSI,PRNT(SSI, 
3BLANK(bOI,ODNISSI,OELQ(SO,SSI 

DOUBLE PRECISION PHI.D.G,TEMP,BE'W,Tl,T2,T3,T~,RHO,A,B,C,DELT, 
lRHOP,PARAM 

COMMON IINTEGRI DIML,OIMW,NUMT,LENGTH,ITMAX,INOI,JNOI,KTH 
COMMON ISINGLEI SUM,DELX,OELv,RATE,S,SPACNG,T,FUOGE,PUMP,FACTOR, 

IERR,FACS,FACT,TMAX,TEST,CHK,PNCH,CoNTR,NUM,QCOEF,SS,TT,HYCONO, 
2HEADNG,FACH,FACSS,FACPP,CHCK,SPACR,SPACT,SPACS,SPACV,SPACSS,FLOW 

COMMON IDOUBLEI PHI.KEEP,DELT,D,G,TEMP,8E,W,TI,T2,T3,T~,RHO,A,A,C, 
IRHOP,PARAM,IMK 

COMMON ICHKWRTI CONET,PUMPT,DELQT,olFF,DIFFT,DELQ,DELQR 
COMMON IPRNTOTI SYM,PRNT,8LANK,ODN 

c ••••••••••••••• , •••••••••••••••••••••••••••••••••••••••••••••••••• 
C 
C PURPOSE--TO READ INPUT DATA 
C 

READ(S,1301 HEADNG 
READIS,I~OI TMAX,DIML,oIMW,NUMT,ITMAX,KTH,LENGTH,£RR, 

IFUDGE,FACT,FACS,FACPp,FACTOR,FACH,FACSS,SPACNG 
REAO(5,2001 SPACT,5PACS,SPACR,SPACV,SPACSS 
READ(S,1701 SUM,CONET,PUMPT,DELQT,OIFfT,DELT 
RfAD(5,1601 PNCH,CONTR,NUM,CHCK,FLOW 
READ(S,1901 (DELX(JI,Jol,DIMWI 
READISoI901 IDEL" 11,!=I,DIMLl 
DO 10 I=I,DIML 
REAO(SoISOI ITII,JI,J=I,OIMWI 
DO 10 J=I,DIMw 

10 T( I,Jl=T( I,JI*FACT 
DO 20 Iol,DIML 
REAO(StlSOI (S( I,Jl,J=1 ,DIMWI 
DO 20 J=I,DIMW 

20 S( I,JI=S( I,JI*fACS 
DO 30 1=I,DIML 
.READ(S,ISOI (PUMPII,JI,J=I,OIMWI 
DO 30 JoI,nlMW 

30 PUMPII,JI=PUMPII,JI*FACPP 
IFIFACTOR.LT.O,OI GO TO 50 
DO ~o 1=I,DIML 
READ(S,ISOI IRATE( I,JI,J=I,DIMWI 
DO ~o J=I,nIM. 
If(RATfII,JI.LT,O., QCOEf( I ,JI=I.OE+07 

~o IF(RATf(I,JI.GT.OI RATE(I,Jl=RATE{J,JI.FACTOR 
SO IFIFACH.LT.O.OI GO TO 70 

DO 60 1=I,oIML 
READ(SoiSOI (HYCONO( I ,JI,J=I,DIMWI 
DO 60 J:;;l.DtMW 
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Table 6.-Continued. 

60 HYCONDIl,J)=HYCONDII,J)'fACH 
70 IFIFACSS.LT.O.O) GO TO 90 

DO BO I=I,DIML 
READIS, ISO) 1551 I,J) ,J=I ,DIMWl 
DO BO J=I,QIMW 

805SCl,Jl=SSCl,Jl'FACSS 
98 IFCSUM.EQ.O.) GO TO 120 

DO lID I=I,DIML 
lID READCS,I80l CPHll],Jl,J=l,O!MWl 
120 RETURN 

c ••••••••••••••••••••••••••••••• " •••••••••••••••••••••••••••••••••• 
C 

130 FORMATC20Aq/ZOA~) 
lQO FORMATCFI0.2,6110,FI0.2/RFI0.Z) 
ISO FORMATIZOFQ'Ol 
160 FORMATIA5/A6/A6/AS/A6l 
170 FORMATlqEZO.IO/EZO.10,DZn.10) 
180 FORMATCBEIO.3l 
190 FORMATCBFIO.O) 
ZOO FORMATISFIO.Z) 

END 
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SUBROUTINE INOUT 
C SUBPROGRAM NO. 2 
C ••••••••••••• , •••••••••••••••••••••••••••••••••••• ,., ••••••••••••• 

INTEGER DIML,DIMW 
REAL.S KEEP,IMK 
REAL NUM 
DIMENSION SISO,5SI,RATE(SO,SSI,KEEP(So,5SI,GISSI,TEMPISSI,BEISSI, 

lRHOP(2SI,CHKISI,T(SO,SSI ,PHI ISO,SSI,PUMPISO,SSI,DELXISSI,DELYlSOI, 
2SYMI39I,QCOEEISO,SSI,HEAONG(33),HYCOND(SO,SS),SS(SO,SS),PRNTISS), 
3BLANKI60I,OON(S5),DELQIsn,5 S 1 

DOUBLE PRECISION PHI ,D,G,TEMp,BE,W.Tl,T2,T3,T~,RHO,A,B,C,DELT, 
IRHOP,PARAM 

COMMON IINTEGRI DIML,OIMW,NUMT,LENGTH,lTMAX,INOI,JN01,KTH 
COMMON ISINGLEI SUM,OELX,OELy,RATE,S,SPACNG,T,EUDGE,PUMP,FACTOR, 

lERR,EACS,EhCT,TMAX,TEST,CHK,?NCH,CONTR,NUM,QCOEE,SS,TT,HYCOND, 
2HEADNG,FACH,FACSS,EACPP,CHCK,SPACR,SPACT,SPACS,SPA(V,5PA(SS,ELOW 

COMMON IDOUBLEI PHI,KEEP,DELT,D,G,TEMP,BE,W,Tl,T2,T3,T~,RHO,A,B,C, 
!RHOP,PARAM,IMK 

COMMON ICHKWRTI CONET,PUMPT'QELQT,OIEF,OIEFT,DELQ,OELQR 
COMMON IPRNTOTI SYM,PRNT,BLANK,ODN 

c •••••••••••••••••••••• , ••••• , ••••••••••••••••••••••••••••••••••••• 
C 
C PURPOSE--TO PRINT OUT INPUT DATA 
c 
C 
C 

c 
c 
C 

C 

PRINT PARAMETER CARD DATA 

WRITElb,!601 HEADNG 
WRITEI6,ISO) DELT,TMAI,NUMT,DIML,OIMW,LENGTH,ERR,FACTOR,FACS, 

IFAC T ,KTH,lTMAX,FACH,EACS 5 ,FACPP 
IFICHKI!).£Q.PNCH) WRITEI6,IIOI 
IFICHK(Z).EQ.CONTR) WRIT£(6'130) 
IEICHK(31.£Q.NUMI WRITEI6,l~OI 

IFICHK(~).£Q.CHCKI WRITEI6,lSO) 
IFICHK(SI.EQ.FLOW) WRITE(6,lSS) 

PRINT GRID OIMENSIONS 

WRlTEI6,210) 
WRITE(6,220) 

IDELXIJ) ,J=I,OIMWI 
IDELYII),I=I,DIMll 

C PRINT TRANSMISSIVITy VALUES AND LOCATION DE BARRIER BOUNDARIES 
C C············· CALL PRNTA C············· 
C 
C PRINT STORAGE COEFEICIENT VALUES 
C C········.···· 

CALL PRNTB 

C············· 
C 
C 
C 

PRINT PUMp AGE 
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c···· .. ·· ... ·. 
CALL PRNTC C········ ... ·. 

C 
C 
C 
C 

C 

PRINT SATURATED THiCKNESS OF LEAKY CONFINING BEDS AND/OR 
LOCATION OF RECHARGE aOUNDARIES 

IF(FACTOR.LT.O.O) GO TO 10 

C········ ... ·· 
CALL PRNTD C····.···· .. ·· 

C 
C PRINT VERTICAl. HYDRAULIC CONDUCTIVITY OF CONFINING BEDS 
C 

10 IFIFACH.LT.O.O) GO TO 20 
c c········· .. ·· 

CALL PRNTE C··········.·. 
C 
C PRINT SpECIFIC STORAGE OF CONFINING BEDS 
C 

20 IFIFAC5S.LT.0.0) GO TO 30 
c C··········.·· CALL PRNTF 

c··········.·· c 

C 

30 CONTINUE 
RETURN 

C •••••••••• , ••••••••••••••••••••••••••••••••••••••••• , ••••••••••••• 
C 

110 FORMATIIHO.2~HPUNCHEO oUTPUT REQUESTED) 
130 FORMATIIHO,26HCONTOURED OUTPUT REQUESTEO) 
I~O FORMATIIHO,2~HNUMERIC OUTPUT REQUESTED) 
150 FORMATIIHO,28HMASS BALANCE CHECK REQUESTED) 
ISS FORMATIIHO,32HINDUCEO LEAKAGE OUTPUT REQUESTED) 
160 FORMAT 1 IHI,//)X,32A~,A3//l 
lAO FORMAT(IHO,60x,16HINPUT PARAMETERSI137H LENGTH OF INITIAL TIME STE 

IP IN OAYS=,EIO.31IQSH MAXIMUM PERMITTED PERIOD OF PUMPING IN DAYSz 
2,EIO.31IQOH MAXIMUM PERMITTED NUMBER OF TIME STEPS=,I~1137H NUMBER 
3 OF NODES IN COLUMN OF MATRIX=.IqI13~H NUMBER OF NODES IN ROW OF M 
qATRIX.,I~1132H NUMBER OF ITERATION PARAMETERS=,IQI128H ERROR CRITE 
SRIA FoR CLOSURE=,FIO.31100H MULTIPLIER FOR THICKNESS OF CONfINING 
6SEDS=,IPEIO.31136H MULTIPLIER FOR STORAGE CDEFFICIENT=,EIO.3113IH 
7MULTIPLIER FOR TRANSMISSIVITY.,EIO.311.0H NUM8ER OF TIME STEPS BET 
8WEEN PRINTOUTS.,lolloOH MAXIMUM PERMITTED NUM8ER OF JTERATIONS=,I~ 
911S7H MULTIPLIER FOR HYDRAULIC CDNDUCTIVITY DF CONFINING SEDS=,IPE 
SIO,3115lH MULTIPLIER FOR SPECIFIC STORAGE OF CONFINING BEDSz,lPEIO 
$.lI12~H MULTIPLIER FOR PUMPAGE=,IPEIO.3) 

210 fORMAT(IHt,02X,QaHGRID SPACING IN pROTOTYPE IN X DIRECTION.IN fEET 
IIII! IHO,lZEIO.3) 

220 fORMATIIHO,.ZX,.aHGRID SPACING IN pROTOTYPE IN Y O!RE-CTION,rN fEET 
III/( IHO,I2ElO.3») 

END 
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SUBROUTINE IPARAM 
C SUBPROGRAM NO. 3 
C ••••••••••••••••••••••••••••••••••••••• , •••••••••••••••••••••••••• 

INTEGER DIML.DIMW 
REAL_S KEEP, I MK 
REAL NUM 
DIMENSION 5150,55) .RATEISO,SS) ,KEEPISO,SS),GISS),TEMPISS),8EISS), 

IRHOPI2S),CHKIS),TISO,5S),PHIISO,SS),PUMP(SO,SS),DELX(5S),DELYISO), 
2SYM(39) ,QCOEFISO,SS) ,HEADNGI33I,HYCOND(SO,S5) ,55150,55) ,PRNTI5S), 
38LANKlbO),DDN(SS),DELQI50,SS) 

DOUBLE PRECiSION PHI,D,G,TEMP,8E,W,Tl,TZ,T3,T~,RHO,A,B,C,DELT, 
lRHOP,PARAM 

COMMON IINTEGRI OIML,OIMW,NUMT,LENGTH,lTMAX,INOl,JNOl ,KTH 
COMMON ISJNGLEI SUM,OELX,DELy,RATE,S,5PACNG,T,FUDGE,PUMP,FACTOR, 

lERR,FACS,FACT,TMAX,TEST,CHK,PNCH,CONTR,NUM,QCOEF,SS,TT,HYCOND, 
ZHEADNG,FACH,FACSS,FACPP,CHCK,SPACR,SPACT,SPACS,SPACV,SPACSS,FLOW 

COMMON IDOIIBLEI PHI,KEEP,DELT,O,G,TEMP,BE,W,TI,TZ,T3,TQ,RHO,A,B,C, 
IRHOP,PARAM,IMK 

COMMON ICHKWRTI CONET.PUMPT,DELQT,DIFF,OIFFT,OELQ,DELQR 
COMMON IPRNTOTI 5YM,PRNT,BLANK,OON 

c , ••• , •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• , 
C 
C PURPOSE~-TO COMPUTE ITERATION PARAMETERS 
C 
C COMPUTE HMJN 

HMIN=2. 

C 

xvAL=3.1~15··Z/(2 •• 01MW··2) 
YVAL=3.1~IS·.2/12 •• 0IML··21 
DO 10 I=2,DIML 
00 10 J=Z,oIMW 
IFITII,J).EQ.O.l GO TO In 
XPART=XVAL* I II I 1+0f'LX 1 J) ·.2/DEL~Y 1 I) "2) 1 
YPART=YVAL.I 1/11+DELYI I 1.'Z/OELXIJ1"Z) 1 
HMIN=AMINII HMIN,XPART,yPART) 

10 CONTINUE 
ALPHA=EXPIALOGII/HMIN)/ILENGTH-l)) 
RHOPlll=HMIN 
DO 20 NTIME=Z,LENGTH 

ZO RHOPINTIME1=RHOPINTIME_1 )'ALPHA 
WRITE 16,30) IRHOPIJ),J=I,LENGTH) 
RETURN 

C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ' ••••• 11. 
C 

30 FORMAT IIHl.5bX,ZOHITERATJON PARAMETERSIIIIIH ,JOEI2.3)1 
END 
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SUBROUTINE CLAY 
C SUBPROGRAM NO. 4 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

INTEGER DIML,DIMW 
REAL_S KEEPdMK 
REAL HUM 
DIMENSION SISo,SS),RATEISO,SS),KEEPISo,S5),GISS),TEMPIS5),8EI55), 

IRHOPIZS) ,CHK IS) ,TISO,55) ,PHI 150,55) ,PUMPI50,SS) ,DELXISS) ,DELY 150), 
ZSYM(39),QCOEfISO,SS),HEADNGI33),HYCONOISO,SS),SSISO,SS),PRNTISS), 
38LANK160) ,ODNISS) ,"ELGISO,SS) 

DOUBLE PRECiSION PHI,D,G,TEMP,BE,W,TI,T2,T3,T~,RHO,A,B,C,DELT, 
IRHOP,PARAM 

COMMON /INTEGR/ OIML,DIMW,NUMT,LENGTH,ITMAX,INOI,JNOI,KTH 
COMMON /SINGLE/ SUM,DELX,DELy,RATE,S,SPACNG,T,fUDGE,PUMP,FACTOR, 

lERR,FACS,FACT,TMAX,TEST,CHK,PNCH,CONTR,NUM,QCOEf,SS,TT,HYCOND, 
2HEADNG,FACH,fAeSS,FACpp,eHeK,SPACR,SPACT,SPACS,SPACV,SPACSS,FLOW 

COMMON /DOUBLE/ PHI ,KEEp,DELT,O,G,TEMP,8E,W,TI,TZ,T3,T~,RHO,A,B,C, 
lRHOP,PARAM,lMK 

COMMON /CHKWRT/ CONET,PUMPT,DELQT,DIFf,DlffT,OELQ,DEL~R 
COMMON /PRNTOT/ SYM,PRNT,8LANK,DDN 

C ••••••••••••••• , ••••••••••••••••••••••••••••••••••••• -••••••••••••• 

c 
C THIS SURRouTINE CALCULATES THE COEFfiCIENT OF VERTICAL LEAKAGE 
C FOR THE CONFINING BEDS 
C 

PIE=3.t~IS9Z7 

TT =0. 
DO 50 !=I,DIML 
DO So J=I,OIMW 
IFIRATEII,J).LE,O.,OR.TII,J).EQ.O.) GO TO 50 
IFIHYCONOI!.J).LE.O.O) GO TO SO 
IfISSII,J).LE.O.O) GO TO ~O 
DIM T = H yeO N D I I • J ) - 5 U M / I RAT E I I • J ) - RAT E I I ,J ) • S 5 I I ,J ) * J. of U 0 G E ) 
IFIDIMT.GT.TT) TT=DIMT 
SUMN=O. 
DOZOl_I,ZOO 
PPT=PJE-Plf*DIMT 
IFIDIMT.LT.I.OE-03) PPT=I.O/DI~T 
CK=12.3-PPT)/IZ.-PPT) 
POWER=L-L_PPT 
IFIPOWER.LE·17~.) GO TO )0 
POWER=ISO 

10 PEX=EXPI-POWER) 
SUMN=SUMN+pEX 
IFIPEX,GT.O.00009) GO TO 20 
IFIL.GT.CK) GO TO 30 

2D CONTINUE 
30 DENOM=I.O 

IFIOIMT.LT.I.OE-03) DENOM=SQRTIPIE.OIMT) 
QI=HvCONDII,J)/IRATEII.J)·OENOM) 
QeOEfll,J)=Q!+2.0*QI_SUMN 
GO TO 50 

~o QCOEFII,J)~HYCONDII ,J)/RATEII ,J) 
50 CONTINUE 
60 RETURN 

END 
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SUBROUTINE ROW 
C SU8PROGRAM NO. S 
C •••••••••••••••••••• "' •••••••••• , •••••••••••••••••••••••••••••••••• 

INTEGER DIML,DIMW 
REAL.a KEEP,IMK 
REAL NUM 
DIMENSION 5(50,551 ,RATE(SO,SSI ,~EEP(50,S51 ,G(551 ,TEMPISSI ,BE(SSI, 

lRHOPI251 ,CHK(SI ,TISO,S51 ,PHI (50,5S1 ,PUMP(50,SSI ,OELXIS51 ,OELY(SOI, 
2SYM(39I,QCOEFI50,SSI,HEADNG(33I,HYCONOISO,5S1 ,SS(50,5SI,PRNT(SSI, 
3BLANK(60I,ODNISSI,OELQI50,551 

DOUBLE PRECISION PHI,D,G,TEMP,BE,W,TI,T2,T3,TQ,RHO,A,B.C,DELT, 
IRHOP,PARAM 

COMMON IINTEGRI DIML,DIMW,NUMT,LENGTH,ITMAX,INOI,JNDI,KTH 
COMMON ISINGLEI SUM,DELX,DELy,RATE,S,SPACNG,T,FUDGE,PUMP,FACTOR, 

IERR,FACS,FACT,TMAX,TEST,CHK,PNCH,CONTR,NUM,QCOEF,SS,TT,HYCONO, 
2HEADNG,FACH,FACSS,FACPP,CHCK,SPACR,SPACT,SPACS,SPACV,SPACSS,FLOW 

COMMON IDOUBLEI PHI,KEEP,OELT,O,G,TEMP,BE,W,Tl,T2,T3,TQ,RHO,A,8,C, 
J RHOP,PA9AM,IMK 

COMMON ICHKWRTI CONET,?UMPT,OELQT,OIFF,DIFFT,DELQ,OELQR 
COMMON IPRNTOTI SYM,PRNT,BLANK,DON 

c ••••••••••••••••• It It It ••• It It It •••• " ••••• It ••••••••••••••••• It ••••••••••• 

c 
C PURPOSE-TO CALCULATE IMPLiCiTLY ALONG ROWS.EXPLICITLY 
C ALONG COLUMNS 
c 

C 

DO 10 J=I,OIMW 
8EIJI=0. 
GIJI=O. 

10 TEMPIJI=PHIII,JI 
on 70 1=2.DIML 
DO 30 ,)=2,JNOI 
IF!TII,JI120,30,20 

20 RHO=FUOGE*S(I,JI/DELT 

C CALCULATE AVERA~E VALUES OF T BETWEEN ADJACENT NODES 
C NODE CONFIGURATION TI=LEFT, T2=RIGHT, T3=UPPER, TQ=LOWER 
C 

C 

TI=( 12"TII ,J-I I.TI I ,JI I/ITII ,JI'DELXIJ-I I+T(I ,J-II*OELXIJI I I/OELX 
I I J I 
TZ=I(Z"T(I,J+II.TII,JII/ITII,JI*OELXIJ+II+TII,J+ll'oELXIJIII/DELX 

1 I J I 
T3=( IZ.*TlI-I,JI.TI I,JI )/ITI I,JI'OELy( I-I I+T! l-I,JI.pELY( I I I )/DELY 

I I I I 
Tq=( 12"TI 1+1 ,JI.TI I,JI I/ITI f,JI'OELY(I+1 I+TI 1+1 ,JI'oELY( I 1 II/OELY 

1 I II 
IMK=PARAM*(Tl+T2·T3·rQ) 

C CALCULATE VALUES OF B ANO G ARRAYS 
C 

8=-TI-T2-RHO-I~K-QCOEFII,JI 
A=Tl 
C=T2 
W=B-A.BEIJ-I I 
BEIJI·C/W 
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C 

Table 6.-Continued. 

D=-T}-PHI 11-1 .J)+IT~+T3-IMK).PHI II .J)-T~·PHI II+I.J)-RHO'KEEPII .J)+ 
lPUMPII .JI/IOElXIJ).OElYIII) 
GIJ)=ID-AoGIJ-I I )1. 

30 CONTINUE 

C CALCULATE HEAD VALUES FOR ROWS OF MATRIX AND PLACE THEM IN 
C TEMPORARY LOCATION TEMP 
C 

N03:::::01MW-Z 
DO 60 KNO~=I.t,!O} 

NOl4=O I M\N-K~JO'f 
PHII!-l.NO~)=TEMPINO~1 

IFITII.NOQI150.QO.50 
QO TEHPINO~I=PHI{I.NO~I 

GO TO 60 
sn TFMP(NOq)=G(NOq)-HE(NO~l.TEMP(NOq+l) 

60 CONTINUE 
7n CONTINUE 

RETURN 
E~Jr) 
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Table 6.-Continued. 

SUBROUTINE COLUMN 
C SUBPROGRAM NO.6 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

INTEGER DIML.DIMW 
REAL.s KEEPoIMK 
REAL NUM 
DIMENSION 5(SO,5S),RAT[(SO,SS) ,KEEP(SO,SS),G(SS),TEMP(SSl.8E(SSl, 

I RHO P ( 2 S ) I C H K ( 5 1 • T ( SO. 5 <; 1 • PHI ( 5 a • S S ) • P U M P ( SO 1551 • DE L X ( 55 ) I DE L Y ( SO ) I 
2SYM(39).QCOEF(SO.SS).HEADNG(33).HYCONO(SO.SS).SS(SO.SSl.PRNT(SSI. 
3BLANK(60),DDNISS),DELQISO,SS) 

DOUBLE PRECISION PHI,D,G,TEMP,BE,~,Tl,T2,T3,T~IRHO,A,B,C,DELT, 
lRHOP,PARAM 

COMMON IINTEGRI DIML,DIMW,NUMT,LENGTH,ITMAX,INOI,JNOI,KTH 
COMMON ISINGLEI SUH,DELX.DELY,RATE,S,SPACNG,T,FUDGE,PUMP,FACTOR, 

IERR,FACS,FICT,TMAX,TEST,CHK,PNCH,CONTR,NUM,QCOEF,SSiTT,HYCOND, 
ZHEADNG,FACW,FACSS,FACPP,CHCK.SPACR,SPACT,SPACS,SPACV.SPACSS,FLOW 

COMMON IDOUBLEI PHI,KEEP,DELT,D.G,TEMP.BE.W.TI.T2.T3IT~IRHOIAI8,C, 
lRHOP,PARAM,lMK 

COMMON ICHKWRTI CONET,PUMPT,DELQT,OIFF,DIFFT,DELQ,OELQR 
COMMON IPRNTOTI SYM,PRNT,BLANK,DDN 

C ••• ••••••••••••••••••••• 11 •••••••• , •• , ••••••••••••••••••••••••••••• 

C 
C PURPOSE--TC CALCULATE IMPLICITLY ALONG COLUMNS, EXPLICITLY ALONG 
CROWS 
C 

( 

DO 10 l=l,DIML 
BE(I)=o. 
G(J)=O. 

10 TU'P(I):PHltr.l) 
DO 70 J=2,oIMW 
DO 30 1=2oINOI 
IFrTI I,J)) 20,30 , 20 

20 RHO=FUOGE'S(I,JI/DELT 

C CALCULATE IVE~AGE VALUES OF T BETWEEN ADJACENT NODES 
c 

c 

TI=( (Z"TI! ,J-I)'TI I ,JI)/(TC I,J)'DELX(J-l )+Tr I,J-II'oELXIJl) l/DELX 
I (J 1 

T2=( 12.<TII IJ+l )'T(I ,Jl I/(T(! ,J)'DELX(J+lI+T( I ,J+! l*OELXIJ)) l/DELX 
1 I J) 

T3=((2.*T(I-I,JI*T(I,Jl)/IT(I,JI*DELY(I-I)+TI!-I.J)'OELY(!I))/DELY 
I ( 1 ) 

T~=(IZ"TI!+l.J)·TII.J)I/(TII,J)'DELY(I+II+TII+I,JI*OELYIIIl)/DELY 
I ( I ) 

IMK=PARAM.(TI+TZ+T3+T~1 

C CALCULATE VALUES OF BAND G ARRAYS 
C 

I=T3 
C=T~ 

8=-T3-T~-RHO-IMK-QCOEFI I .JI 
W=A-A*8E (I -II 
BE(I)=C/W 
O=-Tl'PHI(IIJ-I)+(TI+TZ-IMK).PHIII.Jl-TZ*PHIII,J+!)-RHO*KEEP(I,J)+ 
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c 

Table 6.-Continued. 

IPUMP(I ,JI/COElX(JI.OELYC I I I 
G( I I=(D~A'G( I~I' I/W 

30 CONTINUE 

C CALCULATE HEAD VALUES ~OR COLUMNS OF MATRIX AND PLACE IN TEMPORARY 
C LOCATION TEMP 
C 

N03=0IMl~2 

DO 60 KNOq=I,N03 
NO"=OI~l~KNO" 

PHI(NOq,J~I)=TEMP(NOq) 

IF!T(NOq,J') SO,QO,50 
qO TEMP(NOq)=pHICNOq,J) 

GO TO 60 
SO TEMPCNOq)=G(NOq'-BE(NOq).TEMPCNOq.11 

SNGL=TEMP(NOql~PHI(NOq,Jl 

I~CABS(SNGL'.GT.ERR' TEsT=I. 
60 CONTINUE 
70 CONTINLIE 

RETURN 
END 
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Table G,-Continued. 

SUBROUTINE CHECK 
C SUBPROGRAM NO.7 
C ••••••••••• , •••••••••••••••••••••••••••••••••••••••••••••••••••••• 

INTEGER OIML,DIMW 
REAL.S KEEP,IMK 
REAL NUM 
DIMENSION SI50,5SI.RATEISO,SSI,KEEPISO,SSI,GI5SI,TEMPISS"BEIS5), 

I RH 0 PI 25 1 ,C H K I 5 1 • TIS 0, S 5 1 ,P H I I 50,55 ) ,P U MP 150,55 1 ,D E L X ( 55 ) ,D E LVI SO) , 
25YMI391 ,QCQEEI50,5S) ,HEADNG(33) ,HYCONDISO,SS) ,55150,55) ,PRNTISSI, 
3BLANK(60),DDNIS5),DELQISO,SS) 

DOUBLe PRECiSION PHI,D,G,TEMP,8E,w,TI,T2,T3,T~,RHO,A,B,C,DELT, 
lRHOP,PARAM 

COMMON IINTEGRI DIML,DIM',NUMT,LENGTH,ITMAX,INOl,JNOI ,KTH 
COMMON ISINGLEI SUM,OELX,DELY,RATE,S,SPACNG,T,FUDGE,PUMP,EACTOR, 

IERR,FACS,FACT,TMAX,TEST,CHK,PNCH,CONTR,NUM,QCOEE,SS,TT,HYCOND, 
2HEADNG,FACH,FACSS,FACPP,CHCK,SPACR,SPACT,SPACS,SPACV,SPACSS,ELOW 

COMMON IDOUBLEI PHI,KEEP'DELT,D,G,TEMP,BE,W,TI,T2,T3,T~,RHO,A,B,C, 
lRHOP,PARAM,lMK 

COMMON ICHKWRTI CONET.PUMPT,DELQT,DIEE,DIFrT,DELQ,DELQR 
COMMON IPRNTOTI SYM,PRNT,BLANK,OON 
DOUBLE PRECiSION DELS 

c •••••••••••••••••••••••••••••••••• , ••••••••••• , ••••••••••••••••••• 
C 
C THIS SUBRouTINE COMPUTES THE ERROR IN THE SOLUTION ON A MASS 
C BALANCE BASIS 
C 

DlrF=D 
DELQR=n,O 
DO 10 1=2,n1ML 
DO 10 J=2,OIMW 
IFITII,J).EQ.O.I GO TO I~ 
AREA=DELXIJI'OELYI!) 
TI=112"TI!,J-I)'TII,J)/ITII,J)'OELXIJ-II+TII,J-II*DELXIJI))'OELY 

1 I I ) 
T2=112"TII,J+II'TII,J))!ITII,J)'OELXIJ+I)+TII,J+II*oELXIJI))'DELY 

I I I ) 
T 3 = I I 2 • * T I I - I • J ) • T I I , J) ) I I T I I , J ) • DEL Y 1 I - I ) + TIl - I • J ) • 0 ELY ( I ) ) ) • DEL X 

I I J) 
T~=I 12"TII+I ,J)'TII ,J) )/ITI I ,J)*DELYI l+l)+TII+1 ,JI*OELYll I) )*OELX 

I I J) 
QIN=-TloIPHI I I,J)-PHIII ,J-I 1 )-T3*IPHI II ,J)-PHI 11-1 ,J») 
QOUT=-TZ'IPHI II ,J+l )-PHI II ,J) )-T~'IPHI 11+1 ,J)-PHI II ,J») 
DELS=-SI I,J)'AREAoIPHI II ,J)-KEEPII ,J) ).FUDGE 
DELPMP=-PUMP I I ,J) 
DELQI I,J)=QCOEFII ,J)'I-PHII I ,J) )'AREA 
DELQR=DELQR+OELQII,J) 
CONET=CONET+OELS 
PUMPT=PUMPT+DELPMP*OELT 
DELQT=DELQT+DELQ I I .J) 'OEL T 
D I F = I Q 0 1I T -0 I N - IDE L P MP _ DE L Q I I , J ) ) ). DEL T _ DE L S 
DUM=ARSIDIF) 
DIFF=AMAXIIDIFF,DUM) 
DlrET=DlrFT-DIE 

10 CONTINUE 
RETURN 
END 
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Table 6.-Continued. 

SUBROUTINE PRNTI 
C SUBPROGRAM No.8 
( ................................................................ ~. 

INTEGER DIML.DIMW 
REAL_S KEEP.IMK 
REAL NUM 
DIMENSION SISO.S5) .RATEISO.SS) .KEEPISO.SS) .6ISS) .TEMPISS),BE(SS). 

lRHOP(2S) .CHK(S) .TISO.SS).PH! (50.55) .PUMP(SO.5S) .DELX(SS) .DELY(SOI, 
2SYM(39) .QCOEF(SO.SS) .HEADNG(331.HYCOND(50.5S1 .SS(So.SS).PRNT(SSI. 
3BLANK(60).nDN(SS).nELQ(SO.SS) 

DOUBLE PRECISION PHI.D.G.TEMP.8E.W.Tl.T2.T3.T~.RHO.A.8.C,DELT. 
lRHOP,PARAM 

COMMON IINTEGRI DIML.DIMW,NUMT.LENGTH,ITMAX.INOI.JNOI,KTH 
COMMON ISINGLEI SUM.DELX.DELY.RATE.S.SPACNG.T.FUDGE.PUMP.FACTOR. 

lERR.FACS.FACT.TMAX.TEST.CHK.PNCH.CONTR.NUM.QCOEF.SS.TT.HYCOND. 
2HEADNG.FACH.FACSS.FACPF.CHCK.SPACR.SPACT.SPACS,SPACV.SPACSS.FLO~ 

COMMON IOOUBLEI PHI.KEEP.DELT.D.G.TEMP.BE.W.TI.T2.T3.TQ.RHO.A.B.C. 
lRHOP,PARAM,lMK 

COMMON ICHKWRTI CONET,PUMpT,DELQT,DIFF,OIFFT.DELQ.DELQR 
COMMON IPRNTOTI SYM.PRNT,BLANK.DDN 

c •••••••.•••••••••••••••••••••••••••••••.••••••••••••••••••.•••• , •• 
C 
C THIS SUBRouTINE PRINTS OUT ORA.OOWN IN NUMERICAL FORM 
C 

c 

W~ITEf6,30) 

DO 20 l=l,DIML 
DO 10 J=l,DIMW 

10DDNfJ)=PHIfl,J) 
20 WR]TEf6,QO) 1.IOONIL),L=I,OIMWI 

RETURN 

c '" ••••••••••••••••••••••• II '" ••••••••••••••••••••••••••••••••••• '" •••• 

c 
30 FORMATIIHI ,S8X, IbHORAWOOWN, IN 'F.ET//) 
qO FORMAT(lHO,15.11Ell.3/fb~.llEll.3)) 

END 
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Table G.-Continued. 

SUBROUTINE PRNTZ 
C SUBPROGRAM NO. 9 
c ••••••••• " ••••••••• " •••••••••••••••••••••••••••••••••••••••••••• 

INTEGER DIML,DIMW 
REAL_s KEEP, I HI 
REAL NUM,I 
DIMENSION S!SO,SS),RATE(50,55),KEEP(SO,SS),G(SS),TEMPISS),BEISS), 

lRHOP(Z5) ,CHIIS) ,TISO,55) ,PHI (50,55) ,PUMP(50,SS) ,DELX(5S) ,DELYlSO), 
2SYM(39),QCOEF(50,SS),HEAnNG(33),HVCONDI50,5S),SSISD,5S),PRNTISS), 
3BLANK(60),DDNISS),DELQ(SO,5S) 

DOUBLE PRECISION PHI,D,G,TEMP,8E,.,Tl,T2,T3,TQ,RHO,A,B,C,DELT, 
IRHOP,?ARAM 

COMMON IINTEGRI DIML,OIMW,NUMT,LENGTH,ITMAX,INOI,JNOI,ITH 
COMMON ISINGLEI SUM,DELX,DELv,RATE,S,SPACNG,T,FUDGE,PUMP,FACTOR, 

IERR,FAfS,FACT,TMAX,TEST,CHK,PNCH,CONTR,NUM,QCOEF,SS,TT,HYCONO, 
2HEAONG,FACH,FACSS,FACPP,CHCK,SPACR,SPACT,SPACS,SPACV,SPACSS,FLOW 

COMMON IDOUBLEI PHI,IEEP,DELT,D,G,TEMP,BE,W,TI,T2,T3,TQ,RHO,A,B,C, 
IRHOP,P.~RAM,IMI 

COMMON ICHIWRTI CONET,PUMPT,DELRT,DIFF,DIFFT,DELQ,DELQR 
COMMON IPRNTOTI SYM,PRNT,BLANK,DDN 

c ••••••••••••••••••••••••••••••••••••••••• " •••••••••••••••••••••••• 
c 
C THIS ~U8ROUTINE PRINTS OUT DRAWQOWN AS ALPHAMERIC CONTOURS 
C 

c 

WRtTE(6,SO) 
IND=(6S-DIMWIl2 
DO qo IH=I,DIML 
00 30 JB=I,OIMW 
K=-PH!(IB,J8)/SPACNG 
IF(K.LT.O) Go TO 10 
K=AMOOIK,36.) 
IF(K.LT.I.) PRNT(JB)=SYMI36) 

10 IF(K.LT.OI PRNT(JB)=SVMI)9) 
IF(PHI(IB,JB).EQ.O,O) pRNT(JB)=SYM(371 
N=K 
IF(N.LT.l) GO TO 20 
PRNTIJBI=SyM(N) 

20 IF(PUMPIIB,JB).GT.Q.) pRNTIJB)=SVM(32) 
IFIRATE(IB,JB).LT.O'1 PRNT(J8)=SYMI27) 

30 CONTINUE 
qO WRITE(6,601 (BLANI(I),I=I,!ND).(PRNT(JR),JS=t,DIMW) 

WRITE(6,7DI SPACNG 
RETURN 

c •••• " ••••••••••••••••••••••• , ••••••••••••••••••••••••••••••••• II ••• 

c 
SO FORMAT(IHO,SOX,32HALPHAMERIC CONTOURS FOR ORAWDOWN,IIII) 
60 FORMAT(IH ,65A2) 
70 FORMATIIOHOLEGENo""18HOCQNTOUR INTERVAL ,FlO.3/32HOLOCATION OF R 

lECHARGE BOUNDARY R/16HOWELL LOCATION ./2tHOCONE OF IMPRESSION G) 
END 
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Table G,-Continued, 

SUBROUTINE PRNT3 
C SUBPROGRAM NO.IO 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• , ••••• 

INTEGER DIML,OIMW 
REAL.s KEEPoIMK 
REAL NUM 
DIMENSION SISO,5S1 ,RATEISO,SSI,KEEPISO,SSI,GISSI,TEMPISS),BEISSI, 

IRHOPI2SI,CHKISI,TISO,SSI,PHI ISO,SSI,PUMPISO.SSI.DELXISSI,DELYISOI. 
2SYMI39I,GCOEFISO.SSI,HEAONG(33) ,HycONDISO.SSI,SSISO.SS) .PRNTI5S), 
3BlANK I 60) ,DON I SS I, OELQ 1 50. 5S) 

DOUBLE PRECISION PHI.D,G,TEMP,BE.W.TI.T2,T3.T~,RHO.A,B,C,DELT, 
IRHOP,PARAM 

COMMON IINTEGRI OIML.OIM-,NUMT.LENGTH,ITMAX.INOI,JNOI.KTH 
COMMON ISINGLEI SUM.OELX,DELY.RATE.S.SPACNG.T,fUDGE,PUMP.fACTOR. 

IERR.FACS.fACT,TMAX,TEST,CHK,PNCH.CONTR,NUM.QCOEf,SS,TT,HYCOND, 
2HEADNG,FACH,FACSS,fACPP,CHCK,SPACR.SPACT,SPACS.SPACV,SPACSS,fLOW 

COMMON IDOUBLEI PHI,KEEP,DELT,D,G.TEMP,BE,w.TI,T2.T3.TQ,RHO,A,B.C, 
IRHOP,PARAM,IMK 

COMMON ICHKWRTI CONET,PUMPT,DELGT,OIff.OIFfT.OELQ.DELQR 
COMMON IPRNTOTI SYM,PRNT,BLANK.DON 

c ••••••••• , •••••••• , ••••••••• , •••••••••••••••••••••••.•••••••••••••• 
C 
C THIS SUBROUTINE PRINTS OUT INDUCED LEAKAGE TO THE CONfINED AQUIfER 
C 

C 

WRITEI6,301 
DO 20 I=I.DIMl 
DO 10 J=I.oIMW 

10 DDNIJ)=DELQII .J) 
20 WRITElo,qOI I,IDDNIL),L=I,OIMW) 

WRITEI6,SOI OELQR 
RETURN 

c •••••••••.•••.•••••••••• " •••••.• , •.••••••••••••••••••••••••••••••• 
C 

30 FORMATIIHI,55X,22HINDUCEO LEAKAGE,IN GPOIII) 
qO FORMAT 1 I HO, IS ,II E 11.31 I 6X II Ell. 3) ) 
50 FORMATIIHO.I/I,50X,25H RATE OF INDUCED LEAKAGE=,IPEII.3) 

END 
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Table 6.-Continued. 

BLOCK DATA 
C 
C •••••••••••••••••••••••• , •••••••••••••••••••••••••••••••••••••••• , 

I~TEGER OIML,OIMW 
REAL*S KEE?,IMK 
REAL NUH 
DIMENSION S(50,5S),RATE(SO,5S),KEEP(SO,SS),G(SS),TEMP(55),BEI55), 

IRHOP(2S) ,CHK(S) ,T(50,55) ,PHI 150,55) ,PUMPISO,5S) ,DELXISS) ,OELY(50), 
2SYM(39) ,QCOEF(50,55) ,HEADNG(33) ,HYCOND(50,55} ,SS(50,5S} ,PRNT(55), 
3 B LA N K ( b 0) ,0 D N ( 55) ,D E L Q 1 50 ,55 ) 

DOUBLE PRECISION PHI,D,G,TEMP,BE,W,TI,TZ,T3,T~,RHO,A,B,C,DELT, 
IRHOP,PARAM 

COMMON IINTEGRI DIML,DIMW,NUMT,LENGTH,ITMAX,IN01,JNOI,KTH 
COMMON ISINGLEI SUM,DELX,DELy,RATE,S,SPACNG,T,FUDGE,PUMP,FACTOR, 
IERR,FACS,FACT,T~AX,TEST,CHK,PNCH,CONTR,NUM,QCOEF,SS,TT,HYCOND, 

ZHEAONG,FACH,FACSS,FACPP,CHCK,SPACR,SPACT,SPACS,SPACV,5PACSS,FLOW 
COMMON IDOURLEI PHI,KEEP,DELT,D,G,TEMP,BE,W,TI,TZ,T3,T~,RHO,A,B,C, 

IRHOP,PARAM,IMK 
COMMON ICHKWRTI CONET,PUMPT,DELQT,OIFF,DIFFT,DELQ,DELQR 
COMMON IPRNTOTI SYM,PRNT,BLANK,DDN 

C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

C 
C 

C 

DATA CHKII)/5HPUNCH/,CHKIZ)/bHCONTOU/,CHKI3)/6HNUMERI/,CHK(.)/5H(H 
IECK/,CHK(5)/bHLEAKAG/,OCOEF/2750*O,O/,PHI/2750*O.OI 

DATA SYM/IHI ,IH2,IH3,lH.,lH5,IH6,IH7,IH8,lH9,IHA,IHB,lHC,IHD,IHE,1 
IHF,IHG,IHH,IHI ,lHJ,lHK,lHL,IHM,lHN,lHO,lHP,IHQ,IHR,IHS,IHT,IHU,IHV 
2,lHW,IHX,IHY,lHZ,IHO,IH ,IH*,IHG/,BLANK/60*lH I 

DATA RATE/Z750*O.O/,HYCOND/2750*O.o/,SS/Z750*O.OI 

END 
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Table G.-Continued. 

SURROUTINE PRNTA 
C SUBPROGRAM NO.II 
c •••••••••• '" ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

INTEGER DIML.DIMW 
REAL_a KEEPolMK 
REAL NUM.K 
DIMENSION SISO,5SI,RATEISO.SSI.KEEPISO,SS).GISS).TEMPISS).BEISSI. 

IRHOPI2S) ,CHKISI.TISO,SSI,PHI ISO,SSI.PUMPISO.SS) ,OELXISS) .DELY(SOI, 
2SYMI39I,QCOEFISO.SS),HEADNGI33) .HYCONDISO.SS) ,SSISO,SS).PRNTISSI. 
3BLANKI60I,ODNIS5),DELQISO.SS) 

DOUBLE PRECIsION PHI,o,G,TEMP,BE,W,TI.T2.T3,T~,RHO.A,B,C.DELT, 
IRHOP,PARAM 

COMMON IINTEGRI DIMl,oIMW,NUMT,LENGTH.ITMAX,INOI ,JNOI.KTH 
COMMON ISINGLEI SUM,oElX,DElY,RATE,S.SPACNG.T,FUDGE,PUMP.FACTOR. 

IERR.FACS,FACT,TMAX,TEST.CHK,PNCH,CoNTR,NUM,QCOEF.SS,TT.HYCOND, 
2HEAONG,FAC~.FAC5S.FACPP.CHCK,SPACR,SPACT,SPACS,SPACV.SPACSS.FlOW 

(OMMON IDOIJRLEI PHI,KEEP.DELT.O.G,TEMP.BE.W.TI,T2.T3,T~.RHO.A.B.C. 
I RHOP, PARAH, I MK 

COMMON /CHKWRTI CONET.PUMPT.oELQT,OIFF.DIFFT.DElQ.oElQR 
CO~MON /PRNTOTI SYM.PRNT.BLANK.DON 

( ••••••••••• '" ••••••••••••••••••••••••••••••••••••• it •••••••••••••••• 

C 
( THIS SUBRouTINE PRINTS OUT TRANSMISSIVITY VALUES AND LOCATION 
C OF BARRIER BOUNDARIES 
C 

( 

WRJTE{6,10nl 
INO={65-DIMWI/2 
DO 110 18=I,OIML 
DO 120 JB=I.OIMW 
K=TIIB,JSI/{SPACT •• 999999991 
IFITII~.JAI'EQ.OI GO TO 130 
K=~MOO{K,3b.) 

IFIK.lT.1.1 PRNTIJP)=5YM{361 
130 IF!TIIB.J8J.EQ.OI PRNTIJBI=SYMIII) 

N=K 
IF{N.LT.I) GO TO 120 
PRNTIJBI=SyMINI 

120 CONTINUE 
110 WRITEI6.I.OI IBlANKIII.I=I.INDI,IPRNTIJB).JS=I.DIM.I 

WRITEI6.ISO) SPACT 
WRIT!'lb,l601 
00 170 I=l.oIML 
00 180 J=1.0IMW 

1800DNIJI=TII.JI 
170 wRITEI6,!90) I.IODNILI.L=I.OIMW) 

RETURN 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• , ••••• 
C 

100 FORMAT{IHI.~7x.38HALpHAMERIC CONTouRS FOR TRANSMISSIVITY.III) 
lQO FORMATIIH .6SAZ) 
ISO FORMATIIAH CONTOUR INTERVAL .FI3.3/3IHOLOCATIDN OF BARRIER BOUNDAR 

I Y ~ I 
160 FORMATI IHI.SIX.30HTRANSMISSIVITVtlN GPO PER FoOT/1) 
190 FORMATIIHO.IS,I IEII.3/16X,1 IEII.31 1 

END 
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Table 6.-Continued. 

SUBROUTINE PRNTB 
C SUBPROGRAM NO.12 
C ,,, ••• ,t ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

INTEGER OIML.DIMW 
REALos KEEPoIMK 
REAL NUM.K 
DIMENSION 5150.55) ,RATEISO.SS),KEEPI50.55),GISS).TEMPI5S).BEI55). 

IRHOPI25) .CHKIS) .TISO.S5) .PHI 150.55) .PUMPISO,Ss) ,DELXISS) .DELYlSO). 
2SVMI39),QCO£FISO,SS).HEAONGI33).HYCONDISO.5S).SSISO.5S) .PRNTIS5). 
3BLANKlbO).DDNI5S).OELQISO.SS) 

DOUBLE PRECISION PHI.D.G.TEMP.BE.w.TI.T2.T3,Tq.RHO,A.B.C.DELT. 
IRHOP,PARAM 
CO~MON /INTEGR/ DIML.DIMW,NUMT,LENGTH,ITMAX,INOI.JNOI.KTH 
COMMON /SINGLE/ SUM.DELX.DELV.RATE.S.SPACNG,T.fUDGE,PUMP,fACTOR, 

IERR,FACS,FACT.TMAX,TEST.CHK.PNCH.CONTR,NUM,QCOEF.SS,TT,HYCOND, 
2HEADNG.FACH,FACSS.FACPP,CHCK,SPACR,SPACT,SPACS,SPACV,SPACSS,fLOW 

COMMON /DOUBLE/ PHl,KEEP,DELT.D.G,TEMP,BE,W,TI ,T2,T3,TQ,RHO,A,B,C, 
IRHOP.PARAM,IMK 

COMMON /CHKWRT/ CONET.PUMPT,DELQT,DIFF.DIFFT,DELQ,DELQR 
COHMON /PRNTOT/ SVM,PRNT,BLANK.DON 

( " " " " " " , . " " . " " " .. " .... " " " . " .. " " " . " .... " " " " " ...... " . " " .... " . " " " " .. " " 
C 
C THIS SUBROUTINE PRINTS OUT STORAGE COEFFICIENT VALUES 
C 

C 
C 
c 

I'JRrTEI6,IOOI 
IND'165~DIMW)/2 

DO liD IB'I,DIML 
DO 120 JB'I.DIMW 
K.SIIR,JA)/ISPACS·.99999999) 
K=.A MODIK,36. ) 
IFIK.LT.I.) PRNTIJA).SVMI3b) 
N'K 
IFIN.LT.I) GO TO 120 
PRNTIJB).SyMINI 

120 CONTINUE 
110 WRITElb,IQO) IBLANKII I ,1=1 ,INO) ,IPRNTIJA) ,JB=I ,DIMW) 

WRITEI6,ISO) SPACS 

IAQ 
170 

100 
IQO 
ISO 
IbO 
190 

ClRrTEI601bO) 
DO 170 I=I.OIML 
DO 180 J=I,DIMW 
DDNIJ1=SI I ,J) 
I~RrTEI6,190) 1.IDONIL1,L=I.DIMW) 
RETURN 

....................................... , ......................... . 
FORMATIIHI.~QX.Q3HALPHAMERIC CONTOURS FOR STORAGE COEFFICIENT,///) 
FORMATIIH ,6SA2) 
FORMATI18H CONTOUR INTERVAL ,FI~.8) 

FORMATIIHI,S6X.19HSTORAGE COEFFICIENT//I 
FORMATI IHO,I5,I lEI 1.3/(6X,1 lEI 1.3)) 
END 
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Table 6.-Continued. 

SUBROUTINE PRNTC 
C SUBPROGRAM NO.13 
C ••••••••••••••••••••••••••••••••• , •••••••••••••••••••••••••••••••• 

INTEGER DIML.D!MW 
REAL_S KEEP,IMK 
REAL NUM,K. 
DIMENS!ON SISO.SS).RATEISO.SS),KEEPISO,5S).GI551.TEMPI55).BEISS). 

IRHOP(25) .CHKIS) .TI50.S5) ,PHI 150,SS) ,PUMPISO.SS) .DELXISS) ,DELYISO), 
2SYM(39),QcoEFISn.5r,),HEADNGI33),HYCOND!SO,SS).SS!SO.5S).PRNTISS), 
3BLANK(60) .DON!SS) ,nELQ!Sn,Ss) 

DOUBLE PRECISION PHI.D,G,TEMP,BE.W,TI.T2.T3,TQ.RHO.A.B.C,DELT. 
IRHOP.PARAM 

COMMON IINTEGRI DIML.DIMW,NUMT,LENGTH.ITMAX.INOI,JNOI,KTH 
COMMON ISINGLEI SUM,DELX,DELY.RATE.S.SPACNG,T,FUDGE.PUMP.FACTOR, 

IERR.fACS.FACT,TMAX.TEST.eHK.PNCH.CONTR,NUM,QCoEF.SS,TT,HYeOND, 
2HEADNG,FACH,FACSS,FACPP,CHCK,SPACR.SPACT.SPACS,SPACV,SPACSS,fLOW 

COMMON IDOUBLEI PHI,KEEP,DELT,D,G.TEMP.BE,W,TI,T2,T3.TQ,RHO,A,B,C, 
IRHOP,PARAM,IMK 

COMMON ICHKWRTI CONET,PUMPT,DELQT.OlfF,DIFFT,DELQ,DELQR 
COMMON IPRNTOTI SYM.PRNT,BLANK,DDN 

C .a ....•.••.....•..•..........•......• , ..•....•••••....•••••..•..•• 
C 
C THIS SUBROUTINE PRINTS OUT PUMP AGE 
C 

c 

WRlTfl6,100) 
INO=(6S~OIMW)/2 

DO 110 IB=I.DIML 
DO 120 JB=I.oIMW 
K=PUMPIIB,JB) 
IFIK.GT.O.) PRNTfJR)=SYM(32) 
IF!K.EQ.O.) PRNTIJB)=SYM(36) 
IFIK.LT.O.) PRNTIJR)=SYM(27) 

120 CONTINUE 
110 WRITE", I~O) (BLANKf 1) .1=1.IND). !PRNTIJB) ,JB=I,DIMW) 

WRITE!6,1S0) 
WRITE(6,160) 
DO 170 I=I.D!ML 
DO 180 J=I.DIMW 

!BO DDNIJ)=PUMP(I.J) 
170 WRITE!6,190) I ,IDoN!L) ,L=I ,DIMW) 

RETURN 

c •• , ............................................................... . 
c 

)00 FORMAT! IHI ,s9X.I~HWELL LOCATIONS,IIII 
I~O FORMATIIH ,6SA2) 
ISO FORMATl29H LOCATION OF DISCHARGE WELL W/28HOLOCATION OF RECHARGE W 

!ELL R) 
160 FORMAT! IH! ,S9X.I~HPUMPAGEo!N GPDIII 
)90 FORMATfIHO,IS.IIEll.3/{6X.IIEll,3)) 

END 
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Table B.-Continued. 

SUBROUTIN€ PRNTD 
C SUBPROGRAM NO.I~ 

C " •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
INTEGER DIML,OIMW 
REALos KEEPtlMK 
RFAL NUM,K 
OIMENSIO~ SISo,SS),RATEISO,SS),KEEPISo,SS),GISS),TEMPISS),BEISS), 

lRHOP(25) ,CHKIS) ,T150,S5) ,PHI ISO,5S) ,PUMPISO,SS) ,OELXISS) ,OELYISO), 
2SYM(39) ,QCOEFIsn,SS) ,HEADNG(33) ,HYCONOISO,SS) ,55150,55) ,PRNT(55), 
3BLANK(60) ,DONISS) ,OELQISO,SS) 

DOUBLE PRECISION PHI,O,G,TEMp,BE,W,TI,T2,T3,T~,RHO,A,B,C,DELT. 
IRHOP,PARAM 

COMMON IINTEG?I OIML,DIMW,NUMT,LENGTH,ITMAX,INOI,JNOI,KTH 
COMMON ISINGLEI SUM,DELX,DELy,RATE,S,SPACNG,T,FUDGE,FUMP,FACTOR. 

IERR,FACS,FACT.TMAX.TEST,CHK,PNCH,CONTR,NUM,QCOEF,SS,TT,HYCOND, 
2HEADNG,FACH,FACSS,FACPP,CHCK.SPACR,SPACT,SPACS,SPACV.SPACSS,FLOW 

COMMON IDOUBlEI PHI,KEEP,DELT.O,G.TEMP,8E,W,TI,T2,T3,T~,RHO,A,B,C, 

IRHOP,PARAM,IMK 
COMMON ICHKWRTI CONET,PUMPT,OELQT,DIfF,OIFFT,DELQ,DELQR 
COMMON IPRNTOTI SYM,PRNT,BLANK,ODN 

c •••••••••••••• ,. ••• , ............................................ , ••• 
c 
C THIS SUBROIJTINE PRINTS OUT THE SATURATED THICKNESS 0, lEAKY 
C CONfINING BEDS AND LOCATION Of RECHARGE BOUNDARIES 
C 

C 

WRITElbolOOl 
IND=lbS-DIMW)IZ 
DO I\Q IB=I.OIML 
DO 120 JB=I,DIMW 
IFISPACR.LE.O.O) SPACR=I.O 
K=RATEIIB,J 8 1/ISPACR •• 999999991 
I,(K.LT.o) Go TO 130 
K=A MODIK,3b.) 
IFIK.LT.I.1 PRNT(JB)=SyMI3b) 

130 IfIK.LT.O) PRNTIJB)=SYMIZ7) 
N=K 
IfIN.LT.I) Go TO 120 
PRNTIJR)=SyMIN) 

120 CONTINUE 
liD WRITE(6,J~0) IBLANK(!),I=ltlND1,IPRNTIJB),JB=t,DIMW) 

WRITEI6,ISQ) SPACR 
WRITE(6,J601 
DO 170 I=I,DIML 
DO leo J=! ,DIMW 

180DDNIJ)=RATEII.J) 
170 WRITEI6,190) I, IDDNILl,l=I,DIMW) 

RETURN 

C •• , •••••••••••• " ••••••••••••• , •• , ••••••••••••••••••••••••••••••••• 
C 

IDa fORMATIIHI,3ZX,67HALPHAMERIC CONTOURS fOR SATURATED THICKNESS OF L 
lEAKY CONFINING BEOS,III) 

I~O fORMATIIH ,bSAZ) 
150 fORMATI\SH CONTOUR INTERVAL ,fl~.3/32HOlOCAT!ON OF RECHARGE 80UNOA 

IRY R) 
160 fORMATI1Hl,~Ox,SIHSATURATED THICKNESS Of LEAKY CONFINING BEDS,IN F 

IEET/I) 
190 FORHAT(tHO,ISollEII.3/16Xo11EII.3)) 

END 
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Table 6.-Continued. 

SUSROUTINE PRNTE 
C SUBPROGRAM NO,IS 
Ct •••••••••••••••••••••• " ••••••••••• " • " •••••••••••••••• , " •••••••• ,. " 

INTEGER DIML,DIMW 
REAL.S KEEF,IMK 
REAL NUM,K 
DIMENSION S{SO,SS),RATE{SO,SS),KEEP{SO,SS),G{SS),TEMP(SS),BE(SS), 

lRHOPI2S) ,CHK(S) ,TISO,SS) ,PHI (50,55) ,PUMPISO,SS) ,DELI15S) .DELYlSO), 
2SYM(39),QCOEFISO,SS),HEADNGI33),HYCONDISO,SS).sS(SO,SS),PRNT(SS), 
38LANK(60),DDNISS),DELQISO,5S) 

DOUBLE PRECISION PHI,D,G,TEMP,BE,W,Tl.T2,T3,T~,RHO.A,6,C,DELT, 
lRHOP,PARAM 

COMMON IINTEGRI DIMl,DIM.,NUMT,LENGTH,ITMAX,INOI,JNOl,KTH 
COMMON ISINGlEI SUM,DELX,DEly,RATE,S,SPACNG,T,FUOGE,PUMP,FACTOR, 

1ERR,FACS,FACT,TMAX,TEST,CHK,PNCH,CaNTR,NUM,QCOEF,SS,T"HYCONO, 
2HEADNG,FACH,FACSS,FACPP,CHCK,SPACR,SPACT,SPACS,SPACV,SPACSS,FLOW 

COMMON IDOUBlFI PHI,KEEP,DELT,D,G,TEMP,BE,W,Tl,T2,T3,TQ,RHO,A,B,C, 
lRHOP,PARAM,JMK 

COMMON ICHKWRTI CDNET,PUHPT,DELQT,DIFF,DIFFT,DElQ,DELQR 
COMMON IPRNTOTI SYM,PRNT,8LANK,DDN 

C ••••••• <1 ................................... , •• , •••••••••• , •••• " •••• 

c 
C THIS SURROUTINE PRINTS OUT THE VERTICAL HYDRAULIC CONDUCTIVITY OF 
C LEAKy CONFINING BEDS 
C 

C 

WRlTE16ol00) 
INO=16S-DIM Wll2 
DO 110 IA=I,DIML 
00 120 J8=I,DIHW 
K=HYCONDIIB,JAI/ISPAcv •• 99999999) 
K=AMOOIK,36'1 
IFIK.LT.I.) PRNTIJB)=SYMI3bl 
N=K 
IFIN.LT.11 GO TO 120 
PRNTIJB).SyMIN) 

120 CONTINUE 
lID WRlTElbol~O) IBLANKII),I=I,INO),IPRNT(JB),JB=l,OIMW) 

WRITElb,lSOl SPACV 
WRITElb,lbO) 
00 170 l=l,DIML 
DO ISO J=l,DP1W 

180 DDNIJ)=HYCONDII,J) 
170 WRITElbol90) J,IDDNILI.L=l,DIMW) 

RETURN 

C ••• , ............... to .................. to • to ........ , to to " to .......... " to •••••• 

C 
100 FORMATIIHl .27X,79HAlPHAMERIC CONTOURS FOR VERTICAL HYORAUllC CONOU 

lCTIVITY OF LEAKY CONFINING BEOS,III) 
IQO FORMAT I 1H ,6SA21 
ISO FORMATIISH CONTOUR INTERVAL ,Fl~.8) 
160 FORMATIIHI .27X,7SHVERTICAL HYDRAULIC CONDUCTIVITY OF LEAKY CONFINI 

ING BEDS,IN GPD PER SQUARE FOOT/I 
190 FORHATIIHO,ISolIEll.3/IbX,lIElloJ)1 

END 
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Table 6.-Continued. 

SUBROUTINE PRNTF 
C SUBPROGRAM NO.16 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

INTEGER DIML,DIMW 
REAL*S KEEP,IMK 
REAL NUM,K 
DIMENSION ,ISO,SS),RATEISO,SS),KEEPISO,SS),GISS),TEMPISS),BEISS), 

lRHOP(25) ,CHK(5) ,TISO,5S) ,PHI ISO,S!,» ,PUMPISO,Ss) ,DELXISS) ,DELYISO), 
2SYMIJ9),QCOEFI50,SS),HEAONGI33),HYCONDISO,SS),SSISO,SS),PRNTISS), 
3BLANKI601,DDNISS1,DElQISO,SS) 

DOUBLE PRECISION PHI,D,G,TEMP,BE,W,TI,T2,T3,Tq,RHO,A,B,C,DELT, 
lRHOP,PARAM 

COMMON IINTEGRI OIML,DIMW,NUMT,LENGTH,ITMAX,!NOI ,JN01,KTH 
COMMON ISINGLEI SUM,DELX,DELY,RATE,S,SPACNG,T,FUDGE,PUMP,FACTOR, 

lERR,FACS,FACT,TMAX,TEST,CHK,PNCH,CONTR,NUM,QCOEF,SS,TT,HYCOND, 
2HfAONG,FACH,FACSS,FACpp,eHCK,SPACR,SPACT,SPACS,SPACV,5PACSS,FLOW 

COMMON IDOualEI PHI,KEEP,DELT,D,G,TEMP,BE,W,TI,T2,T3,TQ,RHO,A,B,C, 
IRHOP,PARAM,IMK 

COMMON ICHKWRTI CONET,pUMPT.DELQT,OIFF,OIFFT,DELQ,DELQR 
COMMON IPRNTOTI SYM,PRNT,BLANK,DDN 

c •••••• , •••••••••••••••••••••••••• ,., •••••••••••••••••••••••••••••• 
C 
C THIS SUBROUTINE PRINTS OUT THE SPECIFIC STORAGE 
C OF LEAKY CONFINING BEDS 
c 

C 

WRtTEI6t1nO) 
IND=165~Dlr~WI/2 

DO lID IB=I,DIML 
DO 120 J8=I,DIMW 
K=SSI18,JB)/ISPACSS',99999999) 
K=AHOOIK ,36,) 
IFIK,LT.I.) PRNTIJA1=SyM(36) 
N=K 
IFIN.LT.I I GO TO 120 
PRNTIJB1=SyHINI 

120 CONTINUE 
110 WRITEI6,IQO) IBLANK!I I ,1=1 ,INDI ,!PRNTIJB1,JB=1 ,DIMW) 

WRITEI6,I501 SPAess 
WRITEI6t1601 
DO 170 I=I,OIML 
DO 180 J=I,DIMW 

lAO DDNIJ1=SSII,J) 
170 WRITEI6,190) 1,IDDNIll,L=I,DIMWI 

RETURN 

C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• '" ••••••• 
e 

100 FORMATIIHI ,3QX,6QHALPHAMERIC CONTOURS FOR SPECIFIC STORAGE OF LEAK 
IY CONFINING 8EDS,III) 

IQO FORMATIIH ,65A21 
150 FORMAT I ISH CONTOUR INTERVAL ,f1Q"OI 
160 FORMATIIHI ,QOX,SOHSPECIFlc STORAGE OF LEAKY CONFINING BEDS,IN lIFE 

I ET II 
190 FORMATIIHO,15,IIEII.3/!6X,IIE11.3) I 

END 
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