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ABBREVIATIONS AND CONVERSION FACTORS 
Factors for converting inch-pound units to International System (SI) 

units and abbreviation of units 

Multiply 

foot (ft) 
mile (mi) 

2 square mile (mi ) 

million gallons per day 
(Mgal/d) 

cubic3foot per second 
(ft Is) 

foot ~quared per day 
(ft /d) 

foot per day (ft/d) 

gallon per day per
3
cubic 

foot [(gal/d)/ft ] 
foot per day per foot 

[(ft/d)/ft] 

* * * * 

f 

* 

Length 

0.3048 
1.609 

Area 

2.590 

Flow 

0.04381 

0.02832 

Transmissivity 

0.09290 

Hydraulic conductivity 

0.3048 

Leakance 

0.1337 

1.000 

* * * * * 

To obtain 

meter (m) 
kilometer (km) 

2 square kilometer (km ) 

cubi§ meter per second 
(m /s) 

cubi§ meter per second 
(m /s) 

mete2 squared per day 
(m /d) 

meter per day (m/d) 

meter per day per meter 
[(m/d)/m] 

meter per day per meter 
[(m/d)/m] 

* * * * 

National Geodetic Vertical Datum of 1929 (NGVD of 1929).--A geodetic datum 
derived from a general adjustment of the first-order level nets of 
both the United States and Canada, formerly called "mean sea level." 
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EXPLANATION OF UNITS 

Ground-water term Original form Reduced form 

3 2 . 
Transmissivity, T = (m ~d)/m = m2/d 

(ft /d)/ft = ft /d 
= (gal/d)/ft = 

Hydraulic conduc-
(m

3 ~d) /m2 tivity, K = = m/d 
= (ft /d)ft22 = ft/d 
= (gal/d)/ft = 

Leakance coeffi- 3 2 cient,_ K/b = [(m ~d)/m ]~m = m/d/m 
= [(ft /d)/ft3]/ft = ft/d/ft 
= (gal/d)ft = 
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HYDROGEOLOGY OF WELL-FIELD AREAS NEAR TAMPA, FLORIDA, PHASE !--DEVELOPMENT 

AND DOCUMENTATION OF A TWO-DIMENSIONAL FINITE-DIFFERENCE MODEL 

FOR SIMULATION OF STEADY-STATE GROUND-WATER FLOW 

By C. B. Hutchinson, D. M. Johnson, and J. M. Gerhart 

ABSTRACT 

A two-dimensional finite-difference model was developed for simulation of 
steady-state ground-water flow in the Floridan aquifer throughout a 932-square­
mile area, which contains nine municipal well fields. The overlying surficial 
aquifer contains a constant-head water table and is coupled to the Floridan 
aquifer by a leakage term that represents flow through a confining layer sepa­
rating the two aquifers. Under the steady-state condition, all storage terms 
are set to zero. Utilization of the head-controlled flux condition allows 
head and flow to vary at the model-grid boundaries. 

Procedures are described to calibrate the model, test its sensitivity to 
input-parameter errors, and verify its accuracy for predictive purposes. Also 
included are attachments that describe setting up and running the model. An 
example model-interrogation run shows anticipated drawdowns that should result 
from pumping at the newly constructed Cross Bar Ranch and Morris Bridge well 
fields. 

INTRODUCTION 

At leasz nine municipal well fields have been established or are planned 
for a 932-mi area north of Tampa, Fla. The well fields are permitted for a 
combined average withdrawal rate of 178 Mgal/d (Southwest Florida ~Tater 
Management District, written commun., 1980). In addition, several well fields 
for large housing subdivisions are being developed or planned. Ground-water 
withdrawals from the Floridan aquifer in this area may eventually total several 
hundred million gallons per day. 

A ground-water flow model that encompasses the well-field areas is needed 
to gain an understanding of the hydrology of the area and to facilitate planning 
for the efficient utilization of water resources while conserving the environ­
ment. The model may be interrogated under various water-management alternatives 
to minimize adverse impacts of pumping, such as excessive drawdown or saltwater 
encroachment. 

The objective of this investigation is to evaluate the hydrogeology of an 
area encompassing the major well-fields north of Tampa through development of 
a finite-difference digital ground-water model. The project includes two 
phases: 
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1. Develop and document a steady-state model with two-dimensional flow 
in one active layer. 

2. Develop and document a steady-state model with two-dimensional flow 
in two active layers. The Phase 1 model will be used as a working 
base. 

This report describes Phase 1 and is intended as a guide for using the 
two-dimensional model. The aquifer system north of Tampa was conceptualized 
and formulated in the hydrologic model. The computer program and its applica­
tion to the practical problem are described. The applicability of the model 
to the field problem is demonstrated through an interrogation run. 

The documentation assumes that the reader is familiar with the physics of 
ground-water flow, numerical methods of solving partial-differential equations, 
and the FORTRAN IV computer language. It was prepared as part of the hydro­
geologic investigation made by the U.S. Geological Survey in cooperation with 
the Southwest Florida Water Management District. 

MODELING INVESTIGATIONS 

Numerous ground-water flow models of the Floridan aquifer have been or 
are being constructed, which include all or some of the well-field areas north 
of T~~a. Rober.tson and Mallory (1977) co~structed a regional model for an 
875-mi area that included eight major well fields. Individual well-field 
models have been constructed for Cypress Creek (Seaburn and Robertson, Inc., 
1977; Ryder, 1978), Morris Bridge (Ryder and others, 1980), and Cross Bar 
Ranch (Leggette, Brashears, and Graham, Inc., 1979) well fields. A well-field 
model is being constructed by the U.S. Geological Survey for Cross Bar Ranch 
(D. M. Johnson, U.S. Geological Survey, oral commun., 1980) 2 A coarsely­
gridded regional model, covering an area of about 10,000 mi and including the 
Southwest Florida Water Management District, is currently under construction 
by the U.S. Geological Survey (P. D. Ryder, U.S. Geological Survey, oral 
commun., 1980). All of the above modeling reports give detailed information 
concerning the hydrogeology of the area. 

The model documented herein expands the Robertson and Mallory model area, 
includes subsequent aquifer-test results, and incorporates information from 
the individual well-field models. The model grid is alined with the coarsely­
gridded regional model so that they may be easily interfaced. 

HYDROLOGIC MODEL 

Description 

The modeled area and its relation to the nine municipal well fields are 
shown in figure 1. The hydrogeologic setting is one of a coastal, karstic 

'environment with the general direction of ground-water movement being west 
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toward the Gulf of Mexico and south toward Tampa Bay. The regional flow 
regime is modified by pumpage from the well-field areas and ground-water dis­
charge to the stream network. 

The model grid comprises an orthogonal array of 34 horizontal rows and 36 
vertical columns with each grid being 1 mile square. Along the gulf and 
Tampa Bay coasts, the grid is modified to generally follow the contour of 
the shoreline. The head-controlled flux condition, utilized by Wilson and 
Gerhart (1980) and Ryder and others (1980), combines features of the constant­
head and constant-flux conditions and allows both head and flow to vary at the 
mod~l-grid boundaries. Under the steady-state condition, storage changes are 
not considered and all storage terms are set to zero. 

A g~neralized conceptual model of the hydrogeologic system is shown sche­
matically in figure 2. The Floridan aquifer is the principal source of ground­
water supply in the area~ It is confined on the top and bottom and is overlain 
by the unconfined surficial aquifer. The hydrologic model assumes that: 

1. Ground-water movement in the Floridan aquifer is horizontal. 

2. Water moves vertically into or out of the Floridan aquifer through 
the upper confining bed. 

3. The confining layers have negligible storage. 

4. Changes in ground-water storage in the Floridan aquifer occur 
instantaneously with changes in hydraulic head. 

5. Physical parameters of the system do not -change with time. 

6. The head in the surficial aquifer, water levels in lakes, and stream-­
flows do not change in response to any imposed stress. 

7. Head changes in the Floridan aquifer caused by an imposed stress will 
eventually stabilize; that is, a condition of steady state will be 
reached. 

8. Head-controlled flux conditions accurately represent the hydrologic 
conditions of the aquifer near the model-grid boundary. 

9. Recharge occurs instantaneously. 

10. Movement of the saltwater-freshwater interface has little or no 
effect on computed heads. 

The mathematical model of the hydrologic system is based on the governing 
equations of ground-water flow that are approximated numerically by a finite­
difference method. The resulting system of simultaneous equations is solved 
by the strongly implicit procedure. 

Input Parameters 

Input parameters to the steady-state model _included pumpage, water-table 
altitude, aquifer transmissivity, leakance coefficient of the upper confining 
bed, potentiometric;...surface altitude, and distance to the head-controlled flux 
boundary. Ranges for the input parameters are presented in _table 1. 

The time period selected for the steady-state calibration was September 
1976-May 1977. Since 1971 the U.S. Geological Survey has prepared potentio-
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Figure 2.--Generalized conceptual model of the hydrogeologic system 
(from Wilson and Gerhart, 19,80). 
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Table !.--Ranges for input parameters to the model 

Parameter 

Nodal pumpage 

Total pumpage 

Water-table altitude 

Transmissivity 

Leakance coefficient 

Potentiometric-surface 
altitude 

Distance to HCF boundary 

Storage coefficient 

Range 

0-9,600,000 gal/d 

133,670,000 gal/d 

0-160 ft 

50,000-5,000~000 ft 2/d 

0.00003-0.0009 (ft/d)/ft 

0.5-92 ft 

1-5 mi 

0 

Source of data 

SWFWMD water-use permits 
and pumping reports 

Ryder and Mills (1977a,b) 

Wolansky and Corral 
(personal commun., 1980) 

Wolansky and Corral 
(personal commun., 1980) 

Ryder and Mills (1977a,b) 

Table 2.--Average pumpage from the Floridan aquifer, 
September 1976-May 1977 

Use Mgal/d ft3/s 

Municipal!/ 86.85 134.45 

Misc. municipal and treatment21 11.45 17.73 

Citrus irrigationl1 23.88 36.96 

Misc. crop, pasture, and lake augmentatio~/ 11.49 17.78 

Total 133.67 206.92 

Obtained from pumping records on file at SWFWMD 1/ 
2/ 
J/ Computed as 75 percent of the daily pumpage permitted by SWFWMD 

Computed by the method outlined in University of Florida, Institute 

!!.I 
of Food and Agricultural Sciences (1977), using a 75 percent seepage 
efficiency. 

Computed as 50 percent of the daily pumpage permitted by SWFWMD 
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metric-surface maps of the well-field areas for each May and September, repre­
senting seasonal low and high water-level periods, respectively. These maps 
may be considered to represent steady-state levels of the potentiometric sur­
face at the trough and peak of an annual hydrograph. The average potentio­
metric surface, derived from the two maps for input to the model, was con­
sidered to represent the long-term average steady-state potentiometric sur­
face. Of the available maps, those produced.for September . l976 and May 1977 
(Ryder and Mills, 1977a,b) were considered to be the two consecutive maps 
with the most up-to-date data control under near-average climatic conditions. 

Average withdrawals from the Floridan aquifer for the period September 
1976-May 1977 were estimated from records of the Southwest Florida Water 
Management District. These included withdrawals for municipal supply, miscel­
laneous municipal supply and treatment, citrus irrigation, and miscellaneous 
crop, pasture, and lake augmentation (table 2). The distribution of pumpage 
as input to the model is shown in figure 3. Pumping is distributed mainly along 
the Gulf of Mexico coast and in the southern part of the modeled area, with the 
largest withdrawals occurring in the well-field areas. 

The water table in the surficial aquifer was estimated from actual 
measurements in nodes containing wells and was assumed to be at or a few feet 
below land surface in swampy areas, coastal areas, river flood plains, and 
near lakes; depths greater than 5 feet below land surface were assumed for 
sand-ridge areas (fig. 4). 2he water table lies at or below the potentio­
metric surface over a 184 mi area (20 percent of the modeled area), indicat­
ing that upward flow from the Floridan aquifer to the surficial aquifer occurs 
primarily in coastal areas and river flood plains. 

Aquifer transmissivity and confining bed leakance coefficient were based 
on analyses of aquifer-test data from the well-field areas (R. M. Wolansky and 
M.A. Corral, oral· commun., 1980). The maps of transmissivity (fig. 5) and 
confining bed leakance (fig. 6) represent the final products · of the calibra­
tion process. Values shown on those maps were used as input to the calibra­
ted steady-state model. 

Calibration Procedure 

The model was calibrated by methodically adjusting various aquifer param­
eters until simulated heads matched the September 1976-May 1977 average poten­
tiometric surface, which was considered to represent _an actual steadyt.state 
condition. Error limits for the caliBration were. arbitrarily se.t at -5 feet. 

Once the simulated potentiometric surface matched the actual potentiometric 
surface within the error limits, the model was considered to be calibrated. 
Throughout the 932 nodes within the model-grid boundary, the. simulated potentio­
metric surface ranged from +5.0 feet above to .... 4.9 feet below the actual steady­
state. potentiome.tric f.urface, with a mean of -0.35 foot. The. standard deviation 
of the residuals was -1.8 fe.et, which indicates that the simulated and actual 
potentiometric surfaces matched within this range at about 68 percent of the 
nodes. The correlation coefficient was 0. 997, which indi.cate.s a near-perfect 
association between the two surfaces. Comparison between actual and model­
simulated potentiometric surfaces representing steady-state calibration is 
shown in figure 7. 
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Sensitivity Analysis 

Sensitivity analysis is a modeling approach that tests the model sensi­
tivity to errors in the input parameters. Separate model simulations are 
made with individual parameters varied in turn over the tolerance to which 
they are known. The model was not recalibrated ·each time parameter values were 
changed since this would be impractical in terms of time and cost. Exact 
values of head changes from sensitivity analyses should be viewed critically, 
but relative changes can provide insight as to the manner in which any parameter 
may affect results of model simulation. 

MOdel sensitivity was tested by varying transmissivity by $so percent, 
confining bed hydraulic conductivity (leak;nce coefficient) by -1/2 an order 
of magnitude, and water-table altitude by -5 feet. The effects on potentiometric­
surface changes caused by the variations, using the steady-state calibration 
as a base, are shown in figure 8. The cross sections depict the model-
simulated potentiometric surface along rows 10, 20, and 30 of the model. 

The cross sections indicate that the model is more sensitive to errors 
in confining bed hydraulic conductivity and water-table altitude than to errors 
in transmissivity. The central part of the modeled area is apparently the most 
sensitive to these errors. 

Model Verification 

Model verification is a technique for testing the accuracy of a model for 
predictive purposes. The test case chosen for verification involved removing 
all pumpage from the calibrated steady-state model and comparing the model­
simulated potentiometric surface with an actual-estimated potentiometric sur­
face mapped by Johnston and others (1980) that represents predevelopment condi­
tions. Because the model is a single-layered one, the water table in the 
active well-field areas was raised manually to represent the prepumping water 
table. Pumpage was then removed and the verification run made. 

The comparison of the actual and simulated potentiometric surfaces was 
good statistically, thus the model is considered to be adequately verified. 
Over the 932 nodes within the model-grid boundary the simulated prepumping 
potentiometric surface ranged from +8.1 feet above to -10.8 feet below the 
actual prepumping potentiometric surface+with a mean of -0.4 foot. The 
standard deviation of the residuals was -3.0 feet, which indicates that the 
simulated and actual potentiometric surfaces matched within this range at about 
68 percent of the nodes. The correlation coefficient is 0.991, which indicates 
a good relation between the two surfaces. 

The comparison between the actual and simulated potentiometric surfaces 
for predevelopment conditions is shown in figure 9. The wide range in model 
residuals between the two surfaces (+8.1 to -10.8 feet) may be due to several 
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factors. For example, the map of the estimated potentiometric surface may be 
in error where data are sparse and specifically in areas where the predevelop­
ment head is below the average steady-state head. Errors could be greater 
along the coasts of the Gulf of Mexico and Tampa Bay where upwelling of fresh­
water results in vertical flow in the aquifer and where channelization may have 
changed the hydraulic properties of the upper confining bed between the times 
represented by the predevelopment and September 1976-May 1977 average maps. 
Although these errors do not represent model-calibration errors, they serve to 
weaken the statistics of the model verification. The potentiometric surface 
simulated by the verification run was used as the predevelopment starting 
head upon which predictive model runs are based. 

COMPUTER PROGRAM 

The computer program documented here is written for the AMDAHL1 470-V6 
system installed at the U.S. Geological Survey office in Reston, Va. The 
basic program is presented in Trescott and others (1976). It was modified by 
Wilson and Gerhart (1980) to include the head-controlled flux condition, and 
a version of that program is utilized herein. A Gomplete listing of the com­
puter program is presented in attachment A. 

Memory requirements and running time depend upon the size and complexity 
of the physical situation being simulated. For the field application docu­
mented herein, which utilized 1,224 nodes, an average model run required 148 
K bytes of core memory on the. FORTRAN G, LEVEL 21 compiler, 750 K bytes for 
executing the program, and about 1 minute of Central Processing Unit time on 
the Geological Survey's computer. 

HEAD-CONTROLLED FLUX CONDITION 

Theory 

In a recent modeling investigation (Wilson and Gerhart, 1980), a head­
controlled flux (HCF) condition was introduced. The HCF condition allows both 
head and flux to change at the model-grid boundary, thus adding flexibility to 
the two-dimensional model (Trescott and others, 1976), which previously incor­
porated only constant-head and constant-flux conditions. Under this condition, 
flow across the model-grid boundary varies as a function of the potentiometric 
head at the HCF node. 

The HCF condition is useful in certain situations where simulated stresses 
spread to a model boundary (thus rendering constant head or constant flux un­
realistic), and it is undesirable to increase the size of the modeled area by 

1 
The use of brand names in this report is for identification purposes only 

and does not imply endorsment by the U.S. Geological Survey. 
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expanding the grid to a point where stress effects are negligible. Although 
the physical boundaries of the model grid remain stable, the HCF condition 
calculates a boundary-flow component based on a strip of aquifer as wide as 
the HCF node edge and extending laterally a specified distance to a point of 
constant head. Thus, the HCF condition does not expand the model boundary or 
the grid upon which numerical solutions to the flow equation are calculated. 

Figure 10 is a conceptualization of the HCF condition. The assumptions 
are made that (1) there is a point beyond the model grid Cat distance L) where 
the potentiometric surface (h) will remain constant and is the sam_e as the 
water-table head (H) and (2} the transmissivity (T), confining-bed leakance 
(K/b), and water-table head (H) are constant in the aquifer strip between the 
model-grid boundary and the constant-head boundary. The assumptions allow 
reasonable finite boundaries to be placed on extensive aquifer systems that 
lack natural hydrologic boundaries. 

Equations solving for boundary discharge under the HGF condition were. 
developed at the U.S. Geological Survey's Northeas.t Region Resea,rch_ Project 
Offices (J. V. Tracy, written connnun. , · 1979). The. gove_rning equation for 
steady flow in the region 0 < x < L outside the modeled area is: 

where: 

Under 

h = 
H 

K/b = 
T = 

a2
h K 

T - 2 - b (h-H) = 0 
ax 

altitude of the potentiometric surface.; 
altitude of the water table; 
confining-bed leakance; 
transmissivity. 

the assumption that the water table. is constant 

a2H O· thus a2h 
T a2 (h~H) -- = T-;::; 

2 
, 

ax2 2 ax ax 

in the 

a2 (h-H) and equation 1 can be written, T _ _.___ ...... 
ax2 

if s = h-H equation 2 becomes 

K(h-H) -= 0; b - -

Ks 
- b = 0 

a,quife+. st~i.J?, 

(1} 

If equation 2 is solved for s, then Darcy's law ma.y b.e a.P,pli.ed at the model­
grid boundary (x = 0) to solve for q

0
: 

q =- T ~ 
0 ax x=O 

Evaluating equation 3 at the model-grid boundary results in an equation: 

q = -Cs 
0 
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where C is a constant comprising transmissivity, leakance, and length of the 
aquifer strip outside the model-grid boundary. 

Equation 4 is a generalized expression for discharge as a function of 
head--hence the name "head-controlled flux." It is generalized in the sense 
that the constant C will be different for other system conceptualizations. 
For example, if the aquifer beyond the model-grid boundary were not leaky, C 
would be different, but equation 4 would still be valid. 

Equation 4 shows that the expression for lateral inflow at a boundary is 
exactly analogous to vertical leakage; the const~nt C can be considered as a 
"leakance." This constant is added to the vertical leakage in the HCF node(s). 
With this increased vertical leakage, the amount of water flowing into or out of 
the HCF node is the sum of true vertical leakage and lateral flow at the edge. 

Assumptions and Restrictions 

An important assumption in using the HCF condition is that of uniform aqui­
fer properties beyond the model-grid boundary. Transmissivity, vertical hydrau­
lic conductivity of the confining bed, confining bed thickness, and so forth, 
ar~ all considered to be uniform and equal to their respective values in the HCF 
nodes from which they derive. If few or 110 data exist in these regions, the HCF 
condition can be a fair approximation; however, if data do exist and show a wide 
range of values or an irregular distribution of values, the use of the HCF con­
dition shoqld be heavily qualified. 

The boundary flow analytical solution is a steady-state solution; the aqui­
fer storage coefficient does not enter into the calculations. Strictly speaking, 
therefore, the HCF condition should not be used in transient problems. However, 
if a transient simulation is made for a reasonably long period of time, the de­
laying effects of aquifer storage can be ignored, and the HCF condition can be 
used. 

A source of error in the HCF condition is in the estimation of linear flow 
across the model-grid boundary at the four corners of the model area. Figure 
11 indicates that there is a substantial area at each corner in which the amount 
of boundary flow caused by a head change is ignored. 

Use 

The programming changes and additions that are necessary to include the 
HCF condition in the 2-D model are listed in attachment A. The data-deck in­
stru~tions listed in attachment B are used to specify the HCF condition in a 
model run. 

An HCF node is defined as a node on the edge of the ptod~l grid that has 
an outside edge perpendicular to the main direction of flow that will be caused 
by a change in head in the HCF node (fig. 11). In irregularly shaped grids, 
there may be many nodes that could be designated corner nodes (nodes with two 
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edges corresponding to the model-grid boundary). However, to avoid overlapping 
of the aquifer strips extending out from each boundary node, the program changes 
outlined in attachment A require that the user designate only four of these pos­
sible corners as corner nodes. An additional requirement is that between two 
corner nodes, a boundary must be convex with respect to the model area. Between 
two corner nodes, all the aquifer strips extend out in the same direction from 
the model-grid boundary. The model area in figure 11 is a typical case that 
conforms to the program changes in attachment A. 

If the HCF condition is chosen, a printout of values of flow rates at each 
HCF node will precede the printout of the first time step information. The 
amount of the total leakage that is due to lateral HCF flow into or out of the 
model-grid boundary nodes is included in the mass balance printout. 

Finally, if the HCF condition is to be used in a steady-state calibration, 
the potentiometric heads in the nodes adjacent to the HCF nodes and just across 
the boundary from them must be included in the STRT matrix. The transmissivities 
in these nodes must still be zero, however, since they are beyond the model-grid 
boundary. · 

LIMITATIONS OF MODEL APPLICATION 

A conceptual approach t o ground-water modeling was used in the application 
of this model. The hydrogeologic system was first conceptualized, then its 
parameters identified, and finally it was transformed to the mathematical ana­
log. The mathematical model approximates the physical processes that control 
the conceptual model, but it should be recognized as only an approximate repre­
sentation of the prototype. 

The hydrogeology has been simplified to the extent that an operational 
mathematical model could be constructed, and the mathematical solution is an 
approximation of the solution to the di~fe2ential equation. Because the model 
grid is on a coarse regional scale of 1 mi , the localized impact of pumping 
small quantities of water will not be accurately depicted. Also, because 
of mathematical approximations associated with simulating boundary flow, the 
impact of pumping large quantities of water near the model-grid boundary may 
not be accurately depicted. Additional computational errors may be introduced 
in coastal areas because the model does not consider movement of the fresh­
water-saltwater interface and the resultant displacement of one fluid for the 
other. Because the water table is held at a constant level in the model, com­
puted leakage to the Floridan aquifer will be greater than actual leakage; 
therefore, the model computes minimum drawdowns. Finally, because the model 
assumes a steady-state condition, the solution is not time dependent, and the 
time required for the computed heads to stabilize cannot be determined. 

Ideally, the model should represent all the characteristics of the pro­
totype, but realistically, it represents a few of the more important charac­
teristics of the hydrologic system. The model simulates ground-water flow 
only on a megascopic scale. 
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ATTACHMENT A: COMPUTER PROGRAM LISTING 

The program by Trescott and others (1976) for computing two-dimensional 
ground-water flow has been modified to a 2126-card program. Subroutines of 
the line successive overrelaxation and alternating-direction implicit numeri­
cal solution methods were deleted from the program since the strongly implicit 
procedure was used in the well-field areas model. The "Y" array was redimen­
sioned to save computer core space. Finally, program modifications were made 
to accommodate the head-controlled flux condition. 

The listing is line numbered for easy referral. Program modifications 
are denoted by asterisks. 
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ATTACHMENT A: COMPUTER-PROGRAM LISTING 

[modified from Trescott and others (1976); * denotes a program modification] 
c ******************************************************************00000010 
C FINITE-DIFFERENCE MODEL 00000020 
C FOR 00000030 
C SIMULATION OF GROUND-WATER FLOW 00000040 
C IN TWO DIMENSIONS 00000050 
c ~0000060 

C BY P. C. TRESCOTT, G. F. PINDER AND S. P. LARSON 00000070 
C u. S. GEOLOGICAL SURVEY 00000080 
C SEPTEMBER 1975 00000090 
c ******************************************************************00000100 
C MAIN PROGRAM TO DIMENSION DIGITAL MODEL AND CONTROL SEQUENCE 00000110 
C OF CO~PUTATIONS 00000120 
c ------------------------------------------------------------------00000130 
C SPECIFICATIONS: 00000140 

REAL *4KEEPtMtHEADNGC32) 00000150 
REAL *8PHitGtBEtTEMP,z,yy 00000160 
INTEGER RtPtPUtDIMLtOIMWtCHKtWATERtCONVRT,EVAPtCHCKtPNCH,NUMtHEADt00000170 

lCONTRtLEAK,RECHtSIPtAOI 00000180 
c 00000190 

DIMENSION YC45000), L(46), IFMTlC9), IFMT2C9), IFMT3(9)t IFMTS<9>t0000020~ 
lNAMECl08)tYY(l) 00000210 

EQUIVALENCE <YY<l>,Y<l>> 00000220 
c 00000230 

COMMON ISARRAYI VF4<ll> tCHKC15) tVf5(7) tXLABC6) tVF6C7) 00000240* 
COMMON IARSIZEI IZ,JZ,IP,JP,IRtJR,IC,JC,IL,JltiStJStiHtlMAX,IMXlti0000025~ 
l~T,IHCF,LPRINT,IQ,JQ,NHCF 0000026~ 

COMMON ISPARAMI WATER,CONVRTtEVAP,CHCK,PNCHtNUMtHEAOtCONTR,ERORtLE00000270 
lAKtRECHtSIPtUtSStTTtTMINtETDIST,QETtERRtTMAXtCOLTtHMAXtYDIMtWIDTHt00000280 
2NUMStLSORtAOitDELT,SUMtSUMPtSUBS,STORE,TESTtETQB,ETQO,FACTXtFACTYt00000290 
3IERR,KOUNT,IFINAltNUMTtKT,KP,NPER,KTHtiTMAXtLENGTH,NWELtNWtDIMLt0100000300 
4MWtJNOltiNOltRtPtPUtltJtlDKltiDK2tiD0,ACT 0000031~ 

COMMON IXLTI BFINT,dFOUTTtXNINTtXNOUTT 00000320 
c 00000330 

DATA IFMTl14HClH0,4HtiStt4HlOElt4Hl.31t4HClH t4Ht5Xtt4Hl0E1t4Hl.3)00000340 
1t4H) I 00000350 

DATA IFMT214HC 1 0 1 t4Ht12tt4H2Xt2t4HOF6.,4H11<St4HXt20t4HF6.lt4H)) 00000360 
lt4H I 00000370 

DATA IFMT314HClH0,4HtiS,,4Hl4F9,4H.51Ct4HlH tt4H5Xtlt4H4F9.,4H5)) 00000380 
lt4H I 00000390 

DATA IFMTSI4HC•o•,4Htl2tt4H2Xtlt4HOF12t4H.4t3t4H(15Xt4Htl0Ft4Hl2.40000040~ 
lt4H)) I 0000041~ 

DATA NAMEI2*4H ,4H ST0,4HRAGE,4H COE,4HFFIC,4HIENT,4*4H t4H 00000420 
1 Tt4HRANSt4HMISS,4HIVITt4HY t2*4H t4H Af4HQUIF,4HER Ht4HY000000430 
2RA,4HULICt4H CONt4HDUCTf4HIVITt4HY t4H t4H A,4HQUIF,4HER Bt00000440 
34HASE t4HELEV,4HATI0,4HN t3*4H ,4H St4HPECI,4HFIC t4HYIElt400000450 
4HD t4*4H t4HAQUI,4HFER t4HTOP t4HELEV,4HATIOt4HN t4H t4H00000460 
SCONFt4HININt4HG BE,4HO HY,4HDRAU,4HLIC t4HCONDt4HUCTlt4HVITYt3~4H 00000470 
6 t4H RIV,4HER Ht4HEAO ,4~4H t4H Ct4HONFif4HNING94H BEDt4H T00000480 
7Hit4HCKNEt4HSS t2*4H t4H Lt4HANO ,4HSURF,4HACE t4HELEVt4HATI00000490 
80,4HN t3*4H t4H ARE,4HAL Rt4HECHAt4HRGE t4HRATEt2*4H t4H 0000050~ 
9 t4HDISTt4HANCEt4H BEYt4HONO t4HBOUNt4HDARYt2*4H 0000051~ 

DEFINE FILE 2Cl4tl221tUtKKK) 00000520 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00000530 
c 00000540 
C ---READ TITLEtPROGRAM OPTIONS AND PROGRAM SIZE--- 00000550 

10 READ CR,370) HEADNG 00000560 
WRITE CPt360) HEADNG 00000570 
READ CR,380) WATER,LEAK,CONVRT,EVAPtRECHtNUMS,CHCKtPNCHtiDK.ltiDK2t00000580 
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MAIN 

lNUMtHEAD 00000590 
WRITE (P,390) WATERtlEAKtCONVRTtEVAP,RECHtNUMS,CHCKtPNCHtlOKltiDK200000600 

ltNUMtHEAD OOOOOblO 
If <NUMS.EQ.CHK ( 11) .oR.NUMS.EQ.CHK ( 12) .OR.NUMS.EQ.CHK ( 13>) GO TO -200000620 

10 00000630 
WRITE (P,350) 00000640 
STOP . 00000650 

20 ~EADCRt320> DIMltDIMW,NWtiTMAXtiOOtlFLOWtiLEAKtlWTtiHCftlPRINT,NHC000006o~ 
lFtACT 

WRITE (P,340) DIMLtOIMW•NW,ITMAX 
c 
C ---COMPUTE DIMENSIQNS FOR ARRAYS--­

IZ=OIML 
JZ=DIMW 
IH=MAXO<ltNW) 
IMAX=MAXO<DIMltDIMw> 
ISIZ=OIML*DIMW 
ISUM=2*1SIZ+1 
IMXl=ITMAX+1 
L<l>=l 
DO 30 1=2•4 
L<I>=ISUM 

30 ISUM=ISUM+2*1MAX 
DO 40 I=Stl6 
L<I>=ISUM 

40 ISUM=ISUM+ISIZ 
IF (WATER.NE.CHK<2>> GO TO 60 
uo so 1=17.19 
L<I>=ISUM 

SO ISUM=ISU~+ISIZ 
IP=DIML 
JP=DIMW 
GO TO 80 

60 00 70 1=17.19 
L<I>=ISUM 

70 ISUM=ISUM+1 
IP=1 
,JP=1 

80 If <LEAK.NE.CHK(9)) GO TO 100 
D 0 9.0 I = 2 0 , 2 2 
L<I>=ISUM 

90 JSUM=ISuM+ISIZ 
lR=DlML 
JR=DIMW 
GO TO 120 

100 00 110 1=20.22 
LCI>=ISUM 

110 ISUM=ISUM+l 
IR=l 
JR=1 

120 IF CCONVRT.NE.CHK(7)) GO TO 130 
LC23>=ISUM 
lSUM=lSUM+ISIZ 
IC=DIML 
JC=OI ~~-
GO TO 140 

130 L(23>=ISUM 
ISUM=ISUM+l 
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00000670* 
00000680 
00000690 
00000700 
00000710 
00000720 
00000730 
00000740 
00000750 
00000760 
00000770 
00000780 
00000790 
00000800 
OOOOOtilO 
00000820 
00000830 
00000840 
00000850 
00000860 
00000870 
00000880 
00000890 
00000900 
00000910 
00000920 
00000930 
00000940 
00000950 
00000960 
00000970 
00000980 
00000990 
00001000 
00001010 
00001020 
00001030 
00001040 
00001050 
00001060 
00001070 
00001080 
00001090 
00001100 
00001110 
00001120 
00001130 
00001140 
00001150 
00001160 



IC=1 
JC=1 

MAIN 

140 If <EVAP.NE.CHKC6)) GO TO 150 
LC24>=ISUM 
ISUM=ISUM+ISIZ 
IL=DIML 
Jl=DIMw 
GO TO 160 

150 LC24>=ISUM 
ISUM=ISUM+l 
IL=l 
JL=l 

160 IF CNUM5.NE.CHKC11>> GO TO 180 
DO 170 1=25,28 
LCI>=ISUM 

170 ISUM=ISUM+ISIZ 
IS=DIML 
JS=DIMW 
GO TO 200 

180 DO 190 1=25,28 
LCI>=ISUM 

190 ISUM=ISUM+1 
15=1 
JS=1 

200 DO 210 1=2~.31 
L<I>=ISUM 

210 ISUM=ISUM+OIMW 
DO 220 1=32,33 
L<I>=ISUM 

220 ISUM=ISUM+OIML 
LC34>=ISUM 
ISUM=ISUM+IH 
LC35):i:JSUM 
1SUM=lSUM+2*1H 
IF CMOb<ISUMt2) .EO.O> ISUM=ISUM+1 

230 LC36)=1SUM 
ISUM=ISUM+2*IMAX 
LC37>=ISUM 
ISUM=ISUM+IMXl 
LC38)=1SUM 
ISUM=ISUM+ISIZ 
LC39>=1SUM 
I SUt~~f= I SUM+ I 5 I Z 
LC40>=ISUM 
ISUM=ISUM+ISIZ 
LC41>=ISUM 
ISUM=ISUM+ISIZ 
LC42>=ISUM 
IFCIHCf.EQ.O>GO TO 231 
ISUM=ISUM+ISIZ 
LC43>=1SUM 
ISUM=ISUM+ISIZ 
IO=DIML 
JQ=OIMW 
l(44>=ISUM 
GO TO 232 

231 JSUM=ISUM+l 
L(43>=ISUM 
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00001170 
00001180 
00001190 
00001200 
00001210 
00001220 
00001230 
000012.40 
00001250 
00001260 
00001270 
00001280 
00001290 
00001300 
00001310 
00001320 
00001330 
00001340 
00001350 
00001360 
00001370 
00001380 
00001390 
00001400 
00001410 
00001420 
00001430 
00001440 
00001450 
00001460 
00001470 
00001480 
00001490 
00001500 
00001510 
00001520 
00001530 
00001540 
00001550 
0000 156()k 
00001570* 
00001 ~80* 
0000159()k 
00001600* 
00001610* 
0000162()k 
00001630* 
00001640* 
00001650* 
00001660* 
00001670* 
00001680* 
0000 1690* 
00001700* 
00001710* 
00001720* 
00001730* 
00001740* 



MAIN 

ISUM=ISUM+l 0000175~ 
10=1 0000176fik 
JQ=1 0000177()k 
NHCF=l 0000178()k 
L<44>=ISUM 000017~~ 

232 ISUM=ISUM+NHCF 0000180~ 
WRITE <Pt330) ISUM 00001810 

c 00001820 
C ---PASS INTIIAL ADDRESSES OF ARRAYS TO SUBROUTINES--- 00001830 

CALL DATAI<Y<L<l>>,Y<LC7)),Y(L(8)),y(LC9)),y(L(lO>>tY<L<11)),Y<L<lOOOOl840 
12>>•Y<L<l3)),y(L<l4)),y(L<lS>>tYCL<l6)),y(L(l7>>,Y<L<18)),Y(L(19>>00001850 
2tY<L<201),y(L(2l)),Y(L(22)),y(L(23)),Y(L(24)),y(L(29)),y(L(32)),y(00001860 
3LC34) > ,y(L(35>) tY<L<38)) tYCL<39) > tYCL(40)) tYCL<41)) tYCLC42>) tYCLC400001870* 
4 3 > > , y ( L ( 44 > > > 0 0 0 0 18 8 0* 

CALL STEPCY(L(l)),Y(L(5)),Y(L(7)),Y(L(8))tYCL(9)),y(LC14)),y(L(17)00001890 
l),Y(L(l8)),y(L(23)),y(L(29)),y(LC30)),YCLC32)),Y(L(34)),y(L(35)),Y00001900 
2<L<37>) tY<LC20))) 00001910* 

IF CNUMS.EQ.CHK<l1> > CALL SOLVEl <Y<L<l> > tYCL<2> > tYCLC3) > tYCLC4) > ,Y00001920 
1 (L(5)),Y(L(6)),YCL(7)),YCLC9)),y(LC12>>•Y<L<13)),y(L(l4)),y(L(l5))00001930 
2tY(LC16)),YCL(25)),Y(L(26)),y(LC27>>•Y<LC2b)),y(L(29)),¥(LC3l)),YC00001940 
3LC32>>•Y<LC33)),y(LC37)),y(LC10)) 9 YCL<ll>>,Y<L<24)),y(L(l9)),y(LC200001950 
43>>•Y<L<20)),y(LC22>>•Y<L<21>>> 00001960 

CALL COEF<Y<L<l)),y(L(5)),y(L(6)),y(L(7)),y(LC8)),y(L(9)),y(L(l0))00001970 
ltY<L<ll)),y(LC12>>,YCL(14)),Y(L(l5)),Y(LC16)),y(L(l7>>•Y<LCl8)),Y(00001980 
2LC19)),YCLC20)),Y(Ll2l)),y(LC22)),Y(LC23)),Y<L<24)),Y(L(29)),y(LC300001990 
3 2 > > , Y C L ( 4 3 > > , Y ( L ( 4 4 > ) ) 0 0 0 0 2 0 0 0* 

CALL CHECKI(YCLC1>>•Y<LC5)),Y(L(6)),Y(L(7)),y(L(9)),y(L(10)),YCLC100002010 
11>>tYCL<12)),Y(L(13)),y(L(14)),y(LC15)),YCL<17>>tYCLC18)),YCLC19))00002020 
2,Y(L(20) > tY<L<21)) ,YCLC22) > tY<L<23> > ,Y<L<24)) ,y(L(29) > tYCL(32) >, 00002030* 
3IFLOwtiL£AKtY(L(38> > tY<L<39)) tY<LC40)) tY<L<41)) tY(L(42)) tYCL(43)) t00002040* 
4 y < L < 44 > ) > 0 0 0 0 2 0 50* 

CALL PRNTAI<Y<L<1>>•Y<LCM)),y(L(9)),y(L(12)),y(L(14)),y(L(29)),y(L00002060 
1(32))) 00002070 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00002080 
c 00002090 
C ---START COMPUTATIONS--- 00002100 
c ************************ 00002110 
C ---READ AND WRITE I)ATA FOR GROUPS II Al\•0 III--- 00002120 

YFINT=O. 00002130* 
bFOUTT=O. 00002140* 
XNINT=O. 000021~0* 
XNOUTT=O. 00002160* 
CALL DATAIN 00002170 
CALL ARRAY(Y<L<l2)) •IFMT3tNAME<1>t2> 00002180 
If (WATER.EQ.CHK<2>> GO TO 240 00002190 
CALL ARRAY(Y(L(9)),1FMT3,NAME<10),3) 00002200 
GO TO 250 00002~10 

240 CALL ARRAY<Y(L(17>>•IfMTl,NAME<19),4) 00002220 
CALL ARRAY(Y(L<l8)) tlfMT~tNAMEC28),S) 00002230 
CALL ARRAY(Y(L(l9>>•IfMT3,NAME<37),o) 00002240 

250 If <CONVRT.EQ.CHK<7>> CALL ARRAY(Y(L(23)),JFMT2tNAME<46),7) 000022~0 
IF <LEAK.NE.CHK(9)) GO TO 260 000022b0 
CALL ARRAY(Y(L(20))tiFMT1,NAMl<5~),8) 00002270 
IF<IWT.EQ.l)CALL A~~AYCY(LC2l)),JfMT5tNAME<64),9) 000022b0* 
IF<lttJT.EQ.O)CALL ARRAY<Y<L<21">) tlfMT2tNAMEC64) ,9) 00002290* 
CALL ARRAY(Y(L(22))tlfMT2tNAM[(73)t10) 00002300 
IF<IHCF.EO.l.UR.!HCF.EU.2) CALL ARRAY(Y(L(38)),1FMT5,NAME<100),13>00002310* 
IF<IHCF.EO.l.O~.[HCf.EQ.2) CALL ARRAY<Y<L<J9)),JfMT~tNAME<lOO),l3>00002320* 

27 



MAIN 

IF(lrlCF.EQ.l.OR.IHCf.EQ.2) CALL ARRAY(Y(L(40)),IFMT5,NAME(l00),}3)000023~0* 
IF<IHCF.EQ.l.OR.IHCF.EQ.2) CALL ARRAY(Y(L(4l)),JFMT5,NAME<lOO>tl3)00002340* 

260 IF <EVAP.EQ.CHK(6)) CALL ARRAY(Y(L(24)),!FMT2,~AME<82),11> 00002350 
IF <RECH.EQ.CHK<lO>> CALL ARRAY<Y<L<lJ)),IFMTl,NAME<91),}2) 00002360 
CALL MOAT 00002370 

c 00002380 
C ---INITIALIZE TRANSMISSIVITY VALUES IN WATER TABLE PROBLEM--- 00002390 

KT=O 00002400 
IF (WATER.EU.CH~(2)) CALL TRANS 00002410 

c 00002420 
C ---COMPUTE ITERATION PARAMETERS--- 00002430 

IF (NUMS.EQ.CHK(ll)) CALL ITER! 00002440 
c 00002450 
C ---INITIALIZE PARAMETERS FOR ALPHAMERIC MAP--- 00002460 

IF <CONTR.EQ.CHK(J)) CALL MAP 00002470 
c 00002480 
C ---COMPUTE T COEFFICIENTS FOR ARTESIAN PROBLEM--- 00002490 

IF (WATER.NE.CHK<2>> CALL TCOF 00002500 
c 00002510 
C ---READ TIME PARAMETERS AND PUMPING OATA FOR A NEW PUMPING PERIOD-00002520 

270 CALL NEWPER 00002530 
c 00002540 

KT=O 00002550 
lFINAL=O 00002560 
IERR=O 00002570 

c 00002580 
C ---START NEW TIME STEP COMPUTATIONS--- 00002590 

280 CALL NEWSTD 00002600 
c 00002610 
C ---COMPUTE TRANSIENT PART OF LEAKAGE TERM--- 00002620 

IF <LEAK.EQ.CHK(9).AND.SS.NEe0e) CALL CLAY 00002630 
c 00002640 
C ---ENTER APPROPIATt SOLUTION ROUTINE AND COMPUTE SOLUTION--- 00002650 

IF <NUMS.EQ.CHK<ll>> CALL NEWITA 00002660 
c 00002670 
C ---CHECK FOR STEADY STATE AND PRINT OUTPUT AT DESIGNATED 00002680 
C TIME STEPS--- 00002690 

CALL STEADY 00002700 
c 00002710 
C ---LAST TIME STEP IN PUMPING PERIOD ?--- 00002720 

IF <IFINAL.NE.l> GO TO 2HO 00002730 
c 00002740 
C ---CHECK FOR NEW Pu~PING PERIOD--- 00002750 

If (~P.LT.NPfR) GO TO 270 00002760 
c 00002770 
C ---DISK OUTPUT IF OESIRED--- 00002780 

IF <IDK2.NE.CHK(l5>> GO TO 290 00002790 
CALL DISK 00002800 

c 00002810 
C ---PUNCHED OUTPUT IF DESIRED--- 00002820 

290 IF (PNCH.NE.CHK(})) GO TO 300 00002830 
CALL PUNCH 00002840 

c 00002850 
C ---CHECK FOR NEW PROBLEM--- 00002860 

300 READ <R.320tEND=310) NEXT 00002870 
IF (f\JEXT.Ei,J.O) GO TO 10 00002880 

310 STOP 00002890 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00002900 
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MAIN 

c 00002910 
C ·--FORMATS--- 00002920 
c -----------------------------------------------------------------00002930 
c 00002940 
c 00002950 

320 FORMATClliS,GlO.O> 0000296~ 

330 FORMAT <•o•,S4X,•WORDS OF Y VECTOR USED =•,17) 00002970 
340 FORMAT <•0•,62X,•NUM~ER Of ROWS =•,IS/bOX,•NUM~ER OF COLUMNS ='•1500002980 

l/9Xt 1 NUM8ER Of WELLS FOR WHICH DRAWOOWN IS COMPUTED AT A SPECIFIED00002990 
2 RAOTUS =•tl5t/t39Xt'MAXIMUM PERMITTED NUMBER OF ITERATIONS =••15)00003000 

350 FORMAT ( 1 - 1 t3bXt 1 NO EQUATION SOLVING SCHEME SPECIFIED, EXECUTION T00003010 
1EHMINATE0'/J7Xt58('*')) 00003020 

360 FORMAT C•l•,60Xt 1 U. S. G. S.•I/55X,•FINITE-DlfFERENCE MODEL 1 /65Xt 1 000030JO 
lfOH•/SlXt•SlMULATION OF GROUND-WAlE~ FLOW•I/60Xt•JANUARYt 1975'//100003040 
233('*')/ 1 0 1 t32A4//133('*')) 00003050 

370 FORMAT C20A4) 00003060 
380 FORMAT Cl6(A4tlX)) 00003070 
390 FORMAT <•-SIMULATION OPTIONS: '•13CA4t4X)) OOOOJ080 

fNO 00003090 
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c 
c 
c 
c 
c 

c 

c 

c 
c 

c 
c 
c 

c 
c 

c 
c 
c 
c 

DATAl 

SUBROUTINE DATAICPrii,STRT,SURitTtTRtTC.S,QREtWELLtTLtSL,PERM,BOTT000003100 
1MtSY,RATEtRIVER,M,TOP,GRNO,DELXtDELY,WR,NW~,OIST1tOIST2tDIST3,0IST00003110* 
?.4,XRIVXtXRATEXtTLHCF) 00003120* 
------------------------------------------------------------------00003130 
READ AND WRITE INPUT DATA 00003140 
------------------------------------------------------------------00003150 

00003160 
SPECIFICATIONS: 00003v70 
REAL *BP~I.DBLEtXLAbELtVLABELtTITLEtXN1tMESUR . 00003180 
REAL *4M 00003190 
INTEGER RtPtPU,OIMLtOIMWtCHKtWATERtCONVRT•EVAP,CHCKtPNCHtNUMtHEADt00003~00 

lCONTRtLEAK,RECHtSIPtAOI 00003210 
00003220 

DIMENSION PHICIZtJZ>t STRT<IZtJZ>t SURICIZtJZ), TCIZ,JZ), TRCIZtJZ00003230 
1>, TCCIZtJZ>• SCIZ,JZ), QRECIZtJZ), WELLCIZtJZ), TLCIZ,JZ), SLCIZt00003240 
2JZ>• PERM<IP,JP), HOTTOM<IP,JP), SYCIP,JP), RATECIR,JR), RIVERCIRt00003250 
3JR>• MCIRtJR), TOP<IC,JC>, GRNDCIL,JL), DELXCJZ), DELYCIZ>• WRCIH>00003260 
4 • N W R < I H , 2 > , A < I Z , J Z > ' I N ( 9 ) , I F M T < 9 > , 0 I S T 1 ( I Z , J Z ) ' · 0 I S T 2 C I Z , J Z ) , 0 I S T 3 C 0 0 0 0 3 2 7 0 * 
51ZtJZ>tOIST4<IZ,JZ>•XRIVXCIQ,JQ),XRATEXCIQ,JQ),TLHCFCNHCFt3) 00003280* 

00003290 
COMMON /SARRAY/ VF4C1l>tCHKC15),Vf5C7),Xl~b(6),VF6(7) 00003300* 
COMMON /SPARAM/ WATtR,CONVRT,EVAP,CHCK.PNCHtNUMtHEADtCONTR,ERORtLE00003310 

lAK,RECHtSIP,U,SStTTtTMINtETDIST,QETtERR.TMAXtCDLTtHMAX,YOIMtWIOTH,00003J20 
2NUMS•LSORtADI·DELT,SUMtSUMP,SUBStSTOREtTESTtETQB,ETQO,FACTXtFACTYt00003330 
3IERR,KOUNT,IFIN~L,NUMTtKT,KP,NPERtKTHtiTMAXtLENGTHtNWELtNWtOIML,DI00003340 

4MW,JN01,IN01tRtPtPUtltJtiDKltlDK2tiOOtACT 00003350* 
COMMON /CK/ ETFLXT,STORT,QRET,CHSTtCHDT,FLUXTtPUMPTtCFLUXTtfLXNT 00003360 
COM~UN /PR/ XLABEL<3),YLABEL<6>tTITLEC5),XNltMESUR,PRNTC122),8LANK00003370 

1(6Q),OlGIT<122>tVFl(6),Vf2(6),Vf3(7),XSCALEtDINCHtSYMC17)tXNC100),000033AO 
2YN<l3),NA(4),NltN2,N3tYSCALEtfACTltFACT2 00003390 
CO~MON /ARSIZE/ IZ,JZtiP,JP,IR,JR,IC.JC,IL,JL,IStJStiHtiMAXtiMXl•I00003400* 

lWTtiHCF,LPRINTtiQ,JUtNHCF 00003410* 
RETURI\I 00003420 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00003430 
******************** 00003440 
ENTRY DATAIN 00003450 
******************** 00003460 

00003470 
---READ AND WRITE SCALAR PARAMETERS--- 00003480 
READ (R,500) CONTR,XSCALEtYSCALE,OINCH,FACT1tfACT2tMESUR 00003490 
IF CCONTR.EQ.CrlK(J)) WRITE CPt610) XSCALE~YSCALEtMESURtMESURtDINCH00003500 

ltfACTltFACT2 00003510 
READ CR,490> NPERtKTHtERRtEROR,SS,QETtETDISTtLENGTH,HMAXtFACTXtfAC00003520 

llY 00003530 
If CETDIST.LE.o.> ETDIST=l. 00003540 
WRITE CP,520) NPER,KTH,ERRtEROR,sS,QETtETDIST,FACTXtfACTY 00003550 

00003560 
---READ CUMULATIVE MASS BALANCE PARAMETERS--- 00003570 
READ <R,600) SUM,SUMPtPUMPTtCFLUXT,QRETtCHSTtCHDTtfLUXTtSTORTtETFL00003580 

lXTtFLXNT 00003590 
IF Cl0Kl.EQ.CHKC14)) GO TO 20 00003600 
IF <SUM.EO.O.O) GO TO 40 00003610 
WRITF (P,4H0) SUM 00003620 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00003630 

---HEAD DATA TO CONTINUE PREVIOUS ~O~PUTATIONS READ HERE---
------FRO~ CARDS: 
DO 10 l=ltDIML 

30 
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DATAl 

READ (R,540 > <PHI< I •J> ,J=l•DlMW> 00003680 
10 WRITE CP,S30) J,(Prll(I,J>,J=l,UIMW) 00003b90 

GO TO 40 00003700 
C ------READ AND WRIT~ DATA FROM UNIT 4 ON DISK RATHER THAN CARDS: 00003710 

20 REAU (4) PHI,SUM.SUMP,P~MPT,CFLUXT,QRET,CHST,CHDT,FLUXT,STORT,ETFL00003720 
lXT,FLXNT 00003730 

WHITE (P,480) SUM 00003740 
00 30 I= l•D I ML 00003750 

30 WRITE (P,S30 > I • CPH I ( I ,J) ,J=1•DIMW) 00003760 
RE WI ND 4 00003770 

C •••-•••••••••••••••••••••••••••• STRT <S TARTING HEAU> ••••••••••••00003/BO 
40 READ (k,490) FACT,IVAR.IPRN,IRECS,IRECD 00003790 

IF <IRECS.EQ.l) REAU <2'1) STRT 00003800 
If ( < IVAR.E Q. 1. 0R.IRECS.EQ.1) .AND.IPRN.NE.l) WRITE (P,470> 00003810 
DO 80 I=l • DIML 00003ti20 
IF < IVAR.E C~. 1) RE AO CR , 54 0) CSTRT (I ,J) ,J=l ,OIMW) 00003830 
DO 70 J=1•0IMW 00003H40 
IF <I REC S. EQ . 1) GO TO 60 00003850 
IF <I VAR . NE . l) GO TO 50 00003860 
STRT< I ,J >= ST ~ T<I• J>*FACT 00003870 
GO TO 60 00003880 

50 STRT<I , J> =f AC T 00003d90 
60 SURI< I ,J>=STRT<I.J> 00003900 

T(l,J>= O. 00003910 
TL< l •J >= O. 00003~20 
SL<I.J> =O. 00003930 
TR <I ,J>=O. 00003~40 
TC <I. J >=O . 00003950 
WELL(I,J>=O.O 00003960 
QRE<I.J>=O. 00003970 

70 IF CSUM.EQ.O . O.AND.IDK1. NE . CHK (14)) PHI <I • J>=STR T CI ,J > 00003980 
IF <IVAR.EQ.O.AND~I~ECS. EQ .O . OR .IPRN .E Q .l ) GO TO 80 OOOOJ9~0 
wRITE (P , S30) I • CSTRT(J,J) •J=l,DIMw) 00004000 

80 CONTI~UE 00004010 
IF <IV AR.NE.1.Ai\IO.II-<EC S. NE.1 > WRITE CP,420 > FACT 00004020 
IF <IRECD.EQ.1) WRI T£ <2•1> STRT 00004030 
RETURN 00004040 

C 000040SO 
C ---READ REMAINING ARRAYS FROM CARDS OR DISK (AS SPECIFIED IN THE 00004060 
C OPTIONS> AND WRITE THEM ON DISK IF SPECIFIED IN THE OPTIONS--- 00004070 
c ************** 000040~0 

ENTRY ARRAY(A,IFMT,lN,IRN) 00004090 
c ************** 00004100 

READ<Rt490) FACT,IVARtlPRN, IRECS, IRECD 00004110 
IK=4*IRECS+2*IVAR+IPRN+l 00004120 
~0 TO (90,90,110•110,}40,140) , IK 00004130 

90 DO 100 I=l,DI~L 00004140 
DO 100 J=l,UlMW 00004150 

100 A(I,J>=FACT 00004lo0 
WRITE (P,430) IN.Ft\CT 00004170 
r,o TO 160 00004180 

110 IF <IK.EQ.3) WRITE (P,440) IN 000041~0 
DO 130 I=l,OIML 00004200 
IF<I~T.EO.l.ANO.IRN.£0.9) READ(R,S09) (A(J,J),J=l,UIM~) 00004210 * 
IF<IwT.E0.1.AND.IRN.NE.9> READ·<R,S10> (1.\( I,J) ,J=l,OlMW) 00004220 * 
IF<IwT.EQ.O)KEAD(R,510) (A(!,J) ,J:1,DIM~> 00004230 * 
00 120 J=1• UIM~ 00004240 

120 A(l,J)=A<l,J)*FACT 00004250 
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c 

DATAl 

130 IF CIK.EQ.3) WRITE CPtiFMT> ItCACitJ>tJ=ltDIMW) 
GO TO 160 

140 READ C2 1 1RN) A 
IF CIK.EQ.6) GO TO 160 
WRITE. CPt440> IN 
DO 150 I=1•DIML 

150 WRITE CPtlFMT) ItC~CitJ)tJ=1tDIMW) 
160 IF CIRECD.EQ.1) WRITE C2•IRN) A 

RETURN 

C ---INSERT ZERO VALUES IN THE T OR PERM MATRIX AROUND THE 

00004260 
00004270 
00004280 
00004290 
00004300 
00004310 
()0004320 
00094330 
00004340 
00004350 
00004360 
00004370 
00004380 
00004390 
00004400 
00004410 
00004420 
00004430 
00004440 
00004450 
00004460 
00004470 

C -BORDER OF THE MODEL---
e ************** 

ENTRY MOAT 

DO 180 1=1tDIML 
DO 180 J=1•DIMW 
IF CWATER.EQ.CHKC2)) GO TO 170 
IF <I.EQ.1.0R.I.EQ.OIML.OR.J.E0.1.0R.J.EQ.OIMW) TCitJ>=O. 
GO TO 180 

170 IF CI.EQ.1.0R.I.EQ.OIML.OR.J.EQ.1.0R.J.EQ.OIMW) PERMCI,J>=O. 
180 CONTINUE 

C •••••••••••••••••••••••••••••••• DELXtDELY •••••••••••••••••••••••000044~0 
READ CR,490) FACTtiVARtiPRNtlRECStiRECO 00004490 
IF CIRECS.EQ.1) GO TO 210 00004500 
IF CIVAR.EQ.1) READ CRt490) DELX 00004510 
DO 200 J=1tDIMW 00004520 
IF CIVAR.NE.1> GO TO 190 00004530 
DELX(J)=OELXCJ>*FACT 00004540 
GO TO 200 00004550 

190 DELX<J>=FACT 00004560 
200 CONTINUE 00004570 

GO TO 220 00004580 
210 READ <2•13) DELX 00004590 
220 IF CIRECD.EQ.1) WRITE <2•13) DELX 00004600 

IF CIVAR.EO.l.OR.IRECS.E0.1.AND.IPRN.NE.l) WRITE CPt550) DELX 00004610 
IF CIVAR.NE.l.AND.IRECS.NE.1) WRITE CPt450> FACT 00004620 
READ CR,490> FACTtiVARtiPRNtiRECStiRECD 00004630 
IF CIRECS.EQ.l) GO TO 250 00004640 
IF CIVAR.EQ.l) REAO CRt490) DELY 00004650 
DO 240 I=ltDIML 00004660 
IF CIVAR.NE.l> GO TO 230 00004670 
DELYCI>=DELYCI)*FACT 00004680 
GO TO 240 00004690 

230 DELYCI>=FACT 00004700 
240 CONTINUE 00004710 

GO TO 260 00004720 
250 READ C2•14) DELY 00004730 
260 IF CIRECD.EQ.l) WRITE C2•14) DELY 00004740 

IF CIVAR.EQ.1.0R.IRECS.EQ.l.AND.IPRN.NE.l> WRITE CPt560J DELY 00004750 
IF CIVAR.NE.l.AND.IRECS.NE.l> WRITE CPt460) FACT 00004760 

C OQ004770 
C ---CHECK TO SEE IF HCF OPTION IS TO BE USED--- 00004780* 
c 00004 790 * 

IFCIHCF.EQ.O> GO TO 265 00004800* 
c 00004810 * 
C ---DEFINITION OF VARIABLES--- 00004820* 
c 00004830 * 
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DATAl 

C COFNL = COEFFICIENT OF LEAKAGE OCCURRING IN BOUNDARY NODE 00004840* 
C CFT**2/SEC> 00004850* 
C COFHCF = COEffiCitNT OF HORIZONTAL FLOW OCCURRING BETWEEN 00004860* 
C BOUNDARY NODE AND POINT BEYOND BOUNDARY CFT**2/SEC>00004870* 
C COFTOT = SUM OF 2 COEFFICIENTS CFT**2/SEC) 00004880* 
C QBl = HORIZONTAL FLOW OCCURRING BETWEEN BOUNDARY NODE AND 00004890* 
C NODE ABOVE IT AT START OF STEADY-STATE SIMULATION 00004900* 
C <FT**3/SEC) 00004910* 
C QB2 = HORIZONTAL FLOW OCCURRING BETWEEN BOUNDARY NOOE AND 00004920* 
C NODE TO LEFT OF IT AT START Of STEADY-STATE 00004930* 
C SIMULATION CfT**3/SEC> 00004940* 
C QB3 = HORIZONT.AL fLOW OCCURRING BETWEEN BOUNDARY NODE AND 00004950* 
C NODE BENEATH IT AT START OF STEADY-STATE SIMULATION00004960* 
C CFT**3/SEC> 00004970* 
C QB4 = HORIZONTAL FLOW OCCURRING BETWEEN BOUNDARY NODE AND 00004980* 
C NODE TO RIGHT OF IT AT START Of STEADY-STATE 00004990* 
C SIMULATION CfT**3/SEC) 00005000* 
C QBINIT = HORIZONTAL FLOW OCCURRING ACROSS OUTER EDGECEDGES> OF 00005010* 
C BOUNDARY NODE AT START Of STEADY-STATE SIMULATION 00005020* 
C CFT**3/SEC> 00005030* 
C HQl = HORIZONTAL FLOW OCCURRING BETWEEN BOUNDARY NODE AND 00005040* 
C NODE ABOVE IT AT START OF TRANSIENT SIMULATION 00005050* 
C CFT**3/SEC) 00005060* 
C HQ2 = HORIZONTAL FLOW OCCURRING BETWEEN BOUNDARY NODE AND 00005070* 
C NODE TO LEFT OF IT AT START OF TRANSIENT SIMULATION00005080* 
C CFT**3/SEC> 00005090* 
C HQJ = HORIZONTAL fLOW OCCURRING BETWEEN BOUNDARY NODE AND 00005100* 
C NODE BENEATH IT AT START Of TRANSIENT SIMULATION 00005110* 
C <FT**3/SEC) 0000.5120 * 
C HQ4 = HORIZONTAL FLOW OCCURRING BETWEEN BOUNDARY NODE AND 00005130* 
C NODE TO RIGHT OF IT AT START Of TRANSIENT 00005140* 
C SIMULATION CFT**3/SEC> 00005150* 
C HQTOT = SUM OF 4 HORIZONTAL FLOW COMPONENTS <FT**3/SEC) 00005160* 
C XRATEX = ORIGINAL VERTICAL HYDRAULIC CONDUCTIVITY <FT/SEC> 00005170* 
C XRIVX = ORIGINAL ELEVATION OF WATER TABLE <FT> 00005180* 
C RATE = ADJUSTED VERTICAL HYDRAULIC CONDUCTIVITY CfT/SEC> 00005190* 
C RIVER = ADJUSTED ELEVATION OF WATER TABLE CFT> 00005200* 
C STRT = STARTING HEAD CFT> 00005210 ~· · 
C T = TRANSMISSIVITY CFT**2/SEC> 00005220* 
C S = STORAGE COEffiCIENT 00005230* 
C M = THICKNESS OF CONFINING BED CFT> 00005240* 
C DELX = GRID-SP4CING IN X-DIRECTION CFT> 00005250* 
C DELY = GRID-SPACING IN Y-DIRECTION (fT) 00005260* 
C TR = INTERNODAL TRANSMISSIVITY ALONG ROwS CFT/SEC> 00005270* 
C TC = INTERNODAL TRANSMISSIVITY ALONG COLUMNS <FT/SEC> 00005280* 
C DIST = DISTANCE BETWEEN BOUNDARY NODE AND POINT BEYOND MODEL 00005290* 
C AREA wHERE HEAD IS CONSTANT (FTl 00005300* 
c 00005310 * 
C ---SAVE RATE , RIVtk--- 00005320* 
c 00005330* 

DO 690 I=1tDIML 00005340* 
00 690 J=1tOIMW 00005350* 
XRATfX(I,J>=~ATE<I,J> 00005360* 
IF<DIST1<1tJl+DIST2<I,J>+DIST3<l,J)+OIST4CltJ>.NE.O.O> 00005370* 

1 XRATEX ( J·,J) =-XRATEX (I ,J) 00005380 * 
690 XRIVXCI,J>=RIVERCI,J> 00005390* 

c 00005400 * 
C ---WRITE HEADING FOR TABLE OF CALCULATED VALUES--- 00005410* 
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c 00005420 * 
C IF< IHCF .EQ.l > wRITE (P,692> 00005430 * 
C IF< It-fCF .EQ.2) WRITE <P,694) 00005440 * 

692 FORMATC 1 l't3X,•I•,JX,•J•,5X,•COFNL•,6X,•COFHF1•,6Xt'C0FHF2••6Xt 1 C000005450* 
1FHF3 1 ,6X,•COFHF4 1 ,5X,•RATE 1 t6X,•RIVER•,4X,tXRATEX•,sx,•XRIVX 1 t4Xt'00005460* 
2QBINTT•> 00005470* 

694 FORMAT<•l•,3x,•r•,3X,•J•,5x,•COFNL•,6X,•COFHF1•~6X,,COFHF2•,6X,•C000005480* 
lFHF3 1 t6Xt 1 COFHF4•,4Xt 1 H01'•8Xt'H02't8X,•H03•,8X,fHQ4 1 ,9X•'RATE•,6X00005490* 
2, t XRATEX') . 00005500 * 

c 00005510 * 
C ---SET UP LOOP TO DO CALCULATIONS AT EACH BOUNDARY NODE~-- 00005520* 
c 00005530 * 

III=OIML-1 00005540* 
JJJ=DIMW-1 00005550* 
DO 860 I =2, I II 00005560 * 
00 860 J=2.JJJ 00005570* 
AREA=DELX<J>*OELY<I> 00005580* 
IF<XRATEX<I,J>.GE.o.O>GO TO 860 00005590* 

c 00005600 * 
C ---INITIALIZE VARIAHLES--- 00005610* 
c 00005620 *. 

COFNL=O. 00005630 * 
COFHCF=O. 00005640* 
COFTOT=O. 00005650 * 
HQl=O. 00005660* 
HQ2=0. 00005670 * 
HQ3=0. 00005680 * 
HQ4=0. 00005690 * 
HOTOT=O. 00005700 * 
AAA=O. 00005710* 
BBl=O. 00005720 * 
882=0. 00005730 * 
8H3=0. 00005740 * 
884=0. 00005750 * . 
081=0. 00005760* 
QB2=0 ~ 00005770 * 
083=0. 00005780 * 
084:;:0. 00005790 * 
THF=O. 00005800 * 
COFHF1=0. 00005810 * 
COFHF 2=0. 00005820 * 
COFHF3=0. 00005830 * 
COFHF4=0. 00005840* 
QBINIT=O. 00005850 * 

c 00005860 * 
C ---CALCULATE INITIAL BOUNDARY FLOWS FOR STEADY-STATE CASE--- 00005870* 
c 00005880 * 

IFCIHCF.NE.1> GO TO 698 00005890* 
IF<DIST1<I,J>.NE.O.>QB1=2.*T<ItJ>*<STRT<I-l•J>-STRT<I,J))*DELX<J)/00005900* 

1 <DELY ( I-1) +DELY (I)> 00005910 * 
IFCDIST2<I,J>.NE.O.>OB2=2.*T<I,J>*<STRT<I,J-l>-STRT<I•J>>*DELY(I)/00005920*· 

1 <DELX(J-l)+DELX<J> > 00005930 * 
IFCDISTJCJ,J>.NE.O.>QB3=2.*T<ItJ>*<STRT<I+l,J>~STRT<I,J))*OELX(J)/00005940* 

1 <DEL Y <I+ 1) +DEL Y (I) > 00005950 * 
IF<DIST4<I,J>.NE.O.)Q84=2.*T<I,J>~(STRT<l•J+l)-STRT<I,J>>*OELY<I>I00005960* 

1 ( DELX ( J+ 1) +DELX ( ,J) > 00005970 * 
QBINIT=Q8l+QH2+QB3+QB4 00005980* 

c 00005990 * 
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OAT AI 

C ---CALCULATE COEFFICIENTS--- 00006000* 
c 00006010 * 

698 COFNL=ABS(XRATEX(I,J))*AREA/MCI,J) 00006020* 
AAA=SQRTCT(J,J)*ABS<XRATEX(I,J))/M(I,J)) 00006030* 
IF<DISTl<I,J>.ED.O>GO TO 880 00006040* 
BBl=tXP((-2.)~SQRT<ABSCXRAT£X(I,J))*(DISTl<I•J>**2)/M(I;J)*TCI,J))00006050* 

1) 00006060 * 
COFHFl=AAA*C1.+8Bl>*<OELX(J)/(l.-B81)) 00006070* 

880 IFCDIST2CI,J>.EQ.O>GO TO 890 00006080* 
BB2=EXPC<-2.>*SQRT<ABS<XRATEXCI,J))*(OIST2CitJ)**2)/M(I,J>*T<I•J))00006090* 

1) 00006100 * 
COFHF2=AAA*<1.+BB2>*CDELY(I)/Cl.-BB2)) 00006110* 

890 IF<OIST3CI,J>.EO.O>GO TO 900 00006120* 
8B3=EXPCC-2.)*SQRT<ABS<XRATEX<I,J))*(O!ST3<l,J)**2)/M(I,J ) *l(I,J))00006130* 

1) 00006140 * 
COFHF3=AAA*Cl.+B83)*COELX(J)/(l.-B83)) 00006150* 

900 IFCOIST4<l•J>.cO.O>GO TO 790 00006160* 
BB4=EXPC<-2.>*SQRT<ABSCXRATEXCitJ))*COIST4CltJ)**2)/MCltJ)*T<ltJ))00006170 * 

1) 00006180 * 
COFHF4=AAA*(l.+BH4)*CDELY(I)/(l.-884)) 00006190* 

c 00006200 * 
C ---CALCULATE NEW Vt~TICAL HYDRAULIC CONDUCTIVITY--- 00006210* 
c 00006220 * 

790 IF<OISTl<l•J>.NE.O.>THF=THF+COFHFl 00006230* 
IFCOIST2<1•J>.NE.O.>THF=THF+COFHF2 00006240* 
IFCOIST3CI,J>.NE.O.>THF=THF+COFHF3 00006250 * 
IFCDIST4CI,J>.NE.O.>THF=THF+COFHF4 00006260* 
COFTOT=COFNL+THF 00006270* 
kATE<I,J>=COFTOT*AHSCX~ATEXCI,J))/COFNL 00006280* 

c 00006290 * 
C ---CHECK IF STEADY-STATE OR TRANSIENT CASE--- 00006300 * 
c 00006310 * 

791 IF ( IHCF .EQ.2) GO To 795 00006320 * 
c 00006330 * 
C ---CALCULATE NEW WATER-TABLE HEAD FOR STEADY-STATE CASE--- 00006340 * 
c 00006350 * 

RIVERCI,J>=STRT<J,J)+ABS<XRATEXCI,J))*CXRIVX(I,J)-STRT<I•J))/RAT£(00006360 * 
1J,J)+tv1(J,J)*l~tilNITI<RATE<ItJl*AREA> 00006370 * 

C WRITE<P,79~) z,J,COFNLtCOFHfltCOFHF2,COFHFJ,COfHf4t 00006380 * 
C IRATE (I ,J) tRIVE.R (I, J) tXRATEX (I ,J) tXRIVX C I ,J) ,QBINI T 00006390 * 

792 FORMAT<• 1 t2Xtl2t2Xtl2tlXt5Fl1.6tE11.3tF9.3tE11.3t2F9.3) 00006400 * 
GO TO 860 00006410 * 

c 00006420 * 
C ---WATER-TA~LE HEAO , TRANSIENT CASE--- 00006430 * 
c 00006440 * 
c 00006t+50 * 
C ---CALCULATE HOklZONTAL FLOW COMPONENTS--- 00006460 * 
c 000064 70 * 

7 9 '5 I F ( T < I - 1 9 J ) • F.: (~ • 0 •• 0 R • S ( I - 1 , J > • L T • 0 • > G 0 1 0 8 0 0 0 0 0 0 6 4 8 0 * 
TC<I-l,J>=<2.*TCI-l•J>*T<I,Jl)/(0ELY<I>*TCJ-l,Jl+DELY<I-l>*T<I,J))00006490 * 

l*FACTY 00006SOO * 
hQl=<STRT<I-l,J>-STRT<ItJ>>*TC<I-ltJl*DELX<J> 00006510 * 

800 IF<T<J,J-l).EfJ.O •• t..;R.S<I,J-l>.LT.O.) GO TO 810 00006520* 
TR<I,J-1>=<2.*T<I,J-l>*T(I,J))/(0ELX<J>*T(J,J-l>+OELX<J-l>*T<I•J>>00006530 * 

1 *FACT X 00006540 * 
HQ2=<STRT<I,J-l>-STkT(J,J))*TR<I,J-l)*UELY<I> 00006550 * 

810 IFCTCI+l,J>.tl~.o •• oR.S(I+1,J>.LT.O.> GO TO 820 00006560 * 
TCCI,J>=<2.*TCI,J>*TCI+l,J))/(0ELY(l)*T<I+1tJ>+DELY(I+1)*T<I,J>>*F00006570 * 
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lACTY 00006580* 
HQ3=~STRTCI+l,J)-STRT(I~J))~TC<I,J>~DELX(J) 00006590* 

820 IF<T<I,J+l).EQ.o •• oR.S(J,J•l>.LT.O.) GO TO 830 00006600* 
TR<J,J>=<2.*TCJ,J)*T(I,J+l))/(0ELX(J)~T(ItJ+1)+0ELX(J+1)~TCitJ))~F00006610* 

lACTX 00006620* 
HQ4:(STRTCitJ+l)-STWT<I~J))*TR<I,J>*DELY<I> 00006630* 

c 00006640 * 
C ---CALCULATE NET HOkiZONTAL FLOW--- 00006650* 
c 00006660 * 

830 HQTOT=HQl+HQ2+HQ3+HQ4 00006670* 
c 00006680 * 
C ---CA~CULATE NEW WAT~R-TABLE HEAD FOR TRANSIENT CASE--- 00006690* 
c 00006700 * 

RIVERCitJ>=STRTCitJ)-M(J,J)*HQTOT/(RATECitJ)*AREA) 00006710* 
C WRITECP,840) I,J,COFNLtCOfHF1tCOfHf2,COFHf3tCOFHF4, 00006720* 
C lHQl,HQ2,HQJ,HQ4,RATE<ItJ),XRATEXCitJ) 00006730* 

840 FORMAT(' '•2Xtl2t2Xtl2t1Xt9f11.6,El1.3tlXtEll.3) 00006740* 
860 CONTINUE 00006750* 

c 00006760 * 
C ---RE-INITIALIZE INTERNODAL TRANSMISSIVITIES--- 00006770* 
c 00006780 * 

DO 870 I=l,UIML. 00006790 * 
DO 870 J=1·DIMW 00006800* 
TR<I,J>=O. 00006810* 

870 TC<I,J>=O. 00006820* 
c 00006830 
C ---INITIALIZE VAPIA8LES--- 00006840 

265 JNOl=OIMW-1 00006850 
INOl=DIML-1 00006860 
If <LEAK.NE.CHK(9).0R.SS.NE.O.> GO TO 280 00006870 
DO 270 I=2,IN01 00006880 
DO 270 J=2,JN01 00006890 
IF (M(J,J).EQ.O.) GO TO 270 00006900 
TL<l•J>=RATE<I•J)/M(J,J) 00006910 

270 CONTINUE 00006920 
IF<IHCF.EQ.O>GO TO 280 00006930* 
~, =0 00006940 * 
DO 272 I=2•IN01 00006950* 
DO 272 J=2,JN0l 00006960 * 
IFCXRATEX(I,J>.GE.O.>GO TO 272 00006970* 
K=K+ 1 00006980 * 
TLHCf(K,l>=ABSCXRAT~X(J,J))/M(J,J) 00006990* 
TLHCF <K ,2) =I 00007000 * 
TLHCF(K,3)=J 00007010* 

272 CONTINUE 00007020* 
280 ETQB=O.O 00007030 

ETOD=O.O 00007040 
SUBS=O.O 00007050 
U=l.O 00007060 
TT=O.O 00007070 
IM=MIN0(6*DIMW+4t124) 00007080 
IM= ( 132-IM) /2 00007090 * 
VFS (3) =DIGIT< IM> 00007100 * 
VF6C3>=DIGlT<IM) 00007110 
Vf4(3)=0IGITCIM) 00007120 
VF4l8>=0IGIT<IM+5) 00007130 
WIOTH=O. 00007140 
00 290 J=2t~N01 00007150 
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c 
c 
c 
c 

c 
c 

c 
c 

c 
c 

c 
c 

OAT AI 

290 WIDTH=WIOTH+OELX(J) 
YOIM=O. 
DO 300 I=2tlNOl 

300 YDIM~YDIM+DELY<I> 
RETURN 

00007160 
00007170 
00007180 
00007190 
00007200 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00007210 

310 

320 

330 

340 

350 

360 
370 

380 

---READ TIME PARAMETERS AND PUMPING DATA FOR A NEW PUMPING 

ENTRY NEWPt:R 
************************ 

READ <R,490) KP,KPMltNWELtTMAXtNUMTtCDLTtDELTtlCKRIV 

---COMPUTE ACTUAL DELT AND NuMT--­
DT=DELT/24. 
TM=O.O 
UO 310 I=ltNUMT 
DT=CDLT*DT 
TM=TM+DT 
IF <TM.GE.TMAX) GO TO 320 
CONTINUE 
GO TO 330 
uELT=TMAX/TM*OELT 
NUMT=I 
WRITE (P,S70> KPtTMAXtNUMTtDELTtCDLT 
OELT=DELT*.3600. 
TMAX=TMAX*86400. 

---INITIALILE SUMP, STRTt SL, WELL AND WR--­
WRIT~ (P,580> NWEL 
IF (KP.GT.KPMl) SU~P=O. 

UO 350 I=l•DIML 
DO 350 J=ltOlMW 
IF (KP.EQ.KPMl> GO TO 340 
STRT<I,J>=PHI(I,J) 
If <LEAK.NE.CHK(9)) GO TO 350 
IF HH I ,J) .EO.O.) GO TO 350 
SL(I,J)=kATE<I,J)/M(l,J>*<RIV€R(I,J>-STRT(ItJ)) 
WELL(J,J)=O. 
IF <NW.EQ.O) GO TO 370 
lJ 0 3 6 0 I = 1 , t-..; w 
\,~R (I) =0. 
lf(NWEL.EQ.O) GO TO 404 

---READ AND WRITE wt:LL PUMPING RATES AND WELL RAOII--­
~W=O 

00 400 Il=ltNwEL 
REAO (R,490) ItJtWELLCltJ),RADIUS 
If (RAOIUS.EQ.O.> GO TO 380 
KW=KW+l 
IF <Kw.GT.NW) GO TO 380 
NWR(KWt1>=I 
f\IWR(KWt2>=J 
WR(KW>=RAOIUS 
WRIT~ (P,S90> ltJtWELL(l,J),WR(KW> 
GO TO 390 
WRITE (?,590) I tJt•NELL (I tJ) 
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00007220 
PERIOD-00007230 

00007240 
00007250 
00007260 
00007270 
00007280 * 
00007290 
00007300 
00007310 
00007320 
00007330 
00007340 
00007350 
00007360 
00007370 
00007380 
00007390 
00007400 
00007410 
00007420 
00007430 
00007440 
00007450 
00007460 
00007470 
00007480 
00007490 
00007500 
00007510 
00007520 
00007530 
00007540 
00007550 
00007560 
00007570 
00007~80 

00007590 * 
00007600 
00007610 
00007620 
00007630 
00007640 
00007650 
00007660 
00007670 
00007680 
00007690 
00007100 
00007710 
00007 -/20 
00007730 



c 

DATAl 

390 wELLCI,J)=W£LLCI,J)/CDELXCJ)*0ELY<I>> 
400 CONTINUE 

C ---CHECK IF T~ANSIFNT CASE---

00007740 
000077~0 
00007"160 * 
00007770* 
000077~0* 
ooooT7qo * 
00007800* 
00007810* 
00007820'* 
00007830* 
00007840* 
00007850* 
00007860* 
00007870* 
0000-/880 * 
00007890* 
00007900* 
00007910* 
00007920* 
oooo-1930 * 
00007940* 
00007950* 
00007960* 
00007970* 
000079t\O* 
00007990* 
OOOOHOOO* 
OOOOROlO* 
0000~0?0* 
00008030* 
OOOOR040* 
000080SO* 
00008060 
00008070 
00008080 
00008090 
00008100 

C 
IFCIHCF.~E.2.0R.KP.NE.l>GO TO 410 

c 
C ---RE-CALCULATE ANU WRITE WATtR-TABLE HEAD FO~ TRANSIENT CASE 
C IF ~Ell LOCATED IN BOUNDARY NODE---
C 

c 

lttRITf (P,406) 
DO 403 I=ltDIML 
0 0 4 0 3 j = l • 0 I M I.J 
IF(X~ATEX<l,J).Gt.O•O>GO TO 403 
lf(Wfll<I,J).EQ.O.> GO TO 402 
RIVE~CI,J>=RIVERCl,J)-M(I,J>*WELLCltJ)/RATtCltJ) 
SLCI,J>=RATECJ,J)/MCI,J)*CRIVERCI,J>-ST~TCitJ)) 

~02 WELCFS=WELLCI,J>*DELXfJ>*DELYCI) 
WRITECP,407> J,J,RIVERCJ,J),XRIVXC!,J),WELCFS 

403 CONT1NUE 
c~o TO 41 o 

404 IF<IHCF . NE.2.0K.KP.NE.l>GO TO 410 

C ---WRITE WATEH-TABL£ HEAD FOR TRANSIENT CASE IF NO WELL LOCATED 
C IN ROUNOARY NODE---
C 

\~RIT ~· c P ,408) 

00 405 l = ltDIML 
DO 405 J= 1•DI MW 
IFCXRATEX(l ,J ) eGE.o.O>GO TO 405 
WR IT~ CP,40 9 ) l • JtR IVlR(J, J ),XRIVXCI,J) 

405 CONTINUE 
410 RETURN 
406 FORMAT<•l e ,7 x ,•RO W•,zx,•COL 0 t5X,•RIVER•,7Xt 1 XRIVX•t6X• 1 WELCFS 1 > 
407 FORMAT(• 1 t8Xti2t3Xtl2t3Xtf9.3t3XtF9.3t3XtF7.2) 
408 FORM~TC 1 l' • 7Xt'R0W 1 t2Xt 1 COL 1 t5X,•RIVER•t7Xt'XRIVX') 
409 FORMAT<• 1 t8Xt12t3Xtl2t3Xtf9.3t3XtF9.3) 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00008110 
c 00008120 
C FORMATS: 00008130 
c 00008140 
c ------------------------------------------------------------------00008150 
c 00008160 
c 00008170 

420 FORMAT ( 1 0't63Xt'STARTING HEAD =•,Gl5.7) 00008180 
430 FORMAT (t0 1 t41Xt9A4••=••Gl5.7) 00008190 
440 FORMAT <'l't49Xt9A4t/t6SX,•MATRlX'•I•SOXt36C'-')) 00008200 
450 FORMAT ( 1 0 1 t72Xt'DELX = 1 tG15.7) 00008210 
460 FORMAT c•o•,72Xt 1 DELY =•,Gl5.7) 00008220 
470 FORMAT <'1 1 t60Xt 1 STARTING HEAD MATRIX'/61Xt20< 1 -t)) 00008230 
480 FORMAT C1 1 1 t40Xt 1 CONTINUATION -HEAD AFTER '•~20.7t' SEC PUMPING 00008240 

l'/42Xt58( 1 -')) 00008250 
490 fORMATC8G10.0) 00008260 

500 FORMAT (A4t6Xt5GlO.O,A8) 00008270 
509 FORMATC8Fl0.4) 000082~0* 
510 FORMAT <20F4.0) 00008290 
520 FORMAT ('0 1 t51Xt 1 NuMBER OF PUM~ING PERIODS =•tiS/49X9 1 TlME STEPS 800008300 

lETWE~N P~INTOUTS =••IS//51Xt•ERROR C~IT~RION FOR CLOSURE =•,Gl5.7/00008310 
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OAT AI 

241X•' STEADY STATE ERROR CRITERION =•tG15.7//44Xt•SPECifiC00008320* 
3 STORAGE OF CONFINING BED =•,Gl5.7/54X,•EVAPOTRANSPIRATION RAT£ = 1 00008330* 
4tG15.7/56Xt 1 EfFECTI~E DEPTH OF ET :J,GlS.7//22Xt'MULTIPLICATION FA00008340* 
SCTOR FOR TRANSMISSIVITY IN X DIRECTION =•,Gl5.7/b3Xt'IN Y DIRECTI000008350* 
6N =•,Gl5.7) 00008360* 

530 FORMAT ( 1 0 1 tl2t2Xt20F6.1/(5Xt20F6.1)) 00008370 
540 FORMAT (8fl0.4) 00008380 
550 FORMAT ClHlt46Xt40HbRID SPACING IN PROTOTYPE IN X OIRECTION/47Xt4 00008390 

}( 1 - 1 )//( 1 0 1 tl2Fl0.0)) 00008400 
560 fO~MAT (lH-,46Xt40hGRID SPACING IN PROTOTYPE IN Y OIRECTION/47Xt4 00008410 

1( 1 - 1 )//( 1 0 1 tl2Fl0.0)) 00008420 
570 FORMAT <•-•,sox,•PUMPING PERIOD NO.•.I4,•:•,Fl0.2t' OAYS•/51Xt38( 1 00008430 

1- 1 )//53Xt 1 NUMBER OF TIME STEPS=•ti6//59Xt•DELT IN HOURS =•tflO.J//00008440 
253Xt•MULTIPLIER fOR 0£LT =•tfl0.3) 00008450 

580 fORMAT ( 1 -•t63Xtl4,• WELLS'/6Sx,q(t-t)//50Xt'l't9Xt'J PUMPING R000084b0 
lATE WELL RADIUS'/) 00008470 

590 FORMAT (41Xt2Il0t2~!3.2) 0000~480 
600 fORMAT <4G20.10) 00008490 
610 FORMAT ( 1 0't30Xt'0N ALPHAMERIC MAP:•/40Xt•MULTIPLICATION FACTO~ ~00000~500 

lR X OI~ENSION = 1 tGlS.7/40Xt'MULTIPLICATION FACTOR FOR Y DIMENSION 00 008510 
2=•,Gl5.7/55Xt'MAP SCALE IN UNITS OF '•All/50Xt'NUM8ER OF 1 tA8 9 1 P00008S20 
3ER INCH =•,Gl5.7/43Xt'MULTIPLICATION FACTOR FO~ ORAWDO~N = 1 tG15.7/0 0 008530 
447Xt 1 MULTIPLICATION FACTOR FOR HEAD =•,Gl5.7) 00008540 

END 00008550 
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c 
c 
c 
c 
c 
c 

c 

c 

c 

c 
c 
c 
c 

c 

c 
c 
c 
c 

STEP 

SUBROUTINE STEP<PHltKEEPtSTRTtSURitTtWELLtPERMtBOTTOMtTOPtOELXtDON00008560 
ltDELYtWRtNWRtTESTJ,RATE) OOOOS570* 
----~----~---~-----------------------------------------·-----------00008580 
INITIALIZE DATA fOR TIME SlEPt CHECK fOR STEADY STATEt 
PRINT AND PUNCH RESULTS 

00008590 
00008600 

------------------------------------------------------------------00008610 
00008620 

SPECIFICATIONS: 00008630 
REAL 08PHitDBLEtDABStTEST2tDMAXltXLABELtYLABELtXNltMESURtTITLE 00008640 
REAL 04MINStMtKEEP 00008650 
INTEGER RtPtPUtDIMLtDIMWtCHKtWATERtCONVRTtEVAP,CHCKtPNCHtNUMtHEADt00008660 

lCONTRtLEAKtRECHtSIPtADI 00008670 
00008680 

DIMENSION PHI<IZtJZ>t KEEP<IZtJZ>t STRTCIZtJZ>t SURI<IZtJZ>t T<IZt00008690 
lJZ>t 80TTOM<IPtJP), WELL<IZtJZ>t PERM<IPtJP)t TOP<ICtJC)t DELX<JZ)00008700 
2t ODN<JZ)t OELYCIZ)t WR<IH>t NWR<IHt2)t ITT0<200), TEST3(1MXl>t 00008710* 
3RATECIZtJZ) 00008720* 

00008730 
COMMON /SARRAY/ Vf4Cl1>tCHKC15>tVf5(7)tXLABC6),Vf6(7) 00008740* 
COMMON /SPARAM/ WATERtCONVRTtEVAPtCHCKtPNCHtNUMtHEADtCONTR,ERORtLE00008750 
lAKtRECHtSIPtUtSStTTtTMINtETDISTtQETtERR~TMAXtCOLTtHMAXtYDIM,WIOTHt00008760 
2NUMStLSORtAOitDELTtSUM9SUMPtSUBStSTOREtTESTtETQB,ETQO,FACTXtfACTYt00008770 
3lERRtKOUNTtlflNAL,NUMTtKT,KPtNPERtKTHtlTMAXtLENGTHtNWELtNWtOIMLtDI00008780 
4MWtJN01tiNOltRtPtPUtltJti0Kl~IDK2tiDOtACT 00008790* 

COMMON /CK/ ETFLXT,STORT,QRETtCHSTtCHDTtfLUXTtPUMPT,CfLUXTtfLXNT 00008800 
COMMON /ARSIZE/ IZtJZtiPtJPtiR,JR,IC,JC,IL~JLtiStJStlHtiMAXtlMXltl00008810* 

lWTtiHCftLPRINTtiQ,JQ,NHCF 00008820* 
COMMON /PR/ XLABEL{J),YLABELC6)tTITLECS>tXN1tMESURtPRNT<122>tBLANK00008830 

lC60)t01GITC122>tVfl(6)tVf2(6)tVf3(7),XSCALEtDINCHtSYMC17),XN<l00)t00008840 
2YNC13>tNA(4)tNltN2tN3tYSCALEtfACT1tfACT2 00008850 

00008860 
DATA PIE/3.141593/tYYY/ZOOOOOOOO/ 00008870 
RETURN 00008880 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00008890 

---START A NEW TIME STEP---

E.NTRY NEWSTP 

KT=KT+1 
KOUNT=O 
DO 10 I=ltOIML 
DO 10 J=ltOIMW 

10 KEEPCI,J>=PHI<ItJ) 
DELT=CDLTOOELT 
SUM=SUM+DELT 
SUMP=SUMP+OELT 
OAYSP=SUMP/86400. 
YRSP=DAYSP/365. 
HRS=SUM/3600. 
MINS=HRS*60. 
DAYS=HRS/24. 
YRS=DAYS/365. 
RETURN 

00008900 
00008910 
00008920 
00008930 
00008940 
00008950 
00008960 
00008970 
00008980 
00008990 
00009000 
00009010 
00009020 
00009030 
00009040 
00009050 
00009060 
00009070 
00009080 
00009090 

••••••••••••••••••• ~ ••••••••••••••••••••••• ~ •••••••••••••••••••••• 00009100 

---CHECK FOR STEADY STATE--­
ooooooooooooooooooooo 

40 

00009110 
00009120 
00009130 



STEP 

ENTRY STEADY 00009140 
c ********************* 00009150 

TEST2=0. 00009160 
DO 20 1=2tiN01 00009170 
DO 20 J=2,JN01 00009180 

20 TEST2=DMAX1<TEST2,0ABS<DBLECKEEPCI,J))-PHICI,J))) 00009190 
IF CTEST2.GE.EROR) GO TO 30 00009200 
WRITE CP,JJO> KT 00009210 
IFINAL=l 00009220 
GO TO 40 00009230 

30 IF <KT.EQ.NUMT) IFINAL=l 00009240 
c 00009250 
C ---ENTRY FOR TERMINATING COMPUTATIONS IF MAXIMUM ITERATIONS 00009260 
C EXCEEDED--- 00009270 
c ********************* 00009280 

ENTRY TERM1 00009290 
c ********************* 00009300 

40 IF CKT.GT.200) WRITE CPt400) 00009310 
ITTOCKT>=KOUNT 00009320 
IF CKOUNT.LE.ITMAX> GO TO 80 00009330 
IERR=2 00009340 
KOUNT=KOUNT-1 00009350 
ITTOCKT>=KOUNT 00009360 
IF CKT.EQ.l) GO TO 60 00009370 

c 00009380 
C ---WRITE ON DISK OR PUNCH CARDS AS SPECifiED IN THE OPTIONS--- 00009390 

XXX=SUM-OELT 00009400 
IF CIDK2.EQ.CHKC15)) WRITE (4) CCKEEPCI,J)tYYYtl=ltDIML>•J=1tDIMW)00009410 

ltXXXtSUMPtPUMPTtCFLUXT,QRETtCHST,CHOTtFLUXTtSTORTtETfLXTtFLXNT 00009420 
IF CPNCH.NE.CHKCl)) GO TO 80 00009430 
WRITE (PUt360) XXX,SUMP~PUMPTtCFLUXT,QRETtCHST,CHOT,FLUXT,STORT,ET00009440 

lFLXTtFLXNT 00009450 
00 50 I=ltOIML 00009460 

50 WRITE CPUt350) CKEEPCI,J),J=l•DIMW) 00009470 
GO TO 80 00009480 

60 If CIDK2.EQ.CHKC15)) WRITE (4) PHitSUMtSUMP,PUMPTtCFLUXT,QRETtCHST00009490 
1tCHDT,FLUXTtSTORT,ETFLXTtfLXNT 00009~00 

IF CPNCH.NE.CHKCl)) GO TO 80 00009510 
WRITE CPUt360) SUM,SUMPtPUMPTtCflUXT,QRET,CHST,CHOTtFLUXTtSTORT,ET00009520 

lFLXT,FLXNT 00009530 
00 70 l=ltDIML 00009540 

70 WRITE CPU,350) CPHICltJ),J=ltDIMW) 00009550 
c 00009560 

80 IF CCHCK.EQ.CHKC5)) CALL CHECK 00009570 
If CIERR.EQ.2) GO TO 90 00009580 

c 00009590 
C ---PRI~T OUTPUT AT DESIGNATED TIME STEPS---· 00009600 

IF CMODCKT,KTH>.NE.O.AND.IFINAL.NE.l> RETURN 00009610 
90 WRITE CPt340) KT,OELTtSUMtMINStHRStOAYStYRStDAYSPtYRSP 00009620 

IF CCHCK.EQ.CHKCS)) CALL CWRITE 00009630 
If CTT.NE.O.) WRITE CPt320) TMINtTT 00009640 
KOUNT=KOUNT+l 00009650 
WRITE CPt300) CTESTJCJ)•J=1tKOUNT) 00009660 
WRITE CP,290) TEST2 00009670 
13=1 00009680 
15=0 00009690 

100 15=15•40 00009700 
l4=MINO(KTtl5) 00009710 
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c 

STEP 

WRITE CP,390) (1,1=13,14) 
\"RITE (P,380) 
\\IRITf_ <P,370> CITTO<I>,I=I3tl4) 
~iRJTE (P,380) 
IF <KT.Lt:.IS> GO TO 110 
I3=I3+40 
GO TO 100 

C ---PRINT ALPHAMERIC MAPS---

c 

110 IF CCONTR.~t.CHK(J)) GO TO 120 
IF (fACTI.NE.v.) Cl\Ll PRNTAC1> 
IF (fACT~.NE.O.) CALL PRNTAC2> 

120 IF CHEAO.NE.CHK(H)) GO TO 140 

C ---PRINT HEAD MATRIX--­
WRITE (P,310) 

c 

DO 130 I= 1, 0 I ML 
130 WRITE ( P, VF 4) I , <PH I C I , J > , J= 1 , D I MW) 
140 IF CNUM.NE.CHK(4)) GO TO 170 

C ---PRINT ORAWDOWN--­
IfCIOO.EQ.1)G0 TO 1000 
WRITE (P,280) 

c ******************** 
ENTRY DRON 

c ******************** 
DO 160 I=1.0IML 
DO 150 J=1,DIMw 
OON<J> =SURI<I,J>-P~ICI,J) 
If (T(J,J).EQ.O.O) uO TO 150 

C REMOVE C fROM COL 1 OF NEXT CARD TO PUNCH ORAWOOwN IN CALCOMP 
C WRITEC7t811>I•J•DD~<J> 

150 CONTINUE 
160 WRITE (P,VF4) ltCDUN(J)tJ=ltOIMW) 

IFCIDO.EO.O>GO TO 170 
1000 ICOUNT=O 

799 IDIMW=DIMW/2 
IK=l 
lJ=l 

800 1Jl=IJ+2 
IFCICOUNT.EQ.O)WRIT~(P,410) (XLABCI)ti=IJtiJ1> 
IFCICOUNT.EQ.1)WRITECP,500) CXLABCI>,I=IJ,IJ1) 
wRITECP,~10) COIGITCI>,I=IKtiU1MW) 
00 165 1=1tOIML 
DO 155 J=IK,IDIMW 
IFCICOUNT.LT.1>DDN<J>=SURICI,J>-PHICI,J> 
IF<ICOUNT.EQ.1>DDN<J>=RATE~I,J)/ACT 

155 CONTINUE 
lfCICOUNT.LT.l>WRITE(P,VfS) ltCDONCJ)tJ=IK,JDIMW> 

165 IFCICOUNT.EO.l>WRITECP,VF6) lt<DONCJ>tJ=JK,IDIMW) 
WRITE<P,RlO> COIGIT<I>,I=IKtiDIMW) 
IFCIK.GE.2)G0 TO 169 
IK=IK+IOIMw 
IJ=IJ+3 
IDIMW=DIMW 
GO TO 800 

169 ICOUNT=ICOUNT+l 
lf(ICOUNT.LE.l>GO TO 799 
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00009720 
. 00009730 
00009740 
00009750 
00009760 
00009770 
00009780 
00009790 
00009800 
00009810 
00009820 
00009830 
00009~40 

00009850 
00009860 
00009870 
00009880 
00009b90 
00009~00 

00009910 
00009920 
00009930* 
00009940 
00009950 
00009960 
00009970 
00009980 
00009990 
00010000 
00010010 * 

fORMOOO 10020 * 
00010030 * 
00010040 * 
00010050 
00010060 * 
00010070 * 
00010080 * 
00010090 * 
00010100* 
00010110 * 
00010120 * 
00010130* 
00010140 * 
00010150 * 
00010160 * 
00010170 * 
00010~CJ * 
00010190* 
00010200 * 
00010210* 
000102~0 * 
00010230 * 
00010240 * 
00010250 * 
000102(' ~ * 
00010270 * 
00010280 * 
00010290 * 



170 IF (NW.EQ.O .OR.I::::EO.l) GO TO 230 ; t!'~~~~h'' 
c ················· ·······~~············ ····························~6bibjlo c 00010320 
C ---COMPUTE APPROXI~ATE HEAD FOR PUMPING WELLS-- - 00010330 

WR I T£ CP,260) 00010340 
DO 220 KW=l,NW 00010350 
IF CWR(KW).EQ.O .) GO TO 220 00010360 
I=NWRCKW,1) 00010370 
J=NWRCKW,2) 00010380 

c 00010390 
C COMPUTE EFfECTIVE RADIUS OF WELL IN MOUEL--- 00010400 

RE=<DELX<J>+OELY<I>>I9.b2 00010410 
IF (w ATER.NE.CHK<2>> GO TO lbO 00010420 
IF CCONVRT.NE.CHK(7)) GO TO 190 00010430 
IF (PHICI,J>.LT.TOPCI,J)) GO TO 190 00010440 

c 00010450 
C ---COMPUTATION FOR WELL IN ARTESIAN AQUIFER--- 00010460 

180 HW=PHI<I•J)+WELL<I,J)*ALOG<RE/~RCKW))/(2.*PIE*T<l,J))*OELX < J)*DELY00 010470 
l<I> 00010480 

GO TO 210 00010490 
c 00010500 
C ---COMPUTATION FOR ~ELL IN WATER TA~LE AQUIFER 00010510 

190 HED=PH I<l,J)-~OTTQM(l,J) 00010520 
ARG=HED*HED+WELLCI,J>*ALOGCRE/wR(KW))/CPIE*PERMCI,J))*OELX(J)*OELY00010530 

}(}) 000105~0 

If (ARG.GT.O.> GO TO 200 00010550 
Wk lTE (P,270) l9J 00010560 
~0 TO 220 00010570 

200 HW=SQRT (ARG)•BOTTO~(!,J) 00010580 
c 00010590 
C ---COMPUTE URAWUOWN AT THE WELL AND PRINT RESULTS--- 00010600 ·· 

210 DRAW=SURI<I,J>-HW 00010610 
WRITf <P•2~0> I,J,~R<KW),HWtDRAW 00010620 

220 CONTINUE 00010630 
230 IF <IERR.N£.2) RtTUKN 00010640 

STOP 00010o~O 
c 00010660 
C ---DISK OUTPUT--- 00010670 
c **************** 00010680 

ENTRY JlSK 00010690 
c **************** 00010700 

WRITE (4) PHI,SUM,SUMP,PUMPT,CFLUXT,QRET,CHST,CHOT,FLUXT,STURT,fTF00010710 
lLXTtFLXNT 00010720 

RtTURN 00010730 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00010740 
c 00010750 
C ---PUNCHED OUTPUT--- 00010760 
c ******************** 00010770 

fNTRY PUNCH 00010780 
c ~******************* 00010790 

WRITE (PUt360> SUM,SUMPtPUMPT,CFLUXT 9 QRET,CHST,CHOT,FLUXT,STORT,ET00010800 
lFLXT,FLXNT 00010810 

UO 240 l=l,UIML 00010820 
240 wRIT~ <PU,J50> (PHI<ItJ),J=1tUIMW) 00010d30 

RETURN 00010840 
c 00010850 
C ••••••••• ••••••• ••••••••••••••••••••••••••••••••••••••••••••••••••00010A60 
c 00010670 
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STEP 

C FORMATS: 00010880 
c 00010890 
c 00010900 
c ----------------------------------------------------------------~-00010910 
c 00010920 
c 00010930 

250 FORMAT (' '•43Xt2!St3F11.2> 00010940 
260 FORMAT c•-•,SOXt'H~AO AND ORAWOOWN IN PUMPING WELLS 1 /51Xt34C 1 - 1 )//00010950 

l4AX~•I J WELL RADIUS HEAD DRAWDOWN•//) 00010960 
270 FORMAT ( 1 1 t43Xt21St 1 WELL IS DRY•> 00010970 
280 FORMAT <1H1t60Xt 1 0~AWOOWN•/61Xt8C•-•>> 00010980 
2~0 FORMAT C'OMAXIMUM CHANGE IN H~AO FOR THIS TIME STEP =•tf10.3/' 1 t500010990 

13<•-•>> 00011000 
300 FORMAT <•OMAXIMUM H~AD CHANGE FOR EACH ITERATION:•!• •,39( 1 -')/( 1 M00011010 

l't10F12.4)) 00011020 
310 FORMAT <'l't60Xt•HEAD MATRIX 1 /61Xt11<•-•>> 00011030 
320 FORMAT C•OOIMENSIONLESS TIME FOR THIS STEP RANGES FROM••G15.7•' T00011040 

lO•,Gl5.7> 00011050 
330 FORMAT <'-*****STEADY STATE AT TIME STEP 1 tl4•'*****'> 00011060 
340 FORMAT ClH1,44Xt57('-'>145Xt'l't14Xt'TIME STEP NUMBER ='•l9t14Xt'l00011070 

1'/45Xt57< 1 -')//SOX.29HSIZE OF TIME STEP IN SECONDS=tf14.2//55Xt 1 T000011080 
2TAL SIMULATION TIMt IN SECONDS=•,F14.2/80X,8HMINUTES=,F14.2/82Xt6H00011090 
3h0URS=tfl4.2/d3Xt5~0AYS=tfl4.2/82Xt'YEARS=••F14.2///45Xt'DURATION 00011100 
40F CURRENT PUMPING PERIOD IN DAYS='•f14.2/82Xt•YEARS= 1 tfl4.2//) 00011110 

350 FORMAT C8Fl0.4) 00011120 
360 FORMAT (4620.10) 00011130 
370 FORMAT C'01TERATIONS:•,40I3) 00011140 
380 FORMAT (t •,lo<•-•>> 00011150 
390 FORMAT <•OTIME STEP :•,4013) 00011160 
400 FORMAT C'0't10<'*'>••THE NUMBER OF TIME ST[PS EXCEEDS THE DIMENSI000011170 

lN OF THE VECTOR ITTO AND MAY CAUSE UNEXPECTED RESULTS IN ADDITIONA00011180 
2L'I'OCOMPUTATION. AVOID PRO~LEMS 8Y INCREASING THE DIMENSION OF TOOOlll90 
3t4E VECTOR ITTO IN STEP 1 tl0('*')) 00011200 

500 FORMATC1Hlt46Xt'VERTICAL HYDRAULIC CONDUCTIVITY MULTIPLIER•, 00011210 * 
&2Xt3A4/47X.S6( •-•)) 00011220 * 

410 FORMAT(1rl1t60Xt 1 DRAWDOWN•t2Xt3A4/61Xt21<'-')) 00011230 * 
810 FORMAT<1H0tl2Xt20Ch4t2X)) 00011240 * 
811 FORMATC2IS,FS.l> 00011250 * 

END 00011260 
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SOL VEl 

SUBROUTINE SOLVElCPHltBEtGtTEMPtKEEP,PHEtSTRTtTtStOREtWELLtTLtSLtDOOOll270 
1ELtETAtVtXItDELX•BETtDELYtALFtTEST3tTRtTCtGRNDtSYtTOPtRATEtMtRIVER000112AO 
2) 00011290 

c ------------------------------------------------------------------00011300 
C SOLUTION bY THE STHONGLY IMPLICIT PROCEDURE OOOllJlO 
c ------------------------------------------------------------------00011320 
c 00011330 
C SPECIFICATIONS: 00011340 

REAL *8Phi,OBLEtRHUPC20),G,BEtTEMPtDABStWtTEST2tDMAX1tRHOt8tOtftHt000ll350 
lHltEtCH,GH,BH,OHtE~tfHtHHtALFAtBETAtGAMA,RES 00011360 

REAL *4KEEP,M 00011370 
INTEGER R,P,PU,OIMLtOIMWtCHKtWATERtCONVRTtEVAPtCHCKtPNCHtNUMtHEADt00011380 

lCONTR,LEAKtHECHtSIP•lOROER<2l),AOI 00011390 
c 00011400 

DIMENSION PHI <1>, ' d::Cl), G<l>, TEMP<l>, KEEP(l) t PHE<l>' STRT(1)' 00011410 
lT<l>, S<l>, QRE<l>, wELL(}), TL<1>, SL<1>, DEL<l>, ETA<l>, V<1>, X00011420 
21(1), DELX<l>• H-ETCl>t DELY(}), ALF<1>• TEST3<1>t TR<1>• TC<1>• GR00011430 
3t..J0(1), SY<l>, TOP<l>, RATE<1>, M<l>, RIVER< I> 00011440 

c 00011450 
COMMON /SARRAY/ VF~<1l>tCHKCl5)tVF5(7),XLA8(6),Vf6(7) 00011460 * 
COMMON /SPARAM/ WAT~RtCONVRTttVAP,CrlCK,PNCHtNUMtHEADtCONTRtERORtLEOOOll470 
lAK,REC~,SlPtUtSStTTtTM1NtETDIST,QET,ERR,TMAXtCDLTtHMAXtYD1MtWIDTHtOOOll4HO 
2NUMStLSO~tAOI,OELT,SUM,SUMP,SUbS,STORE,TESTtETQB,ETQO,FACTXtFACTYt000l1490 
3IfRR.KOUNT,IFINAL,NUMT,KT,KP,NPER,KTHtlTMAXtlENGTHtNWELtNWtOlML,Ol00011500 
4MWtJNOltlN01tRtPtPU,ltJ,IOKltiOK2tiU0tACT 00011510 * 

RETURN 00011520 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00011530 
c 00011540 
C ---COMPUTE ANU PRINT ITERATION PARAMETERS--- 00011550 
c ******************** 00011560 

ENTRY ITERl 00011570 
c ******************** 00011580 
C ---INITIALIZE ORUER OF ITERATION PARAMETERS <OR REPLACE WITH A 00011590 
C ~EAD STATEMENT>--- 00011600 

UATA IOROER/lt2,3t4t5tlt2t3t4,S,ll*l/ 00011610 
I2=IN01-1 00011~20 
J2=JN01-l 00011630 
L2=LfNGTH/2 00011640 
PL2=L2-1. 00011650 
w=O. 00011660 
PI=O. 00011670 

c 00011680 
C ---COMPUTf AVERAGE MAXIMUM PARAMETER FOR PROBLEM--- 00011690 

DO 10 I=2tlNOl 00011700 
DO 10 J=2tJNOl 00011710 
~=I+OIML*(J-1) 00011720 
IF < T < \1) • E C~. 0 • > GO T 0 1 0 0 0 0 11 7 3 0 
PI=PI+1, 00011740 
UX=OELX(J)/wlUTH 00011750 
DY=DELYCJ)/YOIM 00011760 
W=W+1.-AMIN1(2.*DX*DA/(le+FACTY*UX*OX/(FACTX*OY*DY>>,2.*DY*OY/(1.+00011770 

lFACTX*OY*OY/(fACTY*UX*DX))) 00011780 
10 CONTINUE 00011790 

W=W/~I 00011800 
c 00011810 
C ---COMPUTE PARAMETEkS IN GEOMETRIC SEQUENCE--- 00011820 

PJ=-1. 00011830 
uO 20 l=l•L2 00011840 
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SOl_ VE 1 

PJ=PJ+l. 
20 TEMP<I>=l.-<l.-N)**(PJ/Pl2) 

c 
C ---ORDER SEQUtNCE OF PARA~ETERS--­

UO 30 J=1•LENGTH 

OO·O 11 R~O 
0001lt560 
00011870 
000118HO 
00011ti90 
00011~00 
00011910 
00011920 
00011~30 

c 
c 
c 

c 
c 

c 
c 
c 

c 
c 

c 
c 
c 
c 
c 
c 

c 

30 RHOP<J>=TE~P<IOROE~<J>> 
WRITE <P,J70) HMAX 
wRITE (P,380) LENGTH,(RHOP(J),J:l,LENGTH) 
RETURN 
•••••••••••••••••••••••••••••••••••••••••••• ~···~·················00011940 

---INITIALIZE DATA FUR A NEW ITERATION---
40 KOUNT=KOUNT+1 

IF C~OUNT.LE.ITMAX> GO TO 50 
ltJRITF CP,J60) 
CALL TER~1 

50 IF CMODCKOUNT.LENGTrl)) 60,60,70 
************************ 
ENTRY NE.WITA 
************************ 

60 \ITH=O 
70 NTH=NTH+1 

W=RHOP<NTH> 
TESTJCKOUNT+l>=O. 
TF:ST=O. 
N=DIML*DIMw 
DO 80 I=l•''J 
PHE ( I ) =PH 1 C I ) 
DEL<I>=o. 
t . T A< I) =0. 
V < I> =0. 

80 XICI>=O. 
RIGI=O.O 

---COMPUTE TRANSMISSIVITY AND T COEFFICIENTS IN WATER TARLE 
OR WATER TABLl-ART~SIAN SI~UATION---
IF (WATER.NE.CHKC2)) GO TO 90 
CALL T'<ANS 

---CHOOSE SIP NORMJL OR REVERSE ALGORITHM---
90 IF (MOU<KOUNT,2)) 1009230,100 

00011950 
00011960 
000119l0 
00011980 
00011990 
00012000 
00012010 
00012020 
00012030 
00012040 
00012050 
00012060 
00012070 
000120H0 
00012090 
00012100 
00012110 
00012120 
00012130 
00012140 
00012150 
00012160 
00012170 
00012180 
00012190 
00012200 
00012210 
00012220 
00012230 
00012240 
00012250 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00012260 
---ORDER lQUATIONS wifH ROW 1 FIRST - 3X3 EXAMPLE: 00012270 

1 2 3 000122HO 
4 5 6 00012290 
7 8 9 00012300 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00012310 
100 DO 210 I=2•lN01 

00 210 J=2,JNOl 
N=I+OIML*CJ-1> 
NL=N-OIML 
NR=N+DIML 
NA=N-1 
NB=N+l 

C ---SKIP COMPUTATIONS IF NODE IS OUTSIDE AQUIFER BOUNOARY-~­
IF CT(N).EQ.O •• OR.S<N>.LT.O.> GO TO 210 

00012320 
00012330 
00012340 
00012350 
00012360 
00012370 
00012380 
00012390 
00012400 
00012410 
00012420 c 
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c 

c 
c 

c 
c 

c 
c 

c 
c 

c 
c 
c 

SOL VEl 

---COMPUfE COEFFICIENTS--­
f1=TR<NL)/0£LX(J) 
F=TR<N>IUELX(J) 
B=TC<NA>IDELY<I> 
H=TC<N>IDELY<I> 
IF <EVAP.NE.CH~(6)) GO TO 120 

---COMPUTE EXPLICIT AND IMPLICIT PARTS OF ET RATE--­
ETQH=O. 
ETQD=O.O 
IF (PHE<N>.LE.GRNO<N>-ETOIST> GO TO 120 
IF (PHE(N).GT.GRNU(~)) GO TO 110 
ET~B=QET/ETOIST 

ETOD=ETOH*<ETDIST-GRNOCN>> 
C~O TO 120 

110 ETOO=QET 

---COMPUTE STORAGE lERM---
120 IF <CONVRT.EO.C~K(J)) GO TO 130 

PHO=S<N>IDELT 

130 

140 

150 
160 

170 
lBO 

IF <wATER.EQ.CHK(2)) RHO=SY(N)/DfLT 
bO TO 200 

---COMPUT~ STORAGE COEFFICIENT FOR CONVERSION PROBLEM--­
SUBS=O.O 
If (KEEPCN>.GE.TOP<N>.AND.PHE<N>.GE.TOP(N)) GO TO 170 
IF (KEEP<N>.LT.TOP<N>.ANO.PHECN>.LT.TOPCN)) GO TO 160 
IF <KEEPCN>-PHE<N>> 140t1SO,l50 
SUBS=<SY<N>-SCN))/D~LT*<KEEPCN>-TOPCN)) 
GO TO 17 0 
SU8S=<S<N>-SYCN))/0[LT*<KEEP<N>-TOP(N)) 
RHO =SY(N)/ut::LT 
(~0 TO 180 
~HO=SCN>IDt.:LT 

IF CLEAK.NE.CHK(9)) GO TO 200 

---COMPUTE NET LEA~~6E TERM FOR CONVERSION SIMULATION--­
IF (RATE<N>.EU.o •• o~.M<N>.~O.O.) GO TO 200 
HE01=AMAXl<STRT<N>.TOPCN)) 
U=l. 
HED2=0. 
IF (PHf.(N) .GE.TOP( :·,d) GO TO 1YO 
~Ef12=TOPCN) 

U=O. 
19C SLCN>=RATE<N)/M(N){((RIVE~(N)-rlEDl)+TL(N)*CHED1-HE02-ST~T(N)) 
200 CONTINUE 

---SIP • NORMAL • Al .,OR I THM---
---FORWARD SU~STITUT[, CO~PUTING INTERMEDIATE VECTOR v---
E=-H-0-F-H-RrlO-TL<N>*U-ETQ~ 
C~=DEL<NA)*8/(l.•W*DEL<NA)) 
GH=E T A ( NL) *iJ/ ( 1. + w.;:-E T A ( NL) ) 
t3H=ti-'-l*CH 
DH=D-W*GH 
EH=E+W*CH+W~GH 

FH=F-W*CH 
HH=H-W*bH 
ALFA=HH 
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00012430 
00012440 
00012450 
000124b0 
00012470 
00012480 
00012490 
00012500 
00012510 
00012::>20 
000 12530' 
00012540 
00012550 
00012560 
00012570 
00012580 
00012590 
00012600 
00012610 
00012620 
00012630 
00012640 
00012650 
00012660 
00012o70 
00012680 
00012690 
00012700 
00012ll0 
00012720 
00012730 
00012740 
00012750 
00012760 
00012770 
00012780 
000121110 
00012800 
00012~10 
00012820 
00012830 
00012~40 
00012~~0 

00012ti60 
000l2H70 
0001~~h0 

OOOI2ts90 
00012400 
1)00121j10 
00012'120 
00012930 
000121j40 
ooo12~:-,o 

OOOlC'YnO 
00012970 
000129t:10 
00012'190 
00013000 



c 
c 

c 
c 

c 
c 
c 
c 
c 
c 
c 

c 

210 

220 

SOL VEl 

BETA=OH 00013010 
GAMA=EH-ALFA*ETA(NA>-BETA*DEL<NL) 00013020 
DEL<N>=FH/GAMA 00013030 
ETACN>=HH/GAMA 00013040 
RES=-D*PHI(NL)-f*PHICNR)-H*PHI<NB>-B*PHI<NA)-E*PHI'<N>-RHO*KEEPCN)-00013050 

lSL(N)-QRECN>-WELL<N>+ETQD-SUBS-TLCN>*STRTCN> 00013060 
VCN>=CHMAX*RES-ALfA*V<NA>-BETA*V<NL))/GAMA D0013070 
CONTINUE 00013080 

---BACK SUBSTITUTE fOR VECTOR XI--­
DO 220 1=1•12 
13:0IML-I 
DO 220 J=1,J2 
J3=DIMW-J 
N=I3+0IML*<J3-1) 
IF <T<N>.EQ.O •• OR.S<N>.LT.O.> GO TO 220 
XICN>=VCN>-DEL(N)*Xl<N+OIML>-ETACN)*XICN+1) 

---COMPARE MAGNITUDE OF CHANGE 
TCHK=ABS (XI <N>) 
IF CTCHK.GT.BIGI> HlGI=TCHK 
PHICN>=PHI(N>+XI<N> 
CONTINUE 
IF CBIGI.GT.ERR> TEST=1• 
TEST3CKOUNT+1)=81GI 
IF CTEST.EQ.1.> GO TO 40 
RETURN 

WITH CLOSURE CRITERION---

00013090 
00013100 
00013110 

.. 00013120 
00013130 
00013140 
00013150 
00013160 
00013170 
00013180 
00013190 
00013200 
00013210 
00013220 
00013230 
00013240 
00013250 
00013260 
00013270 
00013280 

·~································································ono13290 
---ORDER EQUATIONS WITH THE LAST ROW FIRST - 3X3 EXAMPLE: 

7 8 9 
4 5 6 
1 2 3 

00013300 
00013310 
00013320 
00013330 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00013340 
230 DO 340 II=l,l2 

I=DIML-II 
DO 340 J=2,JN01 
N=I+DIML*(J-1) 
NL=N-DIML 
NR=N+DIML 
NA=N-1 
NB=N+1 

C ---SKIP COMPUTATIONS If NODE IS OUTSIDE AQUIFER BOUNDARY--­
IF (T(N).EQ.O •• OR.S<N>.LT.O.) GO TO 340 

00013350 
00013360 
00013370 
00013380 
00013390 
00013400 
00013410 
00013420 
00013430 
00013440 
00013450 
00013460 
00013470 
00013480 
00013490 
00013500 
00013510 
00013520 
00013530 
00013540 
00013550 
00013560 
00013570 
00013580 

c 
C ---COMPUTE COEFflCIENTS•-­

D=TR<NL>IDELX(J) 
F=TR(N)/DELXCJ> 
B=TC<NA>IDELY<I> 
H=TCCN>IDELY<I> 
IF CEVAP.NE.CHKC6)) GO TO 250 

c 
C ---COMPUTE EXPLICIT AND IMPLICIT PARTS Of ET RATE--­

ETQB=O. 
ETQD=O.O 
IF ·<PHE(N).LE.GRND<N>-ETDIST) GO TO 250 
If (PHE(N).GT.GRND<N>> GO TO 240 
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SOL VEl 

ETQB=QET/ETDIST 00013590 
ETQD=ETQB*CETOIST-GkNOCN)) R9013600 
GO TO 250 · OO~ll361 0 

240 E.TQO=QET "O.Q._01;J620 
c a·o:o':t36.:3 0 
C ---COMPUTE STORAGE TERM--- · · ~ 000-J. J640 

250 IF CCONVRT.EQ.CHKC7)) GO TO 260 00013650 
RHO=SCN)/OELT 00013660 
If CWATER.EQ.CHK(2)) RHO=SYCN>IOELT 00013670 
GO TO 330 00013680 

c 00013690 
C ---COMPUTE STORAGE COEFFICIENT FOR CONVERSION PROBLEM--~ 00013700 

260 SUBS=O.O 00013710 
IF CKEEPCN>.GE.TOP<N>.AND.PHECN).GE.TOPCN>> GO TO 300 00013720 
IF CKEEP<N>.LT.TOPCN>.ANO.PHECN>.LT.TOPCN)) GO TO 290 00013730 
IF CKEEPCN)-PHECN)) 270~280t280 . 00013740 

270 SUBS=CSYCN>-SCN))/DELT*CKEEPCN>-TOPCN)). 00013750 
GO TO 300 00013760 

280 SUBS=CSCN)-SYCN))/OELT*CKEEP<N>-TOP(N)) 00013770 
290 RHO=SYCN>IDELT 00013780 

GO TO 310 00013790 
300 RHO=S<N)/OELT 00013800 
310 IF CLEAK.NE.CHK(9)) GO TO 330 00013810 

c 00013820 
C ---COMPUTE NET LEAKAGE TERM FOR CONVERSION SIMULATION--- 00013830 

IF CRATE(N).EQ.O •• OR.MCN>.EQ.O.) GO TO 330 00013840 
HED1=AMAX1CSTRT<N>.TOPCN)) 00013850 
U=1. 00013860 
HED2=0. 00013870 
If CPHECN>.GE.TOPCN)) GO TO 320 00013880 
HE02=TOPCN) 00013890 
U=O. 00013900 

320 SL<N>=RATECN)/M(N)*(RIVERCN)-HE01)+TLCN>*CHED1-HED2-STRTC~)) 00013910 
330 CONTINUE 00013920 

C 00013Y30 
C ---SIP •REVERSE• ALGORITHM--- 00013940 
C ---FORWARD SUBSTITUTE, COMPUTING INTERMEDIATE VECTOR V--- 00013950 

E=-~-0-F-H-RHO-TLCN>*U-ETQB 00013960 
CH=DELCN8)*H/C1.+W*DELCNB)) 00013970 
GH=ETACNL>*D/Cl.+W*ETACNL)) 00013980 
8H=H-W*CH 00013990 
OH=D-W*GH 00014000 
EH=E+W*CH+W*GH 00014010 
FH=F-W*CH 00014020 
HH=B-W*GH 00014030 
ALFA=BH 00014040 
BETA=DH 00014050 
GAMA=EH-ALFA*ETACNR>-BETA*DELCNL) 00014060 
DELCN>=FH/GAMA 00014070 
ETA(~)=HH/GAMA 00014080 
RES=-D*PHICNL>-F*PHICNR)-H*PHICN8)-B*PHICNA>-£*PHICN>-RHO*KEEPCN>-00014090 
lSLCN>-QRECN>-wELLC~)+ETQO-SUHS-TLCN>*STRTCN) 00014100 

V(N):(HMAX*RES-ALFA*VCNB>-BETA*V<Nl))/GAMA 00014110 
340 lONTINUE 00014120 

c 00014130 
C ---BAC~ SUBSTITUTE FOR VECTOR XI--- 00014140 

DO 350 13=2•1N01 00014150 
DO 350 J=l•J2 00014160 
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c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

J3=0IMW-J 
N=I3+DIML*(J3-l> 

SO! V£ 1 

IF (T(N).EQ.O •• OR.S<N>.LT.O.) G·o TO 350 
XI<N>=V<N>-OEL<N>*Xl(N+OIML)-ETA(N)*XI<N-1) 

---COMPARE MAGNITUDE OF CHANGE WITH CLOSURE CRITERION--~ 
TCHK=hBS(Xl(N)) 
IF (TCHK.GT.d!GI> ~IGI=TCHK 
PHI(N)=PHl(N)+Xl<N> 

350 CONTINUE 
IF (HI G I • G T. ERR> T t. S T = 1 • 
TEST3<KOUNT+l>=BIGI 
IF <TEST.EQ.l.) GO TO 40 
RETURN 

00014170 
00014180 
00014190 
00014200 
00014210 
00014220 
00014230 
00014240 
00014250 
00014260 
00014270 
00014280 
00014290 
00014300 
00014310 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00014320 

---FORr-1~ Ts---
00014330 
00014340 
00014350 

------------------------------------------------------------------00014360 

360 FORMAT ( 1 0EXCEEDED PERMITTED 
370 FORMAT <•-••44X.•SOLUTION BY 

143( '-') ,1/tbl.X• •BETA=• ,F5.2) 

00014370 
00014380 

NUMHER OF ITERATIONS'/' •,39( 1 * 1 )) 00014390 
THE STRONGLY IMPLICIT PROCEDURE 1 /45Xt00014400 

00014410 
380 fORMAT ClrlO,I5t22H ITERATION PARAMETERS:,6015.7/(/28X.6015.7/)) 

END 
00014420 
00014430 

so 



c 
c 
c 
c 
c 

c 

c 

c 

c 
c 
c 
c 

c 

c 
c 
c 

c 
c 
c 

COEf 

SUBROUTINE COEF<PHitKEEPtPHEt~TRT,SURitTtTRtTCtStW~LLtTLtSLtPERM,~OOOl4440 
lOTTOMtSYtRATEtRIVERtMtTOPtGRNDtDELXtOELYtXRATEXtTLHCf) 00014450* 
------------------------------------------------------------------00014460 
COMPUTE COEFFICIENrS 00014470 
------------------------------------------------------------------00014480 

00014490 
SPECIFICATIONS: 00014SOO 
REAL *8PHit08LEtRHOtBtOtFtH 00014510 
REAL *4KEEP,M . 00014520 
INTEGER RtPtPUtDIMLtOIMWtCHKtWATERtCONVRTtfVAPtCHCKtPNCHtNUMtHEADtOOOl4530 • 

lCONTR,LEAKtRECHtSIPtADI 00014540 r 
00014550 

DIMENSION TLHCF<NHCft3> 00014560 
DIMENSION Phi(}), KEEP<l>• PH~(}), STRT(l), SURI<l>• T<l>• TR(1), 00014570 

1TC<l>• 5(1), WELL(}), TL<1>• SL<l>• PERM(}), BOTTOM(}), SY(}), RAT00014580 
2 E ( 1 ) • R I V E R ( 1 ) , M ( 1 ) , T 0 P ( 1 ) , G R N 0 ( 1 ) , DE l X ( 1 ) , 0 t:. l Y ( 1 ) , X R A 'T EX ( 1 ) 0 0 0 14 59 0* 

00014600 
COMMON /SA~RAY/ VF~t11>tCHK<l5),VfS(7),XLA8(6),VF6(7) 00014610* 
COMMON /SPARAM/ WAJtR,CONVRTtEVAP,CHCK,PNCHtNUMtHEADtCONTRtERORtLE00014620 

lAKtRECHt51PtUtSStTTtTMINtET01ST,QETtERR,TMAXtCOLTtHMAXtYDIMtWIOTHt00014630 
2NUMStLSORt~OltPELT,SUM,SUMPtSUBS,STOREtTESTtETQB,ETQO,FACTX,FACTYt00014640 
3IERRtKOUNTtlFINALtNUMTtKT,KPtNPERtKTHtiTMAXtlENGTH,NwELtN~.OIMLtDIOOOl4650 
4MWtJN01,INOltRtPtPUtltJtlDKltlDK2tlDOtACT 00014b60* 

COMMON /ARSIZE/ IZ,JZ,IP,JP,IR,JR,IC,JC,IL,JL,IS,JS,IH,IMAX•IMX1tl000l4670* 
lWTtiHCF,LP~INT,IQ,JQ,NHCF 00014680* 

00014690 ~ 
DATA PIE/3.141593/ 00014700 
RETURN 00014710 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00014"720 

---COMPUTE COEFFICI~NTS FOR TRANSIENT PART OF LEAKAGE TERM---
********************* 
ENTRY CLAY 
********************* 
TMIN=l.E30 
TT=O.O 
PRATE=O. 
ICK=l 
Ir<=O 
1} 0 50 I=l•OIML 
UO 5U J=lt01"'1W 
N=I+OIML*<J-1) 
IF<IHCF.EQ.O)GO TO ~ 

!F(XRATEX(N).LT.O.O>ICK=-1 
5 RAT=RAlE.CN) 

IF<ICK.LT.O)RAT=ABS<XRATEX<N>> 

---SKIP CO~PUTATIU~S IF T, RATE OR M = o, OR IF CONSTANT 
HEAD t:iOUNO .ARY---

lF(RATE(N).LE.u •• OR.T(N),tU.O •• OR.MCN).EQ.O •• OR.S(N).LT.O.)GO TO 
1 so 

---IF VALU~ FOR TL<N ) WILL EQUAL VALUE FOR PREVIOUS NODE, 
SKIP PART OF COMPUTATIONS---
JF(RAT*M(N).EQ.~PAfc) GO TO 40 
OlMT=RAT*SUMP/CM(N)*M(N)*SS*3) 
lF COH .. 1T .GT. TT) TT=DIMT 
IF (!JIMT .LT. TMIN> TMIN=DIMT 
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00014730 
00014740 
00014750 
000147b0 
00014770 
00014780 
00014790 
00014800 
0001481 0* 
000 14820* 
00014830 
00014840 
00014850 
00014860* 
00014870* 
00014880* 
000 14890* 
00014900 
00014910 
00014920 
00014930 
00014940 
00014950 
00014960 
00014970 
00014980 
00014990 
00015000 
00015010 



COEF 

PPT=PIE*PIE*OI~T 00015020 
c . 00015030 
C ---RECOMPUTE PPT IF UIMT WITHIN ~ANGE FOR SHORT TIME COMPUTATION--00015040 

IF (0IMT.LT.1.0E-03) PPT=1.0/0IMT 00015050 
CC=<2.3-PPT)/(2.*PPT) 00015060 

c 00015070 
C ---COMPUTE SUM OF EXPONENTIALS--- 00015080 

SUMN=O.O 00015090 
DO 20 K=l•200 00015100 
POWER=K*K*PPT 00015110 
.IF (POWER.LE.150.> GO TO 10 00015120 
POWER=l50 00015130 

10 PEX=EXP<-POWER> 00015140 
SUMN=SUMN+PEX 00015150 
IF <PEX.GT.0.00009> GO TO 20 00015160 
IF <~.GT.CC> GO TO JO 00015170 

20 CONTINUE 00015180 
c 00015190 
C ---COMPUTE DENOMIN~TER DEPENDING ON VALUE OF DIMT--- 00015200 

30 DENOM=l.O 00015210 
IF <DIMT.LT.l.OE-03) DENOM=SQRT<PIE*OIMT) 00015220 

c 00015230 
C ---HEAD VALUES A~E NOT INCLUDED IN COMPUTATION OF Q FACTOR SINCE 00015240 
C LEAKAGE IS CONSIDERED IMPLIClTLY--- 00015250 

40 Ql=RAT/(M(N)*OENOM) 00015260 
TL(N)=Ql+2.*Ql*SUMN 00015270 
IF<ICK.GT.O>GO TO 45 00015280* 
IK=IK+l 00015290* 
TLHCF<IK•l>=TL<N> 00015300* 
TLHCF<I~•2>=1 00015310* 
TLHCF<IK,J):J 00015320* 
ICK=l 00015330* 
GO TO 5 00015340* 

45 PRATE=PAT*M(N) 00015350* 
50 CONTINUE 00015360 

TMIN=TMIN*3.0 00015370 
TT=TT*3.0 00015380 
RETURN 00015390 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00015400 
c 00015410 
C ---COMPUTE TR~NSMISSIVITY IN WT OR WT-ARTESIAN CONVERSION PROBLEM-00015420 
c ******************** 00015430 

ENTRY TRANS 00015440 
c ******************** 00015450 

DO 60 1=1tOIML 00015460 
DO 60 J=1tDIMW 00015470 
N=I+OIML*(J~l> 00015480 
IF (P~RM(N).EQ.O.) GO TO 60 00015490 
HED=PHI(~) 00015500 
IF CCO~V~T.EQ.CHK(7)) HEO=AMINl(SNGL(PHICN)),TOP(N)) 00015510 
T(N)=PERM(N)*(HE0-40TTOM(N)) 00015520 
IF CT<N>.GT.O.> GO TO 60 00015530 
IF (WELL<N>.LT.O.) GO TO 70 00015540 

c 00015550 
C ---THE FOLLOWING STATEMENTS APPLY WHEN NODES <EXCEPT WELL NODES) 00015560 
C GO DRY--- 00015570 

PERM(N)=O. 00015580 
T<N>=O.O 00015590 
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c 
c 

c 
c 
c 

c 

c 
c 
c 
c 
c 
c 

TR<N-OIML)=O• 
TR{N)=O. 
TCCN-1)=0. 
TCCN>=O. 

COt:F 

PHI (1-..J) =SUR I CN) 
wRIT~· {P,150) I,J 

60 CONTINUE 
IF CKT.EQ.O) RETUR ;~ 

GO TO 90 

---STAHT P~OGRAM TERMINATION ~HEN A WELL GOES DRY---
/0 ~\!RITt (P,}20> l•J 

~;RITE (P,130) 
1E.RR=1 
CALL ORDN 
DO 80 1=2,11>.J01 
iJO 80 J=2,JNOl 
N=l+i:IIML*(J-1) 

HO PHI(N)=KEEPCN) 
SUM=SUM-DELi 
SUMP=SUMP-Ot:LT 
KT=KT-1 
IF (KT.t.Q.(I) STOP 
IF CIOK2.EQ.CHKC15>> CALL DISK 
IF CPNCH.EQ.CHKC})) CALL PUNCH 
IF CMOOCKT,r<.TH) .EQ.O) STOP 
WRIT f- C P, 14 0) K T, SuM 
CALL DRDN 
IF CCHCK.EQ.CHK(S)) CALL C~RllE 
STOP 

---COMPUTE T COEFfiCIENTS-~-

ENTRY TCOF 
******************** 

90 DO 110 I=ltlN01 
DO 110 J=1.JN01 
1\J=l+DIML* (.J-1) 
NR=N+DIML 
NH=N•1 
IF ( T (1\1) .Eu.o.) GO TO 110 
IF C T ( NR) • ~ Q. 0.) GO TO 10 0 
TRCN>=<2.*TCNR)*TCN))/(T(N)*UELXCJ+1)+TCNR)*DELX(J))*fACTX 

100 IF ClCNd) .EQ.O.) GO TO 110 
TC(N)=C2.*TCN~)*TCN))/CTCN)*U~LYCI+1)+JCNB>*DELY<I))*FACTY 

110 CONTINUE 
kf_TUKN 

---FOR•Y1.0 T 5---

00015600 
00015610 
00015620 
00015630 
0001So40 
00015650 
00015660 
00015b70 
00015680 
00015690 
00015700 
00015710 
00015720 
00015730 
00015740 
00015750 
00015760 
00015770 
00015780 
000 15"790 
00015800 
00015810 
00015820 
00015830 
00015840 
00015850 
00015860 
00015870 
00015880 
00015890 
00015900 
00015910 
00015920 
00015~30 
00015940 
00015950 
00015960 
00015970 
00015980 
00015990 
00016000 
00016010 
00016020 
00016030 
00016040 
00016050 
00016060 
000160"70 
00016080 
00016090 

--~---------------------------------------------------------------00016100 
00016110 
00016120 

120 FORMAT ( 1 -****~********WELL'tl3•'•'•llt' GOES DRY*~************') 00016130 
130 FO~MAT <'l't50Xt 1 D~AWDOWN ~HEN WELL WENT ORY 1 ) 00016140 
140 FO~MAT ( 1 1 1 t32X•'D~AwOOWN FOR TIME STEP•,I3t'l SIMULATION TIME =•,00016150 

l1PE15.7,• StCU~DS•) 00016lb0 
150 FO~MAT <•-•,20<'*')•' NODE '•14•'•'•14,• GOES DRY '•20C 1 * 1 )) 00016170 
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CO~F 

000161~0 
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c 
c 
c 
c 
c 

c 

c 

c 
c 

c 
c 

c 
c 

SUAROUTINE CHECKICPHltKEtPtPHEtSTRTtTtTRtTCtStQREtWlLL•TltPERMtBOT00016190 
lTOMtSYtRATEt~IVERt~tTOPtGRNOtDELXtDELYtlfLOWtiLEAK,OlST1tDIST2tDIS00016200* 
lT3,DIST4,XRIVXtX~AT~XtTLHCf) 00016210* 
-----------------------------------~--~~---~---------~----------~-00016220 
COMPUTE A MASS BALANCE 00016230 
--------------------------~---------------------------------------00016240 

00016250 
SPECIFICATIONS: 00016260 
REAL *8PHitUBLE 00016270 
REAL *4~EEPtM 00016280 
INTEGER R,P,PUtUIMLtDIMwtCHKtWATERtCONVRTtEVAP,CHCKtPNCHtNUMtHEAOt00016290 

lCONTRtLEAKtHECHtSIPtAOI 00016300 
00016310 

OIMENSION PHICIZtJZ>t KEEPCIZtJZ>t PHECIZtJZ), STRTCIZtJZ)t TCIZtJ00016320 
1Z>t TRCIZtJZ>• TCCIZtJZ), SCIZtJZ>t QRE<lZtJZ)t WELLCIZtJZ>t TLCIZ00016330 
?tJZ>• P~RMClZtJZ>• HOTTOMCIPtJP), SYCIPtJP)t RATECIRtJR), RIV~RCIR00016340 
3tJR>t MClRtJR), TOPCICtJC), GRNDCILtJL>t DELXCJZ)9 DELYCIZ> 0001bJSO 

DIMENSION CrlOTOTCSUt~O)tXXLEAKC50t50)tX~FLUXC196t3>tX~FLUXC196t3> 00016360* 
DIMENSION 01STlCIZ,JZ>tDlST2CIZ~JZ>tDIST3CIZtJZ>tOIST4CIZtJZ>tXRIV00016370* 
lXCJQ,JQ),XRAT~X(IQ,JQ),JLHCFCNHCF,J> 00016380* 

00016390 
COMMON /SARRAY/ Vf4(11>tCHKC15>•Vf5(7),XLA8C6>tVF6C7) 00016400~ 
COMMON /SPA~AM/ WATtktCO~VRT,~VAPtCHCKtPNCHtNUMtHEADtCONTRtERORtlt00016410 

lAKtRECHtSIDtUtSStTTtTMINtETDISTtQETtERRtTMAXtCDLTtHMAXtYDIM,wlDTH,0001b420 
2NUMS,LSORtAOltDELT,SUMtSUMPtSUBS,STORE,TESTtETQB,ETQO,FACTXtFACTYt00016430 
3IERR,KOUNT,IFlNAltNUMT,KTtKP,NPERtKTHtlTMAXtLENGTHtNWELtNWtOIMltDI00016440 
4MW,JNOltiNOltRtPtPUtltJtlOK1tlOK2tiDOtACT 00016450* 

COMMON /CK/ ETFLXT,STORT,QRETtCHSTtCHDTtFLUXTtPUMPTtCFLUXTtFLXNT 00016460 
COMMON /ARSIZF./ IZ•JZtlPtJPtiRtJRtlCtJC,ILtJLtiStJStl~tiMAXtiMXltl00016470 

lwT,IrlCFtLPRlNTelQ, IUtNHCF 00016480* 
CO~MON /XLT/ BFINT,bFOUTTtXNINTjXNOUTT 00016490* 
RETURN 00016500 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00016~10 
******************** ooo1osco 
ENTRY CHECK 00016S30 
******************** 00016540 
---INITIALIZE VARIAtiLES--- 000165~0 
PUMP=O. 00016~60 
STOR=O. 00016570 
FLUXS=O.O 00016580 
CHD1=0.0 000l6S90 
CH02=0.0 00016600 
QREFLX=O. 00016610 
CFLUX=O. 00016620 
FLUX=O. 00016630 
tTFLUX=O. 00016640 
FLXN=O.O 00016o~O 
XXXX=O. 00016o60* 
FX;"F=O. 00016670* 
ICK=O 000166AO* 
DO 1 1=1•DIML 00016o40* 
00 1 J=ltOIMW 00016700* 
XXLEAK (I ,J) =0.0 00016110* 

1 CHOT0TCJ,Jl=O.O 00016720* 
IDIML=DIML-1 00016730* 
IDIMw=DIMw-1 00016740* 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••U001b7~U 

00016760 
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CHECK I 

C -~-COMPUTE RATEStSlORAGE AND PUMPAGE FOR THIS STEP-~­
DO 240 I:i:2,IDIML 

c 

DO 240 J=2tiDIMW 
XSS=O.O 
CHDll=O.O 
CHD22=0.0 
IF CT(J,J).EQ.O.l GO TO 240 
AREA=DELXCJ)•DELY(I) 
IF CS(I,Jl.GE.O.) GO TO 120 

C ---COMPUTE FLOW RATES TO AND FROM CONSTANT HEAD BOUNDARIES--­
IF CSCI,J-l)eLT.O •• OR.TCitJ-1).EQ.O.) GO TO 30 
X=CSTRTCI.J)-PHICl,J-1))*TRCitJ~1)*DELYCI) 

c 

IF CX) 10930t20 
10 CHD11=CH0ll+X 

GO TO 30 
20 CHD22=CHD22+X 
30 IF CSCI,J+1l.LT.O •• OR.TCitJ+1).EQ.O.) GO TO 60 

X=CSTRTCitJl-PHICI,j+1))*TRCl,J)*DELYCI) 
IF CX) 40t60t50 

40 CH01l=CH011+X 
GO TO 60 

50 CHD22=CHD22+X 
60 IF CSCI-1tJ).LT.o~.oR.TCI-1tJl.EQ.O.) GO TO 90 

X=CSTRTCitJ)-PHICI-1tJ)t*TCCI-1~J)•OELX(J) 
IF (X) 70t90t80 

70 CH01l=CH011+X 
GO TO 90 

80 CH022=CH022+X 
90 IF CSCI+ltJl.LT.o •• oR.TCI+1tJ).EQ.O.) GO TO 112 

X=CSTRTCitJ)-PHICI+l,J))*TCCitJ)*OELX(J) 
IF (X) 100t112tl10 

100 CHD11=CHD11+X 
GO TO 112 

110 CHD22=CHD22+X 
112 CHD1=CH01+CHD11 

CHD2=CH02+CHD22 
CHOTOTCJ,J):CHD11+CHD22 
GO TO 240 

C ---RECHARGE AND WELLS--• 

c 

120 QREFLX=QREFLX+QRE<I•J)*AREA 
IF C WELL C I , J) ) 130, i SO, 140 

130 PUMP=PUMP.+WELL C I ,J) *AREA 
GO TO 150 

140 CFLUX=CFLUX+WELLCJ,J)*AREA 
150 IF CEVAP.NE.CHK(6)) GO TO 190 

C --~COMPUTE ET RATE-~-

c 

IF CPHICitJ).GE.GRNDCI,J)•ETDIST) GO TO 160 
ETQ=O.O 
GO TO 180 

160 IF CPHI~J,J).LE.GRNDtl•J)) GO TO 170 
ETQ=QET 
GO TO 180 

170 ETQ=QET/ETOIST*CPHICI,J)+ETDIST~GRNDCI,J)) 
180 ETFLUX=ETFLUX-ETQ*AREA 
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00016770 
00016780 
00016790 
00016800 * 
00016810 * 
00016820 * 
OC016830 
00016840 
00016850 
00016860 
00016870 
00016880 
00016890 
000'16900 
00016910 * 
00016920 
00016930 * 
00016940 
00016950 
00016960 
00016970 * 
00016980 
00016990 * 

·ooo11ooo 
00017010 
00017020 
00017030 * 

· ooot7040 
00017050 * 
00017060 * 
00017070 
00017080 * 
00017090 * 
00017100* 
00017110* 
00017120* 
00017130 * 
00017140 * 
00017150 
00017160 
00017170 
00017180 
00017190 
00017200 
00017210 
00017220 
00017230 
00017240 
00017250 
00017260 
00017270 
00017280 
00017290 
00017300 
00017310 

. 00017320 
00017330 
00017340 



CHECK I 

C ---COMPUTE VOLUME FROM STORAGE-~- 00017350 
190 STORE=SCitJ> 00017360 

IF CWATER.EQ.CHK(2)) STORE=SYCltJ) 00017370 
IF CCONVRT.NE.CHKC7)) GO TO 230 00017380 
X=KEEPCI•J>-PHICitJ) 00017390 
IF CX) 200t210t210 00017400 

200 HED1=PHICitJ) 00017410 
HEQ2=KEEPCI,J) 00017420 
X=ABSCX) 00017430 
GO TO 220 00017440 

210 HED1=KEEPCitJ) 00017450 
HED2=PHICitJ> 00017460 

220 STORE=SCitJ) 00017470 
IF CHEDl-TOP(I,J).LE.O.) STORE=SYCitJ) 00017480 
IF CCHEDl-TOPCitJ))*CHE02-TOP(ltJ)).LT.O.O> STORE=CHE01~TOPCitJ))/00017490 

lX*SCitJ)+CTOPCitJ)-HED2J/X*SYCI•J) 00017500 
230 STOR=STOR+STORE*CKEEPCitJ)-PHICltJl>*AREA 00017510 

c 00017520 
C ---COMPUTE LEAKAGE RATE•-- 00017530 

If CLEAK.NE.C~KC9)) GO TO 240 00017540 
IF CMCI,J).EQ.O.> GO TO 240 00017550 
HED1=STRT(l,J) 00017560 
IF CCONVRT.EQ.CHK(7)) HEDl=AMAXlCSTRTCitJ)tlOPCitJ)) Q0017570 
HED2=PHICitJl 00017580 
IF CCONVRT.£Q.CHK(7)) HED2=AMAXlCSNGLCPHICitJ))•TOPCitJ)) 00017590 
XX=RATECitJ)*(RIVER<ItJ)-HEDl)*AREA/MCitJ) 00017600 
YY=TLCI,J>*CHED1-HE02)*AREA 00017610 
lf(XRATEXCitJ).GE.o.)FLUX=fLUX+XX 00017620 
XNET=XX+YY 00017630 
XXLE .~K (I tJ) =XNET /AREA 00017640 * 
IFCXRATEXCitJ>.GE.O.>fl~XS=fLUXS+XNET 00017650 * 
If CXRATEXCltJ).GE.O •• AND.XNET.LT~O.> flXN=FLXN~XNET 00017660 * 

c 00017670* 
C ---CHECK IF HCF OPTION IS IN USE-·~ 00017680 * 
c 00017690* 

lf(IHCF.EQ.O) GO TO 240 00017700 * 
IFCXRATEXCitJ>.GE.o.O>GO TO 240 00017710 * 
ICK=ICK+1 00017720 * 

c 00017730 * 
C ---CALCULATE ACTUAL LEAKAGE RATE--- 00017740 * 
c 00017750* 

DO 232 IH=1 tNHCF 00017760 * 
IFCI.NE.TLHCfCIHt2>·0R.J.NE.TLHCFCIHt3))GO TO 232 00017770 * 
YSS=TLHCfCIHt1>*CHED1-HED2>*AREA 00017780 * 
GO TO 233 00017790 * 

232 CONTINUE 00017800 * 
233 XSS=ABSCXRATEXCitJ))*(XRIVXCitJ>-HE01)*AREAIMCl.J) 00017810 * 

FLUX=FLUX+XSS 00017820 *· 
XNESS=XSS+YSS 00017830 * 
XNFLUX ( ICK •1) =XNFSS/AREA 00017840 * 
XNFLUXCICKt2>=I 00017850 * 
XNFLUXCICKt3>=J 00017860 * 
XBFLUX (I CK, 1) =XNET-XNESS 000178 70 * 
FXNF=FXNf'+X~fLUX<ICI'(,}) 00017880 * 
IFCX~FLUXCICKtl>.LT.O.O)XXXX~XXXX-XBFLUXCICKt1) 00017890 * 
XBFLUXfiCKt2>=1 00017900 * 
XBFLUXCICKtJ)=J 00017910 * 
FLUXS=FLUXS+XNESS 00017920 * 
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c 
c 
c 

c 
c 
c 
c 

c 
c 

c 

CHECK I 

IFCXNESS.LT.O.O>FLKN=FLXN-XNESS 
XBFLUXCICKtl>=XRFLJX(ICK,})/AREA 

240 CONTINUE 

00017930 * 
00017940 * 
00017950 

250 

251 
252 

254 

261 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00017960 

---COMPUTE CUMULATIVE VOLUMES, TOTALS• AND DIFFERENCES-•­
STORT=STORT+STOR 
STOR=STOR/DELT 
ETFLXT=ETFLXT-ETFLUX*DELT 
FLUXT=FLUXT+FLUXS*DELT 
FLXNT=FLXNT+FLXN*DtlT 
BFOUT=BFOUT+XXXX*DELT 
8FINT=8FINT+FXNF*D[LT 
BFTOT=BFOUT+BFINT 
FLXPT=FLUXT+FLXNT 
QRET=QRET+QREFLX*D~LT 
CHDT=CHDT-CHDl*DE~T 
CHST=CHST+CHD2*DELT 
PUMPT=PU~PT~PUMP*OtLT 

CFLUXT=CFLUXT~CFLUX*DELT 
TOTLl=STORT+QRET+CFLUXT+CHST+FLXPT+8FTOT 
TOTL2=CHDT+PUMPT+ETfLXT+FLXNT+BFOUT 
SUMR=QREFLX+CFLUX+CHD2+CHDl+PUMP+ETfLUX+FLUXS+STOR+fXNF 
Olff'=TOTL2-TOTL1 
PERCNT=O.O 
IF CTOTL2.t:Q.O.> GO TO 250 
PERCNT=DIFF/TOTL2*100. 
Rt:TURN 

00017970 
00017980 
00017990 
00018000 
00018010 
00018020 
00018030 
00018040 * 
00018050 * 
00018060 * 
00018070 
00018080 
00018090 
00018100 
00018110 
00018120 
00018130 * 
00018140 * 
00018150* 
00018160 
00018170 
000181~0 
00018190 
00018200 

••••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••••• 00018210 
00018220 

---PRINT RESULTS--- 00018230 
************************ 00018240 
ENTRY CWRITE 00018250 
************************ 00018260 

00018270 
WRITE CP,260) STOR,QREFLXtSTORT,CFLUX,QRETtPUMP•CFLUXTtElFLUXtCHST00018280 

},BFTOT,CHD2,FLXPT,CHD1,TOTL1tFLUXtfLUXStETFLXTtFXNftCHOT,SUMR,8FOU00018290 * 
2T,PUMPT,FLXNTtTOTL2•0IFF,PERCNT 00018300* 

lf(CHDl.EO.o •• AND.CHD2.EO.O.>GO TO 252 00018310 * 
IF ( IFLOW.EQ.O >GO TO 252 00018320 * 
WRITE CP,27u> 00018330 * 
WRITE (P,271 > 00018340. * 
DO 251 I=l,OIML 00018350 * 
DO 251 J=l•DIMW 00018360 * 
IF(CHOTOT<I,J>.NE.o.>WRITECP,28l> ltJtCHOTOT<l,J) 00018370* 
CONTINUE 00018380 * 
IF<FLUXS.EQ.O •• OR.ILEAK.EQ.O) GO TO 258 00018390* 
DO 2S4 K=l tNHCF 00018400 * 
I=XNFLUX (K,2) 00018410 * 
J=XNFLUX(K,3) . 00018420 * 
XXLEAK(I,J>=XNFLUX(K,}) 00018430 * 
CONTINUE 00018440 * 
DO 261 1=1 tDIML 00018450 * 
DO 261 J=ltOIMW 00018460 * 
XXLEAK(J,J)=XXLEAK1ltJ)*3.784E08 00018470 * 
WRITECP.301) 00018480 * 
00 253 I=l•UIML 00018490 * 

00018500 * 
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CHECK I 

C REMOVE C fROM COL 1 Of NEXT CARD TO PUNCH RATE Of VERTICAL LEAKAGE00018510 * 
C IN INCHES PER YEAR 00018520 * 

WRITEC7t275) <XXLEAK(J,J) tJ=ltDIMW) 00018530 * 
253 ~IRJTECP,280) ltCXXLt.AK(l,J) tJ=ltDIMW) 0001d540 * 

WRIT!:. (P,272) 00018550 * 
~IRIT£ (P,271) 00018560 * 
DO 257 K=l tNHCf 00018570 * 
l=XBFLUXCK,2) 00018580 * 
J=XBFLUXCK,3) 00018590 * 
WRITE CP,281) I ,J,XHfLUX O<, 1) 00018600 * 

C --REMOVE C FROM COL l OF NEXT CARD TO PUNCH HCF FLOW-- 00018610* 
WRITE(7,28l)l,JtXHflUX(K,l) 00018620 * 

257 CONTINUE 00018630 * 
258 RETURN 00018640 * 

c 00018650 
C ---FORMATS--- 00018660 
c 00018670 
c ------------------------------------------------------------------00018680 
c 00018690 
c 00018700 

260 FORMAT ('0 1 tl0Xt 1 CUMULATIVE MASS BALANCE:•,l6X,'L**3•,23Xt 1 RATES F00018710 
lOR THIS TIM[ STEP:•,l6Xt'l**3/T'/11Xt24('-'),43Xt25< 1 - 1 )//20X.•SOU00018720 
2RC~s:•,69Xt 1 STORAG~ =•,F20.4/20X,8<•-•>,68Xt'RECHARGE =•,F20.4/27X00018730 
),•STORAGE =•,F20.2,35Xt 1 CONSTANT FLUX =•,F20.4/26X, 1 RECHARGE =•,F200018740 
40.2t41Xt 1 PUMPING =••F20.4/2lX,•CONSTANT FLUX =•,F20.2•30Xt 1 EVAPOTR00018750 
5~NSPIRATION =•,F20.4/21Xt•CONSTANT HEAD =•,F20.2t34X,•CONSTANT HEA00018760 
6D:•/26X,•HCF FLOW = 1 ,F20.2,46X,•IN =•,F20.4/27Xt'LEAKAGE =•,F20.2t00018770 * 
74SX,•OUT =•,F20.4/21X,•TOTAL SOURCES =•tf20.2t40Xt 1 LEAKAGE:•/20Xt'00018780* 
8DISCHARGES:•,45X,•FROM PREVIOUS PUMPING PERIOD =•tF20.4/20X•11<•-•000l8790* 
9),68Xt•TOTAL =•,F2ue4/l6X,•EVAPOTRANSPIRATION =••f20.2.40X,•HCF FL00018800* 
$OW =•tf20.4/21X•'CONSTANT HEAD =•,F20.2t36Xt 1 SUM Of RATES =•,F20.400018810 * 
'126X,•HCF FLOW =•,F20.2/l9X,•QUANTITY PUMPED =•,F20.2/27X•'LEAKAGE00018820* 
$ =•,F20.2/19X,•TOTAL DISCHARGE =•,F20.2//17X••DISCHARGE-SOURCES = 1 00018830* 
$,F20.2/15X,•PERCENT UIFFERENCE =•,F20.2> 00018840* 

270 FOPMATC'l't5X,•RATE OF FLOW INTO(+) ANO OUT OF<~> SYSTEM THROUGH C0001R850* 
lONSTANT rlEAO BOUNDARIES <VALUES IN CFS)t) 00018860 * 

271 FORMAT(//tSX,•ROW•,4X••COLUMN 1 ,4X,•RATE•> 00018870* 
272 FORMAT< 1 1 1 t5X,•RATE OF HORIZONTAL fLOW INTO(+) AND OUT OF(-) SYSTE00018880 * 

11'-t THROUGH HCF NODES'> 00018890 * 
275 FORMATC8Fl0.2) 00018900 * 
280 FORMAT< 1 0' t2Xtl2•2Xtl0f12.2/(7Xt10F12e2)) 00018~10 * 
281 FORMATC5Xtl2t7Xtl2,~Xtfl2.3) 00018920 * 
301 FORMAT<•l•,sx,•~ATE OF VERTICAL LEAKAGE- DOWNWARD(+), UPWARD(-) 00018930* 

1- INCHES PER YEAR• > 00018940 * 
END 00018950 

59 



c 
c 
c 
c 
c 

c 

c 

c 
c 
c 
c 

c 

PRNTAI 

SUBROUTINE PRNTAl(PHitSURitTtStWElltOELXtDELY) 000l896b 
------------------------------------------------------------------00018970 
PRINT MAPS OF ORAWUOWN AND HYDRAULIC HEAO 00018980 
------------------------------------------------------------------00018990 

00019000 
SPECIFICATIONS: 00019010 
RfAL *8PHltZtXLABELtYLABEL,TITLEtXN1tMtSUR 00019020 
REAL *4K 00019030 
INTEGER f ,p,pu,OIMLtOlMWtCHK,wATERtCONVRTtfVAP,CHCKtPNCHtNUMtHEADt00019040 

lCONTR,LEAKtRECHtSIPtAOI 00019050 
00019060 

l)IMENSION PHI<IZtJZ>• SURI<IZtJZ>t S<IZtJ7.); WELL(IZtJZ>t OELX<JZ>00019070 
lt DELY<IZ>t T<IZtJZ> 00019080 

00019090 
COMMON /SARRAY/ VF~<11),CHK<lS>tVF5<7>tXLA8(6),VF6(7) 00019100 * 
COMMON /SPARAM/ WATt~tCONVRTtEVAPtCHCK,PNCHtNUMtrlEADtCONTRtERORtLE00019110 
l~K.RE:CHtSIPtUtSStTTtTMINtETDISTtOETtERRtTMAXtCDLTtHMAXtYDIMtWIDTHt00019120 
2NUMS•LSORtAOltDELT,SUMtSUMPtSUBStSTORE·TESTtETQB,ETQO,FACTXtFACTYt00019130 
3JERR,KOUNTtlflNALtNUMTtKTtKPtNPERtKT~tiTMAXtLENGTH,NWEL•NWtDIMLtD100019140 
4MWtJNOlt1NOltRtPtPUtltJtiDKltlDK2tiDOtACT 00019150 * 

COMMON /PR/ XLABEL<3>tYLABEL<6>tTITLE(5)tXN1tMESURtPRNT(l22>tBLANKOOOl9160 
1<60>tDIGIT<l22>tVfl(6),VF2(6),Vf3(7),XSCALEtDINCH,SYM(17),XN<100),00019170 
2YN<IJ>,NA<4>,NltN2~N3,YSCAlEtfACT1tFACT2 00019180 

COMMON /ARSIZE/ IZ,JZtlPtJPtlRtJRtiCtJCtll•JltlStJStiHti~AXtlMXlti00019190 * 
lWTtiHCFtLPRINTtiQ,jQ,NHCF 00019200 * 

RETURN 00019210 
••••••••••••••••••••••••••••••••••••••••••••••••••••• ~ •••••••••••• 00019220 

---INITIALIZE VARIABLES FOR PLOT-•-
******************** 
ENTRY MAP 
******************** 

10 XSF=OINCH*XSCALE 
YSF=DINCH*YSCALE 
NYD=YDIM/YSf 
If CNYO*YSF.LE.YDIM-DELY<IN01)12.> NYD=NYD+l 
IF <NYD.LE.12) GO TO 20 
DINCH=YOIM/(12.*YSCALE> 
WRITE (P,310) DINCH 
If <YSCALE.LT.1.0) WRITE (P,320) 
r,o TO 10 

20 NXD=wiOTH/XSF 
IF (NXD*XSF.LE.WIDTH-DELX(JN01)12.> NXO=NXD+1 
N4=N.XD*N 1 + 1 
NS=NXO+l 
N6=NYD+l 
N8=N2*NYD+l 
NA<1>=N4/2-1 
NA<2>=N4/2 
NA<3>=N4/2+3 
NC=CN3-N8-10)/2 
ND=NC+N8 
NE=MAXOCNS,N6) 
Vf1(3)=0IGIT<N0) 
Vf2(3)=DIGIT<NO> 
Vf3(3)=0IGIT<NC) 
XLABEL<3>=MESUR 
YLABEL<6>=MESUR 

60 

00019230 
00019240 
00019250 
00019260 
00019270 
00019280 
00019290 
00019300 
00019310 
00019320 
00019330 
00019340 
00019350 
00019360 
00019370 
00019380 
00019390 
00019400 
00019410 
00019420 
00019430 
00019440 
00019450 
00019460 
00019470 
00019480 
00019490 
00019500 
00019510 
00019520 
00019530 



DO 40 I=1 ,~E 
NNX=NS-I 
NNY=I-1 

PRNTAI 

IF (NNY.GE.N6> GO TO 30 
YN<I>=YSF*NNY/YSCALE 

30 IF CNNX.LT.O> GO TO 40 
XN (I) =XSF*NNX/YSCAI.E 

40 CONTINUE 

00019540 
00019550 
00019560 
00019570 
00019580 
00019590 
00019600 
00019610 
00019620 Rt.TURN 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00019630 
c 00019640 
c ******************** 00019650 

ENTRY PRNTA(NG> 00019660 
c ******************** 00019670 
C ---VARIABLES INITIALIZED EACH TIME A PLOT IS REQUESTED--- 00019680 

OIST=WIOTH-OELX(JNOl)/2. 00019690 
JJ=JNOl 00019700 
LL=1 00019710 
Z=NXU*XSF 00019720 
IF <NG.ECJ.l) wRITE <P,280) CTITLECI> ,I=1•2> 00019730 
IF CNG.EQ.2) WRITE <Pt280) <TITLECI> ,I=3t5) 00019740 
00 270 1=1tN4 00019750 

c 00019760 
C ---LOCATE X AXES--- 00019770 

IF CI.EQ.1.0R.J.FQ.N4) GO TO 50 00019780 
PRNT<1>=SYM<l2> 00019790 
PRNT<N8)=5YM<l2> 00019800 
IF ((J-1)/N1*Nl.NE.I-1> GO TO 70 00019~10 
PRNT<l>=SYM(l4) 00019820 
PRNT<N8>=SYM(l4) 00019830 
bO TO 70 00019840 

c 00019850 
C ---LOCATE Y AXES--- 00019860 

50 DO 60 J=ltNd 00019870 
IF ((J-1)/N2*N2.EQ.J-l> PRNT<J>=SYMC14) 00019880 

60 IF ((J-l>/N~*N2.NE.J-1> PRNT<J>=SYM(13> 00019890 
c 00019900 
C ---COMPUTt. LOCATION OF NODES AND DETERMINE APPROPRIATE SYMBOL--- 00019910 

70 IF <niST.LT.o •• oR.r)IST.LT.Z-XNl*XSF) GO TO 220 00019920 
YLEN=DELY(2)12. 00019930 
DO 200 L=2•1N0l 00019940 
J=YLEN*N2/YSF+l,S 00019950 
IF <T<L,JJ).EQ.O,) GO TO 140 00019960 
JF <S<L,JJ>.LT.O.) uO TO 190 00019970 
INDX3=0 000199~0 
GO TO (80t90), NG 00019990 

80 K=CSURI<LtJJ>-PHI<L•JJ))*fACTl 00020000 
C -TO CYCLE: SYM80LS FOR ORAWDOWNt ~EMOVE C FROM COL. 1 OF NEXT CARD-00020010 
C K=AMOD(K,lO.) 00020020 

GO TO 100 00020030 
90 K=PHICL,JJ)*FACT2 00020040 

100 IF (K) 110t140t120 00020050 
110 IF (J-2.GT.O) PHNT<J-2)=5YM(13) 00020060 

"~=-K 
IF U..J.LT.100) 
co TO 170 

120 N=K. 
IF CN.LT.lOO> 

GO To 

GO TO 

130 

130 

61 

00020070 
00020080 
00020090 
00020100 
00020110 



PRNTAI 

IF (N.GT.999) GO TO 170 00020120 
INDX3=N/100 00020130 
If <J-2.GT.O> PRNT<J-2>=SYM<INDXJ) 00020140 
N=N-INOX3*100 00020150 

130 INDXl=MOD<N,10) 00020160 
IF <INOXl.EQ.O) INOX1=10 00020170 

C -TO CYCLE SYMBOLS FOR URAWDOWN, REMOVE C FROM COL. 1 OF NEXT CARD-00020180 
C IF <NG.EQ.1) GO TO 150 00020190 

INDX2=N/l0 00020200 
IF <INDX2.GT.O> GO TO 160 00020210 
INOX2=10 00020220 
IF <INOXJ.EQ.O) INDX2=15 00020230 
GO TO 160 00020240 

140 INDX1=15 00020250 
150 1NDX2=15 00020260 
160 IF (J-l.GT.O> PRNT<J-l>=SYM<INOX2) 00020270 

PRNT(J)=SYM(lNDXl) 00020280 
GO TO 200 00020290 

170 DO 180 11=1,3 00020300 
JI=J-3+1! 00020310 

180 IF (J!.GT.O> PRNT(Jl)=SYM<11> 000203~0 
190 IF <S<L,JJ).LT.O.) PRNT<J>=SYM(16) 00020330 
200 YLEN=YLEN+(DELY(L)+OELY(l+l))/2. 00020340 
210 DIST=DIST-<DELX<JJ>+DELX<JJ-1>>12. 00020350 

JJ=JJ-1 00020360 
IF (JJ.EQ.O) GO TO 220 00020370 
IF <DIST.GT.Z-XN1*XSF) GO TO 210 00020380 

220 CONTINUE 00020390 
c 00020400 
C ---PRINT AXEStlA8ELS, AND SYMBOLS--- 00020410 

IF <I-NA<LL>.EQ.O> GO TO 240 00020420 
IF <<I-1l/N1*Nl-<l-1)) 250t230t250 00020430 

230 WRITE <P.VFl> <BLANK(J)•J=1tNC),(PRNT(J)tJ=ltN8)tXN(l+<l-1)/6) 00020440 
GO TO 260 00020450 

240 WRITE <P,VF2> <BLA~K(J)tJ=ltNC>,<PRNT(J),J=ltNS),XLABEL<LL) 00020460 
LL=LL+l 00020470 
GO TO 260 00020480 

250 WRITE (P,Vf2) <BLANK(J),J:1,NC),(PRNT(J),J:1,N8) 00020490 
c 00020500 
C ---COMPUTE NEW VALUE FOR Z AND INITIALIZE PRNT--- 00020510 

260 Z=Z-2e*XN1*XSF 00020520 
00 270 J=1,N8 00020530 

270 PRNT<J>=SYM<15> 00020540 
c 00020550 
C ---NUMBER AND LABEL Y AXIS AND PRINT LEGEND--- 00020560 

WRITE <P,VFJ> <BLANK(J),J=ltNC),(Y~<I>t1=1•N6) 00020570 
WRIT~ (P,300) <YLA8tL<I>tl=1•6> 00020580 
IF <~G.EQ.l> WRITE <P.290) FACTI 00020590 
IF (NG.EQ.2) WRITE (P,290) FACT2 00020600 
RETURN 00020610 

c 00020620 
C ---FORMATS--- 00020630 
c 00020640 
c ------------------------------------------------------------------00020650 
c 00020660 
c 00020670 

280 FORMAT <•1•,53X,4Ad//) 00020680 
290 FORMAT <•OEXPLANATION•I• '•11<•-•>11' R =CONSTANT HEAD BOUNDARY'/00020690 
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PRNTAI 

1 1 *** = VALUE EXCEEDED 
300 FORMAT ( 1 0't39Xt6AH) 

3 FIGURES'/' MULTIPLICATION FACTOR =••FB.3>00020700 

310 FORMAT ( 1 0 1 t25Xtl0< 1 * 1 ), 1 TO FIT 
lEO T0 1 t~l5.7tlXtl0< 1 *')) 

320 FORMAT <•0•,4SX• 1 NOTE: GENERALLY 
END 

00020710 
MAP WITHIN 12 INCHES, DINCH REVIS00020720 

SCALE SHOULD BE > OR = 1.0 1 ) 
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Bl~ DATA 

BLOCK DATA 00020760 
c ---------- 00020770 

REAL *8XLA8EltYLABELtTITLE•XNltMESUR,RHOt8tOtFtH 00020780 
INTE GE R R,P,PU,OIMLtO!MWtCHK,WATERtCONVRTtEVAP,CHCK,PNCH,NUM,HEA0,00020790 

lCONT~.LEAK,RECH,SIPtAOI 00020800 
c 00020810 

COMMON /DPARAM/ RHOtdtDtFtH 00020820 
COMMON /SARRAY/ VF4(ll>.CHK(lS>tVF5(7),XLA8(6),VF6<7> OOn20830 * 
COMMON /SPARAM/ WAT~RtCONVRTtEVAPtCHCK,PNCHtNUMtHEADtCONTR,ERORtLE00020840 

lAK,RECH,SIP,U,SStTT•TMINtETDIST,QETtERRtTMAXtCOLTtHMAXtYDIMtWIDTH,00020850 
2NUMS.LSOR,AOI,OELT,SUM,SUMP,SUBS,STORE,TESTtETQB,ETQO,FACTX,FACTYt00020860 
~IERR,KOUNT,IFINALtNUMTtKT,KP,NPERtKTHtlTMAXtLENGTHtNWELtNW,OIML,OI00020870 
4M~tJNOl,INOltRtPtPU•l•JtiDK1tiOK2tiOOtACT On020880* 

COMMON /~R/ XLABEL<3>tYLABEL<6>,TITLE<S>tXN1tMESUR,PRNT<l22),8L4NK00020890 
1<60>.0IGIT<l22>,VF1(6),VF2(6),VF3<7>tXSCALEtOINCH,SYMC17>•XN<l00>,00020900 
2YNC13),NAC4),NltN2,N3,YSCALEtFACT1tFACT2 00020910 

COMMON /ARSIZE/ IZ,JZtiP,JPt!RtJRtiC,JCtlltJltiStJStiHtlMAXtiMX1tl00020920 
ll>JTelHCF,LPRINTtiQ,JQ,NHCF 00020930 * 

c ******************************************************************00020940 
c 00020950 

DATA IZ,JZ,IP,JP,JR,JR,IC,JC,IL,JltiS•JStiMAX/13*20/tiH/1/ 00020960 
DATA CHK/ 1 PUNC•,•WATE•,•CONT•,•NUMEt,ICHEC•,•EVAPit 1 CONV'•'HEAD 1 • 100020970 

lLEAK 1 t 1 RECH 1 t 1 SIP '•1LSOR 1 , 1ADI•,•OK1 '•'DK2 •/,q,p,pu/S,6,7/tBtDt00020980 
2F,H/4*0.DO/ 000209~0 

CATA SYM/ 1 1 1 t 1 2'•'3'•'4 1 ,•S•,•6•,•7•,•8•,•9•,•0 1 t'*'•'l'•'-'•'•'•'00021000 
1 •,•R•,Iwt/ 00021010 

DATA PRNT/1~2*' 1 /,N1,N2tN3tXNl/6,10t133t.8333333330-l/tBLANK/60* 1 00021020 
1 t I, t\j .A. ( 4) I 1 0 0 0 I 0 0 0 21 0 3 0 

DATA XLABEL/ 1 X DIS- '•'lANCE IN'•' MILES 'I•YLABEL/ 1 DISTANCE 1 t 1 00021040 
1FROM OR•,•IGIN IN '•'Y OIRECT'•'lONt IN '•·'MILES •/,TITLE/ 1PLOT 00021050 
?OF '•'DRAWOOWN 1 t 1PLOT OF '•'HYDRAULl'•IC HEA0 1 / 00021060 

DATA DIGITI'1'•'2'•'3'•'4'•'5'•'6t,l7'•'8'•'9'•'10'•'11 1 t 1 12 1 t 1 13 1 00021070 
l·•l4'•'15'•'16'·'17'•'181,•19•.•2o•.•2I•.•22'•'23•,•24'•'25'• 126•,ooo210ao 
2•27•·•2s•.I29•.•30•·•31•·•32•·•3JI,t34•,•3S•.•36•.•37•. 138•·•39 1 t 1 00021090 
340'•'41'•'42•,•431, 1 44•,•45'•'46•,•471,148'•'49•,•so•,•Sl 1 ,152 1 • 150002ll00 
43•. 154•,•ss•,•s6•,•57•,•ss•,•s9•,•&o•,•61'•'62•·•63 1,•64'•16S•, 16600021llO 
s•.•67•,•6a•,•69•.•7o•,•71•·•72•,•73•,•74'•'75•,•76•,•77•,•7a 1,• 7900021120 
6•,•ao•,•81•. 182'•'83•,•s4•,•as•,•s6•,•a7•,•ss•. 1891,,9o•.•91 1• 192'00021130 
7,•93'•'94•,•9s•,•9o'•'97•,•9s•,•99•,•1oo•,~lo1 1 ,•102 1 ·'103'•' 104•00021140 
A,•105 1 t 1 106'• 1 107'•'108'•'109'•'110'•'1ll'•'ll21•~113'•'114 1 •'115 1 00021150 
9t 1 116 1 t 1 ll7 1 t 1 118•,•119•,•120•,•t21'·'122'/ 00021160 

DATA VFl/'(lH 1•'•'•' '•'A1tFI,tl0.2'•'>'1 00021170 
DATA VF21 1 <1H 1•'•'•' '•'Alt1'•'XtA8 1 t 1 ) 1 / 00021180 
OATA VF3/ 1 (1H0 1t'•'•' '•'A1,fl,tJ.1t'•'12F1'•'0.2)'/ 000211q0 
DATA VF4/ 1 (1H0'•'•'•' '•'Xtl2'•'•2Xti•'20F6•,1.1/('•' 1 t 1 Xt200021200 

10 1 t 1 F6.l'•'))t/ 00021210 
DATA VF5/ 1 (1H0'•'•'•' '•'X•l21tlt2X•1•'20F6'•'•1)'/ 00021220* 
DATA XLAB/• FIR•,•ST Ht,IALF '•'SECO•,•ND H•,•ALF •1 00021230* 
L1 AT A v F 6/ • ( 11-t 0 ' ' ' ' • • • • • ' X • I 2 • • I ' 2 X • • • • 2 0 F 6 ' ' I • 3 ) • I 0 0 0 212 4 0 * 

c ******************************************************************00021250 
END 00021260 
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ATTACHMENT B: DATA-DECK INSTRUCTIONS 

Data-deck instructions have been modified from those presented in Trescott 
and others (1976). Coding instructions for the line successive overrelaxation 
and alternating-direction implicit numerical solution methods were deleted 
since the strongly implicit procedure was used. Many modifications relate 
to setting up the data deck to accommodate the head-controlled flux condition. 
All data-deck modifications are denoted by an asterisk. A procedure is out­
lined for approximating the minimum dimension of vector Y, which controls 
storage requirements in the model. 
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ATTACHMENT B: DATA-DE.CK INSTRUCTIONS 
[modified from Trescott and others (1976); *denotes modification] 

Group, I: Title simulation options, and problem dimensions 

This group of cards, which are read by the main program, contains data 
required to dimension the model. To specify an option on card 3, punch the 
characters underlined in the definition, starting in the first column of the 
field. For any option not used, leave the appropriate columns blank. 

CARD 

1 

2 
3 

4 

COLUMNS 

1-80 

1-48 
1-5 

6-10 

11-15 

16-20 

21-25 

*26-30 

31-35 
36-40 

41-45 

46-50 

51-55 

56-60 
1-5 
6-10 

11-15 

16-20 

*21-25 

FORMAT 

20A4 

12A4 
A4,1X 

A4,1X 

A4,1X 

A4,1X 

A4,1X 

A4,1X 

A4,1X 
A4,1X 

A4,1X 

A4,1X 

A4,1X 

A4,1X 
IS 
IS 
IS 

IS 

IS 

VARIABLE 

HEADING 

WATER 

LEAK 

CONVRT 

EVAP 

RECH 

NUMS 

CHCK 
PNCH 

IDKl 

IDK2 

NUM 

HEAD 
DIML 
DIMW 
NW 

ITMAX 

IDO 
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DEFINITIONS 

Any title the user Wishes to print 
on one line at the start of output. 

WATE for water table or combined 
--water-table-artesian aquifer. 
LEAK for an aquifer system including 
--r;akage from a stream or confining 

bed. 
CONV for combined artesian-water­
~ble aquifer. 
EVAP to permit discharge by evapo­

transpiration. 
RECH to include a constant recharge 

rate. 
SIP to designate the equation­

solving scheme. 
CHEC to compute a mass balance. 
PUNC for punched output at the end 

of the simulation. 
DKl to read initial head and mass 
~alance parameters from disk 

(unit 4). 
-DK2 to save (write) computed head, 
--elapsed time, and mass- balance 

parameters on disk (unit 4). 
NUME to print drawdown in numeric 

form. 
HEAD to print the head matrix. 
Number of rows. 
Number of columns. 
Number of pumping wells for which 

drawdown is to be computed at a 
"real" well radius. 

Maximum number of iterations per 
time step. 

=0 print out drawdown in one table; 
=1 print out drawdown and PERM in 



CARD COLUMNS 

4-cont *26-30 

*31-35 

*36-40 
*41-45 

*46-50 

*51-55 
*43-52 

FORMAT 

IS 

IS 

IS 
IS 

IS 

IS 
GlO.O 

VARIABLE 

I FLOW 

I LEAK 

IWT 
IHCF 

LPRINT 

NHCF 
ACT 

DEFINITIONS 

=1, print out flow rates thru con­
stant head nodes; =0, no print out. 

=1, print out leakage rates; =0, no 
print out. 

=0 if RIVER is in 20F4.0 format. 
=0, no HCF condition. 
=1, steady state with HCF condition. 
=2, transient state with HCF 

condition. 
=1, print out leakage for each time 

step at each node, =0, no print out. 
Number of HCF nodes. 
If IDO=l put in FACT for PERM =1. 

Note.--Steady-state simulations often require more than 50 iterations. Transi­
ent time steps usually require less than 30 iterations. 

Note.--If actual values for PERM are to be printed, ACT=l . 

Group II: Scalar parameters 

The parameters required in every problem are underlined. The other param­
eters are required as noted; when not required, their location on the card can 
be left blank. The G format is used to read E, F, and I data. Minimize mistakes 
by always right-justifying data in the field. If F format data do not contain 
significant figures to the right of the decimal point, the decimal point can be 
omitted. Default typing of variables applies. 

CARD 

1 

Value of 
drawdown 
or head 

52.57 

COLUMNS 

1-4 

11-20 

21-30 

31-40 
41-50 

51-60 

FORMAT 

A4 

GlO.O 

GlO.O 

GlO.O 
GlO.O 

GlO.O 

FACTl or 
FACT2 

.01 

.1 
1 

10 
100 

VARIABLES 

CONTR 

XSCALE 

YSCALE 

DINCH 
FACTl 

FACT2 
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DEFINITIONS 

CONT to generate a map of drawdown 
-- and (or) hydraulic head; for no 

maps insert a blank card. 
Factor to convert model length unit 

to unit used in x direction on 
maps (that is, to convert from 
feet to miles, XSCALE=5280). 

Factor to convert model length unit 
used in Y direction on maps. 

Number of map units per inch. 
Factor to adjust value of drawdown 

printed. 
Factor to adjust value of head 

printed. 

Printed 
value 

0 
5 

52 
525 

*** 



CARD 

1-cont 
2 

3 

COLUMNS FORMAT VARIABLE DEFINITION 

61-68 A8 ME SUR Name of map length unit. 
1-10 GlO.O NPER Number of pumping periods for this 

simulation. 
11-20 GlO.O KTH Number of time steps between print-

outs. 

Note.--To print only the results for the final time step in 
a pumping period, make KTH greater than the expected 
number of time steps. The program always prints the 
results for the final time step. 

21-30 GlO.O ERR Error criterion for closure (xt). 

Note.--When the head change at all nodes on subsequent 
iterations is less than this value (for example, 
0.01 foot), the program has reached a solution for 
the time step. 

31-40 GlO.O EROR Steady-state error criterion (ft). 

Note.--If the head change between time steps in transient 
simulations is less than this amount, the pumping 
period is terminated. 

41-50 GlO.O ss Specific storage of confining bed 
(1/ft). 

Note.--SS has a finite value only in transient simulations 
where leakage is a function of storage in the confining 
bed. 

51-60 
67-70 

GlO.O 
GlO.O 

QET 
ETDIST 

Maximum evapotranspiration rate (ft/s). 
Depth at which ET ceases below land 

surface (ft). 

Note.--QET and ETDIST are required only for simulations 
including evapotranspiration. 

71-80 GlO.O 

1-10 GlO.O 

LENGTH 

HMAX 

Number of SIP iteration parameters. 
'10' is usually coded. 

Value of B'. 

Note.--See the discussion of the numerical methods in 
Trescott and others (1976) for information on 
iteration parameters. 
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CARD COLUMNS FORMAT VARIABLE DEFINITION 

3-cont 11-20 GlO.O FACTX Multiplication factor for trans-
missivity in X direction. 

21-30 GlO.O FACTY Multiplication factor for trans-
missivity in Y direction. 

Note.--FACTX=FACTY= 1 for isotropic aquifers. 

4 1-20 G20.10 SUM Parameters in which elapsed time 
21-40 G20.10 SUMP and cumlative volumes for mass bal-
41-60 G20.10 PUMPT ance are stored. For the start of 
61-80 G20.10 CFLUXT a simulation insert three blank 

5 1-20 G20.10 QRET cards. For continuation of a prev-
21-40 G20.10 CHST ious run from punched output, remove 
41-60 G20.10 CHDT the three blank cards and insert the 
61-80 G20.10 FLUXT first three cards of the punched out-

6 1-20 G20.10 STORT put from the previous run. If con-
21-40 G20.10 ETFLXT tinuation is from interim storage on 
41-60 G20.10 FLXNT disk, the three blank cards should 

remain. 
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Group III: Array data 

Each of the following data sets, except the first one (PHI), consists of 
a parameter card and, if the data set contains variable data, may include 
a set of data cards. Default typing applies except for M(I,J), which is a 
real array. Each parameter card contains five variables defined as follows: 

CARD COLUMNS FORMAT VARIABLE 

Every 1-10 GlO.O FACT 
para-
meter 
card. 

11-20 GlO.O IVAR 

21-30 GlO.O IPRN 

31-40 GlO.O IRECS 

41-50 GlO.O IRECD 

DEFINITION 

If IVAR=O, FACT is the value assigned 
to every element of the matrix; 

If IVAR=l, FACT is the multiplication 
factor for the following set of cards. 

=0 if no data cards are to be read 
for this matrix; 

=1 if data cards for this matrix 
follow. 

=0 if input data for this matrix are 
to be printed. 

=1 if input data for the matrix are 
not to be printed. 

=0 if the matrix is being read from 
cards or if each element is being 
set equal to FACT. 

=1 if the matrix is to be read from 
disk (unit 2). 

=0 if the matrix is not to be stored 
on disk. 

=1 if the matrix being read from cards 
or set equal to fact is to be stored 
on disk (unit 2) for later retrieval. 

To save the storage coefficient matr.ix on disk (provided unit 2 has been 
defined on a DD statement, set FACT=l, IVAR=l, IPRN=IRECS=O, IRECD=l, and include 
the set of data cards. After this has been processed successfully, subsequent 
runs need only include a parameter card with the following: FACT=IVAR=IPRN=O, 
IRECS=l, IRECD=O. The set of data cards are not included and the storage 
coefficient matrix is input via unit 2 from disk storage. 

When data cards are included, start each row on a new card. To 
prepare a set of data cards for an array that is a function of space, the gen­
eral procedure is to overlay the finite-difference grid on a contoured map of 
the parameter and record the average value of the parameter for each finite­
difference block on coding forms according to the appropriate format. In gen­
eral, record only significant digits and no decimal points (except for data set 
2); use the multiplication factor to convert the data to their appropriate 
values. Fo!

9
example, i!

8
vertical conductivity of the confining bed (RATE) ranges 

from 2 x 10 to 9 x 10 ft/s, coded values should range from 2 to 90; the 
multiplication factor (FACT) would be 1.0 E-9. 
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Arrays needed in every simulation are underlined. Omit parameter cards 
and data cards not used in the simulation (however, see the footnote for the 
S matrix). 

DATA 
SET 

1 

2 

3 

4 

5 

6 
7 

8 

COLUMNS FORMAT 

1-80 8Fl0.4 

VARIABLE 

PHI(I,J) 

DEFINITION 

Head values for continuation of a 
previous run (ft). 

Note.--For a new simulation this data set is omitted. Do 
not include a parameter card with this data set. 

1-80 8Fl0.4 STRT (I,J) Starting head matrix (ft). 

Note.--If HCF is selected, code in the actual map value of STRT 
in the next node outside the model-grid boundary. 

1-80 20F4.0 Storage coefficient (dimensionless). 

Note.--Always required. In addition to specifying storage 
coefficient values for artesian aquifers, this matrix 
is used to locate constant-head boundaries by coding 
a negative number at constant-head nodes. At these 
nodes T or PERM must be greater than zero. For a 
problem with no constant-head nodes and that does 
not require S values, insert a blank parameter card. 

1-80 20F4.0 T(I,J) Transmissivity (ft 2/s). 

Note.--(1) Required for artesian aquifer simulation only. 

1-80 

1-80 
1-80 

(2) Zero values must be placed around the perimeter 
of the T or PERM matrix for reasons inherent 
in the computational scheme. If IVAR=O, zero 
values are automatically inserted around the 
border of the model. 

20F4.0 

20F4.0 
20F4.0 

PERM (I,J) Hydraulic conductivity (ft/s) (see 
note 2 for data set 4). 

BOTTOM (I,J)Elevation of bottom of aquifer (ft). 
SY (I,J) Specific yield (dimensionless). 

Note.--Data sets 5, 6, and 7 are required for water table 
or combined artesian-water-table simulations. 

1-80 -20F4.0 TOP (I,J) Elevation of top of aquifer (ft). 

Note.--Required only in combined artesian....;,water-table 
simulations. 
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DATA 
SET 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 

COLUMN FORMAT VARIABLE DEFINI TION 

180 20F4.0 RATE (I,J) Hydraulic conductivity of confining 
bed (ft/s). 

*1-80 20F4.0 RIVER (I,J) Head on the other side of confining 
or 8Fl0.4 bed (ft). 

1-80 20F4.0 M (I,J) Thickness of confining bed (ft). 

Note.--Data sets 9, 10, and 11 are required in simulations 
with leakage. If the confining bed or streambed does 
not extend over the ,entire aquifer use the M matrix 
to locate the confining bed. If RATE and RIVER do 
not vary over the extent of the confining bed, they 
can be initialized to a uniform value. 

*1-80 20F4.0 

*1-80 20F4.0 

*1-80 20F4.0 

*1-80 20F4.0 

DISTl (I,J) Distance above top of grid to 
point of no head change beyond 
boundary (f t) • 

DIST2 (I,J) Distance to left of grid beyond 
boundary to point of no head 
change (ft). 

DIST3 (I,J) Distance below bottom of grid 
beyond boundary to point of no 
head change (ft). 

DIST4 (I,J) Distance to right of grid beyond 
boundary to point of no head 
change (ft). 

Note.--If IHCF on card 4, group I, was left blank, omit 
data sets 12-15. 

1-80 20F4.0 GRND (I,J) Land elevation (ft). 

Note.--Required for simulations with evapotranspiration. 

20F4.0 QRE (I,J) 

Note.--Omit if not used. 

1-80 
1-80 

8Gl0.0 
8Gl0.0 

DELX (J) 
DELY (I) 
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Recharge rate (ft/s). 

Grid spacing in X direction (ft). 
Grid spacing in Y direction (ft). 



Group IV: Parameters that change with the pumping period 

The program has two options for the simulation period: 
1. To simulate a given number of time steps, set n~ to value larger 

than the expected simulation period. The program will use NUMT, 
CDLT, and DELT as coded. 

2. To simulate a given pumping period, set NUMT larger than the number 
required for the simulation period (for example, 100). The program 
will compute the exact DELT (which will be DELT CODED) and NUMT to 
arrive exactly at TMAX on the last time step. 

Default typing applies. 

CARD 

1 

COLUMNS 

1-10 
11-20 

FORMAT 

GlO.O 
GlO.O 

VARIABLE 

KP 
KPMl 

DEFINITION 

Number of the pumping period. 
Number of the previous pumping 

period. 

Note.--In general KPMl=O if KP=l 
KPMl=l if KP=2, etc. 

This causes the time parameter used in ENTRY CLAY to be set to zero and 
STRT to be initialized to PHI. However, for continuation of a previous pumping 
period KPMl=KP, and STRT and time parameter are not affected. 

21-30 GlO.O NWEL 

31-40 GlO.O TMAX 

41-50 GlO.O NUMT 
51-60 GlO.O CDLT 

Note.--1.5 is commonly used. 

61-70 GlO.O DELT 

Number of wells for this pumping 
period. 

Number of days in this pumping 
period. 

Number of time steps. 
Multiplying factor for DELT. 

Initial time step in hours. 

If NWEL=O the following set of cards is omitted. 

DATA 
SET 

1 (NWEL 
cards) 

COLUMNS FORMAT VARIABLE DEFINITIONS 

1-10 GlO.O I Row location of well. 
11-20 GlO.O J Column location ~f well. 
21-30 GlO.O WELL (I,J) Pumping rate (ft /s), negative 

a pumping well. 
31-40 GlO.O RADIUS Real well radius (ft). 

Note.--Radius is required only for those wells, if any, 
where computation of drawdown at a real well radius 
is to be made. 
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For each additional pumping period, another set of group IV cards is 
requir~d (that is, NPER sets of group IV cards are required). 

If another simulation is included in the same job, insert a blank card 
before the next group I cards. 

The Y dimension on line 200 of the program must be large enough to meet 
storage requirements including all options. By using the procedure outlined 
below the minimum dimension of vector Y can be approximated. 

Step 1 - Determine dimensions of input vectors. 
IZ = Number of rows. 
JZ - Number of columns. 

!MAX = The larger of the two values, IZ or JZ. 
IH = NW value from Card 4 Group 1. IF NW=l then IH=l. 

ITMAX = Maximum number of iterations per time step. 
NHCF = Number of HCF nodes. If no HCF nodes NHCF = 1. 

Step 2. - Compute dimensions of internally computed vectors. 

IF THESE OPTIONS WERE SELECTED ON CARD 3 GROUP I THEN 

If these options were Then 
selected on Card 3 Group I 

WATE IP=IZ 
JP=IZ 

LEAK IR=IZ 
JR=IZ 

CONV IC=IZ 
JC=JZ 

EVAP IL=IZ 
JL=JZ 

LEAK and IQ=IZ 
IHCF I 0 on Card 4 Group 1 JQ=JZ 
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Otherwise 

IP=l 
JP=l 
IR=l 
JR=l 
IC=l 
JC=l 
IL=l 
JL-1 

IQ=IZ 
JQ=JZ 



Step 3 -Sum dimensions of optioned arrays to obtain dimension of vector Y. 

Array Sequence Dimension 
number in vector y 

PHI 1 IZ*JZ 
BE 2 2*IMAX 
G 3 2*IMAX 
TEMP 4 2*IMAX 
KEEP 5 IZ*JZ 
PHE 6 IZ*JZ 
STRT 7 IZ*JZ 
SUR! 8 IZ*JZ 
T 9 IZ*JZ 
TR 10 IZ*JZ 
TC 11 IZ*JZ 
s 12 IZ*JZ 
WELL 13 IZ*JZ 
GHDTOT 14 IZ*JZ 
DEL 15 IZ*JZ 
ETA 16 IZ*JZ 
v 17 IZ*JZ 
XI 18 IZ*JZ 
ORE 19 IZ*JZ 
PERM 20 IP*JP 
BOTTOM 21 IP*JP 
SY 22 IP*JP 
TL 23 IR*JR 
SL 24 IR*JR 
XXLEAK 25 IR*JR 
RATE 26 IR*JR 
RIVER 27 IR*JR 
M 28 IR*JR 
XRIVX 29 IR*JR 
XRATEX 30 IR*JR 
XBFLUX 31 NHCF*3 
XWFLUX 32 NHCF*3 
TOP 33 IC*JC 
GRWD 34 IL*JL 
DELX 35 JZ 
DDW 36 JZ 
BET 37 JZ 
DELY 38 IZ 
ALF 39 IZ 
WR 40 IH 
NWR 41 IH*2 
"rEST 3 42 IMAX*1 
DIST 1 43 IQ*JQ 
DIST 2 44 IQ*JQ 
DIST 3 45 IQ*JQ 
DIST 4 46 IQ*JQ 
TLHCF 47 NHCF*3 
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ATTACHMENT C: APPLICATION TO A FIELD PROBLEM-­

PUMPING FROM WELL--FIELD AREAS NEAR TAMPA 

The following pages illustrate the data, input and model output of an 
application of the model to a field problem. The example illustrates many 
of the options available in the program. 

The field problem involves determining anticipated drawdowns that should 
occur as a result of pumping from the newly constructed Cross Bar Ranch and 
Morris Bridge well fields at their anticipated average permitted capacities. 
The Cross Bar Ranch well field is permitted by the Southwest Florida Water 
Management District for 30 Mgal/d from 17 wells and the Morris Bridge well 
field is expected to be permitted for 20 Mgal/d from 20 wells. Within each 
well field all wells were assumed to pump at the same rate and were assigned 
to the square-mile grid in which they occur. Thus, pumpage was distributed . 
as a function of well location rather than evenly throughout each well field. 

Attachment D illustrates the data deck for the model interrogation. 
Attachment E illustrates the model output generated by the data deck. Attach­
ment F is a map of drawdown traced from a CALCOMP (California Computer Products, 
1971) plot of the model output. 
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ATTACHMENT D: SAMPLE INPUT DATA DECK FOR WELL-FIELD PUMPAGE FIELD PROBLEM 

The sample input data deck contains 974 cards. Each card is keyed to the 
Data Deck Instructions (Attachment B) by group number, card number, and variable 
name. 

There are 4 groups of cards in the data deck: 

Group I. 

Group II. 

This group contains data that dimensions the model into 
a 34 x 36 array and provides several job-control options 
including the HCF condition. 

This group contains scalar parameters for mapping computed 
drawdowns or water levels. It also provides tolerances 
for computational errors. 

Group III. This group contains the data matricies including starting 
potentiometric surface (which is actually the computed 
potentiometric surface from the calibrated model), trans­
missivity, hydraulic conductivity of the confining bed, 
water table, thickness of confining bed, distances beyond 
model-grid boundary for the HCF condition, and grid spac­
ing. To reduce programming time and the number of data 
cards, a "leakance coefficient" array replaces the con­
fining bed hydraulic conductivity array and the confin­
ing bed thickness is set uniformly at 1 foot, thus 
requiring a single parameter card for bed thickness. 

Group IV. This group controls the distribution of pumpage over the 
model area. The model computes drawdown and new poten­
tiometric-surface elevations that will result from imposing 
pumpage upon the system. 

Groups I, II, and III remain unchanged from the calibrated modela To determine 
the effects of pumping stresses on the system, Group IV is the only group 
in which cards are changed. 
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ATTACHMENT D: SAMPLE INPUT DATA DECK FOR WELL-FIELD PUMPAGE FIELD PROBLEM 

GROUP CARD VARIABLE DATA SET 
I 1 HEADING NORTH TAMPA WELL-FIELD APEA 2-DIMENSIONAL MOD£L <FL-33200) 

2 HEADING ~UMPAGE: XbAR=30 MGAL/D; MORRIS bRIUGE=20 MbAL/D 
3 LEAK SIP CHEC NUME HEAD 
4 34 36 100 1 1 l 110 

II 1 CONT 52AO 5280 ... 2 1 1 
2 1 1 .01 
3 1 1 1 
4 
5 
6 

III 1 1 0 0 0 
2 STRT o.o o.o o.o o.o u.o o.o 

o.o o.o o.o o.o 0.0320 1.2900 
4.7641 7.4365 10.2183 13.7904 16.4669 16.7058 

23.1492 24.7954 26.2124 28.7300 .J1.9569 34.7123 
38.0780 38.5864 40.4573 o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o 1.2413 2.6766 
8.5701 10.9157 13.3964 16.4779 }'je4555 21. 38_94 

27 .0801 28.7541 30.3997 32.4155 34.7336 36.7149 
40.2432 41.2488 42.8720 45.5000 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o 0.0129 2 .4554 4 . 4990 

12.0527 14.4667 17.1321 20.3233 23.3111 25.3473 
30.6167 32.1862 33.6912 35.4565 J7.2734 38.8762 
42. 1859 43.1582 44.1582 44.9481 
o.o o.o o.o o.o o.o o.o 
o.o o.o 0.2828 2.9123 4.8458 7.2~39 

15.6390 18.4403 21.1409 24.3772 2t>.8693 28.7878 
33 . 6821 35.1785 36.5989 38.1226 3 '7.6444 41.0~59 

44.1723 44.8986 45.4661 45.9679 
o.o o.o o.o o.o o.o o.o 
o.o 0.2528 2.7722 4.6622 7. 0671 10.0329 

19.2678 22.2113 25.2548 28.2007 29.9962 31.8432 
36.5600 37.9583 39.2546 40.6070 42.0204 43.3826 
46.2854 46.7630 46.7812 45.2981 
o.o o.o o.o o.o u.o o.o 
0.2781 2.4051 4.4020 6.8593 9.8360 12.9978 

23.0755 26.3210 29.4587 31.9319 .33.7605 35.7739 
39.6633 40.7499 41.8844 43.3037 44.6094 45.8656 
48.7706 49.4071 49.9242 49.9298 
o.o o.o o.o o.o o.o o.o 
0.0139 3.4040 6.4393 9.5701 12.7221 16.0188 

26.8493 30.3361 33.5922 36.4946 39.2379 41.6504 
46.2919 47.4318 47.9502 48.6261 49.5444 50.5087 
52.2488 53.1735 54.8784 58.3911 
o.o o.o o.o o.o o.o o.o 
3.1395 5.6250 R.9014 12.0876 15.4301 H~. 8755 

30.1037 33.8994 37.6689 41.4651 45.3023 48.3132 
55.4800 56.3441 56.3866 56.2922 56.8914 57.4321 
57.9381 58.9090 61.3807 66.5200 
o.o o.o o.o o.o o.o o.o 
5.1413 8.3649 11.4420 14.5799 17.9667 21.5543 

33.1808 37.2358 41.4382 45.9687 50.1340 53.9745 
62.7745 63.6553 63.7958 63.7859 64.1124 64.3921 
65.7001 65.9312 6~.4696 74.2862 
o.o o.o o.o o.o o.o -0.5064 
7.3678 10.5727 13.6136 16.7726 20.1781 23.8224 

MILES 
10 

o.o 0. 0, 
2.0984 2.3012 

20.2247 20.8251 
36.4823 37.6747 

o.o o.o 
4.1687 6.0830 

23.6660 25.2857 
38.1411 39.3428 

o.o o.o 
6.8295 9 .5679 

27.3210 29.0140 
40.1365 4 1 .2371 

o.o o.o 
10.0913 12.7673 
30.6581 32.2585 
42.2873 43.301 3 

o.o o.o 
13.1860 16.177~ 

33.7201 35.1941 
44.5541 45.6167 

o.o o.o 
16.3443 19.7524 
37.1193 38.3580 
46.9948 48.1512 

o.o o.o 
19.4b24 23.1412 
43.4108 44.7115 
51.5217 51.9041 

o.o -0.212H 
22.4837 26.2568 
50.9932 53.5869 
57.6'H4 57.8867 

-0.2727 2.8283 
25.2579 29.2090 
57.2817 60.8149 
64.0451 65.0835 

2.5292 4.6378 
27.8157 31.9249 



35.9555 40.091~ 44.5707 49.3808 5J.5319 58.3531 62.2239 65.7572 
67.6961 68.7051 68.9471 68.8070 61:l.9 720 b9.2290 69.2705 70.3469 
71.0625 71.3337 72.9665 76.1)1113 
o.o o.o o.o o.o -0.5064 i:.5327 4.3707 6. 7792 
9.5251 12.5319 15.620H 18.1:1119 d.2925 25.9607 29.9944 34.1081 

38.1373 42.3753 46.9591 51.71:l24 Sb.8135 61.6416 65.7774 68.4975 
70.2606 71.1134 71.4259 71.2279 71.4590 71.8671 72.5300 73.9648 
74.2266 74.7400 75.3649 75.1742 
o.o o.o -0.3934 1.9745 3.5924 4.6483 6.49!S5 9.0JHS 

11.3648 14.2324 17.41102 20 • 779H 24.2:i43 27.9695 31.8511 35.9067 
40.0064 44.3580 48.9827 53.1:l298 stj.7B5l 64.0474 67.7749 70.2063 
71.6614 71.9494 7?.1584 72 .4172 73.0054 73.7139 14.5894 75.7J96 
76.5993 77.5014 78.0531 77.6711 
o.o -0.2954 1.6045 2.9b17 '+.5b72 6.2885 8.3581 10.9144 

13.3098 16.1834 19.4662 22.90"/B ?.o.3669 30.0485 33.1H69 37.7700 
41.7447 45.9903 50.54 12 55.2665 o0.0625 65.1141 68.8190 70.7975 
71.5773 72.0698 72.229o 72.6747 13.4233 7'+.5046 75.9505 77.4541 
78.7195 79.9322 80.7710 80.5092 
-0.1661 1.1246 2.3396 3.7961 =>.3360 7.2337 9.4130 11.9775 
14.6941 17.7476 21.10!19 24.6456 28.1807 31.1:l658 35.7021 39.4033 
43.1812 47.3162 51.7496 56.3035 60.8511 65.4004 ~8.9944 70.7073 
70.9676 71.1223 71.3813 72.0700 7J.2436 74.9055 76.9101 78.838!'1 
80.3373 81.9429 B3.8781 86.6902 
-0.2230 1.3361 2.7536 4.~i'H7 o.0 084 l:l.0462 10.4942 13.4885 
16.547R 19.8171 23.191!:S 26.7037 30.1071 33.5154 :H. 0240 '+0.6<+65 
44.4028 48.3815 52.6871 57.1423 ol.3789 65.3413 68.5190 70.1567 
69.8831 69.2757 69.3267 70.6:io0 7~.5630 74.834/:l 77.4516 79.693/:l 
81.4854 R3.5214 85.9667 89.06'17 

0.2314 1. 7?.86 3.2684 4.8436 6.6120 8.8157 11.6910 14.9931 
18.2514 21.6385 25.0404 28.5939 32.0416 35. 3678 38.7167 42.1951 
45.6911 49.4066 53.4372 57.61'+6 61.6241 65.2645 67.9644 69.0444 
68.2689 66.2120 67.0581 69.1112 71.5947 74.4670 77.6104 80.2243 
82.2913 84.6017 87.2948 90.5432 

-...J 
0.7454 2.2813 3.9007 5.5551 7.3359 9. 7348 13.0260 16.4136 

'4:) I 19.7606 ?.3.1542 26.6220 30.17li9 3J.621l 37.0013 40.3663 43.62'11 
46.8432 50.2A5H 54.0928 57.'-1672 61.7110 65.316~ 67.2098 67.5069 
65.6576 63.3803 64.6015 r,7.65'i5 7U.674l 73.886/:l 77.4817 80.4~fl3 

82.8519 85.2976 8P.l387 91.9247 
1.6271 3.0486 4.6009 6.2073 7.9641 10.4521 13.4057 17.4423 

20.9467 24.3734 ?.11.0671'1 31.5'+32 .34.975<:: 38.5301 41.13013 44.8265 
47.8684 51. 1959 54.6920 58.20':>1 61.5396 6<+.6o65 65.9589 65.4912 
61.91i62 60. 7750 62.6305 66.36l'J /U.005l 73.5784 77.n531 80.8415 
83.2333 85.5775 81'!. (1524 89.94~9 

2.2'148 3.8057 5.3197 6.8547 d.5797 11.2219 14.4498 17.9399 
21.4682 ;>5.0980 29.0342 32.5335 _j:>. 9630 39.5o35 42.8566 45.8660 
48.8333 51.9A09 5'?.116\! SA.~>:\44 61.1587 63.5619 64.5688 62.8172 
59.0424 58.5220 61.1203 65.2132 o'i.2384 73.0345 77. Ot-.08 80.069J 
82.4116 84.6170 l:l6.Yd21 13"1.2296 

2.794] 4.7766 n.17o6 7.5356 9.0708 11.5529 14.5447 18.0159 
21.6957 25.551:::. 29.7269 33.175'1 Jo.654b 40.2494 43.5-/63 46.':>703 
49.3771 S2.3321 55.2'19'::> !::>8.noz 60.7863 62.61 1 1 63.0705 60.2704 
56.39!:1? 56.4421 59.6901 63.6634 nl.8994 71.7615 "15.34':>8 78.0244 
110.1253 R2.0?82 84.041t' 86.2135 
3.no7 5.8206 7.2161 8.3'+57 '1.4669 11.5614 14.4667 17.8854 

21.5902 25.5229 24.6013 33.2071 36.947'1 40.o32P 43.8548 46.8078 
49.5770 S2.3694 SS.2142 '::>d.0 1'+U r:d.003i:i 6 1.1 493 60.6870 57.9167 
54.0765 54.4092 57.650!3 61.62'::>7 ~->=>.5716 69.6026 12.9B'72 74.98'>7 
76.5991 7l:l.00~3 79.4417 80.7702 

5.4711 6.~47A 7.957b l:lo/1793 '}.7o93 1 1 .549ci 14.1730 17.3348 
20.84~4 ;>4.Hl4:i ?.A.719'1 32.=>25o jb. 326 7 40.1095 43.4211 46.3627 
48.9797 51.7964 ';>4.5976 S7.IH7R ::>t-,.6£:18 5'1.1320 '::>7.8478 55.076~ 

':>1.6579 52.702 0 5~.492? 5'1.2174 .,~.918c 66.5u71 69.2'"104 71.1714 
72.2'382 72.928'1 73.4705 73.75t:Jo 

6.30i:i2 7.6333 R.5130 9.t:Ot.l <>.8J80 ll.J442 13.60~8 16.4757 
19.7462 23.544'::) 27.4223 31.3101::' j:>.l604 3K.~6':i8 42.3238 '+5.321/ 
47.93 94 50.6122 S3.4212 55.417S :>tJo 304'::> '::>:>.nYB4 53.8949 :,1.4094 
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III 
III 
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4 T 

4CJ.1458 50.3761 S2.Yd6l 56.36S5 '">'1o6tl'1!:i 62.7983 t>S.2J90 6o.eooo 
67.4471 67.7582 67.4215 65.2871', 

8 .• 00 78 8.3657 8.8273 9.2~75 9.474 8 10.oo85 12 .6118 1S.l560 
18.2088 21.7789 25.5633 29.4461'\ J3.1944 37.0095 40.6410 43.6155 
46.1137 48.5227 51.0416 52.7392 :i .5 .3 221 52.133~ 49.596\J 47.420& 
46.7461 48.0795 50.2129 53.2'D5 ':>6.1204 S8.7136 60.6607 62.0 50 5 
62 .7539 63.051 9 62.94613 63.3082 

8.1973 8.4461 P.4479 8.3480 tl.433 1 9.4440 11.0936 13.3464 
16.1796 19.5316 23.1914 27.1708 30.8225 34.7355 38.3669 '+1.2550 
43.6683 45.7844 48.0529 49.81':!70 :,0.0'139 4d.2284 45.0 389 43.51 55 
43.6414 4 5. 1644 47.2013 '.)0.0197 S2 .4684 54.4095 56.2 1ti 7 57.5bH7 
58 .3549 S8.6290 58.6010 58.3920 

8.0000 8.0439 7.5013 7. 0 649 1.1199 7.8152 9.2243 11.11ii5 
13.7739 16.9203 20.522 9 24.3999 r'tl.0'+74 31 .8676 35.3142 38.1955 
'+0.3963 42.1452 44.0144 45.4082 44.9186 41.7250 '+0.1671 39.5615 
40.0887 41.4264 43.6104 46.1092 '+d.393 3 50.0927 51.8245 S3.3424 
54.3319 55.0253 '55.522 0 55.95~0 

o.o 7.3719 5.9486 5.0864 5.1923 ':>. 7711 6.8366 8.5048 
10.9702 13.9639 17.4020 21.1839 24.8642 28.3CJ38 31.6602 3'+ .1537 
36.1787 37.5604 38.8802 39.2122 38. 3687 3:,.9705 35 .0437 35. 0 73 9 
35.9085 37.4187 39.470ti 41.5904 '+3.62 33 45.6102 47.3058 49.2809 
50.9643 S2.3216 '32.7867 52.3109 
o.o o.o 4.9815 2.0335 2.8542 3.2135 3. 880 0 5.148 1 
7.8753 10.6789 14.1060 17. i30 3 21.3335 24.6282 27.4136 ~9.394~ 

30 .939~ 31.9005 32.5776 31.8301 Jl.0358 29.9171 29. 8115 30.2991 
31.2055 32.7712 34.6700 36.':>Ei49 Jti.A422 41.3283 43.6~59 45.8349 
48.2996 50.3186 50.58 74 48.3014 

o.o o.o o.o o.o 0.1903 0.3740 0 .3694 0.3640 
4.8091 6.7318 10.3847 13.7833 17.4289 2G.4842 2 2.5758 23.9142 

24.8328 25.6694 26.4408 25.8222 ~!>.714 0 25.4745 25.7505 26.4999 
27.6281 29.1746 31.1753 33.3010 35.5863 38.0ti14 41. 2026 44.6312 
48.0519 50.5418 5 1 . 1136 48.ti090 

o.o o.o o.o o.o o.o o.o o.o o.o 
0 .1627 1.1561 6.8397 8.7239 lJ.1955 1':>.9167 16. 8742 17.6390 

18.1856 19.51141 21.2091 22.29b 0 ct:.8230 23.1926 23.6937 24.4669 
25.6717 27.2088 29.1553 31.4685 )4.1788 37.1146 40.6074 45.1195 
49.5257 52.8484 54.4022 53.119H 

o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o 8.4480 9.4056 9.8606 
9.6156 13.3426 16.2560 1~t.0692 20. 3143 21.1457 21.8901 22.7470 

24.1375 25.9116 27 .977'-J 30.3120 .33.2019 36.61 90 41.3212 46.8760 
52.1823 56.6536 60.0•H':> 62.3649 

o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o 
o.o 3.4991 11.8420 15.4251 17.4303 18.6428 19.5470 20.5675 

22.0141 23.8540 26.2361 29.3996 32.6102 37.0142 42.8749 49.0679 
55.2304 60.8132 66 .3266 7 1.3819 

o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o 5.8801 13.1236 14.5125 15.9684 16.8997 17.6055 

18.9912 20.8255 23.3429 27.1830 30.9751 37.0388 44.1485 51.2947 
'38.2226 64.4448 72.3763 80.0000 

o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o 9.1048 11.2057 13.4!:123 13.9188 13.4'/80 

14.8879 16.2636 1A.781 0 24.0049 ?.6.5331 35.5594 45.7536 52.7128 
61 •. 1591 65.8108 78.3758 o.o 

0 0 0 0 0 
.01 1 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 81 115 115 115 115 250 250 250 

250 250 320 320 4oo 4oo ·5oo 5oo soo 6oo 60o ooo 600 60o 6oo 0 
0 0 0 0 0 0 0 0 0 0 0 0 81 81 81 115 115 115 115 115 

250 250 320 320 400 400 500 500 500 500 sou 600 600 600 600 0 
0 0 0 0 0 0 0 0 0 0 0 81 81 61 81 81 81 115 115 115 



00 
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III 
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250 250 320 320 400 400 400 500 500 500 500 500 500 600 600 
0 0 0 0 0 0 0 0 0 0 tH 81 81 81 81 

250 250 320 320 320 400 400 400 400 400 500 500 500 500 500 
0 0 0 0 0 0 0 0 0 81 81 81 81 81 81 

115 115 250 250 250 320 320 320 320 320 3?.0 400 400 400 400 
0 0 0 0 0 0 0 0 0 81 81 81 81 ~1 81 

81 81 81 81 81 81 81 115 115 115 11~ 250 250 250 250 
0 0 0 0 0 0 0 0 81 81 81 81 81 81 81 

81 81 81 58 58 81 81 81 81 81 11 5 11_? _11 5 115 115 
0 0 0 0 0 0 0 81 81 81 81 81 81 1:!1 81 

81 81 81 58 58 58 58 81 81 R1 81 81 81 1::11 81 
0 0 0 0 0 0 81 81 81 81 81 81 81 81 81 

81 81 81 81 81 58 58 58 58 81 81 81 81 1::11 81 
0 0 0 0 0 81 81 81 81 81 81 81 81 81 81 

81 81 81 81 81 81 58 58 58 58 81 81 81 81 81 
0 0 0 81 81 81 81 81 81 tH 81 81 81 1::11 81 

81 81 81 81 81 I:H 58 58 58 58 50 81 81 1::11 81 
0 0 81 81 81 81 81 81 81 81 81 81 81 1::11 81 

81 81 81 81 81 58 51:1 58 58 58 5R 81 81 115 115 
0 81 81 81 81 81 81 81 81 81 81 81 81 81 81 

81 81 81 81 81 58 58 51::1 58 58 s~ 115 115 11s 115 
0 81 81 81 81 81 81 81 81 81 81 81 81 81 81 

81 81 81 81 81 58 58 58 58 58 5~ 115 115 115 115 
0 81 1::11 81 81 81 81 81 81 81 IH 1:11 81 ~1 81 

81 81 81 81 58 58 58 58 58 58 5q 11s 115 115 11s 
0 81 81 81 81 IH 81 81 IH 81 81 81 81 Hl 81 
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28 -4.65 
2A -3.10 

·- - -
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 50 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 40 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 30 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 20 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 14 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 13 0 
0 0 0 0 0 0 0 0 0 ·o 0 0 
0 0 0 0 0 0 0 0 

1 1 1 24 



ATTACHMENT E: SAMPLE MODEL OUTPUT FOR WELL-FIELD PUMPAGE FIELD PROBLEM 

The sample model printout lists the data arrays; computes a mass balance 
for the system; lists arrays of computed leakage, boundary fluxes, drawdowns, 
and hydraulic head; and maps drawdown and hydraulic head. In addition to 
the printout, the model punches cards containing the computed hydraulic head. 
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\0 
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ATTACHMENT E: SAMPLE MODEL OUTPUT FOR WELL-FIELD PUMPAGE FIELD PROBLEM 
U. s. G. S. 

FINITE-DIFFERENCE MODEL 
FOR 

SIMULATION OF GROUND-WATER FLO~ 

JANUARY 1975 

*************************************************•········~········································································· 

NORTH TAMPA WELL-FIELD AREA 2-DIMENSIONAL MODEL CFL-33200) PUMPAGE: XBAR=JO MGAL/O; MORRIS BRIDGE=20 MGAL/D 

************************************************************************************************************************************ 

SIMULATION OPTIONS: LEAK SIP CHEC 

NUM8ER OF ROWS = 34 
NUMBER OF COLUMNS = 36 

NU~BER OF WELLS FOR WHICH DRAWDOWN IS COMPUTED AT A SPECIFIED RADIUS = 0 
MAXIMUM PERMITTED NUMBER OF ITERATIONS = 100 

wO~OS OF Y VECTOR USED = 33732 

ON ALPHAMERIC MAP: 
MULTIPLICATION FACTOR FOR X DIMENSION = 
MULTIPLICATION FACTOR FOR Y DIMENSION = 

MAP SCALE IN UNITS Of 
NUMBER OF MILES PER INCH 

MULTIPLICATION FACTOR FOR DRAwDOWN = 
MULTIPLICATION FACTOR FOR HEAD 

NUMdER OF PUMPING PERIODS = 
TIME STEPS HETWEEN PRINTOUTS = 

5280.000 
5280.000 

MILES 
2.000000 
1.000000 
1.000000 

ERROR CRITERION FOR CLOSURE = .1000000E-Ol 
STEADY STATE ERROR CRITERION = .0 

SPECIFIC STORAGE Of CONFINING BED = .0 
EVAPOTRANSPIRATION RATE = .o 

EFFECTIVE DEPTH OF ET = 1.000000 

MULTIPLICATION fACTOR FOR TRANSMISSIVITY IN X DIRECTION = 1.000000 
I~ Y DIRECTION = 1.000000 

NUME HEAD 



STA~TING HEAD MAT~IX 

o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 1.3 2.1 
16.5 16.7 20.2 20.8 23.1 24.8 2h·2 2&.7 32.o 34.7 3o.s 37.7 J8.1 38.6 40.5 

2.3 
o.o 

4.8 7.4 10.2 13.8 

l o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 1.2 2.7 4.2 6.1 8.6 10.9 13.4 16.5 
19.5 21.4 23.7 25.3 21.1 2~.e 311.4 32.4 34.7 36.7 3~.1 3~.3 40.2 41.2 42.~ 4~.s 

3 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 2.5 4.5 o.H 9.6 12.1 14.~ 11.1 20.3 
23.3 25.3 27.3 29.0 30.6 3~.2 33•7 35.5 37.3 JH.~ 40.1 41.2 42.2 ~3.2 44.2 44.9 

4 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.3 2.~ 4.8 7.3 10.1 12.8 15.6 18.4 21.1 24.4 
26.9 28.8 30.7 32.3 33.7 35.2 36.b 38.1 39.6 41.1 42.3 43.3 44.2 44.9 4S.5 46.0 

5 o.o o.o o.o o.o 0~0 o.o o.o o.o o.o 0.3 2.8 4.7 7.1 10.0 13.2 16.2 19.3 22.2 25.3 28.2 
30.o 31.A 33.7 35.2 36.6 3a.o 39.3 40.6 42.o 43.~ 44.o 45.6 46.3 46.~ 46.8 45.3 

6 o.o o.o o.o o.o o.o o.o o.o o.o 0.3 ?.4 4.4 o.9 9.8 13.0 16.3 19.8 ·23.1 26.3 2~.~ 31.9 
33.8 35.8 37.1 38.4 39.7 40.7 41.~ 43.3 44.6 45.9 47.0 4~.2 48.8 49.4 49.9 49.9 

7 o.o o.o o.o o.o o.o o.o o.o o.o o.o 3.4 6.4 9.6 12.7 16.0 19.5 23.1 26.8 30.3 33.6 36.5 
39.2 41.7 43.4 44.7 46.3 47.4 48.0 48.6 49.5 50.5 51.5 51.9 52.2 53.2 54.9 58.4 

8 o.o o.o o.o o.o o.o o.o o.o -0.2 3.1 5.6 8.9 12.1 15.4 18.9 22.5 26.3 30.1 33.9 37.7 41.5 
45.3 48.3 51.0 53.6 55.5 56.3 5be4 56.3 56.9 57.4 57.7 57.9 57.9 58.9 61.4 66.5 

9 o.o o.o o.o o.o o.o o.o -o.3 2.8 s.1 8.4 11.4 14.6 1a.o 21.6 25.3 29.2 33.2 37.2 41.4 46.0 

~ 10 

50.1 54.0 57.3 60.8 62.8 63.7 63·8 63.8 04.1 64.4 64.0 65.1 b5.7 65.9 68.5 74.3 

o.o o.o o.o o.o o.o -o.5 2.s 4.6 7.4 10.6 13.6 16.8 20.2 23.8 27.8 31.9 36.o 40.1 44.6 49.4 
53.5 58.4 62.2 65.8 67.7 68.7 68.9 68.8 o9.o 69.2 69.3 70.J 11.1 71.3 73.0 7o.1 

11 o.o o.o o.o o.o -o.5 2.5 4.4 6.8 9.5 12.5 15.o 18.8 22.3 26.0 30.0 34.1 38.1 42.4 47.0 51.8 
56.8 61.6 65.8 68.5 70.3 71.1 71.4 71.2 71.5 71.9 72.5 74.0 74.2 74.7 75.4 75.2 

12 o.o o.o -0.4 2.0 J.6 4.6 6.5 9.0 11.4 14.2 17.5 20.8 24.3 28.0 31.9 35.9 40.0 44.4 49.0 53.8 
58.8 64.0 67.8 70.2 71.7 71.9 72.2 72.4 73.0 73.7 74.6 75.7 76.6 77.5 78.1 77.7 

13 0.0 -0.3 1.6 3.0 4.6 6.3 b.4 10.9 13.3 1b.2 1~.5 22.9 26.4 30.0 33.9 37.8 41.7 46.0 50.5 55.3 
60.1 65.1 68.8 7o.s 71.6 12.1 12.2 12.1 73.4 74.5 76.0 77.5 78.7 79.~ ao.8 ~o.s 

14 -0.2 1.1 2.3 3.8 5.3 7.2 ~.4 12.0 14.7 17.7 21.1 24.b 28.2 31.9 3~.7 39.4 43.2 47.3 51.7 56.3 
60.9 65.4 69.0 70.7 71.0 71.1 71.4 72.1 73.2 74.9 77.0 78.8 AO.J 81.9 83.9 86.7 

15 -0.2 1.3 2.8 4.3 6.0 8.0 10.5 13.5 1o.5 19.8 23.2 26.7 30.1 33.5 37.0 40.6 44.4 48.4 52.7 57.1 
61.4 65.3 68.5 70.2 69.9 69.3 69.3 70.7 72.6 74.8 77.5 79.7 81.5 83.5 86.0 89.1 

16 0.2 1e7 3.3 4.8 6.6 8e8 11o7 15e0 l8.J 21e6 2Se0 28.6 32.0 35.4 38.7 42.2 45.7 49.4 53e4 57.6 
61.6 65.3 68.0 69.0 68.3 66.2 67.1 69.1 71.6 74.5 77.6 80.2 82.3 84.6 87.3 90.5 

17 0.7 2.3 3.9 5.6 7.3 9.7 13.0 16.4 19.8 23.2 26.6 30.2 33.6 37.0 40.4 43.6 46.8 50.3 54.1 58.0 
61.7 65.3 67~2 67.5 65.7 63.4 64.6 67.7 10.1 73.9 77.5 ao.s 82.9 85.3 88.1 91.9 

18 1.6 3.0 4.6 6.2 s.o 10.5 13·9 17.4 20.9 24.4 28.1 31.5 35.0 38.5 41.8 44.8 47.9 51.2 54.7 58.2 
61.5 64.7 66.0 65.5 62.0 60.8 62.6 66.4 70.0 73.6 77.7 80.8 83.2 85.6 88.1 89.9 

19 2.3 3.8 5.3 6.9 8.6 11.2 14o4 17.9 21.5 25.1 29.0 32.5 36.0 39.6 42.9 45.9 48.8 52.0 55.1 58.3 
61.2 63.6 64.6 62.8 59.0 ~a.s 61.1 6~.2 o9.2 73.0 77.1 o0.1 82.4 84.6 87.o 89.2 

20 2.8 4.8 6.2 7.5 9.1 11.6 1~.s 1b.o 21.1 25.6 29.7 33.2 36.7 40.2 43.6 46.6 49.4 52.3 55.3 58.2 
60.8 62.6 63.1 60.3 56.4 56.4 54.7 63.7 67.9 71.8 75.4 78.0 A0.1 82.0 84.0 86.2 



1.0 
N 

21 

22 

23 

24 

25 

26 

27 

2& 

29 

30 

31 

32 

33 

34 

3.9 
60.0 

5.5 
58.6 

6.3 
56.3 

A.o 
53.3 

8.2 
50.1 

8.o 
44.q 

o.o 
38.4 

o.o 
31.0 

o.o 
.25.7 

o.o 
22.8 

o.o 
20.3 

o.o 
17.4 

o.o 
14.5 

o.o 
11.2 

s.8 
61.1 

6.8 
59.1 

7.6 
55.7 

8.4 
52.1 

8.4 
4A.2 

8.0 
41.7 

7.4 
36.0 

o.o 
29.9 

o.o 
25.5 

o.o 
23.2 

o.o 
21.1 

o.o 
18.6 

o.o 
16.0 

o.o 
13.5 

7.2 
60.7 

a.o 
57.8 

8.5 
53.9 

8.8 
49.6 

8.4 
45.0 

7.5 
40.2 

5.9 
35.0 

5.0 
29.8 

o.o 
25.8 

o.o 
23.7 

o.o 
21.9 

o.o 
19.5 

o.o 
16.9 

o.o 
13.9 

8.3 
57.9 

8.9 
55.1 

9.2 
51.4 

9.3 
47.4 

8.3 
43.5 

7.1 
39.6 

5.1 
35.1 

2.0 
30.3 

o.o 
26.5 

o.o 
24.5 

o.o 
22.7 

o.o 
20.6 

o.o 
17.6 

o.o 
13.5 

9.5 
54.1 

9.8 
51.7 

9.8 
49.1 

9.5 
46.7 

8.4 
43.6 

7.1 
40.1 

5.2 
35.9 

2.9 
31.2 

0.2 
27.6 

o.o 
25.7 

o.o 
24.1 

o.o 
22.0 

o.o 
19.0 

o.o 
14.9 

11.6 
54.4 

u.s 
52.7 

11.3 
50.4 

10.7 
48.1 

9.4 
45.2 

7.9 
41.4 

5.8 
37.4 

3.2 
32.8 

0.4 
29.2 

o.o 
27.2 

o.o 
25.9 

o.o 
23.9 

o.o 
20.8 

o.o 
16.3 

14.5 
57.7 

14.2 
55.5 

IJ.6 
53·0 

1~.6 
5o.2 

11·1 
47.2 

9.2 
43.6 

6.8 
39.5 

3.9 
34.7 

0.4 
31·2 

o.o 
29.2 

o.o 
28.0 

o.o 
2o.2 

o.o 
23.3 

o.o 
18.8 

1'7.9 
61.6 

17.3 
5~.2 

16.5 
56.4 

15.2 
53.3 

13.3 
50.0 

11.1 
46.1 

8.5 
41.6 

21.6 
65.6 

20.8 
62.9 

19.7 
59.7 

18.2 
56.1 

16.2 
52.5 

13.8 
48.4 

11.0 
43.6 

25.5 
69.6 

24.8 
66.5 

23.5 
62.8 

21.8 
58.7 

19.5 
54.4 

16.9 
50.1 

14.0 
45.6 

5.1 7.9 
36.6 . 38.8 

10.7 
41.3 

0.4 
33.3 

o.o 
31.5 

o.o 
30.3 

o.o 
29.4 

o.o 
27.2 

o.o 
24.0 

4.8 
35.6 

0.2 
34.2 

o.o 
33.2 

6.7 
38.1 

1.2 
37.1 

o.o 
36.6 

o.o o.o 
32.6 37.0 

o.o 
31.0 

o.o 
26.5 

o.o 
37.0 

o.o 
35.6 

29.6 
'73.0 

28.7 
69.3 

27.4 
65.2 

25.6 
60.7 

23.2 
56.2 

20.5 
51.8 

17.4 
47.3 

14.1 
43.7 

10.4 
41.2 

6.8 
40.6 

o.o 
41.3 

o.o 
42.9 

o.o 
44.3 

o.o 
45.8 

STORAGE COEffiCIENT 

33.2 
75.0 

32.~ 
71.2 

31.3 
66.8 

29.4 
62.1 

27.2 
57.6 

24.'+ 
53.3 

21.2 
49.3 

17.7 
45.8 

13.8 
44.6 

8.7 
45.1 

o.o 
46.9 

o.o 
49.1 

o.o 
51.3 

o.o 
52.7 

= 

36.9 
76.6 

36.3 
72.3 

35.2 
67.4 

33.2 
62.8 

30.8 
58.4 

28.0 
54.3 

24.9 
51.0 

21.3 
48.3 

17.4 
48.1 

13.2 
49.5 

o.o 
52.2 

o.o 
55.2 

o.o 
58.2 

o.o 
61.2 

.o 

40.6 
'18. 0 

40.1 
72.9 

38.9 
67.8 

37.0 
63.1 

34.7 
58.6 

31.9 
55.0 

28.4 
52.3 

24.6 
50.3 

20.5 
so.s 

15.9 
52.8 

8.4 
56.7 

o.o 
60.8 

o.o 
64.4 

o.o 
65.8 

43.9 
79.4 

43.4 
73.5 

42.3 
67.4 

40.6 
62.9 

38.4 
58.6 

35.3 
55.5 

31.7 
52.8 

27.4 
50.6 

22.6 
51.1 

16.9 
54.4 

9.4 
60.1 

o.o 
66.3 

o.o 
72.4 

o.o 
78.4 

46.8 
80.~ 

46.4 
73.8 

45.3 
65.3 

'+3.6 
63.3 

41.3 
S8.4 

38.2 
56.0 

34.2 
52.3 

29.4 
48.3 

23.9 
48.8 

17.6 
53.1 

9.9 
62.4 

o.o 
71.4 

o.o 
so.o 

o.o 
o.o 

'+9.6 52.4 55.2 58.0 

49.0 51.8 54.6 57.2 

47.9 50.6 53.4 55.4 

46.1 48.5 51.0 52.7 

43.7 45.8 48.1 49.9 

40.4 42.1 44.0 45.4 

36.2 37.6 38.9 39.2 

30.9 31.9 32.6 31.8 

24.8 25.7 26.4 25.8 

18.2 19.6 21.2 22.3 

9.6 13.3 16.3 19.1 

o.o 3.5 u.s 15.4 

o.o o.o 5.9 13.1 

o.o o.o o.o 9.1 



T~AI\ISMISSIVITY 
MATKlX 

------------------·------------------
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o 

2 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.~1000 1.15000 
1.15000 1.15000 1.15000 2.~0000 c.soooo 2.50000 2.50000 2.50000 3.?0000 3.~0000 '+.00000 4.00000 5.00000 5.00000 
5.00000 6.00000 6.00000 6.00000 t-.00000 6.00000 6.00000 o.o 

3 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.81000 0.81000 
O.A1000 1.15000 1.15000 1.15000 1·15000 1.1~000 2.soooo 2.50000 3.20000 3.20000 4.00000 4.00000 5.00000 s.ooooo 
5.00000 5.00000 5.00000 6.00000 beOOOOO 6.00000 6.00000 o.o 

4 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.81000 O.tHOOO 0.81000 
0.81000 0.81000 0.81000 1.15000 1·15000 1.15000 2.50000 2.50000 3.20000 3.20000 4.00000 4.00000 4.00000 s.ooooo 
5.00000 s.ooooo 5.00000 s.ooooo s.ooooo 6.00000 6.00000 o.o 

5 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.u 0.81000 0.81000 0.81000 0.81000 
0.81000 0.81000 0.81000 0.81000 0.81000 1.15000 2.50000 2.50000 3.20000 3.20000 3.20000 4.00000 4.00000 4.00000 
4.00000 4.00000 5•00000 5.00000 5.00000 5.00000 5.00000 o.o 

6 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.tnooo 0.81000 0.81000 O.~HOOO 0.81000 
0.81000 0.81000 0.81000 0.81000 o.t:s1000 1.15000 1.15000 1.15000 2.50000 2.50000 2.50000 3.20000 3.20000 3.20000 
3.20000 3.20000 3.20000 4.00000 4e00000 4.00000 4.00000 o.o 

7 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.81000 0.81000 0.81000 0.81000 0.81000 
0.81000 0.81000 0.81000 0.81000 Oe81000 O.tHOOO 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 1.15000 
1.15000 1.15000 1.15000 2.50000 2·50000 2.50000 2.50000 o.o 

\0 
w 

8 o.o o.o o.o o.o o.o o.o o.o o.o O.tHOOO 0.81000 0.81000 0.81000 0.81000 0.81000 
0.81000 0.81000 0.81000 0.~1000 ().81000 0.81000 0.81000 0.81000 O.tHOOO 0.58000 0.58000 0.81000 0.81000 0.81000 
0.81000 0.81000 1.15000 1.15000 1·15000 1.15000 1.15000 o.o 

9 o.o o.o o.o o.o o.o o.o o.o 0.81000 O.H1000 0.81000 0.81000 0.81000 0.81000 0.81000 
O.AIOOO 0.81000 0.81000 O.tHOOO 0.81000 0.81000 0.81000 0.81000 0.81000 0.58000 0.58000 0.58000 0.58000 0.81000 
0.81000 0.81000 0.81000 0.81000 Oe81000 0.81000 0.81000 o.o 

10 o.o o.o o.o o.o o.o o.o 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 
0.81000 0.81000 0.81000 0.81000 0·81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.58000 0.58000 0.58000 
0.58000 0.81000 0.81000 0.81000 O.t;1000 0.81000 0.81000 o.o 

11 o.o o.o o.o o.o o.o 0.81000 O.fHOOO 0.81000 ' 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 
0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.58000 0.58000 
0.58000 0.58000 0.81000 0.81000 ().81000 0.81000 0.81000 o.o 

12 o.o o.o o.o 0.81000 0.81000 O.~HOOO 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 
0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.58000 o.580oo 
o.58ooo 0.58000 0.58000 0.81000 Q.81000 0.81000 0.81000 o.o 

13 o.o o.o 0.81000 0.81000 0.81000 0.81000 0.81000 O.H1000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 
0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.580QO 0.58000 0.58000 
o.5eooo 0.58000 0.58000 0.81000 Oe81000 1.15000 1.15000 o.o i 

i 
14 o.o 0.81000 0.81000 0.81000 Oe8l000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.810QO 0.81000 0.81000 

0.81000 0.81000 0.81000 0.81000 Oe81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.58000 0.58000 o.5aooo 
0.58000 0.58000 0.58000 1.15000 1e15000 1.15000 1.15000 o.o ' 

15 o.o 0.81000 0.81000 0.81000 Oe81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.8100:0 0.81000 0.81000 
0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.58000 0.58000 0.58000 



0.58000 0.58000 0.58000 1.15000 1·15000 1.15000 1.15000 o.o 

16 o.o 0.81000 0.81000 0.81000 0·!:!1000 0.81000 0.81000 0.81000 0.81000 O.t!lOOO 0.81000 0.81000 0.81000 0.81000 
0.81000 0.81000 0.!:!1000 0.81000 0.~1000 0.81000 O.f,1000 0.81000 0.81000 0.81000 0.58000 o.s8ooo 0.58000 0.!:>8000 
0.58000 0.58000 o.5aooo 1.1!:>000 1.15000 1.15000 1.15000 o.o 

17 o.o 0.81000 0.81000 O.b1000 0.81000 O.I:HOOO 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 
0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 O.fi1000 0.81000 0.81000 0.81000 0.58000 0.58000 0.58000 0.58000 
0.':>8000 0.58000 0.58000 0.81000 0.81000 0.81000 0.81000 o.o 

18 o.o 0.81000 0.81000 0.1:11000 o.81000 0.~1000 0.81000 0.81000 0.81000 0.1:11000 O.ij1000 0.81000 0.81000 0.81000 
0.81000 0.81000 0.81000 0.81000 o.8100o 0.81000 0.81000 0.81000 0.81000 0.58000 O.SdOOO 0.58000 o.s8ooo o.saooo 
0.58000 0.58000 0.58000 0.81000 u.tnooo 0.81000 0.81000 o.o 

19 o.o 0.81000 0.~1000 0.81000 Uo81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 
O.A1000 0.81000 0.81000 0.81000 Oo81000 0.81000 0.81000 0.81000 0.81000 0. 58000 0.58000 o.58ooo 0.58000 0.58000 
0.58000 0.58000 0.58000 0.1:11000 Oo81000 OoiHOOO O.H1000 o.o 

20 o.o 0.81000 0.81000 0.81000 0.81000 O.I:HOOO 0.81000 0.81000 O.b1000 0.81000 0.81000 0.81000 0.81000 0.81000 
0.81000 0.81000 0.81000 0.81000 Vo81000 0.81000 0.81000 0.81000 0.5H000 o.58ooo 0.58000 0.58000 0.58000 o.58000 
0.58000 0.58000 0.58000 0.81000 Oo8100G 0.81000 O.o1000 o.o 

21 o.o 0.81000 0.81000 0.81000 0·!:!1000 0.81000 0.81000 0.81000 0.81000 0.81000 0.1:!1000 0.81000 0.81000 0.81000 
0.81000 0.81000 0.81000 0.81000 Oo81000 0.81000 0.81000 0.81000 o.s8ooo 0.58000 0.5!:!000 0.58000 0.58000 0.58000 
0.58000 0.58000 0.58000 0.81000 Oo81000 0.81000 0.1:11000 o.o 

22 o.o 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0. 8 1000 0.81000 
0.81000 0.81000 0.81000 0.81000 Oo!:!1000 0.81000 0.1::!1000 0.58000 0.58000 0.58000 o.5aooo 0.58000 o.5aooo 0.51::!000 
o.58ooo 0.58000 0.58000 0.81000 Oo81000 0.81000 0.81000 o.o 

23 o.o 0.81000 0.81000 0.81000 Oo81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 
0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.58000 o.58ooo 0.58000 o.st~ooo 0.58000 o.st~ooo 0.58000 
0.58000 0.58000 0.58000 0.1:11000 OotS1000 0.81000 0.!:11000 o.o 

"' 24 o.o 0.81000 0.81000 0.81000 Oe81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.81000 0.1:11000 0.!:!1000 0.81000 
~ 

0.81000 0.81000 0.81000 0.81000 Go!:!1000 0.81000 O.i;1000 0.58000 0.~8000 0.58000 0.58000 o.5aooo 0.58000 0.51i000 

0.58000 0.58000 0.58000 0.81000 Uot\1000 0.81000 o.tnooo o.o 

25 o.o 0.81000 0.81000 O.~j1000 Oe!:!1000 0.!:!1000 0.81000 0.81000 0.81000 0.!:!1000 o.8Iooo 0.81000 0.81000 0.81000 
0.81000 0.81000 0.81000 0.1:!1000 o.a1ooo O.SI:iOOO o.saooo 0.51:1000 o.St~OOO Oo5b000 0.58000 0.58000 0.58000 0.58000 

0.58000 0.58000 0.58000 0.81000 Oo81000 0.81000 1.15000 o.o 

26 o.o 0.81000 0.81000 O.tHOOO o.tnooo 0.81000 O.HOOO 0.81000 O.A1000 0.!:!1000 0.81000 0.81000 0.81000 O.fHOOO 
0.81000 0.81000 0.81000 0.81000 0.81000 o.5aooo 0.58000 0.51:1000 0.58000 O.SdOOO 0.51:!000 o.s8ooo 0.58000 o.saooo 
0.58000 o.saooo 0.58000 o.tnooo 0.81000 1.15000 1.50000 o.o 

21 o.o o.o 0.81000 0.81000 Oo81000 0.81000 0.!:!1000 0.81000 0.81000 0.81000 0.81000 O.tHOOO 0.81000 0.81000 
0.81000 0.81000 0.81000 O.tHOOO lioti1000 0.58000 0.58000 0.58000 0.58000 o.saooo 0.5~j000 0.58000 0.51:1000 0.58000 

0.58000 0.58000 0.58000 0.1:!1000 lo1500C 1.50000 1.50000 o.o 

28 o.o o.o o.o o.o Oo81000 O.tHOOO 0.81000 0.81000 O.d1000 0.81000 0.81000 0.81000 0.81000 0.81000 
0.81000 0.81000 0.81000 0.81000 Oo81000 o.s~ooo 0.':18000 0.58000 0.58000 0.58000 0.58000 0.58000 o.58ooo 0.58000 

0.58000 o.58ooo 1.50000 1.50000 1o50000 1.50000 1.50000 o.o 

29 o.o o.o o.o o.o o.o o.o o.o o.o Oo!HOOO 0.1:11000 0.81000 0.81000 0.81000 0.81000 
0.1:11000 0.81000 0.1:11000 0.1::!1000 Oo81000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 2.31000 
2.31000 2.31000 1.50000 1.soooo 1.50000 1.~0000 1.50000 o.o 

30 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.s:nooo 

0.81000 0.81000 0.81000 0.81000 Oo81000 2.31000 2.31000 2.31000 2.31000 2.31000 2.31000 2.31000 2.31000 2.31000 

2.31000 2.31000 2.31000 1.~0000 1·50000 1.50000 1.!:>0000 o.o 

31 o.o o.o o.o o.o tleO o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o O.tHOOO u.~1ooo 2.31000 2.31000 2.31000 2.31000 2.31000 2.31000 2.31000 2.31000 2.31000 

2.31000 2.31000 1.50000 1.50000 1·50000 1o50000 . 1e50000 o.o 
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CONFINING BED HYDRAULIC CONDUCTIVITY 
MATRIX 

------------------------------------
o·.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o . o.o. o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 

2 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o 0.105E-07 0.1(J5E-07 0.105E-07 0.105E-07 0.105E-07 0.350£-08 0.350E.-08 0.350£-08 
0.350E-08 0.3SOE-08 0.350£-08 0.350£-08 0.350£-08 0.350£-08 0.350£-08 0.350£-08 0.350£-08 0.350£-08 
0.350E-09 0.350£-09 0.350£-09 0.350E-09 0.350E-09 o.o 

3 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o 0.105£-07 0.105£-07 0.105£-07 0.105£-07 0.350£-08 0.350E.-08 0.350£-08 0.350£-08 
0.350£-08 0.350£-08 0.350E-08 0.3':>0£-08 0.350£-08 0.350£-08 0.350£-08 0.350E.-08 0.350£-08 0.350£-08 
o.3so·t.-o9 0.350£-09 0.350£-09 0.350£-·09 0.350£-09 o.o 

4 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o 0.105£-07 0.105E-07 0.105£-07 0.105£-07 0.350E-08 0.350£-08 0.350£-08 0.350£-08 0.350£-013 
0.350£-08 0.350E-08 0.350£-08 0.3~0£-08 0.350£-0H 0.350£-08 0.350£-08 0.350£-08 0.350E-08 0.350£-0~ 

0.350£-09 0.350£-09 0.350£-09 0.3::>0£-09 0.350£-09 o.o 

5 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
0.105£-07 O.lOSE-07 O.lOSE-07 O.lOSE-07 0.350E-08 0.350£-08 0.350E-OH 0.350£-08 0.350 1:: -08 0.350E-Ol-3 
0.350£-08 0.350E-08 0.350E.-08 0.35 0£-08 0.350£-08 0.350E-08 0.350£-08 0.350E::-08 0.350£-08 0.350E-08 
0.350E-08 0.350£-08 0.350£-09 0.350£-09 0.350E.-09 o.o 

6 o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.105E-0 "7 
\0 O.lOSE-07 O.lOSE-07 0.105£-07 0.350E.-08 0.3501::-08 0.350£-08 0.350£-0i:i 0.350f-08 O.J50E.-08 0.350E-08 a; 

0.350E-08 0.350£-08 0.350E.-08 0.350£-08 0.350£-08 0.350£-08 0.350£-08 0.350£-08 0.350£ -08 0.350£-08 
0.350£-08 0.350£-08 0.350£-09 0.350£-09 0.350£-09 o.o 

7 o.o o.o o.o o.o o.o o.o o.o o.o o.o O.l05E-07 
0.105£-07 0.350£-08 0.350£-08 0.350£-08 0.350£-08 0.350£-08 0.350E.-O~ 0.350£-08 0.350£-0A 0.350£-0d 
0.350£-0H 0.3SOE-08 0.105£-07 O.lOSE-07 0.105£-07 0.105£-07 0.350£-0H 0.350£-08 0.350t-08 0.350£-0H 
0.350£-08 0.350£-08 0.350£-09 o.3sOE-o9 0.350£-09 o.o 

8 o.o o.o o.o o.o o.o o.o o.o o.o 0.1051::.-07 0.10SE-07 
0.350E-08 o.350E-o8 0.350£:.-08 0.350£-08 0.350E-08 0.350£-08 O.JS0£-08 0.350E-08 0.3SOE.-OR 0.350t:.-OH 
O.lOSE-07 O.l05E-07 0.105£-07 0.10SE-07 0.105£-07 0.105E-07 0.105E-07 0.350E-08 0.350£-08 0.350E-08 
0.350E-08 0.350E-08 0.350£-09 0.3:,oE.-09 0.350E.-09 o.o 

'9 o.o o.o o.o o.o o.o o.o o.o 0.105E-07 0.105£-07 O.JSOE-08 
0.350E-OH 0.3SOE-08 0.350E.-08 0.3SOE-08 0.350£-08 0.350£-08 0.350£-08 o.350E.-08 0.350£-08 0.105E-07 
0.105E-07 O.l05E-07 0.105E.-07 O.lOSE-07 0.105£-07 0.105£-07 0.105£-07 0.105£-07 0.1051::-07 0.105£-07 
0.350E-08 0.350£-08 0.350£-08 0.350£-09 0.350£-09 o.o 

10 o.o o.o o.o o.o o;o o.o 0.105E-07 0.105£-07 0.350E-08 0.350E-08 
0.350£-08 0.350£-08 0.350£-08 0.350£-08 0.350£-08 O.JSOE-Oti 0.350£-0A O.JSOE-08 o.350E-08 0.105£-07 
0.105£-07 O.l05E-07 0.105£-07 O.lOSE-07 0.105E-07 0.105E-07 0.105E-07 o.l05E-07 O.l05t.-07 0.105£-07 
0.350E-08 0.350£-08 0.350£-08 0.350E-09 0.350£-09 o.o. 

11 o.o o.o o.o o.o o.o 0.105E.-07 O.lOSf.-07 0.350£-.-08 0.350t.-OR 0.350E-08 
0.350£-08 0.350E-08 0.350£-08 0.3SOE-08 0.350£-08 0.350E.-08 O.J50E-08 0.350E-08 0.350E.-08 0.350E-08 
0.105£-07 0.105£-07 0.105£-07 0.105£-07 0.10SE-O-/ 0.105£-07 0.105E-07 0.350£-08 0.3501::-08 0.350E-08 
0.350£-08 0.350£-08 0.350£-0-J 0.350£-09 O.JSOE-09 o.o 

12 o.o o.o o.o 0.3SOE-08 O.JSOE-08 0.350E-08 0.350£-08 0.350E-OH 0.3')0£-08 0.350E-08 
0.350E-OR 0.350£-08 0.350£-08 0.3~0E-OH O.JSOE-08 0.350E.-08 0.350E-OH 0.350£-08 0.350£-08 0.350t.-OH 
0.350£-08 o.l05E-07 0.105£-07 0.105£-07 O.lOSE-07 0.350£-08 0.350£-08 0.350£-08 0.350£-08 O.JSOf-08 



0.3SOE-08 o.3sot:-09 0.350!:.-09 0.3-';0£-09 0.350£-09 o.o 

13 o.o o.o o.350£-oo o.3t:;O£-o8 0.350£-08 0.350!:.-08 0.350E-011 0.350£-0H 0.3501:-08 O.JSOE-08 
0.3SOE-08 0.350£-08 o.350E-o~ 0.3':\0E-08 0.350£-08 0.350£-08 0.3501:-08 0.350E-Ofi 0.350t.-OH 0.350£-08 
0.350£-08 O.lOSE-07 O.lOSE.-07 0.10::>£-07 0.350£-08 0.350£-08 0.350£-08 0.350£-0B 0.350£-08 0.350£-09 
O.JSOE.-09 0.350£-09 0.350£-09 0.3':)0£-09 O.JSOE.-09 o.o 

14 o.o Oo3SOE-08 0.350£-08 Oo3'>0E.-08 O.JSOE-08 0.350E-OH 0.350E.-08 0.350£-08 Uo3SOE-08 0.3SOE-Oi:S 
0.350£-08 O.JSOE-08 0.350£-08 0.3':'-0E-Otl 0.350E.-08 0.3501:"-08 0.350£-08 o.350E-08 0.350£-08 0.350£-08 
0.350£-08 0.105£-07 0.105£-07 0.1o~E-07 O.JSOE-08 o. :bOE-08 O.JSOE-08 0.350!:.-08 O.JSOE-09 0 .JSOF.-09 
0.350E-09 0.350£-09 O.JSOF.:-09 O.J~OE-09 O.JS0£-09 o.o 

15 o.o Oo350E-08 0.350£-08 0.3:>0£-08 O.JSOE.-08 0.350£-08 o.350E.-Ot:! Oo3SOE-08 O.JSOt.-08 0.3SOE.-OC! 
0.350£-08 0.350£-08 0.350£-013 Oo3":>0E-08 0.350£-08 0.350E-08 O.JSOE-0~ 0.350£-08 0.350£-08 O.JSOE-08 
0.350£-08 0.350£-08 0.105£-07 0.105£-07 O.JSOE-013 0.350E-08 0.350E-Oh 0.350£-08 0.350!:.-09 0.350E-O~ 
0.350£-09 0.350£-09 0.3SOE-09 0.350£-09 O.JSOt-09 o.o 

16 o.o o.350E-o8 0.350£-08 0.3 "i OE-08 0.3SOE-Oo 0.350£-08 0.350f-OR 0.350£-08 0.350E-08 O.J50E-08 
0.350£-08 0.350£-08 0.350E-08 0.30:,0£-08 0.350E-08 0.350£-0fl Oo350E-Of< 0.350£-08 0.350t.-OA 0.3501::-08 
0.350£-08 0.350£-08 Oo105E-07 Oo10::>E-07 0.105£-07 0.105E-07 Oo350E-Oti 0.350E.-08 0.350E.-OB 0.350E.-O"' 
0.350£-09 0.350£-09 O.J50E-09 0.3SOE-09 0.350£-0'1 o.o 

17 o.o 0.350£-08 0.350£-08 Oo3':>0£-08 O.JSOE-08 0.3501:-0A 0.350E-O~ 0.350£-08 0.350£- 08 O.JSOE-01:3 
0.350E-08 Oo350E-08 0.350£-01:\ 0.3':)0£-08 0.350£-08 0.350£-08 0.~501:'.-08 0.3SOF-Ot1 0.3501:-0~ 0 .350E-OI:l 
0.350E-08 0.105£-07 0.105E-07 0.105£-07 0.105£-07 0.1051:-07 O.l05E.-07 0.3SOE-08 0.3'?JOE-OB 0.350£-0~ 
0.175E-08 0.350E-09 O.JSOE-09 0.3~0E-09 0.3SOE-O~ o.o 

18 o.o 0.350£-08 0.350£-08 o.J':lOE.-08 0.3~0£-0~ 0.350E-08 0.350£-08 0.105E-07 Oo105c:.•07 0.105£-07 
0.105£-07 0.350£-08 0.3SOE-08 O.J'_:',OE-08 0.350£-08 0.3S0£-08 0.350E-Oii 0.350£-01:! 0.350t-O~ 0.350£-08 
Oo350E-OB 0.105£-07 0.1051:-07 0.11J5E-07 0.105£-07 0.105E-O"l 0.105£-07 0.350f-08 0.350!:.-08 0.350£-0~ 

0.175£-08 0.17SE-08 0.175£-08 0.175£-08 0.17':iE-08 o.o 

19 o.o 0.350£-08 0.3')01:-0d 0.3SUt.-08 0.350£-0H 0.350£-0rl 0.350£-08 0.105£-07 0.105E-07 0.105£-07 
0.105£-07 Oo350E-08 0.350£-08 0.3~0E-08 0.350£-08 0.350E-08 0.3501: .. -01:! 0.350E-08 0.350£-08 0.3SOE-Ob 

\0 
0.350£-08 0.105£-07 0.105£-07 0.10':::>£-07 0.105£-07 0.10SF.:-07 0.105£-07 0.3501:-08 0.3501::-08 0.3501:-08 

..... Oo175E-08 o.175E-o8 0.175E-011 Oo17SE-08 0.1751:-08 o.o 

20 o.o Oo350E-08 O.J':iOE-01:1 0.3~UE-08 o.JsoE-08 0.3':iOE-08 Od50f.-08 0.350£-0~ 0.3SOE-08 0.105!-~ -07 

0.105£-07 0.3SOE-08 0.350£-08 0.3SOE-08 0.3':>0£-0ti 0.350£-08 0.350£-0A 0.350E-08 0.350E--08 0.3SOE-08 
0.10SE-07 0.105£-07 0.105£-07 0.105£-07 0.10':>E-07 0.105£-07 0.350£-08 o.JSOf-08 0.350E-08 0.175E:-08 
0.175£-08 0.175£-08 0.1751:-08 0.175E.-08 0.175E.-08 o.o 

21 o.o Oo350E-09 0.3')01:-0"1 0.3 ':i OE-09 0.350£-08 0.3501:.-08 O.J50E-Ob O.JSOE-0!< O.JSOE.-08 0.105f-0 -7 
Oo105E-07 0.350E-08 0.350£-08 0.3SUE.-08 0.3':::>0£-08 o.JsoE.-Ot; 0.350F.-Otl 0.350F..-OA 0.350t-08 0.105£-07 
0.105£-07 Ool05E-07 Oo105E-07 0.105E-07 0.105£-07 0.105£-07 o.350E-011 0.350£-08 0.350E-08 0.3SOE-08 
Oo350E-08 o.175E-08 0.175£-08 0.17~E-08 0.175£-08 o.o 

22 o.o Oo350E-09 Oo3SOE-09 0.3SOE-09 0.350£-08 0.350£-08 0.3501:.-08 0.350E-OI:! 0.350t.-08 0.350!:.-0~ 

0.350E-08 0.3SOE-OI'\ Oo350E-08 Oo3':>0E-08 O.JSOE-08 Oo3':>0E-OH 0 ..JSOE-08 0.350£-08 0.3501:-08 Oo105E-07 
0.10SE-07 0.105E-07 0.105E.-07 0.105£-07 0.10~E-07 o.350E.-08 0.350E-O~ O.JSOE-08 0.3')01:-0f\ O.JSOE-Od 
O.l75E-08 O.l75E-OA 0.175E-08 0.350£-09 0.350E-09 o.o 

23 o.o 0.350E-09 0.350E-09 0.3~0E-Ol:i 0.350£-0b 0.3SOE-08 Oo350f-O~ O.J50E-OR 0.350E-08 0.3501:.-08 
0.3SOE-08 o.350E-oa 0.350E-08 Oo3SOE-08 0.350£-08 0.3501:-08 O.JSOE.-08 0.350E-Ob 0.105E-07 0.105E-Ol 
0.105E-07 Oo350E-08 0.350£-08 o.3<:.0E-08 0.105£-07 0.350E-08 Oo350E-OA 0.350E-08 Oo350t:-Ot< 0.3501:-08 
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26 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o 31680.0000 o.o 

27 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o 31680.0000 o.o 

28 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o 26400.0000 o.o 

29 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o·.o o.o o.o o.o 21120.0000 o.o 

30 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o -o.o o.o o.o 
o.o o.o o.o o.o 0-.0 o.o o.o o.o o.o o.o 
o.o o.o o.o o.o 15840.0000 o.o 

31 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o 10560.0000 o.o 

32 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 

..... o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 

..... o.o o.o o.o o.o 7392.0000 o.o N 

33 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o 6864.0000 o.o 

34 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 

DELX = ':>280.000 

DELY = 52AO.OOO 

SOLUTION dY THE STRONGLY IMPLICIT PROCEDURE 

------------------------
BETA= 1.00 

10 ITERATION PARAMfTERS: o.o 0.82596230+00 0.96971090+00 0.99472860+00 0.~9908261)+00 o.o 

o.8259623lJ+OO 0. 96971 09u+OO 0.9947l8t-O+OO 0.9990b260+00 

•***•***** TO fiT MAP wiTHIN 12 INCHES, DINCH REVISED TO t:.6666&6 •••••••••• 

PUMPING PE~I01) NO. 1: 1.00 DAYS 

--------------------------------------
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7 
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8 
8 
8 
8 
9 
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10 
27 
27 
28 
28 
28 
29 
29 
29 
29 

NUMBER OF TIME STEPS= 1 

DELl IN HOURS = 24.000 

MULTIPLIER FOR DELl = 1.000 

18 WELLS 

----------
J PUMPING RATE WELL RADIUS 

2'1 -5.44 
28 -8.16 
25 -2.72 
26 -8.16 
27 -5.44 
28 -2.72 
25 -2.72 
26 -5.44 
26 -5.44 
26 -3.10 
27 -1.55 
26 -3.10 
27 -4.65 
28 -4.65 
26 -1.55 
27 -4.65 
28 -4.65 
28 -3.10 



.... .... 
~ 

CUMULATIVE MASS BALANC~: 
----------------~-------- - ' 

SOURCES: 

STORAGE = 
~fCH.ARGE = 

CONSTANT FLUX = 
CONSTANT HEAD = 

HCF FLOw = 
LEAKAGE = 

TOTAL SOURCES = 
OISCHAt-<GES: 

EVAPOTRANSPIRATIO~ = 
CONSTANT HEAD = 

HCF FLOw = 
QUANTITY PUMPEO = 

LEAKAGE = 
TOTAL DISCHARGE = 

DISCHARGE-SOURCES = 
PtRCENT OlFFEREN€E = 

--~------------------------------------------------------TIME STfP NUM8ER = 

---------------------------------------------------------. . 

SIZE OF TIME STEP IN StCONOS= 86400.00 

TOTAL SIMULATION TIME IN SECONDS= 
MINUTES= 

~OURS= 

OAYS= 
YEARS= 

86400.00 
1440.00 

24.00 
1.00 
o.ou 

DUR~TION OF CURRENT PU~PING Pt~IOD IN DAYS= 
Yf.A~S= 

1.00 
o.oo 

L**3 

o.o 
o.o 
o.o 
o.o 

8377952.00 
4b025<t68.0 
~(+403920.0 

o.o 
o.o 

37909728.0 
b271762.00 

10220793.0 
54402272.0 

-16!+8.00 
-o.oo 

~AT~S FOR THIS TIME STEP~ 

STORAGE 
RECHARGE 

CONSTANT FLUX 
PUMPING 

EVAPOTRANSPIRATION 
CONSTANT HE~O: 

IN 
OUT 

LEAKAGE; 
FROM PREVIOUS PUMPING PERIOD 

TOTAL 
HCF FLO,W 

SUM OF RATES 

L*i:t3~T 

= o.o 
= o.o 
= o.o 
= -l2.5898 
= o.o 

= o.o 
:::; 0~0 

= 355.0498 
= 414.4119 

-34.1.8030 
= ·~ 0 ~ 0.190 



~ATE OF VERTICAL LEAKAGE- DOWNWARD(+)• UPWARD(-) - INCHES ~ER YEAR 

o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 

2 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o -4.88 -6.59 -8.52 -4.14 -5.94 8.23 7.67 12.96 
6.50 4.08 7.84 16.43 18.17 21.35 24.53 24.~1 28.02 34.61 
5.65 6.15 9.61) 11.05 10.17 o.o 

J o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o -9.59 -9.82 -11.11 9.89 9.33 10.18 9. :N 5.30 
5.48 12.21 16.39 18.30 18.99 19.69 20.41 23.37 27.51 34.56 
5.93 5.77 9.35 11.59 15.43 o.o 

4 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o -11.53 -3.27 -4.88 3.77 le72 1.95 7.59 1.47 1. 33 
3.50 7.76 14.76 15.52 16.52 17.38 18.25 21.50 24.64 29.17 
4.99 5.51 9.09 11.37 14.60 o.o 

5 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
-10.9C) -10.54 -12.12 -4.00 1.14 -2.7Q -0.21 2.60 2.67 1.59 

2.05 11.74 12.11 13.17 14.3b 15.50 16.63 18.7b 23.20 23.70 
24.52 32.19 6.56 9.80 9.79 o.o 

6 o.o o.o o.o o.o o.o o.o o.o o.o o.o -9.54 
-9.52 -11.32 -3.25 -2.61 -0.40 3.07 1.37 2.45 3.70 3.24 

1-' 7.63 11.86 13.08 14.50 13.36 12.52 11.49 16.22 16.37 20.68 
1-' 20.06 19.59 3.85 8.78 10.56 o.o 1.11 

7 o.o o.o o.o o.o o.o o.o o.o o.o o.o -9.54 
-5.69 1.91 0.39 o.o1 -0.58 2.55 8.28 7.70 4.81 6.39 
8.24 10.62 30.00 21.01 40.85 41.68 18.25 24.88 21.57 18.83 

16.76 26.51 4.05 8.28 6.72 o.o 

8 o.o o.o o.o o.o o.o o.o o.o o.o -12.4"/ -14.39 
0.14 -1.42 0.78 0.20 0.74 1.07 2.63 2.95 3.33 5.03 

24.10 16.96 23.81 41.37 52.92 68.67 53.81 15.86 19.81 17.54 
16.46 38.39 7.26 8.70 5.85 o.o 

9 o.o o.o o.o o.o o.o o.o o.o -11.23 -12.47 7.47 
3.40 0.57 1.39 3.27 -0.29 2.45 2.51 3.ts1 3.59 16.83 

20.55 22.01 22.43 36.27 39.16 60.83 46.40 45.10 43.22 35.27 
10.47 40.60 46.23 5.91 6.22 o.o 

10 o.o o.o o.o o.o o.o o.o -10.05 -10.48 -4.46 4.55 
0.52 -1.01 -1.54 -2.38 2.94 6.79 5.45 2.65 4.71 19.02 

-5.08 24.13 22.04 38.52 40 .• 00 45.49 35.74 32.45 29.16 34.53 
11.21 22.84 29.70 7.03 6.80 o.o 

11 o.o o.o o.o o.o o.o -10.06 -9.42 -5.oo 0.63 1.95 
0.51 -2.39 -0.37 -2.57 2.70 5.21 1.22 -0.39 1.52 1.80 

17.44 18.61 34."'6 25.61 28.86 27.64 24.72 8.05 7.30 7.76 
8.01 33.78 5.98 5.90 5.81 o.o 

12 o.o o.o o.o -2.61 -4.76 -3.51 -4.63 6.57 -7.10 -6.92 
-1.95 -3.67 -4.29 -2.58 -3.74 -1.15 -1.27 0.94 2.79 5.68 
4.48 32.53 26.20 25.33 32.60 10.86 6.46 5.89 8.85 7.73 
5.11 1.81 2.35 2.88 4.78 o.o 



13 o.o o.o -2.12 -1.27 1.~7 3.59 3;.50 10.71 0.92 •0.24 
2.04 4.11 o.~s 1.28 1.5~ 1.67 0.39 o.os c!.02 3.74 
2. 73 24.03 29.48 22.10 10.')3 12.70 5.84 5.16 2.74 0.26 
0.32 0.91 0.73 2.55 3.7'j o.o 

14 o.o -1.49 0.88 2.92 -3.0'l -1.63 -4.52 -6.59 -8.86 -8.93 
-6.76 -3.49 -2.87 0.20 7.04 3.47 -1.52 -o•J6 1.7.J 2.34 
2.96 14.74 28.45 21.91 7.09 6.96 6.64 3.06 0.1'j 0.59 
0.97 0.71 1.30 1.61 2.2~ o.o 

15 o.o -0.44 -2.3?. -3.02 -2.o6 -4.03 -7.27 -0.64 -0.72 1.57 
1.0& 3.05 -0.13 -3.32 -S.31 -4.80 -3.15 -3.11 0.47 6.50 
6.21 8.92 18.20 27.73 5. 71 3.90 -8.06 -3.19 -o.'j7 -0.34 

-O.JO 0.59 1.!)4 1o40 1.73 o.o 

16 o.o -2.29 -1.68 -3.77 -6.11 -9.03 -6.21 1.34 0.99 3.13 
1.2A 4.52 5.25 2.17 -0.93 1.09 -0.89 -1.83 -0.54 3.21 
5.86 8.99 20.26 23.9b 15.23 -24.20 -7.83 -3.'l0 -3.21 -0.44 

-0.32 -0.01 1.57 1o92 1.29 o.o 

17 o.o -3.03 -1.19 -0.73 -5.74 -7.59 3.94 4. 75 2.97 2.45 
0.51 3.74 3.16 1o33 3.50 3.16 -1.10 -4.32 -0.09 2.73 
4.40 26.69 23.17 22.01! 9.54 -29.04 -17.92 -0.72 -3.37 -4.'l8 

-1.S6 1o14 2.lr, 1.56 1.44 o.o 

18 o.o -1.39 -o.so -1.60 -7.90 -11.19 2.78 6.20 8.17 2.50 
7.69 4e5R 2.69 8.58 6.90 1.57 -2.46 -0.24 1.76 3.73 
4.62 25.27 20.15 26.00 -23.61 -2o.7o - 18.12 -o.J5 1.46 -1.<.J4 
8.91 15.41 13.81 12.24 17.20 o.o 

19 o.o -2.39 -1.75 -2.46 -a. 11 -1.62 2.05 4.22 2.12 -0.38 
7.82 4.60 1.38 7.21 6.82 4e16 2.89 4.05 2.!)2 4.95 
5.12 13.76 25.66 12.78 -27.80 -25.68 -12.09 3.83 6.46 4.08 

..... 12.62 15.92 17.67 16.19 21.89 o.o 

..... 
Q\ 

20 o.o 5.5<i -1.56 -3.36 -9.36 -2.06 -3.37 -0.02 1.73 1.79 
16.99 6.39 3.11 6.30 8.52 7.20 2.17 3.55 3.60 5.05 
12.b7 21.53 31.63 7.07 -33.11 -25.24 -0.75 1.96 10.92 R.81 
10.43 11.99 15.88 14.60 16.56 o.o 

21 o.o 5.72 6.20 3.13 -9.89 -8.69 -3.27 1.48 4.52 5.88 
13.52 6.35 10.67 15.06 10.80 9.54 8.53 6.1o o.37 15.94 
16.01 19.4'j 21.35 12.59 -31.63 -24.86 -4.57 3.43 2.17 12.71 
18.80 9.39 10.95 11.33 16.31 o.o 

22 o.o 5.5~ 4.11 2.40 -6.34 -7.35 -2.88 -0.44 -1.12 6.87 
5.67 5.93 6.20 13.11 11.38 10.13 2.70 6.92 8.51 23.23 

21.56 23.61 20.92 12.25 -33.56 -8.49 -4.19 4.13 5.l:i3 11.63 
7.27 11.29 11.19 2.15 3.66 o.o 

23 o.o . 5.48 4.70 3.70 -5.08 -3.10 -2.12 0.70 -0.99 4.58 
6.07 7.54 10.39 9.46 11.51 11.52 8.06 a.5o 22.30 22.38 

22.94 9.85 8.38 1.19 -26.86 -10.42 -3.22 2.89 5.04 8.79 
9.36 11.60 2.09 2.05 2.48 o.o 

24 o.o 6.04 7.97 12.90 -3.28 -2.21 -O.A1 -0.21 -0.2d 2.94 
4.56 6.04 3.73 6.63 13.74 12.46 7.83 5.98 15.90 9.25 

14.30 12.02 -0.32 -11.78 -9.32 -0.27 -4.34 4.75 3.50 7.25 
1.57 1.90 1.27 1.35 1.7!) o.o 

25 o.o 8.02 7.36 2.07 -7.20 -3.24 -2.77 -1.78 -1.56 0.62 
-0.25 9.05 1.57 9.64 16.7& 12.94 12.41 8.29 19.b9 24.63 
28.05 31.99 -9.97 -11.53 -5.93 4.43 0.51 9.80 8.86 1.26 

1.39 1.85 1.33 1.2o 1.2~ o.o 

26 o.o 9.40 5.50 2.24 -0.94 -0.65 -0.29 -4.13 -1.02 •1.22 



1.9f> 7.43 2.60 10.79 12.86 1~.33 15.43 9.16 20.13 30.64 
32.94 -17.2l -4.5~ -3.18 0.9q -1.01 5.49 9.51 12.35 1.22 
0.80 1.09 1. 21 1.50 1.29 o.o 

27 o.o o.o 3.05 1.18 -0.69 -0.37 -0.38 -0.60 -2.61 -1.28 
-1.~S 3.74 5.49 6.12 15.05 13.10 18.3Q 12.62 24.78 19.71 
19.54 -8.55 -5.52 -2.09 2.32 7.41 11.22 9.36 0.77 0.92 
0.~9 1.78 1.95 7.95 8.55 o.o 

28 o.o o.o o.o o.o -0.38 -0.29 -0.38 -0.29 -1.16 0.42 
2.51 5.66 7.1j2 9.79 15.39 12.79 16.07 9.56 12.71 9.85 
5. 77 -4.39 1.50 4-.31 2.01 8.64 10.37 6.63 !).24 0.17 

-6.24 -28.57 -31.22 -9.26 -3.11 o.o 

29 o.o o.o o.o o.o o.o o.o o.o o.o -3.73 -0.98 
O.H2 9.56 10.04 15.28 17.82 13.43 6.96 -0.69 7.67 12.61 

14.23 -3.75 -3.75 1.16 1.97 2.88 4.08 1.65 -0.38 -7.33 
-24.65 -31.71 -14.34 -2.94 2.80 o.o 

30 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o 21.33 21.40 19.08 11.79 -0.56 -2.58 15.98 

12.77 4.53 0.49 -5.33 -4.46 -12.55 -15.09 -24.d6 -13.79 -27.23 
-30.58 -3.28 -1.44 5.91 9.02 o.o 

31 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o 1.72 3.98 20.24 

25.33 17.77 14.36 -1.05 8.06 16.65 11.44 -19.06 -23.!:)4 -30.14 
-9.97 -3.06 9.56 14.07 13.36 o.o 

32 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o 3.20 7.81 

26.44 15.70 6.72 12.20 17.13 14.89 13.16 26.15 15.11 -0.24 
-4.29 o.5J 13.38 12;47 13.01 o.o 

.... .... 
33 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o ....., 

o.o o.o o.o o.o o.o o.o o.o o.o o.o 10.82 
10.37 11.1~ 18.03 15.92 20.86 27.83 37.80 28.71 5.02 6.08 
9.45 17.31 15.94 11.56 7.59 o.o 

34 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 



.... .... 
go 

RAT~ OF HORIZONTAL FLOW INTO(+) ANO OUT OF(-) SYSTEM TH~OUGH HCF NOO~S 

ROW 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
?. 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
.7 
8 
8 
9 
9 

10 
10 
11 
11 
12 
12 
13 
13 
14 
14 
15 
15 
16 
16 
17 
17 
18 
18 
19 
19 
20 

COLUMN 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
?.3 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
13 
35 
12 
3~ 
11 
35 
10 
35 
10 
35 

9 
35 

8 
35 

7 
35 

6 
35 

4 
35 

3 
35 

2 
35 

2 
35 

2 
35 

2 
35 

2 
35 

2 
35 

2 

RATE 
-0.704E-07 
-o.~68E-o7 
-0.849E-07 
-0.155E-06 
-0.155£-06 
-0.310E-06 
-0.282E-Ob 
-0.236E-06 
-0.261£-06 
-0.411E-06 
-0.383E-06 
-0.498t:-06 
-O.S46E-06 
-O.S48E-06 
-0.728£-0b 
-0.638£-06 
-0.476£-06 
;..0.408E-06 
-0.348£-06 
-0.351£-06 
-0.458£-06 
-0.566E-06 

0.599£-07 
-0.701£-07 

o.178E-06 
-0.762£-07 

Oell6f-06 
-0.731E-07 
-0.258£-06 
-0.617E-07 

o.796E-oa 
-O.Q84E-07 

Oe321E-06 
-0.973£-07 

0.217E-06 
-0.901£-07 

0.173£-06 
-0.882£-07 

o.940E-o7 
-o.aa3E-07 
-0~231E-08 
-0.688E-07 
-0 .~2.0E-O~ 
-o.s52E-o7 
-o.777E-oa 
-0.375E-07 
o.uaE-o6 

-o.453E-o7 
0.130E-06 

-0.435£-07 
Oe136E-Ob 

-0.448E-07 
o.u1E-o6 

-0.413E-07 
0.561E-07 

-0.439E-07 
o.663E-o7 

-0.576£-07 



20 35 0.642E-07 
21 2 -0.~52E-07 
21 JS 0.401E-07 
22 2 -0.400E-07 
22 35 0.979£-08 
23 2 -0.385E-07 
23 35 -O.M6E-07 
24 2 -0.104E.-07 
24 35 o.12JE-o7 
25 2 -0.7231:-01; 
25 35 -O.MOE-08 
26 2 -0.208£-07 
26 35 0.251E-07 
27 3 -0.281E.-07 
27 4 -0.887E-07 
27 35 -0.222E-07 
28 5 -0.774£-07 
28 6 -O.A25E-07 
28 7 -0.102E-06 
28 8 -0.139£-06 
28 35 -0.120E-06 
29 9 -O.lJSE-06 
29 10 -0.162£-06 
29 11 -0.103£-06 
29 12 -0.147E-06 
29 13 -O.l2JE-06 
29 35 -0.121E-06 
30 14 -0.217E-06 
30 15 -0.217t-Ob 
30 16 -0.225E-06 
30 17 -0.241;£-06 
30 35 -0.1'.54E-07 
31 18 -o.284E-06 

..... 31 35 o.12bE-06 ..... 32 19 -0.490f:-06 \Q 

32 35 o.276E-o6 
33 20 -0.328E-06 
33 21 -0.268E-06 
33 22 -0.199E-06 
33 23 -0.238£-06 
33 24 -o.J31E-06 
33 25 -o.J27E-06 
33 26 -0.363t.-06 
33 27 -0.363£-06 
33 28 -0.159E-06 
33 29 -0.228£-06 
33 30 -0.706E-07 
33 31 o.a27E-07 
33 32 0.817E-07 
33 33 o.162E-o6 
33 34 o.764E-o7 
33 35 o.naE-06 

MAXIMUM HEAD CHANGE fOk EACH ITEwATION: 

5.7222 1.6515 0.7476 0.3093 O.OS81 0.0085 

MAXIMUM CHANGE IN HEAD FOR THIS TIME STEP 7.628 

TIME STEP : 

ITERATIONS: 5 
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0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 

0 0 0 0 

Q Q 0 0 

0 Q 0 0 

0 0 0 0 

0 0 0 Q 0 

0 0 0 Q 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 Q 0 

0 0 0 0 0 0 

0 0 0 0 0 ~ 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 Q 0 0 

0 0 0 0 

0 0 0 0 0 Q 

0 Q 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

N 0 0 0 0 

0 0 0 0 

- 0 0 0 0 

0 0 0 0 0 

0 0 0 0 

0 0 0 0 o . 0 

0 

0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 
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0 0 0 0 
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0 0 0 Q 

Q Q 0 0 

0 0 0 Q 

Q 0 

0 0 0 0 

Q 0 Q 0 

0 Q 0 0 

0 0 0 0 

Q 0 0 0 

Q Q 0 0 

0 0 Q 0 

0 0 0 0 

0 Q Q 0 

0 0 0 0 

0 0 0 0 

Q 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 Q 0 0 

0 0 0 0 

0 0 Q 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 Q 

0 0 0 

0 Q 0 

0 0 

0 0 

I 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 ·O 

0 0 

0 Q 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 Q 

0 0 

0 0 

0 0 

0 
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0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o - o- o - o 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o - o - o - o- o 

+ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o - o - o - o- o + 
I 

0 0 0 0 0 0 0 0 0 0 0 0 0 o - o - o - o- o 
0 0 0 0 0 0 0 0 0 0 0 0 o - o - o - o- o 

+ 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 - 0 - 0 + 

I 
I 

0 0 0 0 0 0 0 0 0 0 0 0 - 0 - 0 - 0 

0 0 0 0 0 0 0 0 0 o- o 0 0 

·-~~------·---------·---------·---------·---------·---------·---------·---------·---------·---------·---------·---------· 
o.o 2.67 5.33 a.oo 

EXPLANATION 

-----------
R = CONST4NT HEAD BOUNDARY 
~~* = VALUE EXCEEDED 3 FIGURES 
MULTIPLICATION FACTOR = 

..... 
N ..... 

1.000 

10.67 13.33 16.00 18.67 21.33 24.00 26.67 29.33 32.00 

DIST t NCE FROM ORIGIN IN Y DIRECTION, IN MILES 

5.33 

2.67 

o.o 



PLOT OF HYDRAULIC HEAD 

·---~-----·---------·----------·---------·---------·---------·---------·---------·---------·---------·---------·---------· I 
I 
142 43 44 46 49 54 60 68 72 75 77 80 83 85 87 8~ 88 86 83 79 73 67 62 58 55 52 50 so 54 59 66 72 
I 
140 42 44 46 48 52 58 65 70 74 77 79 81 83 84 85 85 84 81 77 72 67 62 58 54 51 49 50 52 56 60 64 
+ 
139 41 43 45 47 51 57 65 70 73 76 7~ 80 81 82 82 83 82 80 76 72 67 62 57 53 so 47 47 49 51 54 57 
I 
138 40 42 44 47 50 57 64 69 73 75 77 78 79 80 80 80 79 77 74 70 66 61 57 52 48 45 43 4- 46 48 so 
I 
I 

+ 

+37 39 41 43 45 so 56 63 68 71 74 75 76 77 77 77 77 76 75 72 69 64 60 55 50 46 42 40 39 40 42 43 + 
I 
135 37 39 '42 44 48 55 63 68 71 73 74 74 74 74 73 73 72 71 69 66 62 58 53 48 44 39 36 35 35 36 36 
I 
133 36 38 40 42 46 54 62 b7 70 72 72 72 72 71 70 69 69 67 65 62 59 ~5 51 46 41 36 33 32 31 31 30 
I 
+31 34 36 38 40 43 51 60 66 69 71 72 71 70 b8 67 66 65 63 61 58 55 52 48 43 37 30 29 29 28 28 26 + 
I 
I 
129 32 35 37 39 42 49 59 66 69 71 71 70 69 66 64 62 61 59 57 55 52 49 45 40 34 28 26 26 26 25 22 
I 
127 31 33 36 38 43 48 56 63 69 70 71 70 69 66 63 60 58 56 54 52 49 47 43 38 32 27 25 25 24 22 19 
+ 
126 29 32 35 37 43 50 58 64 68 70 71 70 69 68 65 61 58 56 53 51 48 46 42 38 33 28 25 24 22 21 18 
I 
124 28 31 34 37 43 51 58 64 67 69 70 70 70 68 67 65 62 60 57 54 51 46 42 38 33 2~ 25 23 21 19 16 

~I 
~I 

+ 

+23 26 29 32 36 42 SO 56 61 65 67 6d 68 68 67 67 65 64 63 60 57 53 49 44 39 34 28 24 22 21 1A 16 + 
I 
120 24 28 31 35 40 47 53 57 61 63 o- 65 65 65 65 64 63 62 61 59 55 51 47 41 35 29 24 22 20 18 15 
I 
119 22 26 29 33 38 44 49 53 56 58 59 60 61 61 61 61 61 60 59 58 56 53 49 44 38 30 25 22 19 17 14 
I 

34.67 

32.00 

29.33 

26.67 

24.00 

21.33 

•16 19 23 27 31 36 41 45 49 51 53 55 56 57 57 57 58 58 58 57 57 55 52 49 45 39 31 25 21 18 15 
I 

12 + 18.67 

I 
113 16 20 24 29 33 37 41 44 46 4A 50 51 52 53 54 54 55 55 55 54 53 50 47 43 38 32 26 2~ 15 11 
I 
110 14 18 22 26 30 33 37 39 42 44 45 47 48 49 50 51 51 52 52 51 50 48 45 42 37 31 25 19 13 
+ 

8 11 15 19 22 26 30 33 35 38 39 41 43 44 45 46 47 48 49 49 48 47 46 43 40 36 30 24 18 

6 9 12 16 19 23 26 29 31 34 35 37 J9 40 42 43 44 45 46 46 46 45 43 41 38 34 29 23 17 

+ 4 6 10 13 16 19 22 25 27 ~9 31 33 35 37 38 40 41 42 43 43 43 42 40 38 35 31 27 22 16 

2 4 7 10 12 15 18 21 23 25 27 30 31 33 35 36 38 39 40 40 40 38 36 34 31 28 24 20 15 

2 4 7 9 12 15 17 20 22 24 2b 28 30 32 33 34 35 36 J6 36 35 33 30 28 24 21 17 

+ 2 4 6 9 12 14 16 18 20 22 24 26 28 30 31 32 33 33 32 31 29 27 24 21 17 13 

2 4 6 8 11 13 15 17 19 21 23 25 26 28 29 29 29 28 27 25 23 20 17 14 10 

2 3 5 M 10 12 14 16 17 19 21 23 24 25 25 25 24 23 21 19 16 13 10 6 
+ 

X 1)15-
TANCE IN 

MILES 
• 16.00 

+ 13.33 

+ 10.67 

+ 8.oo 



..... 
N 
w 

3 5 7 "J 11 13 14 16 1tS 19 20 21 21 21 20 19 18 16 13 10 7 4 

2 4 6 9 10 11 13 14 16 17 17 18 17 17 16 15 13 11 8 5 
I 
I 

+ 2 4 6 8 9 10 11 13 13 14 14 14 14 13 12 11 9 6 3 + 

2 4 b 7 8 8 9 10 11 11 11 11 11 10 9 7 5 3 

3 '+ 5 6 6 7 7 8 9 9 9 9 9 8 7 5 2 
I 

+ I t. 3 4 4 5 6 6 7 8 8 9 9 8 7 5 + 

2 2 3 3 4 5 6 7 7 8 8 8 7 5 

1 l 2 3 3 4 5 6 7 8 8 8 

·-~~-----~·---------·--~------·---------·---------·---------·---------·---------·---------·---------·---------·---------· 
o.o 2.b7 5.33 a.oo 10.6/ 13.33 16.00 18.67 21.33 24.00 26.67 29.33 32.00 

DISTANCE FROM ORIGIN IN V Ol~ECTIONt IN MILES 

EXPLANATION 

-----------
R = CONSTANT HEAD BOUNDARY 
oo~ = VALUE EXCEEDED 3 FIGU~ES 
MULTIPLICATION FACTOR = 1.000 

5.33 

2.67 

o.o 



1-' 
N 
~ 

"2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

o.o 
16.5 

o.o 
19.1 

o.o 
22.9 

o.o 
26.4 

o.o 
29.5 

o.o 
33.2 

o.o 
38.8 

o.o 
44.9 

o.o 
49.8 

o.o 
53.3 

o.o 
56.6 

o.o 
58.6 

o.o 
59.9 

-0.2 
60.8 

-0.2 
61.3 

0.2 
61.6 

0.7 
61.7 

1.6 
61.5 

2.3 
61.1 

2.8 
60.8 

o.o 
16.7 

o.o 
20.9 

o.o 
24.8 

o.o 
28.1 

o.o 
31.1 

o.o 
35.0 

o.o 
41.0 

o.o 
47.7 

o.o 
20.2 

o.o 
23.1 

o.o 
26.6 

o.o 
29.9 

o.o 
32.8 

o.o 
36.1 

o.o 
42.5 

o.o 
50.0 

o.o 
20.8 

o.o 
24.6 

o.o 
28.2 

o.o 
31.3 

o.o 
34.1 

o.o 
37.1 

o.o 
43.2 

o.o 
51.6 

o.o o.o o.o 
53.5 " 56.4 58.9 

o.o 
57.9 

o.o 
61.3 

o.o 
63.8 

-0.3 
65.0 

1.1 
65.3 

1.3 
65.3 

1.7 
65.2 

2.3 
65.3 

3.0 
64.6 

3.8 
63.5 

4.8 
62.6 

o.o 
61.5 

o.o 
65.2 

-0.4 
67.4 

1.6 
68.6 

2.3 
68.8 

2.8 
68.4 

3.3 
67.9 

3.9 
67.2 

4.6 
65.9 

5.3 
64.5 

o.o 
64.3 

o.o 
67.6 

2.0 
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A'ITACHMENT F: CALCOMP PLOT OF MODEL OUTPUT FOR WELL-FIELD PUMPAGE FIELD . 
PROBLEM 

A machine-drawn map of · the computed potentiometric surface or drawdown 
can be readily made from the model-punched output. In the case presented 
here, program card number 10030 was used to have the model punch a deck of 
drawdowns in the format used by the CALCOMP (California Computer Products, 
1971) contouring program. Output from the CALCOMP program is received on 
magnetic tape at the U.S. Geological Survey Florida District office in Talla­
hassee, where it is p~ocessed on a flat-bed plotter and then the finished 
map is mailed to the Tampa Subdistrict office. The plotter will draw maps 
on translucent paper to overlay base maps of any scale. The illustration in 
Attachment F is a tracing of a drawdown map produced by the CALCOMP contour­
ing program. 

128 



ATTACHMENT F: CALCOMP PLOT OF MODEL OUTPUT FOR WELL-FIELD PUMPAGE FIELD PROBLEM 
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