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PREFACE

Expansions of pumping from irrigation wells in the Upper
Big Blue Natural Resources District (NRD) are reducing the quantity
of the available groundwater supply. During the spring and early
summer of 1974, proposals for studies relative to the under-
standing and management of the water resources of the Upper Big
Blue River basin were formulated between the University of Nebraska
and the Upper Big Blue NRD. This study is the result of a proposal
by the Conservation and Survey Division, Institute of Agriculture
and Natural Resources, of the University of Nebraska to determine
the geohydrologic parameters and framework within the basin and
to develop and apply numerical simulation methods for use in
groundwater resource management. The project proposal was approved
by the Upper Big Blue NRD Board of Directors on September 2,
1974. The University of Nebraska Board of Regents granted approval

of the contract on November 22, 1974.



INTRODUCTION

The Upper Big Blue Natural Resources District (NRD) is
located in southeast-central Nebraska (fig. 1). The NRD lies
within the Big Blue River basin, has an area of 2,858 square
miles, and comprises York County and parts of Butler, Seward,
Saline, Fillmore, Polk, Hamilton, Clay, and Adams counties,
Topographically the area ié/a broad loessial plain of low relief
with local shallow depressions. Elevations range from a little
more than 2,000 feet in the west to a little less than 1,400
feet in the east. Drainage is to the southeast and major streams
are characterized by valleys having relatively broad flood plains
and terraces.

Annual precipitation ranges from about 25 inches in the north
western part of the area to about 28 inches in the southeastern
part. About 57% of this precipitation falls during the irrigation
season, May through Auéust. Because of the desire to increase
crop production, the number of irrigation wells has grown from
513 registered wells in 1950 to 9,433 at the end of 1977 (fig.
2a-2e). After the end of the 1977 irrigation season, water
levels had declined an average of 14.82 feet and locally as
much as 44.6 feet from predevelopment levels. From predevelopment
to Spring 1977, the average decline was 11.98 feet. Figure
3a~3c consists of hydrographs of three observation wells whose
records typify water-level conditions in much of the NRD. The
Aurora well (fig. 3a) reflects the water level in an unconfined

aquifer. The shallow observation well at York (fig. 3b) also
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Figure 2a-Growth in number of irrigation wells in the
Upper Big Blue NRD
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shows the water level in an unconfined aquifer. Figure 3¢ shows
the water level in a deeper observation well at York which penetrates

a confined aquifer.

SOURCES OF HYDROGEOLOGIC DATA

Data used for portrayals of water-table configuration,
base of aquifer configuration and transmissivity of the principal
aquifer came from the following sources:

1) Logs of test holes drilled as part of the U.S. Geological
Survey - Conservation and Survey Division cooperative
studies, (altitudes of water level and base of aquifer;
transmissivity estimates based on texture of water-bearing
materials);

2) Irrigation well completion reports (altitudes of water
level and base of aquifer, transmissivity estimates
based on measurements of well yield and water-level
drawdown) ;

3) Logs of test holes drilled for siting irrigation and
other privately owned wells, and logs of test holes
drilled by the U.S. Corps of Engineers, U.S. Bureau of
Reclamation and Nebraska State Highway department (altitudes
of water level and base of aquifer);

4) 0il and gas stratigraphic tests (altitudes of base of
aquifer);

5) Periodic water level measurements made as part of the
U.S. Geological Survey - Conservation and Survey Division

cooperative studies.



Test hole and water-level data collected as part of the
U.S. Geological Survey - Conservation and Survey Division coopera-
tive program were regarded as primary; all other data were considered

to be supplemental.
GEOLOGY

Bedrock of Cambrian to Cretaceous age and unconsolidated
deposits of Tertiary (?) and Quaternary age underlie the NRD.
Beginning in the east with the oldest and proceeding westward,
five different bedrock units of Cretaceous age are successively
in direct contact with the mantling unconsolidated deposits.

The Dakota Group, or oldest of the Cretaceous rock units,
was deposited in a near-shore environment. It is composed of
shales and sandstones. After this group was deposited, the sea
encroached onto the land and during most, if not all, of the
remainder of the Cretaceous, sedimentary material was deposited
in a deeper-water marine environment. In order of decreasing
age the rock units overlying the Dakota Group are the Graneros
Shale, Greenhorn Limestone, Carlile Shale, and Niobrara Formation.
At the end of Cretaceous time, the sea withdrew. Subsequently
the Cretaceous rock units were tilted slightly to the northwest.

Early in Tertiary time, erosion removed much Cretaceous
material to form an east-southeastward sloping surface. Deep

valleys were cut into the bedrock surface.

10



In parts of these ancient valleys, Tertiary (?) sediments,
mainly silt, overlie the bedrock. Originally these deposits may
have filled the ancient valleys and even buried the uplands, but
most were removed during a later erosional cycle. Those remaining
are generally thickest in the deeper parts of the ancient valleys,
and so subdue the relief of the surface on which the first Pleistocene
(early Quaternary) sediments were deposited.

During Pleistocene time continental glaciers advanced into
the central part of the study area, thereby damming the east-flowing
streams. West of the ice margin sand, gravel, silt, and clay
were deposited by debris-~laden streams. Most of the debris was
transported into the area by east~flowing streams that headed in
the Rocky Mountains. The remainder was transported by a succession
of south-flowing ice marginal streams.

Thick sequences of till (generally unconsolidated, unsorted
and unstratified material deposited by and beneath a glacier)
are present in the eastern and central parts of the NRD. Blanketing
the till and related deposits is a layer of wind-deposited silt
(loess). In parts of eastern Seward and south eastern Fillmore
counties all or nearly all of the Pleistocene sequence consists
of till and loess, there being no or only thin stream-depoéited
sediments.

The Big Blue River and its tributaries have eroded their
valleys into the unconsolidated deposits. In a few places, in
southeastern Seward and northeastern Saline counties, cutting

has been deep enough to expose the bedrock.

11



GROUNDWATER RESERVOIR

"An aquifer is a formation, group of formations, or part
of a formation that contains sufficient saturated permeable
material to yield significant quantities of water to wells and
springs." (Lohman et al, 1972).

The principal aquifer system underlying the Upper Big Blue
NRD is composed of Pleistocene sands and gravels. Water is
stored in and flows through connected intergranular pore spaces.
Silts and clays interbedded with the sands and gravels are also
considered to be part of the aquifer system because they make a
small contribution by gravity drainage to wells screened in a
lower sand or gravel.

Not considered to be part of the aquifer system are the
thin layers of sand and gravel near the base of the Pleistocene
deposits. These are separated from the major aquifer material
by thick sequences of silt and clay and are tapped by very few
wells. Rock materials underlying the base of the Pleistocene
generally yield water in such small amounts or of such poor
quality that they were not considered hydrologically important
for this study.

Most of the NRD is in the eastern part of the South-Central
Plains Region, which is bounded on the north by the Platte River
Valley Region, on the east and southeast by the Southeast Nebraska
Glacial Drift Region, and on the southwest and west by the
Republican River and Dissected Plains Region (Reed, 1969). The
principal aquifer beneath the NRD is hydraulically continuous
with the aquifer beneath the NRDs bordering it on all sides

except the east. Toward the east loess mantles till, which in

12



turn rests on bedrock, and aquifer continuity is maintained only
through sands and gravels in narrow eastward extensions of buried
paleovalleys; thus the regional aquifer underlying some or most
of the other NRDs to the west is virtually absent. The Ogallala
Formation, a major water-bearing rock unit in much of central

and western Nebraska, extends into the westernmost part of the
Upper Big Blue NRD. It rests on the surface of the Cretaceous
rocks and nowhere within the NRD is more than a few feet thick.
It is hydrologically significant, however, in that part of the
subsurface inflow from the west comes out of the thicker Ogallala
beneath the NRD to the west.

The base of the principal aquifer is here defined as the
base of the lowermost major Pleistocene sand and gravel. It is
lower in areas of bedrock valleys and higher in regions of valley
walls and bedrock highs (fig. 4).

In order to better understand the hydrologic system we
will define and discuss "water table" and "piezometric surface."
Figure 5 is a map showing the configuration of the surface defined
by the water level in wells (average piezometric surface) tapping
the principal aquifer beneath the Upper Big Blue NRD in the
spring of 1975.

The upper boundary of an aquifer is either the water table
or the bottom surface of a confining layer. Where it is a water
table, the aquifer is said to be unconfined or nonartesian, and
the static water level in wells may or may not coincide with
the level of the water table. The water level in those
wells open to the uppermost part of an unconfined aquifer

coincides with the water table. The water level in wells open

13
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to lower parts of the aquifer may coincide or be somewhat higher
or lower than the water table.

Where the upper boundary is a confining layer, no water
table exists and the aquifer is said to be confined, or artesian.
The static water level in wells tapping confined aquifers generally
is somewhat higher than the top of the aquifer. The water level
in these wells coincides with and is defined as the piezometric,
or pressure, surface of the aquifer.

Since both unconfined and confined conditions exist, and
the water level in most wells tapping the aquifer where it is
unconfined reflects the pressure level deep in the aquifer, the
surface depicted is referred to as the average (of vertical
piezometric levels) piezometric surface. That terminology is
used consistently throughout the report, even though in much of
the area the water table and the surface depicted are virtually
the same.

No water-~level configuration is shown for the eastern part
of Seward County and the southeastern part of Fillmore County,
because the principal aquifer does not extend into those areas.

The relationship between groundwater and streams in the
Upper Big Blue NRD is variable and dependent upon the local
geologic conditions. Even the degree of hydraulic connection
with different stream reaches may not be the same. The Platte
River is in relatively good connection with the regional groundwater
aquifer except north of Butler County. The Big Blue River is
less well hydraulically connected and its North Branch loses

connection with the aquifer a short distance west of Butler

16



County. In the western part of the NRD smaller streams such as
Beaver Creek and Lincoln Creek are not in connection with the
regional aquifer.

| Another map (fig. 6) shows the configuration of the average
piezometric surface before extensive development of the groundwater
system. This predevelopment map represents conditions that
prevailed in the early 1950s.

Figure 7 portrays the vertical distance between the piezometric
surface and the base of the major aquifer in Spring 1975. Where
the piezometric surface coincides with the water table, figure
7 is a saturated thickness map. Water levels are highest in
the spring because they have recovered to their greatest extent
from pumping during the previous irrigation season. The shaded
parts of the map indicate areas where the average piezometric
surface is above the top of the saturated zone. Comparison of
this map with the map showing the base of the aquifer (fig. 4)
shows that the aquifer is thickest in bedrock valleys and is
thinner or lacking where it overlies bedrock highs. Where the
Pleistocene sequence consists mostly of till or stratified silt
and clay, aquifers occur mainly as discrete channel fills that
were deposited by small streans.

Figure 8a, 8b is a map showing the transmissivity of the
principal aquifer under conditions of the mid 1960s. "Transmissivity
is the rate at which water of the prevailing kinematic viscosity
is transmitted through a unit width of the aquifer under a unit
hydraulic gradient . . . . It is equal to an integration of
the hydraulic conductivity across the saturated part of the

aquifer, perpendicular to flow paths." (Lohman et al, 1972).
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Figure 8a-Transmissivity of aquifer in the middle 1960's,
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Transmissivity of sands and gravels is greater than that
of silts and clays and the transmissivity of a thick sequence
of saturated material is greater than that of a thinner sequence.
Therefore, at a given site transmissivity decreases as saturated
thickness decreases due to declining water levels.

Transmissivity values in this report were obtained by either
of two methods. The first method utilized logs and samples of
wells. A value of hydrologic conductivity was assigned to each
unit of water-bearing material, multiplying those values by the
thickness of the respective unit, and then summing the products.
The value for hydraulic conductivity was based on particle size
range, degree of sorting and silt content. The second method
(after Logan, 1964) consisted of multiplying the specific capacity
(reported yield in gallons per minute divided by drawdown of
the water level) of a pumping well by 2000.

Comparison of figure 8a, 8b with the map showing the configura-
tion of the bedrock surface shows that transmissivity tends to
be somewhat higher in areas of bedrock valleys, where thick sequences
of sand and gravel often occur. That relation is not direct
because in some areas a thick silt or clay within the bedrock
valley lowers the transmissivity. Areas of very low transmissivity
are also related to high bedrock, where aquifers are thin or
absent as in west-central Fillmore County, and to thick sequences
of till as in eastern Butler County. Very low transmissivity

characterizes much of the area labeled "Principal aquifer absent."
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HYDROLOGY

The complex nature of the geology in the Upper Big Blue
River basin is the principal cause of the extreme variations of
aquifer response to the stress resulting from pumping from wells.

A comparison of the hydrographs for the observations wells at
York (fig. 3b, 3c) clearly shows substantial differences even
though the wells are in the same location. The well represented
by hydrograph 3c is screened at a greater depth than is the well
represented by hydrograph 3b. The former shows conditions in
the confined (lower) aquifer, the latter shows conditions in the
unconfined (upper) aquifer.

Another example of the different water-level responses in
wells that are completed in unconfined aquifers is shown by the
hydrographs for the Shickley recorder well in Fillmore County
and for the Aurora recorder well in Hamilton County. The Shickley
well is completed in an aquifer which lies beneath an extensive
silt layer overlain by sand and gravel. Recharge from precipita-
tion and return flow from irrigation perches on the silt layer
and some moves laterally rather than infiltrating to the lower
aquifer. In the case of the Aurora well, infiltration of water
from the land surface to the major aquifer in the vicinity of
the well is through very fine material and is therefore quite
slow. Since there is no sand or gravel overlying the fine-textured
material, there is little lateral movement of infiltrating water
at the site. Given enough time, most of the water drains to

the principal aquifer.
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GROUNDWATER SIMULATION

The concern for efficient water-resources management has
led to the development and application of numerous means for
simulation of hydrologic systems and groundwater flow and the
impact of current and potential stresses on those systems. The
foundation for most of these methods is the hydrologic budget
concept (fig. 9). A hydrologic budget accounts for water in
much the same way that a bank book accounts for the money in a
savings account. All of the gains to and losses from the system
nust be identified and determined in order for the budget to
balance properly. Numerical simulations often consist of budget
equations for specific locations or areas within the total area
simulated. Equations describing the nature of groundwater flow
are also incorporated into the budget equations in order to
describe groundwater movement from one location to an adjacent
location. The amount of groundwater at a particular site is
related to the piezometric surface, which represents the elevation
of the water table in an unconfined aquifer or the water pressure
in a confined aquifer. Groundwater moves in response to the slope
of the piezometric surface as long as the aguifer material contains
conduits through which water may flow. The solution of the
equations is the piezometric surface within the system.

Inputs to the simulation include values representing net
discharge. Net discharge is the total of well discharges, recharge

from precipitation, and irrigation return flow. Two discharge
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periods were simulated for each year; an irrigation season (July
and August) and a recovery season (September-June). Additional
inputs are the hydrogeologic parameters (transmissivity, storage
coefficient, stream-aquifer interconnection) and the water level
at the start of the simulation period. Simulated stream baseflows
are computed based upon water-level values throughout the simula-
tion as aquifer-stream gains and losses are estimated. Since

well yields are reduced as the water levels decline, a routine

to estimate and simulate the reduction of well discharge due to
declining water levels has been incorporated into the simulation

program.

DETERMINATION OF HISTORIC DISCHARGE, RECHARGE AND RETURN FLOW

Irrigation well registration records served as one of the
sources of data necessary to simulate the historic development
of groundwater irrigation within the NRD. The registered data
include installation date, location, well capacity, irrigated
acreage, static water level, and pumping water level. The dates
and locations provide a history of water-use development throughout
the NRD. Data indicating the quantity of water pumped by a
well during a typical irrigation season are not noted on the
well registration.

The data used to approximate the use of groundwater for
irrigation within the NRD were obtained from two sources.

J. M. Jess (1970) collected data for Seward County in 196S8.
Systematic collection of pumpage data within the NRD by Eugene
K. Steele, Jr. of the U.S. Geological Survey provided data for

Hamilton and York counties in 1969 through 1975 (Steele, 1971a
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and b), Seward County in 1971 through 1975 (Steele, 1973), Clay
County in 1970 through 1975 (Steele, 1972), and Fillmore County

in 1974 and 1975. The data that is not referenced is available

as unpublished reports from the U.S. Geological Survey.

A rather small percentage of the total number of irrigation

wells within each county was involved in the inventory since the
number of wells in these counties is very large. The pumpage

data include measured well discharges, irrigated acreages, and
number of hours that each well was pumped for the season. Monthly
precipitation data for the area were used in conjunction with

the pumpage data in order to study relations between the quanti-
ties of water pumped for irrigation and the precipitation during
the irrigation season. An empirical formula relating the number
of hours that a well was pumped during an irrigation season

with the June, July and August precipitation was developed.
Although the correlation between the hours pumped and precipitation
is not very good it was the best correlation of the relations
tested.

Figure 10 is a graph of the well discharges measured by
Steele and Jess versus the well discharge noted on the irrigation
well registration form. If the measured discharge corresponded
with the registered discharge, the data would plot as a 45 degree
line passing through the origin. The graph indicates that there
is no exact relationship between the measured discharge and the
registered discharge. Therefore, a statistically based empirical
relationship was derived in order to estimate realistic well

discharges from the registered well discharges.
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Figure 11 is a graph of irrigated acreage determined by
Jess and Steele plotted with respect to the irrigated acreage
reported on the well registration. The scatter of the data
indicates a poor statistical correlation‘between the measured
irrigated acreage and the registered irrigated acreage. For
this reason, an average irrigated acreage (88.7 acres) was assumed
for each irrigation well.

Monthly precipitation data were utilized in order to estimate
the duration of irrigation, natural recharge, and irrigation
return flow. Data were furnished by the Nebraska Natural Resources
Commission Natural Resources Data Bank and supplemented with |
data from the climatology office of the Conservation and Survey
Division.

Natural recharge is the amount of water which infiltrates
to the groundwater system from precipitaticn. Irrigation return
flow is water which was applied to the land surface and eventually
returns to the groundwater system by infiltration. Both of
these quantities must be estimated since they are components of
the groundwater system hydrologic budget but are not measured
quantities. They are estimated by starting with either precipita-
tion or applied irrigation water and deducting the components
that are lost before reaching the groundwater system. Surface
runoff and evapotranspiration are deducted from the precipitation
to yield the potential natural recharge.

The estimated potential irrigation return flow is essentially
that amount of applied water which is not evaporated or used by

crops. However, depending upon climatic variations and the
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nature of the geology, some of the estimated potential natural
recharge and the estimated potential irrigation return flow may
not reach the groundwater system. Evapotranspiration and runoff

values were estimated by methods detailed by E. G. Lappala (1978).
MODEL CALIBRATION AND VERIFICATION

Simulations of the changes that occurred in the water level
between Spring 1951 and Spring 1975 were the basis for calibra-
tion of the model through adjustment of the natural recharge
and irrigation return flow, storage coefficient and stream-aquifer
interconnection. Comparisons of calculated values versus observed
well hydrographs (fig. l2a-12f), plus calculated water levels
Spring 1975 (fig. 13) versus observed water levels Spring 1975
(fig. 14), indicated areas where parameters must be varied in
order to approximate more closely the historical response of
the groundwater system. The principal parameter that was adjusted
was the proportionality factor relating estimated recharge from
precipitation plus irrigation return flow with computed maximum
recharge from precipitation plus irrigation return flow. This
parameter has some physical basis since in some areas recharge~
return flow is intercepted prior to reaching the major aquifer.
The short-term storage coefficient values were adjusted where
necessary in order to approximate drawdown of water levels during
the irrigation seasons. The long-term specific yield was kept
constant over the simulated area. The value simulated (0.25)
Tepresents a mean value for the typical aquifer material within
the NRD. The parameter necessary for determining the time depen-

dency of the delayed gravity response term was also kept constant
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throughout the simulation since data to estimate this term
rigorously is not currently available.

Once a suitable fit was achieved between the model behavior
and the historical response, the model was considered calibrated
within the limits of the data and the approximate nature of the

numerical simulation method.
DEVELOPMENT SCHEMES

As a means to display the utility of the simulation routine
and to assess the impact of various management alternatives on
hypothetical irrigation development schemes, a number of cases
were simulated from Spring of 1975 through Spring of 2000. The
results of these simulations are represented by areal water-level
maps (figs. 15a-15r, in appendix 2), areal water-level decline
maps (figs. l6a-16r, in appendix 2), and maps representing eleva-
tion of water level above the base of the aquifer (figs. l17a-17r,
in appendix 2).

Development of the groundwater resource within the Upper
Big Blue NRD has increased from year to year but not at a constant
rate. It is impossible to predict accuratély the future rate of
development since so many unpredictable factors affect development
of groundwater irrigation. Three different rates of irrigation
well installation were chosen in order to evaluate the impact of
irrigation development rate. The initial simulations restricted
the development to the 1977 level as indicated by irrigation
well registrations. The historical development pattern within
the NRD was used in order to estimate a rate representing the

long~term historical rate (0.070 wells per section per year) to
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be applied to the second series of simulations. A third set of
simulations used a development rate representing the maximum
historical irrigation well installation rate (0.185 wells per
section per year). It was assumed that ﬁhe maximum number of
wells per section would never exceed six and that development
at any location would not exceed the 1977 level. The purpose
for the latter restriction is to control development in areas
where irrigation has historically not flourished.

Allocation of groundwater for irrigation as an additional
means for managing the groundwater resource has been addressed
by this study. The first simulation in each of the three develop-
ment rate series bases irrigation usage on estimated historical
usage. The remaining three simulations for each of the three
development rate series assume yearly allocations of 9, 12, and
15 acre-inches per acre per well with an average of 88.7 acres
per well. All of the simulations assumed average precipitation
throughout the simulation period.

Twelve combinations were simulated for completion of this
phase-~four discharge schemes for each of three development
schemes (see table 1).

Figure 18 (in appendix 2) may be used with figures 17a-17r
to evaluate changes of the elevation of the water level above
the base of the aquifer from the Spring of 1975 under the various

development schemes.
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TABLE 1.

INDEX TO OUTPUT PLOTS FOR 12 DEVELOPMENT SCHEMES

Development Rate

Irrigation Application

Output Plot

(wells/section/yr.) (Acre—inches/acre} Subfigure letterl/

Scheme Spring Spring
Number 0.000 { 0.070 | 0.185] historic use|9.0/12.0|15.0 1990 2000
01 X X a b
02 b4 X c
03 X X d
04 X Pre e
05 X X f g
06 b4 X h i
07 X X 3 k
08 X X 1 m
09 X pid n o
10 X X P
11 | X X g
12 X X r

lpach output subfigure letter designates

specific scheme and date.

For example:
1990 under scheme 06 is figure 15h, and

the entire suite of plots for a
The water-level plot for Spring

the water-level decline and

plots of elevation of the piezometric surface above base of aquifer are
figures 16h and 17h, respectively.
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APPENDIX 1

While the numerical simulation is accomplished within one
computer program (PGM1), numerous additional programs were required
to generate the input to the simulation program and process the
output from the simulation program. The following programs
were written for this project but their usefulness is not limited
to it. Explanatory comments are included within the programs
as a means of tracing the logic of the program without the need

for interpreting the program code.
PGM1~NUMERICAL SIMULATION

The major program written for the project is the routine
which performs the actual numerical simulation of transient
areal groundwater flow. This program is an adaptation of
ISOQUAD2 (Pinder, 1974) programmed by G. F. Pinder, E. O. Frind
and P. C. Trescott. Numerous additions and modifications were
required in order to meet the needs of regional groundwater
simulation, since the initial program was designed for smaller
time frame problems, such as well field design.

The most obvious alteration of the initial program is the
.adaptation to triangular finite elements. The simplicity of
triangles in this application far outweighs the geometric flexi-
bility of the isoparametric elements. Once the switch was made
to triangular elements, additional programs were possible which
further exploited the simplicity of the triangular elements. The
plotting program (PGM3) and the apportioning program (PGMé)

depend entirely on the utilization of triangular elements.
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Triangular elements allow the element mesh to be altered with
ease if there is need for better definition of the
aquifer stress or response in a particular area.

The partial differential equations describing transient,
areal, groundwater flow are approximated by a set of linear
equations with groundwater head as the dependent variable. The
Galerkin method (Pinder, 1974) is used to generate the approximate
integral equations while triangular finite elements form the
basis for the integrations. The simultaneous linear equations
are solved directly through a two-step process using the Cholesky
method (Pinder and Gray, 1977) for factorization of the associated
coefficient matrix.

Various naturally occurring boundary conditions may be
approximated by simulating known head, constant gradient, and
no-flow boundaries. Streams may be simulated as known head
nodes or as nodes with aquifer-stream leakage. Delayed drainage
of aquifer materials may be simulated since the program also
incorporates terms analagous to those proposed by Boulton and
Pontin (1971). The transmissivity may be allowed to vary directly
with the saturated thickness as a means of simulating uncoﬁfined
conditions. Well discharges may be adjusted in order to account
for reduced well capacity due to limited transmissivity and
saturated thickness. Data necessary for an economic analysis
of pumping costs and reduced discharge is output for assessment
of this aspect of the various schemes.

The output for the simulation is essentially in two forms.
One, the printed output, serves to document the input and results,

and the second serves primarily as input to subsequent gxaphical
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output routines. Plots of head, drawdown, or saturated thickness
may be generated in contour-map form. Water-level hydrographs
may also be produced in order to display the response of the

water level at one site as a function of time.
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Acosvenooo Ll EMENT AREA.

ALPHeos e ALPHA FROM BOULTON EQUATION FOR DELAYED YIELD.

BASEe 00 0o ELEVATION OF BASE OF AQUIFER FOR WATERTABLE PRUOBLEM.

CHNGes o o s MULTIPLIER FOR INCREASING TIME STEP (DELT=CHNGRDELT).

CSaoscooee ARRAY CONTAINING DELAYED DRAINAGE TERMS {(BOULTON).

DDODNo 00 0o SATURATEL THICKNESS OUOR DRAWDOWNS

PELTooees s DURATION OF INITIAL TIME STEP.

DGXyooecoX DERIVATIVE OF BASIS FUNCTIOUN.

DGYoacese¥Y DERIVATIVE OF BASIS FUNCTIONe

DISCooees AVERAGE WELL DISCHARGE FOR INDIVIDUAL NODES.

DVAL s o e 0 o ARRAY CONTAINING COEFFICIENT FOR DELAYED DRAINAGE.

EA3 coneee EXPONENTIAL DECAY TERM FOR DELAYED DRAINAGE.

EDPoesoose SAME AS EA3 EXCEPT FUOR THE PREVIOUS TIME STEP.

FACTUR@QOMULTIPLIER FOR X AND Y CUORDINATESe

FQoseoeoeSOURCE AND SINK LUMPED AT NODES (DISCHARGE IS NEGATIVE),

FTIFMoaeo o TRANSFORMATION FROM EXTERNAL NODE NUMBER TO INTERNAL
NODE REPRESENTATION.

HSAVE e s e ARRAY FOR OUTPUT OF HYDROGRAPH HEAD VALUES.

HVAL oo e oo INPUT VECTOR FOR LINEAR EQUATION SOLVER BASED UPON
THE CHOLESKY {(SQUARE ROOT) METHOD.

IDWosooee TOTAL NUMBER OF NODES DEWATERED EACH TIME STEPRP.

INsoseooosoe ELEMENT INDICES (INPUT COUNTER=CLOCKWISE).

ITeceooos CUMULATIVE NUMBER OF TIME STEPSs

ITPoeowvsees ARRAY DESIGNATING NODE AT HEADWATER OF STREAM,

ITCHING . s s NUMBER OF TIME STEPS BETWEEN CHANGES IN DELT.

ITRANS s 6 s NUMBER OF TIME STERS BETWEEN UPDATE OF WATERTABLE TRANS.

I0UTeee0e NUMBER OF TIME STEPS BETWEEN PRINTED QUTPRUT.

IDISKoeeooe NUMBER OF TIME STEPS BETWEEN DISK OUTRUT.

ITMAXoooe MAXIMUM PERMITTED NUMBER OF TIME STEPRS.
JDeoesoooe ARRAY OF ACTIVE NODES IN ELEMENT.
KODIe o0ee CONTROL CODES: & INITIATES PROCEDURES

0 SUPPRESSES PROCEDURE.
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KODDeoo INCLUDE DELAYED DRAINAGE TERM (BOULTON) .
KOD1leeoePRINT ELEMENT COEFFICIENT MATRICESe
KODZ2o 0o PRINT GLOBAL COEFFICIENT MATRIX.
KOD3s e s ASSUME STEADY STATE PROBLEM.
KOD& o o s PRINT KNOWN VECTOR (JEes RIGHT HAND SIDE OF EQUATION).
KODSs s s READ NODAL TRANSMISSIVITY AND STORAGE COEFFICIENT.
KOD6& 6o o CONSIDER WATERTABLE PROBLEM, .
KOD76 0o CALCULATE NODAL WEIGHTED AREA AND ESTIMATED STEADY
RECHARGE AND WRITE TO DISK: FTLLlFO00L.
KOD8s oo ALLOW FOR STREAMS AS LEAKY NUDES.
KOD9s 0e INCLUDE NODAL RECHARGE~DISCHARGE s
KODL0D e EXTERNAL TO INTERNAL NODE REPRESENTATION:
=03 CONDENSED WITH REMOVAL OF FIXED HEAD NODES.
=} TRANSFORMATION ON DEVICE FTO02F001.
KOD1l oo PRINT NODAL DRAWDOWN VALUES.
KOD12++WRITE COMPUTED HEAD VALUES TO LISK:FTLI2F00L.
KODL3eoWRITE COMPUTED ORAWDOWN TO DISK:FTLI2F00la
KODE4oo INITIALIZE LISTS: °HEADS®e °FIXED® AND *'VARI®,
KOD1Seo UPDATE LISTS: "HEADS?® AND *VARI¢,
KOD16ssSAVE PARTICULAR NODAL HYDROGRAPHS ON DEVICE FTO8F001 .
KODP o oo INTERNAL INDICATOR FOR PUMPING VSe NON-PUMPING PERIOD.
Looseeeoos INDEX INDICATING ELEMENT NUMBER.
LRCoooooo CUMMULATIVE SUMMATION FOR CONSTANT HEAD VALUES.
LRooesoese INDICATOR ARRAY FOR CONSTANT HEAD VALUES.
MOUTHe s 0 e ARRAY DESIGNATING TAILWATER NODE OF A STREAM.
MVoosoo0ee ADDRESS VECTOR FOR LINEAR ARRAYS SVAL AND HVAL.
LOCATES DIAGONAL POSITIONS WITHIN EACH VECTOR.
Nocoosoese NUMBER (OF DEGREES OF FREEDOM (NN=NS—NBK).
NBNDo o o s o NUMBER OF CONSTANT GRADIENT BOUNDARY NODES

NBKeooooo NUMBER OF NODES WITH HEAD~TIME DATA (NOT CONSTANT HEAD).

NEocoooooe NUMBER QF ELEMENTS.

NEMosoooo LOWER HALF HORIZONTAL PROFILE FOR SVAL AND HVAL 6
NNooooeso NUMBER OF NODES,

NSeoo0eea NUMBER OF CONSTANT HEAD NODESe

NSAVE e e oo TOTAL NUMBER OF NODAL HYDRUOGRAPHS SAVED ON UNIT 08,
NSNeo oo se NUMBER OF STREAM NODES,

NSSeso0eoe NUMBER OF STREAM SYSTEMSe :
OLDoeeoooos COMPUTED HEAD FROM PREVIQUS TIME STEP (CONDENSED).
QBOUNDs oo INITIAL FLUX ACROSS CONSTANT GRADIENT BOUNDARY. .
PBOUNDe s s POINTER ARRAY FOR CONNECTING QBOUND AND SPECIFIC NODES.
PSAVEe e 0o« POINTER ARRAY FOR SAVING NODAL HYDROGRAPHS. .
PVAL oo o 0o GLOBAL COEFFICIENT MATRIX FOR THE TIME DERIVATIVE.
PEoocsoeceoos ELEMENT VECTOR ASSOCIATED WITH TIME DERIVATIVE.
PTRANS e e o TRANSMISSIVITY ARRAY FOR NODES OR ELEMENTS.
RTse00000 VECTOR CONTAINING BOUNDARY CUNDITIONS.
SMAXeoeo oo TOTAL SPECIFIC YIELD (LONG TERM)o

SVYALesecee GLOBAL COEFFICIENT MATRIX FOR THE SPACE DERIVATIVE.
SEsovsveos ELEMENT MATRIX ASSOCIATED WITH SPACE DERIVATIVE,
STIMEee e ELAPSED TIME IN *UNITT® UNITS.

STORAGe e e STORAGE COEFFICIENT.

TiMEoe oo SIMULATION PERIODS

Usooseaoos CALCULATED HEAD (EXPANDED)

Ulososneee INITIAL HEAD (EXPANDED)

UNITL 6 ooo LENGTH UNITS,
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UNITTeeoae TIME UNITS,.

UD s o0 e00e COMPUTED HEAD FROM PREVIOUS TIME STEP (EXPANDED).

UPF eesos0es ARRAY FOR FLOW TO HEADWATER STREAM NODE FROM UPSTREAM.
X oceoesoeX COORDINATE OF NGDE.

Y ssesoeeY COORDINATE OF NODE.

e ale 3¢ 3 3o o e o e o e sl o s ol ok ol ol ook ok ool Ak ok gk el ek ke kA ke dkekk ook e ok e 3o e 3 Ne Aok fe ok e e e e kAol ke Kk

# 4 3 o 3
% 96 % o ¥

C
C
C
C
C
C
C
C

eessMAIN PRCGRAM FOR INITIATING OBJECT TIME DIMENS1ON STATEMENTS
REAL %4 DGX(03) ¢DGY(03) +SE(03+03)+PE(03)

e e e THE ENCLOSED CARDS ARE PRUBLEM DEPENDENT————————ee——— +

INTEGER%2 IN(039750)¢LR(400)+LRC(E400)IsNSTP(1903)+4MV(400),

1 PBOUND{40)s ITP(0S) ¢MOUTH(O05) »FTFM(400),J05(3)

DIMENSION SVAL(07100) sHVAL(O7100)FM(400) sRT(400)+PVAL(400)

1 U(400)sUI(400)eUC(400),0LL(400)+PTRANS(400)+sSTORAG(400)>
2 BASE(400) sDDDN(400) ¢X€400) s Y(400)2CS(400)sDVAL(400),
3 SFLW(190)+QLK(190)sUS(i90)+FQ(400) QBOUND(40) sUPF{05)
DIMENSION DISC(400)

JNSS=08

JNEL=750

JNND=400

JNMX=400

JSTN=190

JNEM=07100

JBND=40

CALL REDUCI (JNND+DISCoUeSTORAG+PTRANS+FMsFQeBASE»DDDNsLRC)
CALL DSETI (INND s JNEL ¢ INMX 9o DVAL s CSes INsSTORAGeUsUG» JD)

CALL UPDATI (JNND+FQsUOsULR)

CALL SFLUXI (JNNDesJSTNs JNSS s ITPsMOUTHsNSTP +LR+UPF o QLK USsUTI s U»

* SFLW)

CALL AREASI ( UJNNDsJNEMe JSTN s JBND oPBOUND s QBOUND s BASE sUsUI QLK 2US,
* SVAL s NSTPoLReSE s INeDGXeDGY sDDDNe JNMXsPTRANS»
* JNEL +JD)

CALL SFAPEI (JNNDsXsY+sDGXsDGYsJD)

CALL FACT1I (JNNDsJNEM,HVAL s MV)

CALL SOLVEI (JNNDsJNEMsHVAL s FMeOLDsMV)

CALL MNPROG (JNEL ¢ JNND s JNEM o JJBNDo JNSS s JSTNe INsLR2LRCoPBOUND» ITP»

* MOUTHsNSTP oMV e X oY e Ul s UD s U OLD s US+PTRANSeSTORAGsDDDNo»
* BASEsFQoRTsFMesQBOUND oDGX sDGY s QLK s SE s PE ¢ SVAL o PV AL »
% HVAL o UPF s FTFMeCSes JNMXsDVAL +JD)

sSTOP

END
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C—-MAIN PROGRAM ROUTINE:

C _____________________ —— — e e - S M s i A o S
SUBROUTINE MNPROG (JNEL o INND o INEMs JEND s INSSeJSTNe INSsLRSLRCs PEOUNDs
1 ITPo MOUTH SsNSTP ¢MV 9 XY s Ul oUGs Us OLD o USPTRANS »
2 STORAGsDDDNsBASE o FQesRT sFMs QBOUND s DGX o DGY » QLK »
3 SEoPEeSVALIPVAL sHVAL 2UPF ¢FTFMs CSeUNMXoDVAL » JD)
INTEGER*2 IN(03+sJNEL)oLRIJNND) s LRCCJINND) o PBOUND(JIBND) s ITRP(JINSS) o
i MOUTH(JNSS) o NSTP(JSTN¢3) s MVIJINND) + LRT(20) o FTFM(JINND} &
2 PSAVE(19)eJD(03)elLV(4+5)

DIMENSION XCJNND) s YC(INNDI) 2UTI(INND ) sUOLJINND) sU(CJINND) sOLD(JINND)
US(JSTN) e PTRANS{JNMX) s STORAG( INMX) o DDDNCJINND ) s CSC JNND) »
BASE(JNND) s FQ(JNND) s RT(JNND D s QBOUND( JBND ) o HVAL( JNEM) »
QLK JISTND sUPF (JNSS) s HSAVE(OL1S) s DVALCJUNND) o PVAL (JNND) »
TITLEC20)eFM(JINND) o SVAL(JINEM) oSTREAM(13) 2KOD(16)

REAL*4 DGX(03)sDGY(03)eSE(03,03)»PE(03)

EQUIVALENCE (KOD(1)oKODL1) o (KOD(2) oKOD2) s (KOD(3)+KOUD3)»

#{KOD(4) e KODG ) o (KOD(5) s KODS) o (KOD(6) oKOLE) o (KGD(7) +KODT7 ) »

*{KOD(8) +KODB) s {KOD(S) o KODS) o (KODU10) +KOD10) + (KOD(1L) 4 KODLL) »

¥(KOD(12) 9+KOD12) s (KOD( 1 3) s KUGD13) o+ (KODC 14 ) e KODL4) 9 (KOD( 15) ¢KODLS) »

*¥{KOD(1€),K0OD16)

COMMON/AREAL/KODsNN e NBK o NBND s MOUT s UNI TT s STIMESDELT+DELT Lo KODP
DATA START/4HTRIA/Z ¢« START2/4HNAME/ oNST/Z0/ o NEL/O/ +EA370e/ s YESZ3IHYESY

PN -

C
CoeooasREAD TITLE AND CONTROL DATA.

10 READ(0S+2430) TITLE
WRITE(622050) TITLE
IF(TITLE(1)EQ.START) GO TO 20
IF(TITLE(1)sEQ+«START2) GO TO 560
GO TO 10

20 READ(0E,2130) TITLE
READ(05+2000) UNITLSUNITT
WRITE(6+2140)
WRITE(6+2150)
WRITE(602160) TITLE
WRITE(6+2550) UNITLSUNITT
WRITE(692390)
READ(0542170) TITLEWNN
WRITE(6+2540) TITLEWNN
READ(0542170) TIYLEWSNE
WRITE(€E+2540) TITLEJNE
READ{05,2180) TIMEsDELTsCHNGsITMAXs ITCHNG ¢ITRANSe IOUT e IDISK
WRITE(662190) TIMESUNITToDELT+CHNGsITMAX s ITCHNGsITRANS, IOUTIDISK
DELT L=DELT

C

CoeoeoaINITIALIZE CONSTANTS,
IT=0
DELTP=DELT
STIME=060

C

CoaeooaREAD OPTION CODES AND PRINT OPTIONS.
READ(05,2010) TITLE.DUM
KODD=0
IF(DUMLEQsYES) KODD=1
WRITE(6+2510)
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30

C

Cceao

40
C

CODO@

50

C
CO@@@

60

80

90

i00

READ( 05,2180} SMAX.ALPH

WRITE(G6:2520) TITLE.DUM.KODD
IF(KODDEQol ) WRITE(602690) SMAXsALPH
DO 30 I=1,16

READ(05,2040) TITLE.DUM

KOD(I3=0

IF(DUMSEQ.YES) KOD(I)=1

WRITE(602530) TITLEeDUMeI-KOD(I)
IF(KOD16.LE-0) GO TO 50

«READ NODES FOR OUTPUT HYDROGRAPHS.
READ(O0S.2170) TITLESNSAVE
WRITE(6022301)

WRITE(6:2540) TITLESNSAVE
KOD16=KOD16%NSAVE

IF(KOD16,LES0) STOP

DO 40 I=1.,K0DL®

READ(05,2170) TITLESPSAVE(I)
WRITE(€.2540) TITLE.PSAVE(I)

sREAD CONSTANT GRADIENT BOUNDARY NODES & INITIAL BOUNDARY FLUXe
READ(O0S,2170) TITLENBND

WRITE(E, 2230)

WRITE(€52540) TITLELNBND

IF(NBNDoLE-0) GO TO &0

READ( 0502560 ) (PBOUND{I) sQBOUND(I)sI=1NBND)

WRITE( 6 22703 { PBOUNDLI ) sQBOUNDI( 1) oI=4 ¢NBND)

+READ NCDAL PARAMETERS.
READ(0S,2480) FACTOR

IF(KCDS.EQ.1) GO TO 80

READ( 100 2020) (dsX(J)e¥(JD)oUL(JI) sBASE(JI) 9 I=1oNN)
GO TO 90
READ{1002030)(JoX{J)e¥(JI)oUI(JI)sBASE (J)sPTRANS(J) ¢ STORAG(J) 5
# I=1oNN)

END FILE 10

WRITE(602200)

WRITE(602210) FACTOR

WRITE(E,2220)
WRITE(Ee2270)CJoX(JDodoY(JI) o J=1 oNN)
DO 100 I=LeNN

X¢1)=X{1)#FACTOR

Y(I1)=Y(I)*FACTOR

Uo(Id)=u1§1)

UCII=UI(1)

DDDNCI)=U{I)—-BASE(I)
EF(DDDN&IEQLEeQOQD DDDN( 133001
LRCI)=0

RT(133090

WRITE(6,2240)
WRITE(602270)(1oUI(1)el=0oNN)
WRITE(602040)

WRITE(652270) (1oBASE(I)oI=1oNN)
IF(KOLCSeNE.1) GO TC 120
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WRITE(E€,2260)
WRITE(€E02270){Is PTRANS{I)sI=1sNN)
WRITE(€+2250)
WRITE(E-2270)(1+STORAG(I) sI=1+NN)
IF(KCDSeNEel e ORsKODG6oNESL) GG TG 120
DO 110 I=4sNN
110 PTRANS(IJ=PTRANS(I)/DUDN(I)
120 IF(KOCG6eNEol sOReNBNDSLELO) GO TO 140
CO L30 I=1eNBND
JEPBOUND (1)
430 QBOUND(I)Y=QBOUND(1)/DDDN(J)
C ’ .
CoosesREAD ELEMENT INDICES (INPUT COUNTER-CLOCKWISE).
140 READ{(0%+2350) LV
DO 150 J=1.5
I=LV{(l,J)}
IF(I.LE<O0) GO TO 160
NEL=NEL+1
DO 180 JJd=le3
150 IN{(JUJIeI)=LV(JSI+l0J)
GO 70O 140
L60 IF(NEL.EQSNE) GO TO 1790
WRITE(E+2310) NELNE
STOP
70 END FILE 99
WRITE(602320)
WRITE(Ee2330) (Lo (IN(Iosl)eI=1s3)sL=1sNE)
IF(KOCSsNE-0) GO TO 180
C
CoeooooREAD ELEMENT TRANSMISSIVITY AND STORAGE.
READ(0502280) (L ¢ STORAGIL) s PTRANS(L ) o K=1 4NE)
WRITE(692290)
WRITE(€+2270) (LLs STORAGIL ) sL=1¢NE)
WRITE(692300)
WRITE(€+,2270) (L sPTRANS(L) sL=1sNE)

C

CeeoeoREAD CONSTANT HEAD BOUNDARY NODES (INDICATED BY LR=3).
C

C LR{I}= 0 3 NODE WITH UNKNOWN HEAD-TIME DATA.

C LR(I}= 3 : PERMANENT CONSTANT HEAD NGDE.

C LRCIY= 4 : NODE WITH A PRIORI HEAD-TIME DATA.

C LR{I}=—1 ¢ FLOWING STREAM NODE (LEAKY).

C LR{I)==-2 : DEPLETED STREAM NCODE (LEAKY).

C

180 WRITE(Es2170)
READ(0S5+2170) TITLEJNS
WRITE(E€02340)
WRITE(522540) TITLEWSNS
IF{NS-.EQ:0) GO TO 220

190 READ(05+2350)(LRT(I)sI=1920)
K=0
DO 200 I=1,20
IF(LRT(1)-,EQ.0) GO TO 210
K=]
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J=LRT(I)
NST=NST+1
IF(JsLEsNN) GO TO 200
WRITE(Es2360) J
STOP
200 LR(J)=3
210 WRITE(€e2370)(LRT(I)»1I=1eK)
IF(KsEQe20) GO TO 190
IF(NST+NE.NS) WRITE(6+2380) NSTSNS
220 IF(KUOD8eNE.Ll) GO TO 2790
C
Ceooo e READ STREAM SYSTEMS AND STREAM NODESe
READ(0S+2170) TITLEWLNSS
WRITE(6,2230)
WRITE(602540) TITLEWNSS
IF(NSS.LE«O) GO TO 270
WRITE(662090)
DO 230 J=1+4NSS
READ(OS+2410)( 15 ITP(I1)+sMOUTH(I) sUPF(1))sSTREAM
230 WRITE(692100)(1ITP(I)eMOUTH(I) UPF(1))STREAM
READ(054+2170) TITLE+NSN
WRITE(6+2230)
WRITE(6+2540) TITLEJNSN
IF(NSNeLE.O) STOP
WRITE(6+2070)
D0 240 K=1¢NSN
READ(0592060) I9(NSTP(1sJ)sJ=1e3)sQLK(I)HoUS(I)
II=NSTP(1l.1)
WRITE(6-,2080) I+ (NSTP(I19J)sJ=1e3)sQLK(I)sUS(I)oU(II)
240 LR(II)=-1
DO 220 I=1+NSN
II=NSTP(1Is1)
J= NSTP(1+3)
IF(JesEQe0Q) GO TO 250
JI=NSTP(Jel)
DUM=oS5%2SORTE(X(II)=X(JJ) ) *¥k2+(Y(III-Y(JIJ) I%%2)
RT(I)=RT(I)+DUM
RT(JI=RT (J)}+DUM
250 CONTINUE
DO 260 J=L1+NSN
260 QLK J)I=QLK(JI*RT(J)
MOUT=0
CALL SFLUX (NSNesNSSeMOUT)
C
CoesaoeeREAD A—PRIORI NODES (HEAD-TIME RELATIONSHIP DESIGNATED).
270 READ(0S+2170) TITLE.NBK
WRITE{(E,2230)
WRITE(6+2540) TITLEWNBK
IF(NBKEQs0) GO TO 290
DO 280 J=1e+NBK
READ(E+,2350) JJ
280 LR(JJ)I=4
290 LRC(i)=0
IF(LR(1) 2GTe0) LRC(L)=1
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DO 300 J=2¢NN
LRC{JI=LRC(I~1)
IF(LREJ) aGTo0) LRC(II=LRC(J)+1
300 CONTINUE
C
CoeoeooaSUM CUOUNSTANT BOUNDARY NODESe
N=NN—-LRC (NN)
WRITE(€+2230)
WRITE(€52390)
WRITE(602400) NNoNSosNBKsNsNEsNSSsNSNe NBND s NSAVE
C
CooeosoSET UP INTERNAL REPRESENTATION CF NODLS: EITHER CONDENSED OR
C TRANSFORMED FROM AN OPTIMIZATION ROUTINE (DEVICE FTO02F001).
IF(KCC10.EQel) GU TO 340
NEM=N
DO 330 I=1eNN
IF(LR(I)GT=0) GO TO 320
FTFM(I)=I-LRC(1I)
GO TO 330
320 NEM=NEM+1
FTFM(I)=NEM
330 CONTINUE
GO TG 350
340 READ(02+2350)(FTFM(I)sI=1sNN)
END FILE 02
350 DO 3€0 I=1eNN
II=FTFM(I)
3€0 LRC(II)=1
WRITE(06,2650)
WRITE(06:2660) (1sLR(IDeFTFM(IDeIsLRCEI)sI=1osNN)
C
CeaoneoaGENERATE ARRAY STRUCTURE FOR SOLUTION.
DO 370 I=1eN
370 LRC(1)=1
DO 400 L=1sNE
DO 380 I=1,3
380 JD(ID)=INC(I.L)
DO 400 I=1.3
I1I=J0(1)
IF(LR{II)sGT0) GO TO 400
IR=FTFM(I1)
I1i=1+1
IF(I1.CTo3) GO TO 400
DO 390 J4=311,3
JI=JD(J)
IF(LR(JJIDIGTH0) GO TO 3990
JC=FTFM(JJ)
K=JC~IR+1
IF(KsGT-LRCEUC)) LRCLICI=K
K=IR-JC+1
IF(KeGTalLRC(IRI) LRC{IR)=K
390 CONTINUE
400 CONTINUE
C
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CoowvoaSET UPF MV ARRAY (LENGTH OF LEFT HORIZUNTAL HALF BANDS).
MV(L1)=1
DO 410 I=2eN
410 MV(I)=MV((I-1)+LRC(I~-1)
MVIN+1)=MVIN) +LRC(N)
NEM=MVIN+1)—-1
WRITE(692610)NEM
IF(NEMLLE.JNEM) GO TGO 420
WRITE(€:2620) NEMo¢JNEM
STOP
C
Coosse CALCULATE OLD FROM Ule THE INITIAL HEAD VALUES.
420 DO 430 I=1sNN
II=FTFM(I)
430 OLDCII)=UI(])
C
Cooeoaasa CREATE ANRD COMPUTE PVAL MATRIX.
DO 440 I=1lsNN
440 PVAL(1I)=060
IF(KOD3-.EQel) GO TO 550
L=0
450 L=L+1
DO 460 I=1+3
460 JOCII=INC(I L)
C
CoooeoTHE ARRAY JD NCW CONTAINS THE INDICES CF THE NODES IN ELEMENT Lo
C
CooseeCOMPUTE VALUE OF SHAPE FUNCTION DERIVATIVES AND AREA.
C o 3 3 e 3fe e e ok e o ok s ofe ok s ol e e o o e e ol ool o sk o ade ok e e sl 3 ok e sdeobe sl sl b ko oo e ook ok e ek sk ek ek ok Rk ok ok
CALL SHAPE (LsA)
G seak 3 e s ofeoale s s ok 3 ik s ok a3l e e sl e ook e 3 3 sl oo s s sk ok e o e e sk o ok ok e ok e ol e ok e s etk koo ek ol e e ke Ak ok Xk
IF(KUDS.EQaLl) GO TO 480
STOR=STORAG(L.)
GO TC 500
480 ST=0.0
DO 4G0 I=1,3
I1I=JD(1)
40 ST=ST+STORAG(11I)
500 D0 S10 I=13
IF{(KODS«NEe1l) GO TO 510
1i=J4D(1)
STOR=025%(ST+STORAG(II1))
510 PE(I)=STCR*¥A/3.0
C
CooeoePRINT ELEMENT COEFFICIENT MATRICESe
IF(KODleNEol) GO TO 530
WRITE(602430) L
DO 520 1=1,3
520 WRITE(€52420) 1-.PE(I)
WRITE(Es2440)
C
CooneoTHIS CCMPLETES THE ELEMENT STIFFNESS MATRIX.

Coeooss ASSEMBLY CF GLOBAL COEFFICIENT MATRIX PVALo.
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530 DC 540 I1=1+3
J0I=40(1)
IF(LR(JUDI2.GT.0) GO TO 5490
IR=FTFNM({JDI)
PVAL (IR} =PVAL(IR)+PE(1)
$40 CONTINUE
IF(LLToNE) GO TQ 450
C
CosoeoFORM TIME DELAY VECTOR DVALS
IF{(KODDEQel) CALL DFORM (NNo¢NE +SMAX,KODS)
C
Coooos CALCULATE NODAL CONTRIBUTING AREAS AND ESTIMATE STEADY RECHARGE.
550 IF(KOD7eEQel) CALL AREAS (NE sNEMe¢NSN)
KOD7=0
GO TO 570
C
CoooeoeREAD LISTED INPUT DATA FROM DISK.
S60 END FILE 08
READ(2,2130) SVAL+RTsCS»EA3
READ(4) XsYoBASE
READ(4) PTRANS QLK US» QBOUND ¢ FBOUND FTFM
READ(4) MVeNSTPeDVAL o PVAL s KODD s SMAX s ALPH
READ{(4) IN '
READ(4 ) UlsSTORAGsUPF s ITPe MOUTHsCHNG o DELT Lo NNsNE s No NBND s NBK s NSN »
% NSS oNEMs ITRANS s ITCHNGes TIME o ITMAX sUNITT gUNITL o IDISKeIOUT»
% KODe NSAVE s PSAVE
END FILE 04
READ{1) U-,0OLD
READ(1L1) DDDN
READ(1) UG:LR,DELTsDELTPSTIMELIT
WRITE(E22470) STIMEoUNITTITSDELT
WRITE(69»2270)(IsUCI)sI=1aNN)
S70 IF(KOD16.LEQ) GO TO 590
DO S890 I=L1sNSAVE
I11I=PSAVE({(I)
S80 HSAVE(I)=U(CII)
WRITE(892350) KOD16PSAVE
WRITE(8:,2130) STIMEHSAVE
C
CoeoooREAD IN INITIAL NODAL DISCHARGES AND/OR A—-PRIORI HEAD VALUES.
590 IF{KOD9EQelecORNBKoaGT0) CALL INITL
C
CoooooIMNITIALIZE TIME CHECKING OPTION (FACILITY DEPENDENT)e
CALL CPTIME (K)
CPMAX=0e0
CPT=FLOAT{K)*0,0000260¢
CPRE=CPT
IF(TITLE(1)NE«START2) GO TO 1000
IF(MOD(ITsITRANS) o NEsQ«ORIT«EQe0) GO TO 1200

CosoooBEGIN CALCULATIONS FOR GLOBAL COEFFICIENT MATRICESe
1000 IF{(KOLC6.NEsl) GO TO 1020 '
C
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CooeooADJUST WATERTABLE TRANSMISSIVITY.
DO 1010 I=1«NN
DODNC(I)=U(I)—-BASE(I)

LO0LO IF(DCON(I)olEows01) DDDN(I)=,01

C

CeooeolLEAR ARRAYSe

1020 DO 1030 J=1.NEM
1030 SVAL(J)=0.0

DO 1040 I=1sNN
1040 RTL(1)=0.0

C

CooecosINITIALIZE CONSTANTS.
A3=1./DELT

CosooeBEGIN CALCULATION OF ELEMENT COEFFICIENT MATRICES.
1050 L=L+1
DO 1060 I=1.3
L1060 JD(I)=IN(IelL)
C
CovesoeTHE ARRAY JD NGW CONTAINS THE INCIDENCES GF THE NODES IN Lo
C  hokdakkokokok ook Ykt ok ok ok kk kR kR kK e o3 oo oo ek ek ek Ak ook ke ok ekl ok ok kA Kk gk Ak
CALL SHAPBE (L sA)
M ITIIIITEITE IR I IZ R 2 222 220 325 20 2 2 2 2 22 L L b L2y ek e de ook oo ke e e oAk R Rk gk
C
CoooeoSELECT PARAMETER VALUES.
IF(KOC5.EQel) GO YO 1080
TR=PTRANS({L)
GO TO 1100
1080 TR=0e0
DUM=140
DO 1090 1I=1.3
I=JD(11)
IF(KOD6.EQsL) DUM=DDDN(I)
1090 TR=TR+PTRANS(I)*DUM
TR=TR/3.0
1100 DO 1110 I=le3
DC 1110 J=1.3
SE(I4J)=TRE{DGX(I)I*DGX(JI+DGY(I)*DGY(J))
1LL0 SE(JLI)=SE(IeJd)
C
ConowsePRINT ELEMENT COEFFICIENT MATRICES.
IF(KOCieNEL1) GO TO 1130
WRITE(6.2410) L
00 1120 I=13
1120 WRITE(€02420) I1+(SE(I:J)eJd=1:3)
WRITE(622440)
C
CoosooeTHIS COMPLETES THE ELEMENT STIFFNESS MATRIX.
Coeoose ASSEMBLY OF GLOBAL COEFFICIENT MATRIX SVAL.
130 DO 1180 I=1.3
JDI=JOD(I)
IF(LR(JDI)GT-0) GO TO 1150
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IR=FTFM(JDI)
DO 1140 J=1e3
JDJI=JD(J)
IF(LLREJDJII«GT0) GO TO 1140
JC=FTFM(JDJ)
K=MV{JCHI+JC~IR
IF(JCelTWoIR) K=MVIIR)+IR-JC
SVAL(K)=SYAL(K }+SE(1.,J)
1140 CONTINUE
GO TO 1180
1150 00 1160 J=1,3
JC=4D(J)
IF(LRC(JCIGT+0) GO TO 1160
RT(JCI=RT(ICI+SE(I+J)FU(IDI)
1160 CONTINUE
IF{LR(JDIINE3) GO TO 1180
DO 1170 J=1+3
JDJ=UD(J)
1170 RT(JDIDI=RT(JIDIDI+SE(I+J)%U(JIDY)
1180 CONTINUE
IF(L.LTWsNE) GO TO 1050
IF(KOC14.,EQel) GO TO 1560
C
CeooesCALCULATIONS FOR GLOBAL COEFFICIENT MATRIX COMPLETE.
DO 1190 I=LaNN
IF(LR(I) ¢£Qe3) WRITE(6+2570) RT(i)sFQ(I)el
1190 CONTINUE
IF(KOC2.NEel) GO TO 1200
WRITE(€42450)
WRITE(E92460)(RT(I)sI=1sNN)
C
CooooeBEGIN TIME LOOP.
1200 A3=1./DELT
CALL EMOD (ALPH+A3+EA3,EDP)
C
Ceooo0oCOMPUTE COMPLETE COEFFICIENT MATRIX.
DO 1210 I=1sNEM
1210 HVAL(I)=SVAL(])
DO 1220 I=1ieN
K=MV (1)
1220 HMVAL(K)=HVAL(K)+PVAL(I)*A3
IF(KODLsEQeO) GO TO 1240
DO 1230 I=L+NN
IF(LR(I)+GTL0) GO TO 1230
IR=FTFM(1)
II=MV(IR)
HVAL(II)=HVAL(II)+DVAL(I)ZXEDP
1230 CONTINUE
1240 IF(KOC2eNEel) GO TQ 1270
C
CooeeoPRINT GLCBAL COEFFICIENT MATRIX.
DO 1260 I=1eN
WRITE(602630) 1
II=14+MV(I)-MV(I+1)+]
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J=MVIII+]
12580 JJy=]1+8
IF(JJoGT o IdJu=1
WRITE(6+2640) (KoHVAL{J~K) eK=11eJJ)
11=JdJ+1
IF(11.LEs1I) GO TOD 1250
1260 WRITE(6e2440)
C
Cooeees DECOMPOSE LEFT-HAND ARRAY HVALe.
C ***#***#*************************#*#****#*****************##******##**
1270 CALL FACTR (NsFACTKOD2}
C ********#*###********#*********##***###*#*#*******************#*#*****
C
CosoooCALCULATE VECTOR OF KNOWN VALUES (RIGHT—-HAND SIDE)s
1280 DO 1290 I=1eN
1260 FM(1I)=0.0
IF(KOD8+EQ.0) GO TO 1310
C
CoosoelF STREAMS TREATED AS LEAKYs ALTER KNOWN VECTOR TO ACCOUNT FOR
C AMOUNT OF LEAKAGE BASED UPON LATEST HEAD VALUES.
DO 1300 I=1+NSN
II=NSTP(1Is1)
IF(LR(II)eNE.—1) GO TO 1300
IR=FTFM(II)
DUM=US(I)I-U(II)
IF(DUM.GTsleQ) DUM=160
FM{IR)=DUMRXQLK(I)
1300 CONTINUE
1310 DU 1320 1I=1L1eNN
IF(LR(I)«GT-0) GO TO 1320
IR=FTFM(I)
FM{IR)=FM(IR)~- RT(I)+DVAL(I)#(GLD(IR)*EDP ~CS(I)*EAJ) +KODI%XFQ( 1)
1320 CONTINUE
IF(NEND<EQ.0) GO TO 1350
DO 1340 J=1+NBND
I=PBOUND (J)
L=FTFM(I)}
IF(KODGEQs0) GO TO 1330
DUM=U(I)-BASE(I)
IF(DUM.LT.0.0) DUM=0,0
FMIL)=FM(L)+QBOUND(J)*DUM
GO TO 1340
1330 FMIL)=FM(L)+QBOUNDI(J)
1340 CONTINUE
1350 DO 1360 I=1.N
1360 FM(II=FM(I)+PVAL(I)*A3*0OLD(1)
IF(KOC4eNEWLL) GO TO 1370
WRITE(€E+2120)
v WRITE(Es 2460} (FM{JIeJd=LsN)
c .
CoooosSOLVE FOR NEW HEAD VALUES: RETURNED AS VECTOR *0LD°%.
C ************#*#****#*************#*******************##***********#*##
1370 CALL SOLVE (N,FACT)
C *************#******************#**#**********#*******************#**#
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IT=1T+1
STIME=ST IME+DELTY
IDW=9
MOUT=MODCIT.I0OUT)
DO 1390 I=L1+NN
UoLT=udl)
IF(LR{I)GT0) GO TO 1380
II=FTFM( L)}
UCI)=0LD(I1)
IF(U(I)GT.BASE(I)}) GO TO (390
ICU=]IDw+ 1
IF(MOUT.EQeQ) WRITE(06,2680) I
GO TO 1390
1380 U(II=UC(1d
1390 DODN{I)=UILI}~-ULTL)}
IF{ICWoGTo0) WRITE(6+:2700) IDWel1lT
C
CooaoocUPDATE DELAYED YIELD TERMS,
CALL CSMOD (NNesEA3-EDP)
IF(KOD16.LE-0) GO TO 1420
C
CoeoooosCUTPUT OF HEADS FOR NODAL HYDROGRAPHS .
DO 1410 I=1NSAVE
II=PSAVE(L)
1410 HSAVE(I)=U€L1)
WRITE(E,2130) STIMEsHSAVE
1420 IF(MOQUTNE.D) GO TG 1430
C
CoennsoaPRINT CURRENT NODAL HEAD VALUES.
WRITE(6+2440)
WRITE(E+2440)
WRITE(6024401)
WRITE(€92470) STIMEUNITTITDELT
WRITE(60 24807
WRITE(Co2270)(TsU(I3sI=1oNN)
IF(KODIL eNEol) GO TO 1430
C
CooeoooPRINT NODAL DRAWDOWN VALUES.
WRITE(E€0,2670)
WRITE(EC.2270)( 1-DDDNEI) oI=1 o NNJ)
1430 IF(IDISKA,EQeO0) GO TO L1450
MOISK=MOD{IT»IDISK)
IF(MDISK.NE-0) GO TD 1450
IF(KODL2.NEol) GO TO 1440
C
Coooo s WRITE NODAL HEAD VALUES ON DEVICE FTILI2F001e
WRITE(12:2580) STIMEsIT
WRITE(12:2590) {I-U{IPoI=4sNMN)
1440 IF(KODI3NEeL) GO TO 1450
C
CoooooWRITE NOCAL DRAWDOWN VALUES ON DEVICE FTL2F001L.
WRITE(L2+2600) STIMEL.IT
WRITE(12:2590)(I1.DDDON{I)oI=1sNN)
1450 IF(KODBoEQel) CALL SFLUX (NSNoNSS.MOUT)
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C

Coeaoos o ELAPSED TIME CHECKe
DELTP=DELT
IF(STIMEL.T.TIME) GO YO 14€0
WRITE(692490) STIME
GO TO 1510

1460 IF(ITeLTSITMAX) GO TO 1470
WRITE(6,2500) 1T
GO TC L5510

C
Cesses INCREASE LENGTH OF TIME STEP?

1470 IF(MOD(IT2ITCHNG)oNELGC) GO TQO 1480
DELT=CHNG*DELT

1480 IF(KOD3+EQeQ) GO TO 1500
IF{KOD6.EQ.1) GO TO 1000
IF(KODE) 1510+1510451280

1500 MKQOD=0
IFINBKoGTo0e0OR«KUODSsEQs L) CALL UPDATE
IF{MOD(IT2ITRANS) ¢EQaD s ANDoKOD6sEQa1) MKOD=1

C
Coesoa o DETERMINE AMOUNT OF MACHINE TIME REMAINING AND STOP IF THERE IS
C NOT ENCUGH TO SAFELY COMPLETE ANOTHER TIME STEP.
CALL CPTIME (K)
CPT=FLLCAT(K)*0.,00002604%
DUM=CPRE-CPT
CPRE=CPT
IF(CPMAX oLToDUM) CPMAX=DUM
IF(CPTLLT.CPMAX) GO TG 1510
IF(MKCLC.EQel) GO TO 1000
IF(DELT<NESDELTP) GO TO 1200
GO TO (280
C
Ceoeos e QUTPUT OF FINAL VALUES,

15140 END FILE 08
WRITE(€s2710) CPMAX
WRITE(E+2440)

WRITE(€E92470) STIMESUNITT+ITDELT
WRITE(6+2480)
WRITE(6+22703(1sU(IJ)eI=1sNN)

DO 31520 I=1+NN

1520 DDON(IDX=UI(IN—-U(]T)

IF(KOD11 .NE.1) GO TO 1530
WRITE(€,2670)
WRITE(€+2270)(1sDDDN(I)sI=1aNb)

1530 IF(KOD12.NEel) GO TO 1540
WRITE(122580) STIMELIT
WRITE(12,2590)(1I.U(I)s1=1,NN)

1540 IF(KOD13.NEel) GO TO 1550
WRITE(12+2600) STIMESIT
WRITE(12+2550)(1+DDDN{(I)oI=1 sNN)

1550 END FILE 2
IF(KOD1S sNE.1) STOP

C
CoeessWRITE UPLATED LISTS TO DEVICES 01 AND 03 FOR INPUT NEXT RUNo.
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REWIND 01
1560 WRITE(Ll) U.OLD

WRITE(1) DODN
WRITE(L1) UOsLR+DELT ¢DELTPsSTIMEIT
END FILE 0t
REWIND 03
WRITE(3.2130) SVALRT+CSEA3
END FILE 03
IF(KOD14sNEWs1) STOP

C

CooeooWRITE CONSTANT LISTS TO DEVICE FT04F001 FOR INPUT LATER.
KCD14=0 .
WRITE(4) XeYsBASE
WRITE(4) PTRANS+QLK US+QBOUND»PBOUND+FTFM
WRITE(4) MVoNSTPsDVAL s PVAL ¢ KODD s SMAX s ALPH
WRITE(4) IN
WRITE(4) UIsSTORAGeUPF e ITPs MOUTHsCHNG sDELTLsNNeNE o NosNBNDsNBKeNSNo

* NSSeNEMs ITRANS e ITCHNGs TIMEs ITMAX sUNITT ,UNITL ¢ IDISK. IOUT,
* KOD+ NSAVE.PSAVE

END FILE 04

RETURN

C  akakoak b ok ool e e 40 el oo o s e o ok o et e ook oo s e e e o e e e e ool ook o e Aok ok e e R ok Rl e R ok kol
C dddckddkdokdkkk ddkdkkk MAIN PROGRAM INPUT-CUUTPUT FORMATS ¢ kkdkkdkdkdkbkkdkkkkkd
C a3k Aot i ak ke ook ok oo i ol o s ol e sl e afe skl ol o o b e ok 3 3 ok ok s e ol 36 3K o ok e e el e e ol ok ek ok dokak &
2000 FORMAT(7EXsAG)
2010 FORMAT(1SA4:A14A3)
2020 FORMAT (I14+2F10s0+2F840)
2030 FORMAT (I 402F10.0+4F8,4,0)
2040 FORMAT(////7+L1X+15SHBASE OF AQUIFER/ZLIXs1ISUIH-)//7 11X e6(4HNODE+5XsSH
2VALUE+5X ))
2050 FORMAT(11X+20A4)
2060 FORMAT(415+2G10.0)
2070 FORMAT(11X.*DEPLETABLE STREAM NODES'+/711Xe13(1H-)/4+11Xe*INDEX *,
**NODE UP DOWN LEAK-FACTOR STREAM—-HEAD AQUIFER-HEAD''/)
2080 FORMAT(L 1X241503F12.2)
2050 FOURMAT(L1 IX "DEPLETABLE STREAMS'4/11Xs18(1lH=)e/11X+*STREAM NUMBER?',
% HEAD—-WATER MOUTH IN—-FLOW TO HEAD-WATER'/)
2100 FORMAT(11XeI7+10X9]I3+6XeI391PE20e3+10Xs13A4)
2110 FORMAT (315e¢F10e0913A4)
2120 FORMAT(1HOs10X215HKNOWN VECTOR FM/Z11X915(1H-)/)
2130 FORMAT(20A4)
2140 FORMAT(1h1+40X s TRIAD ¢y //733Xe *GROUND-WATER FLOW ANALYSIS
1°,//33Xe *WITH TRIANGULAR ELEMENTS' /7 1iX+80(1H%x)//77)
2150 FORMAT((LIH 230X DIFFUSION EQUATIONs APRIL 1978.')
2160 FORMAT(11Xe80(1H%)//Z711Xe20A4/7/711Xe80C1HXI/7/77)
2170 FORMAT(16A492A2+:2A1+4110)
2180 FORMAT(70X:G10:0)
2190 FORMAT(////711%Xs'"TIME PARAMETERS! 3/ L 1Xs15(1H=-)//711X+*SIMULATION PE
LRIOD 9pF3Ge2/11Xe*INITIAL TIME STEP IN %+A4eF31e6/11Xs
2*MULTIPLIER FOR INCREASING TIME STEP'+F21.3/11Xe"MAXIMUM PERMITTED
3 NUMBER OF TIME STEPS?»118711Xe'NUMBER OF TIME STEPS BETWEEN CHANG
4ES IN DELT"»112/911Xe*NUMBER OF TIME STEPS BETWEEN UPDATES OF TRAN
S5S*eIlle/LiXe "NUMBER OF TIME STEPS BETWEEN PRINTED OUTPUT',113,
6 /ZL1Xe *NUMBER OF TIME STEPS BETWEEN QUTPUT TO DISK®*91L3//7)
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2200 FORMAT(LlHLoL0X+16HNODE COOCRDINATES/11Xel&(1H-)/)

2210 FORMAT(LAX 33HMULTIPLICATION FACTOR FOR X AND Yo lPELD.3/)

2220 FORMAT(1H +11XsLOCATION X LOCATION Ye//)

2230 FORMAT(LHQo/ /7 /7 7)

2240 FORMAT(/ /77711 Xe VINITIAL HEAD' 5/ 11X L2{ IH~)//7 0L Xe6{ ¢ NODE®o5Xs ® VAL
1UE®+5X))

2250 FORMAT(///7/7911%Xe "NODAL STORAGE COEFFICIENTI o/ 11X e26(LH~)//7 41X
L6 NODE® s5X o S VALUE® 65X ) )

22€0 FORMAT(//7/77+11Xe " NODAL TRANSMISSIVITY o/ LIXs20(LH~-}/711X,6("NODE?®
LeSXe *VALUE® 45X )

2270 FORMAT(/(11Xe6(14:2Xe1PE103e3X)))

2280 FORMAT(I3,2F6.0}

2290 FURMAT(/ /77711 X0 "ELEMENT STORAGE COEFFICIENTS? o/ 11X e28(1iH-}//11X,
I 6( ELEMENT® 32X *VALUE® »5X) }

2300 FORMAT(/ /7771 1 Xo *ELEMENT TRANSMISSIVITY: S8 e/ LN 23 LH-)// 1 L Xe
1 6('ELEMENT®o2X0o VALUE® s5X)}

2310 FORMAT(///7711X " NUMBER OF ELEMENTS READ(®¢15+%) DOES NOT AGREE?,
LeWITH NE=®,15)

2320 FORMAT(///7/700Xs4(ELEMENT 93 XelH/ 63CLH=) s "CORNERS ! 93{ IH=} o lH/s2X)}}

2330 FORMAT(/(10Xe4{1504X:315+3Xd))

2340 FORMAT(/ /77711 %e LOHCONSTANT HEAD NODES/11Xe19¢1H=))

2350 FORMAT(2014)

2360 FORMAT(LlL1Xo80{1H*)18HCONSTANT HEAD NODEI 4,37HDOES NOT EXIST - EXE
LCUTION TERMINATEDLO( L HX))

2370 FORMAT(LLIX,2015)

2380 FORMAT{1H0:10X, 10(1H%) o 34HNUMBER OF CONSTANT HEAD NODES READI6+33
LHDISAGREES WITH NUMBER ANTICIPATEDIGe LO(iH%))

2390 FORMAT(/ /711X 1SHFINITE ELEMENT DATA/LLIXo19(iH~)7)

2400 FORMAT(4AH 210Xe *NUMBER OF — NODES?.T60-18/T229%~ CONSTANT HEAD®
¢ NODES? 0T60:18/T229e%— A—-PRICORI HEAD NODES®:T60. 18/722.°~ DEGREE
*S OF FREEDOM? s T60,18/T220 %~ ELEMENTS?¢T60:16/T22+%~ STREAM®,
#*? SYSTEMS®eT601I8/T229%~ STREAM NODES?T60018/T225°%~ CONSTANT?®,
¥ GRADIENT BOUNDARY NODES®s TG00 18/T220°%~ OUTPUT HYDROGRAPHS®,
#T600 1877)

2410 FORMAT(///7610Xs 7THELEMENTsI 45X 1O6HSTIFFNESS MATRIX/)

2420 FORMAT (I5,1PBEL1566)

2430 FORMAT {(IH s9X o 7THELEMENT 014 05Xe 14HSTORAGE MATRIX/)

2440 FORMAT (/7))

2450 FORMAT (/777751 1%Xe*RT COEFFICIENT MATRIX® o/ 4iXe2 (i) 2/)

2460 FORMAT (11Xe1P10E12-3)

2470 FORMAT (IH o///710Xe *COMPUTED HEAD? o /L L X i3(IH=-I//L L X "ELAPSED TIME
Lo lPEL3020iX0A8// L1 X °TIME STEP® 1160/ /7L Xe%DELT®9E21,2)

2480 FORMAT(LH /71 1Xes6{("NODE® ¢eSXo*VALUE? 95X}

2490 FORMAT (rs7/7/77 11X b00LH*) 4 LHEXECUTION TERMINATED ON TIME-ELAPSED T
I1IME1PEL12040¢1X0A%610€11H%))

2500 FORMAT (/7771 1Xs L0 1IH%) 4 2HEXECUTION TERMINATEL ON TIME STEPS AT S
LTEPI 01 0{ %))

2540 FORMAT(//7/711Xs 15HKODI PARAMETERS/LLXe AS{LiH~)/)

2520 FORMAT(LUXs 19A40ALsA395Xe *KODD =®571)

2530 FORMAT(11X019A40A1:A3s5Xe *KOD(*6i2s%0=%,11)

2540 FORMAT(11Xe16A492A2:2AL91180)

2550 FORMATU( L 1Xs%ALL LENGTH UNITS IN ®eA4/911Xe®ALL TIME UNITS IN ®.A4)

2560 FORMAT(1IS5+G10,0)

2570 FORMAT(SXelPEL2e49% DIVERTED AND "3ELl2s%9°% DISCHARGED FROM CONSTAN
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T HEAD NODE (?0139%)6%)

2580 FORMAT(//74Xe *COMPUTED HEAD'/ o " TIME=9 3 IPE1362+:/ ' ITERATIONS=? ,15)

2590 FORMAT(1X+14+5Xe1PEL03)

2600 FORMAT(/7/71Xe *COMPUTED DRAWDOWN? /o *TIME=? 3 lPEL 302/ *ITERATIONS=%,
% 15)

2610 FORMAT(//11Xe " HORIZONTAL LEFT PRULFILE OF SOLUTION MATRICES = 9,18)

2620 FORMAT(//11Xe *PROFILE (?:186°) EXCEEDS ARRAY DIMENSION (?eI8s%)e?)

2630 FORMAT(01X"EQUATION ©,15/)

2640 FORMAT(9(14-,1PE1Q.2))

2650 FORMAT(Lble”//7 L1Xe ' TRANSFORMATIONSS ® o/ 10X iS(LlH~) o/ /L1 Xe *EXTERNAL
#TO INTERNAL? 025X *INTERNAL TO EXTERNAL /11X *NODE TYPE INTERNAL
% REPRESENTATION® 10X INTERNAL REPRESENTATION NODE®./)

2660 FORMAT(L IXe1432X0146l3X0l4e30X014009X014)

2670 FORMAT(///7770L1Xo *COMPUTED DRAWDOWN® o /LUX sl T7(LH=) o/ /1L Xe6{*NODE?,
¥ 5Xo"VALUE's5X1))

2680 FORMAT(11Xs°AQUIFER DEWATERED AT NODE(?.140%°)6%)

2650 FORMAT(LEX,*TOTAL SPECIFIC YIELD = 9,IPELQ«3¢" AND ALPHA = 8,4
*E10e313

2700 FORMAT(11X:1I5+9 NODES DEWATERED TIME STEP (°60159%)6%)

2710 FORMAT LF1le// 11 Xe *MAXIMUM CPU FOR ONE TIMESTEPI9slPELDe3e* SECs?)

END
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C—DSET: IMPLEMENTS BOULTON DELAYED YIELD FUNCTION.
€ v o oo e e s o e i s i e e e A o D o e e e P e o e et e e i i B R S S N . T S TS e S 2 i 0 e 2 2k < <R i D
SUBROUTINE DSETI (JNND» JNEL e JNMXeDVAL ¢CSe INsSTORAGIU2UDeJD)
INTEGER%2 UD(03)sINC(O39JNEL)
DIMENSION STORAG(JNMX) ¢ DVAL ( JNNDJ) ¢ CSCJINND I ¢ UCJINND ) s UCCJINND)
DATA EMIN/-180.2/
TINV=]1le/ 30
DO 10 I=1,JNND
DVAL(1)=0.0
10 CS(I)=0e0
RETURN
ENTRY DFCRM (NNeNEsSMAX+KODS)
DO 70 L=1.NE
DO 20 I=1+3
20 JDCIDX=IN(I.L)
CALL SHAPE (LsA)
IF(KODS.EQe1) GO TO 30
STOR=STORAG(L)
GO TO 50
30 ST=0.0
DO 40 I=1+3
IR=JD(1)
40 ST=ST+STCRAG(IR)
50 DO 60 I=<1.3
IR=JD(1)
IF(KODS«EQ.0) GO TO 60
STOR=025%(ST+STORAG(IR))
60 DVAL(IR)=DVAL(IR)+(SMAX~-STOR)*A%TINV
70 CONTINUE
RETURN
ENTRY CSMOD (NNJEA3.EDP)
DO 80 I=1sNN
80 CS(I)=CS(I)XEA3+(U(I)—-UO(I)I*EDP
RETURN
ENTRY EMGCD (ALPH A3 +EA3LEDP)
EA3=0.0
EXPA=~ALFH/A3
IF(EXPA«GTEMIN) EA3=EXP(EXPA)
EDP=A3%( 1.0-EA3)
RETURN
END
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C—UPDATE: INPUTS NODAL DISCHARGE AND A-PRIORI HEAD DATA PLUS CONTROLS
C MAXIMUM LENGTH OF TIMESTEP TU SIMULATE THESE CONDITIONS.

( e  rp e o —— —— o o ——— — s w010 rzm caaep.

SUBROUTINE UPDATI (JUNND+sFQsUOsUsLR)

DIMENSION FQCJNND) s UCCJUNND) s UCJINND) ¢ KODC16)

INTEGER*2 LR(JNND)
COMMCUCN/ZAREALI/KCOD o NNoNBKoaNBAD s MOUT o UNITT oSTIMEWDELT oDELT1,KODP
RETURN

ENTRY INITL

C
CeesssREAD THFE STARTING TIME FOR FIRST DISCHARGE PERIOD AND IRRIGATED
C AREA PER WELL. IF THE AREA 1S ZEROs IRRIGATION IS NOT INCLUDED
C IN THIS DISCHARGE PERIOD.

IF(KCD(9J)sEQel) READ(0O7+1030) PINCeIYEARs APUMP
C

CoooeosREAD THE AVERAGE WELL DISCHARGE FOR EACH NODE.
IF(KOD(9)sEQel) CALL DISCIN (NN)

C

CeooooREAD THE STARTING TIME FOR ANY *A-PRIORI®* NODES.
IF(NBK2GTe0) READ(05,1030) TINC

eeoeoCHECK WHETHER DISCHARGE DATA OR *A-PRICRI*' RATA WILL CHANGE AND

IF SO WHEN. IF EITHER 1S ALTERED PRIOR TO START OF NEXT
TIME STEP, DO SO AT THIS TIME. 1IF EITHER 1S ALTERED DURING
THE NEXT TIME STEPs ALTER THE LENGTH OF THE TIME STEP TO
ALLOW THE ALTERATION TO BE ACCOMPLISHED BETWEEN TIME STEPS.
ENTRY UPDATE
IF(KOD(9)sNE-1) GO TO 60
IF(NBK+EGe0) GO TO 10
IF(PINCoGT.TINC) GO TO €0

L0 DUM=STIME+DELT
IF(PINCe GE«.DUM) RETURN
IF(PINCLLELSTIME) GO TGO 20
DELT=PINC-STIME
RETURN

20 KODP=0
IF(APUMP «GT«040) KODP=1
WRITE(E91060) PINCSUNITTKODP
READ(074 1020)(FQ(I)el=1sNN)
IF(KOCPoNES1) GO TO 40
IF(MOUTeNE.O) GO TO 30
WRITE(6s 1050)
WRITE(Ge1040)(I1sFQ{(I)oI=14NN)

OO0OO0O0O0

C
CoeosseelF AN IRRIGATION PERIODe CHECK FOR REDU%ED WELL DISCHARGES,
30 CALL REDUCE (NNsKOD(S) +KOD(6)sPINCoUNITT,, IVEAR » MOUT)
C
CosoeoREAD TIME FDR ALTERING THIS DISCHARGE AND WHETHER THIS SUBSEQUENT
C PERIUOD INCLUDES IRRIGATION,
40 READ(0741030) PINCoIYEAR2 APUMP
IF(MOUT.NE-O) GO TO S0
WRITE(6+1050)
WRITE(Es1040)(I.FQ(I)sI=1sNN)
50 DELT=DELTI
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DUM=STIME4+DELT
IF(PINCe GE-DUM) GO TO 60
DELT=PINC-~-STIME
IF{DELTLE«D0) GO TO 20

60 IFINBK<EQs0) RETURN
CUM=ST IME+DELT
IF{TINCoGTDUM) RETURN
IF(TINCoLE.STIME) GO TO 70
DELT=TINC~STIME
RETURN

70 DO 80 I=1eNN
IFILR(I) eNEo4) GO TO 80

C
CooooaREAD 2 A-FRIORI® NODE AND HEAD.

READ(5:1000) J,DUM
uUodJSi=udd)
U JI=DUM
IF(1.EQed) GO TO 80
WRITE(Go L0100} 1eJ
sSTOPR

80 CONTINUE

C
CoosooREAD TIME WHEN NEXT SEQUENCE OF °*A-PRIORI® DATA IS TO BE INPUT.
C AND ALTER TIME STEP IF NECESSARYe
READ(S521030) TINC
IFCTINC-LES.STIME) GO TO 70
DELY=DELTIL
DUM=ST IME+DELT
IF(TINCoLTDUM) DELT=TINC-STIME
RETURN
C

CoooooINPUT ANLC DUTPRPUT FORMATS:

1000 FORMAT(I3:F10.0}

1000 FORMAT {1 1Xs®INPUT VARIABLE J =%,15,7 DOES NOT AGREE WITH I =9,15)

1020 FORMAT(20A4)

1030 FORMAT(F206.0,15.F2060)

1040 FORMAT(/{L1Xs6(1402XoAPELQe303X)))

1050 FORMAT(/ /777011 %o NODAL DISCHARGE ARRAY {(FQ): RECHARGE (¢)¢¢%,
%€ DISCHARGE (=) o/ ol lXoS86( L H=)/ /11X s6( " NODE?¢5Xo " VALUE? ¢5X))

1060 FORMAT(L IXe*DISCHARGE PERIOD STARTING WITH TIME=?9F1l00291X0A4%s
%y KODP=°,11)

END
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C-SFLUX: CALCULATES NODAL FLUX TO STREAMs STREAM BASEFLOWS AND

19

20
30

40

50

60

70

80
g0

100

DETERMINES WHETHER STREAM IS °*DRY' OR *WET®.

SUBROGUTINE SFLUXI (INND s JSTNs UNSS s ITP o MOUTHoNSTRP e LRsUPF o QLK »
USsUIsUeSFL W)

DIMENSION UPF(JNSS) sQLK(JSTN) sUSCJUSTN) oUI(JNND) sUCINND ) »
SFLW(JSTN)

INTEGER#%2 ITPLJUNSS) eMOUTH(JINSS) oNSTP(JSTN23)sLR(JINND)

RETURN

ENTRY SFLUX (NSNoNSSsMOUT)

IF(MOUT-EQeD) WRITE(621000)

DO 10 J=1¢NSN

SJJI=NSTP{ Jp L)

DU=U({JU)~US(J)

IFEDUSLT a—1.0) DU==160

SFLW{JI=QLK{J) DU

IF{MOUT.EQe0) WRITE(6+s1010)(NSTP(Jok) o SFLW(J) sJ=1oNSN)

DO 90 NOS=1eNSS

I=ITP(NOS)

SFLW{I)=SFLW(I)+UPF{NQOS)

BFSUM=060

IF(I1EQ-0) GO TO &0

K=NSTPR(1Isl)

NUP=NSTP(I,2)

NON=NSTP(1,3)

IF(LR(K) oL Te~2) GO TO 60

SFLW(I)=SFLW(I)+BFSUM

BFSUM=SFLW(I}

IF(NUPsEG.0) GO TO 40

LRI{K)==-6

I=NUP

GO TC 20

IF(BFSUMGLE-0.0) GO TO 50

LR(K)=—-1

GO TOo 70

SFLW(I}=0.0

BFSUM=0,0

LRI{K)}=~2

GO TO 70

LRIK )=~

SFLW{I)=SFLW(I)+BFSUM

BFSUM=SFLW(I)

GO TO 40

IF(I1sEQaMOUTHI(NOS)) GO TO 80

I=NDN

GO TQ 30

IF(MOUT-EQe0) WRITE(6+1020) NOS.BFSUM

CONT INVE

IF(MOUT.NE-O0) GO TO 100

WRITE(E,1030)

WRITE(6+1040)(NSTP(I¢1)sLRINSTP(Isl)) sI=1sNSN)

WRITE(G6s 1050)

RETURN
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Coeosoo INPUT-OUTPUT FORMATS:
1000 FORMAT(LHO///T50,'STREAM FLOW'//+11X¢"NODE STREAMFLOW® /)

1010 FOURMAT(/(L1Xe6(14+2Xs1PEL1De3s3X)))
1020 FORMAT(/ 11X, 'BASEFLOW FOR STREAM *, I3’ EQUALS ' 4+1PELZ.4)
1030 FORMAT(///11Xe'LR=-2 IF STREAM IS DEWATERED AND LR=—1 IF STREAM IS
% STILL LIVEe'/7+11Xs10(2X+*NCDE"'s2Xs'LR"+2X))
1040 FORMAT(/(L1iXs10(2Xe1492Xe12+2X)))
1050 FORMAT(//7)
END
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C-AREAS: CALCULATES NODAL CONTRIBUTING AREA AND ESTIMATES STEADY

C RECHARGE.
e e e e e e e e e e e e e e e
SUBROUTINE AREASI (JNND’JNEMIJSTN.JBNDDPBOUNDtQBOUND'BASEOU’UI'
% QLK.US.SVAL,NSTP.LROSEQINQDGXODGY{DDDNQJNMXQ
* PTRANS o JNEL 9 JD?}
REAL %¢ DGX(03)+:DGY (032 eSE(03:-03)

INTEGER*2 NSTP(JSTN.3)oPBOUND(JEND).LR(JNND);JD(OB)9IN(3.JNEL)
OIMENSION UCJINNDI ¢ UI(JINND) s QLKL JSTN) s USCISTN) s SVALC JNEM) ,

1 BASE(JNND)-QBGUND(JBND)oPTRANS(JNMX)nDDDh(JNND)-KOD(16)
COMMON/AREALYS KODo NNy NBKoNBENDsMOUT sUNITT 2 STIME ¢ DELT oDELTI

RETURN

ENTRY AREAS (NENEM,NSN)

DO 10 I=1.NEM

10 SVALLI)=060
DO 80 L=1,NE
DO 20 I=1.3

20 JD(I)=INC(I.L)

IF(KOD(5).EQel) GO TO 30
TR=PTRANS(L)
GO TO &0

30 TR=0.0
DUM=1.0
DO 40 K=1,3
I=JD(K)

IF(KOD(6).EQel) DUM=DDDN(])

40 TR=TR+PTRANS(]I)%DUM
TR=TR/3.0

S50 CALL SHAPE (LoA)

DO 60 I=1,3
K=JD(1}
SVAL(K)I=SVAL(K ) +A/ 30
DO 60 J=1,3
60 SE(IsJ)=TR¥X(DGX(II*DGX{J)+DGY(II*DGY(J))
C
CoesoaoFILL LOWER HALF OF SE ARRAY
DO 70 1=2.3
11=1-1
DO 70 J=1i,11
70 SE(IsJ)=SE(Jel)
DO 80 I=1+3
JOI=JD(I)+NN
DO 80 J=1,3
JDJU=JD(J)

80 SVAL(JCIDI=SVAL(JDII+SE(IsJ)%U(JIDJ)
WRITE(651030)
WRITE(6s1010)(1+SVALCI+NN)sI=1LoNN)I
IF{NBND.LELO) GO TO 120
IF(KOD(62NEeLl) GO TO 100
DO 90 I=L1+NBND
J=PBOUNDI(1I)

TEM=SVAL (J+NN)-QBOUND (I )*(U(J)—-BASE(J))
WRITE(€01060) JsSVALIJ+NN) sTEM
90 SVAL{J+NNI=TEM
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C
C

GO TO 120
100 DO 110 I=1«NBND
J=PBOUND(I)
TEM=SVAL ( J+NN) -QBOUND( 1)
WRITE(€E01060) JeSVAL(JENN) +TEM
L10 SVAL(JENNI=TEM
120 IF(KOD(B8)sNE.1) GO TO 140
DO 130 I=1sNSN
J=NSTP(I s1)
IF(LR(J) oNEe—1) GO TO 130
DH=U1(J)-US(1)
IF(DHlL.Ta=1-0) DH=—10
TEM=SVAL (NN+J)+QLK{(I)*DH
WRITE(6s1040) JeSVAL(NN+J)TEM
SVAL {NN+JI=TEM
130 CONTINUE
140 DC 150 I=1sNN
IF(SVAL(I)EQe0.0) GO TO 150
SVAL{NN+I)=SVAL{NN+I)/SVAL(]I)
150 CONTINUE
WRITE(E, 1000)
WRITE(6010L0)CIeSVAL(I)eI=1oNN)
WRITE(€.1020)
WRITE(6e 1010)(IsSVALINN+I) oI=1sNN)
WRITE(1101050)(1+SVAL(I)oSVALINN®1) +I=1+NN)
END FILE 11
RETURN

ceese INPUT-OUTPUT FORMATS:

1000 FORMAT(///77/¢11Xe*NODAL WEIGHTED AREA = (LEX2) /11X 27C(1H~)»
%/7/711XeE( 'NODE® ¢5X» ' VALUE® 95X))

1010 FORMAT(/ (11Xe6(1402Xe LPEL00323X)))

1020 FORMAT(////7 11X "ESTIMATED STEADY RECHARGE ¢ (L/T)9s/11Xe33(1H~)
ko//11Xe6(*NODE®95Xs *VALUE® +5X1J)

1030 FORMAT(///77 11X+ *ESTIMATED NODAL RECHARGE ¢ (L*%3/7T)%e/11Xe
*¥35(IH—)e 7/ 11X+ 6( *NODE " 95X+ * VALUE® ,5X))

1040 FORMAT(10XeI5+10Xe® STREAM NODE: RECHARGE SET FROM ®31PE1204»
** TO *sE12.4)

1050 FORMAT(IEoLP2ELS6)

1060 FORMAT(10Xe15+10Xe? BOUNDARY FLUX NODE3 RECHARGE SET FROM %,
¥1PEL2e8s? TO"5EL2.4)

END
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C~SHAPE: DETERMINES BASIS FUNCTION DERIVATIVES AND INTEGRALS,
G o e e e e e e e e e e e e e e e e e e e e e
SUBROUTINE SHAPEI (JNNDsXeYesDGXeDGY o D)
DIMENSION XCJINND) o Y(JINND) o XI(05)oYI(OS)
REAL %4 DGX(03)-DGY(03)
INTEGER%2 J4D(03)
DATA TH/Q,333/
RETURN
ENTRY SHAPE (L sA)
XM=000
¥YM=0,0
DO 10 I=1,+3
II=4D(1)
XI(I)=XC11)
XM=XM+X1(1)
YI€(Id=Y(211)
10 YM=YM+YI(I)
XM=XMETH
YM=YM%XTH
DO 20 I=1+3
XI(I)=X1(i)=-XxXM
20 YI(I)=YI(I)-YM
XI{43=XI(1)
YIi{4)=Y1(1)
XI(S)=X1(2)
YI{(S)=vY1(2)
A=060
DO 30 I=1.3
30 A=A+XI(I)H(YI(I+1)~YI(I¢2))
A=0o5%A
IF(ALE«0.0) WRITE(6+1000) LA
AA=05/(SQRT(A))
DO 40 1=4,3
Ii=1+1
I2=1+2
DEX(I)=AA%(YI(11)-YI(I2))
40 DGY(I)=AAX(XI(I2)-XI(14))
RETURN
C
Cooose INPUT-QUTPUT FORMATS:
1000 FORMAT(//711X+* AREA OF ELEMENT ®,1d,%= 21PE10.3)
END

71



C—-FACTQR:
C === e —— —— e o e e i s e s i o i e S e T R e e - P
SUBROUTINE FACTI (JNNDs JNEMsHVAL »MV)
DIMENSION HVAL (JNEM)
INTEGER*2 MV(JNND)
REAL¥8 SUM.TEMP
EPSLN=1. 0E—-37
RETURN
ENTRY FACTR (N»sFACTKOD2)

C
CooeosCHOLESKY FACTORIZATION OF MATRIX HVAL. ADJUST ARRAY IN AN ATTEMPT
Cc YO AVOID UNDERFLOWS.
FACT=1/EPSLN
ISMALL=0
DO 70 I=1eN
KIS=MV(I)
KID=MV(I+#1)-1-KIS
KR=KID
SUM=HVAL (K1IS) *FACT
10 IF(KRsLEL0) GO TO 40
J=1—-KR
KL=KID-KFK
KIJ=KIS+KR
TEMP=HVAL{KIJ)*FACT
KJS=MV(J)
KJD=MV(J+1)~-1—-KJIS
IF(KJD LT oKLY KL=KJD
IF(KLeLESO) GO TO 30
DO 20 K=1lKL
20 TEMP=TEMF-HVAL(KIJ#+K)}*HVAL(KJS+K)
30 HVAL(KIJ)=TEMP*HVAL(KJS)

C
C IF(ABS(HVAL(KIJ))-LT.EPSLN.AND.HVAL(KIJ).NE-O-O) ISMALL=ISMALL +1
C

SUM=SLM~HVAL{KIJ)*%*2

KR=KR—1

GC TC 10

40 IF(SUMGLE.0,0) GO TO SO

HVAL(KIS)=1+/DSQRT{SUM)

IF(KOD2.EQe0) GO TO 70
C

CoeosePRINT GLOBAL COEFFICIENT MATRIX.
50 WRITE(€91020) 1
11=1-K1ID
J=KIS+1
€0 JJ=11+8
IF(JJeCT 1) JI=]
WRITE(Es1010) {(KsHVAL (J=K) sK=I1T+JJ)
I1I=JdJ+1}
IF(11.LE-1I) GO TO 60
WRITE(651030)
IF(SUMLE.0.0) GO TO 80
70 CONTINUE
C WRITE(€Es1040) ISMALL.EPSLN
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RETURN
80 WRITE(€21000) I.SUM
sTOP
C
Coosee INPUT-QUTPUT FORMATS:
1000 FORMAT(//L1Xs*FACTORIZATICN FAILS ON EQUATION '9156' WITH SUM = 1,
¥ LPEL1Se6)
1010 FORMAT(9(14,1PE10.,2))
1020 FORMAT(01Xs*EQUATION ?,15/)
1030 FORMAT(/)
1040 FORMAT(//11X,'FACTORIZATION SUCCESSFUL WITH "+154' TERMS LESS vy
¥*'THAN EPSILON OF "41PE1D.3)
END
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C-SCLVE:

( e TS s e s —— — - s e - o o s s e w0 o s

SUBROUTINE SOLVE] (INND ¢ JNEMo HVAL o FMaUsMV )
DIMENSION HVAL ( JNEM) s FMUJNND ) sU{JINND)
INTEGER¥2 MV(JNND)
REAL*8 SUM
RETURN
ENTRY SOLVE (NeFACT)
C
Caosoe o FOWARD SUBSTITUTION FOR INTERMEDIATE SCLUTION AND STORE AS FMe
DC 20 I=1.eN
SUM=FM(I )*FACT
KI=MV(1)
KS=KI+1
KF=MV(I+1l)-1
KD=KI+1
IF(KI-EQ.KF) GO TO 20
DO 10 K=KSeKF
10 SUM=SULM—HVAL(K)%*FM{KD—~K)
20 FM(1)=SUMXHVAL{KI)
C
CeooosBACK SUBSTITUTION AND STORE SOLUTION IN VECTOR Ue
DD 40 II=1lsN
I=N+1-11
KI=MV(I)
KD=KI+1
KS=KI+1
KF=MV(I+1)—1
UCI)=FM(I)*HVAL(KI)
IF(KFEQaKI) GO TO 40
DO 30 K=KSKF
30 FM(KD~K)=FM(KD~K)—-HVAL{(K)*U(])
40 CONTINUE
RETURN
END
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C~REDUCTION CF DISCHARGE IF SATURATED THICKNESS BECOMES CRITICAL.
C ————— e —— I R o i 1 i s . 4 e 2 e s it < e e
SUBRCUTINE REDUCI (JNND.DISC-U:STORAG.PTRANS.DUMIoFQ;BASEoHRS-NUM)
DIMENSION DISC(JNND)-STORAG(JNND)gPTRANS(JNND)oFQ(JNND)9U(JNND)9
* BASE(JNND )} s DUMI ( UNND) s HRS{ JNND)
INTEGER¥2 NUM( JUNND)

DATA FACTLI/158422/:FACT2/~75S/

RETURN

C
CoooeoREAD INITIAL AVERAGE WELL DISCHARGE FCR EACH NODE »
ENTRY DISCIN (NN)
READ(1S, 1000)(DISC(I)oI=1eNN)
WRITE(14,1010)
WRITE(14+10202¢I+sDISC{I)sI=1sNN)

RETURN
C
CeoeoaCHECK FOR REDUCED WELL DISCHARGE DUE TO LIMITING SATURATED
C THICKNESS UTILIZING THE COUPER-JACOB APPROXIMATION TO THE
C THEIS EQUATION. THE EFFECT GF REDUCED SATURATED THICKNESS
C ADJACENT TO THE WELLS IS ESTIMATED BY THE JACOSB CORRECTION-
C SA=SUT—(SWT**2)/(2%SATT); SOLVING FOR SWT.

ENTRY REDUCE (NN,KODS¢KOD6sPINCsUNITT s IYEARMOUT)

IF(KOCSeNESLl) GO TO 70

IF(KODENES1) GO TO 80
C

CoeooooREAD NUMBER OF WELLS ASSOCIATED WwITH EACH NODE (IN TENTHS).
READ( 135 1060) {NUM{I)sI=1oNN)
DO 10 I=1oNN

10 DUMI(I)=0.,1%NUM(])
IF(MOUT.NE.O) GO TO 20
WRITE(L14s1070) IYEARSPINCeUNITT
WRITE(14,1080)(1+sDUMICI)eI=1NN)
WRITE(14.1030)
20 DO €60 I=1eNN

C

CeoeoslF NODAL DISCHARGE OR NUMBER CF WELLS 1S ZEROs SKIP THIS NODE,
IF(FQ(I)eGE«Do0O0RNUM(I)sLE-O) GO TO 50

C

Cooooe CALCULATE AVERAGE NET DISCHARGE PER WELL AND SATURATED THICKNESS.
FQQ=FQLIJ)/DUMI(I)
SATT=U(1)-BASE(1)

C

Coeoeo o CALCULATE TRANSMISSIVITY.
TRANS=PYTRANS( 1) %SATT
IF(TRANS oLEs0 02 0s0ReSATT<LE«0+0) GO TO 40

C
Ceooee CALCULATE COOPER-JACOB APPROXIMATION TO DRAWDOWN IN AN EQUIVALENT
C CONF INED AQUIFER WITH NODAL AVERAGE WELL DISCHARGE.
DUM=,0086%xTRANS/STORAG(I)
DUM=10S, E8%ALOGLO{DUM)
SA=DISC(I)*DUM/TRANS
S2=05%SATT
C

CesooolF AQUIFER WILL BE DEWATERED BY THIS AVERAGE WELL DISCHARGE »
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C THE DISCHARGE MUST BE REDUCEDs SO JUMP TO STATEMENT NUMBER 20.
IF(SA.GT.52) GO TO 30

C

CoeosaADJUST DRAWDOWN FOR DEWATERING ADJACENT TO WELL.
SWT=SATT-SQRT{SATT*(SATT—-SA-SA)})
DUMICI)=U(I)-SWT
HRS(I)=FACT2%FQQ/DISC(1)
GO TC €0

esoesIF AVERAGE DISCHARGE CAN NOT BE MET:
REDUCE DISCHARGE TO MAXIMUM ATTAINABLE UNDER GIVEN AQUIFER
CONDITIONS. ADJUST NET VOLUME FLUX IF IT CAN NOT BE MET BY
INCREASING THE DURATION OF PUMPING TG A MAXIMUM OF 50 DAYS
AT THE CALCULATED MAXIMUM RATE OF DISCHARGE.

30 Q=S2%TRANS/DUM

TOT=—-Q*FACT1
IF(TOT.LT.FQQR) TOT=FQQ
RATIO=100.0%TOT/FQQ
FQ(I)=TOT*DUMI(I)
DUMI(II=ULI)~SATT
HRS(I)=FACT2%TQOT/Q
IF(MOUTsNES«0O) GO TG 60

GCOO0O0OO0O

C
CeoosoeOUTPUT NODEs RATIO OF CALCULATED NET VOLUME FLUX TO INITIAL NET
C VOLUME FLUX (AS A PERCENT)s ADJUSTED DISCHARGE AND SATURATED
C THICKNESS AT START OF PUMPING PERIOD.
WRITE(14,1040) 1+.RATIOsQsSATTSTRANS
GO 70 €0
40 RATIO=0.0
IF{MOUT.EQe0) WRITE(L14s1040) IsRATIOsQeSATTsTRANS
C
Ceosoe NODES WITHOUT DISCHARGE FROM WELLS WILL EXPERIENCE NO REDUCTION
C OF THE DISCHARGE DUE TO LIMITING SATURATED THICKNESSe
S50 DUMI(IdI=U(I)
+RS(1)=0,0
60 CONTINUE
IF(MOUT.NE.0) RETURN
C
CoosoeQUTPUT THE ESTIMATED PUMPING WATER LEVELS.
WRITE(14+1050)
WRITE(14+1020)(I+DUMICI)oI=4sNN)
WRITE(14+10110)
WRITE(141020)(I+HRS(I)aI=1oNA)
RETURN
70 WRITE(14:1090)
RETURN
80 WRITE(1451100)
RETURN
C
Coeooo QINPUT"‘QUTPUT FORMATS:
1000 FORMAT(20A4)
1010 FORMAT(//14Xs " NODAL AVERAGE INITIAL DISCHARGES (GALe/MINe)®o//LiXs
¥ 6 (4HNODE ¢ 5X 9 SHVALUE s5X))
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1020 FORMAT(/(11Xs6(J4¢2Xe1PEL10+3+3X)))

1030 FORMAT(/11X» ! ADJUSTED DISCHARGES: Yo/ LIXs*NODE ¢ ,43X,
*9% OF INITIAL TOTAL FLUX GPM SATURATED THICKNESS ¢,
¥ *TRANSMISSIVITY (SQFT/DAY)e's/)

L0040 FORMAT(I 1X014sF2001010X91PE10e3s5X9sE10:3410XsE1063)

1050 FORMAT(//711X»s *NODAL PUMPING HEADS's//11Xs6(A4HNDODE ¢ SX¢SHVALUE:5X))

LO60 FORMAT(40A2)

1070 FORMAT(//11X+*DISCHARGE REDUCTICN FOR YEAR'+ISe/1LX»*TIME =19,
¥LPELOoe3sAb0%e' o //LLIXe?WELLS PER NUDEI'e//7 L1Xs6(4HNODE 95X
*SHVALUE s 8X))

1080 FORMAT(/(11Xe6(1442XeF10a1s3%X3))

1090 FORMAT(/ 11Xe * PERMEABILITY AND STORAGE INPUT FOR ELEMENTS.*)

1100 FORMAT(/11Xe*NOT A WATER—-TABLE SIMULATION.')

1110 FORMAT(//11Xs 'DURATICN OF PUMPING (HGURS) I /711X
¥ 6 (4HNODE 95X+ SHVALUE+S5X))

END

77



PGM2~-NUMBERING OF NODE POINTS

Due to the large number of nodes in many simulations of
this type, judicious numbering of the nodes may save considerable
amounts of computer time and computer storage requirements. A
routine to number the nodes efficiently for use within the simula=-
tion routine would relieve the modeler of this laborious task.

This program is based upon an article by Gibbs, Poole and
Stockmeyer (1976). The nodes nust initially be numbered to
provide reference for the grid network and the nodal data.

This numbering system must be done by the modeler, but may be
arbitrary as long as there are no missing numbers. This program
will then generate a new numbering system aimed at computational
efficiency. This new numbering system will be used within the
numerical simulation program (PGM1l) by using a transformation
array produced during PGM2. The initial numbering serves for
any reference to the nodes except during the phase within PGM1,
which forms and solves the nodal equations.

Input to this progam consists of the element indices data
set and known~head node numbers. Output of the new numbering
system is arranged in the initial numbering order; the new number
for the node initially numbered one is the first number in the
output data set. The printed output contains the new numbering
system and additional information necessary for proper dimensioning

of certain arrays within the numerical simulation program (PGM1).

78



OO ONOOODODNDND

[ala e Na!

P G M 2 334 3k sk ok g3 ook sbe e s s s ook e e ok e e abe abe ofe oo afe e e afe o e koo ol e ok ol e e 3 o ok sl skl g o odod e e e e o ol o
* FRCGRAMMED BY RALPH CADY *
* CONSERVATION AND SURVEY CIVISION *
* UNIVERSITY Of NEBRASK& 3
* LINCOLN, NEERASKA, 68588 *

3¢ e e e 3 e B e ke e Aol sl e e o e oo 3 e fe ol oo e o ade oo e e R alak ol ek o o e oo e oo e 2k e s abe Ak e 3 o o o ok ok sk e ol 3k
Aokodokuadk ook hf ok ekok bk ok bk k kR p ok F ke d kR Kk f kR e E R R F R R x ke ok wk gk ok
RCORDERING SCHEME FOR FINITE ELEMENT NODE SEQUENCING BASED UPON %
ARTICLE WRITTEN BY NORMAN E. CGIBESes WILLIAM Go POUOLEs JRe AND
PAUL K» STOCKMEYER OF THE CEPARTMENT CGF MATHEMATICSe, COLLEGE OF
WILLIAM AND MARYs WILLIAMSBURGe VIRGINIA, 23i8S, ARTICLE:

*AN ALGORITHM FOR REDUCING THE BANDWIDTH AND PRCFILE

CF A SPARSE MATRIX®s SCCIETY GF INDUSTRIAL ANLC APPLIED

MATHEMATICS JOURNAL CF NUMERICAL MATHEMATICSe VGLUME 13,

NUMEER 2+ APRIL 19760 PAGES 236-250.
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3 200 e e A A e e o A3k e e Ao e e e 3 o sl el oo oo sl 3 e ok o e e g e e ek e el ik ek alk o ot oo ke ok ok kg o koo sk ok XK
PROFILE DETERMINED IS THE HCRIZONTAL PROFILE TO THE RIGHT OF THE %
DIAGONAL . THE PROFILE IS AFFECTED BY REVERSE NUMBERING OF THE ¥
NCDES . IF HORIZCNTAL PROFILE TG THE LEFT OF ThHE DIAGONAL IS ¥
TO BE MINIMIZED» A CHARACTER IS INCLUDED GN THE FIRST DATA CARD. *

S b 36 4t 4t db 3t b 3% 3t dF 3 4 4 o
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e e oo e e e e ek Aok ook 3 3 3k ook e e e o oo e ool Ak o deadooafe ale e e R sl ek e ool sl e e e o e ol o skl o o e ook koo ook akokeok
e e 3 2o e ofe e o g e e e e 3 e Aol 3 ok 3 e ol ot e e e o e ol abeode o oo ade b 3 X e soate e oo oK o ofe e ol sl ok ol ok o o e o ot sl e e e ok Fek ko
THE SEGUENCE FOR THE DATA CARDS 1S AS FOLLOCOWS:

FIRST CARD: NUMBER CF NODES IN COL 1-4 (RIGHT JUSTIFIED),
IF LEFT PROFILE IS TGO BE MINIMIZEDs PLACE LEFT?
IN COLUMNE 6—Se

SECCNL CARD SET: CONSTANT HEAD NUDES (14 FORMAT STARTING IN
COLUMN ONE., FINAL I4 GROUP MUST BE BLANK GR
ZERU TO DENUTE ENC OF THIS LATA SET).

THIRDC CARD SET: ELEMENT SET., FIVE ELEMENTS PER CARC:
FORMAT(2014)s FIRST 14 IS ELEMENT NUMBERS
FOLLOWED EY THREE VERTICES LISTED CCUNTER-
CLOCKW]ISE.

ThE FINAL CARD MUST BLANK IF ThE PRECECING ELEMENT CARD WAS
ENTIRELY FILLED.

3 e e o e e e 3 e e 3o e Aeak e e A e 3o A s e ksl ek e e A3 i ok e e N ek ko ks ok sk kool ok o o ok e 2ok o e sl st ool 3 sk ok Kok
IMPLICIT INTEGER*2 (A-Z)
INTEGEFR%*4 JUNDSeJARY
COMMON JNDSe JARY

% *
¥ THE FCLLCWING CARDS MUST BE REDIMENSIONED IF SI1ZE CF PROBLEM *
* IS TO EE ALTERED: *
* %
DIMENSION LR(400)sLRC(400)LEVV(400),LEVU(400)LEVEL(400),
% NUM(400)sLLCOEDOD) s PNT(0O6000)
JARY=(0€000
JNDS=400
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C Ak fkokokkdhdddokbk bk kb ok b Ak F ARG R ok dd b Fr e e e b b E Rnkdpokdhk
CALL BLDLVI (PNT.LEVEL.LL)
CALL CEGREI (PNTJLEVULLL)
CALL MNPGM (LRoLRCsLEVVILEVUsNUMLL+PNT)
STOP
END
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C—-MAIN PROGRAM

19
20

40

50

€0

70

&80

S0

1040

. s AT s D ) Sk T e S A T T TED PO D D S D ) . S S MR . s R A — e

SUBRCGUTINE MNPGM (LRILRCILEVVSLEVUNUMoLL oPNT)
IMFLICIT INTEGER#*2 (A—Z)
INTEGERX 4 JUNDSeJARYJLFT»BANLC +IDEG,ISUM
COMMON JUNDS+JARY :DMAX sDMINoLMAXsLMIN
CATA LFT/&HLEFT/

CIMENSION LR{UJNDS) e LRCUJINDS) ¢ LEVV(INDS) o LEVU(JINDS) s NUMLINDS) »

LLEJARY ) e PNT(JARY D oNCHI20) o NOCL100)s NHOLOO) o NL(L00) s
LV(44+5)

READ(5.,1000) NNeBAND

DG 10 I=1eNN

LR(I)=0
READ(S+1010)(NCH(I)oI=1s20)
DC 30 I=1.20

II=NCH(T)

IF(II.EQs0) GO TG 40
LR(II)=1

GG TC 20

LRC(1)=LR(1)

DO S0 I=Z+NN
LRC(OII=LRCLI-LIHLRII)

END FILE 05

NI=NN-LRCINN)

WRITE(E€,1130) NI

DC 60 I=1isNN

IF(LR(I)-CTL0) GO YO 60
NINT=I-LRC(I)

WRITE(Es1120) IoNINT
CONTINLE

DO 70 I=1+JARY

PNT(I)=0

IVvOIC=NIt1

READ(81020) LV

DO 120 11=1.5

=L V(Ll.11)

IF(LEC0) GO TC 130

DO 120 Jd=2.4

JELVJJe 11)

IFILREJ) «GT0Q) GUQ TO 120
JEJI-LRC( J)

ODC 110 KK=2¢4

IF(JJEQeKK) GO TO 110
I=LV{(KKe I1)

IF(LR({I)«GT»0) GC TC 110
I=1I-LRC(1)

iIF=J

PRE=IF

IP=PNT({IF)

IF(IP=-EQ.D) GU TC 100
IF(LL{IP)-EQ.1) GO TO 110
GO TC g0

PNT(FRED}=IVOID
LL{IVQID)=1
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IVGCI0=1IVLID+1t
110 CONTINUE
120 CONTINUE
GO TC &80
120 IvClD=1IvVCID—-1
END FILE 08

WRITE(E,1040) 1VOID

C
Coeooes DCETERMINE DEGREE CF NCDE AND STCRE AS LL(NGDEDS
C NODES wITH MINIMUM AND MAXIMUM DLGREESs

KSTAT=1

CALL LCEGFREE (NI KSTAT)
C
CeoswesSET 81V TO NODE WITH MINIMUM DEGREE AND CREATE
C STRUCTURE.

IV=LMIN

CALL BLDLVL (LEVVsIVeLMXVoWMXVeNI)
WRITE(€91050) IVLMXV WMXYV

C

ALSO DETERMINE

*Ive LEVEL

CooeooCHECK FOR *IU®* WITHIN HIGHEST LEVEL OF *1V® STRUCTURE STARTING
C WITH LCWEST DEGREE.

140 KODw=0
CM2=DMIN
180 DC 1€0 I=1eNl

IF(LEVV(I)eNE.LMXV) GC TO 1€0

IF(LL(LI) eGTDM2)
iu=g
LEVV(I)=-LEVV(I1)
DM2=LL{I)
GG TC 170

160 CONTINUE
CM2=CMZ¢ 1

GC TC 160

IF(DM2.GTDMAX) GO TO 210

GC TC 150

170 CALL BLDLVL (LEVUsIULMXUsWMXUNI)
WRITE(€61060) IUsLMXUoWMXU

C

Cesooe CHECK LEVEL STRUCTURE OF ®JU°%,
IF(KODwW.EQel) GO TUO 180

IMNU=T1U

WMN=WMXU

KODwW=1
C
CeoooelF DEPTH OF °JUS®
C SET *Iv® TO °*jU®

180 IF(LMXUsLToLMXV)
IF{WMXUos GEosWMXV )
WMXV=u¥MXU
LMXV=LNMXU
KCDICH=1
LO 1S90 I=1.NI

10 LEVV(I)=LEVU(I)
Iv=1u

IS GREATER THANK
AND REGENERATE
GC TO 200

GO TO 200

WRITE(Ge 1050) IVeLMXV, WMXV
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GO TO 140
C
CoooeseSELECT *IU® AS ENDPOINT WITH MINIMUM WIDTH LEVEL STRUCTURE.
200 IF(WMXUo.CGE-WMN) GO TO 1£0
IiMNU=TIU
WMN=WMXU
GC TC 150
210 PO 220 1=1sN1
IF(LEVVEIDolLT «OILEVV(I)=—LEVV(])
220 CONTINUE
IU=1IMNU
CALL EBLDLVL (LEVUsIUsLMXUWMXUeNI)
WRITE(€s 1060) IULMXUsWMXU
C
CoeoooeSET UF ?IU? LEVEL STRUCTURE.
DO 230 I=1sNI
230 LEVU(II=SLMXU-LEVULI)+ L
KODICH=0
IFCLLLTUD LT LLLIVIIKCDICH=1
C
CeoosooDELETE NUOCES WITH LEVU EQUAL TC LEVV.
NELM=0
OO0 240 I=1oNI
IF(LEVV{I)NELLEVU(I)) GO TO 240
NELM=NELM+1
LL(I)=Q
240 CONTINUE
WRITE(€+,1070) NELM
C
Coooo0el, UCATE AND RANK DISJUINT CONNECTED COMFPONENTS
2890 1IDCC=0Q
DC 2€0 I=1eNI
IFELLCI) eNESO) LL(ID=1
260 CONTINUE
Ii=1
ICMAX=Q
270 DO 280 I=I11esNI
Is=1
IF(LL(I}GTL0) GO TO 290
280 CONTINUE
GO TG 24490
250 IC=0
ISTART=1S
300 IC=IC+}
LL{IS)=~1
310 IS=PNY(IS)
IF(IS«EQ.0) GO TO 320
Lis=LL(IS)
IF(LL{LIS)eNE-L1) GO TC 310
LL(LIS)=2
GC TG Z14¢
320 LO 330 I=1eNI
Is=1
IF(LL(IS).EQs2) GO TO 300
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330 CONTINUE
II=ISTARTHI
IF(iCeLEICMAX) GC TU 2790
ICMAX=1C
NSTART=ISTART
GO TO 270

340 IF(ICMAX+EQaD) GC TO 470
IDCC=ILCC+1

cooss TNOP e "NH? 4" NL* ARRAYS CONTAIN THE NUMBER CF NODES ON EACH LEVEL.
*NC® CCNSISTS CNLY OF NODES WITH DETERMINEC LEVEL (LEVVSLEVU).
tNH? CCNSISTS OF *NO?® PLUS NCDES OF DISJUINY CONNECTED COMPONENT
USING LEVV LEVELS.
*NL® CONSISTS OF *NO' PLUS NCDES CF DISJOINT CUNNECTED CCMPONENT
USING LEVU LEVELS.
DO 350 I=Ll+LMXV
NH(I)=0
NL(I)=0

350 NO(I)=0

OOOOOH0NON

C
CooeoooaFLAG ELEMENTS OF DCISJUINT CCANNECTED COMPONENT BY SETTING Li=l,
IS=MSTART
3€0 LL(IS)=1
370 IS=PNT(IS)
IF(1S.EQ.0) GO TC 380
LIS=LL(IS)
IF(LL(LIS)eNES=-1) GO TO 3790
LL{LiIs)=z
GO TO 270
380 DO 390 I=1leNI
I1s=1
IF(LL(1IS)eEQs2) GO TO 3€0
390 CONTINUE
C
CoooeeFLRM NhHoNLoaNO ARRAYS,
DO 400 I=1eNl
IF(LL(I)LTL0) GO TO 400
LI=LEVV(])
L2=LEVU(I)
NHIL L)=NF(LL1)+1
M AL2)=NLLLZ2) +1
IF(LL(I) sEQeD) NO(LLI=NC(LL1)+1
400 CONTINUE

LLM=0
LHM=0
DC 410 I=1,.LMXV
C
Coosso DETERMINE MAXIMUM WIDTH OF *NR* AND *NL®s CONSIDERING LEVELS
C WHICH WOULD BE CONTRIBUTED TO BY SELECTING EITHER QOF THE
C LEVEL STRUCTURES.

IFANECT) sCToLHMoANCoNH(I)aGT oNOC(IY) LHM=NH(I)

IF(NLCTI) oGT ol LMo ANDsNL(I)eGToNO(I)) LLM=NL(I)
410 CONTINUE

IF(LHNM-LLM) 4304204450

84



OOOOO0OO0HON

420
430

440

4¢90
470

4890

4990

500

20

IF(WMXV.CT.WMXU) GC TC 45¢
IF(ICCCsEQsl) KCDREV=1-KODICH
DO 440 I=1sNI
IF(LL(I)W-LELD) GC TO 440
LEVU(I)=LEVV(I)

LL(l)=0

NELM=NELM+1

CONTINUE

GC TC 4740

IF(IDCCeEQel) KODREV=KOLCICH
CC 460 1=1eNX
IFL(I)eLEO) GC TG 460
Levv(I)=LEVU(I)

LLCI)=0

NELM=NEL M+

CONT INUE

WRITE(Co1010) NELM

CO 480 J=1.NI

IFCLL(I) oNESLD) GG YO 250
CONTINUE

WRITE(E61090)

RENUMEER NODES STARTING WITH °*IVv?® AFTER CONSIDERING DEGREES CF
BOTH *IU® AND *IV®s WORK INCREASING LEVELS: SELECT A NCDE *u®
WITH MINIMUM NUMBER AND ADJACENT UNNUMBEREL NODES CF SAME LEVEL.
NUMBER TFESE BY INCREASING MOCIFIED UEGREES IF THERE ARE ANY
UNNUMBERED NODES REMAINING ON T+IS LEVEL., NUMBER THESE BY
INCREASING MODIFIED DEGREES SELECT A NODE *W* WITh MINIMUM
NUMBER AND UNNUMBERED ALJACENT NUDES ON NEXT LEVELe. NUMBER
THESE BY INCREASING MGDIFIELC DEGREE AND SO ONs

KSTAT=Q

CALL LCEGREE (NI KSTAT)

IF(KODICF.EQeQ) GC TOUO 540

CC 490 I=1aNI

LEVV(I)=LMXV-LEVV(I)+1

ITEMP=1V

Iv=1u

IU=ITEMP

DC 510 I=1sNI

LEVU(I)=~1

NUM(I)=0

WRITE(€.1010) 1V

NUM(Ll)=1V

LRC(IV)=1

LEVU(CIV)=0

NUMC=1

NUMX=1

LEVEL=1

LEVEF=1}

NUMS=1

NULS=1

NULF=1

CALL MCDCEG (1Vv)

DC 560 I=NUMS,NUMX
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JI=NUNMCT S
IF(LEVVLJJ) . NE-LEVEL) GC TU S€90
530 ILEG=0VMAXtL
J=JdJ
€40 J=PNT(J)
IF(JEGe0) GO TC 550
II=LL(J)
IF(LEVU{II)+EQ.Q) GG TO %49
IF(LEVV(II)«NESLEVEF) GL TO 540
IsSuM=LL(I1)
IF(ISUNCGTLIDEC) GO TO E40

IDEG=ISUM
W=11
GC TC £490

550 IF(ICEG.GT.DMAX) GO TO §60
NUMC=NUMC+L
NUM(NUMC )=#
LEVU(W)=0
LRC(W)=NUNMC
CALL MCDDEG (W)
GG TC S£30
560 CONTINUE
IF(NUMCeEQeNI) GG TC €10
IF(LEVEL «EQ.LEVEF) GC TC S70
LEVEL=LEVEF
NULS=NULF+1
NULF=NUMC
NUMS=NUL S
NUMX=NULF
GO TO £20
570 IF(NUMC.NENUMX) GO TG 590
ICEG=CNAX+1
CO 580 I=1sNI
IF(LEVV(I)eNE.LEVEL) GC TC S80
IF(LEVU(I).EQ.D) GO YO S80
IF(LL(I) «GE.IDEG) GC TO SEO
IDEG=LL(I)
w=1
580 CCNTINUE
IF(ICEGsGT.DMAX) GO TO €00
NUMC=NUMC+1
NUMONUNC =W
LEVU(W)=0
LRC{W)=NUMC
CALL MCDDEG (W)
560 NUMS=RNUMX+¢1
NUMX=NUMC
GO TO £20
600 LEVEF=LEVEF+1
NULF=NUMC
NUMS=NUL S
NUMX=NULF
GO TO £20
610 IF(BANCSNEL.LFT) GC TO 620
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IF(KCOUREY) 6500650¢630
€20 IF(KOCKREV) 6300630,650
€30 CO 640 1=1sNI
€40 NUMCI)=LRC{I)
GC TC 670
€E0 DO €€0 I=1.NI
663 NUM(I)=NI+I-LRC(I)
C
Coo0e e DETERMINE THE HALF—BANDWIDTH AND PROFILE.
670 PRFL=0
PRFR=Q
BOwTH=0
OC 680 I=1eNI
€80 LRC(I)=1
CC 710 i=1sN1
DR=1
Li=}
650 LI=FPNT(LI)
IF(LI«EG.0) GC TC 700
LIS=LL(LI)
DJ=NUML ISI-NUM(I)+1
Ci=-DJy+2
IF(DJoCT oCR) DR=DJ
IF(DIoCTLRC(I)) LRC(I)=DI]
GO TO €90
700 PRFR=FRFR+4DR
IF(DRSCT «BDWTH) EDWTH=DR
710 CONTINUE
DC 720 I=1eNI
720 PRFL=FRFL+LRC()
IF(BEANC.EQ.LFT) GO TC 730
WRITE(GCE,L,1080)
GO TO 7490
730 WRITE(0621100)
740 WRITE(Q6+1110) BLWTHPRFRPRFL
IChH=NI
ivE=0
DO 7€0 I=1,NN
IF(LR(I) «EQal) GC TO 750
IVH=1VEe®1
LRCLII=NULM(IVH)
GO TC 76¢C
70 IChH=]ICH+}
LRCCI)=ICH
7€0 CONTINUE
WRITE(Es 1030)(IsLRC(IJoI=1aNN)
WRITE(10,3010)CLRC(I)eI=1sNNJ
STOP
o e 3 e ok o e e 3l e e e 3 3 ool ol e ok o o ok stk ol o o o o ol e ol o o ok ookl kool e afe 3 30 o 3 o e oo o ok ol e ofeofe e e o ook ok ok ook
Coooee INPUT-CUTPUT FORMATS:
(X X R R L e B X B o e 3o e e e e e e e ek ok e o o e e e e e A Feofe Ao ok ek
1000 FORMAT(I1401XeA%)
1010 FCRMAY (2014)
L1020 FORMAT (201i4)
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1030 FORMAT (' NODE (9¢1I36%) RELAEELED TO (*+13e¢%)e")
1040 FGRMAT (' NUMBER OF LINK LIST UNITS FILLED =',16)
1050 FORMAT ( / o' IV SET TO%side® WITH LEVEL DEPTH="214s° AND WIDTH=%,

% 1477)
1060 FORMAT (* IU SET TO®s14s' WITH LEVEL DEPTH="914e% AND WIDTH=",
* 14)

1070 FORMAT (/15,° NODES ELIMINATED *)
1080 FGRMAT(1khle® RIGHT HCRIZCNTAL PROFILE MINIMIZED.®)
1090 FORMAT (* BEGIN TO RENUMEER?)
1100 FORMAT(1lFLl»" LEFT FURIZGNTAL PROFILE MINIMIZED.®)
1110 FCRMAT (1H »° HALFBAND WIDTh =9,13/," RIGHT HORIZONTAL PROFILE
¥ = T51€75" LEFT HORIZCNTAL PRCFILE = ', 16//77)
1120 FCRMAT(LLIXeIS5+10X91IS5)
1130 FORMAT(L1X.'TUTAL FREE NODES = ®,]1S5e//710Xe *EXTERNAL®,6X,
¥ INTERMNAL®)
END
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C-BUILL LEVEL STRUCTURES.
C —-- - - e e e et e e e e

SUBROUTINE BLDLVI (PNT.LEVELsLL)
IMPLICIT INTEGER*2 (A—Z)
INTEGER* 4 JUNDS, JARY
COMMGON JUNDSsJARY
DIMENSION LEVEL(JNDS) o PNT(JARY) sLL(JARY)
RETURN
ENTRY ELCLVL (LEVEL ¢IVeLN¥XoWMXsNI)
DO 10 I=1eNI

L0 LEVEL(I)=0
LEV=Q
LEVEL(IV)=1
WMX=1

20 LEV=LEVH]
WICTF=0

30 DO S50 I=1eNI
IF(LEVEL(I)eNELLEV) GO TO 50
Is=}

40 IS=PNT(IS)
IF(IS.EQ.0) GO TC S0
LisS=LL(IS)
IF(LEVEL(LIS).NELQ) GG TG 40
WIDTH=WIDTH+1
LEVEL(LIS)=LEV+!
GC TC 40

50 CONTINUE
IF(WIDTHGToWMX) WMX=WIDTH

C

CoseooCHECK FOR FILLED STRUCTURE.
DO 60 I=1eNI
IF(LEVEL(I)<EQa0) GO TO 20

€60 CONTINUE

LMX=LEV+1
RETURN
END
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C—-DETERMINE LCECGREES
L e e e e e e R - e e e e o e ot e 2y . e e
SUBROUTINE DEGREI (PNT.LEVUsLL)
IMFLICIT INTEGERX2 (A—-Z)
INTEGER*%4 JNDS+JARY e ISUM
COMMON JUNDSeJARY sDMAX oDMINS LMAXSLMIN
DIMENSION PNT(JARY) s L{JARY ) sLEVU(JINDS)
RETURN

C
CeooseDETERMINE DEGREE CF NCUDE AND STCRE AS LL(NGDE).
ENYRY CECGREE (NIoKSTAT)
DO 20 I=1seNI
Isum=0
Ip=1
10 IFP=PNT(IF)
IF(IP-.EQ-0) GU TO 20
ISUM=TSUMHL
GU TC 10
20 LL(I)=1ISUN
IF(KSTAT cEQe Q) RETURN
DMAX=LL( 1)
DMIN=LL( L)
LMIN=1
LMAX=1
C .
CooooesDETERMINE MAXIMUM DEGREE (DMAX) AND MINIMUM DEGREE (DMIN).
DO 40 i=1sNI1
IF(LL(I) «GE.DMIN) GC TO 30
LMIN=1]
DMIN=LL(I)
GG TC 40
30 IF{LL(I) LE.DMAX) GO TC 40
DMAX=LL(I)
LMAX=1
40 CONTINUE
WRITE(Ee 100) DMAXsLMAXsDMINSLMIN
RETURN
ENTRY NMOLCDEG (1)
J=1
50 J=FENT(J)
IF(JeECeC) GO TO €0
Jd=tL(J)
IFCLEVU(JU)EGQG.—~1) LEVU(JJI=]
GO TO SO
60 J=1
76 J=PNT(J)
IF(JEQ:-0) RETURN
K==Lt (J)
KJ=K
ISUM=0
80 KJ=PNT(KJ)
IF(KJsEQe0) GO TO 90
KK=LL{KJ)
IF(LEVU(KK) ¢EQoe—1) ISUM=ISUM®HI
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GO TO &0
S0 LL(K)=ISUNM

GO TC 70
100 FORMAT (' DMAX=9,33e? FOR I="313e%¢ DMIN="5130" FLCR I=x%5]15//)
END
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PGM3-PLOTTING AREAL DISTRIBUTION OF CONTINUOUS DATA AND RESULTS

The display of data and results is important in hydrogeologic
simulation since evaluation and interpretation nmust be an integral
part of the simulation process and any subsequent decision
raking that may consider the results of the simulation. Most
often used as a means for the areal display of a continuous
variable is a map consisting of lines of equal value for the
particular variable. A contour map depicting configuration of
the land surface is a display of this type. Elevation of water
levels, elevation of the base of the aquifer, water-level decline,
thickness of aquifer, and tranmissivity are other variables
that also may be displayed in this manner.

The triangular finite-element method inherently defines a
cqntinuous distribution of the dependent variable based upon
the element basis functions (Pinder and Gray, 1977) and the
values for the dependent variable at the nodes. Since this
form of distribution is used during the simulation, a graphical
display duplicating this distribution is desirable for a number
of reasons: first, areas where the element configurations do
not allow for a suitable representation of the variable become
apparent, and second, the various schemes normally used to interpo-
late values between point values are not necessary with a variable
that is defined continuously. This second point may greatly

reduce computation time and computer costs.
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If the third dimension (out of the plane of the plot) represents
the value of the variable, a variable defined by the nodal values
and the triangular-element basis functions is a plane passing
through the three nodal values. The distribution of equal values
through this plane will normally be straight lines. If the
value to be mapped is identically equal to the value of the
variable at only one node in the element, the value will be
mapped as solely that node point. If all three element nodal
values are identically the value to be mapped, the distribution
of the value will be the entire element.

The program consists basically of five parts: input of
element mesh, determination of adjacent elements, input of node
values, generation of interconnected equal-value line segments,
and plotting and labeling the interconnected line segments.
Considerable time is required initially to determine the adjacent
elements; however, once this has been accomplished for a particular
element mesh configurétion, this step may be skipped. Normally
a large number of plots will be generated for one element mesh.

The input to the program consists of the element mesh configﬁra—
tion, the nodal coordinates, format for the nodal values, nodal
values, title of the plot, scale (inches of plot per input coordinate
unit), nodal multiplication factor (to change units, etc.), and
the code indicating whether the adjacent element determination
must be made.

Output additional to the plot consists of a printout that
summarizes the plot parameters and indicates the progress of the

plotting routine.
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C =P GM 3 sksk sk e i s e et e o s ok o st st oo s 3 oo ook ok ke s s o e o o st oo e e oo e s e st e oo e o ok ok sk ke ok
C % PROGRAMMED BY RALPH CADY *
C % CONSERVATION AND SURVEY DIVISION : *
C *x UNIVERSITY OF NEBRASKA %
C % LINCOLN, NEBRASKA, 68588 *
C sk deotestode oo e sk e o ok e ok oot sl ot s ook ok ok ool ok st ook 3 ko et etk b ook s ok ok stk ok kot ok ko ok
c *
C

* THIS PROGRAM GENERATES A PLOT IN CONTOUR MAP FORM FOR A *
* CONTINUQUS VARIABLE WITH VALUES SPECIFIED FOR EACH NODE. %
* THE INITIAL RUN FOR ANY ELEMENT CONFIGURATION REQUIRES %
* EXTRA COMPUTATION TIME IN ORDER TO GINERATE THE ARRAY WHICH *
* DESIGNATES ADJACENT ELEMENTS. ONCE THIS ARRAY IS FORMED, IT *
#* IS RECALLED FOR ANY SUBSEQUENT PLOTS,. %
o o o 3 st st st o st e s s e ok oo s ok oo ke sfe ok ok ok e 3 5ok o ok ade ok oo s e sl sl sk ol o e o sk e ok o ok s s sl ok o ok o e sk s sl ot s ok o ok o sk ok

DIMENSION TITLEZE(020)sX(400)+Y(400),VAL{400)VEX(200)oVEY(200),

* FMT(20)

INTEGER%2 IN(3,750)+sEC(3,750),ISET(3)+JSET(3)

LOGICAL%XL LIN(7350)sT,F

COMMON XMINsYMIN,XMAX

DATA NN/4DOO/sNE/747/+FACT/100/ 9T/ e TRUE /9 ISET/2+391/+J4SET/35142/

F=oaNOT T

NE1=NE-1

OO0 00N

sess o PEAD IN THE CODE WHICH DESIGNATES WHETHER ADJACENT ELEMENT ARRAY
IS TO BE FORMED (A *0' SIGNIFIES THAT THE ARRAY EXISTS AND DOES
NOT NEED TO BE RECOMPUTED).
READ{(0S5+540) KODEC

OO0O00

-
~

CoesoeREAD IN THE TRIANGULAR ELEMENT INDICES.
READ(02,510) 1IN
ENDFILE 02
IF(KODEC.EQs0) GO TO 100

C

CoesesFORM THE ADJACENT ELEMENT ARRAY,
DC 10 L=1sNE
DO 10 JU=1,3

10 EC(JsL)=0
DO €0 LA=1,NEIL
LO=LA+IL
DC 80 LB=LOsNE
DO 70 I=1,3
LL=IN(IsLA)
DO 70 J=1,+3
L3=IN(JoLB)
IF(L1.NE.L3) GO TO 70
II=ISET(1I)
JI=JSET(J)
L2=IN(II .LA)
La=IN(JJS+LB)
IF(L2.NE-L4) GO TO 70
M=0
20 M=M+1

IF(MeGTo3) GO TO 30
IF(EC(MsLLA)eNEO) GO TD 20
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EC(MsLA)=LB
GO TO 40 ,

30 WRITE(6+610) LAJ(EC(KK LAY KK=1:3),LB

40 M=9

50 M=M+1
IF(M«GT.3) GD TO 60
IF(EC(MsLB)sNELO) GO TO 50
EC(M,LB) =LA
GO TO 80

60 WRITE(6+,610) LBy(ECIKKILB)KK=1+3),LA
GO TO 80

70 CONTINUE

80 CONT INUE

90 CONTINUE
WRITE(O06+s600) (Lo (EC{IsL)eI=1,43),4L=14NE)
WRITE(D8,620) EC

100 IF(KODEC.EQ.0) READ(08,620) EC
ENDFILE 08

C
CosoooREAD IN THE NODAL COORDINATES,

READ(O1+500)(IsX(I)eY(1)sJd=1sNN)
ENDFILE 01

~

~

Ceess s DETERMINE THZ MAXIMUM AND MINIMUM VALUES OF THE NODAL COORDINATES.
XMIN=X(1)
XMAX=X(1)
YMIN=Y (1)
DO 110 I=2,NN
TF(XMAXeLTaX(I))IXMAX=X(T)
IF(XMINGGT o X{I)IXMIN=X(T)
IF(YMINGGToY(I))YMIN=Y(1I)
110 CONTINUE
CALL INITP (VEX,VEY,TITLE)
CALL VXYI (XsYsVAL)
c
CosoeeREAD THE CARD WHICH CONTAINS THE TITLE FOR THE PLOT.
120 READ(05,520,END=430) TITLE
CeeoeeREAD THE CONTOUR INTERVALs X SCALZ, Y SCALEs, VALUE CONVERSION
c FACTOR AND NUMBER OF DECIMAL POINTS.
READ(05,530) CINT4SCXsSCY,FAC,NDP
c
CeseeoREAD CARD WITH FORMAT FOR DATA TO BE PLOTTED.
READ(05,520)FMT
c
CooeseREAD THE DATASET CONTAINING THE NODAL VALUES FOR THE VARIABLE TO
C BE PLOTTED.
READ{03,FMT) VAL
IF(FACWEQe0e0) FAC=FACT
IF(SCXeEQeDs0) SCX=FACT
IF(SCYeEQeD0s0) SCY=FACT
VMAX=VAL (1) %FAC
VMIN=VAL{1)%FAC
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CeseeesCONVERT THE VALUES TO DESIRED UNITS AND DETERMINE THE MAXIMUM AND
C MTNIMUM VALUE FOR THE VARIABLE.
DO 130 I=2sNN
VAL(T)=VAL(T)%*FAC
IT(VMAXeLTWVAL(TI)) VMAX=VALI(I)
IF(VMINGTVAL(I)) VMIN=VAL(I)
130 CONTINUE
C
Cosess DETERMINE THE MAXIMUM CONTOURs MINIVMUM CONTOUR AND TOTAL NUMBER OF
C CONTOURS TO BE PLOTTED
CMAX=CINTH*AINT(VMAX/CINT)
CMIN=CINT%(1 s0+AINT(VMIN/CINT))
NC=1+(CMAX~CMIN)/CINT
WRITE(D6+550) NCsCMAXsCMINs CINTINDP
IF(NC.LTsl) STOP
CALL PLOTT (SCY)
CON=CMAX
C
Cesoeso LOCATE CONTDUR LINES ONE VALUE AT A TIME.,
140 IF(CONLLTLCMIN) GO TO 380
DO 160 L=1+NE
LIN(L)=F
DO 160 1=1,3
N=INC(I L)
IF(VAL(N)LECON) GO TO 160
DO 150 J=1+3
M=IN(J,sL)
IF(VAL(M)+GTZON) GO TO 150
C
CeoesosFLAG ELEMENTS WHICH CONTAIN THE VALUE FOR THIS CONTOUR.
LIN(L)=T
150 CONTINUE
160 CONTINUE
C
CoeeseoesSELECT ELEMENT ALONG BOUNDARY.
LAST=1
170 DO 270 L=LASTsNE
LAST=L
IF(«NOTLLIN(L)) GO TO 270
LL=L
IF(EC(3+L)YaNELO) GO TO 270
IF(EC(2sL)eNE,O) GO TO 200
DO 190 1I=1,3
K=0
IT=IN(IsL)
IL=EC(1,L)
DO 180 J=1+3
JJ=IN(Js IL)
IF(I1EQeJJ) K=K+l
180 CONTINUE
IF(KeNEs0O) GO TO 190
Il=1-1
IF(I1.EQel) I1=3
I3=1+1
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IF(I-EQe3) I3=1

I2=1

IF(VAL(I1)e5ToCONeANDWeVAL(I2)sLE.CON) GO TG 310

Il=1

I2=13

IF(VAL(I1)eGToCONeANDWsVAL(I2)eL=.CON) GD TOD 310
190 CONTINUE

GG TO 270

o~
-

CoasseeFIND BOUNDARY EDGE.
200 DO 220 1I=1,3
M=T
K=0
II=INCI,L)
DO 210 TJ=1.2
IL=EC(IJ,L)
IF(IL.EQs0) GO TO 210
DO 210 J=1,3
JI=INCJ, IL)
IF(I1.5QsJJ) K=K+l
270 CONTINUE
IF(KeEQe2) GO TO 230
220 CONTINUE
GO TO 270
230 IF(M.LT.3) GO TO 240
I1=IN(1,L)
I12=IN(2.L)
GO TO 2690
240 IF({MeLTs2) GO TO 250
I1=IN(3,L)
I2=IN(1,L)
GO TOD 260
250 I1=IN(2,L)
I2=IN(3,L)
260 IF(VAL(I1)eGToaCONSANDSVAL(I2)sLELCON) GO TO 310
270 CONTINUE
DO 280 L =1,NE
LL=L
IF(LIN(L)) GO TO 290
280 CONTINUE
CON=CON-CINT
GO TO 140
290 DD 300 I=1.3
I1=IN(I,LL)
J=1+41
IF(I «sEQs3) J=1
I2=IN(J,LL)
IF(VAL (I1)eGT,CONsANDVAL(I2).LE-CON) GO TO 310
300 CONTINUE
@
CeesssSET UP COORDINATES OF CONTOUR LINE SEGMENTS,
310 CALL VXY (CONsIlsI2,VX,eVY)
VEX(1)=VX
VEY(1)=VY
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IVEC=1
320 DO 330 I=1.3
IS2=IN(IsLL)
II=1I+1
IF{(I1.EQ.3) 11I=1
IF2=IN(II,LL) :
IF(VAL(IS2).LE eCONGANDVAL{IF2)GTLCON) GO TO 340
330 CONTINUE
340 CALL VXY (CONs»IS2,1F2:VX,VY)
IF(VXeEQeVEX(IVEC)ANDsVYEQSVEY(IVEC)) GO TC 350
IVEC=IVEC+1
VEX( IVEC )=VX
VEY( IVEC)=VY

C
CoseooeRESET FLAG FOR ELEMENT JUST COMPLETED.
350 LIN(LL)=F
c
Coooe e SEARCH FOR FLAGGED ELEMENT WITH SIDE IF2-1S2.
DO 370 1=1,3
L=EC(I.LL)
IF(L.EQ.,0) GO TO 370
IF(sNOT.LIN(L)) GO TO 370
DO 360 K=1,3
IS=IN(K,L)
KK=K+1
IF(KoeEQe3) KK=1
IF=IN(KK,L)
IF(ISeNEsIFR2e0RsIF.NELIS2) GO TGO 360
LL=L
GO TO 329
360 CONTINUE
370 CONTINUE
IF(IVEC.EQel) GO TO 170
C
ConsoesPLOT LINE SEGMENTS WITH CONTOUR VALUZ LABEL.,
CALL PLOTVE (CONSIVEC,SCX+SCY,NDP)
GO TO 170
380 18B=D
c
CooesePLOT CONTINUDUS BOUNDARY .
390 READ(04.580+sEND=400) BOUNDXs,BOUNDY
IB=IB+1
VEX(1B)=BOUNDX
VEY(IB)=BOUNDY
GO TO 390
400 IB=IB+1
VEX(IBI=VEX(1)
VEY(IB)=VEY(1l)
REWIND 04
CALL BNDPLT (IBe¢SCXsSCY)
C
CoeooeePLOT LINE SEGMENT BOUNDARY,
410 READ(O079+500,END=420)(VEX(T)sVEY(1)91=1e2)
CALL BNDPLT (2+SCX,5CY)
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420

C

GO TO 410
XX=(XMAX~-XMIN) *SCX+05,0
ENDFILE 03

Ceoss s END OF THIS MAP, RESET ORIGIN.

c

CALL ENDPLT (XX)
REWIND 07
WRITE(06,560)

GO TO 120

CeosoeEND OF J0OB.

430

c

CALL ENDUJOB
WRITE(06+570)

Coooo e FORMATS

500

510
£20
530
540
550

560
870
580
560
600
€10
620

FORMAT(14,2F10.6)
FORMAT(5(4X,314))
FORMAT (204A4)
FORMAT(4F10.0,110)
FORMAT(T 1)

FORMAT(11X,"NUMBER OF CONTOURS = *#,110,/11Xs *MAXIMUM CONTOUR
¥' 9 IPELOe3+/11X,s "MINIMUM CONTOUR =
*L = "5E10039/1LlXs"CALCOMP # OF DosPos

FORMAT(/ 11X+ "PLOT COMPLETED, ')
FORMAT(/ 11Xe '"PLOTTING COMPLETED.')
FORMAT(6X,A%,1 X9A4)
FORMAT(4X94 (L1 XsA4))
FORMAT(5(SXs13s2XsT14s14+14))
FORMAT(SX,I5:3X+314,18)

FORMAT (40A2)

STOP

END
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C-VXY? CALCULATES THE LGCATION OF A PARTICULAR VALUE OF THE VARIABLE
C ON THE ELEMENT SIDE BETWEEN NODES Il AND IZ2.

SUBRCUTINE VXYI (XsYsVAL)

DIMENSION X{400),Y{(400),VAL(400)

COMMON XMINsYMINsXMAX

RETURN

ENTRY VXY (CONosIlsI2,VXsVY)

VX (CONR(X(I1)-XCI2))+X(I2)%VAL(I1)-X(I1)*VAL(I2))/(VAL(TIL)-
% VAL(1I2))

VY= (CONR(Y(TL1)=-Y(I2))+Y(I2)%XVALCIL)-Y(I1)%XVAL(I2))/7(VAL(I1)-
% VAL(12))

RETURN

END
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C-INITIATES AND CALLS THE COMMANDS FOR THEZ ACTUAL PLOTTING.

SUBROUTINE INITP (VX,VY,TITLE)
DIMENSION VX(200)sVY(200)»TITLE(Z20)sIBUF(2500)
COMMON XMINsYMIN,XMAX

DATA BLK/4H /
CALL PLOTS (IBUF(1),10000)
RETURN

ENTRY PLOTVE (CON»ITOTsSCXsSCYsNDP)
WRITE(6,500) CON.ITOT
DO 10 I=1,ITOT
VX(I)I=(VX{I)-XMIN)*SCX+2.0
10 VY(I)=(VY(I)-YMIN)*%SCY+1.0
I=1
20 I=I+1
IF(I.GT-ITOT) GO TO 30
DY=vY(I)-vY(1)
DX=VX{I)-VvX(1l)
IF(DXeEQoeDeDaANDsDY sEQ0a0o0) GO TO 20
ANG=ATAN2(DY,DX)
ANG=ANG* 180 .0/3,-1416
IF(ANGeGTo+90.0) ANGZANG—-180.
IF(ANGsLT+~S0.0) ANG=ANG+180,
GO TO 40
30 ANG=S0.0
40 CALL NUMBER (VX(1)sVY(1)90sl4sCONsANGsNDP)
CALL PLOT (VX(1)sVY(1l),3)
DO 50 1I=2,1TO0T
50 CALL PLOT (VX(I)eVY(1I),2)
RETURN
ENTRY BNDPLT (IBsSCXsSCY)
DD 60 I=1,18B
VX(I)=(VX(I)=-XMIN)*SCX+2,0
60 VY(II=(VY(I)=-YMIN)%SCY+1.,0
CALL PLOY (VX(1),oVY(Ll),3)
DO 70 I=2,1B
70 CALL PLOT (VX(I)eVY(I),2)
RETURN
ENTRY PLOTT (SCY)
DO 80 I=1,20
N=1
IF(TITLE(I)eEQeBLK) GO TO 90
80 CONTINUE
90 N=4%N
HN=0,07%AINT(SCY/0.05)
CALL SYMBOL (16091 e0sHNsTITLEs9000+sN)
RETURN
C
CeoeoesEND PLOT AND RESET ORIGIN
ENTRY ENDPLT (XX)
CALL PLOT (XX30e0s~3)
RETURN
C
CesoooeEND OF JOB, CALL FOR END OF PLOTTING.
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ENTRY ENDJOB
CALL PLOT (0.0,000,9¢%)
RETURN
C
Coeeoooo INPUT-OUTPUT FORMATS?S
500 FORMAT(/ L1Xs*CONTOUR =1'3F 1039 WITH ITOT = *»T110)
END
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PGM4~-APPORTIONMENT OF IRRIGATION WELLS TO ADJACENT NODES

Many simulation routines in groundwater hydrology were
developed initially for the purpose of local site investigations.
One example of this might be simulation of a proposed well~field
design. In such simulations the grid of nodes is constructed so
that wells are represented by certain nodes and other node points
are located between adjacent wells. The smaller the spacing
between nodes, the more accurate the representation of water
levels. However, if a simulation is to ericonpass an area as
large as and with as many wells as the Upper Big Blue NRD, expanding
the methods used for site investigations becomes impractical
because the number of wells is so large.

Well discharges must be apportioned to specific nodes (equations).
The finite-element method's basis functions may be used to accomplish
this apportionment. Since at any point located within an element,
the basis functions sum to one, the product of the basis function
for a node and the well discharge is a consistent means for
dividing the well stresses between the nodes. The following
FORTRAN IV program uses the finite-element mesh apd the basis
functions to apportion the wells to the nodes. The basis functions
are also used to determine whether a well is located inside or
outside of any particular element. The program calculates the
number of wells for any node for any year and the average well
discharge associated with any node. For a discussion of the
well-discharge values, see section "Determination of Historic

Discharge, Recharge and Return Flow."
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OO0 GO000000

(@]

~PGM4******************************************************************

* PROGRAMMED BY RALPH CADY *
% CONSERVATION AND SURVEY DiVISION *
* UNIVERSITY OF NEBRASKA *
*® LINCDOLN, NEBRASKA, 6£8658¢& ¥

e 3 o s oo i 3 ok o st b o ol st e o s sfe e sge e ok ok ol 3 e ol ook % ek ok e e o e e o sk ok e AR e ol ek e oAk e o e e e ek A R R ke

sk st e sk 3 o 36 3 3 e 3 A ok 2k s ok ok sk e sl o o b s s 3 ok 3k ook 3k e ok ke ok e ook e sk e Sk s i sk ok vfe ke ek ek ok AR e s e o o sk ok ok ek

PROGRAM FOR LOCATING A POINT WITH GIVEN GLOBAL COORDINATES
IN THE ELEMENT GRID USING THE TRIANGULAR ELEMENT AREA
COORDINATESe. THE WELL IS THEN APPCRTIONED TO THZ NOD:ZS

BY THE ARcA CUORDINATE BASIS FUNCTIONS.

3 36 3 4 #
# % # ¥

s sk e 3 3 o ok sk 3 3k s ok s sk ok ke st o ol ok 3k sk st ok e o e e s e s e e e s e s o o o s o sk e sk 3 ek e sk ok Ak ok s ok ek e ke ke ko

essoeMAIN PROGRAM FUR INITIATING OBJECT TiME DIMENSION STATEMENTS

DIMENSION Y(400)+X{400) s XMN(750) s YMN(750) s XMX(750) » YMX(750)

1 WNN(400,27) e DNUM(400) »DSUM(400)
INTEGER%2 IN(23:750)

JYRS=27

JNEL=780

JNND=400

CALL MNPROG (IUNSL s JNND o INo X s Ys XMNg XMX s YMN s YMX s JYRS s WNN s LNUM,DSUM)

sSTOP
END
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C—MLIN PROGRAM:

SUBROUTINE MNPROG (JNEL.JNND.IN'X'YoXMN.XMXgYMNgYMX;JYRS,WNN,DNUM,
* DsuM)

DIMENSION X(JNND)’Y(JNND)9XMN(JNEL)’XMX(JNEL)oYMN(JNEL)’YMX(JNEL)Q
: WNN(JINND s JYRS) s DNUMCJUNND ) sDSUM(JINND)

INTEGER%2 IN(O3+sUNEL)sYDsMDsLV(4,5)

DATA NDATE/—l/’NTOT/D/.NUUT/O/:NEL/O/,WELLS/O-0/9PAVG/860./,
X* Cl/147¢0/5C2/06707/ s NBLK/IH /4sNTREP/ O/

seos o READ NUMBER OF ELEMENTS, NUMBER OUF NUDESs INITIAL YEAR
AND FINAL YEARS
RZAD(5:+590) NE s NN IPREV 4 IEND

OO0

C
CeooeeRZAD NCDAL COCRDINATES,
READ(84510)(JaX(JU)sY(J)sK=1,NN)
IYRS=IEND-IPREV+1
C
Ceooo o READ CLEMENT CONFIGURATIONS .
10 READ(07,580) LV
DG 20 I=1,5
L=bVv(1l.1)
IF(L.LE.O) GO TO 39
NEL=NEL+
DO 20 JU=1,3
20 INCJSsL)I=LV(JI+L 91)
GO TO 10
30 IF(NEL.EQeNE) GO TO 40
WRITE(€,600) NEL,,NE
STOP
40 DO 50 I=1sNN
DNUM(i)=0,0
DSUM(1)=0.0
DO 50 J=1,1YRS
SO0 WNN(I,J)=0.0
C
Cooeo e DETERMINE MAXIMUM AND MINIMUM CCGRDINATES FOR EACH ELEMENT .
DO 70 L=1+NE
I=IN(1,L)
XMAX=X(1)
XMIN=X(1)
YMAX=Y(I)
YMIN=Y(I)
DO 60 JU=2,3
I=INC(J,L)
IF(X(I)aGTsXMAX) XMAX=X(1)
IF(X(1)eblTaXMIN) XMIN=X(1)
IF(Y(1)aGTeYMAX) YMAX=Y (1)
IFCY(I)eLToYMIN) YMIN=Y(I)
60 CONTINUE
XMNCL)=XMIN
XMX(L)=XMAX
YMN(L)=YMIN
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YMX{L)}=YMAX
70 WRITE(6,610) L’(IN(I’L)9l=1s03),XMN(L)gXMX(L)vYMN(L)'YMX(L)
C
CoosoeEBEGIN LOCATING WELLS WITHIN ELEMENTS.
80 NDATE=NDATE+L
90 L=0
C
CoeooeoREAD WELL CODRDINATESes INITIAL YEAR. AND REGISTERED DISCHARGES
READ(2+620+END=160) XWesYWsYDsREGeNREP
NTOT=NTOT+1
IYW=YD+13900
IF(IYWsGTLIEND) GO TO 80
IF(IYWeLTLIPREV) IYW=IPREY
100 Li=L+1
IF(LLeGT.NE) GO TO 120
DO 110 IL=LLaNE
L=1IL
IF(XWelLTaXMN(L)) GO TGO 110
IF(XWGT e XMX(L)) GO TO 1O
IF(YWaLTaYMN(L)) GO TC 110
IF(YWaGT s YMX(L)) GO TC 110
GO TO 130
110 CONTINUE
120 NOUT=NGUT+L

GO TO 90
130 CONT INUE
I=IN(1sL)
J=IN(2sL)
K=IN(3,L)
Cc
CoeoseosCALCULATE AREA COORDINATES FOR WELL LOCAT ION. IF ANY OF THE AREA
C COCORDINATES 1S LESS THAN ZEROs THE wieLL IS NOT LOCATED WITHIN THAT
C ELEMENT» A2 1S THE INVERSE OF THE ELEMENT AREA. Ale AJ AND AK
C ARE THE AREA COURDINATESS DNUM AND DSUM ARE USED TO DETERMINE THE
C AVERAGE ESTIMATED WELL DISCHARGE FOR THE NODE o
A2=X(I)*(Y(J)—Y(K))+X(J)*(Y(K)—Y(I))+X(K)*(Y(i)-Y(J))
IF(A2sLE :0,0) WRITE(6+540) L
A2=1.0/A2
AI=(XW*(Y(J)"Y(K))+X(J)*(Y(K)"‘YW)+X(K)*(YW—'Y(J)))*AZ
IF(A1.LTs000) GO TO 100
AJ=(X(I)*(YW—Y(K))+XW*(Y(K)—Y(I))fX(K)*(Y(I)‘YW))*AZ
iF(AJsLT.040) GO TO 100
AK=(X(I)*(Y(J)“YW)+X(J)*(YW-Y(I))+XW*(Y(I)-Y(J)))*AZ
IF(AKLT06,0) GO TO 100 M
1iYy=1YW-IPREV+]
C
Ceosoa ADJUST REGISTERED WELL DISCHARGE USING RELATIONSHIP FROM
C WATER-USE DATA ACCUMULATE THE D1SCHARGES ON A NODE BY NODE
C BASIS IN ORDER TO ESTIMATE AN AVERAGE WELL DISCHARGE ASSOCIATED
C WITH EACH NODE.
C

IF(REGeL.E«D.0) GO TO 140
OBS=Cl14C2%REG
DNUM(I)=DNUM(1)+Al
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DSUM(I)=DSUM(I)+AI*0BS
DNUM(J)=DNUM(J) +AJ
DSUM(J)=DSUM(J ) +AJ%*0BS
DNUM(K)=DNUM (K ) +AK
DSUM(K)=DSUM(K ) +AK*0DBS
C
CesesolF THIS IS A REPLACEMENT WELL, DO NOT ADD THIS TO NODAL TOTALS.
140 IF(NREP.EQeNBLK) GO TO 150
NTREP=NTREP+1
GO TO <0
150 WNN(IsIIY)=WNNC(IsIIY)+AI
WNN(Js IIY)=WNN(JSIIYI+AJ
WNN(Ks IIV)=WNN({KsIIY)+AK
GO TO 90
160 DNTOT=0.0
DSTOT=0.0
DO 190 J=1,NN
DNTOT=DNTOT+DNUM( J)
DSTOT=DSTOT+DSUM(J)
DAVG=0.0
IF(DNUM(J)eGT e0e0) DAVG=DSUM(J)/DNUM(J)
DSUM( J)=DAVG
DO 170 1=2,1YRS
L70 WNNCJSIDI=WNN(JIsID)+WNN(JsI—-1)
C
Coeess ROUND CUMULATIVE NUMBER OF WELLS PER NODE TC THE NEAREST TENTH.
DO 180 I=1+1YRS '
IW=WNN(Js1)%10
DEL=1IW
DEL=WNN(J,I)%10~DEL
IF(DEL eGTe0e5) IW=IW+1
180 WNN(J+I)=IW%0.1
190 WELLS=WELLS+WNN(JsIYRS)
1S=IPREV~-1901
c
CoeesoeWRITE CUMULATIVE TENTHS OF WELLS PER NODE FOR EACH YEAR TO
c UNIT FT10FO0O01.
DO 220 I=1+IYRS
I1C=0
I1S=1S+1
IST=1
1FI=25
200 IC=IC+1
DO 210 11=iSTs1IFI1
1J=11-1ST+1
210 INCLsIJ)=WNN(IIeI1)%10
WRITE(10s630) ISsICs(iN(1sK) K=1,1J)
IST=IFI+1i
IFI=IFI+25
IF(IST.GT«NN) GO TO 220
IF(IFI1.GTeNN) IFI=NN
GO TO 200
220 CONTINUE
NTOTD=DNTOT
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NLOC=WELLS

DAVG=DSTUT/DNTOT
WRITE(E+sS50)(IsWNN(IsIYRS)eI=10400)

WRITE(€+500) NTOT,NLOCsNOUT o NDATE+NTREP+«NTOTD . DAVG

c
CoesooWRITE AVERAGE ESTIMATED WELL DISCHARGE FGR EACH NODE
C TO UNIT FTO3F0O01.
WRITE(03,570) DSUM
WRITE(06,560)
WRITE(06+550) (1+DSUM(I)sI=1+NN)
RETURN
C

Ceeoe o INPUT AND OQUTPUT FORMATSS

500 FORMAT(1H1s'NUMBER OF WELLS READ ='.15+/% TOTAL WELLS IN NRD=%,
*¥15970° TOTAL OUT OF NRD =%315e/7" TOTAL LATER THAN 1977 =9,15,
/% TOTAL REPLACEMENT WELLS ='s15:/* TOTAL WITH REGe DISCa =%
%159/ °% AVGe DISCHARGE =?%4F10.0)

510 FORMAT (1492F1060)

520 FORMAT (1HOs10Xe17HINVALID CHARACTERZX9sAls5Xe 7THELEMENT.1I5)

530 FORMAT (1HOs 10X 25HINCOMPLETE DATA — ELEMENT.I5)

540 FORMAT (1HOs10Xe.*AREA OF ELEMENT °,13¢' NEGATIVE OR ZERO®)

S50 FORMAT (8(I5sF10e1))

560 FORMAT(11Xs'AVERAGE ESTIMATED WELL DISCHARGE FOR EACH NODEe?®+//)

570 FORMAT(20A4)

580 FORMAT(2014)

590 FORMAT(515)

600 FORMAT (L 1Xe*NUMBER OF ELEMENTS READ=!',]5, *WHILE NE=?,15)

€10 FORMAT(I14e5X93149i0Xe4(ZXsF10.7))

620 FORMAT(2A4+12+:A%+A1)

630 FORMAT(12+13225A2)
END
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PGM5~GENERATICN OF NATURAL RECHARGE, IRRIGATION WATER USE,
AND RETURN FLOW ESTIMATES

As mentioned in the main body of the report, the data collected
in the NRD by Eugene K. Steele, Jr., of the U.S. Geological
Survey served as a basis for estimating the quantity of ground-
water pumped for irrigation. These estimates are used in this
program to generate nodal values for irrigation water use.
Duration of pumping was determined from June, July, and August
precipitation. Well-capacity values determined in PGM4 were
used to estimate the total amount of water pumped for irrigation
by a well associated with that particular node. Potential recharge
was estimated from monthly precipitation data and mean monthly
evapotranspiration estimates. Potential irrigation return flow
was estimated in a manner similar to the estimate of potential
recharge with the addition of the estimated applied irrigation
water. An option is included which will allow the irrigation
discharges to be determined by allocation rather than historical

usage.
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3*
*

THIS PROGRAM GENERATES RECHARGE FROM PRECIFPITATION, <
IRRIGATION WELL DISCHARGE, MAXIMUM IRRIGATION RZTURN-L OW *
BASED UPON PRECIPITATION, AVEPAGE POTENTIAL TVAPOTRANSPIRATION, %
ROW CROP CZONSUMPTIVE USE AND WATER USE DATA AN ALLOCATION *
SCHEME MAY 3% SIMULATED BY SELECTING '}' AS THE VALUE FOR *

%

&

R R

'KOCA' FOLLDWED BY THE INCHES ALLUCATED FOR THE STASON.

#* 3

% 3 e obe ok e o e sk sk e s e sk e o sk sk o ok s A o sk s e s sfe sl 3 sk fesie ol s 3 o sk 3 o o s e o k3 ek ki %k e e e ok A eofe sk sk Sk ek
DIMENSION PIP(16,12)
CONV=1 /365025
IYEAR=O

TeseessREAD THE TOTAL NUMBER OF NUODES, NUMBER OF PREZIP STATIONS,

ALLOCATION COCE AND INCHES ALLOCATED FOR EACH PUMPING SEASON.
READ(05s 1000) NNsNPS,KODALAMT
WRITE(6,1002) NNyNPS,KODAAMT
END FILE 05
AMT=AMT*CONV
CLLL FORMI (NNsNPS,CONV,KDCA)
CALL PREI (NPS,CONV)

10 READ(O02,100!sZEND=60) PINCsIYsKS+sKFsAPUMP
IF(PINC.EQeDe0) GO TO 10

20 TF(IYWLEQ.IYEAR) GO TO 390
CALL PRECIP (IYZARLWIYLPIP)
GO TO 20

30 CALL ZERO (APUMP)
KDK=KF-KS+1
IF(KDK+LTe0) KDK=13-KS+KF
AMTM=AMT/KDK
K=0
KY=KS

49 IF(KYs.LE.12) GO TO S0
Ky=1
CALL PRECIP (IYEAR+1IYsPCP)

50 CALL FORM (KY,PCP,APUMP,AMTM)
K=K+1
KY=KY+1
IF(KeLTsKDK) GO TO 40
CALL QOUT (KDKsIYsPINCsAPUMP)
GO T0 10

€0 STOP

1000 FORMATI(3IS.,F10.0)

1001 FORMAT(F8el484,13:2X3134F10.1)

1002 FORMAT(L1Xs"NUMBER OF NODES :('+T€0sI10+/11Xs"NUMBER OF PRECIP®,
%' STATIONS 1',T60,110,/11X,'CODE FOR ALLOCATION (1) OR HISTORIC ',
HITENDANCY (0):1'3TH60+110s/711Xs'INCHES DOF ALLCCATION '4T60,F10.2)

END
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C-PRECIPITATION,

SUBROUTINE PREI (NPS,sCON)
DIMENSION PAVG(16,12),PCP(16,12)
KOD=0
CONV=CON
READ(O024+1000)(IMyJs (PAVG(JsK) sK=1,12),1I=1 4NPS)
DO 10 K=1ls12
DO 10 J=1.NPS

L0 PAVG(JsKI=ZCONVHPAVG{(JsK)
RETURN
ENTRY PRECIP (IYEAR,IY,PCP)
IF(KODJEQa.Ll) GO TO 490
READ( 024, 100045ND=30) (IYEAR s Js(PCP(JsK) s KZ1s12)sI=1,NPS)
DC 20 K=1s12
DO 20 J=1,NPS

20 PCP(JsK)=CONVHPCP(J,K)
RETURN

30 KOD=1

20 IYEAR=IY
DO 50 K=1,1%2
DO 50 J=1,NPS

50 PCP(J+KI=PAVG( JsK)
RETURN

1000 FORMAT(A4sI341Xsl2F6.2)

END
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C—-FORM RECHARGE,DISCHARGE & RETURN FLOW.

SUBROUTINE FORMI (NNsNPS,CONV,KODA)
DIMENSION PCP(16912)sFQ(200)sREPRE(400)sREPUM(400)sW(12),
* CL{2)4+4C2(2),C3(2).DISC(400)
INTEGER%2 NW(400),JSTA(400)
DATA W/olZva249066'103192.1494.2096082,6.6893.8291025,042,.18/,
* F1/2e0/3F2/7/1060/9SL/0e65/3CL/2662725e74/9C2/13928B9136697
* C3/998059862+0/:sDFACT/603248/
10 READ(08,1004) DISC
C
CosooeDFACT CONVERTS GPMs TO CFD/DAY
DO 20 I=1,NN
20 DISC(I)=DISC(I)}*DFACT
CONP=CONV&¥(1.-5SL)
Fil=F {*CONV
F2=F2%CONV
DO 30 I=t1,1l2
30 W(1)=W(I)*CONV

CessoesREAD STATION NUMBERS FOR EACH NODE.
READ(01+1000) (JsJSTA(J)sI=21,4NN)
END FILE 01
RETURN
ENTRY ZERO (APUMP)

DO 40 I=1sNN
NW(I)=0
FQ(I)=0.,0
REPRE(1)=0.0

40 REPUM(1)=0.0
IF(APUMP (NE.0+0) READ(O04,1001) NW
RETURN
ENTRY FORM (K,PCP,APUMP,AMT)
DO 80 I=1.NN
JS=JSTA(I)
T1=PCP(JS,K)

50 IF(T1eGT.F1)TL=F1
T2=PCP(JS+K)
IF(T2.GT.F2)T2=F2
Te=T2-F1
IF(T2.LT 0.0)T2=0,0
TL=TL+CONP#T2%%SL

60 P1=Ti-W(K)
IF(ploLTQOoO) Pl=0.0
IF(APUMP.LEL.0.,0) GO TO 80
IF(K«NEe7+AND+KNEL8) GO TO 80
IF(KODA.EQs1) GO TO 70
KK=K-6
PUMP=C L (KK )}=-C2(KK)*PCP (JS+6)~C3(KKI*PCP(JSsK)
IF(PUMP.LT+040) PUMP=0,0

c

CoeosssDISCHARGE (CFD) 1S EQUAL TO DAYS TIMES CFD/DAY.
PUMP=DISC(I)%*PUMP
AMT=PUMP / APUMP
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70 PLP=AMT+TL-W(K}-PL
IF{PLPeLTe060) PIP=0,0
FQUI)=FQ(I)+AMTRAPUMP
REPUM(I)=REPUM(TI)+PLP

80 REPRE(I)=REPRE(I)+P1
RETURN
ENTRY QOUT (KDKsIYPINC,APUMP)
FACT=1 o/KDK
FSUM=0,.0
RPRE=040
RPUM=0 .0
DO 90 I=1,NN
FQ(I1)=FQ(I)%FACT
REPRE(I)=REPRE(I)%FACT
REPUM(I)=REPUM(I)%FACT
FSUM=FSUM+FQ{( 1)
RPRE=RPRE+REPRE(I)

90 RPUM=RPUM+REPUM(I)
WRITE(07,1002) 1IYsPINCsAPUMP
WRITE(O7,1003)(1I,REPRE(I)REPUMII)ZFQ(I)sNW(I)sI=1,4NN)
FSUM=FSUMXPINC/ NN
RPRE=RPRE%XPINC*12/NN
RPUM=RPUMKPINC*12/NN
WRITE(06+1005) IYsPINC,APUMP sRPREsRPUM,FSUM
RETURN

1000 FORMAT(I3:42X+15)

1001 FORMAT(0S5X,25A2)

1002 FORMAT(1X,3A4)

1003 FORMAT(I4+3A4,2X5A2)

1004 FORMAT(20A4)

1005 FORMAT (L 1IXs'YEAR:IY9A4, IPSELD+3)
END /
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PGM6-FORMATION OF NET FLUXES

The simulation program requires that recharge, discharges,
and return flows be added algebraically to form a net discharge
for each node. Flux in addition to that calculated during PGM5
may be incorporated during this program. These additional fluxes
may include municipal or industrial use, artificial recharge,
or similar fluxes that may be estimated without knowing the
head in the aquifer. Flux components sensitive to head must be
incorporated into the numerical simulation program. Aquifer-stream
flux and constant-gradient boundary flux are calculated within
the simulation program for this reason. The added flux may be
constant (steady) or vary with time. In the event that discharge
periods and added flux periods do not coincide (for the time
variant case), additional net discharge periods will be formed
in order to merge the discharge and added flux periods. The
resultant output data set is compatible with the input requirements
of the numerical simulation program. Printed output consists of
summary information for the discharge periods and for any added

flux periods.
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—PGMG*************************#****************************************

* PROGRAMMED BY RALPH CADY *
* CONSERVATION AND SURVEY DIVISION *
* UNIVERSITY OF NEBRASKA %*
* LINCOLNs NEBRASKA, 68588 *

**************************#***#****************************#**********

******#*******#************#******************************************

* *
* THIS PROGRAM GENERATES THE NET DIiSCHARGE VALUES FOR EACH NODE *
* BASED UPON INPUT VALUES FOR RECHARGEs IRRIGATION WITHDRAWAL . *
* IRRIGATION RETURN FLOW AND ANY ADDITIONAL FLUX FOR THAT NODE e %
% RECHARGE AND RETURN FLOW ARE DELAYED UNTIL THE FOLLOWING PERIOD %
* GF DISCHARGE IF THE DURATION OF THE PERICD IS LESS THAN 100 DAYSe%
* ADDITIONAL FLUXES MAY BE INCLUDED IN THE NET FLUX BY SPECIFYING =%
* THE NODE NUMBER AND THE FLUX (DISCHARGE 1S NEGATIVE) ONE NODE AT x%
¥ A TIME. THE FLUX MAY BE STEADY UK VARY WITH TIME DEPENDING UPON %
* THE OPTION SPECIFIEDs THE DURATIUN GF THE PERIOD FOR THE ADDED %
* FLUXES 1S REQUIRED IF STEADY FLUX IS NOT SPECIFIED. *
* *
* *
% INPUT CARDS: FIRST CARD~ RIGHT JUSTIFY THE NUMBER OF NOD&S 1IN *
* COLUMNS L1—4, IF THE DISCHARGE VALUES %
* FOR THe CONSTANT HEAD NUDES ARE NOT *
X% DESIRED ENTER A '1' IN COLUMN 8, *
* THE CONSTANT HEAD NODE DISCHARGES ARE %
* NOT REQUIRED FCR INPUT TO THE ROUTINE %
* WHICH PERFORMS THE SIMULATION. *
* SECOND SET—- CONSTANT HEAD NUDES, ONE BLANK FIELD =
* MUST, BE INCLUDED TU END THIS SET. ¥
* A BLANK CARD MAY REPLACE THIS SET IF *
* THERE IS NOT A *1' IN COLUMN 8 OF *
* THE FIRST CARD. *
% THIRD SET ~ NEEDED JF THERE WILL BE ADDED FLUXES. %
* SPECIFY *YES * IN COLUMNS 1-4 IF THE *
%* ADDED FLUXES WILL NOT VARY WITH TIME., %
* SPECIFY *NC ¢ IN COLUMNS 1-4 IF THE *
* ADDED FLUXES WILL VARY WITH TIME. *
¥* FORTH SET - THE FIRST CARD WILL CONTAIN *TIME=?® N %
* COLUMNS 1-~S FOLLOWED BY THE DURAT ION *
* OF THE FLUXES IN DAYS LOCATED 1IN *
* COLUMNS 11-25s THE REMAINDER OF THE *
* SET CONSISTS OF THE NODE CARDS. ThE *
* NODE NUMBER ]S LOCATED RIGHT JUSTIFIED %
* IN COLUMNS 6~10 FOLLOWED BY THE ADDED %
* FLUX (DISCHARGE NEGATIVE) IN COLUMNS *
* 11-25, *
* *
* IF THERE ARE ADDITIONAL PERICDS OF ADDED FLUXs REPEAT THE FORTH *
A .CARD SET UNTIL THE LAST FLUX PERIOD IS SPECIFIED %*
*********************************#**********#*************************

DIMENSION PK(400)+ANODE(400) oFQ(400) ¢ DL(400)+DSET(400)+FQ0(400)
INTEGER#%2 NUM(400)+LR(400)sLRT(20)
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COMMON NNoTFLXe TDUReKCDRKODSTTOT
DATA PTIME/040/+AREAZ0 40/ sCONV/ 1200/ sKLDC/ O/
TTOT=060
READ(5+200) NN,y IDUM
IF(IDUMCEQsl) KODC=1
WRITE(06+210) NNKODC
DO 10 I=L1sNN
DSET(1)=0.0
10 LR(I)=0
C
CeoosoREAD IN THE CONSTANT HEAD NODES.
20 READ(5+200) LRT
DG 30 I=1,20
II=LRT (1)
IF(I1.LE.O0) GO TO 40
IiF(KODCeEQel) LR(II)=1
30 CONTINUE
GO TO 20
C
CeoseeINITIALIZE ADDED FLUX PARAMETERS 1IF ANYo.
40 CALL ADFLX1 (DSET)
C
CooooeREAD NODAL CONTRIBUTING AREAS AND RECHARGE FACTORS.
50 READ(01+4220)(1 ANODE(I)ePK{I)esJ=1sNN)
END FILE 01
DO 60 I=L1+NN
FQ(I1)=0.0
IF(LR(I).NE-O) GO TO €60
AREA=AREA+ANODE(I)
60 CONTINUE
C
CooeeeREAD SIMULATION YEARs DURATION OF FLUX PERIGCD AND IRRIGATED AREA
C PER WELL IF THIS IS AN IRRIGATION PERICD.
70 READ(O02+230+END=110) IYRTDISAPUMP
TQE=TTCT+TDI1S
KODP=0
IF(APUMP .GT.0.0) KODP=1
RESUM=0.0
RFSUM=040
WELSUM=0,0
NWELLS=0
DO 80 I=1sNN
C
CoseseREAD NODAL FLUX PARAMETERS (COMPUTED DURING PGMS).
READ(02+250) JsREPREsREPUMsDISCHsNUM(J)
IF(LR(J)sNEeO) GO TGO 80
NWELLS=NWELLS+NUM(J)
WELLS=DISCHXNUM(JI*0.l
WELSUM=WELSUM+WELLS
FQ(J)=—WELLS+DL(J)*PTIME/TD]IS+DSET(J)
DLCJ)=PK(J)*XREPREXANCDE(J)
RESUM=RESUM+DL (J)
DUM=PK (J ) ¥REPUMXAPUMPXNUM(JI%0a 1
DL(J)=DL(JI+DUM

116



RFSUM=RFSUM+DUM
C
CoesoslF TIME PERIUD IS LESS THAN 100 DAYS DELAY RECHARGE AND
C IRRIGATIUN RETURN FLOW.
IF(TDISeLT-100.0) GO TC 80
FQUJI=FQEU)+DL(J)
DLCJI=0,0
80 CONT INUE
NWELLS=NWELLS%0610
AWELLS=NWELLS*APUMP
PUSUM=WELSUM
IF(AWELLS+EQeO0+) AWELLS=1,00
WELSUM=TDIS*CONV*WELSUM/AWELLS
REFLOW=TDIS*CONVHRFSUM/AWELLS
REINF=TD IS*CONV*RESUM/AREA
WRITE(6+260) IYR-TDIS:RESUM-REINF'RFSUMoREFLOWnPUSUMoWELSUM.NWELLS
PTIME=TDIS
C
CoeeoooREAD ADDITIUNAL FLUXES IF NECESSARY e
90 IF(TTOT<EQeTFLX) CALL ADFLUX
TMIN=TQE
TDUM=TFLX+TDUR
C
Ceesee ADJUST DURATION OF PERIOD IF NECESSARY FOR ADDED FLUXES.
IF(TMINe GT.TDUM.AND eKODReNE s 4) TMIN=TDUM
TIME=TMIN-TTOT
DO 100 I=1eNN
100 FQO(CIX=FQ(I)+DSET(]1)
WRITE{3+240) TTOT,1YRs APUMP
WRITE(3.270) FQO
IF(KODP.EQsl) WRITE(4280) NUM
TTCT=TTOT+TIME

C

CeeooolF PERIOD WAS ADJUSTED FOR ADDED FLUXESs CREATE ADDITIONAL

C PERIODS TO COMPLETE THE DURATION OF THE DISCHARGE PERIOQOD.
IF(TTOT.LTTQE) GO TC 90
GO TQ 70

110 WRITE(329240) TTOToIYRsAPUMP

STOP

C

Cooeee INPUT AND OUTPUT FORMATS:
200 FORMAT(2014)
210 FORMAT(1HL.10Xe "NUMBER OF NODES29¢I5s/11Xe"KODC IS SET TO ®slls

RIS/ 42K *TOTAL * o /11 X ' PUMPING TOTAL AVERAGE T
X *RETURN AVERAGE TOTALY 4 /6Xe "YEAR PERIOD RECHARGE ¢,
*¥*RECHARGE FLOw RETURN PUMPAGE AVERAGE"*,

*SXe *TOTAL NUMBER OF WELLS® o /723X e 'RATE ' 416X,
¥IRKATE® 66X "FLOW' 66X o "RATE® 94X CPUMPAGE "o/ 12Xe *(DAYS) * 4
#3(5Xe " (CFD) (INeo)?))

220 FORMAT (14e52X02E1063)

230 FORMAT(15:2A4)

240 FORMAT(F2004+150,F20s1)

250 FORMAT(I14+3A4+2X+A2)

260 FORMAT(S5Xe1441P7E1063120)
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270 FORMAT(20A4)

280 FORMAT(40A2)

290 FORMAT(IS+EL10.0)
END
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C—~ACDITIONAL FLUXES.
SUBROUTINE ADFLXI (DSET)
DIMENSION DSET{(NN)
COMMON NNsTFLXs TODURSKLDRsKODS»TTOT
OATA YES/4HYES Z/sTCHAR/Z4HTIME/
KODR=0
TFLX=0.0
KODS=0
READ(5+ L 00+END=30) STEADY
IF(STEADY.EQW.YES) KODS=1
WRITE(79110) STEADY.KGDS
IF{KODS) 10+190,20
10 READ(S5+i203 DUMIDUMsTDUR
20 RETURN
30 KODR=1
RETURN
ENTRY ADFLUX
IF(KODR+EGel) RETURN
DO 40 I=1sNN
40 DSET(I)=0e0
DTOT=0,0
I1ITOT=0
50 READ(59120+END=70) DUMe IDUMs VALUE
IF(DUMNETCHAR) GO TO 60
IF(KODSeEQ.l) GO TO &0
TFLX=TFLX+TDUR
TDUR=VALUE
WRITE(70130) TFLXWITOTLOTOT
WRITE(7+140) TODUR
IF(TFLXeLES.TTOT) GO TO 50
RETURN
60 DSET(IDUMI=VALUE
ITOT=1IT0T+1
DTCOT=DTOT+VALUE
GO TO S0
70 WRITE(74130) TFLX.1ITOTHLDTOT
KODR=1
RETURN
C
CesoaeINPUT AND OUTPUT FORMATS:
100 FORMAT(A4)
110 FORMAT(/11Xe *STEADY FLUX? 'eA4e's KODS ='512)
120 FURMAT(A431Xs159G1Se0)
130 FORMAT{Ll1Xe'STARTING TIME =!,1PEL10«3s° WITH *o14+" NODES WITH A ¢
#'CUMULAT IVE RECHARGE = *+E10.3)
140 FORMAT(11Xe'DURATION OF PERIOD = '21PE10.3)
END

119



PGM7~SIMULATION OF PROJECTED IRRIGATION DEVELOPMENT

The purpose of this program is to generate the array containing
the number of.irrigation wells associated with each node based
upon various development constraints. Input consists of the
historical array of wells per node, contributing area for each
node, starting and ending years for output of number of wells
per node, maximum allowable well density, well develoment rate,
and maximum level of development over the present level. If
the simulation time period includes years with hisﬁorical data,
those data are included in the output array. Development commences
with the earliest year without historical data. The latest
historical data are used as the base for the development process.
For each successive year, the development rate is multiplied by
the nodal areas to obtain the number of new wells each year for
each node. This number is added to the number of wells for
each node. 1In the event that the number of wells for any node
exceeds the product of the maximum well density and the nodal
area, the number of wells is reduced to the product and the
node shut off from further development. The other restraint
requires that the number of wells associated with any node not
exceed the product of the latest historical number of wells and
the maximum development level multiplier. This is necessary in
order to restrict the development which would otherwise be forced
in areas that historically have been shown to be incapable of
supporting high-capacity irrigation wells.

Output from this program is used as input to PGM5 for generating

the recharge, discharge, and return-flow valués.
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—PGM?*#****************#?**#**#*#*#**#*********#*******#***#****#*#*#**
* PROGRAMMED BY RALPH CADY . %*
* CONSERVATION AND SURVEY DIVISION *
¥ UNIVERSITY OF NEBRASKA ¥*
* LINCOLN, NEBRASKA, 568588 *
****#****#$*##*#******###**###*****#*##**#&************#***#*##**#****
**#*##*****************#***************#************#*********#******#

*
THIS PROGKAM GENERATZS THE ARRAY WHICH CONTAINS THE NUMBER OF %
IRRIGATION WELLS ASSOCIATEC WITH LACH NODE FDR VARIQUS *
HYPOTHET ICAL DEVELOPMENT SCHEMES. INPUT CONSISTS OF TYHE *
HISTORICAL IRRIGATION WELL DATA, DEVELUPMENT RATE, MAXIMUM %
WELL DENSITY AND MAXIMUM DEVELOPMENT LEVEL OVER PRESENT LEVEL. %*

*

*

LR K R I K

C
C
C
<
C
C
C
C
C
C
C
C
<
C
<

********#**###*********##**##***#$**#***#***#**************#*********
DIMENSION AREA{400)
INTEGER*2 NW{400),.NO(400)
DATA NN/400/+sKODW/0/eATOT /70007
CONVA=12/(5280%5280s )
C
CossesREAD STARTING YEAR, ENDING YEAR, MAXIMUM DENSITY {WELLS/SECTION) »
C WELL DEVCLOPMENT RATE (WELLS/SECTION/YEAR)» AND THE MAXIMUM
C DEVELOPMENT CVER THE PRESENT FOR EACH NODE (DIMENSICNLESS).
READL05,1005) IY¥YS,IYF,DOMAXsDINCDEVM
READ(04,1004) AREA
DO 10 I=1sNN
10 ATOT=ATOT+AREA(I)
ATOT=ATOT *CONVA
WRITE{€+1010) IYSSsIYFsOMAX:DINC DEVM, ATUT
DINC=DINC*CONVA%X10.,
DMAX=UMAXXCUONVA%X10.
CO 90 I1YR=IYS,IYF
NSUM=)
IFIKCGDUW.EQel) GO TO 50
20 READ{ U35 1001,END=30) IYWS(NW(I)»I=1+25)
READ( G391 003 ) (NW{I)»I=265NN)
IYWw=1900+IYWw
IF{IYW.NELIYR) GU TO 20
GO TO 70
30 KODw=1
DO 40 I=1,.,NN
40 NOL{II=NW{IIRDEVM
50 DG 60 i=1sNN
WMAX=DMAXXAREA{]I)
IFINOL{I) oL ToWMAX) WMAX=NO{I)
NW{I)=NW({I)+DINC¥AREAL{I)
IF{NW{I)aGTWMAX) NW{1l)=wMAX
60 CONTINUE
70 DO 80 I=i1sNN
80 NSUM=NSUM+NW{TI)
NSUM=0e1 ¥NSUM
AVGN=NSUM/ZATOT
WRITE(6+1006) IYRsNSUMIAVGN
90 WRITE(7,1003) Nw
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STCP

1001 FUORMAT(I2s3X»25A2)

1003 FORMATISX,25A2)

1004 FORMAT{(S6X2E10,.3)

1005 FORMAT{215+3F10.01}

1006 FORMAT(11X,14,' TOTAL # OF WELLS = " ,110+' WHICH = *,F10.2»

%Y WELLS PER SECTIUNW?')

1010 FORMAT{11X,"STARTING YCAR: ' +15Xs15s/11Xs "ENDING YEARI ' 18X, 15,
X/41Xo "MAXIMUM WELL DENSITY:'34Xe1PEL10e3+! WELLS/SECTION."2/11Xs
®OWELL DEVELOPMENT RATEI'+3X,E1063+,°% WELLS/SECTICNA/YRL T4 /11X,

X IMAXIMUM DEVELOPMENT?! /11X, *OVER HISTORICI' 213 X+E10e35711X5
¥t MCDELED AREAI '3 12XsEL10e30//777)
£END
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APPENDIX 2

Simulated Water levels

Simulated water-level declines from Spring 1975

Simulated elevation of water level above base of aquifer

Elevation of water level above base of aquifer, Spring 1975
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SIMULATED WATER LEVELS
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SIMULATED WATER-LEVEL DECLINES FROM SPRING 1975
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SIMULATED ELEVATION OF WATER LEVEL ABOVE BASE OF AQUIFER
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scheme 04 conditions, Spring 2000.

Figure l7e.--Simulated elevation of water level, in feet above base of aquifer, under
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in feet above base of aquifer, under
Spring 2000.

scheme 09 conditions,

Figure l70.--Simulated elevation of water level,
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ELEVATION OF WATER LEVEL ABOVE BASE OF AQUIFER, SPRING 1975
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of water level in feet above base of aquifer, Spring 1975.

18.--Elevation

Figure
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