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INTRODUCTION

Purpose and Scope of Investigation

The purpose of this report is to document the development of

the Management Evaluation Model for the Edwards aquifer and provide

users of the model with the necessary information to simulate a

variety of management scenarios.

The management of the Edwards aquifer has been discussed on an

ongoing basis for many years and continues to be a topic of

discussion in the San Antonio region, as well as other areas. The

Texas Water Commission became involved in late 1989 as a mediator/

negotiator in discussions with the regional interest groups.

The water level in the J-17 index well, located at Fort Sam

Houston in San Antonio, declined to 622.7 ft above Mean Sea Level

(MSL) during the summer of 1990, which was the lowest level

recorded in the well since the "drought of record" in 1957. The J­

17 index well, an observation well, has been used to monitor water

levels in the Edwards aquifer since the early 1960's. The CY-26

observation well, which was located near J-17, was used as the

index well from 1933 until 1963.

The low water levels enlivened the discussions and emphasized

the need for a comprehensive plan to manage aquifer development and

use. As a result of the these discussions, many different



management concepts were suggested by different concerned parties

but no means were available to compare them. This created the need

for a tool capable of evaluating any proposed management plans.

The model was developed to meet this need and to provide a means

for evaluating the relative impact of different management

scenarios on the aquifer.

Physiographic and Hydrologic Setting

The Edwards aquifer in the San Antonio region lies within two

physiographic provinces, the Edwards Plateau and the Gulf Coastal

Plain. The catchment area for most ·of the recharge lies within the

Edwards Plateau, where recharge takes place to the Edwards-Trinity

aquifer. Ground water in the Edwards Plateau moves southeastward

and, unless withdrawn, discharges as springflow near the southern

end of the plateau. The resulting streams flow southeastward

across the eroded surface of the Glen Rose Formation, until

reaching the updip outcrop of the Edwards (Balcones fault zone)

aquifer, where recharge into the aquifer takes place. The water

then flows downdip toward the confined portion of the aqui fer,

where water movement is principally to .the east and northeast.

Major discharge points are located in the eastern areas of the

aquifer at Comal Springs and San Marcos Springs,

The aquifer extends for approximately 180 miles and varies in

width from 5 to 40 miles (Figure 1). It's eastern and western

boundaries are marked by ground-water divides in Hays County and

Kinney County, respectively. The northern boundary occurs along

- 2 -
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the faulted outcrop of the aquifer and generally coincides with

the Balcones Escarpment. The aquifer extends south to the "bad­

water" line, an arbitrary boundary represented by a total dissolved

solids (TDS) concentration of 1,000 milligrams per liter (mg/l).

South of the "bad-water" line, TDS values increase rapidly as

transmissivity values decrease.
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HYDROGEOLOGY

Stratigraphy

In the San Antonio region, the Edwards aquifer consists of

Lower Cretaceous reefal, shallow marine, and lagoonal deposits.

The Edwards aquifer is underlain by the Glen Rose Formation, which

is a limestone, in part shaley with minor amounts of dolomite. The

upper confining unit is the Del Rio Clay. The stratigraphic

nomenclature for the area was first developed by R.T. Hill (1891)

and was later modified by Rose (1972). Rose (1972) elevated the

Edwards Limestone to group status and subdivided it into two

formations; the lower formation was designated the Kainer

Formation, and the upper was named the Person Formation.

Within the San Antonio region are three distinct depositional

provinces; the Maverick Basin, the Devils River Trend, and the San

Marcos Platform. The Kainer, Person, and Georgetown Formations are

found on the San Marcos Platform and are stratigraphically

equivalent to the Devils River Limestone, found in the Devils River

Trend. The West Nueces, McKnight, and Salmon Peak, Formations in

the Maverick Basin are also stratigraphic equivalents to the

. 5 "



Kainer, Person, and Georgetown Formations. Figure 2 provides a

correlation of stratigraphic units within each of the three

depositional provinces as described by Rose (1972).

Structure

The geologic structure of the Edwards Group and Associated

Limestones of the Edwards aquifer is characterized by a seri~s of

parallel trending normal faults, which separate distinct fault

blocks. The faults trend predominantly in a east-northeasterly

direction and are downthrown to the south and southeast.

Ass'ociated fractures trend.in' both northeasterly and northwesterly

directions. Maximum fault displacement is reported to be 600 feet

at the Comal Springs fault, with fault displacement averaging 200

feet to the west in Medina and Uvalde Counties (Klemt and others,

1979) .

Hydrology

The Edwards aquifer is bounded on the north by the northern

edge of the Balcones fault zone and the southern boundary is marked

by the downdip limit of the occurrence of fresh water, known as the

"bad-water" line. This arbitrary southern boundary is usually

represented by a isoconcentration line of 1,000 mg/l total

dissolved solids and commonly coincides with a reduction in

transmissivity south of the boundary. The eastern extent of the

Edwards aquifer in the San Antonio region is represented by a

ground-water divide north of Kyle in Hays County. A similar

- 6 -
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boundary occurs in the west, near Brackettville in Kinney County.

Both confined and unconfined conditions exist within the

Edwards aquifer. The unconfined portion is located in the northern

area of the aquifer, where the Edwards Group and/or the Georgetown

Formation or stratigraphically equivalent rocks are exposed at the

surface. The majority of the recharge to the aquifer takes place

in this area, with insignificant amounts of underflow from the Glen

Rose Formation. Within the "recharge zone" or unconfined port'ion

of the aquifer, approximately 80% of the total recharge is

estimated to occur along major drainage systems which cross the

area (Maclay and Small, 1986). The remaining recharge from this

area is the result of direct infiltration on interstream areas.

For the period of record, 1934 - 1988, the annual recharge has

averaged 635,500 acre-feet. The confined portion of the aquifer

occurs downdip of the recharge zone and extends southward to the

"bad-water" line. Most of the discharge occurs wi thin the confined

portion of the aquifer as pumpage and spring flow. Discharge

includes all water which leaves the aquifer, such as spring flow,

artesian well flow, withdrawal (pumpage), and interaquifer leakage.

The main pumpage centers are located at municipalities such as San

Antonio, New Braunfels, San Marcos, and Uvalde, and in western

areas where pumpage for irrigation takes place on a less localized

basis. The main springs are Leona Springs in Uvalde County, San

Pedro and San Antonio Springs in Bexar County, Comal and Hueco

Springs in Comal County, and San Marcos Springs in Hays County.

The locations and spill elevations for the springs are shown in

·8·



Figure L

Water recharging the aquifer in the north flows principally

southward until reaching the confined portion of the aquifer, where

it then flows in a easterly direction. Closer inspection of water

levels indicates that in local areas, faults act to redirect ground

water and restrict flow from the recharge area to the confined

portion of the aquifer. The structural complexity affects water

movement more in the unconfined portion of the aquifer than in the

confined areas, where hydraulic gradients are relatively flat and

transmissivities are very large. The aquifer can be divided into

three distinct areas or "pools," based on water levels (Figure 3).

Transmissivity values for the Edwards aquifer are difficult to

quantify due the nature of the limestone aquifer. Each of the

different members which comprise the Edwards Group display

different porosity and permeability characteristics. An estimate

of transmissivities was suggested by Maclay and Small (1986) to

range from 200,000 square feet per day to 2,000,000 square feet per

day.

Specific yields and storage coefficients have also been

estimated from previous work on the Edwards aquifer. Maclay and

Small (1986) estimated the storage coefficient to range from about

.0001 to .00001 and the specific yield to be 3 percent. Prior

studies by Klemt and others (1979) suggested storage coefficients

ranging from .0004 to .0008, and they used specific yields of 6

percent for model applications.

The structural grain of the aquifer has contributed to the

- 9 -
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development of a pronounced anisotropy, which is characterized by

larger transmissivities in a east-northeasterly direction. These

large transmissivities are probably the result of solution

enlargement along fractures and faults which trend in a east­

northeasterly direction.

Heterogeneity in the aquifer occurs as the result of the

varying porosity and permeability in the different stratigraphic

members and the displacement of individual members along faults.

This is the primary cause of abrupt water level changes across

faults in the unconfined portion of the aquifer.

- 11 -



MATHEMATICAL BASIS FOR COMPUTER MODEL

The starting point for the development of the Management

Evaluation Model for the Edwards aquifer was an existing ground-

water model called PLASM (Prickett-Lonnquist Aquifer Simulation

Model) . PLASM is a finite difference model which simulates two

dimensional nonsteady-state ground-water flow in a nonhomogeneous

anisotropic aquifer. The partial differential equation which r

describes this flow is as follows:

sa h + 0a t

where

Q = net ground-water withdrawal rate per unit area
T transmissivity
S = storage coefficient
h = head
t = time
x,y = rectangular coordinates (Prickett, Lonnquist, 1971)

Since no general solution exists for this equation, a numerical

technique must be used. The modeled area of the aquifer is

represented by a rectangular grid, each cell of which is assigned

the characteristics (transmissivity, storage coefficient,

thickness, etc.) which describe the portion of the aquifer that it

represents. The computer code of the PLASM model applies a finite

difference implicit numerical representation of the above partial

- 13 -



differential equation for each cell of the grid. An iterative

modified alternating direction procedure is used to solve the

resultant array of simultaneous equations.

The version of PLASM, which was the starting point for the

model development, was written by Thomas A. Prickett & Associates

in February of 1988. It is an interactive version designed

especially to be used on a microcomputer. The model is distributed

with its BASIC source code, to allow customization. Some other

features of the model include the ability to simulate either

confined or unconfined conditions, to take into account variable

pumpage rates and leakage, and to represent no-flow and constant

head boundaries.

PLASM has over the years become a widely used and accepted

ground-water model. Its combination of simplicity and elegance

makes it suitable for a wide variety of problem solving

applications.

- 14 -



MANAGEMENT EVALUATION MODEL FOR THE EDWARDS AQUIFER

MOdifications to PLASM Program

It was necessary to modify the PLASM code due to the unique

characteristics of the Edwards aquifer and in order to allow the

simulation of a variety of ground-water management plans. The

first modification to the original PLASM code was to allow the

simultaneous simulation of both unconfined and confined conditions.

To simulate the Edwards aquifer, it was also necessary to

incorporate the ability to simulate spring discharge. Further

modifications included the replacement of the original user

friendly interface with a fixed model data base and a new interface

which allows the simultaneous simulation of several different

management options.

The Edwards aquifer is subject to large seasonal fluctuations

which necessitate the ability to use seasonal data so as to

simulate· these fluctuations. It was decided that it was most

practical to handle the historical data on a quarterly basis. Most

of the data is reported annually, but can be distributed seasonally

and thus is best represented on a quarterly basis. Some historical

data is available on a monthly basis, but to simulate on a monthly

basis would exceed the limitations of most of the available data.

- 15 -



The original user friendly interface which allowed entry of

basic data was eliminated since the model has data files which are

unique to it and rarely need to be changed. PLASM utilizes one

data file, but in the Management Evaluation Model this file was

split into two separate files, one which describes the hydrologic

nature of the aquifer and another which contains the historical

data (i.e., recharge and pumpage).

The program was adapted further by adding the capability to

model the flows of Comal Springs and San Marcos Springs. This was

accomplished by incorporating equations which calculate spring

discharge for the cells in which the springs are located. The

equations are based on the historical relationship between the head

in a well near each spring and spring discharge.

The original PLASM code, which is able to simulate either

confined Or unconfined conditions, was altered to handle both

confined and unconfined conditions simultaneously. This was

necessary due to the hydrology of the aquifer, which is

characterized by an unconfined recharge zone and a downdip confined

zone.

Fundamental to the Management Evaluation Model, are the

mOdifications which allow simulations of a variety of management

scenarios. The management plans commonly suggested included some

combination of (1) drought management, (2) conservation reduction,

and (3) aquifer storage and recovery (ASR) The various discussed

drought management plans call for reductions in usage as aquifer

water levels decline to predetermined levels. The model has the

- 16 -



capability of reducing withdrawal rates as a function of

predet&rmined water levels at the index well, thus simulating a

drought management plan (DMP). Conservation reduction refers to

reduction of long-term ground water use. The model simulates

conservation reduction through reducing maximum allowable pumpage

linearly over a specified number of years toa set limit. An ASR

program provides for withdrawal of water from the aquifer during

high recharge years for storage in a nearby aquifer and later

recovery during low recharge years. The model allows this

additional pumpage when the water level in the J-17 index well

exceeds a specified trigger level. This option also provides the

ability to increase pumpage over the historical pumpage which is

specified in the historical data file. The historical data file

contains withdrawals for the years 1981 - 1986 repeated, thus

estimating current pumpage demands. In order to increase pumpage

demands, 'without altering the historical data file, choose a

trigger water level at a sufficiently low level as to allow the ASR

option to operate during the entire simulation. This allows the

user to increase the stress on the aquifer by a fixed amount 6f

pumpage beyond the historical value. During periods when both a

drought management plan and conservation reduction plan are in

effect, the model chooses the lowest maximum pumpage from the two

plans. Historical withdrawal could be less than either of the. two

maximums from the management plans, in which case the model uses

the historical pumpage.

A new user friendly interface was created to allow for ease in

. 17 -



selecting management options and inputting· the parameters which

define the scenario. A data file called MANAGE.DAT is created to

save the selected options for future simulations with the same or

similar scenarios. The MANAGE.DAT file is automatically called

into memory when the program is initialized and may be altered if

desired through the user friendly interface. This reduces

duplication of effort by avoiding reentry of unaltered data. A

detailed explanation of the data entry procedure is provided in

Appendix A and a complete listing of the computer code is shown in

Appendix B.

Model Development

The model was developed to run on IBM compatible machines with

a 286 microprocessor and 287 math coprocessor in a reasonable run

time. However, it would be better to have a computer with a 386

microprocessor, 387 math coprocessor, and 20 megabyte hard disk

storage. This configuration is capable of providing model run

times of 1.5 hours with 55 years of data (1934 - 1988).

The model grid consist of 6 rows and 33 columns, each cell

thus formed representing an area of 25 square miles (Figure 4).

The number of grid cells was purposely kept to a minimum so as to

avoid excessively long run times. In order to minimize the number

of grid cells, the Edwards aquifer was projected as a rectangular

area. This also aligned the trend of the major faults and

hydrologic conduits along an axis of the model grid, which

facilitated the representation of an anisotropic aquifer. All

- 18 -
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model boundaries are considered to be no-flow boundaries, as

insignificant inflow or outflow is believed to take place across

these boundaries.

A separate data file, EDWARDS.PLA, was created to contain all

of the hydrologic data required by the program. Initial values for

transmissivity, hydraulic conductivity, storage coefficients, water

levels, and the elevation of the bottom of the aquifer were adapted

from the Texas Department of Water Resources Report 239. The

necessary modifications were made through model calibration.

Historical Data

In the model, the historical data is contained in a separate

file called HISTORY.DAT. This data set consists of recharge values

for the Edwards aquifer from 1934 to 1988. For a detailed

discussion on the structure and contents of the HISTORY.DAT file

see Appendix C.

Recharge values were obtained from historical data, which

consist of annual recharge figures for the drainage basins that

transect the recharge zone. The recharge zone in the model is

divided into 3 separate areas; west, central, and east. The

western area consists of the Nueces-West Nueces River Basin, Frio­

Dry Frio River Basin, Sabinal River Basin, and the area between the

Sabinal River and the Medina River Basin. The central area consist

of Medina Lake and the area between Cibolo Creek and Medina River

Basin. The eastern area is represented by the Cibolo-Dry Comal

Creek Basin and the Blanco River Basin. Annual recharge was

- 20 -



divided quarterly according to the annual distribution of

precipitation in each of the three areas, as measured in 1953 ~

1971. The percentages used for the quarterly recharge values are

displayed in Table I.

TABLE I

Recharge Distribution

"i
I

Area

West
Central
East

First Second Third Fourth
Quarter Quarter Quarter Quarter

15% 31% 31% 23%
19% 29% 29% 23%
22% 32% 22% 24%

The HISTORY.DAT file contains pumpage data for the years 1981

- 1986, repeated. This allows the model to evaluate the effect of

different management scenarios given current pumpage demands and a

repeat of the "drought of record."

Pumpage data is reported annually for each county and requires

assumptions to be made in order to arrive at quarterly values. For

the western counties, Uvalde and Medina, irrigation is the

predominant use and occurs mainly during the two summer quarters,

April through September. It was estimated that 70% of the annual

withdrawal occurs during this time period (35% per quarter), thus

30% of the withdrawal was assumed to take place during the two

winter quarters (15% per quarter). For the central and eastern

counties (Bexar, Comal and Hays) a more even annual distribution

- 21 -



was ~stimated, with 60% of the annual withdrawal assigned to the

two summer quarters (30% per quarter) and 40% for the two winter

quarters (20% per quarter) .

Calibration and Verification

The model was calibrated for steady state conditions, which

were approximated by averaging recharge, pumpage and spring flows

for the years 1934 through 1988. Adjustments were made to

transmissivity and storage coefficient values in the model to

obtain the closest possible agreement between simulated and

historical average values for spring flows and the head level at \

the index well. .

verification was performed for the years 1963 through 1988.

The hydrologic data for this period was determined to be the most

reliable of the available data. Results of the verification runs

were compared against the historical values for spring flows and

for the water level at the index well. The average simulated head

for the index well was determined to be within 1 foot of the

average historical head. While variations between the simulated

and historical heads were often greater than 1 foot, the difference

was considered to be well within acceptable limits for the purposes

for which this model was designed.

Model Output

The model output includes quarterly values for the simulated

water level at the index well and quarterly pumpage rates as

- 22 -



selected by the model to simulate the given management plan. The

pumpage data was included in the output to provide a check of model

operation and as input data for graphical displays. The drought

management level and the actual management option as selected by

the model are also displayed in the output. The PLOT. OUT file

contains all this output data and can be readily printed to provide

a more convenient method of studying the simulation results. An

example of the model output is shown as Appendix D. A second

output file called PRINT.OUT is used to diagnose problems if the

program does not run properly.
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MODEL APPLICATION

The utility of the model is demonstrated through an example

application, which evaluates' the effect of two different manage-

ment concepts on the water level in the index well. The results of

the model simulations for each concept are provided in graphical

form for ease of interpretation. The data from the PLOT.OUT file

is easily read into graphics software for manipulation and display.

Both management concepts are evaluated for the period 1934 -

1988, in which withdrawal and recharge from the historical data

file were used. This file contains pumpage for the years 1981 -

1986, repeated, and recharge for the period of record, 1934 - 1988.

Management Concept A calls for only a drought management plan and

contains no provision for conservation reduction or aquifer storage

and recovery. This DMP calls for a reduction in withdrawal as the

water level in the index well in Bexar County falls below specified

levels. The maximum allowable pumpage is based on a reduction of

15%, 25%, and 30% of the 1984 usage (529,800 ac-ft/yr) at water

levels of 644, 628, and 612 feet above MSL in the Bexar County

index well, respectively. The simulated water level for the index

well is displayed in Figure 5.

Management Concept B includes a drought management plan and
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conservation reduction. The DMP is more restrictive than concept

A and calls for reductions in the maximum allowable pumpage of 15%,

30%, and 40%, from the 1984 pumpage level, at water levels of 644,

628, and 612 in the index well, respectively. The overall

conservation reduction has as a target, maximum allowable pumpage

of 450,000 ac-ft/yr to be reached in 20 years. The model simulates

this by reducing linearly from an initial maximum allowable pumpage

of 600,000 ac-ft/yr to a maximum allowable rate of 450,000 ac-ft/yr

over the first 20 years of the run. Figure 6 shows the effect of

Management Concept B on the water level in the index well.

By comparing Figures 5 and 6, the relative impact ·of each

management concept on aquifer water levels can be ascertained.

This basis for comparison of the two concepts, which the model

provides, allows a quick and direct method to evaluate ground-water

management concepts. Printouts of the actual PLOT.OUT files for

both simulations are located in Appendix D.
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LIMITATIONS AND RECOMMENDATIONS

The Management Evaluation Model for the Edwards aquifer was

developed specifically as a ground-water management tool. To

minimize the computer time and memory necessary to perform a

simulation, the number of grid cells used in the model was chosen

judiciously. As the number of grid cells decreases, each cell and

the hydraulic properties used for each cell must then represent a

larger area. The larger cell size necessitates that the predicted

head for a cell represents more of an average and less of a point

value. This limits the ability to accurately predict the head at

a given point, such as the water level at the index well. The

accuracy and detail of available hydrologic data limit the accuracy

of the model and may have a greater effect than the number of cells

used to represent the aquifer. The model grid is believed to

represent the best compromise between required computer time and

memory, and full utilization of available hydrologic data.

The model is designed to calculate aquifer water levels at the

index well in Bexar County for a given recharge and selected

withdrawal. The model uses historic patterns for the geographic

distribution of recharge, but since future geographic distribu­

tions cannot be accurately predicted, the model is limited in its
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ability to predict future aquifer water levels at the index well.

The ability to predict future aquifer water levels at the index

well is also affected by the inability to accurately predict future

seasonal distributions of recharge. These limitations restrict the

use of the model to predict future aquifer water levels and

associated spring flows. However, the model is capable of

evaluating management concepts for the period of record (1934 ­

1988), which is provided in the historical input file.

The Management Evaluation Model for the Edwards aquifer was

developed to evaluate a variety of management scenarios as to their

relative effectiveness in preventing or minimizing water level

declines in the Edwards aquifer. It is recommended that the model

be used to perform evaluations by comparing the relative effect of

management plans and not to determine the unqualified effect of a

single plan.
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APPENDIX A

Data Entry Procedure



When the model is first activated, by typing EDWARDS at the
DOS prompt and pressing Enter, the question "Do you have a color
monitor (Y-yes or N-no}?" is displayed. After the user gives the
appropriate response the program moves to the part of the interface
which is used to input the various management parameters. Three
different management activities can be simulated in any
combination; aquifer storage and recovery (ASR), conservation
reduction, and drought management (DMP).

If there is no existing MANAGE.DAT file, the first screen of
the interface presents the question, "WILL ASR BE IN EFFECT (Y-yes
or N-no)?" as shown in FIG-I. If the question is answered
affirmatively then two more questions will come up, one at a time
(FIG-2). These require the user to input the ASR pumping rate and
the index well elevation above which ASR goes into effect. The
interface next queries the user whether or not conservation
reduction is to be simulated and at the same time it displays all
data entered, thus far, at the top of the interface box, as shown
in FIG-3. If conservation reduction is to be modeled three more
data inputs are required to describe it; the starting pumpage
limit, the target pumping limit, and the number of years in which Il
the target limit is to be achieved. After the inputs for
conservation reduction are completed the user is asked whether he
wants to simulate drought management. A positive response will
lead first of all to queries which establish the number of drought
management levels and the pumpage rate which will be the basis of
the stepped reduction of the maximum allowed pumpage rate (FIG-4).
Next is the input of the data which defines each level. The first
level is the elevation above which the pumpage will be historical.
This elevation is 644 feet in our example, as shown in FIG-5. For
the remainder of the management levels the user is prompted to
input the aquifer elevation above which that level is in effect and
the percent of the basis of stepped reduction, which will be the
maximum allowable pumpage for that level. FIG-6 shows the inputs
for level two of our example. It indicates that above 628 feet
(but below 644 feet, which is the level 1 elevation) the maximum
pumpage will be restricted to 85% of 529,800 acre-ft/year. After
all levels are input the interface displays all the entered data
and gives the user a chance to go back and change any that was
incorrectly entered. If all the data is correct then G can be
pressed to indicate to the program to "go" with the inputted data
and proceed with the simulation. I f the user does not want to
continue at this point, E can be pressed to escape the program, in
which case the entered data will not be lost but will be saved in
the MANAGE.DAT file. Any time the program is started again, the
data from the MANAGE.DAT file is reloaded, and the interface goes
directly to the screen shown in FIG-7, with the same options of
changing the data, going on with the simulation or, exiting the
program. Another feature of the interface that needs to be
mentioned is that at any stage of input, the Fl key can be pressed
to move the user to a previous stage of input to correct any errors
which may have been made.
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MANAGEMENT EVALUATION MODEL fOR THE EDWARDS

WILL ASR BE IN EffECT (Y-yes or N-no)?

PRESS fl TO MOVE UP

MANAGEMENT EVALUATION MODEL FOR THE EDWARDS

WILL ASR BE IN EFFEcT (Y-yes or N-no) ? y

WHAT WILL BE THE ASR AMOUNT? - (ACRE-FT/YEAR) - ? 20000
WHAT WILL BE THE ASR INDEX WELL WATER LEVEL? - (FT) - ? 666

PRESS Fl TO MOVE UP
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MANAGEMENT EVALUATION MODEL FOR THE EDWARDS

THE ASR PUMPAGE WILL BE 20000 ACRE-FT/YEAR
WHEN THE INDEX WELL LEVEL IS ABOVE 666 FT.

IS CONSERVATION REDUCTION TO BE SIMULATED ? Y

STARTING LIMIT IN ACRE-FT/YEAR---? 529800
TARGET LIMIT IN ACRE-FT/YSAR-----? 450000
NUMBER OF YEARS TO REACH TARGET--? 20

PRESS Fl TO MOVE UP

MANAGEMENT EVALUATION MODEL FOR THE EDWARDS

1 THE ASR PUMPAGE WILL BE 20000 ACRE-FT/YEAR
WHEN THE INDEX WELL LEVEL IS ABOVE 666 FT.

2 CONSERVATION REDUCTION WILL BE SIMULATED.
THE STARTING LIMIT WILL BE 529800 ACRE-FT/YEAR.
THE TARGET LIMIT WILL BE 450000 ACRE-FT/YEAR.
CONSERVATION REDUCTION WILL BE IMPLEMENTED IN 20 YEARS.

WILL THERE BE A OMP SIMULATED IN THIS RUN? ? Y

NUMBER OF MANAGEMENT LEVELS - ? 4
MAXIMUM TOTAL PUMPAGE IN ACRE-FT/YEAR - ? 529800

PRESS Fl TO MOVE UP

- 37 -

(FIG-3)

{FIG-4}



MANAGEMENT EVALUATION MODEL FOR THE EDWARDS

1 THE ASR PUMPAGE WILL BE 20000 ACRE-FT/YEAR
WHEN THE INDEX WELL LEVEL IS ABOVE 666 FT.

2 CONSERVATION REDUCTION WILL BE SIMULATED.
THE STARTING LIMIT WILL BE 529800 ACRE-FT/YEAR.
THE TARGET LIMIT WILL BE 450000 ACRE-FT/YEAR.
CONSERVATION REDUCTION WILL BE IMPLEMENTED IN 20 YEARS.

WILL THERE BE A DMP SIMULATED IN THIS RUN? ? Y

NUMBER OF MANAGEMENT LEVELS - ? 4
MAXIMUM TOTAL PUMPAGE IN ACRE-~T/YEAR - ? 529800

THE LEVEL' 1 ELEVATION IS 644 ABOVE WHICH THE
PUMPAGE WILL BE HISTORICAL.

PRESS FI TO MOVE UP

MANAGEMENT EVALUATION MODEL FOR THE EDWARDS

THE ASR PUM2AGE WILL BE 20000 ACRE-FT/YEAR
WHEN THE INDEX WELL LEVEL IS ABOVE 666 FT.

2 CONSERVATION REDUCTION WILL BE SIMULATED.
THE STARTING LIMIT WILL BE 529800 ACRE-FT/YEAR.
THE TARGET LIMIT WILL BE 450000 ACRE-FT/YEAR.
CONSERVATION REDU~TION WILL BE IMPLEMENTED IN 20 YEARS.

3 DMP WILL BE SIMULATED WITH 4 LEVELS.
LVL. I IS 644 ABOVE WHICH THE PUMPAGE WILL BE THE HISTORICAL.

NUMBER OF MANAGEMENT LEVELS - 4
~mxIMUM TOTAL PUMPAGE IN ACRE-FT/YEAR - 529800

THE LEVEL , 2 ELEVATION IS 628 ABOVE WHICH THE
PUMPAGE IS TO BE 85 'OF 529800.

PRESS FI TO MOVE UP
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MANAGEMENT EVALUATION MODEL fOR THE EDWARDS

1 THE ASR PUMPAGE WILL BE 20000 ACRE-fT/YEAR
WHEN THE INDEX WELL LEVEL IS ABOVE 666 fT.

2 CONSERVATION REDUCTION WILL BE SIMULATED.
THE STARTING LIMIT WILL BE 529600 ACRE-fT/YEAR.
THE TARGET LIMIT WILL BE 450000 ACRE-fT/YEAR.
CONSERVATION REDUCTION WILL BE IMPLEMENTED IN 20 YEARS.

3 DMP WILL BE SIMULATED WITH 4 LEVELS.
LVL. 1 IS 644 ABOVE WHICH THE PUMPAGE WILL BE THE HISTORICAL.
LVL. 2 IS 628 ABOVE WHICH MAX. PUMPAGE IS 85\ Of 529800.
LVL. 3 IS 612 ABOVE WHICH MAX. PUMPAGE IS 70\ Of 529600.
LVL. 4 IS 400 ABOVE WHICH MAX. PUMPAGE IS 60\ OF 529800.

DO YOU WANT TO ALTER ONE Of THE ABOVE?
HIT THE DESIRED NUMBER OR G TO GO OR E TO EXIT.

PRESS Fl TO MOVE UP
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APPENDIX B

Computer Code Listing



To aimu1ate one- or two- dimeft8ional, nonateady ground water
flow in an artesian or water tab1e/bteroge~ou., isotropic/
anisotropic aquifu- syst.em. A finite diffe~nCMl aPFQacb is
u••d to formulate the equatioft8 of Found wat.ar .£low. A
modified alternating direction ~iait method ia u••d to
sol". the .et: of reault.ing finite diff_ranCG equaticma •

node (i,j)
node (i, j)

crouchJos.ph L. Petera £ Scott
'1'exaa Water Commi.aaion
Auatin, Texas

~homaa A. Prick_tt £ a.sociat••
urbana, Illinois 61801
phone: 217/384-0615 or 344-2277

NS- Number of t.t.m. atep.
DII:- Tm. increm.nt.•
E~ Convergence error on head
HC- Number of columns
NR/oo Number of rows
TTm Default tranami.sivity
HB- Default hea~

QQ- Pefault withdrawal rate
I ... Col UIIlD n~

J_ Row number
TI(t,J)- Tran-mi••ivit.y in i-clirection at
1'J(l,J)- Transmi••ivity in j-clirection at
Sr(l,J)'" Storage factor at node (i,j)
HO (1, J) - Head at nod. (i, j) at st.ad of a t~ at.ep

PERMI (I, J). Permeability in i-direction at noo. (i, j)
pElU(J (X, J) - permeability in j-direct.ioD at. noo. (i, j)

BO'r (1, J)_ Elevation of bottom. of aquifer
H(I,J)- Head at node (i,j) at end of t.he t.ime .tep
R(I,J)- Leakage factor at node (i,j)

RH(I,J)- Source bed bead at node (i,j)
RD(I,JJ- Confining bed. head at: node (l,J)

AA,BB,CC,DD- Coefficient. in watU' balance equationa

IitEH name: Management Evaluation Hodel for th. Edwarda....
REK purpose: To evaluate varioU8 manag8lD8nt sc.beIMIs
REM for: tb '&dwarda AquifU' •....
REM aclaphd by:..........,...,.
REM adapted frozt: PLASH (Interactive Microcomputer Veraion)..,. .
REM pu:rpose:..,...,...,...,.........
lUtIC writ.t.en by:................
REM date: 02/21/1988....
REM o.fiDitions:..............................,...........,.........................
REI(................

7.

DKCLAllE BCB XBOX ()
DKCLAllZ SUB SSSOBl (YNASR.$, QlASa!, HIURt)
DECLAR.E SUB SSSUB3 (MQCONI, QQCON', ~IMCONt, AACOtf$)
DZCLARJ: SUB SSSOB4 (AADMP$, NmdMT1L%, PtlKPMAXI, UFnt (), XRXD11C1 (), tlNtJlOmL%)
DXN ~(50), B(50), PL(50, 10), 8(50, 10), HO(50, 10), ~I(50, 10)
DIM ~J(50, 10), SF(50, 10), Q(50, 10), a(50, 10), aH(50, 10)
DIM ROeSO, 10}, DXLX(Sl), D~(51), BOT (50, 10), PERMI(50, 10}
DIM PERMJ(50, 10), IP(12), Jp(12), P(12, 24)
DIM XQ(SO, 10), XR(50, 10), ~I(50, 10), XTJ(50, 10), XSF(SO, 10)
DIM QXg(50, 10), RXR(50, 10), REVHI (9), MDL~II (9), XREDUCI (9)

CLS
LOCATE 12, 15
INPO~ "Do you have a color monitor (y-ye., N-no)? .. , XX$
n~O"Y"~~O"Y"~~O"H"~~O"~~

PSUNT "(Y-yea, N-no)"
GO'rO 7.
END IF
II' XX$ .. "Y" OR XX$ ... "y" THEN COLOR 14, 1, 1: CLS ELSE CLS

JmXP - 12MAXP.T _ 24

81'AR.1':
ON ER.aoR CilO'rO HANDLER
OPEN "I", '10, "MANAQE.DAT"

HANDLER.:
XNUMB1r.R .. ERR.
DRL - ERL
IF XHUMBER. - 53 ~HEN

OPEN "0", 10, "NAHAWt.DA'r"
CLOSE 10
usmo:. STUT

ELSE
PRINT "ERROR' ". XNtlXBER; " ON LINE"· XUL
ERROR XNOMBER
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"NCAsa"
- 01
.. 10001

KHDHANDLEll:

LBLOO:
LBLO:

LBL1:

ON E1Ul.Oll GO'l'O 0
END Ir

ON ERROR GO'1'O 0
LLLL' ... LOI' (10)

II' LLLL% > 25 THEN
INPUT 110, YNASR$
YNAsR$ .. LEI'T$(YNASR$, 3)
INPUT #10, QlASRI
INPUT 110, H1ASRI
INPUT 110, AAACON$
IF LltI'T$(AAACON$, 3) .. "CON" '1'HEN

AACON$ "y"
&LS&

MCON$ "" "N"
END IF
INPUT 110, MQeoN!
INPUT 110, QQCoNI
lNi'tI'l' flO, 'rIMCON'
INPUT 110, AAADMP$
II' LEFTS (MAOHE' $, 3) .. "DIG''' '1'HEN

AADHP$ .. "Y"
&LS&

AADMP$ .. "N"
END Xi'
INPUT #10, NOMMUL%
INPUT 110, POMPMAXI
FOR IJXY = 1 TO NU!DIOL\

INPUT 110, UFR! (IJXY) , XREDUC I (IJXY)
N&XT

CLOSE 10
OPEN "0", #10, "MANAGE.DAT"
KEY 1, "UP" + CRP.$ (13)
GO'l'O LBLB

ELSE

CLOSE 10
OPEN "0", '10, "MANAGE.DAT"

KEY 1, "UP" + eHR.$ (13)
CH$ .. "0"
DO
IF CH$ .. "0" OR CH$ .. "1" '1'HI:N
CLS
CALL XBOX

DO
LOCATE 16, 10
INPO'l' "WILL ASIl BE IN EFFECT (Y-yes or N-no) "; AA$
IF RIGHT$ (A14, 2) '" "UP" THEN GO'I'O LBLOO

LOOP WHILE (AA$ <> "Y" AND AA$ <> "y" AND AA$ <> "N" AND AA$ <> "nil)

II' AU .. "y" Oil AA$ _ "y" THEN
DO

LOCATE 18, 2
INPtr.l' II 'WKA'r WILL BE '1'HE ASR AMOtnil'r? - (ACRE-F'r/YEAR) - ". XQ1ASR$
IF RIGHT$ (XQ1ASR$, 2) "" "UP" 'tHEN G02'O LBLO
QlASlll - VAL(XQ1ASR$)

LOOP WKILE (Q1ASRI <= 01)
DO

LOCA'1'E 19, 2
INPO'l' II lmAT WILL BE THE ASR INDEX WELL WA'1'ER. LEVEL? - (1''1') - "i XHlASR$
IF lUGH'l'$ (XH1ASR.$, 2) - "UP" THEN
LOCATE 19, 5
PlUNT " +_

GO'rO LBLl
END IF
HlASR.1 .. VAL(XHlASR.$)

LOOP WHILE (mASIlI <- 01)
YNASR.$ .. "ASR"

ELSE
YNASR.$
QlASR.1
HlABR.1

END Ir

END IV
:tFeH$ "" "0" OR. CB$ .. "2" THEN

CALL SSSUBl (YNASR$, Q1ASlll, HlASR.I)

DO
LOCATE 16,10
INPUT "IS CONSERVATION REDUCTXON TO BE SINtTLA'L'ED AA$
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LBL4:

L8L5:

III' RIGa'r$ (AA$, 2) .. "UP" 'rBD
CALL SSS08l(YHASll$, QlABRt, B1.ASRt)
QO'l'O L8LO
END IF

~~~~OuY"~~O~"~~O"~~~O"D")

AACOII$ .. AU

:Ii' AA$ • "Y" OR AA$ "" "y" 'fHltH

DO
~z 19, 2
:INPUT " S'1'AB.'rING LIX:I'1' :IN ACRE-I"r/UAa--IO

; XBB$
Ii' R.:I(,;B'1'$ (XUo$, 2) .. "Oi''' '1'BEH
CALL SSStJB1(YNASll$, QlASRl, HlABal)
GlO'l'O LBL3
END IF
881 • VAL (XBB$)
LOOP WHILI: BB 1 <_ O!

DO
~K 19, 2
INPUT II 'rARGB'r LDa'1' :IN ACRE.-J''r/YEAa--''; XCC$
IF RIGH'!$ (XCC$, 2) .. "01''' 'rHEN
CALL S58tJBl (ntASP.$, QlASRI, BlASRI)
LOCM'E 16, 10
PIU!rl "IS COHSERVA'l':ION RZDOC'r:ION '1'0 BE SDmLA.'r1CD ". AACOJI$
GO'rO LBU
END IF
CCI .. VAL(XCC$)
LOOP WHILE eel > 881
DO
LOCA!1'E 20, 2
INPUT " NOMBER OF YEAR.S 'r0 IlEACB: 'l'ARGE'l'--"; XDDo$
ZF RIGHT$ (XDD$, 2) .. "UP" THEN
LOCATE 20, 5
PR:INT "
GO'rO LBL5
END U
DDI "" VAL(XDD$)
LOCi' WHZ~ DDI <... 01

ELSE
BS'
ee.
001

END U

30000000'
30000000'

.. 30000000'

L8L6:

LBL7:

LBL8:

KQCON! .. BBt
QQCoNI ... eet
TZMCOH I .. DD I

END IF
Zi' CR$ "" "0" OR eH$ .. "3" THD

CALL SSSOS1 (YNASR.$, Q1ASRI, H1UR!)
CALL SSSOS3 (HQCONI, QQCON1, 'lIMCOHI, AAC01l$)

DO
LOCATE 16, 10
PRZN'r "WILL THERE BE A DME' SnroLATED IN THIS RON? ";
INPUT AA$
IF RIGHT$(AA$, 2) ... "UP" THEN
LOCATE 16, 10
CALL SSStJB1 (YNASR.$, glASR!, HlASR!)
CALL ssStJB3 (MQCONI, QQCONI, TZMCON!, AAC01l$)
GO'rO LBL3
END U
~~~~O"Y"~AA$O"Y"~AA$ouN"~AA$O"n")

.AAIlKP $ "" AU

IF AA$ .. "Y" OR AA$ .. "y" 'fHD

DO
LOCATE 18, 2
INPUT " NtJMBER 01' NANAGEMENT LEVBLS - ... :xNtDDIAN$
III' IUGH'I'$ (XNtJMM'AN$, 2) .. "UP" orHEN
CALL SSSUB1 (YNASR$, QlASRI, B1ASRI)
CALL SSStJB3(MQCONI, QQCONI, TIMCONI, AACOH$)
GOTO LBL6
END IF
NUMMtJL% .. VAL (XH'lJMMAN$)
LOOP WHILE (HtJMMtJL% > 6 OR NtDOWL% < 1)
DO
LOCATE 19, 2
DlPUT II MAXDdtlH TOTAL POMPAGE IN ACRE-rT/YEAa - ... XPOMli'IU.X$
.IF RIGHT$ (XPCMPMAX$, 2) "" "UP" 'fUM
CALL SBSca! (YNASR$, Q1ASR!, HlASRI)
CALL Ssstm3 (MQCON1, QQCONI, 'rDdCONI, AACON$)
LOCA1'K 16, 10
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LBL9:

PRINT "WILL THERE BE A DMl> SIMOLATED IN THIS RUN? ". AADHP$
GO'l'O LBL7
END XF
ptJMPKAX I .. VAL (XPUMPMAX$)
LOOP WH;[LK (PUMPHAXI <_ 01)

JJX% .,. 0
JJK% .,. JJK% + 1
LOCATE 21, 16

IF JJK% .. 1 THEN
PR.IN'r "THE LEVEL I"; JJK%; "ELEVATION IS ABO\TB WHICH Tlii."
PR.INT "I PtJMPAGE WILL BE B'IS'l'OR.ICAL."

ELSE
PR.INT "THE LEVEL I"; JJK%; "ELEVATION IS ABO\TB WHICH THIi:"
PRIm" I PUMPAGE IS '1'0 BE % Oli" "; POMPMAX:!;

END IF
XREDDC(l) .,. 1001
DO
LOCATE 21, 43
INPOT "", XXEL:&:V$
IF RIG~$ (XXELEV$, 2) .. "Oi''' 'l'HEN
JJK% .. JJK% - 2
IF JJK% < 0 THEN
CALL saSOB1 (YNASR.$, 21ASal, BIASR!)
CALL ssstJB3 (MgCONI, WCONI, 'l'IMCONl, AACON$)
LOCATE 16, 10
PRINT "WILL THERE BE A DMP SIMtILATED IN THIS RON? "; AADMP$
LOCATE 18
i'RINT "I NtDmli:R OF MANAGEMENT LEVELS - "; NOHHt1L%
GO'l'O LBL8
END IF
XXTES'l' I .. REFH! (JJR%)
GO'rO LBLA
END IF
REFHI (JJK%) .. VAL(XXEL:&:V$)
IF JJK% > 1 THEN
XX'l'ES'l'l .. REFH I (JJK% - 1)
ELSE
XX'l'ES'l" "" 10001
END IF
LOOP WH:ILE (REJ"Hl (JJK%) >a= XXT£STT)

IF JJK' <> 1 THEN

DO
LOCA'I'E 22, 33
IN£'UT "", XXUOUC$
IF RIGH'l'$ (XXREDUC$, 2) "" "UP" THEN
JJK% ;a JJK% - 1
GaTO LBL9
END IF
XREDDCI (JJK%) co VAL(XXaED'OC$)
IF JJK% > 1 THEN
XX'l'ES'l' I ... XREDucl (JJK% - 1)
ELSE
XX'l'ES'l' I ... 1001
END IF
LOOP WHILE (XREDDCI (JJR%) > XX'l'ESTT)
END IF

NUMBER OF MANAGEMENT LEVELS - "; NUlO!OL%
NAXDroM TOTAL POMPAQ£ IN ACRE-FT/YEAR - "; PUMPMAXI

LBLA: CALL SSSUB1 (YNASR.$, QIASRT, RIASR!)
CALL SSstrB3 (KQ:CONI, QQCONI, 'l'IMCONT, AACON$)
CALL SSSOB4(AADNP$, JJK%, POMPHAXl, REFHI (),
IF JJR% < NUMKUL% THEN
LOCATH: 18, 1

PRINT "I
PRINT "
GOTO LBL9
END IF

XREDUcl (), NUMKUL%)

LBLB:

ELSE

NUMMOL% .. 1
POHPMAXI co 300000001
REFH! (1) '" 4501
XilEDUC I (1) =0 100 T

END XF

CALL SSSUBl (YNASR$, 21A$R I, HlASR1)
CALL SSStJB3 (MQCONT, weoN!, TINeONl, AACON$)
CALL ssstJB4(AADNP$, NmCroL%, PUMPKAXI, MFa! (), XREDUCI(), NONMOL%)

LOCATE 20, 10
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PRINT "DO YOU DNT 'r0 ALftR ONE 01' 'rlll ABOVE?"
LOCA'l'I: 21, 10
PIUH"1' "HIT 'rim DESIRED R1JMBI:R Oil Q 1'0 QO Oll E TO EXIT."

PO
CH' .. INUY'
LOOP WKILl£ (CB$ < "1" OR CH$ > "3" AND (CB$ <> "Q" Am) eM <> "v"
.AND CH$ <> "E" AND cH$ <> "." AND CD$ <> "10[" AHD CB$ <> "0"» -

Ii' cH$ .. "0" THEN

R&M DRAIN '1'HE lC&YBOARD SOFFER 1'0 AVOro sroll: urll:cors
XXXYO .. nntEY$
XXXZ$ .. INDY'....
JJK' .. NOMKOIA - 1
CALL ssstJBl (YHASR$, QIASRt, RIASRI)
CALL SSSt7B3(MQCONI, QQCONI, '1'IKCORI, AACON$)
CALL SSBt7B4 (AAIlMP$, JJK%, POMPMAXI, REl'Ht 0, XRZDOCI 0, NtJIOmL%)
LOCATE 18, 2
PRIn .. mn.mza OF NANAQIHENT LEVELS - "; WHMDL%
LOCATE 19, 2
PJUN'I' " HAX:Il4lDf TOTAL PUMPAGII: IN ACRE-For/ftAR - ". PUMPIIAXI
QOTO LBL9

LOOP WHILE (CH' <m "3")

PRINT '10, YNASR$
PRINT #10, Q.lASRI
PaINT 'la, 8lASai
IF AACON$ .. "Y" OR AACON$ .. "y" THEN
PR.INT 'la, "CON"
ELS'
PRINT '10, "RCCOP"
.,., IF
PRINT 110, MQCONI
PRINT flO, QQCONI
PaINT 110, 1'!MCONt
IF AADKP$ • "y" OR AADKP$ .. "y" '1'HlW
PRINT '10, "0Mi'"
ELS'
PRINT '10, "RODKP"
.,., IF
PRINT '10, NUMMOL%
PRINT 110, POMPHAXI
rOll IJXr .... 1 '1'0 NUHKOL%

PRIN'l' flO, UFHI (IJXr), XlUWtlcl (IJXY)
MOL'1'II (IJXr) XREDUC! (IJXr) I 1001

Ill<XT
CLOSE 10
IF CR$ .. "E" OR CK$ ... "." OR CK$ .. "A [ .. 'l'HEN
CLS.,.,
.,., IF
QBASI.S .. PUMPMAXI

OPEN "0", 2, "PRINT.OUT"
OPEN "I", 3, "HISTORY.OAT"
OPEN "0", 4, "PLOT.Otl"l'''
REH OPU "0", 6, "PLOT2.0UT"
QQCON .. QQCON • 892.8767123'
MQCON .. MgCON • 892.8727123'
QBASES .. QBASES • 892.8767123'
"OUNT .. 0
J"LAQ • 0
Q2831' .. 01
Q313't .. 01
LLLL .. -11
X><rLA£l 0
XTl"tJMP 0
XTRECH .. 0
ASR$ •
XASR.$ .. "

1'X1'IM! .. 0 I
QCON .. 0 I: REM: AC-F'l'!YR PROPOR,'tIONAL MAX.

XQBASE .. 0 I: REM 'tHE SMALLER 01' EI'l'H&R. KQCON OR QQCON
MTYfE$ .. " ": REM SHOWS EI'tH&R. CON OR. DKP, WHICHEVKR. 18 I1f EFJ'EC1'
XM'l'YPE$ .." ": REM HOLDS VALOE OVER. TILL HEX'l' QO'All'l'JUt.
UOtl'N'l' .. 0: REM YEAR COtI'N'1'ER
'l'X'I'POMP 01: REM YEARLY TOTAL AND THI.N YUll.LY AVERAQ.E,
T'l'TPDMP ... 0 I: REM CJIlERALL 'I'01'AL
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100

600

7BO
700
BOO
BI0
B20

B'O
BSO

.60

.70

••0

••0

.00

010

.20

930

"0.50

1000
1010
1020

1030
1040
1050
1060

QlASR .. QlASR I .001119975'
Q1UR _ Q1ASR I 20 I

""B

QOst1B 6520

.....
REM •••••••••••••••••••••••••••••••••••••••••••
REM • VAaIABLC GRID IQtJA'UONS •
REM •••••••••••••••••••••••••••••••••••••••••••....
rOR I - 1 'f'O He

rORJ_1TOHR
XSF (I, J) .. Sr(I, J)
Sr(I, J) ... SF(I, J) • (DZLX(I) + DILX(I + 1» • (DILY(J) + DELY(J + 1») I •• ItS
XQ(I, J) .. Q(I, J)
Q(I, J) .. Q(I, J) • (DELX(I) + DELX(I + 1» • (DZLY(J) + DZLY(J + 1) ) I •
D(I, J) .. R(I, J)
R(I, J) .. R(I, J) • (DELX(I) + DI:LX(I + 1» • (DZLY(J) + DELY(J + I» I •
REM IF COHFINED$ .. "c" OR CONi'INIi:D$ .. "e" 1'BJ£,N Goro 920
II' J > 2 THEN GO'rO 920

II' I < Ne THEN It'I(I, J) .. PItRKI(I, J) • BOR«K(r, J) ­
BOT(I, J) • (H(I + 1, J) - BOT(I + 1, J))

IF J < NR THEN TJ(I, J) .. PERMJ(I, J) • BQR.«R(I, J) -
BOT (I, J» '* (H(I, J + 1) - BOT(I, J + 1»)

XTI (I, J) .. '1'1 (I, J)
U(I, J) .. '1'1(1, J) • (DELY(J) + D&LY(J + 1» I D&LX(I + 1) 12
XTJ(I, J) .. TJ(I, J)
TJ(I, J) .. 'lJ(I, J) • (DELX(I) + OELX(I + 1» I DELY(J + 1) I 2

..."" J
..."" I
TOLD .. -91.25
'lQOLD .. -91.25
QX313 a Q(31, 3)
gx283 .. Q(28, 3)

REM * ••S~ or S~'lION·*·....
""B

INPUT 13, lYEAa
INPUT 13, N1JMY~AR':3%·
us .. NOMrEARS' • 73
YEAR co IYEAR

TIKi: .. 01
PKC .. 11
iOEL .. DE
rOR XYZ .. 1 '1'0 us + 1
II' XYZ .. NS + 1 'l'HEN
xrUG '"" 1
QOTO 1695
END n

:IF (XYZ MOD 10) - 0 THEN'
PRINT '2, "'l'IMB: .. "j TncEi

END n
Q(21, 3) .. II. Q(21, 3)i " TPtDG' .. II. 7P0Ki'

1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210

1230
1240
1250
1260
1270
1280
1290
1300

.....
REM ••• CALCULATE PREDICTOR •••.....
IF PRZOICTOR$ .. "N" OR PREDICTOR$: "nil THEN GOTO 1330
rORX_1'1'ONC

rOR J .. 1 TO Nil
D .. H(I, J) - HO(I, J)
HO(I, J) _ H(I, J)
• _ 1

IF OL(I, J) _ 0 THEN 1200
IF leYZ > 2 THIN r .. D I OL(I, J)
IJ'I'> 5 THIN I' 5
II' r < 0 THEN I' .. 0
DL(I, J) - D
H(I, J) .. H(I, J) + D • I'
II' J <_ 3 AND H(I, J) <_ BOT(I, J) THEN
H(I, J) _ BOTII, J) + .01
PRINT '2, "No~ ("i Ii ". "j Ji ") "'.nt dry."
END n

IlEXT J

..."" I
GO'rO 1380....
RZM •••END CALCtlUTE PiUtOIC'l'OR.*··..............

- 48 -



1310
1320
1330
13tO

1350
1360

1370
1380
1390
UOO
UIO

1420

14.30
1440
USO

1460

1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
15!il'0

1600
1610
1620
1630
16tO

1650
1660
1670
1680
16StiO

llKK *** BB.t PP.EVIOOS HI:ADS IF tHE PREDICTOR. ISH't :or UF&Ct ***.....
I'OR. I ... 1 !r0 NC

FOil J - 1 i'O NR.
IF J <- 3 AND H(I, J} <_ BO'r(I, J} 'l'HBIl'
B(I, J} _ BO'l(I, J) + .01
PUNT '2, "Soo:t. ("; I; ","; J; U) went dry."_zr
HO(I, J) _ a(I, J)

"""" J
.."" X.....--REM ***!rJlAHSMISSIVI'rY comllOL CALCtJI.A!lIOJIS***-a&N II' CO!JFnn:D$ - "c" OIl COHFINED$ - "c· 2!DU GO!1'O 1520

FORI_li'ORC
rORJ_li'02

IF I < NC ~HJtN

!'I(I, J) ... PERKI(I, J) * SQR.«H(I, J) -
80'1'(1, J» * (B(I + 1, J) - Ben(I + I', J»)

END IF
IF J < NIl 1'IlJ:R

':J (1, J) - PElU«J (1, J) - BQR. «B (1, oJ) -
80'1'(1, J» - (B(I, J + 1) - ~(I, J-+ 1)))_ IF

1'1(1, J) ... ~I(I, J) * (DELY(J) + DELY(J + 1» I DELX(I + 1) 12
!rJ(I, J) _ TJ(I, J) • (DELK(I) + DELX(I + 1» I DBLY(J + 1) I 2

NEX'J! J
NEX'J! X-REM .**END '.l'RANSMISSIV):'l'Y CONTROL CA1oCOLA!1'IONS-**--IUEM ***VAIUABLE PUMPAQE***-IF RSP • 0 THEN GOTO 1680
Z ... IHT«XTZ - 1) / NSP) + 1
IF (Z - PRe) <> 0 THEN GOTO 1680

1'0Rlt_l'.l'OHP
III ... IP (K)
JJJ _ JE' (It)

0(111, JJJ) - p(lt, PRe)

DE ... PDEL
PltC _ PRe'" 1-REM *** Em) VARIABLi:. PtIMPAGE ***-REM IF '.l'XNB > 2920 AND tZME < 4380 tHEN PRINT '5, TIME; HO(23, t)

xrLAG _ 0

IF (TIME - TOOLD) >- 91. 25 THEN
'rQOLD 'l'QOLD + 91.25
Xl'LAG 1

.." IF

IF (tINE - TOLD) >- 91.25 THEN

TOLD TOLD + 91.25
FLAG 1
INPtrr 13, BLOCM

IF BLOCKS <> 0 THEN
FOR IIJJ • 1 1'0 BLOCKS

INPUT '3, lXX, JYY, lXXX, JYYY
INP"T U, XYRECH
IliP'O'l' 13, XYE'U!G'
INPUT 13, NNH

XYRZCH ... (XYlU:CH / NNH) * 892.8767123'
XYPUMP. (xyptnG' / NHN) * 892.87671231,

REM ***** THE ABOVE CONVERTS AC-n/Ya TO GAL/DAY

REM ***** TH1E. FOLL<MDl:<: 1.9 AH AO.nJSTta.lI'r J'OV-
R.DI R&CHA1il.GE AHD POXPAGE

XYREClI .. XYllECH * 4
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XYPUMP • XYPCMP • 4

REM ••••• I:ND or ADJUSTXBN'l' CAllDS

FOR II • IXX '1'0 DOCK
rOR JJ ~ JYY '1'0 JYYY

QXQ(U, JJ)
RXR(n, JJ)

NEXT JJ
NEXT xx

NEXT nJJ

",,."""
:laUCH

TXTXMB • INT(TXME I 3651)

QCON .. KOCON - ('1'XTDCE I TIMCON) • ('MQCON - QQCON)

ELSE

1695

QCON

END Ii'

END IF

END Ir

IF XFLAG .. 1 THEN

FLAG • 1

"""ON

FOR IN _ NOHHDL\ TO 1 STEP -1
IF BO(23, 4) >_ REFH(IN) THEN MFLA~ • IN

NEXT IN

TazCH 01
'!'PUMP 0 I
'1'QPMP 0 I

FORI lTONC
FORJ-1TONR
'l'QPMP .. TQPHP + QXQ(I, J)
NEXT J

NEX'I' I

IF Hl'LAG .. 1 THEN

IF 'l'QPHP < QCON 'rREN

XQBASE
MTYPE$
XlI.A'1'IO

ELSE

TQPKP
"HIS"
11

XQ.BASB: ~ QCON
MTYE'E$ "CON"
XlI.A'I'IO XQBASE I 'rQPMP

END IF

EXS<

QBNOL'l' - QBASES • MOL'rI (MFLAG)

Xi' QBMOL'1' < QCOS 'I'HEN

XQBASB: QBKULT
HTYE'E$ "DHE'''
XlI.ATIO XQBA.SE I TQE'ME'

ELSE

XQBASE QCON
M'l'YE'E$ "CON"
XlI.ATIO XQBA.SE I 'I'QPME'
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EIIl> IF

IF '1'Qno? <,.. XQBASE ~HEN

XRA'r:IO • 11
MTYE'E$ - "HXS"
EIIl> IF

EIIl> IF

J'oa I co 1 TO NO
rORJ-1TONll
AAAA • QXQ (1, J) * xaA'rIO
12(1, J) - UAA + lUCR(I, J)
'l!i'tDIP • ftQMP + AAAA
'rRECK - 'rUCK + RXll(I, J)__ J

IWC.I

REM: 'rHE INDEX WELL IS CHEC!t&D OHCE D.CB gtJAUu.

II' YNASR.$ - "ua" THEN

II' HO(23, 4) > H1ASlll THEN
ASR.$ - "ABR."

E'lUN't 12, "0(21, 3) • ". g{21, 3); II

roR I
rOR J

21 !tOO 25
3 oro 6

0(1, J) - Q{l, J) + gJ.ASa
TfOMP • TPUNP + QIASa

",,,,, J__ I

PaDlT 12, "0(21, 3) _ ". 0(21, 3); II 'rPtDIP _ "; 'rPOIIi'

ELSE

ASR.$ = "

EIIl> IF

EIIl> IF

QX313
=83

12(31, 3}
Q(28, 3}

EIIl> I>

FLOW BASED ON GR.011ND WA!rER. ELEVA'rJ:OH OJ' WZLL AT SAME NODI:

FLOW asED ON GROUND 1iA'l'ER ELEVATION or WELL A'l SANK NODE

0(31,3) - 3211.0 - 25.8 • DDD2

A. Cao.L SPRING AT NODE [28,3]

water level cMopth below ground surface (ft.)
water elevation at which aprin9 flow i. zero (ft)
depth );)e,low ground aw:£aca at which apring flow
18 zero (ft)

43.54 * DDDI

_ water l~el depth below ground .urface (ft)
water .levation at which .pril\9 flow i ...era (ft)
depth below qround .~rf.c. at which .pring flow
i ...ero (ft)

where DDDI
61.

23.85

"hara DDD2
573

124.46

Q(2S,3} - 1038.73

DDD2 - 573.0 + 124.46 - HO(31,3)

DODl co 618.0 + 23.85 - HO(2S,J}

B. SAN KARCOS SPRING A'l' NODE (31,3)

************************.***************************************************
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI
IWI

"""IWI
IWI
IWI
IWI
lW<
lW<
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....
g(28, 3) 351 • HO(28, 3) - 20415.2: REM SLOPE OF 33.04 CHANGED TO 35.0
Q(31, 3) 82.1875 * HO(31, 3) - 47417.8
IF KS ... 7.48052 THEN
g(28, 3) ... g(28, 3) * KS • 864001
Q(31, 3) - Q{3!, 3) * RS * 864001

IF 2(28, 3) < 01 THEN 2(28, 3) _ 01
IF 2(31, 3) < 01 THEN Q{3l, 3} ... 01

ELs.

2(28, 3) ... 0(28, 3) * .02832 * 864001
g(31, 3) = 2(31, 3) * .02832 * 864001

IF 2(28, 3) < 01 THEN Q(28, 3) .. 01
IF Q{]l, 3) < 01 THEN g(31, 3) _ 01

ESD IF

ltOtIN'r KOUN'l' + 1
2283'1' 2283'1' + 2(28, 3}
0313'1' ~ 2313'1' + g(31, 31

7) ;

7) ;... LTRIM$ ('Q1'RIM$ (S'l'R.$ (XMFLAG») +

(" + L'I'RIK$ (R1'RIK$ (STIl$ (XMi'LAG))) + If)

XTPUMP

" ... XM'!'YP'z$ +
" ... XASR$i

HO(23, 4);

\"; " " + RIGHT$("

UU#OU, .f"; XTP'CMPi

U##"; YEAR;
iiUiili#. ##"; ","ME;
OR XJ4'I'YPIt$ ... "HIS" 'l'Hi:N

\"; ... RIGHT$("

\"; "
\"; "

####.U";
0) THEN
##U#####.i";

IF FLAG ... 1 'l'HZH

FLAG ... 0
LLLL "" LLLL + 1
2283'1' _ 2283'1' I KOON'l'
2313'1' ~ 0313'1' / aoON'l'
KOONT_a
TPUMP ... '1'POMP * .0011199151
TRECH ~ TREeR •. 001119975'
FLCNVR'1'Z 0000015471= REM ('1'HXS IS '1'0 CONVERT GAL/DAY TO ers)
FLCHVR'l' 001119975'
RD( (TIlE ABOVE CONVERTS QAL/DAY TO ACRE-I"l'/YEAA)
'l'SPRING ... (22831' + 23131') * FLCNVaT
XTIlIlB ... TIME I 36S + lYEAR

IF TIME <> 0 THEN XTIME ... X'rIKE - .01

IF TD!B "" 0 THEN
PRIN'J! '4, ,,"
PRINT 14,"
PR.INT *4, To',--------------MGiiG'••----~I"NDiDi."x--------.,,'""""""""""'•._
PIUNT #4, " DMP J:N WELL YEARLY
PRINT '4, "YEAR YEAR LE:VEL EFFEC'!' Asa LEVEL PONE'AGE P'OMPAGE
PRINT #4, "DECIMAL 1'1' ACRE-F'l'/YR ACllE-FT/Ya
PR.INT '4," "
PR1.N'f 14, To"""--------------~-----_------------
ESD IF
PRIN'I' '4, USING
PRIN'l' '4, USING
I&' XHTY1?E$ "" "CON"
PRIN'l' '4, USING "\
ELSE
PRIN'l' '4, USING U\
END IF
PIUN'l' '4, USING "\
PIUN'l' '4, USING "\
PRIN'l' '4, USING"
IF (LLLL MOD 4 <>
PRIN'l' '4, USING "
ELS,
paIN'!' 14, USING
ESD IF

TXTPOMP ... TX'1'POMP ... X'rPOMP
X'rPOMl> • TPtJME'
X'rRECH • TRECH
XMI"LAG • KrLI\G
XASR$ .. ASR$
~PE$ .. ~E$
IF (LLLL MOD 4 .. 0) THEN

JCKOtmT .. DOONT + 1
TX'rPUME' .. TX'rPOMP I 4'
PIUN'l' #4, USING" liU...... '''; TXTPCMP
PIlIN'l' 14,
'l'TTPOME' .. 'I''l'TPOMP + TXTPOMP
TX'rPOHE' ... 0 I
IF TINE > 0 THEN YEAR .. YEAR. ... 1

ESD I'

Q283'1' 01
Q313T 01

ESD IF
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1700
1710
1720
1730

1750
1760
1770
1780
1790
1800
1810
1820

1830
1840
1850
1860
1870
1880
1890
1900
1910
1920

1930

1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050

2060

2070
2080
2090
2100
2110
2120
2130
2UO
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250

2260
2270

0(28, 3) - 0 (28, 3) + OX283
Q(31, 3) Q(31, 3) + QX313

R&X....
R2N •••••*****••••••••••**•••••••••••••••*•••••**••••**•••••••**••**.***•••••••
R&X
R&X

IF XYZ _ NB + 1 THEN QOTO 3730

TIME • l'Dm + DII:
Il'D - 01
•• 0
ITER. _ IBR. + 1
loOCATK 9 34· PRIlli' "'1'D!II: aN. 'rna:
LOCATE 1i, 27: PRIH"l' "Perfo~ng' iteration '''; .IRR;
FOR II _ 1 TO HC

1 _ II

IF (xn+ UERI MOD2a1THBNIaHC-I+l
FOR .1 - 1 'l'O Bll

R&X
REM ••• .INDUCED IHI'ILl'RIa'IOJI CALCOLA1'IOII •••.......
IF H(I, .1) < IlD(I, J) TlIEH

ll.E "" (RS(I, .1) - RO(I, .1) • ReI, .1)
RB - 01
""BE
RZ _ IlH(I, .1) • ReI, .1)
RB - 11

ZIO) IF
B8 • SF (I, J) I DE + R(I, .1) • U
DD - BO(I, .1) • SF(I, .1) I DE - QeI, J) + R&
R&X
REM ••• END INDOCED INFIL'rRA1'IOH CALCOLA.TIOH •••.......
AA.O
CC • 0
IF (.1 - 1 < 0 OR .1 - 1 > 0) 'rllEH AA - -1'.1(1, .1 - 1): 8B - BB + '1'.1(1, .1 - 1)
'IF (.1 - NR < 0 OR .1 - NR > 0) !l'HI.H CC - -2'.1(1, J): DB. B8 + '1.1(1, J)
IF (1 - 1 < 0 OR I - 1 > 0) 1'HI.H

8B - 8B + '1'1 (I - 1, J): DO • DD + Bel: - 1, .1) • 'II (I - 1, J)
END IF .
IF (I - HC < 0 OR I - HC > 0) THEN

BB _ as + 1'1(1, .1): DO "" DD + B(I + 1, .1) ·1'1(1, J)
ZIO) IF
W • as - AA • 8 (.1 - 1)
8(.1) _ CC I w
c eJ) .. (DO - AA • G (.1 - 1)) I w

llZll'> J
E - E + ABS(H(I, Nll) - Q(NR))
H (I, tnl) _ G (NR)
H-NR-1
HA • G(N) - B(N) • H(I, H + 1)
II: "" II: + ABS(HA - H(I, N))
B(I, H) D HA
Il • Il - 1
IF N~ (H < 0 OR H R 0) THEN 2010

REM IF COHl':IN'ED$ _ "a" OR COBFINJ:D$ - "COl TDH G:O'rO 2130

FORHD1TO]
IF B(I, H) > BOT(I, Il) THEN GOTO 2120
PRIN'r '2, "Hod. (": I: ",": H: ") want dry."
E - E + BOT (I, H) + .01 - H(I, Il)
H(I, H) - BOT(I, N) + .01

HEX'!' II
'1'EMPIl: - E
R&X
REM •••llOW CALCtrLATION'S.··....
rORJJ-1'1'ONR

J"" JJ
IF (~Z + ITER) MOD 2 • 1 THIH J • HR - J + 1
rOll I "" 1 'to He....

ilD{ ••• INDOCED INJ'ILTRA!l'IOH CALCtJLA!1'ION •••.......
Ir H(I, .1) < RD(I, J) THEN

RE .. (RHeI, J) - RO{I, J») * R(I, J)
aD - 0""S.
RE - RH(I, .1) • ReI, .1)aD _ I

END IF
BB _ SF(I, J) I DE + R(I, .1) • as
DD _ HO{I, .1) • SF(I, J) I DE - Q(I, .1) + R&
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2280
2251'0
2300
2310
2320
2330

2340

2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480

24~0

2500
2510
2520
2530
2540
2550
2560
2570
2590
2600
2610

2620
2630
2640
2650
2660
2662
2670
2680
2690
2700
2710
2720
2730
2732
2738

2140
2741
2742

2744
2745
2751
2752

-REM *** DID INDOCICD INi'IL'lRA1'IOH CALCOLA'tION **'*-AA _ 0

CC .. 0
IF (J - 1 < 0 OR J - 1 > 0) 'lREN

BB ~ B8 ... 'lJ(X, J - 1}
DO _ DD + H(I, J - 1) * 'lJ(X, J - 1)

.,., IF
n (J - HR < 0 OR J - NR > O) 'lHJ:N

;)D .. DD + H(X, J + 1) • 'lJ(I, J)
B8 .. BB + 'lJ(I, J}

END IF
IF (I - 1 < 0 OR I - 1 > O) 'lIJEN B8 .. 8B + 'rI (I - 1, J): AA • -U (I - 1, J)
IF (I - HC < 0 OR I - HC > 0) 'lHEN B8" BB + ~I(I, J): CC .. -1'1(1, J}
W .. BB - AA '* B(I - 1}
B(I} .. CC I N
G(I} .. (DD - AA * G{I - 1)} I W

"""" XE .. E + ABS(H(NC, J} - Q(HC»
H(NC, J} .. G(HC)
N .. HC - 1
HA .. G(H} - B{N} '* H{N + 1, J}
E .. & + ABS(H(N, J) - HA)
H(N, J} .. HA
H .. N - 1
II' NO:l' (N < 0 OR N .. O) THEN 2440

REM Ir CONFINED$ ... tlc" OR CONi'INED$ .. "C" 'rHEN GCY.rO 2560
II' JJ > 3 ~H£H GOTO 2560

FOR N .. 1 TO NC
IF H(N, J) > BO~(N, J) 'rHEN G~O 2550
PRIN'r "2, "Node ("; Ni ","i Ji ") went dry."
E ... E + BOT(N, J) + .01 - H(N, J)
H(N, J) .. BOT (N, J) + .01

"""" N
NEXT JJ
LOCATE 1.3, 29: PUNT "'l:otal loR ... "; E: PlUNT
II' Ii: > ER ANI) UER > 199 'rHJi:.N IHPO'1' .. EXIT (Y OR N) "i A$
II' I: > ER AND 'I'rltil > 199 AND A$ .. "y" THEN 3120
II' E > Ell THEN 1720....
UN: '**'* CALCOLA1'I: WATER BALANCE '***....
IF WBALP.NCE$ .. "N" OR WBALANCE$ .. "n" 1'HEN GO'1'O 2900
gS" Of: QF'" 01: we ... 01: QR .. Of: gH"" 01: 1'OO':tH ... 01: '1'0'1'00'1' "" 01: CHND" 0
INFIN .. 0: INi'OO1' .. 0: QIN .. 0: QOO': .. 0: grs "" 0: Q1'S .. 0: QCHNIN .. 0: QCHNOOT .. 0
FOR I .. 1 '1'0 Be

)'OR J .. 1 TO NR
IF 8(1, J) < aD(l, J) 1'HEN GO'I'O 2720
QI .. R(I, J) * (RH(I, J) - H(I, J»
GOTO 2730
QI ... R(I, J) * (RH(I, J) - RD (I, J»
gR .. QR + QI: Ii' QI > 0 '1'HEN 1'O'rIN "" '1'01'IN + QI ELSE i'O'lOOT .. T01'OO~ - gI
IF QI > 0 1'HEN INFIN ... :tHFIft + QI ILSE INFOtn' .. INi'OtJT - QI
or .. QI' + 0(1, J)
II' Q(X, J) > 0 'rHEN 'lO'I'OO'r .. TOOfOln + (){I:, J') ELSE o;rO'UH _ 'lO'lIIl - Q(I, J)
XI' g(I, J) > 0 THEN QOQT .. 2001' + g(I, J} ELSE gIll .. gIN - Q(X, J)
IF 91'(1, J) > 1&+21 THEN 2752
XI' 8F(X, J) < 11+21 THEN

QSI .. «SF(I, J) I DE) • HO{I, J) - (SF (I, J) I DE) • H(X, J»
.,., IF
XF gsx > 0 THU 'lO'l'IN .. TO'l'IH + QSI ELSE 1'0'1'001' .. TO'1'OOT - QSI
XF QSI > 0 'lREN orB .. grs + gSI ELSE Q'I'S - 21's - g9X
GO'1'O 2768
QIP! .. 0

IF SF(I + 1, J) < 11.+21 AND I < NC THEN
QXP1 _ (R(I + 1, J) - H(X, J» * 1':I(X, J)
.,., U
IF gIP1 < 0 THEY
TO'I'IN ... 'laTIN - QIP!
ELSE
TOTOU'I' _ TO'1'ooT + gIPl
.,., IF

2754

2756

gJP1 ... 0

QJM1 ... 0

IF SF(X, J + 1) < 1&+21 AND J < NR THEN
gJP1 .. (H(X, J + 1) - H(I, J)l * TJ(X, J)
END IF
IF QJP1 < 0 THEN
TOTIN = 'lOTIN - QJP1
ELSE
TO'l'Otn' .. 1'0'1'001' + gJPl
END IF

IF SF (X, J - 1) < 1E+21 AND J > 1 THEN
QJMl .. (H(I, J - 1) - H(I, J» * TJ(I, J - 1)

- 54 -



2758

END Ir
IF O.nn < 0 THElI
tOTty .. ~IN - QJN1
ELSE
'l'OTOOT .. 'rOO'OUT + QJMl
END Ir

ann - 0

+ OUI
+ QJPl
+ QJM1
+ ODll

1, .1)

ELSE QCHNOU'r - QCHHOUT
ELSE QCHNOOT - QCIINOU'r
ELSE QCHNOO'I' • QCHROU"t
ELSE QCHHcxn • QCJD1OU'l'

QUl
QJPl
QJM1
QIIC1

gcmUN .. QCHNIN ­
QCHNIN • QCHHIN ­
QCHNDI QCHNIY­
QCHNIN - gCHNIN -

IF SF(I - 1, .1) < 1&+21 AND I > 1 THBH
QrMl - (H(I - 1, J) - 8(1, .1» * 'rI(1 ­
END IF
IF Q~l < 0 THEN
TOTtN .. 'rOTIN - gIH1
ELSE
'rO'l'Otrr _ 'rO'rOO'r + QDC1
END Ir

< 0 THEN
< 0 'rHEN
< 0 THEN'
< 0 THEN

:rI!' QIPI
IF QJPl
IF gJHl
:IF QIMl

...,." J
...,." I

2760
2762
2763
2765
2768
2770

EE$ .. ""
IF I'l'ER. > 199 'I'HEN INPUT "Cont.inue? Enter Y-Ye. or S to print ~.ult."; 1:&$
II' Elt$ <> "Y" OR. EE$ <> "y" 'I'HEN 2880 ELSE 3720
IF ABS (WB) > WBB 'I'HEN GO'rO 1720....
REM *** END tm.'l'ER. BALANCE CALCtJLA'I'ION ***....

WB _ 100 * (1 - ABS ('to'na I 'rorotrr»
BEll PlUNT "Tot.al Flow IN _"; 'rO'l'INi" 'rotal Flow OCT _"; 'rO'l'OO'l'
Il.EM PRIN'l' "Percent unaccount.ed water _"; WB: PIlINT
REM PaINT "Flow from atorage .."; ors; " Flow into .tor.~ _"; ~S
REM PllINT "Flow in f:rom leakanee _"; tNl'IN; II rlowo\\t ...1. l ••kana. _oo; IHI'OOT
RB:N PllINT "r10w in from. withdrawal _"; OIN;" rlowout via withdrawal - "; QOm
BEN PRINT "Flow from constant h••d. _"; QCID/IN; " Flow out to conRant hew. _"; QCHNOOT

2810
2820
2840
2841
2842
2843
28404

2871
2872
2874
2880
2890
2900
2910

3720
3730

CLS
...,." leY.

PR.IN'l' '4, OSING "\
PRIN': 14, USING

\"; SPC(68}; ".,..===__
..........."; SPC(64); ft'I'POMP I Q.OOHT

CLOSE 2
CLOSE 3
CLOSE 4
R&K CLOSE 6

IF xo1t$ .. "yn OR. XOK$ "" "y" 'l'HEN

FILE$ _ UIL&:$
OPEN "0", 1, FILE$
PRIN'l' fl, "name:"; FILE$i , EX'l'ERNAL FILE FOR PLASH PR.()(;RAN"
PRIN'l' 11, CORFIHED$
PRIN'l' '1, PR!DICTOR$
PRIN'l' '1, WBALAHCIl:$
PRIN'l' '1, WBS
PRINT '1, DISK$
eaIUT '1, RA'I'ETYPE$
PRIN'l' 11, FORM$
PRIN'l' '1, NS; DB; ER; KSi DAYS
PllIN'l' 01, NC; HR; NP; NSP; NR'l'
FORI_l'I'ONC

FOR J - 1 1'0 NR
PRINT fl, Ii J; X'l'I(I, J)i X'l'J(I, J}; XSF(I, J); B(I, J);_
XQ:(I, J); XR(I, J}; RH(I, J)i RO(I, J); 80'1'(1, J);_
PERMI(I, J); PERMJ(I, J}

HE"" J
...,." I
FOR I • 1 '1'0 HC + 1

PlUN'l' '1, DELX (I)
HE"" I
FOR J .. 1 TO HR. + 1

PRIN'I' '1, DELY(J)
...,." J
FOR I _ 1 TO HP

PRXN'l' #1, IP(I), JP(I)
FORH-1TONRT

PRINT '1, P(I, N)
HE"" N

...,." I
CLOSK 1

END IF

3740 PllINT "Your job i. overl@''': END
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6520
6530
6540
6720
6730
6740
6750
6760
6770
6780
67510
6800
6810
6820
6830
6840
6850

6860
6870
6880
6890
6900
6910
6920
6930
6940
6950
6960
6970
6980
6990
7000
7010
7020

ItEM J:laJM: PCOHT
REM purpo•• : 9!o read tM data ator.ct in an <aXternal fi1. EDWA1lDS.PIA
REM calle({ by PKAJ:H
OPO "I", '1, "EDWARDS. PIA"
LID INPUT 11, AS
DlPtrr II, COHl'I1BD$
DlPU9! 'I, PREDICTOR$
DlPU9! II, WBALA&CK$
DlPUT 11, WBB
DlPO!! 11, DISK$
INPUT 11, RAftftPE$
IHPU'1' 11, FORK$
IlfE'U'l' 11, HS, DE, ER, ltS, DAYS
IHPO'1' 11, HC, HIl, NP, HSP, HR.'l'
FOil I _ 1 'l'O HC

FoaJ-1TONil
INPO'T'l, I, J, 9!I(I, J), '1'J(I, J), SF(I, J), H(I, J),_
12(1, J}, R(X, J), RH(I, J), Il.D(I, J), BO!l'(I, J},_
PERMr(I, J), PERNJ(I, J)
HO(I, J) • H(I, J)

.."" J
"""" Z
FOR I - 1 '1'0 HC + 1

IHPtI''1' '1, DELX(I)

.."" Z
FOR J .. l'1'ONR,+ 1

INPO'1' 11, DELY(J)
HEX': J
FOR I - 1 ':0 HP

IN?OT '1, IP(I), JP(I)
FORN-1TONR.'l'

INPO'T'l, P(I, N)

.."" Z
CLOSE 1
aE.....

.....
RDI: SUBR.OtI'9!INES FOLLOW.....

THEN
'1'HE ABR POKPAGE WILL BE" + S'l'R$(Q1ASRI) + ACRE-F'l'!YKAa"

WHEN THE INDEX WELL LEVEL IS ABOVZ" + STR$ (HlASRI) + .. FT."

SOB SSSOB1 (YHABR$,
CLS
CALL XBOX
LOCA'l'E .. , 7
IF YNASR.$ - "ABR"

PRIn "1
PRIN'1' "I

QlASR', HlABill)

ELSE
PR.IHT "1 ABIl IS NO'1' IN UFItC'l!."

EIlll ZF
r.ND S08

+ " ACP.J,-ft!YEAa."
ACU-rT!YEAll. "

'IN" +_

BE SIMD'LATED."

SIMtJLA.TED. "
+ S'l"R$ (MQCON I )
STR$(QQCONI) +
BE INPLEKEN'l"ED

QQCONI, 'l'IMCONI, AACON$)
"N" OR AACON$ .. "n" tHEN

2 CONSERVA'tION REDOC'l'ION WILL NO'1'

2 CONSERVAtION REDOC'l'ION WILL BE
THE STAR.'1'ING LIMIT WILL BE"
tHE 'l'AR.GET LIMI'l' WILL BE" +
CONSERVATION REDOC'I''ION WILL

STR$ ('l'IKCOH!) + " YEARS."

SOB 8S80B] (MQCONI,
II" AACON$ ­
PRINT" J
ELSE

paINT "IPRINT"
PRINT "
PR.I:N'l' "

EIlll ZF
END StI'B

SOB SSS084 (AADMP$, Nt:IMNtJL%, POMPMAXI, urHI (), XlUWOCt (), NtI!OIAX%)
II' AAD1G'$ "N" OR. AAADMP$ .. "n" THEN
PllIN't "I 3 DMP WILL NOT BE SDltJIoM'ED."
ELSE
PRDlT "J 3 DMP WILL BE SIMtI'LATED WI~H" + STR.$ (NOMHAX-%) + " LEVELS."
FOR JJlI:lII - 1 '1'0 NtJHKtrL%

IF JJKlII - 1 THEN
PRIN'r "I LVL." + STR$ (JJlI:%) + " IS" +_
STR.$(UI'HI (JJlI:%» +
" ABOVE WHICH THE PUHPAQE WILL BE THE HISTORICAL."
ELSE
PaIN'r "I LVL." + STR$ (JJlI:%) + .. IS" +_
Sft$(REFHI (JJK%» +
" ABOVB: WHICH MAX. POKPAGE IS " +
R.IGHT$(" " + 8TR$(XREDUCI (JJi'llI:», 7) +_
"% or" + STR$(PtlMPMAXI) + "."
END Ir

HE""
EIlll IF

EIlll SOB

8O'B XBOX
LOCATE. 25, 10
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EHIl S1JB

PIUNT "PRESS Fl 1'0 MOVE. 01'''
LOCATE 2, 23
PllDIT "MAHAtOUi:KKN''1' ZVALUA'r:IOH MOOEL FOR. '1'Kr. ICDWARDS"
LOCATE 3
PRXNT CHR$(218) + 5'1'RINQ$(78, 196) + CKR$(191)
rOR J: •• 1'0 22

LOCATE 1:, 1
PlUlft cD.$ (119)
LOCA'lZ 7, 80
PRINT C:HR.$ (179)

""""LOCATE 23
p~ CHR$(192) + STaINGS(78, 196) + CHR$(217)
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APPENDIX C

Explanation of the HISTORY.DAT File



The HISTORY.DAT file supplied with the program will simulate
a relatively harsh drought-usage scenario. It combines the severe
1950's drought with the heavy usage of the present day. If the
user of the program wants to test various management scenarios
against a different backdrop, say a synthetic record statistically
derived to represent a 100-year drought occurrence; then the
HISTORY.DAT file would need to be changed. What will be needed is
a text editor and a knowledge of the structure of the file.

A portion of the HISTORY.DAT file is shown in FIG-1. The
first line is the year that simulation is to begin, in this case
1934, and the second line is the number of years to be simulated,
55. The rest of the file is quarterly pumpage and recharge data
for the various subareas of the aquifer for the 55 year period.
The 9 that appears on the third line of FIG-8 indicates the number
of subareas into which the aquifer is divided for the purposes of
modeling. Following are 9 sets of 4 lines. The first of the 4
lines describes the exact location on the model's grid on which the
subarea lies. In our example the first area inhabits grid cells
1,1 to 16,2 (The whole aquifer is divided into a 33 by 6 grid.).
For the first area, the -10831 is the first quarter recharge
(pumpage is positive and recharge negative), in units of
acre-ft/year and the 0 on the next line is the pumpage, also in
acre- ft/year. The 32 on the fourth line is the number of cells
over which the -10831 recharge and 0 pumpage is divided. The
program uses this to calculate recharge and pumpage for each
individual cell. The data set continues in this manner so that,
for each year to be modeled, there are 4 groups (one per quarter)
of 9 sets (in our example) of the four lines that describe the grid
area, recharge, pumpage, and number of cells, respectively.
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1934
55
9
1,1 16,2
-10831
o
32
17,1 25,2
-14492
o
18
26,1 33,2
-11983
o
16
1,3 12,4
o
22635
32
13,320,6
o
7035
32
21,3 25,6
o
61940
20
26,3 30,3
o
3560
5
31,3 33,3
o
2700
3
9,5 12,6
o
22635
32
9
1,116,2
-22384
o
32
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APPENDIX D

Output for Example Applications



MANAGEMENT PLAN A

MGT INDEX AVERAGE
OMP IN WELL YEARLY

YEAR YEAR LEVEL EFFECT ASR LEVEL PUMPAGE PUMPAGE
DECIMAL FT ACRE-FT/YR ACRE-FT/YR

1934 1934.00 0 655.71 0.0 0.0

1934 1934.25 111 HIS 645.97 391480.0
1934 1934.50 111 HIS 608.84 686119.3
1934 1934.74 4 OMP 634.48 370859.8
1934 1934.99 (2) HIS 633.48 391480.0 459984.8

1935 1935.25 121 HIS 634.71 388219.8
1935 1935.50 2 OMP 634.09 450329.8
1935 1935.74 2 OMP 635.69 450329.8
1935 1935.99 121 HIS 643.50 388219.8 419274.8

1936 1936.25 (2) HIS 650.04 350899.7
1936 1936.50 11) HIS 628.27 601499.6
1936 1936.74 2 OMP 640.59 450329.9
1936 1936.99 (2) HIS 654.23 350899.7 438407.2

1937 1937.25 (11 HIS 659.89 322079.8
1937 1937.50 11) HIS 638.15 548119.5
1937 1937.74 2 OMP 642.41 450330.1
1937 1937.99 (21 HIS 654.76 322079.8 410652.3

1938 1938.25 (1) HIS 654.15 363200.1
1938 1938.50 (1) HIS 624.41 625999.8
1938 1938.74 3 DMP 642.23 397349.8
1938 1938.99 (2) HIS 646.27 363200.1 437437.5

1939 1939.25 (1) HIS 651.16 326479.9
1939 1939.50 III HIS 628.49 558319.5
1939 1939.74 2 OMP 633.38 450330.1
1939 1939.99 121 HIS 646.28 326479.9 415402.3

1940 1940.25 III HIS 644.20 391480.0
1940 1940.50 (11 HIS 608.89 686119.3
1940 1940.74 4 DMP 635.96 370859.8
1940 1940.99 121 HIS 635.34 391480.0 459984.8

1941 1941.25 (2) HIS 636.74 388219.8
1941 1941.50 2 OMP 635.08 450329.8
1941 1941.74 2 OMP 634.55 450329.8
1941 1941. 99 (2) HIS 637.90 388219.8 419274.8

1942 1942.25 121 HIS 642.29 350899.7
1942 1942.50 2 OMP 637.28 450329.9
1942 1942.74 2 DMP 635.44 450329.9
1942 1942.99 (2) HIS 641. 91 350899.7 400614.8

1943 1943.25 (2) HIS 646.16 322079.8
1943 1943.50 (11 HIS 622.76 548119.5
1943 1943.74 3 OMP 631. 73 397350.0
1943 1943.99 (2) HIS 639.21 322079.8 397407.3

1944 1944.25 (2) HIS 638.20 363200.1
1944 1944.50 2 OMP 631.21 450329.6
1944 1944.74 2 OMP 628.80 450329.6
1944 1944.99 (2) HIS 632.69 363200.1 406764.9

1945 1945.25 121 HIS 637.87 326479.9
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1945 1945.50 2 OMP 629.51 450330.1
1945 1945.74 2 OMP 627.02 450330.1
1945 1945.99 (3) HIS 635.71 326479.9 388405.0

1946 1946.25 (2 ) HIS 633.44 391480.0
1946 1946.50 2 OMP 628.97 450329.7
1946 1946.74 2 OMP 626.81 450329.7
1946 1946.99 (3) HIS 627.65 391480.0 420904.9

1947 1947.25 (3) HIS 629.03 388219.8
1947 1947.50 2 OMP 625.81 450329.8
1947 1947.74 3 OMP 627.71 397349.6
1947 1947.99 (3) HIS 626.20 388219.8 406029.7

1948 1948.25 (3) HIS 627.71 350899.7
1948 1948.50 3 OMP 625.93 397350.2
1948 1948.74 3 OMP 623.67 397350.2
1948 1948.99 (3) HIS 623.46 350899.7 374124.9

1949 1949.25 13 ) HIS 625.54 322079.8
1949 1949.50 3 OMP 621. 42 397350.0
1949 1949.74 3 OMP 619.93 397350.0
1949 1949.99 (3) HIS 624.67 322079.8 359714.9

1950 1950.25 (3) HIS 623.26 363200.1
1950 1950.50 3 OMP 620.95 397349.8
1950 1950.74 3 OMP 618.51 397349.8
1950 1950.99 13 ) HIS 616.89 363200.1 380275.0

1951 1951.25 (31 HIS 619.20 326479.9
1951 1951. 50 3 OMP 614.14 397350.1
1951 1951.74 3 OMP 611.16 397350.1
1951 1951. 99 (4 ) HIS 612.70 326479.9 361915.0

1952 1952.25 13 ) HIS 607.63 391480.0
1952 1952.50 4 OMP 609.22 370859.8
1952 1952.74 4 OMP 607.94 370859.8
1952 1952.99 4 OMP 604.02 370859.6 376014.8

1953 1953.25 4 OMP 602.59 370860.0
1953 1953.50 4 OMP 602.91 370859.8
1953 1953.74' 4 OMP 600.89 370859.8
1953 1953.99 4 OMP 596.25 370860.0 370859.9

1954 1954.25 (4 ) HIS 594.28 350899.7
1954 1954.50 4 OMP 593.38 370859.7
1954 1954.74 4 OMP 591.35 370859.7
1954 1954.99 (4 ) HIS 589.18 350899.7 360879.7

1955 1955.25 14 ) HIS 590.49 326479.9
1955 1955.50 4 OMP 588.25 370860.1
1955 1955.74 4 OMP 586.03 370860.1
1955 1955.99 (4 ) HIS 586.12 326479.9 348670.0

1956 1956.25 4 OMP 583.30 370859.6
1956 1956.50 4 OMP 582.47 370859.8
1956 1956.74 4 OMP 579.42 370859.8
1956 1956.99 4 OMP 573.38 370859.6 370859.7

1957 1957.25 4 OMP 571. 37 370860.0
1957 1957.50 4 OMP 574.01 370859.8
1957 1957.74 4 OMP 576.94 370859.8
1957 1957.99 4 DMP 578.72 370860.0 370859.9

1958 1958.25 14 ) HIS 585.26 350899.7
1958 1958.50 4 OMP 592.86 370859.7
1958 1958.74 4 OMP 602.99 370859.7
1958 1958.99 14 ) HIS 613.01 350899.7 360879.7
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1959 1959.25 (3 ) HIS 622.16 322079.8
1959 1959.50 3 DMP 620.76 397350.0
1959 1959.74 3 DMP 620.84 397350.0
1959 1959.99 (3) HIS 628.15 322079.8 359714.9

1960 1960.25 12) HIS 628.01 363200.1
1960 1960.50 2 DMP 623.25 450329.6
1960 1960.74 3 DMP 626.55 397349.8
1960 1960.99 (3) HIS 630.13 363200.1 393519.9

1961 1961.25 (2) HIS 636.47 326479.9
1961 1961.50 2 DMP 629.67 450330.1
1961 1961.74 2 DMP 628.06 450330.1
1961 1961. 99 12) HIS 639.13 326479.9 388405.0

1962 . 1962.25 12 ) HIS 637.06 39H80.0
1962 1962.50 2 DMP 631. 89 450329.7
1962 1962.74 2 DMP 628.94 450329.7
1962 1962.99 (2) HIS 628.73 391480.0 420904.9

1963 1963.25 12) HIS 629.16 388219.8
1963 1963.50 2 DMP 624.25 450329.8
1963 1963.74 3 DMP 625.37 397349.6
1963 1963.99 (3) HIS 622.83 388219.8 406029.7

1964 1964.25 (3) HIS 623.71 350899.7
1964 1964.50 3 DMP 622.42 397350.2
1964 1964.74 3 DMP 621.17 397350.2
1964 1964.99 (3) HIS 622.34 350899.7 374124.9

1965 1965.25 (3 ) HIS 625.71 322079.8
1965 1965.50 3 DMP 622.78 397350.0
1965 1965.74 3 DMP 621.69 397350.D
1965 1965.99 (3 ) HIS 626.74 322079.8 359714.9

1966 1966.25 13 ) HIS 625.79 363200.1
1966 1966.50 3 DMP 625.11 397349.8
1966 1966.74 3 DMP 624.62 397349.8
1966 1966.99 13 ) HIS 625.52 363200.1 380275.0

1967 1967.25 (3) HIS 630.33 326479.9
1967 1967.50 2 DMP 621. 93 450330.1
1967 1967.74 3 OMP 623.83 397350.1
1967 1967.99 (3) HIS 629.54 326479.9 375160.0

1968 1968.25 12) HIS 627.31 391480.0
1968 1968.50 3 DMP 629.21 397350.2
1968 1968.74 2 DMP 626.28 450329.7
1968 1968.99 (31 HIS 629.11 391480.0 407660.0

1969 1969.25 (2) HIS 631. 99 388219.8
1969 . 1969.50 2 DMP 630.66 450329.8
1969 1969.74 2 DMP 629.61 450329.8
1969 1969.99 (2) HIS 631. 94 388219.8 419274.8

1970 1970.25 (2) HIS 636.00 350899.7
1970 1970.50 2 DMP 631. 28 450329.9
1970 1970.74 2 DMP 629.88 450329.9
1970 1970.99 (2) HIS 637.43 350899.7 400614.8

1971 1971.25 (2) HIS 642.94 322079.8
1971 1971.50 2 DMP 636.27 450330.1
1971 1971.74 2 DMP 635.73 450330.1
1971 1971. 99 (2) HIS 650.13 322079.8 386205.0

1972 1972.25 (1) HIS 650.68 363200.1
1972 1972.50 11 ) HIS 624.15 625999.8
1972 1972.74 3 DMP 644.78 397349.8
1972 1972.99 (1) HIS 650.55 363200.1 437437.5
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1973 1973.25 (1) HIS 658.42 326479.9
1973 1973.50 (1) HIS 642.43 558319.5
1973 1973.74 2 DMP 654.07 450330.1
1973 1973.99 (11 HIS 673.31 326479.9 415402.3

1974 1974.25 (11 HIS 672.83 391480.0
1974 1974.50 (1) HIS 642.45 686119.3
1974 1974.74 2 DMP 661.31 450329.7
1974 1974.99 (1) HIS 668.09 391480.0 479852.3

1975 1975.25 (1) HIS 671.33 388219.8
1975 . 1975.50 (11 HIS 643.49 690179.9
1975 1975.74 2 DMP 664.08 450329.8
1975 1975.99 (1) HIS 672.35 388219.8 479237.3

1976 1976.25 (1 ) HIS 677.60 350899.7
1976 1976.50 (1) HIS 656.43 601499.6
1976 1976.74 (1) HIS 653.64 601499.6
1976 1976.99 (1) HIS 679.19 350899.7 476199.6

1977 1977.25 (11 HIS 686.09 322079.8
1977 1977.50 (1 ) HIS 668.13 548119.5
1977 1977.74 (11 HIS 665.77 548119.5
1977 1977.99 (1 ) HIS 688.02 322079.8 435099.7

1978 1978.25 (1) HIS 688.22 363200.1
1978 1978.50 (1 ) HIS 660.93 625999.8
1978 1978.74 (1) HIS 656.14 625999.8
1978 1978.99 (1) HIS 678.07 363200.1 494600.0

1979 1979.25 ( 1) HIS 685.36 326479.9
1979 1979.50 <11 HIS 667.61 558319.5
1979 1979.74 (11 HIS 665.61 558319.5
1979 1979.99 (1 ) HIS 689. Z8 326479.9 442399.7

1980 1980.25 (1 ) HIS 688.00 391480.0
1980 1980.50 (1) HIS 655.92 686119.3
1980 1980.74 (1) HIS 649.37 686119.3
1980 1980.99 (1) HIS 673.09 391480.0 538799.7

1981 1981.25 (11 HIS 677.67 388219.8
1981 1981.50 (1) HIS 654.59 690179.9
1981 1981.74 (1 ) HIS 652.88 690179.9
1981 1981.99 (1 ) HIS 686.02 388219.8 539199.8

1982 1982.25 (1) HIS 693.39 350899.7
1982 1982.50 (1 ) HIS 670.10 601499.6
1982 1982.74 ( I) HIS 665.65 601499.6
1982 1982.99 (I) HIS 686.35 350899.7 476199.6

1983 1983.25 (1) HIS 691.27 322079.8
1983 1983.50 (1) HIS 670.01 548119.5
1983 1983.74 (1) HIS 665.87 548119.5
1983 1983.99 (1) HIS 684.19 322079.8 435099.7

1984 1984.25 (1) HIS 683.38 363200.1
1984 1984.50 (1) HIS 653.37 625999.8
1984 1984.74 (1) HIS 646.37 625999.8
1984 1984.99 (1) HIS 666.75 363200.1 494600.0

1985 1985.25 (1 ) HIS 673.75 326479.9
1985 1985.50 (1) HIS 655.13 558319.5
1985 1985.74 (1) HIS 652.78 558319.5
1985 1985.99 (I) HIS 676.09 326479.9 442399.7

1986 1986.25 ( 1) HIS 675.65 391480.0
1986 1986.50 (I) HIS 647.60 686119.3
1986 1986.74 (1) HIS 644.58 686119.3
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1986 1986.99 (1) HIS 674.01 391480.0 538799.7

1987 1987.25 (1) HIS 681. 42 388219.8
1987 1987.50 (1) HIS 661. 08 690179.9
1987 1987.74 (1) HIS 661. 98 690179.9
1987 1987.99 (1) HIS 699.53 388219.8 539199.8

1988 1988.25 (1) HIS 707.52 350899.7
1988 1988.50 (1) HIS 684.22 601499.6
1988 1988.74 (1) HIS 679.42 601499.6
1988 1988.99 (1) HIS 698.80 350899.7 476199.6

412998.8
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MANAGEMENT PLAN B

MGT INDEX AVERAGE
DMP IN WELL YEARLY

YEAR YEAR LEVEL EFFECT ASR LEVEL PUMPAGE PUMPAGE
DECIMAL FT ACRE-FT/YR ACRE-FT/YR

1934 1934.00 0 655.71 0.0 0.0

1934 1934.25 (1) HIS 645.97 391480.0
1934 1934.50 (1) CON 620.24 599997.5
1934 1934.74 3 DMP 636.50 370859.8
1934 1934.99 (2) HIS 634.75 391480.0 438454.3

1935 1935.25 (2) HIS 635.58 388219.8
1935 1935.50 2 DMP 634.76 450329.8
1935 1935.74 2 DMP 636.26 450329.8
1935 1935.99 (2) HIS 643.92 388219.8 419274.8

1936 1936.25 (2 ) HIS 650.45 350899.7
1936 1936.50 (1 ) CON 630.85 584997.9
1936 1936.74 2 DMP 641. 37 450329.9
1936 1936.99 (2 ) HIS 654.70 350899.7 434281. 8

1937 1937.25 (1) HIS 660.32 322079.8
1937 1937.50 (1 ) HIS 638.55 548119.5
1937 1937.74 2 DMP 642.81 450330.1
1937 1937.99 (2 ) HIS 655.08 322079.8 410652.3

1938 1938.25 (1 ) HIS 654.48 363200.1
1938 1938.50 (11 CON 632.16 569997.9
1938 1938.74 2 DMP 637.93 450329.6
1938 1938.99 (2) HIS 645.59 363200.1 436681. 9

1939 1939.25 (1) HIS 651.09 326479.9
1939 1939.50 (1 ) HIS 628.69 558319.5
1939 1939.74 2 DMP 633.63 450330.1
1939 1939.99 (2) HIS 646.55 326479.9 415402.3

1940 1940.25 (1) HIS 644.46 391480.0
1940 1940.50 (1 ) CON 626.37 554998.1
1940 1940.74 3 DMP 639.33 370859.8
1940 1940.99 (2) HIS 637.55 391480.0 427204.5

1941 1941.25 (2) HIS 638.34 388219.8
1941 1941.50 2 DMP 636.25 450329.8
1941 1941.74 2 DMP 635.62 450329.8
1941 1941.99 (2) HIS 638.89 388219.8 419274.8

1942 1942.25 (2) HIS 643.20 350899.7
1942 1942.50 2 DMP 638.13 450329.9
1942 1942.74 2 DMP 630.26 450329.9
1942 1942.99 (2) HIS 642.70 350899.7 400614.8

1943 1943.25 (2) HIS 646.91 322079.8
1943 1943.50 (1) CON 625.51 532498.4
1943 1943.74 3 DMP 636.15 370860.0
1943 1943.99 (2) HIS 640.90 322079.8 386879.5

1944 1944.25 (2) HIS 639.47 363200.1
1944 1944.50 2 DMP 632.19 450329.6
1944 1944.74 2 DMP 629.72 450329.6
1944 1944.99 (2) HIS 633.56 363200.1 406764.9

1945 1945.25 (2 ) HIS 638.69 326479.9
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1945 1945.50 2 OMP 630.30 450330.1
1945 1945.74 2 OMP 627.80 450330.1
1945 1945.99 (3) HIS 636.40 326479.9 388405.0

1946 1946.25 (2) HIS 634.13 391480.0
1946 1946.50 2 OMP 629.66 450329.7
1946 1946.74 2 OMP 627.50 450329.7
1946 1946.99 3 OMP 630.42 370859.6 415749.8

1947 1947.25 (2 ) HIS 630.62 388219.8
1947 1947.50 2 OMP 626.83 450329.8
1947 1947.74 3 OMP 630.70 370859.8
1947 1947.99 (2) HIS 628.00 388219.8 399407.3

1948 1948.25 (2) HIS 628.99 350899.7
1948 1948.50 2 OMP 620.41 450329.9
1948 1948.74 3 OMP 623.62 370859.7
1948 1948.99 (3) HIS 623.45 350899.7 380747.3

1949 1949.25 (3 ) HIS 625.76 322079.8
1949 1949.50 3 OMP 624.49 370860.0
1949 1949.74 3 OMP 623.87 370860.0
1949 1949.99 (3 ) HIS 626.33 322079.8 346469.9

1950 1950.25 (3) HIS 624.44 363200.1
1950 1950.50 3 OMP 624.53 370859.8
1950 1950.74 3 OMP 622.83 370859.8
1950 1950.99 13 ) HIS 619.43 363200.1 367030.0

1951 1951.25 (3) HIS 620.98 326479.9
1951 1951. 50 3 OMP 618.58 370860.1
1951 1951.74 3 OMP 616.14 370860.1
1951 1951. 99 (3) HIS 615.70 326479.9 348670.0

1952 1952.25 3 OMP 612.07 370859.6
1952 1952.50 3 OMP 611. 91 370859.8
1952 1952.74 4 OMP 614.32 317880.1
1952 1952.99 3 OMP 607.85 370859.6 357614.8

1953 1953.25 4 OMP 610.15 317880.1
1953 1953.50 4 OMP 611. 88 317879.9
1953 1953.74 4 OMP 610.85 317879.9
1953 1953.99 4 OMP 607.28 317880.1 317880.0

1954 1954.25 4 OMP 604.21 317880.1
1954 1954.50 4 OMP 604.50 317880.1
1954 1954.74 4 DM? 603.11 317880.1
1954 1954.99 4 OM? 599.89 317880.1 317880.1

1955 1955.25 4 OM? 598.39 317879.9
1955 1955.50 4 OMP 598.97 317880.1
1955 1955.74 4 OM? 597.84 317880.1
1955 1955.99 4 OMP 594.85 317879.9 317880.0

1956 1956.25 4 OMP 594.63 317879.8
1956 1956.50 4 OMP 595.07 317880.1
1956 1956.74 4 OMP 593.11 317880.1
1956 1956.99 4 OMP 588.77 317879.8 317879.9

1957 1957.25 4 OMP 587.65 317880.1
1957 1957.50 4 OMP 590.25 317879.9
1957 1957.74 4 OMP 592.70 317879.9
1957 1957.99 4 OMP 594.37 317880.1 317880.0

1958 1958.25 4 OMP 597.53 317880.1
1958 1958.50 4 OMP 606.63 317880.1
1958 1958.74 4 OMP 616.84 317880.1
1958 1958.99 13 ) HIS 619.77 350899.7 326135.0
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1959 1959.25 (31 HIS 626.69 322079.8
1959 1959.50 3 DMP 627.28 370860.0
1959 1959.74 3 DMP 628.12 370860.0
1959 1959.99 (21 HIS 632.58 322079.8 346469.9

1960 1960.25 (21 HIS 631. 99 363200.1
1960 1960.50 (21 CON 626.85 449999.6
1960 1960.74 3 DMP 632.79 370859.8
1960 1960.99 (2) HIS 634.20 363200.1 386814.9

1961 1961.25 (2) HIS 639.77 326479.9
1961 1961.50 (2) CON 632.77 450000.3
1961 1961. 74 (2) CON 631.11 450000.3
1961 1961.99 (2) HIS 641.93 326479.9 388240.1

1962 1962.25 (2) HIS 639.78 391480.0
1962 1962.50 (2) CON 634.56 450000.0
1962 1962.74 (2) CON 631. 57 450000.0
1962 1962.99 (21 HIS 631. 28 391480.0 420740.0

1963 1963.25 (21 HIS 631. 62 388219.8
1963 1963.50 (21 CON 626.66 449999.7
1963 1963.74 3 DMP 629.81 370859.8
1963 1963.99 (2) HIS 626.10 388219.8 399324.8

1964 1964.25 (3 ) HIS 626.49 350899.7
1964 1964.50 3 DMP 627.21 370859.7
1964 1964.74 3 DMP 626.82 370859.7
1964 1964.99 (3 ) HIS 626.18 350899.7 360879.7

1965 1965.25 (3) HIS 628 .. 80 322079.8
1965 1965.50 (2) CON 619.02 449999.9
1965 1965.74 3 DMP 623.35 370860.0
1965 1965.99 (3 ) HIS 628.42 322079.8 366254.9

1966 1966.25 (2) HIS 627.56 363200.1
1966 1966.50 3 DMP 629.16 370859.8
1966 1966.74 (21 CON 622.54 449999.6
1966 1966.99 (3 ) HIS 626.05 363200.1 386814.9

1967 1967.25 (3 ) HIS 631. 53 326479.9
1967 1967.50 (21 CON 623.50 450000.3
1967 1967.74 3 DMP 627.59 370860.1
1967 1967.99 (3 ) HIS 631.57 326479.9 368455.0

1968 1968.25 (2) HIS 629.09 391480.0
1968 1968.50 (21 CON 626.19 450000.0
1968 1968.74 3 DMP 633.35 370859.8
1968 1968.99 (2 ) HIS 632.42 391480.0 400954.9

1969 1969.25 (2) HIS 634.40 388219.8
1969 1969.50 (21 CON 632.58 449999.7
1969 1969.74 (21 CON 631. 37 449999.7
1969 1969.99 (2) HIS 633.49 388219.8 419109.8

1970 1970.25 (21 HIS 637.49 350899.7
1970 1970.50 (21 CON 632.75 450000.0
1970 1970.74 (2 ) CON 631.34 450000.0
1970 1970.99 (2) HIS 638.82 350899.7 400449.8

1971 1971.25 (2) HIS 644.28 322079.8
1971 1971.50 (1) CON 637.61 449999.9
1971 1971.74 (21 CON 637.07 449999.9
1971 1971. 99 (2) HIS 651.38 322079.8 386039.9

1972 1972.25 (1 ) HIS 651.89 363200.1
1972 1972.50 (1) CON 647.47 449999.6
1972 1972.74 (1) CON 646.44 449999.6
1972 1972.99 (1) HIS 652.58 363200.1 406599.9
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1973 1973.25 (1 ) HIS 660.29 326479.9
1973 1973.50 (1 ) CON 656.28 450000.3
1973 1973.74 (1 ) CON 658.60 450000.3
1973 1973.99 (1 ) HIS 675.78 326479.9 388240.1

1974 1974.25 (1) HIS 675.11 391480.0
1974 1974.50 (1 ) CON 672.70 450000.0
1974 1974.74 (1 ) CON 671. 59 450000.0
1974 1974.99 (1 ) HIS 673.35 391480.0 420740.0

1975 1975.25 (1 ) HIS 675.52 388219.8
1975 1975.50 (1 ) CON 674.57 449999.7
1975 1975.74 (1) CON 674.64 449999.7
1975 1975.99 (1) HIS 678.09 388219.8 419109.8

1976 1976.25 (1) HIS 682.15 350899.7
1976 1976.50 ( 1) CON 678.05 450000.0
1976 1976.74 ( 1) CON 677.62 450000.0
1976 1976.99 (1) HIS 686.45 350899.7 400449.8

1977 1977.25 (1) HIS 691. 54 322079.8
1977 1977.50 (1) CON 684.55 449999.9
1977 1977.74 (1) CON 683.51 449999.9
1977 1977.99 (1) HIS 694.72 322079.8 386039.9

1978 1978.25 (1) HIS 694.03 363200.1
1978 1978.50 (1 ) CON 687.52 449999.6
1978 1978.74 (1) CON 685.08 449999.6
1978 1978.99 (1) HIS 688.24 363200.1 406599.9

1979 1979.25 (1 ) HIS 692.69 326479.9
1979 1979.50 (1) CON 686.35 450000.3
1979 1979.74 (1 ) CON 685.86 450000.3
1979 1979.99 (1) HIS 697.41 326479.9 388240.1

1980 1980.25 (1) HIS 695.17 391480.0
1980 1980.50 (1) CON 690.49 450000.0
1980 1980.74 (1) CON 687.86 450000.0
1980 1980.99 (1) HIS 687.65 391480.0 420740.0

1981 1981.25 (1) HIS 688.80 388219.8
1981 1981.50 (1 ) CON 688.77 449999.7
1981 1981.74 (1) CON 691. 62 449999.7
1981 1981.99 (1) HIS 699.18 388219.8 419109.8

1982 1982.25 (1) HIS 703.67 350899.7
1982 1982.50 (1 ) CON 697.69 450000.0
1982 1982.74 (1 ) CON 695.09 450000.0
1982 1982.99 (1 ) HIS 699.34 350899.7 400449.8

1983 1983.25 (1) HIS 702.08 322079.8
1983 1983.50 (1) CON 691. 72 449999.9
1983 1983.74 (1) CON 688.71 449999.9
1983 1983.99 (1 ) HIS 695.84 322079.8 386039.9

1984 1984.25 (1) HIS 693.77 363200.1
1984 1984.50 (1) CON 684.69 449999.6
1984 1984.74 (1) CON 680.85 449999.6
1984 1984.99 (1) HIS 682.48 363200.1 406599.9

1985 1985.25 (1) HIS 685.86 326479.9
1985 1985.50 (1) CON 678.63 450000.3
1985 1985.74 (1) CON 677.65 450000.3
1985 1985.99 (1) !iIS 688.27 326479.9 388240.1

1986 1986.25 (1) HIS 686.83 391480.0
1986 1986.50 (1) CON 685.14 450000.0
1986 1986.74 (1) CON 685.61 450000.0
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1986 1986.99 (1) HIS 689.72 391480.0 420740.0'

1987 1987.25 (1 ) HIS 693.83 388219.8
1987 1987.50 (1) CON 696.91 449999.7
1987 1987.74 (1) CON 704.52 449999.7 ;
1987 1987.99 (1 ) HIS 715.60 388219.8 419109.8 !

1988 1988.25 (1 ) HIS 720.80 350899.7
1988 1988.50 (1 ) CON 714.35 450000.0
1988 1988.74 (1 ) CON 711.36 450000.0
1988 1988.99 (1 ) HIS 714.88 350899.7 400449.8

382556.5 :
I
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