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SUMMARY

Data for use by GABHYD, the finite difference digital model of the
Great Artesian Basin, are subject to measurement errors and additionally to
errors due to interpolation, Interpolation and extrapolation are necessary to
specify data on all gridpoints of the model. A process of calibration had
to be developed to remove the resulting data inconsistencies so that the model
could function properly and produce predictions of acceptable accuracy. An
'inverse' method of calibration was developed by inverting the model equation
applied to pairs of gridpoints rather than individual points, This method was
used to determine aquifer transmissivities from aquifer potentials. The
potentials themselves were subjected to smaller adjustments simultaneously
with calculations of transmissivities to achieve an optimum overall consistency

of data. Storage coefficients were approximated from the changes in water
balances over the main development periods of the basin. To ensure the unique-
uesélof the calibration the boundary conditions were firstly the vertical per-
meabilities, secondly the discharge boundary transmissivities, and thirdly the
well discharges. Although the first two could only be .estimated, the well dis-
charges are recorded data. As a result the calibration is sufficiently deter-
mined for the developed portion of the basin and is approximate only for the
remainder, Sample model runs further verified the calibraiton by reproducing
recorded data for the developed areas. Program descriptions, flowcharts, and

printouts are presented for the computer programs used for the model calibration.



1. INTRODUCTION

1.1 Notes on the presentation

This Record is intended to provide a complete guide to the
calibration of the GABHYD hydraulic model of the Great Artesian Basin. To
achieve a satisfactory degree of self-sufficiency it was necessary to
include chapters on matters, which are not exclusive to the model
calibration, e.g. the problem of data availability and the derivation of
the model equation. Some duplication of other parts of the model
documentation became inevitable as a consequence.

Furthermore it was realised that interest in the model calibration
may occur at different levels of detail. This documentation is correspondingly
presented in three sections.,

Section 1, the Introduction, is at the most general level. It
provides the elementary definitions, structure of the model system, alternative
calibration methods, and a summary of the results. It is aimed at the pro-
fessional or administrator who is not specifically concerned with groundwater
'modeliing but requires some knowledge of its application.

Section 2 is provided for the hydrogeologist or hydrologist concerned
with only the use rather than the development of the model. It
concentrates on the link between actual hydrogeological data and the model,
problems of data uncertainty and unavailability, uniqueness of the model
calibration, and provides a general description of the calibration programs
and of the interactions between them,

Section 3 and the Appendix provide the detailed information necessary
to actually carry out a model calibration with the programs or to modify the
programs if found necessary. This level of detail is aimed at the
modelling and computer programming specialist.

However, a deliberate attempt has been made to restrict the use of
specialised jargon and of lengthy mathematical statements to the bare minimum
compatible with logical precision. This should facilitate the exchange of
ideas between the hydrogeologist and the modelling specialist even at this

most detailed level,



1.2 Definitions

To define calibration it is necessary to define the concept of a
model and its relation to reality first.

The original data on which models are constructed, represent reality
as it is known and measured. The collection of these data in most cases, iﬁ-
cluding this one, is based on practical convenience rather than the needs of
some future analyst. For this reason data are clustered in areas and times of
intense development of the Great Artesian Basin and almost totally absent in
other areas and times. Such an irregular data base does not lend itself for
use by a computer-based model without at least some restructuring. A data base
suitable for analysis by such a model, obtained by restructuring and transform-
ing the original data, is referred to as a model prototype.

For the Great Artesian Basin prototype the large number of individual
aquifers are grouped into only two, and the whole area is subdivided into
squares of uniform size with data defined for each of them.

In terms of systems analysis the prototype consists of system para-
meters - e.g. transmissivities and storativities, called hydraulic parameters
in this case - and system variables - e.g. well flows and potentials (water-
pressure heads). A numerical model is defined as any process, which when using
the numerical equivalents of the system parameters together with the
appropriate starting conditions and boundary conditions will reproduce
numerical equivalents of the system variables with satisfactory accuracy.
Applied to the Great Artesian Basin, the prototype values for the hydraulic
parameters, the transmissivities, and storativities are inserted into the
model. Then the model is set to the known starting conditions of
potentials and discharges and is run., While running, the model produces
values for potentials and discharges, which will match the known prototype
values for the same time and place if the model is correctly calibrated.

The model may be allowed to run beyond the time for which data (system
variables) had been recorded. If the match between the model-produced data
and the recorded data was good'for the period of records, then the match
between data produced by the model for the future and actual data not yet

recorded is expected to be also good, i.e. the model can be used for
predictions.



However, for predictions to be valid two conditions must be met. The
model must be a valid representation of the real physical process, and the
prototype must be a valid representation of the real physical quantities.

The validity of the model is not the object of this Record, but the
validity of the prototype as expressed by calibration is. We can do no
more than assume that the data which are available represent the reality
with sufficient accuracy, but we can insure that the prototype is in
accordance with the available data. This is the objective of model
calibration.

Part of the calibration process is to decide on the degree of simpli-
fication and the type of discretisation to be employed for the prototype.
Often, however, these decisions are severely constrained by logistic
considerations of computer storage and processing time for mathematical
models, or availability of suitable materials and equipment for physical
models., The greatest difficulty in the calibration process is in trying to
ensure that the prototype parameters and variables do not contradict one
another. The original data, within the limitations of their accuracy of
course, do not contradict one another because they are the result of an
actual physical process. However, the values averaged aﬁd extrapolated
from them for a complete definition of the prototype are subject to all the
errors introduced by the averaging and extrapolating procedures and are
generally no longer consistent with one another. Let us assume that
extrapolation of potentials from one area where records are available to
another where there is none resulted in a potential which is much too high,
Similarly, extrapolation of storativities for the same area resulted in an
error of similar magnitude but opposite effect whereas other parameters
might have been extrapolated accurately., Generally then, the potentials will
no longer be consistent with either the storativity or the other hydraulic para-
meters. Neither will the hydraulic parameter of storativity be consistent with
the other parameters. The process of calibration, then, involves alterations to
the variables and parameters within the limits of their certainty until a maxi-
mum consistency is achieved between and among them, To make parameters and
variables consistent with onc another, howeyer, is equivalent to ensuring that
the prototype is in accordance with the available recorded data, because the
recorded data are an integra part of the parameters and variables of the proto-
type..
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1.3 The GABHYD model

The GABHYD model consists of groups of computer programs organized
around a common set of data files (Fig. 1). The design of the GABHYD model has
benefitted significantly from the experiences gained from the GABSIM model
(Ungemach, 1975). The GABSIM model is no longer in use since it was found
unsuitable for application to the Great Artesian Basin. However, there is
substantial common ground for both models, both using a rather conventional
and well proven finite-difference approach as their mathematical basis, The
prototype of the Great Artesian Basin for use by the GABHYD model is largely
based on, and in its structure very similar to, the prototype originally deve-
loped for the GABSIM model (Audibert, 1976).

The GABHYD model as shown in Figure 1 is organised into four major
program groups:

The GABBRI group of programs provides the link between the GAB data
bank (Ungemach § Habermehl, 1973; Seidel, 1973; Krebs, 1973) and the GABHYD
system by producing the original data base in the form of the GABHYD model data
files.

The CALSYS group of programs concerns itself with the model prototype
calibration. It accesses the GABHYD model data files and rewrites them, incor-
porating calibration changes. Description of the CALSYS subsystem of the model
is the specific objective of this Record.

The RUNMOD group of programs consists of the model proper and one
model management program. The model program reads the GABHYD model data files
and the running instructions produced as coded data by the model management
program. For each time-step the model then produces a complete set of model
system variables, i.e. potentials and discharges as model output.

The OUTSYS group of programs has the functions of presenting the
model output in a variety of forms and of comparing different sections of the
model output with each other (e.g. drawdowns as difference of potentials at
different times), or with model input data, or with data items recorded in the
GAB data bank. The advantage of separating the output ;nalysis and presentation
from the model itself is that no decisions on the form or quantity of final
output presentation have to be made before running the model. Furthermore, it
is possible to represent the output in different form or based on different
comparisons long after the original model run.
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The basic design philosophy for the program organisation was to
confine each program unit to one logically independent step linked to the other
units merely by a common data structure and by access to common data files,

Such a system may be more time consuming to operate than the alternative of

one complex program, but it reduces computer storage problems by minimising

the size of the program code at any one time, maximizes development flexi-
bility by allowing units to be altered or replaced without upsetting the others,
and, most important, allows the hydrogeologist to separately monitor each
logical step and check error magnitudes before they are swamped or concealed

in subsequent steps.

1.4 Comparison of calibration methods

The most obvious and for small models often most efficient approach
to calibration is by trial and error. Like all trial and error processes it is
elementary in theory but becomes an art in application. The calibration of the
Great Artesian Basin prototype for the original GABSIM model was also attempted
by trial and error first. However, after an encouraging start, each further
step towards an acceptable solution became progressively more difficult to find
and less effective in result. During this phase it became obvious that pure
trial and error would not provide a satisfactory answer. The number of possi-
ble permutations of different trials, even after restricting them to relatively
coarse steps and grids coarser than the grid of model squares, is still much too
high to even consider trying them out one by one. Clearly a more systematic
search was required, and the different solutions to this problem, which have
been published were studied.

Numerous papers describe the automated search or the optimisation
approach (e.g. Kleinecke 1971, Emsellem § Marsily 1971, Hefez, Shamir, §

Bear 1975). This method like that of trial and error involves running the
model with a trial set of data and analysing the errors to determine correc-
tions to the data. However,’the data corrections are based on a mathematical
algorithm rather than educated guesses, e.g. the use of linear programming

to optimise the search. To achieve a unique solution these authors either rely
on a large number of equations assumed to be independent (Hefez and others,
1975) or employ a criterion of 'uniformity' of the solution (Emsellam § Marsily
1971). Neither approach could be applied to the GABHYD model with satisfactory

results, as is explained in 2.3 and Appendix B,



The 'direct approach' involves the solution of the model equation
directly for the hydraulic parameters (ldelson 1968, Frind § Pinder 1973) of

transmissivities and storativities. The major problem remains to secure a
unique solution. Regardless of whether the model is used in its normal way to
calculate potentials and flows as system variables from starting conditions
and system parameters of transmissivities and storativities, or whether it is
reversed for a direct calibration, a unique solution can be achieved only if
all boundary conditions are specified. For the normal direction of calcula-
tions, i.e. calculation of potentials from the parameters, these boundary
conditions may be the potentials at the boundaries of the aquifer, which
usually are known as part of the model starting conditions. For the inverse
problem, i.e. the calibration, the required boundary conditions to be speci-
fied are one transmissivity for every distinguishable flow path. These trans-
missivities are rarely all known, if at all. At this stage it should be remem-
bered that the trial and error and the optimisation methods of calibration
suffer from the same problem. The solution by model inversion merely makes it
apparent. Generally then any valid calibration procedure with incomplete data
will provide an infinite number of alternative solutions, each one of which is
consistent with the available data. This leaves the hydrologist with the
uncomfortable freedom of chosing from among them. The only rational solution
is to progressively introduce more estimated, guessed, and assumed data in order
of expected reliability until the solution is unique or at least adequate for
the model to produce predictions of acceptable reliability.

The parameters which had to be defined for the GABHYD model in this
manner include all vertical transmissivities and all discharge boundary hori-
zontal transmissivities., Storage coefficients were approximated. The de-
tailed calibration then was left to a determination of interior horizontal
transmissivities and recharge boundary transmissivities consistent with the
other data of the prototype.

For this purpose¢ a new method was developed employing directly and
only the GABHYD model equation. Because of this direct relation between model
equation and its inversion for calibration it has become possible to achieve
almost complete consistency between the transmissivities and the other data of
the prototype. In many cases the differences between the model generated and
recorded prototype potentials were too small to show in computer calculations

carried out to five significant digits. Such an exact calibration may appear



senseless in the light of the inaccuracies of the basic data. However, it is
achieved without extra effort while reducing even the largest error to an
acceptable level; and it is reassuring to know that no additional large errors

are introduced into an already inaccurate data base.

1.5 Results of the calibration

Details of the calibration procedure and of the equations on which
it is based are presented in the next two sections of this Record. The prin-
ciple on which calibration is based can be summarised as adjustment of para-
meters and variables until the individual flow components for each model cell
(aquifers are subdivided into cells of equal size, section 1,2, definition of
prototype) and for the entire basin are sufficiently balanced.

The cell-by-cell and overall water-balance errors are calculated
between steps as an indication of the progress of the calibration procedure. A
convenient measure of the progress is the standard error, calculated from indi-
vidual cell-by-cell errors like a statistical standard deviation. This standard
error is a more sensitive measure of the overall quality of the calibration
than the simple average cell error or overall total error.

The first standard error was calculated after several calibration steps,
including scaling of hydraulic parameters and calculation of specific storage
coefficients, and after the first iteration of adjustments to transmissivities.
This first calculated standard error was 16 litres/second (1/s) whereas the
overall total error was 9200 1/s. After 29 further iterations the standard
error was reduced to 6.3 1/s and at the end of the fine calibration the stan-
dard error was 1.2 1/s and the overall error 253 1/s.

Although these results illustrate the progress during calibration
quite well they do not by themselves indicate the error of prediction which
may be expected when running the model with the calibrated prototype. A
customary procedure for verifying the model calibration and for estimating
the errors in model predictions is to run the model for a period for which
data are available but with-holding these data from the model, reserving them
for comparison with the model predictions after the run. This simulates the
conditions when the model makes predictions for a future time for which data
will become available eventually.



The period from 1960 to 1970 was selected for verifying the calibra-
tion of the GABHYD model prototype. Average errors of prediction for indivi-
dual cells after 10 years, i.e. for 1970, were calculated as 11 percent for
predictions of free-flowing discharge and as 0.5 percent for predictions of
potentials, Cell-by-cell predictions have to be treated with caution, however,
since the individual cell is the smallest unit of the model and hence constitu-
tes its limit of resolution. A better measure of the model performance can be
obtained by calculating predictions for areas consisting of several cells at
least and measuring their errors.

This is illustrated in Figures 2 and 3. Figure 2 compares the pre-
dicted discharges with the recorded ones for an area around the Eulo Ridge in
Queensland for the period 1960 to 1970. It was in this area that the largest
balance errors were observed during calibration. Originally the model predic-
tion error was 29 percent and it then settled down to 14 percent in 1970.
Considering that the largest prediction errors must be expected in this area
the result is quite acceptable, For the same period, a similar comparison is
made for an area between Coonamble and Walgett, NSW, in Figure 3. Here the
prediction error was very small throughout and never exceeded 2.5 percent.
Both areas are among the most heavily developed areas ih the basin, and data
are abundant for them, so these results are far from trivial.

Overall it can be stated that the results of the calibration verifi-
cation indicate that the model is suitable for predictions of free-flow dis-
charges and of potentials over at least ten years. Much longer periods can be
the subject of predictions, but only as long as the overall flow patterns in
the basin do not change in a major way from those experienced during the model

calibration period.

2. DESCRIPTION OF THE CALIBRATION

2.1 The available data

Only those data are considered here which have been included in the
GAB data bank or are in any way part of the model prototype for either the
original GABSIM or the currently used GABHYD models. Most data used originated
from records of flowing artesian bores held by State water authorities in
Queensland,New South Wales, and South Australia. Data were transcribed onto
coding sheets and stored on the GAB data bank (Ungemach § Habermehl, 1973;
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Krebs, 1973, 1974; Seidel, 1973), Other data were obtained from drillers' logs,
geophysical logs of water bores or exploration and stratigraphic bores, and
maps compiled by State organisations and BMR, Most of these data were used in
profile or map form and were entered into the model prototype indirectly
(Audibert, 1976).

Data of flowing artesian bores which are stored in the GAB data bank
include:

1) Pressures obtained by shutting off flowing bores until the water
pressure stabilised, usually after less than 12 hours. Readings were
taken at irregular intervals, typically in the order of several years.
The error of measurements is estimated as less than one meter except
in areas of very high pressures, where errors can be expected to

be higher.

2) Water temperatures measured at the discharge point on the surface.

If the discharge rate is sufficiently fast this temperature approxi-
mates the water temperature in the source aquifer.

3) Discharge measurements obtained by various and often unrecorded means.
Little is known of the accuracy of these data, but an error margin of

+ 20 percent appears to be a reasonably safe estimate.

4) A few data were collected on the water chemistry, mostly the TDS.

Early calculations indicated that the water chemistry was of little
relevance to the current phase of the project.

5) Bore data, including location (elevation-surveyed or estimated from

maps) and depth of bore. The accuracy of these data varies.

6) Hydraulic test data, mostly of the pressure-recovery type. The data
accuracy is similar to the one for pressures and discharges. The accu-
racy of the results, e.g. transmissivities, is affected by further

error sources, e.g. partial penetration effects,

7) Simplified drillers' logs including first water intersections,
thickness and type of aquifer penetrated.
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8) Calculated hydraulic parameters, in particular transmissivities
available for many bores in Queensland (Hazel, 1973).

Data obtained mostly from maps and logs and entered indirectly into

the prototype include:

9) The location of various types of springs.

10) The lateral extent of individual aquifers and aquicludes.

11) Depths and thicknesses of aquifers and aquicludes.

12) The relative proportion of various lithological units within aquifers

and aquicludes.
15 The surface topography and drainage patterns.

14) Geological features, e.g. faults.

The distribution of data items is irregular both in time and space.
This is illustrated in Figure 4, which shows for which cells of the Jurassic
aquifer pressure records are available up to 1970. Each of the aquifer cells
itself represents a variable number of bores so that in reality the data distri-
bution is even more clustered than evident from this figure., Furthermore the
density of data is not constant over the time but rather increases, usually in
bursts starting from 1896 and corresponding to the dev€lopment of new bores.

Such development bursts occurred as recently as 1962 to 1966.

In many cases data are incomplete, e.g. pressures may have been mea-
sured accurately, but only a rough estimate is available of the ground
elevation to convert the pressures into absolute potentials. This greatly

reduces the practical value of many data items,

2.2 Brief description of the model prototype

As noted already in section 1.2 the prototype is defined as a
representation of the real data set simplified for processing by the model.
The structure of the prototype is hence determined by the requirements and
characteristics of the model,

The GABHYD model is defined on a layered grid, where each gridpoint
represents one cell of an aquifer and each layer represents one aquifer, In
this quasi-three-dimensional representation, often referred to as the Hantush
approach, flow within an aquifer is only along the layers and 'vertical' flow

as leakage only normal to the layers. Aquicludes or aquitards are not repre-
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sented by grid points at all but merely by the resistance they offer to flow
between aquifers. This resistance is represented by the vertical permeability
or leakage factor assigned to each vertical flowpath. Boundaries are defined
surrounding each aquifer and above the top and below the bottom aquifer at
any location.

These model properties specify the requirements for the prototype. The
continuous aquifer geometry of the basin must be translated into a discrete
specification of corresponding grid points, This may be a simple code indicat-
ing whether a particular aquifer is present on a gridpoint corresponding to a
particular location, or it may be a more elaborate code indicating some further
characteristics of an aquifer other than merely its occurrence.

On each gridpoint then there must be a specification of parameters and
variables used by the model. This implies interpolation and averaging where
more than one data item of a particular kind is available for a gridpoint, and
extrapolation or even guesswork where there is none.

The parameters required by the model are:

horizontal transmissivities

vertical leakage factors

storage coefficients
State variables, which are required as starting and boundary conditions
for running the model and for verifying and calibrating the model are:
- potentials
- discharges
Decision variables, which are not part of the original prototype but
must be allowed for in the data set for manipulating the model, are:
- ground elevation/temperature correction factors for potentials
- discharge coefficients for specification of discharge from

pressures.

2.2.1 Prototype geometry

For the GABHYD prototype the aquifer geometry is specified by a string
of ten integers for each grid point, each digit representing the corresponding

number aquifer. The individual digits may assume the following values:



wl2=

gridpoint is outside of aquifer
gridpoint is on impermeable boundary

0

I

2 gridpoint is on permeable boundary with prescribed potential

4 gridpoint is within aquifer, recorded potentials are available

5 gridpoint is within aquifer, no recorded potentials available

The correspondence between the prototype geometry and the geometry code is

illustrated in Figure 5.

Only two aquifer groups are modelled in the current study; the
Jurassic and the Cretaceous group of aquifers. In reality there is a
number of aquifers in each of these groups; however, the restrictions
imposed by the capacity and speed of available computers would not allow
them all to be model led separately even if sufficient data were available,
Furthermore, whenever potentials data were available for more than one
aquifer of the same group for the same area, they were so close to each
other in their respective values that it appeared unnecessary to
distinguish between them hydraulically (Audibert, 1976). Aquifers are
numbered starting from the top and hence the first integer of the aquifer
code strings applies to the Cretaceous group, the second to the Jurassic,
and digits 3 to 10 are not used for the current model.’

The area of the GAB is subdivided into square cells of dimension
25 km x 25 km., The whole GAB prototype fits into a grid of 67 x 58 such cells.
The Jurassic group has the largest areal extent as shown in Figure 4. The

extent of the Cretaceous aquifer group is shown in Figure 6.

2.2.2. Prototype parameters

All prototype parameters are subject to adjustment or complete
recalculation during calibration unless they form a prescribed boundary
condition, However, a reasonable first estimate of these parameters is
desired even where they are not prescribed, The calibration method used is
basically iterative and will converge faster if better initial estimates for
the parameters are provided. The initial estimates, prepared as described by

Audibert (1976), are listed below.
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Figure 6, Area of Cretasceous group aquifers (* = outcropping).
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1. Horizontal transmissivities - point transmissivities have been determined

from recovery tests on many bores and are part of the data on the GAB data bank.
These were converted into permeabilities through division by the aquifer thick-
ness at each bore. Permeabilities, aquifer thicknesses and percentage permea-
bility factors for the aquifer thickness were each interpolated and extrapo-
lated over the whole aquifer and then multiplied to determine aquifer trans-
missivities.

2. Vertical leakage factors - no measured values of vertical permeabilities

were available and indirect determinations based on the relative thickness of
lithological units within the confining beds had to be used. In the GABHYD
model equation the vertical permeability occurs only once and then it does

so in a ratio with the thickness of the confining bed, So rather than storing
in computer memory vertical permeabilities and confining bed thicknesses separa-
tely their ratio is stored and called the vertical leakage factor.

3. Storativities (storage coefficients) - no direct measurements were avail-

able. Estimates were prepared from acoustic logs for the GABSIM model. However,
GABHYD determines storage coefficients as the first step of the calibration

procedure and no longer requires these initial estimates.

2,2.3. Prototype state variables

State variables are calculated by the model as part of its predictionms,
Known state variables are used for comparison with corresponding model predic-
tions to check the model's validity. However, during calibration the situation
is mostly inverted with the state variables becoming the input or independent
variables, and the parameters the output or dependent variables. A good data
set of state variables is essential for calibrating a model,

Potentials are defined as the total hydraulic head at any one point.
The measurement values available are the pressure heads at the surface. These
are converted into reasonably close estimates of the true potentials by adding
to them the ground elevation relative to the agreed datum (e.g. M.S.L.) and
density corrections for water temperature and impurities. Corrections for
impurities (dissolved solids) were found to be minor and were eventually
ignored. The datum for the temperature corrections was 15°C.

The prototype required one value of potential for each gridpoint of
each aquifer. The approach adopted for the GABSIM model was based on contouring

of the data and interpolation between contours to define potentials on each
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gridpoint. This approach was inaccurate, time consuming, and often produced
potentials which for hydraulic continuity would have required negative trans-
missivities., The approach adopted originally for the GABHYD model was to
directly accept potentials where they were recorded, to extrapolate current
estimates of hydraulic parameters and then to use the model itself for inter-
polation of the potentials., Advantages are that parameters are easier to
extrapolate than potentials and that using the model for interpolation of"
potentials produces potentials which are compatible with the model geometry and
hence do not require negative transmissivities. This approach was further
modified as part of the calibration procedure and is described in section 2.4.4.

The water-table potentials form the uppermost boundary condition for
vertical leakage. Variation in water-table potentials of a few metres have
little effect on the amount of vertical leakage, which itself is mostly a
small component in the water balance for each cell, Because of this and
because of the scarcity of data, the water-table potentials were treated as
constant in the interior of the basin, On the permeable boundaries the water-
table and the aquifer potentials coincide. Because it was found that overflow
springs in the aquifer recharge area flow continuously even though at varying
rates, it was concluded that here too variations of potentials with time were
small in relation to other potential gradients and hence could be ignored. As
a result the water-table forms a constant prescribed head condition throughout
the basin, The water-table elevations were mostly obtained from drillers' logs.

Discharges. For purpose of this model neither vertical leakage flows
nor boundary discharges are considered as usable predictions. They are calcu-
lated but the accuracy of these calculations is doubtful, because there is no
data available to check them. Some moundspring discharges have recently become
available, which when included in the model will improve the situation at
least locally.

Excluding vertical leakage flows and boundary discharges, the aquifer
discharges consist only of flows out of wells and bores. Most discharges from
the Jurassic group aquifers are free flowing and recorded; most discharges
from the Cretaceous aquifer group are pumped by windmills and not recorded, As
a result most of the discharge from the Jurassic aquifers can be calculated
easily from data on the GAB data bank, whereas the discharges from the Cretaceous
aquifers can be estimated coarsely at best. A data set of discharges for the
Cretaceous aquifers has been prepared, but model predictions for the Cretaceous

group are not used and no detailed calibration was attempted for these aquifers,
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2.2.4 Prototype decision and related variables

The decision variables of the GABHYD model are those variables which
may be altered for the manipulation of the model. These are in particular the
variables used to manipulate the discharges, They are mentioned here because
they have to be provided for in the data base. They are not actually used
during the calibration.

If we ignore the trivial case of a prescribed discharge, then the
minimum requirement for calculating a free-flowing discharge from an artesian
bore under local steady state conditions are the net available pressure and
a flow coefficient., The net available pressure is obtained by inverting the
procedure of the calculation of potentials; from the current potential are
subtracted the ground-elevation and the temperature correction, Since both
these can be considered constant they may be combined into one single correction
value and determined during the original prototype generation. The flow
coefficient is then the decision variable for calculating the discharge. This
coefficient of course is not necessarily a constant but may itself be a function

of the discharge (non-linear well loss).

2.3 Formulation of the calibration problem

The purpose of calibration is to adjust model parameters and data until
the model performs satisfactorily, whatever the criterion for satisfactory per-
formance may be. In practice that usually means to adjust the parameters until
the model reproduces satisfactorily a set of known state variables. Often this
led to the definition of calibration as the 'inverse problem', that of deter-
nining parameters from state variables, e.g. the transmissivities from poten-
tials. Such a definition, however, is unduly restrictive as will be shown
below, Instead a more general definition may be adopted: calibration is the
process of adjusting model parameters and variables until they are hydraulically
consistent with each other, with the largest adjustments applied to the data
items of least certainty; or in other words: whichever data item is the more

reliable is to be the independent variable, and the less reliable one the

dependent variable in the process of calibration,
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After the objective of calibration has been stated it has to be
determined whether a solution exists, whether such a solution can be unique,

and whether the data are adequate to carry out the calibration. Neither of

these questions is trivial.

2.3.1 Existence of a solution

Let us assume that adequate data are indeed available. Whether a
solution to the calibration problem exists then depends on what definition of
calibration is adopted and what physical constraints are imposed on the solution.
The real values of the state variables of a physical system by definition must
be physically possible. However, we do not have these real values. Instead
our data are measurement values, subject to measurement errors, and furthermore
they had to be defined on regularly spaced discrete points which generally do
not coincide with the points where the measurements were made., As a result the
data of state variables in a model prototype need no longer be physicélly
possible. Many examples were found on the maps of potentials prepared for the
GAB where the potentials in the prototype could be reproduced by the model only
by assuming extreme or even negative transmissivities, e.g. particular nodes
were known to be well discharge points, yet had a prototype potential higher
than each of the surrounding nodes, in fact requiring water to flow 'uphill'
to reach the discharge point. Negative transmissivities are physically
impossible and hence rightly are rejected., This would seem to imply that a
solution is not possible then. However, this apparent conflict exists only as
long as the restrictive definition of calibration as the inverse problem is
accepted., The more general definition of calibration as stated above would
prescribe for this condition to vary the physically impossible potentials first,
This could be in the form of refining the model prototype discretisation or by
allowing potentials to vary within their suspected error margins until they
become physically sensible, If the general definition of calibration is adopted

then subject to data availability a solution exists.

2.3.2 Uniqueness of the solution

The system which we attempt to model is a real physical system and
hence we may stipulate that this system is described by a set of real physical

parameters, and we may stipulate a physical process that will for any complete
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and, unique specification of boundary conditions using that real and hence
unique set of parameters produce a unique set of system state variables,
However, about all of these we possess only imprecise information and hence we
cannot apply the concept of uniqueness in its strict mathematical sense to any
model of that system. Instead we may adopt a 'soft' definition of uniqueness
for the model of the system as: If firstly the values of the parameters are
known with specified limits of uncertainty of errors, if secondly the model of
the physical process is subject to a specified margin of error, if thirdly the
boundary conditions are given to within a specified error, then the state
variables produced by the model will also be within a specified margin of the
true state variables of the real system.

The uniqueness of the inverse problem can be defined correspondingly
as specification of any number of sets of parameters, each of which is within
an acceptable margin of the corresponding true value of the physical system.

It should be noted that there could be an infinite number of parameter sets
meeting this requirement of 'uniqueness', This 'soft' definition holds only
for physical processes which in the real system are properly unique., An
important consequence is that any inverse problem solution which does not
calculate uniquely true parameters when applied to true.state variables of the
real system should not then be expected to calculate parameters close to their
respective true values even where it may have been applied with state variables
which themselves are close to the true values. That applies even where the
method produces only one set of parameters and so on first glance appears to be
properly unique.

The problem of uniqueness has been considered by many researchers
dealing with the calibration problem and a variety of approaches was adopted,
which can be classified into three groups:

1) introduce physical constraints on parameters until there is only

one solution. This approach is represented by the work of Emsellem §

Marsily (1971).

2) eliminate all model parameters by using a sufficient number of
observations of state variables presumed to yield independent equations.

Use optimisation techniques (linear programming) where there are more

observations than there are unknowns (e.g. Kleinecke, 1971; Hefez,

Shamir, § Bear, 1975)
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3) solve the model equation for the parameters as unknowns and specify
all boundary conditions required for this solution to be unique

(Nelson, 1968).

Of these only method 3) satifies the criterion stated above that the
method must work truly and uniquely when applied to true variables. Method 1)
does obviously not satisfy this requirement, but it does introduce the useful
restraint that parameters ought to be physically reasonable. This constraint
should not be applied to ensure uniqueness within an otherwise arbitrary
inverse process, but rather it should be used to decide whether the inverse
process is applicable at all, If it is not applicable then the proper procedure
is to adjust state variables instead or the model discretisation as discussed
already in 2.3 and 2.3.1.

Method 2) would indeed be valid if it could be assumed that all
observations of state variables necessarily lead to independent equations for
the purpose of eliminating parameters. That this assumption is not valid
becomes obvious by considering that the number 6f observations can quite easily
exceed any finite number of parameters to be determined. The problems
associated with this method are dealt with in greater detail in Appendix B.

As long as it is at all possible the uniqueness and trueness of the
solution to the parameter identification problem should be ensured by using
method 3) or an equivalent.

Nelson's approach can be summarised as a numerical equivalent of a
flow-net analysis. A polynomial representation of the potentials yields the
characteristics, or in the specific case of plane steady isotropic flow, the
flow lines., Along each flowline only one flux needs to be determined to
simultaneously specify all other fluxes along the same line. This flux may be
determined by specifying one only parameter (transmissivity) value (Nelson,
1968) or by directly specifying the flux e.g. from well data (Frind § Pinder,
1973). The uniqueness requirement for steady state conditions may be stated
as: a unique parameter identification from a complete set of state variables
is obtained if and only if one parameter or flux is specified on each
distinguishable flow path of the system, This requirement can be generalised
for non-steady state conditions by considering that the solution is in fact a
determination of the parameters from the continuity equation. The non-steady
state version is obtained by including a change in storage term in that con-

tinuity equation. This will be further considered in 2.4.
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An additional source of non uniqueness may be introduced by the dis-
cretisation. Rarely do gridlines coincide with natural flow paths and hence
paths which are unique in the real system may be translated into arbitrary
alternatives of branching and merging paths along the gridlines. Unless
precautions for this source of non-uniqueness are taken it may easily lead to
an artificial anisotropy of the solution through discretisation. A uniformity
criterion like that used by Emsellem § Marsily (1971) may be used to artifi-
cially remove this artificial effect.

2,3.3 Adequacy of data

The basic prerequisite for using method 3) of 2.3.2 for ensuring a
'unique' solution which is reasonably close to the true physical parameters is
of course adequate data,

Let us assume that our data on the state variables of the system, i.e.
potentials and free-flow discharges, are indeed sufficient to define the states
of the system over the historical period, in this particular case from 1880-
1970. Our data on the hydraulic parameters of the system are insufficient to
proceed with any form of calibration unless we accept this assumption., This
leaves us with the task of determining or adjusting hydraulic parameters from
the state variables after specifying the necessary boundary conditions. The
hydraulic parameters to be considered are:

- storativities
- horizontal transmissivities
- vertical leakage factors.

As it will be shown in 2.4.2 an approximate determination of storativi-
ties is adequate for the present study. Such approximate values can easily be
obtained from the changes in state variables over time after some initial esti-
mates on the other hydraulic parameters have been made. The major remaining
problem then is the accurate determination of horizontal transmissivities and
vertical leakage factors. Using method 3) the data required in addition to a
complete set of state variables are one parameter value for each distinguishable
flow path, either by defining it directly as parameter or indirectly through
specification of flux, Figure 7a illustrates typical branching of a flow path
starting from the recharge boundary into individual vertical leakage paths and

at last the discharge boundary, To adequately define such a system we require
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the direct or indirect specification of each discharge boundary transmissivity
and of each separate vertical leakage factor. Method 3) then can be used only
to define the interior horizontal transmissivities and the recharge boundary
transmissivities. All the other parameters will have to be defined in some
other way,

No measurements of vertical leakage factors were available for the
present study. Some estimates of vertical leakage factors were prepared using
geological data and the overall water balance of the basin. A model calibration
could be based on these estimates only but any result would have to treated with
extreme caution, It should be noted in this context, however, that this method
involves a conscious scientific guess on these data items and as a result the
likely errors can be appreciated. Whereas other methods of ensuring uniqueness
of the parameter identification as for example methods of type 2) of 2.3.2
would leave the determination of vertical leakage factors almost entirely to
statistical chance, with little or no control on the resulting accuracy.

However the risk of major errors is much reduced when one includes the
observed values of artificial discharge in the system as in Figure 7b. Now the
well discharge forms a major portion of the total flux along most of the shared
flow paths starting from the recharge boundary, This well discharge is a
measured data item and no longer merely a scientific guess. Available measured
data define the fluxes reasonably well from the discharge boundaries to and
through the developed areas of the basin. It is for these portions that most
model predictions will be required. For the remaining portions of the basin the
calibration will be less reliable, but still of a more controlled accuracy than
with other methods.

2.4 Solution by model inversion

As stated in 2.3.1 a solution by pure model inversion is possible
only for the ideal case where all state variables are available and accurate,
In the real case, as for the Great Artesian Basin, calibration consists mostly
of model inversion but with other processes complementing it, As mentioned
already, prototype potentials are in need of occasional adjustments to ensure
their physical reasonableness. This involves using the model in its normal
operating direction rather than inverted. It could also be argued that the

relatively simplistic approach for determining storativities is not a true
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model inversion (2.4.2). This simple approach was found satisfactory in this
case because answers required from the GABHYD model are relatively insensitive

to errors in storativities. A more direct model inversion for determination
of storativities might be required if short-term model responses are to be

studied which are more sensitive to errors in the storage terms.

2.4.1 Initial values and boundary conditions

What initial conditions and what boundary conditions are required
depends on the processing direction of the model, For the normal operating
direction which is used for adjusting potentials during calibration the
required initial values are the initial potentials and discharges in the
interior of the aquifer., The required boundary conditions depend on the type
of aquifer boundary - for the Great Artesian Basin they are either zero
transmissivities on impermeable boundaries, or prescribed potentials on
permeable boundaries. Whether or not a boundary was permeable was determined
from the aquifer geometry, i.e, was derived from geological profiles. Where a
boundary was permeahle it was outcropping and hence the aquifer potential was
identical to the water-table potential. For the normal processing direction,
boundary conditions are provided by the aquifer geometry and by the water-table
potentials and the initial conditions by sets of state variables derived from
recorded values of potentials and discharges. The hydraulic parameters are
accepted as fixed and are then used to adjust the potentials through use of
the model.

For the inverted operating direction used for adjusting the parameters
the initial conditions are initial estimates of the hydraulic parameters in
the interior of the aquifers. The boundary conditions are the estimated dis-
charge boundary transmissivities, the vertical leakage factors, and the well
discharges. Of these only the well discharges are considered to be accurate,
Both discharge boundary transmissivities and vertical leakage factors were
subjected to overall scaling to balance the overall water budget of the
aquifer. As a result the major source of errors will be the relative variation

between boundary transmissivities and vertical leakage factors. In this

processing direction the state variables are assumed to be fixed.
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2.4.2 Determination of approximate storativities

The approach for determining storativities is based on one strong
idealisation., It is assumed that the storage coefficient throughout each
aquifer is directly proportional to the total thickness of the aquifer. This
in fact implies a uniform specific storage coefficient. The justification for
this simple approach is:

1) Unlike permeability the specific storage coefficient does not

depend on the relative pore-size distribution in the aquifer but

only on the total volume of interconnected porosity. Total

porosity varies less within the same aquifer than does the pore-

size distribution, and hence the specific storage coefficient

varies less than the permeability.

2) The model is required to predict slow processes mostly close to
some equilibrium condition. In these conditions the storage

change component in the water balance is relatively small,

3) The quality of the available data is adequate for determining a
uniform specific storage coefficient for a relatively large area,
e.g. for the whole basin, Any attempt to calculate specific
storage coefficients for smaller areas results in a corresponding
increase in the inaccuracy of the individual calculated value and
hence defeats the purpose of the refinement,
In this simple approach the calculation of a specific storage coe-

fficient is the result of an overall water-balance determination of the basin.

During the actual application, water balances were calculated at 5-yearly

intervals:
Si = Ri-Di+Li-Qi for period i
where Si = change in storage
R. = boundary recharge
Di = boundary discharge
Li = leakage flow balance (vertical leakage gain - loss)
Qi = well discharge

All values on the right hand side of this equation were calculated from initial

estimate data (R,, D;» L,) or from measured data Q).
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Although the budged had previously been balanced by scaling the
vertical leakage factors for 1880, when there was a steady state condition
without storage changes prior to development, it was found that for later
periods the change in storage Si was calculated as positive instead of the
negative value expected for a period when potentials were falling. Clearly

when using the initial estimates of transmissivities together with the observed
increases in hydraulic gradients at recharge boundaries, the resulting increase

in recharge flow exceeded the incremental well discharge, i.e. the recharge
boundary transmissivities were too high. To correct this anomaly it was

decided to scale all hydraulic parameters by a factor f to achieve a balanced
budget.

If such a scaling is carried out in a near equilibrium condition
following developemnt then the change in storage Si will be small in comparison

to Qi' Studying record data for the Great Artesian Basin it was estimated that
for the period 1950-1960 yield from storage was about 25% of the well discharge.

s; = 0.25 Q; for 1950-1960

The exact percentage is of little significance for the calculation to follow

as long as it is relatively small. The scaled balance for 1950-1960 then is:
-0.25 Qi = f(Ri-Di+Li)-Qi

or sclved for f:

¢ = £1-0.25) Q.
R, =D, +L,
- Ui R

The scaling factor obtained this way for 1950-1960 was 0.68.

After application of this scaling factor to all hydraulic parameters
the changes in storage for the five-year periods starting from the beginning
of development unitl 1970 were indeed all negative, as they should be.

For each time interval the corresponding drop in potentials at each
node was multiplied by the cell area and the aquifer thickness. These products
were added up over the whole basin to yield what might be termed the 'drained

aquifer volume' Vi for the period 1i.
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N
Vi = nz= ; (hi+1 - hi) Z A for all N nodes
where hiq potential at end of period i
hi potential at beginning of period i
Z aquifer thickness at node
A area of aquifer cell surrounding the node

the specific storage coefficient ¢, for period i is:
(¥ = .—Si_
1 V.
i
When applied to the Jurassic group aquifer an average specific storage
coefficient of 2.75 x 10-6 (metres '1) was determined for the period 1930 to 1960.
All but one of the individual 5-year periods within this interval yielded

similar values and as a result the total Jurassic aquifer storativities were

determined as the aquifer thickness in metres multiplied by 2.75 x 10-6. A

typical value corresponding to an aquifer thickness of just under 400 m is
-3
1.0 x 10

2.4.3 Determination of transmissivities

Normally transmissivities are defined as continuous properties of
an aquifer which during discretisation on a finite difference grid are alloca-
ted to gridpoints representing the respective aquifer cells. During applica-
tion of the finite difference form of the continuity equation, transmissivi-
ties are required to calculate the flow between adjoining pairs of aquifer
cells, i.e. a directional transmissivity is required for the path connecting
each pair, These are normally provided by calculating in effect the arithmetic,
geometric, or harmonic mean of the respective point values. This is mathema-
tically sound if one accepts the assumptions inherent in the original derivation
of the differential equations. However one of these assumptions is that the
transmissivity or permeability indeed is a property of the same point on which
the potential is defined, and this assumption is not entirely valid, 1In fact
the transmissivity always is the property of a path and never that of a point,
This distinction may have been of little significance in previous applications
considering the inaccuracy of available data, but it becomes of fundamental

importance when considering the inversion of the continuity equation to solve

for the hydraulic parameters.
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In the present case the inversion is carried out using directly the
finite difference form of the continuity equation rather than its partial
differential form, The reason for this is that the purpose of the inversion is
primarily to determine the optimum model parameters rather than parameters of
the system to be modelled. All further considerations in this section apply
to the model rather than to the real system.

The requirements for model parameters can be stated as:

1) the parameters must satisfy the continuity equation with all
available potentials;

2) the parameters must be physically sensible,

There would be no need to state the second requirement if we would
deal with ideal data and perfect discretisation (coinciding with natural co-
ordinates of the system), However, as emphasised already, the available proto-
type potentials are not always physically sensible and our flow paths on a
regular square grid do not coincide with natural flow paths. We will further
deal with requirement 2) below and in 2.4.4,

The requirement that the transmissivities must satisfy the continuity
equation can be rephrased as that zero imbalances must .be calculated for all
aquifer cells. If they are not and we accept the potentials as correct then
the transmissivities are not correct and must be adjusted so that the imbalan-
ces are zero.

Each transmissivity is the property of the path between two cells of
the aquifer and with prescribed potentials on each of the corresponding nodes
it determines the flow between those two cells. Any change to it simultaneous-
ly affects the water balances of both cells, and hence both balances must be
considered in making changes to the connecting transmissivity. In general the
imbalances of the two cells will not be equal and of opposite sign and hence it
will not be possible to adjust the connecting flow so that both will become
zero, However, an adjustment can always be made to distribute the imbalances
between the two cells equally, provided of course that the values which
transmissivities may assume are not additionally constrained.

Let us consider a pair of adjoining cells a and b with potentials ha
and hb, with a connecting transmissivity Tab’ and hayving the residuals in their
water balances of B, and Bb. The one item the two water balances share is the
flow component from one cell into the other.
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F
a

By

(hb - ha) Tab (flow from b into a) (1)

- Fa (flow from a into b) (2)

To distribute the imbalances equally between the cells we seek the new balances

B * and B, * with
a b

Ba* = Bb* (3)

this is achieved by replacing Fa with a new flow Fa*

(or F, with F_*) corresponding to a new transmissivity T_, *
b b P ab
* = » *
Ba Ba Fa % Fa 4)
N i f * e Wb —HIW
Bb Bb + Fa Fa (Fb Fa’ and Fb Fa ) (5)
* = - *
Fa (hb ha) Tab (6)

and because of equation (3)

- = ¥ -
Bb Ba ZFa 2Fa

=2 (h-h) (Tab* W

and solved for the new transmissivity Tab*

* = T +—.b__.aB-B_

T
ab ab z(ha'hb) %)

In words the difference in the balance of the two cells is halved, divided by
the potential gradient between them, and this value is added to the old trans-

missivity. The new balances then will be the average of the two original ones.

B,* = B * = _Ea_;_Bb_ (8)

The cumulative effect of applying such balance equalising operations
systematically and repeatedly to all pairs of aquifer cells is that all residual
balances will approach a uniform value throughout the aquifer. If there is N
aquifer cells and the boundary conditions are specified so that the overall
water balance error for the aquifer is E then the residual balance for each cell
will tend to become uniformly E. And if the overall error is zero as it should

N

then the individual residual balances will tend to zero and hence the continuity

equation will be satisfied everywhere.
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So in addition to distributing the imbalances equally two more require-
ments have to be met:

1) boundaries must be adjusted to that the overall aquifer error is

Zero
13

2] physical constraints must be observed when calculating Tab*'

Discharge boundary transmissivities and vertical leakage factors are
fixed boundary conditions (2.4.1), but recharge boundary transmissivities remain
to be adjusted for achieving an overall aquifer water-balance residual of zero.
In our particular case the recharge boundaries are of prescribed head type.
Unlike an interior aquifer cell a prescribed head-type boundary cell has an
open-ended water balance. Any arbitrary water balance may be assigned to such
a cell for purpose of calculating transmissivities. Let us assume that cell b
is such a boundary cell whereas cell a is in the interior. We may then arbit-
rarily set Bb = 'Ba' If a new connecting transmissivity is calculated with the
above method the new balance Ba* then will be:

Ba*____Ea;B_-:O
If this method of adjusting recharge boundary transmissivities is adopted then
the overall method has the result:
. all residual balances tend to a uniform value E

N
i all residual balances adjoining a recharge boundary tend to zero

. hence all residual balances tend to zero satisfying the continuity equation,
The process can be visualised as the imbalances being spread out until
they reach a recharge boundary where they are absorbed.
Let us consider now the effect of introducing physical restraints.
Tmax s Tab* 5;Thin 9
We may reasonably assume that the old transmissivities are already within these
constraints. Then the worst possible result of the constraints is that the new
transmissivity is the same as the old., If there is any adjustment possible at
all it will be towards a moré uniform pair Ba* and Bb*, although the constraints
may frequently prevent them from becoming equal. Constraints will generally
slow the convergence of the method. At worst they may stop it, A typical
result as experienced during the practical application is a complete convergence

over most of the aquifer's area with some islands of obstinate residuals. Such
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problems may result either from unreasonably strict constraints or more
frequently from potentials which are physically unreasonable. Only
unreasonable potentials can require unreasonable transmissivities to satisfy
the continuity equation in a reasonable model, If all potentials and the cons-
traints on the trandhmissivities are physically reasonable then the method
converges completely.

A number of additions to the method can be used to handle specific
conditions. One is the artificial 'anisotropy' caused by the fact that model
flow paths along gridlines differ from the natural flow paths in a continuous
medium, For each cell a decision must be made whether the first transmissivity
correction should be along the x or along the y axis. Rather than making this
choice arbitrary the alternatives can be precalculated and the one resulting in
the lesser ultimate difference between the transmissivities can be applied.

To accelerate the convergence of the method it was found useful to
calculate during each pass of all cells the overall balance error and to super-
impose an opposite error on the region adjoining the adjustable recharge boun-
dary. A reduction of around 40% was observed in the number of iterations re-

quired.

2,4,4 Adjustment of potentials

To obtain physically sensible parameters by model inversion from
potentials, these potentials themselves have to be physically sensible. The
physical reasonableness of interpolated values of potential is trivial if the
model itselt has been used to calculate the interpolated values, But this
does not affect recorded potentials. Because recorded potentials are subject
to measurement and to discretisation errors they are inaccurate and no longer
physically true. They may also be no longer physically sensible.

A test program applied to the potentials recorded for the Great
Artesian Basin and designed specifically to detect such flaws in the recorded
potentials discovered that a significant portion of the recorded potentials
could be satisfied only by dssuming extreme or even impossible values of trans-
rissivities, However, further checks revealed that most of these potentials
could be made physically sensible by allowing a variation of a few percent to
the originally recorded pressure data, i.e. by allowing the potentials to vary
within their error margins. There were some exceptions, however, where the

apparent errors exceeded the likely measurement error significantly. Such
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exceptions occurred almost exclusively in areas where the real aquifer geometry
was much more complex than what could be represented by a two-layer quasi-
three-dimensional model. Here it became necessary to define some virtual
prototype potentials which were physically possible yet were still as close as
possible to the originally recorded values. The relation between the virtual
and the recorded potentials might consist for example of an additive constant
caused physically by the leakage headloss across a local aquitard between two
aquifers which are modelled as only one. The alternative to this approach
would be to use a more complex model.

The method originally was to use the model with the first estimates
for the hydraulic parameters to calculate corrections for the recorded poten-
tials. These corrections were restrained to be less or equal to the estimated
error margins of the recorded values, The disadvantage of this method was that
corrections to the potentials were applied to conform with first estimates of
hydraulic parameters even where the original potentials were physically
sensible. The information content of these potentials to determine corrections
to parameters was lost. What was required was a method which allowed the
prototype potentials to remain as close as possible to the original recorded
potentials whilst ensuring that these potentials were compatible with physically
sensible parameters. This could be achieved only by a method which adjusts
potentials and hydraulic parameters simultaneously.

A numerical simulation approach was adopted which consists of al-
ternating steps of calculating potentials from transmissivities, and then
transmissivities from potentials. This otherwise pointless exercise obtains
its purpose by introducting a bias into the calculation of transmissivities
proportional to the difference between the current prototype and the recorded
potential., This bias is designed to cause the new potentials then calculated
from the new transmissivities to be closer to the recorded values than the old
ones. The bias is introduced by an additional term in the water balance for
each cell:

R, 5 C.. 0 ~pad

Ra = balance bias (mS/s) for cell a
Cr = empirical bias factor
ha = current prototype potential

recorded potential

o
]
]
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A corresponding value Rb is calculated for cell b.

To calculate the new transmissivity as in 2.4.3 the terms B, and Ba

b
are replaced by the terms Bb + Rb and Ba 4 Ra'

The modified equation for calculating Ta * then is:

b
- Bi + & - B =R
Tab Tab - g
2 (ha i hb)

The effect is best illustrated by example, Assume that for cell a ha = 251.5
and By ® 265.3, i.e. the current potential is below the recorded. With Cr =
0.005.

R, = 0,005 (251.5-265.3) = -0.019 m°/s

A negative bias is introduced into the water balance of cell a. As a result
inflow transmissivities will be calculated higher and outflow transmissivities
lower than they would have been without the bias. The potential calculated
from these new transmissivities in the next step will be higher and hence
closer to the recorded value,

The factor Cr is determined empirically and may be varied during the
calibration sequence. It was chosen here so that the maximum bias was in the
same order of magnitude as the other components in the water balance.

If all recorded potentials were physically sensible within the
framework of the model discretisation, then this method would change any
arbitrary starting potentials into the recorded ones whilst simultaneously
determining the matching transmissivities. However, where recorded potentials
are not physically sensible the physically sensible potential closest to the
recorded one will result.

When applied to the Great Artesian Basin, isolated recorded potentials
were approximated accurately. However, in areas where recorded values were
frequent and an appreciable number of physically unreasonable potentials
occurred, some large differences resulted. These were inevitable, as far as
could be determined, with the current model discretisation., The maximum
discrepancies were around 20 m although between 1 and 3 m is a more represen-

tative value for the observed differences in the problem areas.,
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The performance of the model in predicting artesian discharges was
much better when using the above method than by using as reference potentials

either a manually contoured map or directly the recorded values, In predicting
potentials the model predicted gradients accurately, but absolute values often

required correction with the difference between prototype and recorded potential
observed during the calibration,

2.4.5 Adjustment of vertical leakage factors

Vertical leakage factors form part of the set of prescribed boundary
conditions and hence should not require adjustments. For the purpose of cali-
bration they could be chosen arbitrarily and still allow the water balances
of all cells to be balanced by appropriate determination of transmissivities,
However, exceptions from this rule may be allowed close to the boundaries where
aquifers and confining beds thin out. In several of these areas the vertical
leakage components are large, as indicated by the occurrence of mound springs.
The method itself used to estimate the vertical leakage factors too is affected
adversely by the thinning out of layers., In these circumstances the initial
estimates for vertical leakage factors may lead to the determination of unlikely
extreme values of transmissivity. In these cases it is considered preferable
to allow for some variation to the vertical leakage factors in the interest of
a more likely distribution of transmissivities,

The method of adjustment is simple, For each cell the water balance
is calculated using the current parameters., The water-balance equation is
solved for the vertical leakage factor and the new value is restrained to
physically sensible values and optionally to be within a specified percentage
margin around the old value. By carrying out all other calibration steps
first it can be ensured that only minor adjustments will be required as a
result of the circumstances described above.

2.5 Calibration sequence

The following logical sequence is used in application of the cali-
bration method described in 2.4:
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I scale vertical leakage factors to balance initial steady state
conditions without discharges
2. scale vertical leakage factors and transmissivities together in

accordance with observed well discharges for later periods

3 calculate storativities

4, simultaneously calculate model transmissivities and adjust model
potentials

S marginally adjust vertical leakage factors.

The theoretical details of each step are described in 2.4. The practical
application somewhat deviated from the straight path because of unexpected
characteristics of the prototype. For example it was found that the prototype
geometry was in need of adjustment, and errors were detected in data items not
included in the routine adjustment by calibration, e.g. well discharges and
ground elevation corrections. An additional complication during the calibra-
tion of the GABHYD model arose from the fact that the calibration programs
were still under development while the calibration proceeded. Any second
calibration of the model would follow a much smoother path than the one actually
used for its first calibration and presented schematically in Figure 8. The
steps of this calibration sequence are numbered, and details of each step are

supplied below; a flow-chart is provided for each step.

2.5.1 Data base generation (Fig. 9)

The dashed line across the flow chart represents the boundary between
the old GABSIM and the new GABHYD model, As a result of the makeshift bridging
of the two systems this step appears rather complex. In any repetition of the
data base generation it would be advantageous to prepare a new set of programs
for it as was planned originally in the design of the GABHYD model. As
presented the data base generation results in the following files:

CALTHI - a file containing aquifer thicknesses, required for the calculation
of storage coefficients.

OLDHYD ~ containing the initial estimates of hydraulic parameters. Vertical
leakage factors hayve been scaled to satisfy the initial steady state

balance,
OLDPOT - starting potentials obtained from manually contoured maps and including

water-table elevations.
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NEWGEO - model geometry file.

Tape No 4701 - contains all recorded potentials assigned to the appropriate grid
nodes year by year 1880 to 1970.

Tape No 377 - as above but first and last recorded potentials are extrapolated
backwards and forwards in time respectively,

CORLEV - file of additive ground elevation and temperature density corrections.

ARTCAl, ARTCA 2 - condensed discharge files for artesian flows from aquifers 1

and 2,

Tape No 3663 - all recorded discharges assigned to the appropriate grid nodes

year by year 1880 to 1970.

2.5.2 Boundary extension of prototype (Fig. 10)

It was discovered that the prototype designed for the GABSIM model
had placed mound springs on the boundary so that they were effectively outside
the aquifer. For logical consistency it was decided to extend aquifers so
that they just included the mound springs within their area and to treat the
mound spring discharge as localised high vertical leakage., The programs used
in this step simply expand the model geometry and define hydraulic parameters

and new boundary potentials by extrapolation over a small distance,

2.5.3 Scaling of hydraulic parameters and calculation of storativities (Fig.
11)

For this step, potentials are required at regular intervals and in
accordance with hydraulic parameters. For this purpose, RUNSTE calculated the
initial steady state potentials to match the original hydraulic parameters and
boundary conditions. HISMOQ extended potentials, calculating year by year up
to 1970, interpolating them when no recorded data were available while retain-
ing recorded values without change., The interpolation tool was the model it-
self. Scaling and calculation of storativities then proceeded as described in
2.4.2.
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2.5.4 Prototype corrections and generation of model manipulation files
(Fig. 12)

Some physically impossible (within the context of the prototype)
potentials were discovered, The geometry codes were altered so that hydraulic
parameters for these locations were not determined through model inversion
using those potentials. A value for the storativity resulting from a fault in
the aquifer thickness file was corrected, special versions of the discharge
files for trial running of the model were prepared, and a subset of the
recorded potentials was produced for 1970,

2.5.5 Calibration first approximation (Fig. 13)

COMCAL is the program combining calculation of potentials from
parameters and transmissivities from potentials as described in 2.4.3 and
2.4.4, The first step was to generate a first approximation set of potentials
for 1970 matching the original transmissivities, This was followed by simulta-
neous adjustment of transmissivities and potentials in two lots of iterations.
A minor adjustment of vertical leakage factors through program VERTAD followed.
The final steps consisted of residual adjustments to transmissivities leaving

potentials unaltered and a residual adjustment of vertical leakage factors.

2.5.6 Prototype adjustment (Fig. 14)

A new version of interpolated potentials using the new parameters
was produced for purpose of model verification. A correction was applied to
a major error in a ground-elevation correction value. A separate test showed

that the storativities determined in step 2.5.3 did not require adjustment,

2.5.7 Calibration second approximation (Fig. 15)

The second approximation was required to adjust for the effect of the
correction to one ground-elevation value in 2.5.6. This step would not have
been necessary otherwise, A simultaneous adjustment step for transmissivities
and potentials is followed by further adjustments to transmissivities in two
steps and a final adjustment to vertical leakage factors.
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2.6 Further work

The GABBRI system of programs to generate the initial data base is
still incomplete because intermediate data processing results from the obsolete
GABSIM model were available. GABBRI will not be required until a re-calibration
of the model is attempted and it should be completed then,

The present data base is not complete., A significant number of
flowing artesian bores in the New South Wales portion of the basin were missed
during the data transcription phase of the study. Some discharge values have
become available for South Australian bores, which were not available when the
data base was generated and should be included at the first opportunity. The
same applies to discharge measurements of mound springs. There appears to be
no prospect of obtaining enough data for the Cretaceous aquifers to include
them in the model more effectively than is done at present,

Some further work is recommended on the study of the aquifer geometry

and hydraulics in the Eulo Ridge area and other areas where 'physically imposs-
ible' potentials were observed. If accurate predictions are required for these

areas it might be necessary to establish a more detailed model specifically for
them. :

3. THE CALIBRATION PROGRAMS

The major programs developed for the calibration are STOCAL for the
scaling of parameters and determination of storativities; COMCAL for calcula-
tion of transmissivities and simultaneous adjustment of potentials; and VERTAD
for checking the cell-by-cell water balances and optionally adjusting vertical
leakage factors., COMCAL and VERTAD are both based directly on the GABHYD model
equation, which is described briefly in 3,1. Sections 3.4, 3.5, and 3.6, which
describe the operation of the individual calibration programs, are each
preceded by a summary of the theory and principles on which they operate;
however it is recommended that the more detailed description of the theory
presented in chapters 2.4.2 through 2,4.5 is referred to in each case. Each
program description is accompanied by the corresponding flow chart., For full

program printouts refer to Appendix A,
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3.1 The GABHYD model equation

The GABHYD model equation is the finite difference form of the
continuity equation for the model discretisation shown in Figure 16. Each
model cell water balance consists of horizontal flow terms, vertical flow
terms, artificial discharge terms, and change in storage terms, The sum
of horizontal and vertical flow terms may be presented by the equation based
on Darcy's Law;

ok Q -Q) ey

with i referring to each of the six sides of the model cells,

The variables and constants are:

K = hydraulic conductivity
Q = hydraulic head
g = geometrical constant (cross-section of flow/length of path)

Using the configuration as in Figure 16:

g. = d a =D for horizontal flows
Sy
2
g, =2 for vertical flows
*+ b

From this we may define directional transmissivities for both horizontal and
vertical flows:

Ti B Ki dz
b
The generalised flow balance may then be written as:

z. Ti (Qi = Qol

3 1

horizontal

vertical

If g is the well discharge and Q a2 S is the change in storage, where S is the
t

storativity, the complete equation is:

- 2 2
i Ti (@ ~Ql+t Q a S +g=0
T
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In the ultimate form of this model equation, the term (Q0t+dt

- Qot) is
subsituted for Q. Subscript 0 denotes the central nodes and the overscripts
refer to the time at which the value is taken., If Qo t*"st'is used as Q0 in
the horizontal and vertical flow components the implicit form of the equation
results. But this is of little relevance for the calibration. A more detailed

derivation is presented in the documentation of the model itself.

3.2 The GABHYD model data files

A consistent internal data structure is maintained throughout the
GABHYD program system. This allows standardisation of data read and write
routines and of the data file structures, Table 1 illustrates this data
structure with the dimensions of the GABHYD prototype. The same groups of
variables may be referenced by different names. For example the east-west
directional transmissivity may be referenced either separatelyas TE or as
part of HY. Within the computer all these data are defined in one 'COMMON'
block which is passed from one program routine to another as a complete unit,
The array names of Table 1 occur throughout the programs. Other recurring

variable names are:

MAQ or NAQ number of aquifer(s)

MEW number of east-west nodes

MNS number of north-south nodes

A separation between gridlines (km)

Other variable names or differing uses of variable names are defined on the
flow-charts of the individual program units.

For data input and output the data block is subdivided into four
logical groups corresponding to standard data files:

PA standard potentials file POT

HY standard hydraulic parameter file HYD

DQ standard discharge file DIS, or manipulation file MAN
1G geometry code file GEO

For compatability with card files each of these standard files has a
logical record length of eighty characters,

Files POT, HYD, and DIS share the same record structure,
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TABLE 1. INTERNAL DATA STRUCTURE OF GABHYD

Data Array Names
layer Contents detailed general
ik Water-table potentials (metres)
2 Potentials aquifer 1 at time t - At
3 Potentials aquifer 1 at time t PA PA
4 Potentials aquifer 2 at time t - &t
5 Potentials aquifer 2 at time t
6 Vertical leakage factor up from aquifer 1 VP
7 Vertical leakage factor up from aquifer 2
8 Transmissivity east-west aquifer 1 TE
9 Transmissivity east-west aquifer 2 HY
10 Transmissivity north-south aquifer 1 TS
11 Transmissivity north-south aquifer 2
12 Storativity aquifer 1 SC
13 Storativity aquifer 2
14 v Well discharge year t aquifer 1 DQ DQ
15 Well discharge year t aquifer 2
16 Geometry codes combined 1G IG

Each of the records consists of an identifier field 14 characters
long followed by 6 numerical data fields of 11 characters each., The identifier

field consists of:

YEAbAbBNSLEWDTD

b = blank field

YEA =  year number in three digits (e.g. 910 for 1910)

A = aquifer number 1 or 2 (0 for water table)

NS = node indéx in north-south direction

EW = node index in east-west direction for the node to which

the first data value in the record applies.
T = data type code, which may be

E = east-west transmissivity




30

= north-south transmissivity

= storativity

= vertical leakage factor

= current potential (at time t)
previous potential (at time t - A t)
= water-table potential

= discharge

- O = - U N =
"

= aquifer thickness

D
]

ground elevation correction
T and G refer to items which are not part of the standard GABHYD data block,
but they are stored in files of identical structure, The numerical fields for
the standard files are all in format E11.,5 (FORTRAN).

File GEO contains the geometry codes., Each record is headed by a
ten-character identifier field.

NSbEWbbbGb

The symbols are as above except that the letter G here stands for
geometry., The identifier field is followed by seven numerical fields, each
containing ten integer digits. Successive integers in the field correspond
to the aquifer numbers, e.g. the first integer is for aquifer number one,
etc. The codes themselves may be :

0 node is outside of defined area of aquifer

1 node is on an impermeable boundary

2 node is on permeable boundary with prescribed potential

4 node is inside aquifer, recorded potentials are available

5 node is inside aquifer, recorded potentials are not available,
File MAN, the discharge manipulation file, has an identifier field of eight
characters preceding each record.

YEAANSEW
codes YEA, A, NS, EW are defined as above, There are four numerical data fields
each consisting of one blank and seventeen integers, Each group of seventeen
integers is decoded into a prescribed discharge or into a set of instructions

and parameters to calculate a free-flowing discharge. The decoding and dis-
charge calculation is done by subroutine PLAYMO, which is described as part of

the GABHYD model programs,
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3.3 Common subroutines

The subroutines which were developed for a specific step of the
calibration are described with that step in the following sections, Some of
the subroutines which are used in the calibration have originally been developed
for other program groups and are described in the documentation of these. An
alphabetical list of programs and subroutines (Appendix A) provides the necess-
ary references. Subroutines developed for the calibration program group which
are used by more than one program are:

ERANG, a modification of subroutine RANGE of the RUNMOD group. Both subroutines
determine the indices of the nodes at the aquifer boundaries. ERANG includes
permeable boundary nodes with the aquifer; RANGE excludes them,

IGEO is a function returning one value only: for the specified node
the compound geometry code is split and the geometry code for the specified
aquifer is returned.

OUTHYD is a simple output routine which writes the data block contain-
ing the hydraulic parameters onto a standard hydraulic data file of the format

described in 3.2,

3.4 Calculation of storativities with program STOCAL

STOCAL has been designed to carry out two functions, both based on
balancing the overall water budget of an aquifer. Firstly it scales all
transmissivities and permeabilities with a uniform factor so that the balance
of all flows other than well discharge and without yield from storage provides
a specified percentage portion of the recorded well discharge. The remaining
portion of the well discharge is then provided from changes in storage.
Secondly it was designed to calculate the overall volume drawdown of the poten-
tial surface for a specified time interval, multiply it by the aquifer thickness
to provide the 'effective drawdown volume', and relate this to the cumulative
imbalance of the water budget for the same period. From this is obtained a
uniform specific storage coefficient for the aquifer, This specific storage
coefficient when multiplied with the aquifer thickness yields the storativity

to exactly balance the water budget of the aquifer for the time period
considered.
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3,4.1 Program STOCAL (Fig. 17)

STOCAL has four operating nodes which are invoked by specification of
a three-character control word., These control words and the associated operating
modes are listed below,
IMB: imbalanced mode - hydraulic parameters are scaled so that a specified

percentage of well discharges is provided from surplus natural flows.

BAL: balanced mode - hydraulic parameters are assumed to be properly scaled.
A specific storage coefficient is calculated and applied to balance the budget.

INF: information mode - both parameter scale factors and specific storage co-

efficient are calculated but not applied, i.e. no new parameter file is written.

SPE: specified mode - specified specific storage coefficients applied without
balance calculations.

Figure 17 is a detailed flow chart for STOCAL. The program accesses
6 input and 2 output files:

INPUT 6 records as cards or card images containing control parameters (see

5.4.3):
GEO geometry file
POT potentials file
DIS discharge file
OLD hydraulic parameters file containing old data to be adjusted
THI aquifer thickness file

OUTPUT printed messages and summary of results

NEW hydraulic parameter file containing new values

STOCAL calls the subroutines SLEAKA, SBOUND, STOTAQ, EFDRA, which are described
in 3.4.2, and the external subroutines HISDIS, REDGEO, REDPOT, REDHYD, OUTHYD,
and function IGEO.

As its first step the program initialises the arrays for water
balances, drawdowns, and storativities, and reads from file INPUT the operating
parameters. Time step parameters are adjusted to conform with the time loop
logic of the program. Still from INPUT values for the specific storage coe-
fficients for each aquifer are read. These will be of significance only in the

'SPE' mode of operation. Calling subroutines REDGEO and REDHYD the geometry
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file and the old hydraulic parameters are read. Then the program branches. If
the operating mode selected is 'SPE' then control is transferred to a point
further down on the flow chart, otherwise the loop counter is set to zero and
the time step loop is entered. For each time step the first and the last year
of the time step are transmitted to the subroutines SLEAKA, SBOUND, STOTAQ,
EFDRA: these return average values for this period of leakage volumes, boun-
dary discharge volumes, well discharge volumes, and drawdown volumes which are
added into the relevant arrays and summation variables. After completion of
the loop, specific storage coefficients are calculated and printed together
with the summation variables. The parameter scaling factor is calculated from
the summation variables of the last time step and from the percentage value,
and is printed. If the operating mode is 'INF', execution terminates here.
Else another branch is entered. If the operating mode is not 'BAL' then all

transmissivities and vertical leakage factors are multiplied by the scaling
factor, the message 'new hydraulic parameters' is printed, and a new hydraulic
parameter file is written. If the operating mode is 'BAL' then the other
branch is taken where the program flow is joined by the transfer for operating

mode 'SPE'. The aquifer thicknesses are read and multiplied by the specified
or calculated specific storage coefficients. The messdge 'new storage coe-

fficients' is printed and a new hydraulic parameter file is written.

3.4.2 Subroutines SLEAKA, SBOUND, STOTAQ, EFDRA

These subroutines calculate individual subtotals of water balances
or effective drawdowns. The flowcharts are Figures 18a-d.
SLEAKA adds vertical leakage flows from below and to above. Sub-
routine call parameters are:
NAQ number of aquifer
NYB start of time interval
NYE end of time interval
NFP logical unit number of file containing potentials,
By calling subroutine REDPOT the potentials for year NYB are obtained, Leakage
arrays are set to initial values., Then the aquifer is traversed systematically,
geometry codes are broken up, and if indicated by the code the leakage to or
from the aquifer above or below is calculated. The same procedure is followed
for year NYE. The individual leakage values are then calculated as the arith-

metic mean of the values for years NYB and NYE. Leakage rates are converted into
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volumes by multiplication with the time interval NYE-NYB in seconds. The diff-
erence between up and down leakage, i.e. the net gain or loss, for each node is

calculated and added up to yield a leakage balance subtotal for the time period.

SBOUND calculates the boundary inflows and outflows around the peri-
meter of each aquifer, Call parameters are the same as for SLEAKA, SBOUND
calls subroutine REDPOT to read potentials for year NYB and initialises the
boundary discharge array. The aquifer is then traversed node by node, For
each one and its four surrounding nodes the geometry code is split by calling
function IGEO., The node is skipped unless it is of type 2, i.e. is on a per-
meable boundary, otherwise the discharge to or from each interior node connec-
ted to the boundary node is calculated by multiplying the potential gradient
with the connecting directional transmissivity. The same procedure is followed
for the year NYE, An average boundary discharge volume for the time interval
is determined by averaging discharges node by node and by multiplying them with
the time interval NYE-NYB, All boundary discharges are added to a boundary
discharge subtotal for the period,

STOTAQ sums the well discharge for the specified aquifer and time
period. Call parameters are as above except that NFD is the logical file
number of the discharge file. STOTAQ obtains discharge values for years NYB
and NYE by calling subroutine HISDIS, Discharges are averaged and multiplied
by the time interval to yield a discharge volume. Node-by-node values are
added to a discharge subtotal for the whole aquifer,

EFDRA calculates the effective drawdown volume for the specified
aquifer and time interval, Call parameters are:

NAQ, NYB, NYE as above

NFP logical file number potentials file

NFT logical file number aquifer thickness file
EFDRA obtains the potentials for years NYB and NYE by calling subroutine REDPOT
and calculates the difference between them, which is the 'pressure drawdown',
The aquifer thickness is read from the thickness file and multiplied with the

pressure drawdown and the aquifer cell cross section (A x A) for each node.

These values are added to yield the effective drawdown volume for the specified
aquifer and time period,
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3.4,3 Specification of operating parameters

There is one set of semipermanent operating parameters which recurs
throughout the programs and is specified at the beginning of each program by
assignment rather than by reading data. These parameters are related to the
prototype geometry and do not require further consideration after the prototype
has been defined, These parameters are:

A spacing between gridlines (25 000 m)

MAQ number of aquifers in prototype (2)

MEW number of nodes in east-west direction (67)

MNS number of nodes in north-south direction (58)

Operating parameters subject to change from one program run to the next are

defined by reading them as data from INPUT. These are:

NYST, NYEN, NSTP start and end of time interval and time step length, The

specification 1900~1940, 10 would result in a time loop with
the steps 1900-1910, 1910-1920, ...., 1930 - 1940. The interval

should span a period during which significant changes in pressures
occurred and the time step should be short erough for the averaging
of flows to be meaningful.

NA the aquifer number., If specified either as 1 or 2 values for the
corresponding aquifer will be calculated. Any other specification
results in calculation for both aquifers.

FBA specifies the operating mode as discussed in 3.4.1

PCT specifies the percentage of well discharge derived from a surplus
in natural flows rather than from a change in storage. This
percentage is high when the aquifer is near equilibrium and is used
for determination of the parameter scaling factor.

TSPEC (1),TSPE (2Z) prescribe specific storage coefficients for aquifers 1 and
2. They must be specified but are used only in the 'SPE' type operat-

ing mode,

3.5 Caiculation of transmissivities and adjustment of potentials with program

COMCAL

Program COMCAL is designed to calculate transmissivities according to

current model potentials, while at the same time adjusting the current potentials
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towards the recorded potentials. In practice these two operations are only
virtually simultaneous; in detail there is a rapid alteration between the two
operations,

The first operation is the recalculation of transmissivities so that
the flow balance between pairs of adjoining model cells, referred to as primary
and secondary cell, is more uniform., This adjustment includes a simultaneous
penalty in the form of an imposed extra component in the water balance propor-
tional to the difference between the current and the recorded potential, If
aquifer cells adjoin permeable recharge boundary, an attempt is made to adjust
the recharge flow to achieve a completely neutral balance. The boundary node
balance may in addition be loaded by an imposed extra component designed to
accelerate overall convergence by over compensation. During the traverse of
the aquifer cells, each interior cell becomes a primary node once with secon-
dary cells to the north and to the east. Both directions will be taken but
the choice of which is to be taken first is made based on the precalculated
uniformity of the transmissivity distribution which would result from either
decision.

After all interior nodes have been traversed once, subroutine
CALMOD is called to calculate new current potentials based on the modified
transmissivities. CALMOD is one of the major subroutines of the RUNMOD group

of programs and is described in the documentation of the model itself.

3.5.1 Program COMCAL (Fig 19)

COMCAL was developed originally as a program to calculate trans-
missivities from potentials only and it can still be used in this mode by
specifying a zero number of iterations for recalculating potentials through
program control variable MAXI (3.5.3), In its current form it is applicable
to near steady state conditions with negligible change in storage components,
However, it could be extended to include change in storage provided that the

requirement for accurate specification of the changes in potential for each
node can be met,

Program COMCAL accesses 7 input and 3 output files:
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INPUT 8 records in card image form containing program control parameters
(3.5.3)

GEO geometry data file

OLD hydraulic parameter file containing old values

POT potentials file containing current potentials

MAN discharge data file

REC potentials file containing recorded potentials

GEL ground-elevation corrections file

OUTPUT printer file containing messages and error log for each iteration

NEW hydraulic parameter file containing new values

CAP potentials file containing new current values,

Program COMCAL calls subroutine REXBAL (described in 3.5.2) and the
external subroutines CALMOD, ERANG, REDGEO, REDHYD, REDPOT, SERDAT, OUTHYD,
OUTPOT.

After reading from INPUT the control parameters COMCAL calls the

input subroutines to read the model geometry, to calculate and geometrical
loop ranges, and to read initial potentials, hydraulic parameters, and ground-

elevation corrections for potentials. In a loop the discharge variables are
initialised and the ground-elevation corrections are stdred in an otherwise
unused portion of the potentials data array. A scaling factor is applied to
the vertical leakage factors., Subroutines are then called to read recorded
discharges and recorded potentials. The control parameters read at the
beginning are printed.

Loop 100, the iterative loop to adjust hydraulic parameters, is
entered, summation variables are initialised to zero, and the model nodes are
traversed (loop 10) within the geometrical range calculated by subroutine ERANG
previously. For each node, two secondary nodes are defined: one to the north,
the other to the east of the primary node. A provision for reversing these
directions is not used in the current version of the program, Subroutine
REXBAL is then called for both combinations of primary with secondary ncde.

For each case the variation coefficients are calculated for both the original
water-balance residuals and the new residuals. The ratios between the respec-
tive coefficients, which indicate the improvement in the water balances are
stored. Similar ratios indicating the degree of uniformity are then calculated
from the variations of old and new transmissivities. The respective ratios are

then multiplied as criterion to decide which combination of primary and
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secondary node adjustment results in the more homogeneous combination of balance
residuals and transmissivities, The transmissivities from the more uniform
combination are adopted as new transmissivities and then used when calling sub-
routine REXBAL for the other combination of primary and secondary node. The
purpose of this sequence is to use a rational rather than a chance criterion

for choosing the direction for the first transmissivity adjustments. The
residual water balances and hydraulic gradients at boundaries, if applicable,
are added to the statistical summation variables, This completes loop 10.

After all modes have been traversed the absolute and standard
water-balance errors are calculated and printed.

Then subroutine CALMOD is called to recalculate potentials with the
new transmissivities provided thét the control parameter MAXI had been specified
as 1 or greater and provided that the standard error is not already less than
the convergence criterion., This completes iteration loop 100. By subroutine
call the new hydraulic parameters and the new potentials are written out onto

their respective' files.

3.5.2 Subroutine REXBAL (Fig. 20)

REXBAL calculates the current water balances for two cells called
primary and secondary, and adjusts the directional transmissivity connecting

them. Subroutine call parameters for REXBAL are:

RCF potentials bias factor

IP, KP, NP node (cell) indices for primary

IS, KS, NS node indices for secondary

LFL boundary treatment code

SBC, SBN old and new water-balances primary node

TC s TN old and new connecting transmissivities

SBS, SBT old and new water-balances secondary node
NSTP time step (only required for non-steady state)

Subroutine REXBAL first initialises balances and splits up the geo-

metry code string for each node into individual codes for each aquifer. The
current potentials in array PA are redefined as simple variables, and the diff-

erence between them is stored as the hydraulic gradient. In loops 11, 13, 21,
and 23 is determined which number aquifer is in hydraulic connection with the

aquifer considered at the primary and secondary node respectively. Then the
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individual flow components are calculated for the primary node, A target po-
tential is defined in accordance with the recorded potential or if that is

not available the current potential is restrained by any data of ground-ele-
vation correction which might be available. The overall flow balance is calcu-
lated and is loaded additionally with an imbalance proportional to the differ-
ence between current and target potential, The same calculations are then
carried out for the secondary node. The connecting transmissivity is defined
as TC, _

If any of the two nodes is on a boundary which is not subject to
adjustment a transfer is made past the transmissivity adjustment bpanch. If
one of the two nodes is on a boundary to be adjusted (recharge or discharge)
its balance is set to a nominal value opposite to the residual balance of
the interior node connected to it, This interior node, if so specified by
control parameter ORF, has already been loaded with a portion of the previous

total imbalance 'of all interior nodes. Then the connecting flow is calculated,
which if applied would equalise the balances of primary and secondary nodes.
The corresponding value for the connecting transmissivity is calculated and

restrained by maxima and minima, The restrained value multiplied with the
hydraulic gradient then yields the actual new connecting flow and the water
balances for each node are adjusted accordingly. The water balance of the

primary node is reset for zero if it is on any boundary.

3.5.3 Specification of operating parameters

The parameters to control the operation of COMCAL are:
IYST, IYEN start and end of time interval in years, e.g., 1960-1970.
The initial potentials will be read for IYST. The recorded
potentials and discharges for IYEN, IYST and IYEN need not
to be different, "
NA "~ number of aquifer,
NBN boundary treatment code defined as:
0 no boundary transmissivities are calculated
+1 only recharge boundary transmissivities are calculated
-1 only discharge boundaryvtransmissivities are calculated

9 all boundary (permeable) transmissivities are calculated,
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CONV

ORF

VERSC

BIAS

RCF

MAXI

CON

s

maximum number of iterations in loop 100 to recalculate
transmissivities,

convergence criterion (ms/sec). Iterations continue only as long
as the standard water-balance error exceeds CONV.

overcompensation factor, determines the degree to which nodes at
boundaries are loaded with the overall imbalance from the previous
iteration, Normal range for ORF : 0.0 to 1,0,

scaling factor applied to vertical leakage factors. The file of
new hydraulic parameters written out after execution of the program
will retain this scaling factor,

bias factor (ms/sec) to specify on overall water balance bias for
the whole aquifer. The actual bias applied will be BIAS x ORF.
potentials balance bias factor specifies a balance penalty for
each node proportional to the difference between the current and
the target (recorded) potential at that node. In the case of
GABHYD it was specified in the range 0.003 to 0,005 mz/sec.

number of iteration in each adjustment step for potentials from
hydraulic parameters.,

convergence limit for iterations to recalculate potentials.

3.6 Adjustment of vertical leakage factors

The purpose of this final step in the calibration sequence is to

check the node-by-node balances and allow for some residual corrections by

altering vertical leakage factors. To achieve this the program can be

operated in the following modes:

Mode 0

Mode 1

vertical leakage factors are not altered except where a downward
leakage is observed. Downward pressure gradients are assumed to

be negligible in the current version of the model prototype and
in this case the vertical leakage is set to a minimum, All im-

balances are calculated and printed out symbolically on a small
map .

as mode 0 but in addition all vertical leakage factors are adjusted
to minimise the node water balance errors., The new values are

restrained by the limits of 0.5 and 2,0 times the original value
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Mode 2 as mode 1 but no restraints on new vertical leakage factor other

than to be positive,

3.6.1 Program VERTAD (Fig. 21)

VERTAD uses 5 input and 2 output files:

INPUT 3 card image records specifying program control parameters

GEO geometrical data file

POT current potentials file

DIS discharge data file

OLD hydraulic parameter file containing old values

OUTPUT printer file for messages, aquifer balances, standard error, and

one page symbolic map of residual balance for each node
NEW hydraulic parameter file containing new values,

The main subroutine called by VERTAD is VERCAL, which is described
in 3.6.2. Other subroutines called are ERANG, OUTHYD, HISDIS, REDGEO, REDHYD,

REDPOT, SERDAT, SMAMAP,

At first VERTAD reads the control parameters from file INPUT and
assigns title headings. By calling the appropriate subroutines it then reads
geometrical, potential, and hydraulic data. This data reading and assignment
procedure is as described for COMCAL in 3.5,1.

Following data input and initialisation the statistical summation
parameters are initialised. The aquifer is then traversed systematically,

For each node, subroutine VERCAL is called and the corresponding element of
the balance error array AR is set to the corrected node balance. Error
balances are added to the statistical summation parameters and the new vertical
leakage factors are added to a subtotal.

After all nodes within the aquifer have been traversed the standard
deviations and the ratios of average permeabilities are calculated and printed
together with the error sums. A one-page map showing the error on each node
is printed and the new hydraulic parameters are written onto file NEW by
calling subroutine OUTHYD.
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3,6.2 Subroutine VERCAL (Fig. 22)

VERCAL calculates the water balance for the specified node with the
current hydraulic parameters and determines a modified vertical leakage factor
for the upward leakage, which when replacing the existing vertical leakage
factor would eliminate or reduce any water imbalance,

The GABHYD data set is transmitted to VERCAL through the COMMON
block 'LEV'., The subroutine call parameters are:

IN, KN, NN indices of node to be adjusted

NSTP time step in years (non-steady state only)
OLB old node water balance (ms/sec)

WEB new node water balance

MODE operating mode (as described in 3.5)

NSTP is converted into the time in seconds STP; EPSI the lower

limit for leakage factors is set to a small positive value, e.g. 10_14. Node

water balances OLB and WEB are initialised to zero. The aquifer numbers are
determined for the aquifers to which the node is connected by vertical

leakage, The directional flow components of the water balance - FN, FS, FE,

FW, FU, and FD - are calculated using the current hydraulic parameters and added
to the components due to the change in storage ST and discharge FQ to yield the
current (old) water balance OLB, FN is defined as the difference between the
current upward leakage (FC - FU) and the residual balance OLB. The node balance
would become zero if FN were to replace FC in the balance calculation. COR =
FN/FC is the ratio by which the current vertical leakage factor would have to be
multiplied to implement this corrected leakage. TN, the new leakage factor,
however, is restrained to a positive value of at least EPSI and additionally if
the operating mode is 1 it is restrained to ! to 2 times the original value. If

the operating mode is 0 the leakage factor is altered only (set to minimum) if
the leakage is downwards.

3.6.3 Specification of operating parameters

The parameters read for INPUT are:

IYST, IYEN start and end of line interval in years, steady state is implied
if IYST = IYEN.
NA number of aquifer to be adjusted

MODE operating mode 0, 1, or 2 as defined in 3.6,
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APPENDIX A: ALPHABETICAL LIST OF PROGRAMS AND SUBROUTINES
Name Type System Use
BRIDGE M GABBRI Rewrite GABSIM data file for use by GABHYD
CALMOD S RUNMOD Calculate potentials
COMCAL M CALSYS Main calibration program
EFDRA S CALSYS Calculate effectiye drawdown
ERANG CALSYS Determine indices of boundaries
GELEV M GABBRI Write ground-elevation correction file
GRETRI M DATA Retrieve data from GAB data bank
HISDIS S RUNMOD Read discharge data file
HISMOQ M RUNMOD Reproduce historic record with interpolations
IGEO F CALSYS Split compound geometry code
MANMOD M RUNMOD Write discharge model manipulation file
MAPDIG M 'GABBRI Assign grid values from digitised contours
NODIS M GABBRI Calculate discharges by node from well data
OUTFIL GABBRI Write specified data array on file
OUTHYD CALSYS Write block of hydraulic parameters on file
OUTPOT S GABBRI Write block of potentials on file
PERMB M " GABBRI Assign original permeahility values
PLAYMO S RUNMOD Decode manipulation file
POTBRI M GABERI Rewrite initial potentials file
POTINT M GABBRI Calculates potentials by node from well data
POTREC M GABBRI Extrapcolates recorded data and geometry file
RANGE S RUNMOD Determine indices of boundaries
HEDGEOQ S RUNMOD Read geometry code file
REDHYD S RUNMOD Read hydraulic parameter file
RED?OT S RUNMOD Read potentials file
REXBAL S CALSYS Adjust transmissiyity through inversion
RUNSTE M RUNMOD Steady state version of model
SBOUND S CALSYS Calculate flow across boundaries
SERDAT QUTSYS Search file for specified data
SLEAKA CALSYS Calculate leakage between aquifers
SMAMAP S QUTSYS Print symbolic map of data array
STOCAL M CALSYS Scale parameters and calculate storativities



Name

THIBRI
VARGEO
VARHYD
VARPOT
VERCAL
VERTAD

Type System
M GABBRI
M GABBRI
M GABBRI
M GABBRI
S CALSYS
M CALSYS

Type:

Ref':

=58

Write aquifer thickness data file

Modify geometry file

Modify hydraulic parameter file

Modify potentials file

Calculate balances and optimal vertical flows

Modify vertical leakage factors

M= Main program S = subroutine F = function

described in 3,4.2 of this record
described in other record

temporary program, handwritten notes only

Ref,

Tem
Ext
Ext
Ext
3.6,2
3.6
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APPENDIX B: NOTES ON THE CALIBRATION BY PARAMETER ELIMINATION

Calibration by parameter elimination is based on the principle that
if there are M unknown parameters and an equal number of independent equations
about them, then the system of equations can be solved to determine each of the
parameters uniquely. Applied to the determination of hydraulic parameters it
is assumed that sets of observations of state variables provide such indepen-
dent equations, and if there is more observations than there is unknown para-
meters then it is assumed that an optimisation technique can be employed to
find parameters, which are more accurate than if only M equations had been used,

The critical assumption is that of independence of the observations,
The number oi observations which may be made of state variables is infinite and
so is the number of equations about the parameters. This applies even to a
model described by a finite number of parameters. In this case if all equations
were to be considered truly independent then the system were overdetermined,
Hence not all equations can be independent, So which equations may be con-
sidered independent, or in other words where and when should observations be
taken to properly define\all paraneters?

lhe problem can be illustrated in a one-dimensional form by consider-
ing a flood hydrograph. To properly define the hydrograph, one must have obser-
vations from all its independent sections. That may necessitate observations
from the pre-rise recession, the initial rise, the flood peak, flood recession,
interflow recession, baseflow recession, and possibly more, If observations
are available from only one section, e.g, the interflow section, then even an
infinite number of such observations will define only that one section, leaving
i+ other sections undefined, To define a system's parameters from observations
¢’ state variables alone it is necessary to know all independent states the

rem is capable of assuming and to obtain representative observations of each,

Thoomere aumber of observations is meaningless as a criterion for the defini-
tinn of the systen,

it applied to an arbitrary system S,, described by a set of para-

1’
meters 3p12 and capable of assuming M independent states (conditions) Cll’
C12, cie ClM we may say that none of these states can be derived from the

others without knowing the parameter set ?Pl f (definition of independence),
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Assume that we have observations of the first K states only: C11’ C12’ cee
ClK' We may then construct an infinite number of other systems SX described
by sets ’Pxi , which share with S1 the first K states but differ on the

remaining M-K states.

param.
set system shared states differing states
p S

1P 1 C¥1’ 120 o0 Cppe Ciker? oo Cam

S

jP2 ) Cy17 Cips vvv s Cppeo Copeg? o+ Coy
P

3 X% Sx C11’ C12’ o C1K’ CxK+1’ Tee CxM

bl

Only if all M states are known is any of the systems defined uniquely
from observations of its state variables. Anything less than a unique identif-

ication may result in a chance selection of another system arbitrarily differ-
ent in the M-K remaining states, 7
Hyraulic systems of course are not arbitrary and their different
states are rarely entirely independent. For this reason the identification
of parameters by less than complete observations of all representative states
.11 not be as inaccurate as it would be for an arbitrary system, But by
the same logic the model verification becomes less reliable too. It is
normally assumed that if some observations of the state variables are not
wsed during a model calibration but subsequently reproduced by the model that
this verifies the model. This would be true for an arbitrary system cons-
isting only of indevendent states., If however the observations reproduced
by the model are not independent from the data used for calibration, e.g. are
on the same recession limb of a hydrograph, then such a verification is

meaningless,
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In summary it can be said that a proper calibration by parameter
elimination requires many more data than is apparent on first glance, more
than is required for other calibration methods. In fact such a complete
knowledge of the system to be modelled is required that it becomes doubtful
whether the model could add any new information to this knowledge, If on
the other hand those stringent data requirements are not met then the

accuracy of the model becomes unpredictable.



INITIALIZE TBAL, TIRA
TSPE, BAL, TRA, SPE

READ NYST, NYEN, NSTP LI5T OF VARIABIRS
NA, FBA, ECT
TBAL(*) overall water balance
TDRAE*g overall effective drawdown
TSEE (* overall specific storage coefficient
\ BAL(*,*) time step water balance
yes .. ' DRA(*,%) +time step effective drawdown
NYST = NYEN 1 ISTEP = 4 SPE *:*3 time s‘teg specific storage coefficient
NYST time interval start
NYEN time interval end
NSTP time step
NA aguifer number
FBA operating code
INSTEIP - NSTPI PCT percent of well discharge to be provided
by natural inflow
NIT ,TL number of time step
“PAC scale factor for hydraulic parameters
IA,IB range of aquifer numbers ‘
INSTP = Vg (NSTP’1) | HYZ*,*,* hydraulic parameters {excluding storage
coefficien‘t)
SC§*,*,*; storage coefficients
[ NYEN = NYEN - NSTP | DQ(*,*,*) aquifer thickness

[ READ TSPE(1), TSPE(2) )

SUBROUT INES
| REDGEO ]/ REDGEO
READ GEOMETRY / iﬁ’ﬁ
FIIE - SBOUND
STOTAQ
EFTRAW
ouT
/ REDHYD —
READ HYDRAULIC
DATA FILES

yes

FBA = "SPE"

————————< LOOP 100, NY = NYST, NYEN, NSTP

NYE = NY+NSIEP
NTL = NTI+1

SLEAKA

C AICULATE
IEAKAGE FOR
AQUIFER NA

BAL (NA,NTL) = BAL (NA, NTL) + BATA
TBAL (NA) = TBAL (NA) + BALA .

SBOUND

BOUNDARY
DISCHARGE FOR
AQUIFER NA

BAL (NA,NTL) = BAL (NA,NTL) + BALA
TBAL (NA) = TBAL (NA) + BALA '

STOTAQ

WELL
DISCHARGE FOR
AQUIFER NA

BAL §NA NTL) = BAL (NA, NTL) + BATA
TBAL NA5 = TBAL (NA) + BALA

EFDRAW

EFFECTIVE
DRAWDOWN FOR
AQUIFER NA '

IRA (NA,NTL) = DRAW
TIRA (NA) = TDRA (NA) + DRAW
SPE (NA,NTL) = BAL (NA,NTL) / IRaW * (-1)

©

| TSPE (NA) = TBAL (NA) / TIRA (WA) * (-1) |

TABULATE BAL,
DRA, SPE, TBAL, '
TDRA, TSPE

1A
1B

1
—

FAC =FCT*BALA/100, /(BAL (IB,NLT )+BALA)

PRINT
FAC
ol
™~
- Jye8 4_— " IR

yes i

READ FROM
FIIE 6

DQ(*,*,%)
(Aquifer
thickness)

FBA = "BAL"

/

‘—————-(LOOP 201 FOR ALL T,K,N |

HY (I,K,N)

yes ——< 100P 301 P®R ALL I,X,N

~9999.

5¢ (1,%,N) = DQ (I,K,N) * TSPE (M

| HY (I,K,N) = HY (I,K,N) * FAC |

&

I
PRINT MESSAGE
NEW HYDRAULIC
PARAMETERS

PA(I,K,N*2+1)

s¢ (I,K,N) = -9999,

~9999,

301

PRINT MESSAGE

NEW STORAGE
COEPFICIENTS
-
| ourayp /

WRITE NEW

P ARANHTER

PILE
7

END

Fig.17 FLOWCHART OF PROGRAM STOCAL

Record No 1978/12 AUS 1/768



/{QEDPOI‘

READ POTENTIALS
FCOR YEAR
NYB

NP
NI

NAQ*2+ 1
NP-1

I = (NYE - NYB)
*365, *86409
BAL = ¢

iou

' INITALIZE

S (*,*,%), DQ

*7*’*)

LOOP 2 I=1, MEW, K=1, MNS

e
™~

/

/ ENC ODE
¢ (I,X)
_DECODE
IzA (*)

TcA (NAQ) yes

LIST OF VARIABLES

upwards leakage flows

downwards or difference between
upwards and downwards leakage flows
PA(*,*,*) potentials or downwards leakage flows
UPBA total upwards leakage

DOBA total downwards leakage

BAL balance of leakage flows

SUBROUTINES
REDPOT

<-2

NPD = NAQ
NN = NAQ-1
NPU = ¢

LOOP 3 L = 1,NN

NPU = L

LOOP 4 L

164 (L) >1
&
NPD = NAQ

~

1,K,NPD*24 1)~

€

/

JitEppOr

READ POTENT IALS
FOR YEAR
NYE

/
™~

LOOP 5 1 = 1,MEN,K=1,MNS

ENCODE
¢ (1,K)
DECODE
16A (*)

&)
IGA(M yes

< 2

NPD = NAQ

NAQ-1

NPU

TOOP 6 L = 1,NN

A

164 (L) yes

>1

<LOOP 7L = NAQ,1¢

NPD =L

nQ
R Y

%

-PA
~PA

1,K,NAQ
1,K,NAQ

1,K,NAQ
I,K,NAQ

1,K,NP

I,K,NPU‘*2+1; é
1,K,NP

(ea(
PA(I,K,NPD*2+1

ORI

e

)

*VP
*VP

§

I,K,NAQgg/z.
1,K,NPD))/2.

Record No /978//12

O

UPBA = DOBA = #.

‘—————<—LOOP 8 I=1,MEW,K=1,MNS

DQ(I,K,NAQ)

= -9999.

s (1,K,NAQ)

-9999 .

pQ(1,X,NAQ)=UP=DQ(I,K,NAQ)*DD
PAEI,K,NI ) =DOWN=SC (I,K, NAQ)*DT
S (1,K,NAQ)=UP+DOWN
UPBA=UPBA+UP

DOBA=DOBA+DOWN

BAL=BAT+UP+DOWN

©

PRINT
NAQ,NYB,NYE,
BAL,UPBA, DOBA

Fig.18a FLOWCHART OF SUBROUTINE SLEAKA

AUS 1/769



INITIALIZE DQ(*,*,*

—<_LOOP 2 I=1,MEW, K=1,MNS

Ic=IGEO(I,K,NAQ,IG)

IC = 2

LN=IGEO( 1,K+1 JAQ,IG)
 HN =PA(T,K+1,NP)

mw =Ts(I,K,NAQ)

1CS=IGEO(T,K~-1,NAQ, IG)

HS =PA(I,K-1,NP)

Ds =Ts(1,K-1,NAQ)

ICE= IGEO(I+1,K NAQ,IG)

HE _JPA§I+1,K NP)

IE =TE(I,K,NAQ)

ICW= IGEO(I— 1,K,NAQ, IG)

HW =PA(I-1,K, NP)

W =TE§I—1,K,N‘AQ)

HI =PA(I,K,NP)

TIST OF VARIABIES

I ,ICN,ICS,ICE,ICW
HI,HN,HS,HE,HW
IN,DS,IE,DW

SUBROUT INES

REDPOT

IGEO

geometry codes at centre, north, south, east, weat
potentials at centre, north, south, east, west

directional transmissivities north, south, eaat, weath o

boundary discharges for year NYB or average

n

NYE

cummilative

boundary discharge balance

boundary recharge

DQ(I,K+1,NAQ)=DQ(I,K+1,NAQ)+ (HI-HN)*DN

IS > 2 pQ(1,K~1,NAQ)=DQ(I,K-1,NAQ)+ (HI-HS)*DS

IOE > 2 DQ(T+1,K,NAQ)=DQ(I+1,K,NAQ)+ (HI-HE)*DE

(1- ,K NAQ).;DQ(M,K NAQ)+ (HI-I-IW)*DW*

Repeat from beginning but
read potentials for year NYE
instead of NYB and assign
flows to PA(¥, *,NP— 1)
ingtead of DQ(* ,NAQ)

BAL g.

= (NYE-NYB)*365.*%86400.
DT = AMAX1 (DT,1.)
RERO = #.
DIBO = O.

< LOOP 4 I=1,MEW, K=1,MNS

DQ(I,K,NAQ)
-9999.

AVD—(DQ (I,K,NAQ)+PA(I,K,NP~1))/2. %D |

s¢ (1,K,NAQ)=SC (I,K NAQ)+AVD
BAL=BAT+AVD

DQ%I K, NAQg_AVD

REBO=REBO+AVD

DIBO=DIBO+AVD-

[ TRINT NAQ,NYB

NYE,BAT,
REBO,DIBO

Fig.18b FLOWCHART OF SUBROUTINE SBOUND

Record No /1978/12

AUS1/TT0

potentials or temporarily boundary discharges for year R




REWIND DISCHARGE FILE

NP=NAQ*2+1
NI=NP-1

| HIsDIS /

READ
DISCHARGE
YEAR NYB

< LOOP 1 I=1,MEW,K=1,MNS

PA(I,K,NI)=DQ(I,K,NAQ)

PA(I,K,NP)

~9999.

LIST OF VARIABIES

PA(*, % % potentials or discharges for year
NYB

DQé*,*,*) discharges for year NYE or averages

SC(*,%,* cumilative discharges
total discharge

SUBROUT INES

HISDIS

PA(T,K,NI)=-9999.

O

BAL={.

DT=(NYE-NYB)*365,*86400.
DT=AMAX1(DT, 1.¢)

/ HISDIS

READ
DISCHARGE
YEAR NYE

< LOOP 2 I=1,MEW,K=1,MNS

PA(I,K,NP)

~9999

AVD=DQ(I,K,NAQ)=(DQ(I,K,NAQ)+PA(I,K,NI))/2.*DT

¢ (I,K,NAQ)=5C (I,K,NAQ)+AVD

BAT=BAT+AVD

DQ(I,K,NAQ)= -9999.

(2

Record No /1978/12

Fig.18c FLOWCHART OF SUBROUTINE TOTAQ

AUS 1/771




Record No /1978/12

REWIND NFP
REWIND NFT

NP=NAQ*2+1

| rEDPOT /

READ
POTENTIALS
YEAR NYB

———< I00P 1 I=1,MEW,K=1,lNS

A DQ(I,K,NAQ)=PA(I,K,NP)

O,

NI=NP-1

| REDPOT /

READ
POTENTIALS
YEAR NYE

< 100P 2 I=1,MEW,K=1,MNS

PA(I,K,NP)

~9999 |

pPA(I,K,N1)=DQ(I,K,NAQ)-PA(I,K,NP)

O,

DRA=F

PA(I,K,NI)=-9999.

LY

———<_LOOP 3 N=1,NAQ,K=1,MNS

READ FILE
A NPT LIST OF VARIABLES
*
DQ(*,K,N)
PA(*,%,* potentials or drawdowns
DQ(*,*,* potentials or aquifer thickness
/- or drawdown * thickness
\3 DRA cunulative effective drawdown
volume
———<_LOOP 4 I=1,MEW,K=1,MNS SUBROUTINES
REDPOT

PA(I,K,NI)

~9999.

DQ(I,K,NAQ)=DQ(I,K,NAQ)*PA(I,K,NI)

Fig.I8d FLOWCHART OF SUBROUTINE EFDRA

DRA=DRA+DQ(I,K,NAQ)*A**2,

<:E:>

AUS1/772




READ IYST, IYEN, NA, NEN, MIT, CONV,
ORF, VERSC, BIAS, RCF, MAXI, CON

RETDGEO .
READ GEOMETRY LIST OF VARTABLES
AR(*,%) groundelevation corrections or
recorded potentials
ERANG PA(¥,%,%) current potentials or ground-
elevation corrections
LOOP RANGES IYST year, start of time interval
IYEN ' year, end of time interval
NA - number of aquifer
NBN boundary treatment code
FEDPOT MIT maximum number of iterations
READ POTENTIALS parameter 1oo0p
YEAR IYST conv convergence criterion parameter
loop (metres)i
ORF over compensation factor
VERSC vertical scaling factor.,. .
HEDHYD BIAS overall balance bias i(m;/s) |
READ OLD RCF recorded potentials control
HYDRAULIC DATA factor
MAXT maximum number of iterations
potentials loop
SERDAT con ;gggergence criterion potentials
READ GROUND-~ SIG boundary hydraulic gradient
EILEVATIONS - SBAL sum of boundary hydraulic
; gradients
SE: (*) old water balance primary node
SEY *) new " " " n
AVER = ¢',, SBS(*) old " " secondary node »
SBT(*) new " " n " Al
. ¢ (%) 0ld connecting transmissivity
__< :LOOP1 N=1 ,MAQ,I=1 ,MEN,K=1 ,M:NS TN(*) new con.neci_;ing transmissivity
. . TBAL sum of residual water balances
SBATQ sum of residual water balances
. squared
NQ=N*2 ERAQ standard balance error around.
‘ NP=NQ+1 average balance -
- ERNO standard balance error around zero
AVER boundary balance bias
DQ(I,K,N)=f. -
PA(I,K,NQ)=AR(I,K)
SUBROUTINES
REDGEO
vP(I,K,NA)=VP(I,K,NA)*VERSC . REDPOT
REDHYD
SERDAT
ERANG
HISDIS
1 REXBAL
o CALMOD
OUTHYD
OUTPOT
NSTP=MAXZ(1,IYEN-IYST)
HISDIS
READ RECORIED
DISCHARGES
FOR YEAR IYEN
SERDAT
READ RECORDED
POTENTIALS
FOR YEAR IYEN
INTO AR(*,*)
PRINT CONTROL
PARAMETER
SPEC IFICATIONS
—< 100P 100 I7=1,MIT
NSUM=NBOU=¢
SBAL=SBALQ=TBAL={
IST =IRS(NA) )
IEN =IRE(NA)
< LOOP 10 II-=IST,IEN
I=11
KST=KRS(I,NA)
KEN=KRE (I,NA)
e
< T0OP 10 KK=KST,KEN
K=KK
NAD=1
IN(2)=I+NAD
KN (1)=K+NAD
m§1§=1
KN(2)=K
REXBAL
SECONDARY NODE
m(1),kN(1)
SI1(1)=sIG
REXBAL
SECONDARY NODE
m(2),kn(2)
SI(2)=51G
VBo=(SBC (1)**2+8Bs(1)**2) /2. ((SBC (1)+SBs (1)) /2. )**2
VBN=(SBN (1)**2+SBT(1)**2) /2. -((SBN(1)+SBT (1)) /2. )**2
BrR(1)=10¢.
@é— BR(1)=VBC/VBN
:VBC:(SH}(2)**2+SBS(2)**2)/2.—(%8}30(2)+SBS 2))/2.)**2
VBN=(SBN (2)**2+SBT (2)**2)/2.-((SBN (2)+SBT(2) ) /2. J**2
BR(2)=1¢d.
VBN > EPSI BR(2)=VBC/VBN
VIC=(TC (1)**2+TC(2)**2) /2.~ ((1C (1)+TC (2) )**2
VTC =AMAXT (VIC ,EPSI)
VTN(1):(TN§1)**2+'I‘C§2)**2)/2.—§§TN§1)+’IC 2))/2.)**2
VIN (2)Tc (1)**2+ TN (2)**2) /2.~ ({TC (1)+TN(2) ) /2. )**2
VR(1)=VR(2)=14.
VE(1)=vIc TN (1)
| VR(2)=VIC VTN (2)
20,
!
[ ssaL=sEAL+s1(2) | SBAL=SBAT+SI(1)

é— TE(I,K,NA)=TN(2) NAD > ¢ TS(I,K,NA)=TN(1)
@ TE(I-1,K,NA)=TN(2) NAD < ¢ | TS(1,K-1,NA)=TN(1)

REXBATL - REXBAL
SECONDARY NODE SECONDARY NODE
IN(1) kN (1) W (2) kv (2)

TBAL=TBATL+SEN (1) <
SBAL=SBAL+SIG NAD > ¢ TE(I,K,NA)=TN(2)
SBALQ=SBATQ+SEN( 1)**2
NSUM=N SUM+ 1

NAD > ¢ | 7S(1,K,NA)=TN(1) NAD < & TE(I-1,K,NA)=TN(2)

’

NAD < ¢ TS (1,K-1,NA)=TN (1) TBAL=TBAT+SBN (2)

SBAL=SBAI+SIG
SBALQ=SBALQ+SEN (2) **2
NSUM=NSUM+ 1

e
N

&/

ERAQ=SBAIQ/NSUM
ERNO=ERAQ-(TBAL/NSUM)*¥2
ERAQ=SQRT 2ERAQ§
ERNO=SQRT (ERNO
ERAM=TBAL

AVER=(

SBAL y AVER=(TBAL-BIAS)/SBAL

PRINT ABSOLUTE
AND STANDARD
ERRORS

| BALIN=ABS (TBAL)

T>3
AND
ABS (TBAL)
BALIN

CALMOD

CAICULATE
POTENTIALS

OUTHYD

NEW HYDRAULIC
PARAMETERS

OUTPOT

NEW POTENTIALS
FOR YEAR IYEN

END

Fig.19 FLOWCHART OF PROGRAM COMCAL

Record No 1978/12 AUS 1/773



SIG=SHK =3BN
=3BS=SBT=TC
=TN=@.

EPSI=. JP0@gd 1%%2

| STP=NSTP*365%86 497, |

ENCODE IG
ENCODE I

IP,KPg
IS,KS

into IGC,DECCDE IGC into

GF(L),L=1,10
into IGC,DECODE IGC into IS(L),L=1,10

HP=PA( IP,KP ,NP*2+1)
HS=PA(T1S,KS,NS%2¢1)
DC=HS-HP

LIST OF VARIABLES

—————— TOO0P 11 TL=1,NNP

@

NPD=NP
NNP=NP-1
NPU=g

-

< IOOP 21 L=1,NNs |

NSU=L

@

NSD=NS
NNS=NS-1
NSU=¢

wa

21
& ~
< 100P 23 15,17 |

16S(L) >1

NSD=NS

23

N\

| mi-rs(®,kp,Np)*(PA(IP,KP+1,NP*2+1)-HP) |

PA(TP,KP+1,NP*2+1)

= ~9999.

|‘FS;TS(IP,@q,NP)*(PA(IP,KPq,N?*2+1)-HP |

PA(IP,KP-1,NP*2+1)
= -9999.

FE=TE(IP,KP,NP)*(PA(TP+1,KP ,NP¥2+1)~HP)

PA(IP+1,KP,NP*2+1)
= -9999.

FE={.

FW=TE(IP-1,KP,NP)* (PA(IP-1,KP,NP*2+1)-HP)

PA{IP-1,KP,NP*2+1)
= -9999.

FW=g.

FU=VP (IP,KP,NP)* (PA(IP,KP ,NPU*2+1)-HP)

FD=VP (IP,KP,NPD)*{PA(IP,KP,NPD*2+1)-HP)

FQ= -DQ(IP,KP,NP)

TARGET=HP

IGP(NP)#£5

PA(*,%,*%)  current potentials or groundelevation
corrections

AR(*,%) recorded potentials

IGP(*) geometry code split into individual
codes for each aquifer

STP time step (seconds)

IC potential gradient between secondary -
and primary node

NPD number of aguifer below (down) at
primary node

NPU number of aguifer above (up) at
primary node

NSD,NSU as above but for secondary node

PN,FS,FE,FW,FU,FD,FQ flow balance components

TARGET potential to be approximated

SBC, SBN, current and new water balance for

' primary node

5BS,SBT current and new water balance for
secondary node

c,TN current and new transmissivity connecting
primary and secondary node

SIG potential gradient at permeable boundary

AVER boundary balance bias

ORF overcompensation factor

FC,FN current and new flow connecting
primary and secondary node

COR ratio of new to o0ld flow

LFL boundary treatment code

RCF potentials balance bias factor

TARGET=PA(IP,KP,NP*2)+ABS(FQ)*50.
TARGET=AMAXI (TARGET ,HP )

IGP(WP) < 3

TARGET=ABS (AR (IP,KP))

HFP=HP-TARGET |

SEC =FN+FS+FE+FW+FU+FD+FQ
SEC =SBC+HFP*RCF

FN=TS(IS,KS,NS)* (PA(IS,KS+1,NS*2+1)-HS)

PA(IS,KS+1,N5%2+1)
= -9999.

Ps=1s(IS,KS-1,88)*(PA(IS,KS-1,N5%2+1)-HS)

PA(IS,KS-1,N5%2+1)

FS=0.
= 29999, 54

FE=TE (I5,KS,N5)*(PA(IS+1,KS,Ns%2+1)-HS)

PA(IS+1,KS,NS%2+1) FE=g.
= -9999.
/ { ] FW=TE(IS—1,KS,NS)*(PA(IS-1,KS,NS*2+1)—HSJ
PA(TIS-1,KS,NS%2+1) -
) = -9999,

[Fu=ve (z5,K5,15)* (A (I5,Ks,N50%2+ 1)-HS |

[ Fp=ve(1s,ks,NsD)* (PA(IS,KS,NSD *2+1)-s |

FQ= -DQ(IS,Ks,NS) |

TARGET=HS

PA{18,KS,NS5*2)

~ .

TARGET=PA(IS,KS,NS*2)+ABS(FQ)*5¢.
TARGET=AMAXI (TARGET ,HS)

16s(Ns)<3

OR
165(Ns)=5

TARGET=ABS (AR (IS,KS))

HFS=HS~TARGET

SBS=FN+F3+FE+FW+FU+FD+FQ
SBS=SBS+HFS*RCF

SBT=SBST=SBS
SHEV=5BC T=S1C

I O:M.'II\HZEE’ ,IS)
KCO=MINg (KP ,KS)
NCO=MINg{NP,NS)

IP=I3

AND

¢ =7s(I1C0,KCO,NCO)

KPAKS

IP#IS

AND

TC=TE ( IC0,KC0,NCO)

KP=KS

TC=vP(IC0,KC0,NC0)

WGP (NP) <2
OR
es(Ws) <2

TC=4.

IGP(NP) >2
AND

16s(NS) > 2

wep(NP) <2

OR
es(Ns)< 2

16s(Ns)=2

AND
IFL=¢

IGP(NP)=2

AND
LFL=¢

1IGP (WP) =2

AND
165 (NS)=2

IGP(NP)=2

x>¢.
AND

IFL= -1

wc<d.

AND

5IG=ABS(IC)

SBC T=SEC T+ AVER*¥SIG *ORF
SBST=SECT*(-1)

]

SIG=ABS(IC)

SBST=SBST+AVER*SIG *ORF
SBCT=SBST*(-1)

Record No 1978/12

Fig. 20 FLOWCHART OF SUBROUTINE REXBAL

COR=10Q -

FC=TC*DC
FN=FC+ (SBST-SECT) /2.

ABS(FC )> EPSI

COR=FN/FC

TN=TC*COR
TN:AJVIIN1§TN,¢.5)
TN=AMAX1 (TN ,d. 2007 1)

FN=TN*IC
v SBN=SBC-FC+FN
SBT=3BS+FC-FN

™=@,

| TN=TC

IGP(NP)< 3

| SBN:ﬁ.

RETURN )

AUS 1/774
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READ
IYST, IYEN
NA,MODE

GENERATE -
PRINT TITLE

REDGEO

READ
GEOMETRY

ERANG
RANGE OF
T.00PS

/ rmpPROT /

POTENTIALS
FOR YEAR TYST

Z{REI&EED )7

READ
HYDRAULIC DATA

OAVP=(.
NAVP=(f

< TO0P 1 N=1,MAQ I=1,MEW K=1,MNS

NQ=N*z
NP=NQ+1

DQEI,K,N)=¢-
PA(I,K,NQ)=PA(I,K,NP)

N £ NA
OR

LIST OF VARIABLES

Tyst, TvEN
NA
MODE
OAVP
RAVP
NAVP
AR(*,%)
0B
WEB
SIG0
SIGN

SUBROUTINES

REDGEO
ERANG

REDPOT
REDHYD
HISDIS
SERDAT
VERC AL
SMAMAP
OUTHYD

HY(I,K,N)<d.

OAVP=OAVP+HY(I,K,N)
NAVP=NAVP+ 1

o

OAVP=0AVP /NAVP
RAVP=( .

NAVP =@

NSTP=1

/ HISDIS /

READ
DISCHARGE
FOR YEAR IYEN

IYSTiiifﬁ//,r

NSTP=MAXZ(I, IYEN-IYST)

/ SERDAT /

POTENT ITAL
FOR YEAR IYEN

______<<:IDOP 3 I=1,MEW K=1,MNS

PA(T,K,NA¥2+1)=AR(I,K)
AR(I,K)= -9999.

©

NSUM=g
SOLB=SOLB2=SNEW=SNEW2=4.

IST=IRS(NA)
IEN=IRE(NA)

——<_ TOOP 10 I-TST,IEN

KST=KRS(I,NA)
KEN=KRE(I,NA)

-_——__.-<:: LOOP 10 K=KST,KEN

AR(I,K)=(.

VERC AL

ADJUSTMEND
NODE I,K

AR(I,K)=WEB
SOLB=SOLB+0OLB
SOLB2=SOLB2+0LB**2
SNEW=SNEW+WEB

SNEW 2=SNEW 2+ WEB** 2
NSUM=NSUM+ 1

RAVP=RAVP+HY(I,K,NA)
NAVP=NAVP+1

®

SIGO=SQRT (SOLB2/NSUM)
SIGN=SQRT (SNEW2/NSUM)
RAVP=RAVP /NAVP
RAT =RAVP/OAVP

PRINT NA
IYST, TYEN ,MODE
SOLB,SIGO, SNEW
SIGN,RAT

SMAMAP

PRINT MAP OF
RESIDUAL BALANCES

DATA FILE

END

Record No 1978/12

Fig.2] FLOWCHART OF PROGRAM VERTAD

year numbers start and end

aquifer number

operating mode

sum of or average vertical permeability old
1" 1 1" 1 1" 1" new

counter

residual water balances

0ld residual balance

new residual balance

0ld standard error of water balances

new standard error of water balances

AUS 1/775




STP=NSTP*365.*864%0.

EPSI=(.ggdpgg1** 2
OLB=WEB=@.

ENCODE IG (IN,KN)intoIGC DECODE IGCintoIGA(L),IL=1,14

TGA(NN) < 2 RETURN

NPD=NN
NNP=NN-1
{ NPU=¢

l\TNPy

< 100P 1 L = 1,NNP

@L) > 1 B prer

(-

S

—< 100P 4 L-NN,10

1GA(L) > 1
AND NPD=L

NPD=NN

O

FN=TS (IN KN ,NN ) * (PA( IN ,KN+1,NN*2+1)-H)
FS=Ts(IN,KN-1,NN)*(PA(IN ,KN-1,NN*2+1)-H)
FE=TE ( IN,KN,NN)*(PA(IN+1,KN ,NN*2+ 1) ~H)
FW:TE%INJ,KL\T,NN)*(PA(]J\T—1,IQW,NN*2+1)—H)
FU=VP (IN,KN,NN ) * (PA(IN,KN ,NPU*2+1)-H)
FD=VP (IN ,KN ,NPD)* (PA( IN', KN ,NPD* 2+ 1) -H)
FQ=-DQ(IN,KN, NN) ;

ST=5C (I , KN ,NN ) * (PA( IN ,KIV, NN*2) ~H ) /STP*A**2

H =PA%IN,KI\T,NN*2+1)

OLB=FN+F S+FE+FW+FU+F D+FQ+ST
WEB=0LB ‘

DC=PA (IN,KN,NPU*2+1)-H

TC=VP (IN,KN,NN)
FC=DC*1C
COR=1.¢
FN=FC-OLB

ABS(FC)> EPSI COR=FN /FC

TN=AMAX 1 (EPSI,TC*COR)

LIST OF VARTABLES

{Om«]>—~ TN=AMAX1 (TN, TC*@.5)
*— TN =TC

TN=AMINT(TN;TC*2;)

W INZTC
MODE £ ¢
OR
IC sy,

TN=EPST}

FN:DC*TN
WEB:OLB—FC+FN

ABS(WEB) <EPSI WEB=(.

/ |

VP (1N, KN ,NN ) =T

(RETURN )

STP time step (seconds)

OLB o0ld residual water balance

WEB new " n 1"

IN,KN,NN node indices

NPD aquifer connected down direction
NPU aquifer connected up direction
IGA (%) geometry code split into aquifers
FN,FS,FE,FW,FU,FD directional flows
ST charge in storage component

IC potential gradient upward leakage
FC 0ld vertical leakage (up)

FN new " "

TC old vertical leakage factor

T]_\]’ new ' 1" " "

VMODE operating mode

Fig.22 FLOWCHART OF SUBROUTINE VERCAL

Record No 1978/12
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PROGRAM PROCCO 76176  0OPT=1 FTN 4.6+460 09/11/79 11.18.01 PAGE

PROGRAM PROCCOCINPUT,OQUTPUT, TEN, TWE, THI,FOU, FIF, TAPEGO=INPUT,
1TAPE61=0UTPUT, TAPE10=TEN, TAPE20=THE , TAPE30=THI, TAPE40=FOU,
2TAPESO=FIF ,GFJ, TAPE1=GEQ,PLO, TAPE2=FLO)

DIMENSION IF(4),TD(4) NY(4) NOC4),TPC10)

COMMON/LEV/PA(67,58,15),1G(67,58)

COMMON 2, MNS,MEW,MAG

LEVEL 2,PA,IG

MAQ=2

N
CALL REDGEO(1)
C READ INPUT SPECIFICAT[ONS
1 READ(60,90
90 FORHAT(A1)
1F(EOF(60)
2 READ(60,91

1

)1 4),1ST,TD€1),TO(3),TD(2) ., TD(4),
1NY(1) ,NY(2) N
2.1
(

1F(
NOC4),L0G,00,NCP, FC, NRW, NRE,, NRS, NRN
911§0§?AT al2, 411, 1%, A1, 1%, A1,1X, 12, 1X,A1,4C1X,
3
READ(60,92)
92 FORHAT(10A10)
D0 10 1=1,4
NY(I) NYC13+1000
TFCNYCD) LT, 1800) NYCI)=NY(I)+1G00
10 _CONTINUE
€ LIST OUTPUT SPECIFICATION
WRITE(61,900) PO

900 FORMAT(1M1, «SPECIFICATIONs, //1X,A1) i
HRITEC61,901) TFC1),1F(3), 1F(2),1FC4), IST,TDC1),TD(3),TD(2),TD(4),
INYC1),NY(2) ,NG{1),NG(3),NB(2),NO(4),L0G,00,NCP, FC, NRW, NRE , NRS, NRN
90115?$QA¥§;§,412,IZ,4A1.1X,2(l3,1X).4l1,1X,A1,1X,A1,1X.12,1X.A1,
WRITE(61,902) (TP(1),1=1,10)
902 FORMAT(1X,10A10)
C SELECT OUTPUT ROUTINE
1F(PO.EQ.1HO) CALL SIMPRICIF,NY,NQ,TD,00,L0G,TP NCP, MF NF)
IF(PO.EQ. THF) CALL TWOFUN(CIF,NY,NG,TD,FC,00,L0G,MF NF,TP, NCP)
IF(PO.EQ.THL) CALL LEAKAG(IF,NY,NO,FC,00,LO0G,MF,N P
1F(PO.EQ.1HB) CALL BOUNCQ(IF,NY,NG,00,L0G,MF NF,TP,NCP)
1§£éP:Rﬁ0H1HS%)CALL TOTALGCIF, 1ST,NY,NQ,00,L0G, TP,NCP,FC,NRH,NRE,
1F(50.EQ. 1HT) CALL TIMESECIF,TD,1ST,NY,NG,00,TP,NCP,FC,NRH,NRE,

1NRS, KRN, MF N
6o 10 1

100 CONTINUE
END
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15

20

SUBROUTINE TABLE 76176  0OPT=1 FTN 4.6+460

SUBROUTINE TABLE(NF,TD,NY,NO,TP,FC,VA,VB,VC,VD,VE,VF, ST)
DIMENSION NF(4),TD(4),RY(2),NO(4),TPC10),VAC100),VvBU1
1vC£(100),VD(100),VE(100) ,VF(100)
WRITE(61,900) (TP(N),N=1,9)
900 FORMAT(1H1,9A10,/1X,90(1H-))
WRITE(61,901) (NF(N),N=1,4)
901 FORMAT(1HO, +FILE NUMBER+,4(8X,12))
HRITE(61, 902) C(TDCN) ,N=1,4)
902 FORMAT(1X, tDATA TYPE + 4(9X A1)
WRITE(61,903) (NOCN),N=1

203 FORMAT(1X, rAQUIFER NO.‘,L(&X,IZ),' €OL1-COL2+,« COL3-COL4t,

171X, *YEAR*)
MA=1

MZ=NY(2)-NY(1)+1

DD 1 H=MA MZ NST

MY=1000+M+NY(1)~1

HRITE(61,904) MY, VA(H) VS(H) VO(M), VD(MY, VE(M) ,VE(M)
904 FORHAT(1X 14.7X.6F10.3

1 CONTINUE
RETURN
END

09/11/79 11.18.01 PAGE
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SUBROUTINE QUICK 76176  OPT=1 FTN &.6+460

SUBROUTINE GQUICK(NF,TD,NY, NO,TP,FC,VA,VB,VC,VD,VE,VF NST)
DIMENSION NF(4),TD(4).NY(2),NB(4),TPC10),VA(100),VB(100),
1vC(100),VDC1L33, VE{100) LVFCi00)
COMMON/LEV/CH(100,50)
LEVEL 2,CH

C £STABLISH RANGE OF VARIABLES
RAMIN=1000000.

RAMAX=-1000000.
MZ2=NY(2)-NY(1)+1
DO 1 N=MA MZ NST
TECFC.EQ. TH1.0R.FC.EQ. 1H3) GO TO 3
IF(FC.EQ.1H7) GO TO 2
RAMIN=AMIN1 (RAMIN,VA(N))
RAMAX=AMAX1 (RAMAX, VA(N) }
RAMIN-AMIN1(RAMIN,VB(N))
RAMAX=AMAX1 (RAMAX, VB(N) )
2 IF(FC.EQ,1HS) GO T0 3
RAMIN=AMIN1 (RAMIN,VC(N))
RAMAX=AMAX 1 (RAMAX,VC(N) )
RAMIN=AMIN1 (RAMIN,VD(N))
RAMAX=AMAX1 (RAMAX, VD(N))

3 IF(FC.EQ.1HO> GO TO 1
IF(FC.EQ. 1H1.0R, FC EG 1H5) GD T0 4
RAMIN=AMINT (RAMIN,VF(N))

RAMAX=AMAX 1 (RAMAX,VF(N))
4 IF(FC.EQ. 1H3.0R.FC.EQ. 1H7) GO TO 1
RAMIN=AMIN1 (RAMIN,VE(N})
RAMAX=AMAX 1 (RAMAX, VE(N))
1 _CONTINUE
o lNlTlALlZE PLOT ARRAY
DO 10 1“1 100
DO 10 K=1,50
CHCT LK) =1H
10 CONTINUE
C SET VERTICAL SCALE
RANGE=ARS (RAMAX-RAMIN)
RAF=RANGE /52
ENCODE(10,90,0UM) RAF
90 FORMAT(E10.3)
DECODE(10,91,DUM) HAN,NEX
91 FORMAT(3X,13,1X,13)
TF(MAN.GT.100) SCF=200.
[F(HAN GT.200) SCF=250.
F(MAN.GT.250) SCF=400.
F(MAN.GT.400) SCF=500.
IF(HAN GT.500) SCF=1000.
SCF=(SCF/1000.)+10.0++NEX
RAMIN=RAMIN-SCF
NRAM=RAMIN/SCF
IF(NRAM.LE.Q) NRAM=NRAM-1
RAMIN=NRAM=SCF
C SET HORIZONTAL SPACER
LHOR=MZ-MA
NS=8
IF(LHOR.LE. 40)NS=4
IF(LHOR.LE.20) NS=2

_-—-4

09/11/79

11.18.01

PAGE
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SUBROUTINE QUICK 76176  0OPT=1

60

65

70

75

80

85

90

95

C SET

22

23

24

100
C PRI

900

IF(LHOR.LE.10) NS=1
MS=8/NS

PLOT ARRAY

DO 100 N=MA,MZ,NST

NN=N+MS-HS+1
IF(FC.EQ.1H1.0R.FC.EQ.1H3) GO 70 23
IFCFC.EQ.1H7) GO TO 22

CALL ASSIGN(VA(N),1HA,SCF,RAMIN, NN}
CALL ASSIGN(VB(N), 1HB,SCF,RAMIN,NN)
IF(FC.EQ.1H5) GO TQ 23

CALL ASSIGN(VC(N), THC,SCF,RAMIN, NN)
CALL ASSIGRC(VD(N),1HD, SCF,RAMIN, NN)
1F(FC.EQ.THO) GO TO 100
IF(FC.EQ.1H1.0R.FC.EQ.1H5) GO TO 24
CALL ASSIGNC(VF(N),1HI,SCF,RAMIN,NN)

1F(FC.E0.1H3.0R.FC.EQ.1H?) GO TO 100

CALL ASSIGNCVE(N),1HO,SCF,RAM"N,NN)
CONTINUE
NT PLOT

WRITE(61,9C0) (TP(N),N=1,9)

FORMAT (1H1, 9A10, /1X, 100C 1H-))
WRITE(61,901) CNFCN), TDCH) ,NOCNY N

=1,4)

FTN 4.6+460 09/11/79 11.18.01 PAGE

901 FORMAT (140, *CHARACTER Asx,* FILE¢,13,+ DATA+,1X,A1,+ AQUIFER:,
112, /1X, tCHARACTER Bt,+ FILEt,13,+ DATA+,1X, Al,+ AGUIFERs,I2,
2/1X, *CHARACTER Cr,» FILE®,I3.¢ DATAt,1X,A1,+ AQUIFER®, 12,
3/1X, «CHARACTER Dsv,+ FILE+,13,+ DATA+, 1X,A1,~ AQUIFER+,12,

902

903
200

904

410X, *CHARACTER 0=A-B+,+ CHARACTER I=

NA=NY(1)
NZ=NY(2)
HWRITE(61,902) (NN,NN=NA,NZ,

€-0%)

NS)
FORMATC1H0, 11X, 12C1H1, 13,4X), 71X, 9, 123X, THI, 4X))

DO 200 k=1,50
KK=50-K+1
VAL=KK*SCF+RAMIN

WRITE(61,903) (VAL, (CH(I,KK),I=1,100))

FORMAT(1X,F8.3,4X,100A1)
CONTINUE
WRITE(61,904) (NN, NN=NA,NZ NS)

FORMAT (1X, 9%, 12(3X, THI, 4X), 71X, 11X,12(1H1,13,4X))

RETURN
END
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NFD=
C INlTéALlZE

SUBROUTINE TOTALO 76176  OPT=1 FTN 4.6+460

1agBR0?TINE TOTALOCIF,NST,NY,NG,00,L0G, TP, NCP, FC, NRH, NRE,NRS, NRN,

DIMENSION [F(4),NY(4),NO(4),TP(10)
COMMON/ LEV/PA(67,58,5), A(67,58),B(67,58),0(67,58),X(67,58,9),
100(67.58.2).16(67.58)
COMMON_2,MNS,MEW, MAQ
LEVEL 2, PA A,B,C,X,D0,1G
SUM=0
DT=NST*365, +36400.
OT=AMAX1(DT,1.0)
NA=NO(1)
NFH=IF(1)

1IF(2)

MNS
ACl,K)= B(l K)=C(1,K)=0.

10 CONTINUE

NYE=NY(1)
1 NYS=KRYE
NYE= NYS'NST

C TIME LOO

IF(NYE GT.NY(2)) GO TO 100
IFC(NFM.EQ.0) GO TO 2
REWIND NFM

READ(KFM,90) XX
READ(NFH.90) XX

90 FORMAT(A1)

CALL PLAYMO(NYS,1Y,NFM)

ACl,K)= DO(I K,NA)

3 CONTIN

UE
CALL PLAYMO(CNYE,IY NFM)
DO 4 I=1,MEH
DO 4 K=1,MNS
B(1,K)=DG(I,K,NA)

4 CONTINUE
GO 70 5
2 REWIND NFD

CALL SERDAT(MNS,MEH,NFD,NYS, NA,

1HO,A,MF)
CALL SERDAT(MNS,MEW,NFD,NYE,NA, 1HG,B,MF)

5006 1-1.HEH

00 6 §=1

06
LT.NRS.OR.K.GT.NRN) GO TO 6
=(AC1,K)+B(1,K})/2.+0T
CC1,K)=CCT,K)+BAL
SUM=SUM+BAL

IFCA

[FCFC,

1FCI.LT.NRW.OR.1.GT. NRE) GO T
[F(K.

BAL

8 1F(A(],K).EQ.-9999.) C(1,K)=-9999.
6 CONTINUE

IF(NYE GE.NY(2)) GO TO 100

0 TO 1
100 IF(OO NE.1HS) CALL LARMAP(MEW,MNS,NF,C,TP,NCP)

IF(00.NE.THL) CALL SMAMAP(MEW,MNS,NF,C, LOG, TP, NCP)

09711779

11.18.01

PAGE
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SUBROUTINE TOTALQ 76176  OPT=1 FTN 4.6+460

WRITE(NF,900) NY(1),NY(2),NRW,NRE,NRS,NRN, SUM
900 FORMAT(1HO,*FOR PERIOD 1+,13,+ TO 1+,13,* IN AREA BOUNDED Wt, 13,
60 1t, Ex,13,x, S, 13,¢, N« 13,71X,«TOTAL ARTIFICIAL DISCHARGE:+,
2E13.6,+ CUBIC METERS+)
RETURN
END

09/11/79

11.18.01
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SUBROUTINE SBOUND 76176  OPT=1 FTN 4.6+460

SUBROUTINE SBOUND(NAQ,NYB,NYE ,NFP,BAL)

COMMON/LEV/PA(67,58,5),VP(67,58,2),TE(67,58,2),TS(67,58,23,SC(67,

158,2),00(67,58,2),1G(67,58)
COMMON_A, MNS , MEW, HAQ

LEVEL 2,PA,VP,TE,TS,SC,00, 16
CALL RCDPOT(NEP,NYB)

C INITIZLIZE DG ARRAY

1
C CAL

2 CON

=NAQ*2+1
DO 1 1=1,MEM
DO 1 K=1.HNS
Da(C!,K,NAG)=0.
égﬁ?A(l.K.NP).EO.-9999.) DOCI,k,NAQY=-9999.

[NUE

CULATE BOUNDARY DISCHARGE RATE YEAR NYB
D0 2 I=1,MEW

DO 2 K=1,MNS
1C=IGEOCI,K,NAQ, I1G)
IFCIC.NE.2) GO TO 2
1CN=1GEOCI,K+1,NAQ, 1G)
HN=PA(I ,K+1,HP)
DN=TS(1,K,NAG)
1CS=1GEO(I,K-1,NAQ, 1G)
HS=PA(I ,K-1,NP)
DS=TS(1,K~1,NAD)
1CE=IGEQ(T+1,K,NAG, IG)
HE=| PA(I‘l, , P)
DE=TE(I,K

| CH= lGEO(l 1 K NAQ, 1G)
HH-PA(I-1,K,NP)

paci, K*1 NAQ)=DQ(1,k¢1,NAQ) + (HN-HI ) +DN+ (-
DO(1,k-1,NAQ)Y=DO(],K-1,NAQ) + (HS-H])+DS+
00(101 K,NAQ)>=DQ(1+1,K,NAQ) +(HE-H] ) *DE«
0C1-1,K, NAQY=DOC(I-1.K; NAD) + CHH-HI) +DW

NUE
X CAchkAT% BOUNDARY DISCHARGE YEAR NYE

DT=(NYE-NYB)*365.+86400.
DT=AMAX1(DT,1.0)
REBO=0.

DIB0=0.
CALL REDPOT(NFP,NYE)
N1=NP

MNS
?)NS) .E0.-9999.) GO TO 9

N
E
1
1
(
.NE.
0
0

—-o:x:—u-o-OOr'l
OZZOTMO000
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SUBROUTINE SBOUND 76/76  0PT=1 FTN &.6+460

HS=PA(T ,K-1,NP)

DS=TS(I,k-1,NAQ)

1CE=1GEQ(1+1,K,NAG,1G)

HE=PA(I+1,K,NP)

DE=TE(I,K,NAD}

1CH=1GEOCI-1,K,NAG, IG)

HW=PA(I-1,K,NP}

DH=TE(I-1,K,NAQ)

HI=PACI,K,NP)

IFCICN.GT.2) PA(I K+1,NI)Y=PACI,K+1,NI)+(HN-HI)+DN+(-1)
FCICS.GT.2) PACI,K-1,NI)=PACI,K-1,NI)+(HS-HI)*DS*(-1)
IFCICE.GT.2) PACI+1,K,Ni)=PACI+1,K,NI)+(HE-H])+DE=(-1)
IFCICH.GT.2) PACI-1,K,NI)=PACT-1 K, NI)+(HH-HI)*DH«(-1)

3 CO
C AVERSGE DISCHARGE RATES, CONVERT 10 VOLUMES,TOTAL

0 4 1=1,MEH
DO & K=1,MNS
IF(DOC1,K,NAQ) .EQ.~9999.) GO TO 4
AVD=(DA(I,K ,NAQ)+PACI K, ,N1))/2.+DT
DA(1,K,NAQ) =AVD
SCCT,K,NAQ) =SC(1,K,NAG) +AVD
BAL=BAL+AVD
IFCAVD.GYT.0.) REBO=REBO*AVD
IFCAVD.LT.0.) DIBO=D1BO+AVD
4 CONTINUE

WRITE(61,900) NAG,NYB,NYE,BAL

900 FORMAT(1H1, *BOUNDARY DISCHARGE TOTAL FOR AQUIFER+,13,+ PERIOD 1%,

113, TO 1+,13,+ +,E12.6,+ CUBIC METERS+)
WRITE(61,901) REBO,DIBO

ETURN
END

+,E12.6,71X,*DISCHARGE +,E12.6)

09/11/79 11.18.01
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13

SUBROUTINE TWOFUNCIF,NY,NG,TD,FC,00,LOG,MF,NF, TP, NCP)
DIMENSION IF(&),NY(4),NG(4),TD(4),TP(10)
COMMON/LEV/A(67,58),B(67,58),0(67,58)

COMMON_2Z,MNS, MER, MA

LEVEL 2,A.B,C

DO 13 I=1,MEW

DO 13 k=1,MNS

C(1.K)=-9999.

CONTINUE

C OBTAIN DATA

CALL SERDAT(MNS,MEH,IF(1),NY(1),NQC1),TDCT) A, MF)
CALL SERDAT(MNS,MEW,1F(2),NY(2),NQ(2),TD(2),8,MF)
TF(1D(1).EQ. 1HO.0R. TD(2) .£0. 1HO) RETURN

C DETETHEF%EOUESTED FUNETION TYPE

900

10
n

12

EQ.1H«) GD TO
IF(FC.EQ.1H-) GO T
IF(FC.EQ. THX.OR. FC EO 1H*) GO TO 5
IF(FC.EQ.1K/) GO T0 7
IF(FC.EQ.1HA) GO TO 9
IF(FC.EG.1HH) GO 10 11
IF(FC.EQ.1HP .OR.FC.EQ. THE) GO TO 16
WRITE(MF,900) FC
FORMAT(1X, 17H=++FUNCTION CODE ,A1,+ NOT VALID®)
RETURN
DO 2 k=1, HNS
D0 2 I=1
C(I, K) A(l K)*B(l K)
CONTINUE

CONTIN UE

EW
K).E0.0) GO 70 8
(1,K)/8(1,K)

c(1, K):(A(l K)'B(I K /2.

CONTINUE

GO TO 20

DO 12 k=1,MNS

00 12 1=1,MEW

1F(ACT,K)+B(1,K).EQ.0) GO TO 12

CCI K)I=2+ACT ,K)vBCT,K)/CACT,K)+B(T,K))
CONTINUE

GO TO 20
C ERROR ANALYSIS FUNCTION APPLIED TO NON-ZERO VALUES

09/11/79
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SUBROUTINE TWOFUN 76176  0OPT=1 FTN 4.6+460 09/11/79 11.18.01 PAGE 2

16 ERHGX =ERSUM=ERSOU=0.

NSUI
60 DO 17 I=1,MEHW
D0 17 k= 1 .MNS
IFC(ACI,K).EGQ.0..AND.BCI,K).
IF(A(1,K).EQ.-9999. .0R.B(1
C(I,K)=ABS(A(1,K)-B(I.K))
65 IF(FC.EQ. 1HE) GO T0 18
DIVA=ABS(A(],.K))
DIVB=ABS(B(I,K))
IF(DIVA.GE.DIVB) C(1,K)=C(1,K)/DIVA+100.
[F(DIVB.GT.DIVA) C(1,K)=C(1,K)/DIVB+100.
70 18 ERMAX=AMAX1 (ERMAX,C(1,K))
ERSUM=ERSUM+C(I K}
ERSQU=ERSQU+C(I,K)¢*2
NSUM=NSUM+1
17 CONTINUE
75 AVER=ERSUM/NSUM
STAND=SGRT(ERSQU/NSUM)
WRITE(NF,909) NSUH,ERMAX,AVER,STAND
909 FORMAT(1H1, tERROR ANALYSISt,1X,*CFs, [ .t POIN TS* 11X,
1tMAX.ERROR: * ,F10.4,/1X, tAVER.ERROR: +,F10.4, /1X

EG.0.) GO TO 17
.KY.EQ.-9999.) GO TO 17

80 2&8T?302ERR0R +,F10.4)
o CALLL SPECIFIED PRINTING ROUTINE
0 DG 15 K=1,MNS
DO 15 I= 1 “MEH
89 IF(ACT,K).EQ.-9999.) C(I,K)=-9999.

1F(B{1,K).EQ.-9999.) C(1,K)=-9999.
15 CONTINUE
IF(00.EQ.IHS.0R.00.E0.1HB) CALL SMAMAP(MEW,MNS,NE,C,LOG,TP,NCP)
1F(00.EQ.IHL.OR,00.EQ. 1HB} CALL LARMAP(MEW,MNS,NF,C,TP NCP)
20 [F(00.EQ.1HD) CALL THREED(MEMW,MNS,C,TP)
EEBURN

Mo01
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SUBROUTINE SIMPRI 76176  OPT=1 FIN 4.6+460 09/11/79 11.18.01

SUBROUTINE SIMPRI(CIF,NY,NO,TD,00,LOG, TP, NCP,MF NF)
DIMENSION TP(10),1F(4),N7(4),NO(4),TD(4)
COMMON/LEV/A(67,58)

COMMON_Z,MNS,MEW,MAG

LEVEL 2,A

CALL SERDAT(MNS,MEHW, IF(1),NYCT),NGC1),TDC1) A, MF)

1£(00.EQ. THS.OR.00.EQ. 1HB) CALL SMAMAP(MEW,MNS,NF,A,LOG, TP, NCP)
1F(00.EQ.1HL .OR.00.E0. 1HB) CALL LARMAP(MEW,MNS,NF,A, TP NCP)

1F(00.EQ.1HD) CALL THREED(MEW,MNS,A,TP)
RETURN

END

PAGE

1
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15

SUBROUTINE THREED 76/76  OPT=A FTN 4.6+460

900
901

902

SUBROUTINE THREED(MEW,MNS,C,TP)
DIMENSION C(MEW,MNS),TP(10)
LEVEL 2,C

COMMON A

CALL DATE(TIC)
TP(9)=10HPRINTED ON
TP(10)=TIC

WRITE(2,900) A,MNS, MEW
FORMAT(E11.5,213)
HRITE(2,9013 (TP(]),1=1,10)
FORMAT(10A10)

DO 1 1=1,MEW

HRITE(2,902) (C(I.K),K=1,MNS)
FORMAT(10E11.5)

1 CONTINUE

RETURN
END

09/11/79
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SUBROUTINE SMAMAP 76176 0OPT=1 FTN &4.6+460

SUBROUTINE SMAMAP(MEN,MNS,NF,VA,LOG,TP,NCP)
1D;:§?SION VACMEH, MNS) ,AL(3) ,ALPH(303,CL(24},C0DC100),TPC10)
{EVEL 2,V
DATﬁx§AL(I) I= 1 33/10HABCDEFGHIK, 10HLMNOPRSTUV,
tiu
C ESTABLISH RANGE OF VALbES
XMAX=10000000.+(-1)
XHIN 10000000.
DO 1 k=1,MNS
DO 1 1=1,MEW
IF(VA(I,K).EQ.-9999.) GO TO 1
1F(LOG.EQ. THL .AND .VACI ,K).EQ.0.) GO TO 1
TF(VACT ,K) .GT.XMAX) XMAX=VA(],K}
IF(VA([ K) LT XMIN) XMIN=VA(I,K)
1 CONTINUE
C PRIN;CHAP HEADING

DO 2 N= HC 8
TP(N)=10H

2 CONTINUE
TP(9)=10HPRINTED ON
CALL DATE(TID)
TP(10)=TIC
HWRITE(NF,90) (TPCi),1

90 FORMAT(1H1,10A10,/1X,

C SPLIE ALPHABET

0 3 N=1,3
ENCODE(10,900,AA) ALCN)
NAZ(N-1)%10¢1
NZ=NA+9
DECODE(10,901,AA) (ALPH(K),K=NA,NZ)
900 FORMAT(A10)
901 FORMAT(10A1)
3 CONTINUE
C DETERHlNE CLASS INTERVALS
1F(XMAX.EQ.XMIN) RETURN
DEL (XMAX-XMIN)/20.
IFCLOG.NE. THL) GO TO 4
IF(XMAX.GT.0..AND.XMIN.GT.0.) GO 70 10
WRITE(NF,910)
910 FORMAT(1X,3H¥»+, +LOGARITHM. CLASS. NOT POSSIBLE+)
LOG=1HN
GO TO 4
10 DEL=(ALOG(XHAX)-ALOG(XH]N))IZO.
FDE= EXP(D
4 DO 5 N=1
CL(N)= XHIN*(N 1) «DEL
[FC(LOG.EQ. THL) CL(N)=XMIN+FDEx+(N-1)
ONTIN

5.0 UE
C WRITE TOP INDICES
KI=MEW/10+1

—~
»
]
(]
]
1
¥
[}
1
]
1
1
-
~
~

=1
10

WRITE(NF,91) (1,1=1,KI)
91 FORMAT(1HO,12X,11,9(9X,11))
WRITE(NF,92) 1(1,1=1,9),k=1,KD)
92 FORMAT(4X, 10(911,1X))
C ASSIGN CODES AND PRINT LINE BY LINE

09711179

11.18.01
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SUBROUTINE SMAMAP 76/76  OPT=1 FTN 4.6+460

60

65

70

75

30

93
9%

~NOo

FMA(1)=10H(1X, 12, 1X,

FMA(3)=10H,« > « E12

FMA(4)=10H.6)

ENCODE(10,93,FM) MEW

FORMAT(12,8HA1,9X,A1)

DECODE(10,94,FM) FMA(2)

FORMAT(A10)

DO 6 K=1,MNS

J=MNS-K+1

JJ=K-(MNS-23)

DO i *=1,MEH

AzVA. " . )

€oD(1 =1H

DO 8 h=1,22

TFCA.GE.CL(N) .AND.A.LT. CL(N'i)) CODCTY=ALPH(N)
IF(A.EQ.-9999.) COD(])=
[FCLOG.EG.1HL.AND. A EQ. 0 ) CODCI)=1Hs
1FC(A.E0.0) CODCI)=1H«

CONTINUE

CO1iNUE

IFCJJ.GE. 1) WRITE(NF,FMA) (J,(CODKCI), 1=
1FCJJ.LT. 1) WRITECNF “MA) (J,(COCCT),1=1
CONTINUE

RETURN

END

1. HEH))ALPH(JJ) LOLGIEN

09/11/79
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PROGRAM MANMOD 76176  0OPT=Y FTN 4.6+460

PROGRAM MANMCO ( INPUT, DUM, QUTPUT, TAPE6O=INPUT, TAPE6 1=

10UTPUT, TAPES0O=DUM, ARTCA1, ARTCAZ2, SUBCA1,PJT, COL ,OMAN,OD1S,HAN,DIS,
2TAPE1=SUBCA1, TAPE2=ARTCA1, TAPE4=ARTCAZ, TAPES POT, TAPE6=COL,
3TAPE7=0DIS, TAPES=OMAN, TAPE10=D1S, TAPE 11=MAN)

DIMENSION DI5(67,58,2),COR(67,58.2), COF(67,58,2), 1D1S(67,58,2),
1POTC67,58,2) , MA(2)  MS(2), VAR(3) , XX{10)

COMMON/LEV/AR(67, 58)

COMMON A, MNS,MEN, MAG

LEVEL 2.AR

INTEGER FROH T0,STEP,WESTFR,EASTTO, SOUTFR,NORTTO, EAST, WEST, SOUTH,
1AQUIFR,AT,FILE

REAL MINDIS,MAXDIS

NAMELIST/TIME/FROM, TO,STEP, FILE/FLOW/AT, COMAX
NAMELIST/CODE/DISCH, THRES,RISPIP,MAXDIS,MINDIS,FLOWCG, GELEV
NAMEL IST/MODEL /FROM, YO, STEP, TMF, YMIN, YMAX,MAX] ,ORF1, CON,NCAR
NAMELIST/COORD!/WESTFR,EASTTO,SOUTFR, NORTTO,EAST, HEST,NORTH,
1S0UTH, AGUIFR, CONTI

A=25000.

MNS=58

MEW=67

MAQ=2
C SPECIFICATION OF DEFAULT VALUES
DFROM=1880

DT0=1881
DSTEP=1
THMF=1.5
YMIN=365.
YMAX=1,
MAX1=20
ORF1=1.0

FLAGFR=0
C READNgg}lgN KEYWORD FOR CENTRAL SWITCHING

WRITE(61,899)
899 EgRHAT(1H1 . *PROGRAM MANMOD«+, /1X,14(1H-))

1 READ(60,89) KEY
89 FORMAT(A10)
LFCEOF(60)) 10,2
2 NOPT=NOPT+1

TFC(KEY.EQ. "MODELCON") GO 10 100
|EC(KEY.EQ. "FREECOEF ") GO TO 200
1F(KEY.EQ. "HISTORIC") GO TO 300
IF(KEY.EQ. "COPY OLD") GO TO_ 409
IF(KEY.EQ. "CONTROLLED") GO TO 500
JF(KEY.EQ. "END”) GO TO 10

WRITE (61,900) NOPT

KEY
900 FORMAT(1H1,17He+«OPTION NUMBER,14,3H READ AS,1X,A10,* NOT +,
1+RECOGNIZED AND IGNORED®)

G0 T0 5
555 WRITE(61,913) NOPT
913 FORMAT(1HO,17H++«+OPTION NUMBER,14,+*DISCONTINUEDY)

5 READ(60,90) XX
C SEARCH FOR NEXT KEYWORD

14711779 09.36.5"%
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PROGRAM MANMOD 76176  0PT=1 FTN 4.6+460

90 FCRMAT(10AY)

IF(EOF(60)) 10,6

D0 7 L=1,10

TFOXCL) -EG.1HS) GO TO 5
CONTINUE

BACKSPACE 60

CALL ERRSET(KOUNT 2)

10 CONT!NUE
CALL MANCHEC11)
C LOGICAL END OF PROGRAM
SToP

C READ MODEL CONTROL PARAMETERS
100 CONTINUE
1F(FLAGCT.EQ.0) GO TO 101
WRITE(61,901) NOPT,KEY
901 FORMAT(1H1, 16H++=xQPTION NUMBER, 14,1X,A10,*HAS SPECIFIED BEFORE®,
1éaxia gEH SPECIFICATION HAS BEEN IGNORED*)

101 FROM=DFROM
T0=DT0
STEP=DSTEP
READ(60,MOLEL)
IF(KOUNT.GT.0) GO TO 555
WRITE(61,902) NOPT,KEY
902 FORMATCIN1, 13HOPTION NUMBER, 14, 1X,A10,+ THE VALUES BELOW HAVE:,
1+ BEEN USED®)
ELAGCT=1
110 CONTINUE
WRITE(61,921) FROM,TO,STEP,TMF, YMAX, YMIN,MAX], CON,NCAR,ORF1
921 FORMAT(1HO,28HMODEL TIME RANGE FROM=,15,7H 70 =,15,2X,
1:STEP=+,15, /1X,28HTIME DISCRETIZATION TMF =,F5.2,7H YMAX=,
2F5.1,7H YMIN=,F5.1,/1X,28HITERATION CONTROL MAX1=,15,2X,
EECOV =+,F6.3,/1X,28HOVERRELAXATION CONTROL NCAR=,15,7H ORFI=,
FROM=FROM-1000
1F(FROM.GE.1000) FROM=FROM-1000
T0=T0-1000
1F(T0.GE.1000) T0=T0-1000
WRITE(11,903) FROM,TO,STEP,MAXI ,NCAR
903 FORMAT(1X,513)
WRITE(11,904) TMF, YHA§ . YMIN,CON,ORF1

ooy O

904 FORMAT(3F7.2, FS 4,F
IFCFLAGCT.EG.1) GO TO 5
FLAGCT~

GO T
DETERHINE FREE FLOW COEFFICIENTS
200 AT=1970

COMAX=

A
READ(60, FLOW)
1F(KOUNT.GT.0) GO _TO 555
201 WRITE(61,905) NOPT,KEY,AT,COMAX

™

905 FORMAT(1H1, 13HOPTION NUHBER,IA.%?.A10,' COEFFICIENTS DETERMINED:®,

1+ FOR YEAR~,[S,* MAX.COEF.+ F
FLAGFR=1

210 CONTINUE
COMAX=COMAX+1000.

164/11179  09.36.55 PAGE
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170

PROGRAM MANMOD 76/76  OPT=1 FTN 4.6+460

(m]

o

(]

o0

1Y=AT

REWIND S

REWIND 6

REWIND

HS(;) HA(1) MA(2)=1

OBTAIN HlSTORICgL DISCHARGE IN LITRES/SEC

CALL SERDAT(HNS MEW,7,1Y,N,1H0,AR,61)
DO 206 I=1,MEW
DO 206 k=1,MNS
DIS(I,k,N)=AR(],K)

206 CONTINUE

AQUIFER LOOP REMOVED (NO CA1 COR)

N=2
OBTAIN POTENTIALS
CC=1HP

CALL SERDAT(HNS MEW,S,1Y,N,CC,AR,61)
DO 203 1=1,MEW
DO 203 k=1,MNS
POT(],k,N)=AR(] ,K)

203 CONTINUE

OBTAég GRgUND ELEVATION CORRECTIONS

CALL SERDAT(MNS,MEW,6,1Y,N,CC,AR,61)

CALCULATE COEFFICIENTS
DO 204 I=1,MEW

N).GE.PMIN) GO TO 205

!
(1,K,N),CORNEW
X,
.2,

£ o

ETRES*

JN>-CORCI K
IF(PRES GT.0.)> COFCI, K N) DlS(l K,N)/PRES
204 CONTINUE
202 CONTINUE

[F(FLAGFR.EQ.1) GO TO 5

FLAGFR=1

GO _TO 520
PRODUCE HISTORIC DISCHARGE FILE
INITIALIZE
300 CONTINUE

FROM=DFROM

70=DT0

E}EP =DSTEP

E=1
HS(1)=HA(1)=MA(2)=1
MS(2)=0

* GROUNDELEV.CORR. REDUCED*, /71X,

16/1479
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PROGRAM MANMOD 76/76  0OPT=1 FTN 4.6+460 164/11779 09.36.55 PAGE 4

READ(60, TIME)
17 {KOUNT.GT.0) GO TO 555
HRITE(61,902) ROPT,KEY
175 HRITE(61,922) FROM,TO,STEP,FILE
922 FORMAT(1H-,24HOPTION TIME RANGE FROM=,15,5H TO0=,15,7H STEP=,
114, /71X, «FILE=+,12)

180 REWIND &

DO 301 NY=NYB, NYE STEP
185 C READ HISTORIC DATA
CALL DISRED(MAQG,MNS,MER,DIS,NY, NS, HA)
DO 302 N=1,MAG
DO 302 I=1.HEH
D0 302 K=1,MNS
190 302 CONTINUE
C QUTPUT ON STANDARD FILE
IF(FILE.GT.1) GO TO 3
CALL OUTFIL(NY 10, 1H0 DIS)

GO TO 301
195 C QUTPUT ON MANIPULATION FILE
303 CONTINUE
DO 304 N=1,MAQ

K=10M
200 VARCDI=DISLI K N

0
NCC=1
[F(VAR(1).E0.0) NCC=0
CALL PLAYCO(NCC,VAR(C1),VAR(2),VAR(3),IDIS(I K, N),61)
205 304 CONTINUE
CALL MANWRI (MAG,MNS,MEHW, IDIS,NY NF)
301 CONTINUE

GO T0 5
C COPY FROM OLD DISCHARGE FILES
210 400 CONTINUE
1FCFLAGCT.EQ.1) GO TO 402
WRITE(61,906) NOPT,KEY
906 FORMAT(1H1,16Hx++OPTION NUMBER,14,1X,A10,+ MODEL CONTROL VALUESt,
T+ NOT SPECIFIED.,10X,/1X,*0LD ONES COPIED®)
215 READ(8,903) FROM,TO,STEP,MAXI,NCAR
WRITE(11,903) FROM,T0,STEP,MAX],NCAR
READ(8,904) THE, YMAX, YMIN, CON,ORF 1
WRITE(11,904) TMF,YMAX, YMIN, CON,ORFI
FROM=FROM+1000
220 }S(F?OH .LE.1800) FROM=FROM+1000
ét(g% LE 1800) T0=T0+1000
HR]TE(61,921) FROM,TO,STEP, TMF, YMAX, YMIN,MAXI, CON,NCAR,ORF1
225 402 FRON=DFROM
T0=DT0
STEP=DSTEP
FILE=1
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PROGRAM MANMOD 76/76  OPT=1 FTN 4.6+460 14/11/79 09.36.55

READ(60, TIME)

IF(KOUNT.GT.0) GO TO 555
WRITE(61,902) NOPT,KEY
HRITE(216922) FROM,TO,STEP,FILE

DO 403 NY=NYB, NYE,STEP

CALL DISCOP(MAQ,MNS,MEW,IDIS NY,

CALL MANWRI(MAG,MNS,MEW,IDIS,NY,
403 CONTINUE

GO T0 5
g%gTégNTTRRECONTROLLED DISCHARGE MODIFICATIONS
CHECK WHETHER CONTROL AND FREEFLOW VALUES HAVE BEEN DEFINED
IF(FLAGCT EQ.1) GO 0 510

ITEC61,908> NOPT,K

908 FORHAT(1H1 16H*"0PTION NUMBER, 14,1X,A10,« MODEL CONTROL VALUES:,
REQUIRED BUT NOT SPECIFIED+,/1X,+DEFAULT VALUES TAKEN INSTEAD+,

1!0AS LISTED*)

GO TO 110
510 IFC(FLAGFR.EG.1) GO TO 520
AT=1970

COMAX=0.1
WRITE(61,909) NOPT,KEY

909 FORMAT(1H1,16H+++0PTION NUMBER, 14,1X,A10,/1X,*FREE FLOW COEFFICs,
1&6E¥BSZDETERHINED FOR YEAR 1970 AS DEFAULTt)

10
READ TIME SPECIFICATIONS
520 READ(60,89) KEY
IFCKOUNT.GT.0) GO TO 555
1F(KEY.EQ. "NEW TIME") GO TO 521
WRITE(61,910) NOPT,KEY
910 FORMAT(1HO,15Hs~OPTION NUMBER, 14, 1X,A10,/1X,sKEYHORD "NEH TIME"«,
160H¢g EXPECTED. SEARCH FOR VALID KEYWORD INITIATED®)

521 FROM=DFROM
T0=DT0
STEP=DSTEP

FILE=0
IF(KOUNT.GT,
WRITE(61,9

911 FORMAT (1H1
WRITE(61,9

READ DETAIL SP
NYB=FROM
NYE=TO
REWIND 50

522 READ(60,89) KEY
1F(KOUNT.GT.0) GO TO 555
NR[TE(SO 89) KEY

(KEY.NE."NEW CODE™) GO TO 540
READ(bO 89) KODE
1F(KOUNT.GT.0) GO TO 555

HRITE(50,89) KODE
HRITE(61,912) KODE

N
1"

) GO_TO 555
NOPT

HOPTION NUMBER,14,+ CONTROLLED APPLIED TO+)
FROM, TO, STEP,FILE
FICATIONS AND WRITE SCRATCH FILE
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PROGRAM MANMOD 76176  OPT=1 FTN 4.6+460 16/11/79 09.36.55

o

912 FORMAT(1HO, *DISCHARGE TYPE: *,A10)
DISCH-THRES RISPIP=MINDIS=0.

READ(60 CODE)
1FCKOUNT.GT.0) GO TO 555
DISCH=DISEH+*1000.
MAXDIS=MAXDIS+1000.
HINDIS=MINDIS+1000.
FLOWCO=FLOWCO*1000.

WRITE(50, CODE)
HRITE(61,923) DISCH,THRES,RISPIP,MAXDIS, HINDIS,FLOWCO, GELEV
923 FORMAT(1X,33HDISCHARGE PARAMETERS DISCH =,F7.2,9H THRES =

1F7.2,9H RISPIP=,F7.2,/1X,10X,7HMAXD1S=,F7.2,9H MINDIS=,F7.2,
29H FLOWCO=,F7.3,9H GELEV =,F7.2,* FLOWS IN LITERS/SEC.*)
523 CONTI=0
AQUIFR=2
HESTFR=EASTT0=SOUTFR=NORTTO=EAST=REST=NORTH=SOUTH=1
READ(60, COORDI)
1F(KOUNT.GT.0) GO TQ 555
WRITE(50,COORDI)
IFCEAST.EQ. 1) EAST=HEST
1F(NORTH.EQ. 1) NORTH=SOUTH
WRITE(61,924) WESTFR,EASTTO, SOUTFR,NORTTO,EAST,NORTH,AGUIFR
924 FORMAT(1X,30HGRID COORDINATE RANGE WESTFR=,13,9H EASTTO0=,13,
194 SOUTFR=,13,9H NORTTO=,13,7H EAST=,13,8H NORTH=,13,
29H AQUIFR=,13)
IFCCONTI.EQ.1) GO TO 523

GO TO 522
540 ENDFILE 50
APPL§F0E¥AéLED SPECS. BY TIME STEPS
DO 550 NY=NYB,NYE,STEP
INITiALIZE DISCHARGE ARRAY
IF(NF.GT.6) GO TO 542
INITIALIZE T0 ZERQ
DO 541 N=1,MAQ
D0 541 I=1.MEW
DO 541 K=1,MNS
IDISCI,K,N3=0
541 CONTINUE
GO TO 539
INITIALIZE FROM OLD DISCHARGE FILE
542 CALL DISCOP(MAQ,MNS,MEM, IDIS,NY,NF)
READ DETAILS FROM SCRATCH FILE
539 REWIND 50
543 READ(50,89) KEY
IFC(KEY.NE. "NEW CODE") GO TO 549
READ(50,89) KODE
READ(50, CODE)
548 READ(50,COO0RDI)

C DETERMINE LIMITS OF AREA

IF(EAST.EQ.1) EAST=WEST
IF(WEST.EQ. 1) HEST EAST
IF(SOUTH.EQ.1) SOUTH=NORTH
[F(NORTH.EQ. 1) NORTH=SOUTH
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PROGRAM MANMOD 76176  0PT=1

544
545

IF(HESTFR.LT.EASTTO) GO TO 544
EASTTO=HESTFR=EAST

IF(SOUTFR.LT.NORTTO) GO TO 545
SOUTFR=NORTTO=NORTH
[F(EASTTO0.EG.1.0R.NORTTO.EG.1) GO TO 547
N=AGUIFR

C APPLY SPECIFIED MODS. TQ EACH NODE OF THIS AREA

561

562

563

564

565

566

D0 546 [=WESTFR,EASTTO

DO 546 K=SOUTFR,NORTTO

IFC(KODE.NE. "CONT THRES") GO TO 561
VAR(1)=DISCH

VAR(2)=THRES

VAR(3)=CORCI,K

&EégA§(3) .EQ. 0 AND GELEV.NE.0.) VAR(3)=GELEV

GD TO 560

IF(KODE.NE." FREE FLOW") GO TO 562
VAR(1)=COFCI,K,N)

1F(FLOKCO.GT.0) VAR(1)=FLOKCO
VAR(2)=0

VAR(3)=COR(I,K

1F(VAR(3) .EQ.0. AND GELEV.NE.O0.) VAR(3)=GELEV
NCOD=3

GO TO 560

1F(KODE.NE." FREE THRES") GO TO 563
VAR(1)=COF( N

IF(FLOWCO.GT . 0 ) VAR(1)=FLOWCO

VAR(2)=THRES

VAR(3)=CORCI,K, N>

1F(VAR(3) .EQ. 0 .AND.GELEV.NE.0.) VAR(3)=GELEV
NCOD=4

GO TO 560

1F(KODE.NE. EIEVATED ) GO 70 564

VAR(1)=COF(

IF(FLOWCO.GT . 0) VAR(1) FLOWCO

VAR(2)=RISPIP

VAR(3)=COR(!] K, N

1F(VAR(3) .EQ.0. AND GELEV.NE.0.) VAR(3)=GELEV
NCOD=5

GO TO 560

1F(KODE . NE . "MAXIMUM™) GO TO 565

VAR(1)=COF(I,K,N)
0.) VAR(1)=FLOWCO
K.N)
0.

e

(1
IF(FLOWCO.GT.
VAR(2)=MAXDIS
VAR(3)=COR(I,
1F (VAR(3) .EQ.
NCOD=6

GO TO 560
1F(KODE.NE . HINIHUH") GO TO 566
VAR(1)=COF(I,K

IF(FLOWCO.GT.0. ) VAR(1) FLOWCO

VAR(2)=MINDIS

VAR(3)=COR(I,K,N)

hEégA§(3) .EQ.0..AND.GELEV.NE.0) VAR(3)=GELEV

.AND.GELEV.NE.0) VAR(3)=GELEV

GO TO 560
VAR(1)=DISCH

PAGE
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PROGRAM MANMOD 76176  OPT=1 FTN 4.6+460 14/11779  09.36.55 PAGE 8

400 VAR(2)=VAR(3)=0
NCOD=1
560 CONTINUE
CALL PLAYCO(NCOD,VAR(1),VAR(2),VAR(3),IDISCI,K,N),61)
546 CONTINUE
405 547 CONTINUE
C READ MORE COORDINATES OR ANOTHER MODS. SPEC. FROM SCRATCH FILE
IF(CONTI.EG.1) GO TO 548
GO TO 543
549 CONTINUE
410 C WRITE OUT COMPLETE DISCHARGE ARRAY
CALL MANKRI(MAQ,MNS,MEW,IDIS,NY,11)
550 CONTINUE
C READ ANOTHER TIME STEP SPEC. OR A DIFFERENT OPTION
1F(EQF(60)) 10,3
415 3 CONTINUE
JFCKEY.NE. "NEW TIME™) GO TO 2
NOPT=NOPT+1
GO TO 521
END

CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM
100 1 23CD 100 FIELD WIDTH OF A CONVERSION DESCRIPTOR SHOULD BE AS LARGE AS THE MINIMUM SPECIFIED FOR THAT DESCRIPTOR.
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PROGRAM COMCAL(INPUT,QUTPUT,GEQ,OLD,POT,MAN, NEW, TAPE6O=INPUT,
1TAPE61=0UTPUT, TAPE1=GEOQ, TAPE2=0LD, TAPE3=POT, TAPE4=MAN, TAPES=NEW,
2REC,TAPE7=REC,GEL, TAPE&=GEL , CAP, TAPE9=CAP)

DIMENSION IRS(2),IRE(2),KRS(67,2),KRE(67,2),IN(2),kN(2),TC(2),
1TN(2) ,SBN(2),SBC(2),5B5¢(2),5BT(2),VIN(2),BR(2),VR(2),51(2)

COMMON/LEV/PA(67,58,5),VP(67,58,2) ,TE(67,58,2),75(67,58,2),
1SC(67,58,2) ,00¢67,58,2) ,1G(67,58) ,AR(67,58)

COMMON_A,MNS,MEH,MAG, ORF,AVER, SIG

LEVEL 2,PA,VP,TE,TS,SC,DQ, IG,AR

EPS1=0,00000001+22

A=25000.

MNS=3 ¢

MEN=6!

MAQ=2
C READ CONTROL DATA

90
Nn
92

93
99

READ(60,90) IYST,IYEN
FORMAT (14, 1X, 14)
READ(60,91) NA,NBN MIT
FORMAT(11,1X,12,1X,13)
READ(60,92)> CONV
FORMAT(F15.5)
READ(60,92) ORF
READ(60,92) VERSC
READ(60,92) BIAS
READ(60,92) RCF
READ(60,93) MAX],CON
FORMAT(13,F15.5)
FORMAT (A1)

C READ GEOMETRY AND ESTABLISH RANGE, STARTING POTENTIALS,HYDRAULIC DATA

C INI

-

901
902
903

CALL REDGEO(

CALL ERANG(IRS IRE,KRS,KRE}

CALL REDPOT(3,YST)

CALL REDHYD(2)

CALL SERDAT(MNS,MEW,8,-90,NA,THG,AR,61)
TIAEAZE POTENTIALS,DISCHARGES

De(1,K,N)=0.

PA(],K,NO)=AR(I, K)

1F(N.NE.NAY GO TO 1

VP(I K,NA)Y=VP(1,K,NA)«VERSC

CONTINUE

NSTP=1

NSTP=MAXO0(1, IYEN- lYST)

CALL HISDIS(4, [YEN)

CALL SERDAT(HNS HEH 7. 1YEN,NA, THP,AR,61)
WRITE(61,901) N

FORMAT (1M1, 15X, 'AOUIFER *,12,71%,15X,10C1H-))
WRITE(61,902) 1YST, IYEN

FORHAT(1H0 *NEW TRANSMISSIVITIES FOR»,15,+ TO+,15)
WRITE(61,903) NBN,MIT

FORMAT (10, *CONTROL DATA SPEC.%, /1X,+BOUNDARY CODE +,14,/1X,
1+MAX. ITERATION=,14)

L02




PROGRAM COMCAL 76176  0PT=1 FTN 4.6+460 164711779 09.44.58 PAGE

HRITE(61,904) CONV,ORF,VERSC
904 FORMAT(1X, «CONVERGENCE CRITERIONt,2X,E13.6,/

60 ;;2VE§§ELAXATXON FACTOR +,1X,F13.2./1X, 'VERTICAL SCALING FACT.x,
WRITE(61,905) BIAS
905 FORMAT(1X,+BIAS*,19X,E13.6)
WRITEC61,906) RCF
65 906 _FORMAT(1X, sRCF FACTORs,13X,E13.6)
C ITERSSI?%% %gog, INITIALIZE STATISTICAL SUMS

NSUM=NBOU=0
SBAL=SBALG=TBAL=0.
70 C NODAL LOOP
1ST=IRS(NA)
1EN=IRE(NA)
?OI}O 11=18T7, IEN
75 KST=KRS(I,NA)
KEN=KRE(I,NA)
DO 10 kKK=KST,KEN
K=KK
NAD=1
80 IN(2)=1+NAD
KN(1)=K+NAD
INC1)=1
KN(2)=K
CALL REXBAL(RCF,I,K,NA, INC1),KNC1),NA,NBN,SBCC1),SBNC1),TCC),
85 1;?2}; 5?5(1) ,SBT(1) NSTP)
CALL REXBAL(RCF,1,K,NA,IN(2),KN(2),NA,NBN,SBC(2),5BN(2),TC(2),
1TN(2) SBS(2),5BT(2) " ,NSTP)

$1(2)=SIG

90 C CALCULATE IMPROVEMENT PARAMETERS
VBC=(SBC(1)%+2+5BS(1)*«*2)/2.-((SBC(1)+SBS(1))/2.)*+2
§g¥1§SB§61)*‘2*SBT(1)'*2)/2 .-C(SBN(1)+SBT(1))/2.)¢+2
TF(VBN.GT.EPSI) BR(1)=VBC/VBN

95 VBC=(SBC(2)++2+SBS(2)++2)/2.-((SBL(2)+5BS(2))/2.)*+2
§g¥2§88§(2)"Z*SBT(Z)"Z)IZ .-((SBN(2)+SBT(2)}/2.)¢+2
IF(VBN.GT.EPSI) BR(2)=VBC/VBN
VIC=(TC(1)%+2+TC(2)*22)/2.-((TC(1I+TC(2))/2.)%42

100 VTC=AMAX1(VTC,EPSI)
VINC1)=(TNC1) 0 22+4TC(2)%%2) /2.~ ((TN(1)+TC(2)3/2.) 242
VIN(2)=(TC(1)222+TN(2) +%2) /2.~ ((TC(1)+TN(2))/2.) %2
VR(1)=VR(2)=10
ITFCVINC1) .GT.EPSI) VR(1)=VTC/VIN(1)

105 IF(VIN(2) .GT.EPSI) VR(2)=VTC/VIN(2)

CHOSE ALTERNATIVE WITH HIGHER RATIO

lF(TC(1).E0.0..AND.TC(Z).E0.0.) GO TO 15
IF(TC(1).E0.0.) GO T0 14
IF(TC(2).EQ.0.) T0 13

110 1F(BR(1) «VR(1) - BR(Z)!VR(Z)) 11,12,12

11 CONTINUE

SBAL=SBAL+S](2)
IF(NAD.GT.Q) T

NAY=TN(2)
IF(NAD.LT.0) T .

(1,K
C(I-1,K,NAY=TN(2)

mm

Ho2




115

120

125

130

135

140

145

150

155

160

PROGRAM COMCAL 76176  OPT=1 FTN 4.6+460 16711779 09.44.58 PAGE

CALL REXBAL(RCF,I,k,NA, INC1),KNC1),NA NBN,SBCC1),SBN(C1),TCC1),
1TN(1),5B5(1),SBT(1) ,NSTP)
13 TBAL=TBAL+SBN(1)

SBAL=SBAL+SIG

SBALO=SBALQ+SBN(1)x+2

NSUM=NSUM+1

IF(NAD.GT.0) TS(I,K,NAI=TN(1)

IF(NAD.LT.0) TSCI,K-1,NAY=TN(1)

0 70 10

G
12 CONTINUE

SBAL=GBAL+S1(1)
IF(NAD.GT.0) TSCI,K,NAY=TN(1)
IF(RAD.LT.0) TSCI,K-1,NA)=TN(1
CALL REXBAL(RCF,I,K,NA, IN(Z) KN(Z) NA,NBN,SBC(2),SBN(2),TC(2),
1TN(2),585(2),SBT(2) ,NSTP)
14 CONTINUE
IF(NAD.GT.0) TECI,K,NA)=TN(2)

IFCNAD.LT.0) TECI-1,K,NAY=TN(2)
15 CONTINUE
TBAL=TBAL+SBN(2)
SBAL=SBAL+SIG
SBALO=SBALO+SBN(2) x+2
NSUM= NSUH~1
10 CONTINU
CALCULATE CONVERGENCE CHECKS
ERAQ=SBALG/NSUM
ERNO=ERAGQ- (TBAL /NSUM) + 2
ERAQ=SORT (ERAG)
ERNO=SORT(ERNO)
ERAM=TBAL
AVER=0.
1F(SBAL.GT.0) AVER=(TBAL-BIAS)/SBAL
WRITE(61,900) IT,ERAM,ERAQ,ERNO
900 FORMAT(1HO,*ITERATION+,14,+ ABSOLUTE IMBALANCE:, 6X,E13.6,+ M3+,
1/1X,14X, «+STANDARD DEV. REL. ZERO*,1X,E13.6,/1X, 14X,
2+STAND. DEV. REL. AVER.*,2X,E13.6)
IFCIT.EQ.1) BALIN=ABS(TBAL)
1F(ll.GT.3.AND.ABS(TBAL).GT.BALIN) GO TO 101
IF(ERNG.LE.CONV) GO TO
IF(MAXI.LT.1) GO TO
CALL CALMOD(MAXI,1. 0 CUN 0,IRS, IRE,KRS,KRE)
100 CONTINUE
101 CONTINUE
CALL QUTHYD(S,IY E
EQBL OUTPOT(IYEN,9

NO2




SUBROUTINE OUTHYD 76/76  0OPT=1 ETN 4.6+460 14711779 09.44.58 PAGE 1

1 SUBROUTINE QUTHYD(NFH,NYY)
COMMON/LEV/PA(67,58,5) ,HY(67,58,8)
COMMON A, MNS,HEW,MAG
DIMENSION CH(3)
S LEVEL 2,PA, HY
CH{1)=CH(2)=10HZ
CH(3)=CH(4)=10HE
CH(S7- TH(6) =10HN
CH(7)=CH(8)=10HS
10 NY=NYY-1000
TFC(NY.GE.1000) NY=NY-1000
MM=MEW/ 641
DO 1 NT=1,4
DO 1 NA=1,MAQ
15 N=(NT-1)+MAQ+NA
CC=CH(ND
DO 2 k=1,MNS
90 2 M=1,M4
[A=(H-1)+6+1
20 12=MINOCTA+5S MEW)
WRITE(NFH,90) (NY,NA,
90 FORMAT(I13,1X,11,1X,12
2 CONTINUE
1 CONTINUE
25 RETURN
END

B3
>

002
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SUBROUTINE ASSIGN 76176  0PT=1 FTN 4.6+460

SUBROUTINE ASSIGN(V,C,F,RAM,N)>
COMMON/LEV/CH(100,50)

LEVEL 2,CH

VI=(V-RAM)/F

1=VI

[F(VI-1.GT.0.5) I=I<1
TFCCH(N, 1) .NE.TH ) CH(N, 1)=1HX
TFCCH(N, 1) .NE.THX) CH(X,1)=C
RETURN

END

164/11/79 09.44.58
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SUBROUTINE TIMESE 76/76  0PT=1 FTR &4.6+460 14711779 09.44.58

10

15
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40

1
2
3
4

100

n
12

1385RSET&NE TIMESE(IF,TD,NST,NY,NO,00, TP NCP,FC,NRH, NRE, KRS,
DIMENSION 1F(4),TD(4),NY(2),NOC4),TP(10),VA(100),VB(100),VC(100),
1VD(100), VEC100),VF(100)
COMMON/LEV/A(67,58),8¢67,58),C(67,58),D0(67,58)
COMMON_Z,MNS,MER,MAQ

hiVEL 2,A,8,C,0

MZzNY(2)-NY(1)+1

DO 100 M=MA M2 NST

HYzMeNYC1) -1

IFCIF(1).EQ.D) GO T

CALL SERDAT(HNS HEH IF(1) MY,NGC1),TDC1) AL HF)

IFCIF(2).EQ.0) GO TO 2

CALL SERDAT(HNS HEH 1F(2),MY,NG(2),TD(2),B,NF)

TFCIF(3).EQ.0) GO TO 3

CALL SERDAT(HNS MEW, IF(S) NY,NO(3),TD(3),C,MF)

IFCIF(4).EQ.0) GO TO 4

CALL SERDATCHMNS,MEW, [F(4),MY,NG(4),TD(4),D,NF)

VACM) zVB(M) =VT (M) =VD(M) =VE (M} =VF (M3 =0.

NSUM=0

D0 5 1=NRW,NRE

DO 5 K=NRS,NRN

NSUM=NSUM+1

VA(M)=VA(K) +A(] ,K)

VB(M)=VB(M)+B(1,K)

VE(MY=VC(M)+CC1,K)

VD(M)=VD(M)+D(1,K)

CONTINUE

VA(M)=VA(M) /NSUM

VB(M)=VB(M) /NSUM

VC(M)=VC(M) /NSUM

VD(M)=VD(M) /NSUM

VE(M)=VA(M)-VB(M)

VE(M)=VC(M) -VD(H)

CONTINUE

1F(00.EQ. 1HT) GO TO

CALL OUICK(ég,Eg,¥5, .TP,FC,VA,VB,VC,VD,VE,VF,NST)
IF,TD,NY NG, TP,FC,VA,VB,VC, VD, VE,VF,NST)

1F(00.EQ.1

CALL TABLECIF,TD,NY,
CONT INUE

RETURN

END

e
ONO —
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10
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595

90
91

92
93

FTN 4.6+460

SUBROUTINE LARMAP(MEW,MN5, NF,V

A, TP NCP)
DéHENSION VACMEH, MNS) , TPC10) P

1€20,2),CHC4)

TPCN)= 1001

CONTINUE

CALL DATE(TIC)
TP(9)=10HPRINTED ON
TP(10)=TIC

MM=MEN/20+1

DO 1 M=1,MM

WRITE(NF,90)

FORMAT( 1HO)

WRITE(NF,91) ((TP(1),1=1,10),(CH(&),1=1,20))
FORMAT(1H1,10A10,/1H ,20AS)
[A=(M-1)120+1
1Z=MINOC1A+19,MEW)
HRITE(NF,92) (I,1=1A,12)
FORMAT ( 1HO, 6X,20¢1X, 13.3,1X))
HRITE(NF,97) (CH(2),1=1,20)
FORHAT(7X 20A5)

WRITE(N) , 74) (CH(4),1=1,20)

4 FORMAT(6X, *1%,20AS, +--1%)

C PAGE TITLE COMPLETED
C GENERATE MAP LINES AS CHARACTER STRINGS

DO Z k=1,MNS
NS-K +1

C HRlTE SPACER

INE
HRITE(NF,96) (CH(2),1=1,20)

C FORM CHARACTER STRINGS
D03 ,20

900
301

902
903
904
905

PL(I 0= CH(1)
2

) GO T0 3
).EG.-999¢.) GO T0 3
ENCODEC10,900,DM) VACIB, )
FORMAT(E10.4)
DECODE(10,901,DM) WN,IE

—
=
~
<
>
-
o
-
-

s

FORMAT (F6.4,1X,13)
MAN=VN= 1000

ENEODE(S 902,0M) MAN
FORMAT(5)
ENCODE(3,903,DE) 1E
FORMAT(13)
DECODE(5,904,0M) PL(I, 1)
FORMAT (A5)

DECODE (4, 905,.-/ PL(T,2)
FORMAT ¢ 3

3 CONTINUE
C PRINT TWO CODED L

NES
HWRITE(NF,95) (J (PLCI, 1), 1=1,200)

16/11779  09.44.58
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SUBROUTINE LARMAP 76176  0PT=1 FTN &4.6+460

95
60 96
2
1
65

FORMAT(2X, 13.3,2H.1,20A5,3H..1)
WRITE(NF,96) (PL(1,2),1=1,20)
FORMAT(6X, #1+,20A5,* [+)
CONTINUE

CONT INUE

WRITE(NF,94) (CH(&),1=1,20)
RETURN

END

14/11/79  09.44.58
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SUBROUTINE SERDAT 76/76  0OPT=1 FTN 4.6+460

SUBROUTINE SERDAT(MNS, MEHW, IF,NYS, NQ,TD,AR,MF)
DEHENS[ON AR (MENW,MNS)

L 2,AR
SION 21 JULY 19
IND DATA FILE AND SEARCH FOR CORRECT YEAR
DO 50 N=1,750

NY=NYS-1000
IF(TD.EQ. 1HG.OR.TD.EQ. 1HT) NY=-1
1F(TD.EQ.1HS.O0R.TD.EQ. 1HZ.OR. TD.EQ.1HE.OR.TD.EQ. THNINY=-1

TFCIY-NY)
IFCIFLY 10
RERIND IF
IFL=1

GO 70 10
C CORRECT YEAR FQUND

20
22

21

BACKSPACE IF
READ(IF,91) 1Y,1Q,T
IFCEOFCIFY)Y 100,21
TFCIY.LT.800) 1Y=1Y+1000
TF(NY.LT.0) NY=lY
lF(NY NE.IY) GO T
NE.I0.0R. 88 gE T) GO T0 22

IF(ND.
C START OF DATA SET F

901

92
41
40

100

900 FORHAT(1X 13H» 1 +DATA TYPE A1 « AGUIFER*,12,* FOR YEAR 1+, 14,

WRITE(MF,901) T,10,1Y+1000,IF
FORMAT(1X, «DATA'TYPE +,A1,+ AQUIFER+,12,+ FOR YEAR®,IS,
1+ LOCATED ON FILE+,13)
BACKSPACE IF

MR=MEW/6+1

DO 40 K=1,HNS

D0 41 N=1,MR

TA=(N-1)+6+1
12=MINOC[A+5,MEH)

READ(IF,92) (AR(I,K),1=1A,12)
FORMAT(14X,6E11.5)

CONTINUE

CONTINUE

RETURN

NY=NY+1000

WRITE(MF,900) TD,NQ,NY,1

1+ NOT FOUND ON FILE NO.+,13
RETURM
END

14711779 09.44.58
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SUBROUTINE BOUNDQ 76176  OPT=1 FTN &4.6+460

1 SUBROUTINE BOUNDG(1F,NY,NQ,00,LOG,MF,NF,TP,NCP)
DIMENSION 1F(4),NY(4),NG(4),TPC10)
COMMON/LEV/PAC67,58,5) ,HY(67,58,8),D01(67,58),D02(67,58)

1,16067,58)

5 COMMON_A,MNS,MEW,MAQ
LEVEL 2,PA,HY,D01,002,16
NHF=1F(1)

NY(1)=NY(2)

REHIND NHF
10 CALL REDHYDCIF(1))

CALL SBOUND(NG(1),NY(1),NY(2),1F(2),BAL)

IF(NQ(1).EG.2)> GO TO 2

1F(00.EQ.1HL) GO TO 3

CALL SMAMAP(MEHW,HNS,NF,D01,L0G,TP,NCP)
15 3 1F(00.EQ.1HS) GO TO 5

CAL% LgRHAP(HEH.HNS.NF,DO1,TP,NCP)

GO TO
2 IF(00.EQ.1HL) GO TO &
CALL SMAMAP(MEW,MNS,NF,D02,L0G, TP, NCP)
20 4 1F(00.EQ.1HS) GO TO 5
CALL LARMAP(MEW,MNS, NF,D32,TP,NCP)
5 CONTINUE
RETURN
END

16/11/79

09.46.58
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SUBROUTINE LEAKAG 76176  CPT=1 FTN 4.6+460 164/11/79  09.44.58 PAGE

SUBROUTINE LEAKAG(IF,NY,NG,FC,00,LOG,MF, NF,TP,NCP)

DIMENSION IF(4),NY(4),NG(4),TP(1D)
COMMON/LEV/H(67,58),P11(67,58),PC1(67,58),P12¢67,58) PL2(67,58),
1HY(67.58.6),SC1(67.58),SC2(67.5&).001(67.58).002(67.58)

1,16¢67,58
COMMON A MNS, MEW, MA
hExELFZ ,P11,P12, PC1 pC2,HY,SC1,5C2,001,032,1G
NY(1)= NY(Z)
RERIND NFH
CALL REDHYD(}
CALL SLEAKA(N
[F(NG(1).EQ.2
1F(00.EQ.1HL)
IF(FC.EQ. THU.OR. .THA) CALL SMAMAP(MEW,MNS,NF,DG1,L0G,TP,NCP)
IFCEC.EQ. 1HD.OR.FC.EQ.1HA) CALL SMAMAPCMEMW,MNS.NF,PI1,L0G,TP,NCP)
1FCFC.EQ. TH+ . OR.FC.EQ.1HA) CALL SMAMAP(MEW,MNS,NF,SC1,L0G,TP,NCP)
[F(00.EQ.1HS) GO TO 4
IF(FC.EQ.1HU.OR.FC.EQ. THA) CALL LARMAP(MEW,MNS,NF,D01,TP,NCP)
IF(FC.EQ.1HD.OR.FC.EQ. THA) CALL LARMAP(MEW,MNS,NF,PI1,TP,NCP)
IF(FC.EQ.1H+ OR.FC.EQ.1HA) CALL LARMAP(MEH,MNS,NF,SC1,TP,NCP)

[F(00.EQ.1HL) GO TO 5

F(FC.EQ.1HU.OR.FC.EQ.1HA) CALL SMAMAP(MEW,MNS,NF,D02,L0G,TP,NCP)
(FC.EO.1HD.OR,.FC.EQ.THA) CALL SMAMAP(MEN,MNS,NF,P12,10G,TP,NCP)
(FC.EQ.1H+.0R,.FC.EG.1HA) CALL SMAMAP(MER,MNS,NF,SC2,L0G,TP,NCP)
(00.EQ.1HS) GO TO 4

(FC.EQ.1HU.OR,.FC.EQ.1HA) CALL LARMAP(MEW,MNS, NF,DO2,TP,NCP)
(FC.EQ.THD.OR.FC.EQ.1HA) CALL LARMAP(MEW,MNS,NF,P12,TP, NCP)
(FC.EQ.1H+.OR,FC.EQ.THA) CALL LARMAP(MEHW,MNS,NF,SC2,TP,NCP)

Y NY(2),1F(2) ,BAL)

HO3




10

20

25

30

35

40

45

50

55

SUBROUTINE SLEAKA 76176  0PT=1 FTN 4.6+46C 164/11/79 09.44.58 PAGE

SUBROUTINE SLEAKA(NAQ,NYB,NYE,NFP,BAL)
COMMON/LEV/PA(67,58,5},YP(67,58,2),TE(67,58,2),T5(67,58,2),8C(67,
158,2),00(67,58,2),1G(67,58)
COMMON A, MNS,MEW,MAQ
DIMENSION IGAC10)
LEVEL 2,PA,VP,TE,TS,SC,D0, IG
CALL _REDPOT(NFP,NYB)
C INITIALIZE LEAKAGE ARRAYS
NP=NAQ#2+1
00 1 I=1,MEW
DO 1 K=1,MNS
SC(1,K,NAG)=DO(C],K,NAD)=0.
IFC(PACI,K,NP).EQ.-9999.) SC(I,K,NAQ)=DA(I,K,NAG)=-9999,
1 CONTINUE
C LEAKAGE FOR YEAR NYB (RATE)
D0 2 1=1,MEW
D0 2 K=1,MNS
ENCODE(10 91,160 IG(I,K)
90 FORMAT(1011)
DECODE(10 90,1GC) CIGA(L)Y,L=1,10)
91 FORMAT(110)
IFCIGACNAG) .LE.2) GO TO 2
NPD=NAG
NN=NAQ-1

NPU=0
[F(NN. LT 1) GO TO 9
D0 3 L=1
IFCIGACLY . GT 1) NPU=L
3 CONTINUE
9 CONTINUE
D0 4 L=NAQ,10
IFCIGACL) .GT.1.AND.NPD.EQ.NAG) NPD=L
4 CONTINUE
DOCI,K,NAQ)=(PA(I,K,NPU*2+1)-PACT,K,NP))+VP(I,K,NAG)
SCCI,K,NAQY=(P/(I K ,NPD*2+1)-PAC] K,NP))+VP(I,K,NPD)
2 CONTINUE
C LEAKAGE FOR YEAR NYE - AVERAGE RATE
CALL REDPOT(NFP,NYE)
00 5 I=1,M
D0 5 K=1,MNS
ENCODE (10,91, 16C) 1GCI,K
DECODE(10,90,1GC) (1GA
1F(IGA(NAG) .[E.2) GO T
NPD=NAG
NN=NAQ-1
NPU=0
lF(NN LT 1) GO T0 10
DO 6 L=1,NN
IFCIGACLY.GT. 1) NPU=L
6 CONTINUE
10 CONTINUE
DO 7 L=NAG,10
, égﬁl?ﬁ(%) GT 1.AND.NPD.EQ.NAQ) NPD=L
DOCT,K,NAG)=(DO(T,K,NAQ) +(PACT K, NPU*2+1)-PACT ,K,NP))*VP(] K,NAG)

/2.
SCCI,K,NAQ)Y=(SC(1,K,NAG) +(PACT K, NPD*2+1)-PACT K, NP)) VP (], K, NPD)

K)
(L),L=1,10)
05

103
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1/2.
5 CONTI

FTN &4.6+460

TINUE
C CONVE?T SA¥ES TO VOLUMES DO-UP PI-DOWN SC-BALANCE

DT=(NYE-NYB)*365.+86400.
DT=AMAX1(DT, 1.0)

BAL=0,

UPBA=0.

DOBA=D.

008 I=1,MEW

D0 8 K=1,MNS

1£4DOCT,K,NAD) .ED.-9999.) GO TO 8

1F(SC(1,K,NAQ) .EQ.-9999.) GO TO 8
DOCT,K,NAQ)=UP=DO(I ,K,NAQ) +DT
PACT,K,NI)=DOWN=SCCI,K,NAG) +DT
SCCI,K,NAQ)=UP+DOKN
UPBA=UPBA+UP
DOBA=DOBA+DOWN
BAL=BAL +UP+DOWN

8 CONTINUE
WRITE(61,900) NAQ,NYB,NYE,BAL

900 FORMAT(1H1,+LEAKAGE TOTAL BALANCE FOR AQUIFER+,13,+ PERIOD 1+,13
1,+, T0 1+,13,+ +,E12.6,* CUBIC METERS1)

WRITE(61,901) UPBA,DOBA

901 FORMAT(1X,+CONNECTING WITH AQUIFER ABOVE+,E12.6,/1X,

1+CONNECTING WITH AQUIFER BELOW:,E12.6)

RETURN
END

14711779

09.44.58
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SUBROUTINE EFDRAH 76176  OPT=1 FTN 4.6+460 164/11/79 09.44.58

SUBROUT INE EFDRAW(NAQ,NYB, NYE ,NFP NFT,DRA)
1lligl(igONILEV/PA%? ,58,5) ,HY(67,58,6),5C(€67,58,2),00¢67,58,2),
COMMON” A, MNS, MEW,NAG
LEVEL 2,PA,HY,SC,00,1G
REWIND NFT
NP=NAQ*2+1
C RcAD AND STORE POTENTIAL YEAR NYB
CALL REDPOT(NFP,NYB)
D0 1 I= HE
D0 1 K=1,M
DO(I K, NAO) PA([ K,NP)
1 _CONTINUE
€ READN?OLEN¥1AL YEAR NYE, CALCULATE AND STORE DRAWDOWN

CALL REDPOT(NFP,NYE)
D0 2 1=1,MEH
DO 2 k=1, “MNS
PA(I1 K, Nl) DO(I,K,NAG)-PACT K, NP)
1FCPACT K, NP) .E0.-9999.) PALT.K,N1)=-9999.
2 CONTINUE
C READDQRUXFER THICKNESS, CALC.EFFECTIVE DRAWDOWN, ACCUMULATE

READ(NFT 90) (DOCI,K,N),I=1,MEW]
90 FORMAT(14X,6£11.5)

3 CONTINUE
DO 4 I=1,MEW
DO 4 K=1,MNS
[F(PACI,K,N1).EQ.-9999.) GO TO 4
DOC1,K,NAQY=DACT K, NAQ) +PACT,K,NI)
DRA=DRA+DG(1,K, NAD) tAx 2.

4 CONTINUE
RETURN
END

PAGE

1

K03




SUBROUTINE STOTAQ 76176  OPT=1 FTN &.6+460 147117179 09.44.58

1 SUBROUTINE STOQTAG(NAQ,NYB,NYE,NFD,BAL)
COMMON/LEV/PA(67,58,5),VP(67,58,6),5C(67,58,2),D0(47,58,2),1G(67,

158)
COMMON_A, MNS, MEH, MAG
S LEVEL 2,PA,VP,SC,D0,1G
C SKIP CONTROL VARIABLES
90 FORMAT

(A1)
€ READ DISCHARGE YEAR NYB, SET OUTSIDE TO -9999.
NP=NAQs2+1
10 NI=NP-1
EALL HISDISC(NFD,NYB)
D0 1 I=1,MEW
DO 1 k=1,MNS
PACT,K,N1)=DOCI,K,NAD)
15 1 ég(gA(I .K.NP).EG.-9999.) PACI,K,N1>=-9999.
C READ 0 FOR YEAR NYE, AVERAGE, TO VOLUME, ACCUMULATE

DT (NYE NYB)'365 +86400.

20 DT=AMAX1(DT,1.0)
CALL HISDIS(NFD NYE)
DO 2 I=1,MEW
DO 2 K=1,MNS
1FCPACT K ,NP) .E0.-9999.) GO TO 3
25 AVD=DO( |, K, NAQY=(DO(I K, NAO)*PA(I K,N1))>/2.+DT

SC(1,k,NAQI=SC(1,K,NAQ) +AVD
BAL=BAL +AVD

GO T0 2
3 DOC1,K,NAD)=-9999,
30 2 CONTINUE
HRITE(61,900) NAQ,NYB,NYE, BAL
900 FORMAT(1X,*ARTIFICIAL DISCHARGE AQUIFER+,13,+ PERIOD 1+,13,+ TO
1+,13,2X,E12.6,+ CUBIC METERS+)
RETURN
35 END

PAGE
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FUNCTION IGEQ 76176  OPT=1 FTN 4.6+460 14711779 09.44.58 PAGE 1

1 FUNCTION IGEGQ(I,K,NA,IG)
DIMENSION 1G(67,58),1GAC10)
LEVEL 2,1G
ENCODE(10,90, 1GCY 1G(I,K)

S DECODE(10,91,1GC) (IGACL),L=1,10)

90 FORMAT(110)
91 FORMAT(1011)
[GEO=1GA(NA)
RETURN
10 END




PROGRAM RUNSTE 76/76  0PT=1 FTR 4.6+460 14/11/79 09.39.54 PAGE 1

1 PROGRAM RUNSTE(INPUT,QUTPUT,GEO,HYD,POT, TAPE60=INPUT, TAPES1=
10UTPUT, TAPE10=GEQ, TAPE20=HYD, TAPE30=POT, CAP, TAPE2=CAP)
DIMENSION IRS(2),1RE(2),kRS(67,2) ,KRE(67,2), IGA(10)
COMMON/LEV/PA(67,58,5) ,HY(67,58,8),D0(67,58,2),1G(67,58)

S COMMON_A,MNS,MEW,MAQ
LEVEL 2,PA,HY,D0,IG
MNS=58
MEW=67
hAQ=2

10

A=25000.
C READ CONTROL VARIAPLES FROM INPUT
READ(60,90) 1YB,IYE,1YS,HMAXI,NCAR
90 FORMAT{{4,1X,14.1X,12,2i
READ(60,91) TMF,YMAX,YMIN, CON,ORFI
15 91 FORMAT(3F7.2,F5.4,F4.2)
C CALL INPUT ROUTINES
CALL REDGEO(10)
CALL RANGEC(IRS, IRE,KRS,KRE?
CALL REDHYD(20)
20 CALL REDPOT(30,1YB)
C CALCULATE
DO 1 M=1,MAQ
NA=Ms2
NB=NA*1
25 DO 1 k=1, HNS
b0 1 I=1,
PACI K, NA) PA(I K.NB)
1 CONTINUE
CALL STEADY(MAXI,IT,ORFI,CON,NCAR, IRS, IRE,KRS,KRE)
30 C OUTPUT POTENTIALS
EQBL OuTPOT(1YB,2)

CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM
15 I 23 CD 15 FIELD WIDTH OF A CONVERSION DESCRIPTOR SHOULD BE AS LARGE AS THE MINIMUM SPECIFIED FOR THAT DESCRIPTOR.
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SUBROUTINE MANCHE 76176  OPT=1 FIN 4.6+460

SUBROUTINE MANCHE(NF)
REHIND NF

HRITE(61,899)

EE&HAT(1H1 .tCONTINUITY CHECK OF FILE MANIPU*)
READ(NF,90) 1YBB,IYEE,1YS
1Y8=1YB8+1000
[FCIYB.LT.1800) 1YB=1YB+1000
IYE=]YEE+1000
IFCIYE.LE.1800) IYE=IYE+«1000
FORMAT(1X,313)

READ(NF,91) XX

FORMAT (A1)

00 1 N=1YB,IYE,IYS"
READ(NF,92) NY

FORMAT(13)

IFC(EOF(NF)) 3,4

FLAG=1

NNY=N

HRlTE(61 900) NNY

FORMAT (160, *DISCHARGE DATA MISSING FOR YEAR:,I5)
LF(FLAG.EQ.0) GO 701

HRITE(61,901) NNY

FORMAT(1HM, +NO FURTHER DATA FOR ANY YEAR AFTERs,I5)
RETURN

NY=NY+1000

TFCNY.LT.1800) NY=NY+1000

TF(NY-N) 2,1,5

CONTINUE

HRITE(61,902

FORMAT C1HO, 'CONTlNUlTY CHECK COMPLETED»*)

B

147117179 09.39.54
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SUBROUTINE REDPQT 75176  OPT=1 FIN 4.6+460

SUBROUTINE REDPQT(NF, IBY)
COMMON/LEV/PA(67,58,5) ,HY(67,58,10),1G(67,58)
COMMON_A, MNS, MEW,MAQ

LEVEL 2,PA,HY,1G
C SEARCH FGR DATA OF YEAR 1YB

77

78
90

BACKSPACE NF

%YB 1BY

1YB8=1YB-1000

1Y=1YB

MUF=1Y-1YB+1

TF(MUF.L7.0) MUF=0
MUF=MI2F« (MAQ+ 1) tMNS+ (MER/6+1)
BC 78 N=1,MUF

BACKSPACE NF

CONTINUE

REAL(NF,90) 1Y

FORMAT(13)

LF(EQOF(NF)) 100,2
IFCIY.LT.800) IY= IY01000
TFCIY.LT.1YB) GO TO 1
[FCIY.GT.IYR.AND. lFL £0.1) GO TO 100
IFCIY.GT.1YB) IFL=1
IFCIY.EQ.1YB) GO TO 3

GO 10 77
C READ POTENTIALS

3

100
300

BACKSPACE NF

NA=MAG+1

DO 4 N=1,NA

DO 5 K=1,MNS

READ(NF,91) (PA(I,K,N),1=1,MEW)
FORMAT(14X,6E11.5)

CONTINUE

CONTINUE

DO 6 1=1,MEM

DO 6 K=1,HNS
PACI,K,53=PAC1,K,4)=PACT K,3)
PAC],K,3)=PAC] ,K,2)

CONTINUE

RETURN

1YB=1YB+1000

HRITE(61,900) 1YB
ggggAT(1H1,SH""','POTENTIALS FOR YEAR+,[5,+ NOT FOUND+)

END

14711179 09.39.54
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SUBROUTINE HISPOT 76176  0PT=1 FIN 4.6+460 164/11779  09.39.54 PAGE 1

1 SUBROUTINE HISPOT(NF,IYY)
CONMON/LEV/PA(67,58,5)
COMMON_A,MNS,MEW,MAQ
LEVEL 2,PA

5 C SEARCH FOR YEAR 1Y
BACKSPACE NF
1Y=1YY
IFL=9
1Y=1Y-1000

10 NY=1Y
77 MUF=RY-1Y+1
IF(MUF.LT.0) MUF=0
MUF=MUF * (MAQ+1) «MNS+ (MER/6+1)
DO 78 N=1,MUF
15 BACKSPACE NF
78 CONTINUE
READ(NF,90) NY
90 FORMAT(13)
IFCEOF(NF)) 100,2
20 2 TF(NY.LT.800) NY=NY+1000
TF(NY.LT.IY) GO TO 1
TFCNY.GT.IY.AND.IFL.EQ.1) GO TO 100
TF(NY.GT.IY) IFL=1
IF(NY.EQ.1Y) GO TO 3
GC 10 77
C READ POTENTIALS
3 BACKSPACE NF
MADA=MAQ+1
DO 4 N=1,MAQA
30 DO & k=1,MNS
H=(N+1)/2
M=Ms2
READ(NF,91) (PACI, K, M), 1=1,MEW)
91 FORMAT(14X,6E11.5)
35 4 EgNTéNUE

RETURN
100 WRITE(61,900) 1Y,NF

900 FORMATC(1H1,4H*ve¢, «POTENTIALS FOR YEAR 1+,13,+ NOT FOUND ONs,
2+ FILE NO+,13)
40 STOP

END

-
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SUBROUTINE PLAYMO 76176  0PT=1 rTN 4.6+450

SUBROUTINE PLAYMO(NYEAR, 1Y,NF)
DIMENSION ISC(3),I1VA(3),VA(3),M3(4),1IMR(2)

COMMON/LEV/PA(67,58,5),VP(67,58,2) ,TE(67,58,2),T5(67,54,2).

15C(67,58,2),00(67,58,2),1G(67,58)
COMMON/PCSL/PNC(67,58,2),PC0(67,58,2)
COMMON A, MNS,MEH,MAQ

LEVEL 2,PA,VP,TE,TS,SC,DQ, 1G

DO 7 N=1,MAQ

DO 7 K=1,MNS
DO 7 I=1,MEM
DA(1,kK,N)=0.
7 CONTINUE
C READ GNE gECORD FROM DISCHARGE FILE

1 READ(NF,90) (1Y,NG,K,I,(MO(L),L=1,4))
90 FORMAT(i3,11,212,401%,117))
1ECEOF(NF)) 100,10
10 1Y=1Y+1000
TFCIY.LT.*800) [Y=1Y+1000
IFC(IY.GT.NYEAR) GO TO 100
IFCIY.LT.NYEAR) GC TO 1
C FOR ECEE MO DETERMINE GRID INDEX
1F§l EO 0> GO T0 1
DO 22 M=1,4
I=1+1
IF(I.LE.MER) GO TO 3
K=K+1
IF(K.GT.MNS) GO TO 22
l-l-HEH
3 006(1,K,N0)=0.
C SPLIT ¥0 IHTO COHPONENTS
MO(M)=MQ(M)+
ENCODE(18, 91 1MO) MO(M)
91 FORMAT(118
DECODE(18,9Z,IHO) (MCO, (1SCCL), IVACLY,L=1,3))
92 FORMAT(1X,11,11,14,11,14,11,14,1X)
C BYPASS IF TREATMENT CODE=0
1F(MCO.EG.0) GO TO 2
NN=NQ+2+1
C SCALE VARIABLF3
DO 4 L=1,
15=1
TFCISCCLY.LE.4) GO TO S
}gt(%)=ISC(L)-5
S VAR=IVA(L)+IS
EX=10++1SC(L)
VA(L)=VAR/EX
4 CONTINCE
C ASSIGN PRESCRIBED DISCHARGE
VAP=VA(3) +VA(2)
IF(MCO.GT.2) GO TO 6
IF(MCO.EQ.1) DO(I,K,NG)=VAC1)
ég(?gOéEO.Z.AND.PA(I.K,NN).GT.VAP) 00 ,K,NGI=VA(D)

.-—

14/11/79 09.39.54
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C ASSIGNMENT OF FREE FLOWING DISCHARGE

6 IF(MCO.ED.&.AND.PACI K, NN) . LT.VAP) GO TO 2
GRAD=PA(I,K,NQ*2+1)-VA(3)
1F(MCO.EQ.5) GRAD=GRAD-VA(2)
DOCI,K, N33 =GRAD*VA(1)
IF(MCO.EQ.6) DOCI,K,NO)=AMIN1(DG(I,K,NO),VA(2))

2 égé?tg .EQ.7) DOCI,K,NG)=AMAX1(DOC],K NG),VA(2))
Dacl .k, NG) DO(1,K,N0)Y/1000.
IF(GRAD) 11,12,13

11 PNCCILK,NB)=0.

PCOCI.K,NG)=0.
GO TO 21

12 PNCCI.K,NQ)=0.
PCOCI,K,NG)=DACT K, NG)/PACT K, NQ*2+1)
GO TO 21

13 PNCCI,K,NQ)=PA(],K,NG+2+1)-GRAD
PCOCI,K,NG)=DA(1,K,NQ) /GRAD

21 1F(MCO.LE.2) PCOCI,K,N@I=-1.

22 CONTINUE
GO 70 1

100 CONTINUE
IF(FLAG.EG.1) RETURN
WRITE(61,902) NYEAR
902 FORSAT(1H1 ,24H++++DISCHARGE FOR YEAR+ ,15,+ NOT FOUND+)

AX=
TERM=AX/AX
RETURN

END

14711779 09.39.54
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SUBROUTINE HISDIS 76176  OPT=1 FTN 4.6+460

SUBROUTINE HISDIS(NF,IYY)

COMMON/LEV/PA(67,58,5) ,HY(67,58,8),D0(67,58,2)
COMMON_A, MNS, MEW,MAQ
LEVEL ¢,PA,HY,DQ
C SEARCH FOR YEAR 1Y
BACKSPACE NF
1Y=1YY
IFL=0
lY IY 1000

77 HUF NY 1Y+1
IF(MUF.LT.0) MUF=0
MUF=MUF +MAQsMNS* (MEW/6+1)
D0 78 N=1,MUF
BACKSPACE NF
78 CONTINUE
READ(NF,90) NY
90 FORMAT(I3)
IFCEQF(NF)) 100,2
2 IF(NY.LT.800) NY=NY+1000
TE(NY.LT. 1Y) GO TO 1
IF(NY.GT.1Y.AND.IFL.EG.1) GO TO 100
IF(NY.EQ.1Y) GO 10 3
IFL=1
GO 10 77
C READ_DISCHARGE
3 BACKSPACE NF

-

DO 4 N HAO
DO 4 K=1,MNS
READ(NF 91 (DOCI,K,NY, 1=1,HEH)
91 FORMAT(14X,6E11.5)
DO 5 I=1,MEW
IF(DB(I,K,N).ED.-9999.) GO TO S
DO(1,k,Ny=DOCT,K,N)/1000.
5 CONTINUE
4 CONTINUE
RETURN

100 WRITE(61,900) 1Y, NF

900 FORMAT(1H1, 4H"" *DISCHARGE FOR YEAR 1+,13,+ NOT FOUND ON«x,
1§TS;LE NO+,13

END

14/117/79 09.39.54
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SUBROUTINE DISCOP(MAG,MNS,MEW, IDIS,NY,NF)
DIMENSION 1D1S(67,58,2),VAR(3}
COHHON/LEVIAR(67 §8)

LEVEL 2,AR

1FCNF.GT.7) GO TO 10

D0 1 N=1,MAQ

CALL ?ERDAT(HNS JMEW,7 ,NY,N, 1HG,AR,61)
DO 1 1,MNS

VAR(1)= AR(I K)

VAR(2)=VAR(3)=0.

NCC=1

1F(VAR(1) .EQ.Q) NCC=0

CALL PLAYCO(NCC,VAR(1),VAR(2),VAR(3),IDISCI,K,N),61)
CONTINUE

1DIS(1,1,1)=1

RETURN

READ(8,91) 1Y

FORMAT(13)

IF(EOF(&)) 11,12

NNY=NY

HRITE(61,900) NNY

0 FORMAT(1HQ,29H+++NO DISCHARGE DATA FOR YEAR,15,* FCUND ON +,

2

3

90

—_s
Hon

1§¥GgIPULATION FILE«+,/1X, *RUN TERMINATED+)

[Y=1Y+100

IY.LT. 1800) 1Y=1Y+1000
Y~NY) 10.13.11

EW/4+1
4000140080400000

1.MNS
MM
441
EN, [A+3

(101 S(l K,NQ),I=1A,12)
118)

1§
[F(1
MM=M
1CH=1
DO 14
DO 14
DO 14
[A=(L-
1Z=HIN
READ(8,90)
FORHAT( .
15 1=1A
IF(IDIS(I.
CONTINU
CONT[NUE
1D1S¢1,1,1)=1
RETURN
END

N
K=
L=1
1)24+
O0(MER
.90
8X, 4
12

K,NQ).LT.ICH) IDIS(!,K,NQ)=0
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SUBROUTINE OUTPOT 76176  OPT=1 FTN 4.6+460

SUBROUTINE OUTPOT(NYY,KF)
COMMON/LEV/PA(67,58,5)
COMMON_A, MNS,MEHW,MAQ
LEVEL 2,PA

MO=MAG+1

NY=RYY

NY=NY-1000

IF(NY.GE.1000) NY=NY-1000
DO 1 NG=1,M0

NA=NQ-1

NAG=(NA*2)+1

CC=1HP

IF(NO.EQ.1) CC=1HW
DO 2 k=1,MNS
MM=MEW/6+1

DO 3 N=1,MM

TA=(N-1) 1641
[Z=MINOCIA+5,MEN)
WRITE(NF,90) (NY,NA,K, 1A, CC, (PACI ,K,NAG
FORMAT(13,1X,11,1X,12,1X, 12,1

CONTINUE

CONTINUE

CONTINUE

RETURN

END

), 1=1A,12))
2,1 A1, 1X,6E11.5)

16/11/79  09.39.5¢

PAGE

1

HO4




10

15

20

25

30

35

40

45

50

99

PROGRAM HISMOQ 76176  OPT=1 FTN 4.6+460

PROGRAM_HISMOG(INPUT,OUTPUT,GEO,HYD,POT, TAPE60= INPUT, TAPE61=
10UTPUT, TAPE10=GEO, TAPE20=HYD, TAPE30=POT, CAP, POTH]S, MAN,DIS,
2TAPE2=CAP, TAPE40=MAN, TAPE3=POTHIS, TAPE4=DI35,REC, TAPES=REC)

DIMENSION IRS(2),IRE(2),KRS(67,2),KRE(67,2),1GA(10)
COMMON/LEV/PA(67,58,5) ,HY(67,58,8),00(67,58,2), 1G(67,58)
1,RE(67,58)

COMMON_A,MNS, MEW,HAQ

LEVEL 2,PA,HY,DG,1G,RE

MNS=58
MER=67
MAQ=2

A=25000
C READ EONTROL VARIABLES FROM FILE MANIPU

AD(40,90) IYB,1YE,1YS,MAX],NCAR

90 FORMAT(1X,513)

91

1Y8=1YB+1000

IFCIYB.LT.1800) 1YB=1YB+1000
1YE=IYE+1000

IFCIYE,LT.1800) IYE=IYE+1000
READ(40,91) THMF,YMAX,YMIN, CON,ORF]
FORMAT(3F7.2,F5.4,F4

4.2)
C READ GEOMETRICAL DATA'FROM FILE GEO

CALL REDGEQ(10)
CALL RANGE(IRS, IRE,KRS,KRE)

C READ HYDRAULIC DATA FROM HYD

C INI

CALL REDHYD(Z0)

CALL REDPOT(30,1YB)

CALL SERDAT(MNS,MEW,5,1970,2, 1HR,RE,61)
TIALIZE TIME INTERVAL
DT=1./YMIN

1T=MAX1/2
C STARTISFXYEAR BY YEAR LOOP

C DET

DO 1 NY=1YB,
ERMINE DISCHARGE FOR CURRENT YEAR AND PRODUCE YEARLY OUTPUT
CALL HISPOT(3,NY)

CALL HISDIS(4,NY)

IYT=NY+1Y

S
c H[SngIg xE$Slog ENFORCEMENT OF RECORDED POTENTIALS

92
93

6

C START TIME INTERVAL

NA=M+2
NB=NA+1
DO 6 k=1,MNS
D0 6 1=1,MEW
ENCODE(10,92,1GCY 1G(I,K)
FORMAT(110)
DECODE¢10,93,1GCY (IGA(L),L=1,10)
FORMAT(1011)
IFCIGACM) .LT.3.0R. IRA(M) .GT.4) GO TO 6
IGA(M)=3
[GA(M) =4

IFCPACT,K,NA) . LE.O.)
IFC(PACI,K,NA).GT.0.) PAC],K,NB)=PA(1,K,NA)-RECT,K)
16¢1,k)=¢10+1GAC1)+1GAC2) 3 £100000000
PACI,K,NA)=PA(], Eégg)

14/11/79  09.42.20 PAGE
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PROGRAM HISMOQ 76776  OPT=1 FTN 4.6+460 14/11/79 09.42.20 PAGE 2

2 TFCIT.LT.MAXI/4) DT=DT+TMF
IFCIT.GT.MAX]I/4+3) DT=DT/THF
60 DT=AMAX1(1./YMIN,DT)
DT=AMIN1(1./YMAX,DT)
DTN=AMINT(DT,IYT-TIM)
DTN=ABS(DTN)
WRITE(61,309) TIM,DTN
65 909 FORMAT(1HO,+ELAPSED TIME+,F8.3,+ TIME INTERVAL+,F8.4)
DTS=DTN365. +86400.
C RE-[géT%ALIZE STARTING POTENTIALS
NAzMe2
70 NB=NA+1
DO 4 K=1,MNS
D0 5 1=1,MEW
PACI,K,NA)=PA(I,K,NB)
5 CONTINUE
75 4 CONTINUE
3 CONTINUE
C ADVANCE MODEL BY TIME STEP DT
CALL TRANSI(MAXI,IT,DTS,ORFI, CON,NCAR, IRS, IRE,KRS,KRE)
TIN=TIH+DTN
80 IFCTIM.LT.IYT) GO TO 2
C END TIME INTERVAL LOOP
CALL QUTPOTCIYT,2)
1 CONTINUE
END

CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM
23 ! 23 CD 23 FIELD WIDTH OF A CONVERSION DESCRIPTOR SHOULD BE AS LARGE AS THE MINIMUM SPECIFIED FOR THAT DESCRIPTOR.
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PROGRAM RUNMOD 76176  0OPT=1 FTN 4.6+460

PROGRAM RUNMOD( INPUT, QUTPUT,GEG,HYD,POT,MAN. TAPE60=INPUT, TAPE6 1=
10UTPUT, TAPE10=GEQ, TAPE20=HYD, TAPE30=POT, TAPE40=MAN,DIS, CAP,
2TAPE1=D1S, TAPE2=CAP,DEBUG=0UTPUT)

DIMENSION IRS(2),IRE(2),KRS(67,2) ,KRE(67,2)

COMMON/LEV/PA(67,58,5) ,HY(67,58,8),D0(67,58,2), 1G(67,58)

COMMON/PCBL/PNC(67,58,2) .PCO(67,58,2)

COMMON_A,MNS,MEW,MAQ

LEVEL 2,PA,HY,D0,IG

MNS=58

MEH=67

MAQ=2

A=25000.
C READ CONTROL VARIABLES FROM FILE MANIPU
READ(40,90) 1YB,IYE,1YS,MAXI,NCAR
90 FORMAT(1X,513)
1YB=1YB+1000
IFCIVB.LT.1800) 1YB=IYB+1000
IYE=1YE+1000
IFCIYE.LT.1800) IYE=IYE+1000
READ(40,91) TNF, YHAX YMIN, CON,ORF1
91 FORMAT(3F7.2,FS.4,F4.2)
C READ GEOMETRICAL DATA FROH FILE GEO
CALL REDGEO(10)
CALL RANGE(IRS, IRE,KRS,KRE)
C READ HYDRAULIC DATA FROM HYD
CALL REDHYD(20)
C SEARCH FOR POTENTIALS OF YEAR 1YB AND READ
CALL REDPQOT(30,1YB)
C INITIALIZE TIME INTERVAL

DT=1./YMIN
17=MAX1/2
C STARTIgFlYEAR BY YEAR LOOP

DO 1 NY=1YB,IYE,1YS
€ DETERMINE DISCHARGE FOR CURRENT YEAR AND PRODUCE YEARLY QUTPUT
CALL PLAYHO(NY 1v,40)

C START TIHE INTERVAL LOgP
C(IT.LT.MAX1/4) DT=DT+TMF
IF(IT GT.MAX1/4+3) DT=DT/TMF
DT=AMAX1(1./YMIN,DT)
DT=AMIN1(1. /YHAX,DT)
DTN=AMIN1(DT,IYT-TIM)
DTN=ABS(DTN)
WRITE(61,909) TIM,DTN
909 FORMATC1HO, 'ELAPSED TIHE' F9.3,+ TIME INTERVAL+, F8.4)

DTS=DTN365.

C RE- lgéTlALIZE SEARTING POTENTIALS

3 M=1,
NA=M»2
NB=NA+1
DO 4 K=1,MNS
DO 5 I=1,MEH
PA(T,K,NAY=PA(] ,K,NB)
1FCPEOCI,K,M).EQ.21.) GO TO 5
DOC!,K,M)=(PACI, K, NBY-PNCCI, K, MY) «PCOCT, K, M)
DOCI, K, M)=AMAX1(DO(T K, ,M),0.)

14711779 09.42.20
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PROGRAM RUNMOD 76/76  OPT=1 FTN 4.6+460 14/11/79 09.42.20 PAGE 2

5 CONTINUE
4 CONTINUE
60 3 CONTINUE
C ADVANCE MODEL BY TIME STEP DT
CALL TRANSI(MAXI,IT,DTS,ORFI,CON,NCAR, IRS, IRE,KRS,KRE)
TIM=TIM+DTN
IFCTIM.LT.IYT) GO TO ¢
65 C END TIME INTERVAL LOQP
CALL OUTPOTCIYT,2)
MM=MEW/6+1
CC=1HO
DO 6 NA=1,MAQ
70 DO 6 k=1,HNS
DO 6 N=1.MM
TAZ(N-1) x6+1
[Z=MINO(IA+5, MER)
DO 7 1=]A,12
75 DOCI,K,NAY=DBCI,K,NA) +1000.
7 CONTINGE
NYJ=NY-1000
TF(NYJ.GE.1000.) NYJ=N
WRITE(1,900) (NYJ,NA,K
80 900 FORMAT(I3,1X,11,201X,1
6 CONTINUE
1 CONTINUE
END

Y

J-1000
.1A,CC, (DOCT,K,NA)Y, 1=1A,12))
2),1%,

A1,1X,6E11.5)

CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM
21 I 23 CD 21 FIELD WIDTH OF A CONVERSICN DESCRIPTOR SHOULD BE AS LARGE AS THE MINIMUM SPECIFIED FOR THAT DESCRIPTOR.
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SUBROUTINE STEADY 76/76  OPT=1 FTN 4.6+460

SUBROUTINE STEADY(MAXI,IT,ORFI,CON,NCAR, IRS, IRE,KRS,KRE)
DIMENSION IGA(10),IRS(2),IRE(2) ,KRS(67,2),KRE(67,2)

COMMON/LEV/PA(67,58,5),VP(67,58,2),TE(67,58,2),T5(67,58,2),
1SE(67,58.2).DO(67.58,2).IG(67.58)

COHHON A, MNS, MEH,
E PA, VP, TE, TS sC,00,16

LEVEL
C GENE%AL lNITlALlZATIONS

F=0RFI
VMIN=0.000001++3

C MAIN LOOP
DO 1 IT=1,MAX]

€ INITIALIZE ERROR SUMS AND EXTREMES
SUM=EMAX=0.

NSU=0
C START OF INNER LOOPS
DO 2

NAZN
IST=IRS(N)

KST= KRS(I )
KEN= KRE(I N)

00 4 k=kST,KEN
C DECODE GEOHETRICAL DATA AND DETERHINE ADJOINING AQUIFERS

90
N

5
10

ENCODE(10,90,1GC) 1G(I,K
FORMAT(110)

FORMAT(1011)

DECODE(10,91,1GC) (IGA(L),L=1,10)
[FCIGA(N) .LE.3) GO TO 4

NPD=RA

NN=NA-1

NPU=0

TFCNN.LT.1) GO TO 10

D0 5 L=1,NN

IFCIGACL) .GT. 1) NPU=L

CONTINUE

CONTINUE

DO 6 L=N,10
lF;lGA(L).GT.1.AND.NPD.EO.NA) NPD=L

6 CONTINUE
C ASSIGN POINT POTENTIALS
7 2241

H=PA(I,K,NP)
HI=PACI,K,NP-1)
HN=PA(T ,K+1,NP)
HS=PA(I ,K-1,NP)
HE=PA(I+1,K,NP)
HW=PA(]-1,K, NP)
HU=PA(I,K,NPU*2+1)
HD=PA(CI K ,NPD*2+1)

€ ASSIGN HYDRAULIC PARAMETERS

DN=TS(],K,NA)
DS=TSC1,K~1,NA)
DE=TECI,K,NA)
DW=TE(I-1,K,NA)
DU=VP(I,K,NA)
DD=VP(1,K,NPD)

14/11779 09.42.20
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SUBROUTINE STEADY 76176  OPT=1 FTN 4.6+460 14711779 09.42.20 PAGE 2

C APPLY FINITE DIFFERENCE EQUATION
€ APPLY FINITE DIFFERENCE EQUATION
60 SH=HN+DN+HS«DS +HE «DE +Hl *DW+HU +DU+HD+DD
ST=DN+DS+DE+DH+DU+DD

SD=0.
IF(ST.LE.0.) GO TO &
DEL=SH/ST-H
65 PACT,K,NP)=H+ORF+DEL
C CALCULATE CONVERGENCE CHECKS
ER=ABS(DEL)
SUM=SUM+ER
EMAX=AMAX1 (EMAX, ER)
70 NSU=NSU+1
4 CONTINUE
3 CONTINUE
2 CONTINUE
C END OF INNER LOOPS
75 C BYPASS CALL CARRE IF NCAR=0
IF(NCAR.LE.Q) GO TO 8
CALL CARRE(ORF,SUM, IT,NCAR,MAXI)
C CHECK FOR CONVERGENCE
8 CHE=SUM/NSU
80 IFCCHE.LT.CON) GO TO 9
1 CONTINUE
9 WRITE(61,900) IT,CHE,EMAX,ORF,ORFI
900 FORMAT(1HO, *CONVERGED AFTERs,i4,* ITERATIONS+,+ ERROR AVER.t,
1F7.3,+ MAX,.+,F8.3,/1X,*OVER RELAXED BY+,F7.3,» RESET TO+,F7.3)
85 ORF=0RF1
RETURN
END




SUBROUTINE REDHYD 76176  OPT=1 FTN 4.6+460

1 SUBROUTINE REDHYD(NF)
COMMON/LEV/PA(67,58,5) ,HY(67,58,8),0D0(67,58,2),1G(67,58)
COMMON A, MNS,MEW,MAQ
LEVEL 2,PA,HY,DG,]G
5 [ IEAD HYDRAULIC DATA
NA=MAD*4
DO 1 N=1,NA
DO 2 K=1,MNS
READCNF,90) (HYCI,K,N),I1=1,MEW)
10 90 FORMAT(14X,6E11.5)
2 CONTINUE
1 CONTINUE
RETURN
END

14711779 09.42.20
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SUBROUTINE REDGEO 76176  OPT=1 FTN 4.6+460 14/117/79 09.42.20 PAGE 1

{ SUBROUTINE REDGEO(CNF)
COMMON/LEV/PA(67,58,5),VP(67,58,2) ,TE(67,58,2),T5(67,58,2),
1SC(67,S8,2).00(67,58.2),lG(67,58)
COMMON A, MNS, MEHW, MA
5 LEVEL 2,PA,VP,TE,TS,SC,D0,16
C READ GEGMETRICAL DATA
DO 1 k=1,M

NS
READ(NF,90) (1GCI,K), 1=1,HEH)
90 FORMAT(10X,7110)
10 1 CONTINUE
RETURN
END

FO4




PROGRAM START.

76176

OPT=1

FTN 4.6+460

14/11/79  09.42.20

PAGE

1

Co5




10

15

20

25

30

35

40

45

50

55

SUBROUTINE TRANSI 76776  OPT=1 FTN 4.6+460

SUBROUTINE TRANSI(HAXI,IT.DT.ORFI,EON,NCAR.IRS,IRE KRS, KRE)
DIMENSION IGA(10),IR5(2), IREC2) ,KRS(67,2) ,KRE(67,2)
COMMON/LEV/PA(67,58,5),VP{67,58,2),TE(67,58,2),75(67,58,2)

1,50(67,58,2),00¢67,58,2),1G¢67,58)

COMMON_A,MNS ,MEW,MAQ
VEL 2,PA,VP,TE,TS,SC,00, 16

LE
C GENERAL INITIALIZATIONS
ORF=0RF1

0l
VMIN=0.000001+1+3

C MAIN LOOP
DO 1 1T=1,MAXI]

C INITIALIZE ERROR SUMS AND EXTREMES
SUM=EMAX=0.

NSU=0
€ START OF INNER LOOPS
DO 2 N=1,MA

NA=N
IST=IRS(N)
1EN=TRE(N)

DO 3 [=1ST,IEN
KST=KRS(1,N)
KEN=KRE(I,N)

DO 4 K=KST,KEN
C DECODE GEOMETRICAL DATA AND DETERMINE ADJOINING AGQUIFERS

90
91

ENCODE(10,90,1GC) 1G(I,K)
FORMAT(110)

FORMATC1011)

DECODE(10,91,1GC) CIGA(L),L=1,10)
IFCIGA(N) .LE.3) GO TO 4

NPD=NA

NN=NA-1

NPU=0

[F(NN.LT.1) GO TO 10
DO 5 L=1,KN
lFﬁlGA(L) .GT.1) NPU=L

0
IF(IGA(L) GT.1.AND.NPD.EG.NA) NPD=L

CONT
C ASSIGN PO]NT POTENTIALS
7 NP=NAt2+1

H=PACI,K,NP)
HI=PA(I ,K,NP-1)
HN=PA(1,K+1,NP)
HS=PA(1 ,k-1,NP)
HE=PA(l+1,K,NP)
HW=PA(1-1,K,NP)
HU=PA(I K ,NPU+2+1)
HD=PAC1 ,K;NPD*+2+1)

o ASSIGN HYDRAUL&C,PARAHETERS

14711779 09.42.20
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SUBROUTINE TRANSI 76776  OPT=1 FTN 4.6+460 14711179 09.42.20 PAGE 2

C APPLY FINITE DIFFERENCE EQUATION
C APPLY FINITE DIFFERENCE EGUATION
60 SH=HN «DN+HS *DS+HE *DE +HW+DW+HU+DU+HD+DD
ST=DN+DS+DE +DH+DU+DD
S0=SC(1,K,NA)tA*A/DT
DEL=(SH+H]+SD-DQ(1,k,NA) ) /(SD+ST)-H
PA(],K,NP)= H+ORF «DEL
65 C CALCULATE CONVERGENCE CHECKS
ER=ABS(DEL)
SUM=SUM+ER
EMAX=AMAX1(EMAX, ER)
NSU=NSU+1
70 4 CONTINUE
3 CONTINUE
2 CONTINUE
C END OF INNER LOOPS
C BYPASS CALL CARRE IF NCAR=0
75 [F(NCAR.LE.0) GO TO &
CALL CARRE(ORF,SUM, IT,NCAR,MAXI)
C CHECK FOR CONVERGEN {3
& CHE=SUM/NSU
1F(CHE.LT.CON) GO TO 9
80 1 CONTINUE
9 WRITE(61,900) IT,CHE,EMAX,ORF,ORF]
900 FORMAT(1HO, CONVERGED AFTER+,]l4,* ITERATIONSt,+ ERROR AVER.+,
1F7.3,¢ MAX.+,F8.3,/1X,*0OVER RELAXED BY+,F7.3,+ RESET TO«,F7.3)
ORF=0RF1
85 RETURN
END




SUBROUTINE RANGE 76176  0PT=1
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SUBROUTINE RANGE(IRS, IRE,KRS,KRE)
DIMENSION IRS(2),IRE(2),KRS(67,2),KRE(67,2),1GAC10)
COMMON/LEV/PA(67,58,5) ,HY(67,58,8),DG(67,58,2),1G(67,58)

COMMON_A, MNS ,MEW,MAQ
LEVEL 2,PA,HY,00.1G
C INITIALIZE
DO 1 K=1,MAQ
IRS(N)=1
[RE(N)=MEM
DO 1 1=1,MEW
KRS(I,N)=1

INUI
D’TERHINE RANGE K FOR EACH |
DO 2 MAQ
DO 2 I=1,MEW
00 2 k=1,MNS

ENCODE(10,90,
L=1,10)

.2) GO 70 2
E .EQ.MNS) KRS(I,N)=K

N-1.HAO

14711779 09.42.20
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FTN &4.6+460

SUBROUTINE ERANG(IRS, IRE,KRS,KRE)
DIMENSION IRS(2),IRE(2),KRS(67,2),KRE(67,2),1GA
COMMON/LEV/PA(67,58,5) ,HY(67,58,8),D0067,58,2),
COMMON_A,MNS, MEW,MAQ
LEVEL 2,PA,HY,DG, IG
C INITIALIZE
DO 1 N=1.HAO
IRS(N)=1
1RE(N)=MEN

(10
IG(67 58)

S
90,1GC) IG(I,K)
1.1GCY (1GACL),L=1,10)

.1) GO 10 2
.EQ.MNS) KRS(I,N)=K
20 NUE
C DETERH[NE RANGE 1
D0 3 N=
00 3 I=1.MEW

1.
IF(KRS(I,N).EQ.1) GO TO 3
IF(IRE(N) EQ.MEHW) IRS(N)=

1

14/11/79 09.42.20
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PROGRAM STOCAL 76176  OPT=1 FTN 4.6+460 15711779

PROGRAM STOCAL( INPUT,QUTPUT,GEQ, OLD,POT,MAN,NER, TAPE60=INPUT,
1TAPE61=0UTPUT, TAPE1=GED, TAPE2=0LD, TAPE3=POT, TAPE4=MAN, TAPES=NEN,
2THI, TAPE6=THI)
1EAEEQSIDg TBAL(2),TDRA(2) ,TSPE(2),BAL(2,100),DRA(2,100),
1?8?20N/5EV/PA(67 .58,5) ,HY(67,58,6),5C(67,58,2),D0(67,58,2),
COMMON_A,MNS,MEW,MAQ
LEVEL 2,PA,HY,SC,DQ,IG
A=25000
MNS=58
MEW=67

MAQ=2
€ INITIALIZE TOTALS
DO 1 N

1,MAQ
TBAL (N)=TDRACN) =TSPE(N)=0.
DO 1 L=1,100
BAL(N,L)ZDRACN, LY=SPE(N,L)=0.
1 CONTINUE
C READ TIME STEPS AND MODEL PARAMETERS
READ(60,90) NYST,NYEN,NSTP
NSTEP=NSTP
IF(NYST.EQ.NYEN) NSTEP=0
NSTP=MAXQ(NSTP, 1)
90 FORMAT(1X,13, ZX 13,1X,12)
READ(60,94) N
94 FORMAT({1)
READ(60,92) FBA
92 FORMAT(A3)
READ(60,93) PCT
93 FORMAT(F5.2)
NYEN=NYEN-NSTP
READ(60,95) TSPEC1),TSPE(2)
95 FORMAT(F15.5)
CALL REDGEO(1)
CALL REDHYD(2)
IF(FBA.EQ.3HSFE) GO TO 202
C START EF TiME STEP LOOP

DO 100 NY=NYST,NYEN,NSTP
NYE=NY+NSTEP

NTL=NTL+1
C DETERMINE LEAKAGE BY AOUIFER
IF(NA.EQ.2) GO 1u
CALL SLEAKA(1,NY, NYE 3.BALA)
TBAL (1)=TBAL (1) +BAL
BAL(1,NTL)=BAL(1, NTL)*BALA
101 CONTINUE
IF(NA.EQ.1) GO TO 1
CALL SLEAKA(2,NY, NYE 3,BALA)
TBAL(Z) TBAL (2) +BAL
L(2,NTL)=BAL(2, NTL +BAL
C DETERH!NE BOLNDARY FLOWS BY AOU[FER
102 CONTINUE
IF(NA.EQ.2) GO TO 103
CALL SBOUNDC1,NY,NYE,3,BALA)
BAL(1,NTL)=BAL(1,NTL) +BALA

10.53.02
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PROGRAM STOCAL 76/76  OPT=1 FTN 4.6+460

TBAL(1)=TBAL(1)+BALA
103 CONTINUE
IF(NA.EQ.1) GO TO
CALL SBOUND(2,NY, NYE 3,BALA)
BAL (2, NTL)=BAL(2, NTL)*BALA
TBAL (2)=TBAL (2) +BA
C DETERMINE ARTIFICIAL DIS’HARGE BY AQUIFER
104 CONTINUE
IF(NA.EQ.2) GO TO 105
CALL STOTAQC1,NY,NYE, 4, BALA)
BAL(1,NTL)=BAL(1,NTL)-BALA
TBAL(1)=TBAL(1)-BALA
105 CONTINUE
IF(NA.EQ.1) GO TO 106
CALL STOTAG(2,NY,NYE,4,BALA)
BAL(2 NTL)=BAL(2,NTL)-BALA
TBAL(2)=TBAL(2)-BALA
C DETERMINE EFFECTIVE DRAWDOWN VOLUME, SPECIFIC STORAGE FOR TIME STEP
106 CONTINUE
IF(NA.EQ.2) GO TO 107
CALL EFDRAH(1,NY,NYE,3,6,DRAN)
DRA(1,NTL)=DRAW
TDRA(1)=TDRA(1) +DRAN
SPE(1,NTL)=BAL(1,NTL) /DRAH*(-1)
107 CONTINUE
IF(NA.EQ.1) GO TO 1
CALL EFDRAH(Z, NY, NYE 3,6,DRAW)
DRA(2,NTL)=DRAK
TORA(2)=TDRA(2) +DRAN
SPE(Z NTL)=BAL(2,NTL)/DRAR=(~1)
108 CONTINUE
100 CONTINUE
IF(TDRAC1).NE.O.) TSPE(1)=TBAL(1)/TDRA(1)+*
IF(TDRA(2) .NE.0.) TSPE(2)=TBAL(2)/TDRA(2)+
C TABULATED OUTPUT
NYEND=NYEN+NSTP
WRITE(61,901) NYST,NYEND
901 FORMATC1H1,20X, *CALCULATION OF SPECIFIC STORAGE COEF+,* FOR 1,

113, T0 1+,13,/21X,10(7H---~--~ )
WRITE(61,902)
902 sg?¥é¥(1H0 LXK AQGU T FER 10,33, AQU I FER 2v)

903 FORMAT(1X,* INTERVAL*,5X,tFLOW-BAL (M3)«,5X, *DRAWDOHN (M4)=,5X,
1#SPEC,ST. +,5X, *FLOW-BAL (M331,5X, tDRANDONN (M4)+,SX, *SPEC. stie;
261¥.808(1H.))

DO 200 NY=NYST,NYEN,NSTP
NYE=NY+NSTP
NLT=NLT+1

WRITE(61,904) NY,NYE,BAL(1,NLT),DRACT, NLT),SPECT,NLT),BAL(2,NLT),

1DRA(2,NiT),SPE(2,NLT)
904 FORMAT(1X,2H 1,13,2H-1,13,2(5X,E13.6,5X,E13.6,3X,F10.8))
200 CONTINUE
WRITE(61,905)
905 FORMAT(1X, 108¢1H-))
NYEN=NYEN+NSTP
WRITE(61,904) NYST,NYEN,TBAL(C1),TDRAC1),TSPEC1),TBAL(2) ,TDRA(2),
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PROGRAM STOCAL 76/76  OPT=1 FIN 4.6+460

11SPE(2)
[A=1

18=2
IF(NA.EQ.1) 1B=1
IF(NA.EQ.2) 1A=2
DO 203 IC=IA,IB
FAC=PCT+BALA/100./(BALC1IB,NLT)+BALA)
HRITE(61,906) IC,FAC,PCT
906 FORMAT(1H0, +FINAL PER10D SEALE FACTOR FOR AQ.x,12,+ 15+,F7.3,
1* FOR¢,F7.2,+ PERC.BAL.+
203 CONTINUE
IF(FBA.EQ.3HINF) GO TO 400
[F(FBA.EQ.3HBAL) GO TO 202

z1A, 18

o

N).E0.-9999.) GO TO 201
HYCI,K,N)ZHY{T K, N tFAC
201 CONTINUE
WRITE(61,909)
909 FORMAT(1HO, +NEW HYDR. PARAMETERSt)
GO TO 302
202 CONTINUE
1A=1
1B=2
1IF(NA.EQ.1) IB=1
1F(NA.EQ.2) [A=2
C CALE%EA{E SZORAGE COEFFICIENT

DO 300 N=1, HAG

DO 300 k=1,M

READ(6,91) (DO(I K N), I=1,MER)
91 FORMAT(14X,6E11
300 CONTINUE

DO 301 N=1A,1B

SC(1,K,N)=DOCT,K,N)«TSPE(N)
1FCPACE, K, N+2+1) EQ.-9999.) SC(I,K,N)=-9999.
301 CONTINUE
WRITE(61,908)
908 FORMAT(1HO, +NEW STORAGE COEFFICIENT®)
302 CONTINUE
CALL OUTHYD(5,880)
400 CONTINUE
END

15711479

10.53.02

PAGE

3

Jo5




10

15

20

25

30

35

40

45

56

55

PROGRAM VERTAD 76/76  OPT=1 FTN 4.6+460

PROGRAM VERTAD( INPUT,OUTPUT,GEQ,OLD,POT,MAN, NEH, TAPE6C=INPUT,
1TAPE61=0UTPUT, TAPE 1=GEQ, TAPEZ2=0LD, TAPE3=POT, TAPE4=KAN, TAPES=NEW,
2NFY, TAPE6=NFY)

DIMENSION IRS(2),IRE(2),KRS(67,2),KRE(67,2)

DIMENSION TP(10)

22H20Né%FV/PA(67 ,58,5) ,HY(67,58,8),D00€67,58,23,1G(67,58),

1
COMMON A, MNS , MEW, MAG
LEV‘LOZ .PA,HY,D0. 1G,AR

MAQ=2
C READ CONTROL DATA
READ(60,90) IYST,IYEN
90 FORMAT(1X,13,2X,13)
REAC(60,91) NA
READ(60,91) MODE
91 FORMAT(I11)
TP(1)=10HRECALCULAT
TP(2)=10HED BALANCE
TP(3)=10H AQUIFER
ENCODE(10,92,TPC) NA
92 FORMAT(12,8X)
DECODE(10,93,TPC) TP(4)
93 FORMAT(A10)
99 FORMAT(A1)
C READ DATA
CALL REDGED(1)
CALL ERANGCIRS, IR E KRS ,kKRE)
CALL REDPOT(3,1YST)
CALL REDHYD(2)
c lNlTéﬁngg POTENTIALS, DISCHARGES, AVERAGE OF VP

NAVP= 0
Do 1
D0 1 l
Do 1

NG= N'Z
NP=Ng+1

DOCI,K,N)=0

PA(I, K NQ)= PA(I K, NP)
TIE(N.NE.NA) GO 1O
IF(HV(I.K,N).LE.O.) GO 70 1
OAVP=0AVP+HY (1 K, N)
NAVP=NAVP+1

CONTINUE

OAVP 8AVP/NAVP

NAVP 0

NSTP=1

CALL HISDIS(4, IYEN)

IFCI1YST.EQ. 1YEN) GO T0 2

NSTP=MAX0(1, [YEN-1YST)

CALL SERDAT(MNS,MEW,3,IYEN,NA,1HP,AR,61)
DD 3 I=1,MEW

D0 3 K=1,MNS

1,MAQ
1,HEH
HNS

II ll ll

-
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PROGRAM VERTAD 76176  0PT=1 FTN 4.6+460

3

PACI K, NA*2+1)=AR(] ,K)
AR(],K)=-9999,
CONTINUE

2 CONTINUE

LL EQUAL(IYST,IYEN,6)

CAl
C lNlTﬁnggE STATISTICAL SUMS

Ui=0
S0LB=S0LB2=SNEW=SNEW2=0.

C NODAL LoOP

10

IST=1RS(NA)

[EN=IRE(NA)

DO 10 I=IST, IEN

KST=KRS(1,NA)

KEN=KRE(1,NA)

DO 10 K=KST,KEN

AR(I,K)=

CALL 'VERCAL(I,K,NA,NSTP,OLB, KEB, MODE)
TFCOLB.EQ.0. .AND.WEB.EQ.0.) GG T0 10
ARCI,K)=HEB

S0LB=S0LB+0LB

SOLB2= SOLBZ*OLB"Z

SNEW=SHEW+HEB

SNEW2= SNEHZ*HEB“Z

NSUM=NSUH+1

RAVP=RAVP+HY (1 ,K,NA)

NAVP=NAVP+1

CONTINUE

C CALCULATE STANDARD DEVS AND PRINT

900
903
905
502

904

S1G0=SGRT(SOLB2/NSUM)
SIGN=SORT(SNENW2 /NSUM)
RAVP=RAVP/NAVP
RAT=RAVP/QAVP
HRITE(61,900) NA
FORMAT (1H1,20X, tAQUIFER+, 13, /1X,20X,10(1H-))
HRITE(61,903) 1YST,IVEN
FORMAT (1HQ, *NEW VERT. PERMEAB. FOR PERIOD 1+,13,s TO 1+,13)
WRI1TE(61,905) MODE
FORMAT(1X, *MODE+, 13)
WRITE(61,901) SOLB,SIGO
FORMAT (1HO, *OLD BALANCE+,E12.6,+ STAND.DEV.+,E12.6)
FORMAT(1H , tNEW BLALANCE: ,E12.6,+ STAND.DEV.*,E12.6)
WRITE(61,902) SNEW,SIGN
HRITE(61,904) RAT
FORMAT (110, tRATIO NEW/OLD VP *,E13.6)
AMAP (MEW, NS, 61, AR, THN, TP, 4)

CALL SM
C WRITE NEW HYDRAULICS FILE

CALL OUTHYD(S, IYEN)
END
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SUBROUTINE VERCALCIN,KN,NN,NSTP,OLB,WEB,MODE)
DIMENSION IGA(10)
COMMON/LEV/PA(67,58,5),VP(67,58,2),TE(67,58,2),75¢67,58,2),
15€(67,58,2),00¢67,58,2),1G(67,58)
COMMON_A, MNS,MEH,MAQ
LEVEL 2,PA,VP,TE,TS,SC,DQ, IG
STP=NSTP+365.+86400.
EPS1=0.0000001%2
C DETERMINE GEOMETRICAL STATUS
90 FORMAT(110)
91 FORMAT(1011)
OLB=HEB=0.
ENCODE(10,90, IGC) IGCIN,KN)
DECODE(10,91, 1GC) (IGA(L),L=1,10)
[FCIGA(NN) .LE.2) RETURN
C DETE%E%N%NADJOXNING AQUIFER NO.

NNP=NN-1
NPU=0
lF(NNP LT 1) GO TO 2
DO 1 L=1,KNP
IF(lGA(L) GT.1) NPU=L
CONTINUE
CONTINUE
DO 4 L=NN,1
IFCIGACL). CT 1.AND.NPD.EG.NN) NPD=L

4 CONTINUE
c ORlGINAL FLOWBALANCE

ACIN,KN,NN#2+1)
FN TSCIN,KN, NN)'(PA(]N KN+1,NN*2+1)-H)

~N—-

FS=TSCIN,KN=1,NN) + (PACIN,KN=1,NN+2+1)-H)
FETECIN.KN,NN) £ (PACIN+1 KN, NN+2+ 1) -H)
FH=TECIN-1,KN,NN) + (PACIN-1,KN,NN*2+1)-H)
FU=VPCIN, KN, NN) « (PACIN,KN,NPU#2+1)-1i)
FD=VP(IN,KN, NPD) « (PACIN,KN,NPD+2+1) -H)
FQ=-DOCIN,KN,NN

KN, NN)
ST=SCCIN,KN, NN)'(PA(]N KN,NN+2)-H) /STP*Ae+2
OLB=FN+FS+FE+FU+FUSFD+FQ+8T

WEB=0LB
C DETERMINE VERTICAL FLOH CORRECTION
DC=PACIN,KN,NPU*2+1
1F(ABS(DL) .LT.EPST) RETURN
TC=VPCIN, KN, NN
FC=DC+TC
COR=1.0
FN=FC-0LB
IF(ABS(FC) .GT.EPST) COR=FN/FC
TN=AMAX1(EPSI, TC+«COR)
IF(MODE.EQ.1) TN=AMAX1(TN,TC+0.5)
[F(MODE.EQ.3) TN=TC
IF(HODE EQ.1)TN= AHIN1(TN TC+2.)
(MODE. EO 0) TN=TC
c LIHIT DOHN LEAKAGE
IF E.NE. 0) GO _TO_3
%F(DC .LE.0.) GO TO 3

EPSI
WRITE(61,900) IN,KN
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SUBROUTINE VERCAL 76176  OPT=1 FTN 4.6+460 15/11/79 10.53.02 PAGE 2

900 FORMAT(1X,20H+++«DOWN LEAKAGE NODE,213,* SET TO MINIM.+)
3 CONTINUE
60 FN=DC+TN
HEB=0LB-FC+FN
IF(ABSCKWEB) .LT.EPSI) WEB=0.
VPCIN, KN, NN)=TN
RETURN
65 END

NOS
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SUBROUTINE NODBAL 76176 0OPT=1 FTN 4.6+460

13g$g?UTINE NODBAL(1P,kP,NP,1S,KS,NS,LFL,SBC,SBN,TC, TN ,SBS, S8BT,

DIMENSION 1GP(10),1GS(¢10)

COMMON/LEV/PA(67,58,5) ,VP(67,58,2),TE(67,58,2),T75(67,58,2),

15C¢67,58,2),00¢67,58,2),1G(67,58)
COMMON_A,MNS,MEW, MAQ, ORF,AVER,SIG
LEVEL 2,PA,VP,TE,TS,SC,DG, IG
STP=NSTP+365.+86400.

S1G=0.

SBC=SBN=0.

SBS=5BT=0.

TC=TN=0,

EPS1=0.0000001++2

899 FORMAT(1X,313)
C DETERMINE GEOMETRICAL STATUS EXCLUDE OUTSIDE NODES

90 FORMAT(I110)

91 FORMAT(1011)
ENCODE (10,90, 1GC) IG(IP,KP)
DECODE(10,91,1GCY (IGP(L),L=1,10)
ENCODE(10,90,IGCY IG(IS,KS)
DECODE(10,91,1GL) (IGS(L),L=1,10)

HP=PA(IP ,KP,NP*2+1)
HS= PA(IS KS,NS*2+1)

0C=
C DETERHlNE ADJO]NING AGUIFER NOS

——
~N—

21
22

23

NNP=NP-1

NPU=0

IF(NNP.LT.1) GO TO 12

DO 11 L=1,NNP

IF(lGP(L) GT.1) NPU=L

CONTINUE

CONTINUE

D0 13 L=NP,10
IFCIGP(L).GT.1.AND.NPD.EQ.NP) NPD=L
CONTINUE

IF(NNS.LT. 1) GO TO 22

DD 21 L=1,NNS

1ECIGS(LY.GT.1) NSU=L

CONTINUE

CONTINUE

DO 23 L=NS,10
1FCIGS(L).GT.1.AND.NSD.EG.NS) NSD=L
CONTINUE

C DETERMINE FLOW BALANCE PRINCIPAL NODE

FN=TSCIP,KP, NP) « (PACIP KP+1, NP'2*1) HP)
TECPACIP, KP01 NPe2+1).EQ. -999 ) FN=0.

FS=TSC(IP,KP-1,NP) + (PACIP,KP-1 NP'2*1) HP)
IF(PA(IP.KP 1.NP*2+1).EQ.-9999.) FS=0.
FEZTECIP,KP,NB)+ (PACIP+1,KP,NP+2+1)-HP)
IF(PACIP+1,KP,NP+2+1) E0.-9999.) FE=0.
FW=TECIP-1,KP,NP) *(PACIP-1,KP, NP'2+1) HP)
IF(PACIP-1,KP,NP*2+1) .EG.-9999.) FW=0.
FU=VPCIP,KP,NPY+ (PAC TP KP,NPUS2+1) -HP)
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FO=VP(IP,KP,NPD) *(PACIP,KP ,NPD+2+1) -HP)
FQ=-D0(1P,KP,NP)
ST=SCCIP,KP,NP) ¢ (PA(IP ,KP,NP+2)-HP) /STPrA«+2
SBC=EN+FS+FE+FR¢FU+FD+FQ+ST

C DETER:INE FLORBALANCE SECONDARY NODE

(1S,KS,NS) «(PA(IS,KS+1,NS¢2+1)~HS)
IF(PACIS,KS+1,NS¢2+1).E0.-9999.) FN=0.
FS=T5C1S,KS-1,NS) = (PACIS,kS-1,N5¢2+1) ~HS)
[FC(PACIS,KS-1,NS+2+1).EG.~9999.) FS=0.
FE=TE(IS,KS,NS) * (PA(1S+1,KS,NS2+1)-HS)
IF(PA(ISOI.KS,NS'2*1).EO.-9999.) FE=0.
FH=TE(1S-1,KS,NS) + (PAC1S-1,KS ,NS+2+1)-HS)
IFCPACIS-1,KS.NS¥2+1) .EQ.-9999.) FH=0.
FU=VPCI5,KS$, NS) + (PACTS kS, NSU=Z*1) HS)
FD=VP(IS,KS, NSD)!(PA(IS K§,NSD*2+1)-HS)
FO=-D0C1$,k$
ST=SC(1S,KS, NS)'(PA(IS KS,NG*2)-HS5) /STPrAr+2
SBS=FN+FS+FE+FH+FU+FD+FO+ST
SaT= SBaT SBS

SBN= SBC
C DETERHINE EUR?EN{SCONNEETOR TRANSH.

[CO=MIN

KCO=MINO(CKP,KS)

NCO=MINOCNP, NS)

IFCIP.EO. IS.AND.KP.NE.KS) TC=TS(I1C0O,KCO,NCO)
IFCIP.NE.IS.AND.KP.EO.KS) TC=TE(ICO,KCO,NCO)
IF(IP.EQ. IS.AND.KP.EG.KS) TC=VP(I1C€0,KCO,NCO)
[FCIGP(NP).LT.2.0R.IGS(NS).LT.2) TC=0.

C BOUVDARY ABSORPTION

CIGP(NP).GT.2.AND.IGS(NS).GT.2) GO TO 30

1F
L GENERAL EXCLUSIONS

3

1ECIGP(NP) ,LT.2.0R.IGSC(NS).LT.2) GO TO 10
(IGS(NS).EQ.2.AND.LFL.EQ.0) GO TO 10
(IGP(NP).EQ.2.AND.LFL.EG.0) GO TO
(IGP(NP) .EQ.2.AND. IGS(NS).EG.2) GO T0 10
(IGP(NP) .EQ.2) GO TO 31
(DC.GT.0..AND.LFL.EQ.-1) GO TO 10
(DC.LE.0..AND.LFL.EG.1) GO TO 10

SBCT=SBCT+AVER#S1G+URF
SBST=SBCT+(-1)

GO 70 30

CONTINUE

1F(DC.GT.0..AND.LFL.EQ.1) GO TO 10
[E(DC.LE.0..AND.LFL.EQ.-1) GO TO 10
S1G=ABS(DC)

SBST=SBST+AVER+*SIG+ORF

SBCT SBST(-1)

IF
IF
IF
If
IF
IF

30 CONTINUE
C DETE%SINEogoRRECTIONS AND NEW BALANCE

FC=DC+TC

FN=FC+(SBST-SBCT)>/2.
IF(ABS(FC).GT.EPS]) COR=FN/FC
TN=AMAX1(EPS!,TC+*COR)

C EXTERNALLY SET LIMIT TO TRANSM.

TN=AMIN1CTN,0.1)

FTN 4.6+460 15/11/79 10.53.02
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115 FN=DC«TN
SBN=SBC-FC+FN
SBT=SBS+FC-FN
10 CONTINUE
IFCTN.EG.0.) TN=T(
120 IFCIGP(NP) . LT.3) SBN=0.
RETURN
END
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SUBROUTINE CALMOD 76176  OPT=1 FTN 4.6+460

SUBROUTINE CALMOD(MAXI,ORFI,CON,NCAR, IRS, IRE,KRS,KRE)
DIMENSION IGA(10),1RS(2),IRE(2),KR5(67,2) ,KRE(67,2)
COMMON/LEV/PA(67,58,%),VP(67,58,2),TE(67,58,2),T5(67,58,2)

1,5C¢67,58,2),D0(67,58,2),1G(67,58)

COMMON A MNS,MEW,MAQ
EL 2,PA,VP,TE,TS,SC,00, 1G

LEVI
C GENERAL INITlALlZATXONS

ORF=0RF{
VHMIN=0.000001¢+3

C MAIN LOO
D0 1 1T=1,MAXI]
c lNITéﬁh!éE ERROR SUMS AND EXTREMES

NSU=0
C START OF INNER LOGPS
D0 2 N=1,MAG

NA=N
IST=IRS(N)
1EN= IRE(N)

DO 3 I=I3T,IEN
KST= KRS(I N)
KEN‘KRE(I N)

D T,KEN
C DECOEECSEOHcTRlEAL DATA AND DETERMINE ADJOINING AQUIFERS

90
N

E(10,90,1GCY 1G(1,K)
FORMAT(110)
FORMAT(1011)
DECODE(10,91,1GC) (IGA(L),L=1,10)
IFCIGA(N) .LE.2) GO TO 4
NPD=NA
NN=NA-1

NPU=0
1FCNN.LT. &) GO 10 10

DO S L
IF(IGA(L) GT.1) NPU=L
NUE

L=N,10
lF(lGA(L) GT.1.AND.NPD.EG.NA) NPD=L

NTINU
C ASSIGN POINT POTENTIALS
7 NP=NA2+1

HU=PACT, K, NPU*2+1)
HD=PA(] K ,NPD+2+1)

C ASSIGN HYDRAULIC PARAMETERS
DN=TS( )

05=TS(1,K-1,NA)
DE=TE(1.K,NA)
DH=TE(I-1,K,NA)
DU=VP(],K,NA)
DD=VP(1,K,NPD)
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C APPLY FINITE DIFFERENCE EQUATION
SH=HN +DN+HS « DS +HE + DE +HMW *DR+HU*DU+HD «DD

60 gT 8NODS'DE*DH'DU*DD
S0=D0¢1, K NA)
DCOF=0
COR=AHIN1(H.PA(I.K,NP-1))

65 1F(PA(I,K,NP-1).LE.0.) COR=H

DELA=(SH+DCOF«COR) /(ST+DCOF)
DEL=(SH-S0) /ST-H
SGA=(CELA-COR) *DCOF
IF(SOA GE.O0..AND.SOA.LT.S0) DEL=DELA-H
70 PA(T,K,NP)=H+DRF+DEL
C CALCULATE CONVERGENCE CHECKS
ER=ABS(PA(I ,K,NP)-H)
SUM=SUM+ER
EMAX=AMAX1(EMAX,ER)
75 NSU=NSU+1
4 CONTINUE
3 CONTINUE
2 CONTINUE
C END OF INNER LOOPS
80 € BYPASS CALL CARRE IF NCAR 0
lF(NEAR LE.Q) GO 70 8
CALL CARRE(ORF,SUM, [T, NCAR,MAX])
C CHECK FOR CONVERGENCE
& CHE=SUM/NSU
85 IFCCHE.LT.CON) GO TO 9
1 CONTINUE
9 WRITE(61,900) IT,CKE,EMAX,ORF,ORFI
900 FORHAT(1H0 +CONVERGED AFTER+, i4,* ITERATIONS+,+ ERROR AVER.*,
7.3,* MAX+,F8.3,/1X,+0VER RELAXED BY+,F7.3,+ RESET T0+,F7.3)
90 ORF ORF1
RETURK
END
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899

SUBROUTINE REXBAL 76176 OPT=1 FTN 4.6+460

1§gBRSg}INE REXBAL(RCF,IP,kKP NP, IS,KS,.NS,LFL,SBC,SBN, TC, TN ,SBS,

DIMENSION IGP(€10),1GS(10)
COMMON/LEV/PA(67,58,5),VP(67,58,2), TE(67,58,2),T5(67,58,2).
1SC¢67,58,2),00(67,58,2) ,1GC67,58) ,AR(67, 58)
COMMON A, MNS,MEN, MAO, ORF, AVER, S1G

LEVEL Z,PA,VP,TE.TS,SC.DQ.IG,AR
STP=NSTP+365.+86400.

S1G=0.

SBC=5SBN=0.

§B85=5BT=0.

TC=TN=0.

EPSI=0. 0000001"2

FORMAT(1X,313

C OETERMINE G%OSETRICAL STATUS EXCLUDE QUTSIDE NODES

90
N

FORMA

FORMAT(1011)
ENEODE(10,90,1G0) IS
DECODE(10,91,1GCY (I
ENCODE(10,90,1GC) 1G
DECODE(10,91,1GCY (1
HP=PACIP ,KP,iP+2¢1)
HS=PA(IS kS ,NS+2+1)

DC=HS-HP
C DETERMINE ADJOINING AGUIFER NOS
NPD=NP

-

13

21
22

KNP=NP-1

NPU=0

[F(NNP.LT.1) GO TO 12

DO 11 L=1,NNP

1F.IGP(L). GT 1) NPU=L

C/NTINUE

CINTINUE

D' 13 L=NP,10

IF " IGPGE) .GT.1.AND.NPD.EG.NP) NPD=L

lF(NNS LT 1) GO TO 22

D0 21 NNS

lF(IGS(L) GT.1) NSuU=L

CONTINU

CONTINUE

D0 23 L=NS,10
IFCIGSCL).GT.1.AND.NSD.EQ.NS) NSD=L

23 CONTINUE
C DETERMINE FLOW BALANCE PRINCIPAL NODE

FN=TS(IP,KP ,NP)« (PACIP,KP+1, NPt201)-HP)
IFCPACIP.kP+1,NP*2+1),EQ, ~-9999.) FN=0.
FS=TS(1P,kP-1,NP) +(PACIP,KP- 1 NP-2*1) -HP)
IFCPACIP,KP-1:NP*2+1).EQ.-9999.) FS=0.

FE=TECIP,KP,NP)+ (PACIP+1,kP, NP!201) -HP)
IF(PACIP+1,KP,NP+2+1) EQ.~9999.) FE=(.
FH=TECIP-1,kP,NP) s (PACIP-1,KP,NP+2+1) -HP)
IF(PACIP-1.KP NP*2+1).E0.-9999.) FH=0.
FU=VP(IP kP ,NP)+ (PACIP kP, NPU+2+1)-HP)

15711779
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25

£D=VP(IP,KP,NPD) * (PACIP KP,NPD+2+1)-HP)
FG=-DO(1P,KP,NP)

TARGET=HP

IFCIGP(NP) .NE.5) GG TO 24
IF(PACIP,KP,NP+2).LE.0) GO TO 25
TARGET=PA(IP ,KP,NP+2)+ABS(FQ) *50.
TARGET=AMAX1 (TARGET , HP)

IFCIGPC(NP) . LT.3.0R, IGPCNP) .EG.5) GO TO 25
IFCARCIP,KP) . LE.O.) GO TO 25
TARGET=ABS(AR(IP,kP))

HFP=HP-TARGET

SBC=FN+FS+FE+FH+FU+FD+FQ

SBC=SBC+HFP+RCF

C DETERHINE FLOWBALANCE SECONDARY NODE

26

27

=TS(IS,KS, HQ)*TS(IS KS-1,NSI+TE(IS,KS,NS)+TE(]S,KS-1,NS)
lF(AR(IS kS).LE.0.) Ti=0.

FN=TS(IS,KS, NS)t(PA(lS KS+1,NS512+1)-HS)
IF(PA(IS.KS*1.NS'2‘1).EO.-9999.) FN=0.
FS=TS(1S,kS~1,NS)*(PA(1S,KS-1,NS5+2+1)-HS)
IFCPACIS,KS-1,N5*2+1).EQ.~9999.) FS=0.
FE=TECIS.KS, N§) ¢ (PACIS+1.KS, NS!2'1) -HS)
1F(PACIS+1,KS, NS+2+1) . EQ.~9999.) FE=0.
FA=TE(1S-1,KS,NS) * (PACIS-1,KS,NS+2+1)-HS)
IFCPACIS-1.KS,N5*2+1) .E0.-9999.) FW=0.
FU=VP(15,KS, N5) 2 (PACIS kS, NSU*2+1)-HS)
FD=VP(5,KS, NSD) + (PAC1$,kS,NSD*2+1) -HS)
F0=-DQ(1S,KS,NS)

TARGET=HS

[FCIGS(NS) .KE.5) GO TO

IFCPACIS,KS,NS+2) . LE.0.) GO 10 27
TARGET=PA(1$,kS,NS12) +ABS(FG) +50.
TARGET=AMAX1 { TARGET , HS)
IECIGS(NS).LT.3.0R. IGS(NS) EG.5) GO TO 27
IF(AR(IS,kS).LE.0.) GO 4
TARGET=ABSCAR(1S,KS))

HFS=HS-TARGET

SBS=FN+FS+FE+FW+FU+FD+FQ

§85=5BS+HFS+RCF

SBT=GBST= SBS

SBN=SBCT=5SBC
C DETERMINE CURRENTSCONNECTOR TRANSM.

1CO=MINOCI

KCO=MINOCKP,

NCO=MINOCNP ,NS)

IFCIP.EQ.1S.AND.KP ,NE . KS) TC=TS(ICO,KCO,NCO)
IECIP.NE.IS. AND KP.EQ.KS) TC=TE(I1CO,KCO,NCO)
{EE P.EG.IS.AND.KP EQ.KS) TC=vP(1CO,KCO,NCO)

GP(NP) . L} .2.0R.IGSCNS).LT.2) TC20.

C BOUN?ARY ABSOR

F(IGP(NP) GT 2 AND.IGS(NS).GT.2) GO TO 30

C GENERAL EXCLUS

ONS
IF( P(NP) LT.2.0R. IGS(NS).LT.2) GO TO 10
IFC]IGS(NS) .EQ.2.AND.LFL.EQ.0) GO TO 10
IECIGP(NP) .EQ.2.AND.LFL,EQ,0) GO TO 10
}EE GP(NP) .EQ.2.AND. ]GS(NS).EG.2) GO TO 10
1F(C

GP(NP).E0.2) GO TO 31
C.GT.0..AND.LFL.EQ.-1) GO TO 10

O
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31

30 C

é?éDEBLE .0..AND.LFL.EG.1) GO TO 10

SBCT= SBET*AVER‘SIG*ORF

SBST=SBCT*(-

GO TO 30

CONTINUE

1F(DC.GT.0. .AND.LFL.EQ.1) GO TO 10

IF(DC.LE.Q. .AND.LFL.EQ.-1) GO TO 10
S1G6=ABS(DD)

SBST=SBST+AVER+SIG*ORF

SBCT SBST!( 1b)

ONTINU
C DETE%EINEOSORRECTIONS AND NEW BALANCE

10

FC=TC+0C
FN=FC+(SBST-SBLCT)/
IFCABS(FC).GT. EPSI) "COR=FN/FC
TN=TC+COR
TN=AHIN1(TN.0.5)
TN=AMAX1(TN,0.00001)
FN=TN+DC

SBN=SBC-FC+FN
SBT=SBS+FC-FN

CONTINUE

IF(TN.EQ.0.) TN=TC
IFCIGP(NP).LT.3) SBN=0.
RETURN

END

FTN 4.6+460 15/11/79

10.53.02

PAGE

3

HO6




10

15

20

25

30

35

40

45

50

55

PROGRAM NODIS 76176  OPT=1 FTN 4.6+460 15711779 11.146.44

PROGRAM NODIS(INPUT,OUTPUT,FDOS,SCRAT,DFIL, TAFE60=INPUT, TAPE61
1=0UTPUT, TAPE10=FDOS, TAPE20=SCRAT, TAPE30=DF {1 ,ART, TAPE40=ART,
1FDO1, TAPES=FDO1)

DIMENSION NBON(40000),NOAC(4000),015¢10,4000),NBS(10),NBNC10),
1YR(¢200), TH(200) ,D1¢200) ,DIAC1007 ,ALC€20),BIH(4000) ,NOINC4000)

DIMENSION VA(3),VB(3)

COMMON /AINBON

LEVEL 2,NBON,DIS

EQUIVALENCE (NBON.DIS)

INTEGER DUM

DATA NOAC/4000+0/

DO 11 N=1,40000

NBON(N)=0

11 CONTINUE

10=61

NOB1=1

N0OB2=1

NOL1=67

NOL2=58

NOR1=NOL 1-NOB1

NOR2=NOL2-NOB2

C REQDKRI?CHARGE DATA BY BORE

B=3
5 READ(10,92) (NC,NV,NCC,KHW,AQ, (YR(K),TH(K),DI(K),K=KA, KB))
92 FORMAT(2X,I1,AS, 11.16,A1.2X.3(2F2.0.F4.0.12X))
IF(EOF(10)) 50
6 1F(AQ.EG.1HA.OR.AQ. EO 1HZ .0R.AQ.EQ.1HY) GO TO S
C CONVggT7TIHE AND DISCHARGE

K=KA,KB
TFCYR{K).£0.0.AND.DI(K).EQ.0) GO TO 7
TECYR(K) .GT.74) YR(K)=180C.+YR(K)+TH(K)/12.
1F(YR(K).LE. 74) YR(K)=1900.+YR(K) +TH(K}/12.
DI(K)= DI(K)I
IF(K. GT .AND.YR(K) .LE.YR(K-1)) YR(K)=0.
7 CONTINU
IF(NCC EG 0} GO 70 8
KA=KB+1
KB=KA+2
GO 70 5
TERPOLATION
gSTOSECTIONKSEFORE READINGS

IFCYR(N).GT.0) GO TO 10
9 CONTINUE

CIN
CFl

[A=YR(N)
DO 12 K=1880,1A
DIA(K- 1880*1) 0.
12 CONTINUI
o HAéNK;ART lNTERPOLATION
IF(KZ GT KB8) GO TO 14
DO 13 K=kZ,kB
1F(YR(K).GT.0) GO TO 15
13 CONTINUE
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PROGRAM NODIS 76176 OPT=1 FTN 4.6+460

14 1A=YR(KA)
DO 16 K=IA,1979
DIACK-1880+1)=DI(KA)
16 CgNTéNUE

G 17
15 GRA (Dl(K) DI(KAY)/(YR(K)-YR(KA))

DD 18 I[=NZ,NA
DIAC1-1880+1)=DI(KA)+(1-N2) *GRA
18 CONTINUE
KA'K

19
C RE;L%CE BORE BY NODE IDENT
C READ MATCHING MASTERCARD AND DETERMINE GRID
110 READ(5,192) NVM,HHM,VA(1),VA(2),VA(3),vB(1),VB(2),VB(3)
192 FORMAT(3X,A5,1X,16,10X,F3.0,5F2.0)
[F(EOF(5)) 50,111
111 IF(NV.EQ.NVM.AND.NW.EQ.NWM) GO _TO 112
IF(NV.NE .NVM.OR.NHM.LT.NW> GO TO 110
BACKSPACE 5
HWRITE(61,1903) NV, NW
1903 FORMAT(1X,21H+++MASTERCARD VOLUME
GO T0 2
112 CONTINUE
CALL GRIDNO(XEH YNS,VB,VA,0)
[=XEW+0
K=YNS+0. 5
1F(1.LE.NOL1.AND.K.LE. NOL2 AND.I.GT.0.AND.K.GT.0> GO TO 118

WRITE(61,1900) I,K,NH,N
1900 Fg?HAT(ZZH *+20UT OF RANGE GRID ,14,1X,14,* AT WELL+*,17,+ VOL+,

A5, % WELL+,17,% NOT FOUNDs*)

GO T
118 nN (I “081)'(N0R2*1)0K -NOB2+1
c HRITE SCRATCH FILE SCRAT
ITE(2 90

900 FORHAT(I

WRITE(20, 901) (DIA(N) ,N=1,100)
901 EOR?ATE10F 0.3

0

50 REWIND 10

C ACCUMULATE NODES

DO 51 ML=1,10
DO 52 N=1,4000
DO 53 NY=1,10
DIS(NY,N)=0.

53 CONTINUE

52 CONTINUE

2
55 READ(20,9

, 96
56 READ(ZE DIACK)Y,k=1,100)

+K
S(K,NN) +DIA(KK)

15711179 11.14.44 PAGE
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PROGRAM NODIS 76/76  0OPT=1 FTN 4.6+460
54 CONTINUE
GO 10 55
C GROUP QUTPUT ON SCRATCH FILE FDOS
57 DO 60 k=1,
JK=(HL=1) «10+K+1880-1
WRITE(30,902) JK
302 FDRHAT(1HY,16)
NAC=0
DD 61 L=1,4000
TFCNDACCL).LT.1) GO TO 61
NAC=NAC+1

11=(L-1)/(NOR2+1)+N0OB1
=L-(11-NOB1) «(NOR2+1) +NOBZ~1

Kk=2
WRITE(30,903) 1I,JJ,KK,DIS(K,L)
903 FORMAT(312,F10.3)
61 CONTINUE
60 CONTINUE
51 CONTINUE
C FINAL OUTPUT
REWIND 3

0
70 READ(30,95) (AL(K),K=1,20)
95 FORMAT(20A1)
IF(EOF(30))80 Al
71 DO 72 k=1,NAC
READ(30, 904) (NOIN(K),DIH(K))
04 FORHAT(lb 10.3)
72 CONTINUE
HRITE(40,95) (ALCK
HRITE(40,905) (NOI
905 FORMAT(S(1X,16,F9.
GO 10 70
80 CONTINUE
END

},k=1,20)
¥§§),DIH(K),K=1,NAC)

15/11/79
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PROGRAM VARGEO 76176  OPT=1 FTN &4.6+460

PROGRAM VARGEO(INPUT,QUTPUT,GED, NEW, TAPEGO=INPUT, TAPE61=0UTPUT,

1TAPE1=GEQ, TAPE2=NEH)
DIMENSION 1G(67,58),JG(67,58,2),1GAC10)
gkgggSION T1A(12),JA12),C0¢12)

MNS=58
MEW=67
C INITIALIZE
DO 100 I=1,MEW
DO 100 K=1,MNS

100 1G(1,K)=0
C READDSEOHETRYHCODES AND SPLIT

K=1,HNS

READ(1,90) (IG(I,K),I1=1,MEW)
90 FORMAT(10X,7110)

1F(EQF(1)) 7,8

8 CONTINUE

DO 2 I=1,MENW

ENCODE(10,91, IGCY IG(I,K)
91 FORMAT(I

DECODE(1
92 FORMAT(1

JG(1,K,2
CONTINUE
CONTINUE

CONTINUE
C HODIEY gEOHETRYogLOCK OR POINTHWISE

(=3
s

NN

JA(K), COCK) ,K=1,12))

)
93 FORMAT(i2,1
4 J?gk).CO(K).K=1,12))

94 FORMAT(1X,1
4 11=12=1A(NN)

J1=J2=JA(NN)
lF(CO(NN) NE.TH-) GO TO 5

—
N
m
o

e

oo

~

mZu —I—IN—-O

- e e

.
e cm

1.GT.MEW+MNS) GO TO 3
-NZ.GT.HEH:HNS) GO TO 3

zz

pr PO 3= T I
— CONNANSN
-~

- =

16

22O OO r e 2 e

"nZ e~

NN+1
IF(NN.GT.12) GO TO 3
GO TO &

3 CONTINUE
10 CONTINUE
C RECOMBINE CODES

15/11/79

11.14.44
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12

DO 12 I=1,MEW

DO 12 k=1,MNS

JGCILK, 1)=MAX0(JG(I,K,1),0)
JGCI,K,1)=MINOCJG(] K, 1), 9)
JG(1,K,2)=MINOCJG(] ,K,2),9)
JG(I,K,2)=MAX0(JG(I ,K,2),0)
1GC1,K)=(JGC(T,K,1)+10+JG(1,K,2)2+100000000
CONTINUE MEW

15/11/79
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PROGRAM VARHYD 76/76  OPT=1 FTN 4.6+460 15/11/79  11.14.44 PAGE

PROGRAM VARHYD(INPUT,QUTPUT,OLD, NEW. TAPE6O=INPUT, TAPE61=0UTPUT,
1TAPE1=0LD, TAPE2=NEHW)

DIMENSION 1A(12),JA(12),C0(12)

COMMON/LEV/PA(67,58,5) ,HY(67,58,8)

COMMON_A,MNS ,MEH,MAG

LEVEL 2,PA.HY
MNS=58
MEW=67
HAQ=2

C INITIALIZE
DO 100 1=1,MEH
DO 100 K=1,MNS
DO 100 N=1,

MAQ
HYCL,K,N)=HYCT K, Ne2)=HYCT K, N+ &) HY (T, K, N+6)=-9999
100 CONTINUE
C READ OLD DATA)IEOSVAILABLE

IF(EOFC1)) 7.8
8 CONTINUE
REWIND 1
CALL REDHYD(1)
7 CONTINUE
C MODIFY POINT OR BLOCK
ﬁg ? N=1,2000

READ(60,93) (DT,NG,TC,V, (1A(K), JA(K) CO(K) K=1,12))
93 FORMAT(AZ,1X,12,1X,A1,F13.5,12(212,

WRITE(61,94) (OT,NG,TC, V,(lA(K) JA(K) CO(K) K=1,12))
94 FORMAT(1X,A2,1X,12,1X,A1,F13.5,12(212,A1)

IF(EQF(603) 10,4
4 IN=NQ
IF(DT.EQ.2HTE) IN=2+NQ
[F(DT.EQ.2HTS) IN=4+NQ
[F(DT.EQ.2HSC) IN=6+NO
11=12=1A(KN)
J1=J2=JA(NND
IFCCOCNN). NE 1H-) GO TO 5
NN=NN+1
12=1A(NN)

- e e

mmmmamn e m

.OR.N1.GT.MEW+MNS) GO TO
.OR.N2.GT.HEH+MNS) GO TO

O ———N=200
W

MM NTMOOTMTIN=T
(=13

3 CONTINUE




60

PROGRAM VARHYD 76/76  OPT=1

10 CONTINUE
CALL QUTHYD(Z2,880)
END

FTN 4.6+460
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SUBROUTINE PLAYCO(IC,A,B,C,IVAR,MF)

DIMENSION VAR(3),DUM(2),1AD(3), MANC3), TE(3), 1ES(3)
VAR(1)=A

VAR(2)=8

V?R(3)'

IFCIC.EG.0) RETURN
C PRINT HESSAGE3IF VALUE OUT OF RANGE >0

AVA ABS(VAR(N))
IF(AVA.GT.0..AND.AVA.LT.0.0001) GO TO 2
é5(¢XAiGT'9999) GO TO 2

2 WRITE(MF,900) VAR(N) N
900 FORMAT(1X, *VALUE OF+,E12.5,+ OUT OF CODING RANGE VAR:t,]2)
1 CONTINUE
C DETERMINE SIGN CODES
DO 3 N=1,
[ADC(N)=0
TF(VAR(N) . LT.0.) 1AD(N)=S

3 CONTINUE
C SPLIT NOTAT]ON
DO 4 N=1,3
ENCODE( 10, 92 DUMY VARCN)
92 FORMAT(E10
DECODE(10 93 DUH) MANCNY, TECND
[E(N)=I1E(N

4 CONTINUE
C NORHSLIZE TO FINAL EXPONENT

0 5 N=1,3
lE(N) BN+ C-1)
IES(N)=0
IFCIE(N).LE.4) GO TO 6
[ESCNY=TECN) -4
IE(N)=4
6 MANCN)=MAN(N)/10++IES(N)
IE(N)=IE(N)+1AD(N)
HAN(N)=TABS (MANCN))
5 CONTINUE
93 FORHAT(ZX 14,1X,13)
C CONCATENATE
ENCODE(18,94,DUM) (IC, (IECNY ,MANCN) ,N=1,3))
94 FORMAT(1X,11,3(11,14.4))
DECODEC18,95,DUM) ' [VAR
95 FORMAT(I18)
RETURN
END

11.14.44
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SUBROUTINE MANWRI 76176  OPT=1 FTN 4.6+460 1571779 N4

900

SUBRGUTINE MANWRI(MAQ,MNS,MEW, IDIS, 1YY, NF)
DIMENSION IDIS(MEW,MNS,MAQ)

1Y=1YY-1000

1FC1Y.GE.1000) 1Y=1Y-1000

HRITE(NF,900) 1Y

FORMAT(13,11,212,4118)

MM=MEW/4+1

1A,K,N).GT.0.0R, IDISCIA+1,K,N).GT.0) GO TO 2
12-1.K,N) .GT.0.0R.IDIS(12,K,N).GT.0) GO TO 2

{
(
E.900) CIY NLK, 15, CIDISCLLK,N) L I=1A,120)
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SUBROUTINE DISRED(HAO,HNS,HEH,DIS,NY MS,MA)

D=?§§SION DIS(MEN,MNS,MAD) ,MS(MAD) ,MACMAQ) ,NI(5),NK(5) NN(5),
NY=NYY-1000

IFC(RY.GE.1000) NY=NY-1000

DO 1 N=1,MAQ

DO 1 k=1,MNS

DO 1 I1=1,MCW

DISCI,K,N)=0.

1 CONTINUE
DO 2 N=1,MAG
DO 2 1S=1,2
C EXCLUDE UNAVAILABLE FILES
IFCIS.EQ. 1.AND.MS(N) .E.0.) GO 70 2

1FCIS.EQG.2.AND.MAC(N) .EQ.0.) GO TO 2
NF=(N-1)*MAQ+IS
C SEARCH FOR DATA OF SPECIFIED YEAR
3 READ(NF,90) YC,1Y
90 FORMAT(A1,3X,13)
[FCEOFC(NF)) 100,4
4 IFCIY-NY) 3,5,3
€ READ DISCHARGE DATA
5 READ(NF,91) (YC,(NICL),NKCL),NNCL),DICL),L=1,5))
91 FORMAT(A1,5(312,F9.3,1X))
IFCEQFC(NF)) 80,6
6 IFCYC.EQ.1HY) GO TO &0

5
.LE.0) GO TQ 7
LLE.0.) GO TO 7

I ot et 2 CI
>0 Hnnno

i NAY=DISCI,K,NA)Y+DI (L)

GO 10 S
80 BACKSPACE NF
2 CONTINUE
RETURN
100 WRITE(61,900) NY,NF
900 Fg?GQT(1X L3Hee+,DATA FOR YEAR 11¢,13,x NOT FOUND ON UNIT+,13)
END

11.14.44

noz




10

15

SUBROUTINE OUTFIL 76176  OPT=1 FIN 4.6+460

SUBROUTINE OUTFIL(NYY,NF,CC, W)

DIMENSION W(67,58,2)

COMMON A,MNS,MENW,MAQ

NY=NYY

TF(NY.GE.1000) NY=NY-1000

IFCNY.GE.1000) NY=NY-1000

MM=MEW/6+1

D0 1 MA=1,MAQ

D0 1 K=1,MNS

DO 2 N=1,MM

TA=(N-1)26+1

1Z=MINO(TA+S ,MEW)

WRITE(NF,90) (NY,NA K, IA,CC, (H(],K,NA),I=1A,12))
FORMAT(13,1X,11,2(1X,12),1X,A1,1X,6E11.9)
CONTINUE

CONTINUE

RETURN

END

1571179
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PROGRAM GELEV 76176  0PT=1 FTN 4.6+460

PROGRAM GELEV(INPUT,OUTPUT, COR,GEL,MAS, TAPE6O=INPUT, TAPES1=0UTPUT

1,TAPE1=CGR, TAPEZ= GEL , TAPE3ZMAS}

DIMENSION EL(67,58.2).AR(67,58),VA(3),VB(3)
COHHOh/LEV/AR

LEVEL 2,AR

COMNON A,MNS,HEW,HAG

MNS=58

MEW=67

KAQ=2
C INITIALIZE FROM CORRECTIONS FILE
D0 1 MAG

DO 2 K=1
D0 2 I=1,MEM
EL(I, K N)=ARCI,K)

CC=1HG
CALL SERDATéHNS.HEH.1.'90.N.CC,AR,61)

2 CONTINUE

1

CONTINUE

C OBTAIN GEL FROM MASTER CARD

10 READ(3,92) (NV,NHW,(VA(K),K=1,3
92 FORMAT(3X,A5,1X,16,10X,F3.0,5F

1"

100

B(K) K=1,3),GE)

Y.V
2.0,1,F5.1,1X,£5.0)
[F(EQF(3)) 100,11

GE=GE*.305

CALL GRIDNOCXEW,YNS,VB,VA,0Q)

[=XER+0.5

K=YNS+0.5
IFC(1.GT.MEW,OR.1.LT.1.0R.K.GT.MNS.OR.X.LT.1) GO TO 10
IFCGE.LE.0.) GO TO 10

TECELCE,K,1).LE. 0 EL(1,K,1)=CE

éF(EL(I .K.2).LE.0.) ELCI.K,2)=GE

1
CALL OUTFIL(970,2,1HG,EL)
END

15711779 11.14.44

PAGE

1




SUBROUTINE GRIDNO 76176  0PT=1 FTN 4.6+460

10

15

20

25

30

35

40

45

SUBROUTINE GRIDNO(X,Y,XLA,YLO,DIR)
DIMENSION XLA(3),YLO(3)

DOUBLE R,ARC,AR,D

IF(DIR.GT.0.) GO TO 100

C RATIONALIZE LONG. LAT.

©

o

[ I )

(]

XLA(2)=XLA(2) +XLA(3)/60.
XLAC1)=XLA(1)+XLA(2)/60.
YLO(2)=YLO(2)+YLO(3)/60.
YLO(1)=YLO(1)+YLO(2)/60.
RADIUS
c R=460.+(32.5566-XLA(1))+4,433

ARC=(YLO(1)-144.)+0.008127
COORDINATES

D'DS[N(AR)
X=R+DSIGN(D,AR(C) +40.5
Y=R+DCOS (AR} -460.
RETURN

100 CONTINUE

DIRECTION: GRID TO LONG.LAT.

ARC AND RADIUS
ARC=(X-40.5)/(Y+460.)
AR=DABS(ARC)
AR=DATAN(AR)
ARC=DSIGN(AR,ARC)
R=SORT((X~40,5)x12+(Y+460.)*+2)

GLE

ARC=ARC/0.008127

LONG. LAT. DECIMAL
YL=144+ARC
XL=32.5566+(460.-R)/4.433

SPLIT FRACTION INTO MINUTES SECONDS
YLOC1)=AINT(YL)
XLAC1)=AINT(XL)
YL=YL-YLO(1)
XL=XL-XLAC1)
YLOC2)=AINT(YL+60.)
XLAC2)=AINT(XL160.)
YL=YL-YLO(2)
XL=XL-XLA(2)
YLO(3)=AINT(YL+60.)
XLA(3)=AINT(XL+60.)
RETURN
END
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SUBROUTINE TEMCOR 76/76  OPT=1 FTN 4.6+460

1 SUBROUTINE TEMCOR(COR, TEM, TEOR DHA, DRE)
DIMENSION TCOR(20),TEMC10
C DETERMINE AVERAGE TEHPERATURE
ATEM=35

5 M=0
SUM=0
D0 1 N=1,100
IFéTEH(N).LE.O) GO TO 1
M+
10 SUM=SUM+TEM(N)
CONTINUE
IF(M.LE.0) GO TO 2
ATEM=SUM/M
2 1TEM=ATEM/S5+1
15 C CALCULATE TEMPERATURE CORRECTOR (ADDITIVE)
ITEM=MINOCITEN,20)
COR=DHA*TCORCITEM) -DKE

RETURN
END

py
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Loc

CONTENT

CONTENT

Loc

INDEX

CONTENT

LoC CONTENT Loc CONTENT
CO1 ALPHABETICAL INDEX OF LIB | 004 SUBROUTINE REDHYD
001 PROGRAM PROCCO P04 SUBROUTINE REDGEO
EON SUBROUTINE TABLE Cos PROGRAM START.
FO1 SUBROUTINE QUICK DOS SUBROUTINE TRANSI
601 SUBROUTINE QUICK EO0S SUBROUTINE TRANSI
HO1 SUBROUTINE TOTALO FOS SUBROUTINE RANGE
101 SUEROUTINE TOTALO GOs SUBROUTINE ERANG
Jo1 SUBROUTINE SBOUND HOS PROGRAM STOCAL
k01 SUBROUTINE SBOUND 105 PROGRAM STOCAL
Lot SUBROUTINE THOFUN Jos PROGRAM STOCAL
HO1 SUBROUTINE THOFUN K05 PROGRAM VERTAD
KO1 SUBROUTINE SIMPRI L05 PROGRAM VERTAD
001 SUBROUTINE THREED M05 SUBROUTINE VERCAL
PO1 SUBROUTINE SMAMAP NOS SUBROUTINE VERCAL
oz SUBROUTIKE SMAMAP 005 SUBROUTINE NODBAL
D02 PROGRAM MANROO 2} SUBROUTINE NODBAL
E02 PROGRAM HMANMCD Co6 SUBROUTINE NODBAL
F02 PROGRAM MANMOD D06 SUBROUTINE CALMOD
602 PROGRAM MANMOD EQ6 SUBROUTINE CALMOD
HO2 PROGRAM MANMOD F06 SUBROUTINE REXBAL
102 PROGRAN MANMOD Goé SUBROUTINE REXBAL
J02 PROGRAM MANMOD HO6 SUBROUTINE REXBAL
K02 PROGRAM °1ANMOD 106 PROGRAM KODIS
L02 PhuGRAM (OMCAL Jos PROGRAN NODIS
HO2 PROGRAM COMCAL KQé PROGRAM NODIS
NO2 PROGRAM COMCAL Lo6 PROGRAM VARGEQ
002 SUBROUTINE OUTHYD M06 PROGRAM VARGEO
P02 SUBROUTINE ASSIGN NO6 PROGRAM VARHYD
Co3 SUBROUTINE TIMESE 006 PROGRAM VARHYD
003 SUBROUTINE LARMAP P06 SUPROUTINE PLAYCO
EQ3 SUBROUTINE LARMAP coz SUBROCTINE MANKRI
FO3 SUBROUTINE SERDAT D07 SUBROUTINE DISRED
GO3 SUBROUT INE BNUNDO EQ7 SUBROUTINE OUTFIL
HO3 SUBROUTINE LEAKAG Fo7 PROGRAM GELEV
103 SUBROUTINE SLEAKA Go7 SUBROUTINE GRIDNO
Jo3 SUBROUTINE SLEAKA HO7 SUBROUTINE TEMCOR
k03 SUBROUTIKE EFDRAHW
L03 SUBROUTINE STOTAG
M03 FUNCTION IGED
NO3 PROGRAM RUNSTE
003 SUBROUT INE MANCHE
P03 SUBROUTINE REDPOT
(W1 23 SUBROUTINE HISPOT
004 SUBROUTINE PLAYMO
EO0% SUBRQUT INE PLAYMO
FO4 SUBROUTINE HISDIS
GO4 SUBROUTINE DISCOP
HO4 SUBROUTINE QUTPOT
104 PROGRAM HISMOO
J04 PROGRAM HISMOQ
K04 PROGRAM RUNMOD
L04 PROGRAM RUNX0D
HO4 SUBROUTINE STEADY
NO4 SUBROUTINE STEADY




	Front cover
	Title Page

	Table of Contents (i)

	Table of Contents (ii)

	Table of Contents (iii)

	Summary
	1. Introduction

	1.1 Notes on the Presentation
	1.2 Definitions
	1.3 The GABHYD Model
	1.4 Comparison of Calibration Methods
	1.5 Results of the Calibration

	2. Description of the Calibration
	2.1 The Available Data
	2.2 Brief Description of the Model Prototype
	2.2.1 Prototype Geometry
	2.2.2 Prototype Parameters
	2.2.3 Prototype State Variables
	2.2.4 Prototype Decision and Related Variables

	2.3 Formulation of the Calibration Problem
	2.3.1 Existence of a Solution
	2.3.2 Uniqueness of the Solution
	2.3.3 Adequacy of Data

	2.4 Solution by Model Inversion
	2.4.1 Initial Values and Boundary Conditions
	2.4.2 Determination of Approximate Storativitives
	2.4.3 Determination of Transmissivities
	2.4.4 Adjustment of Potentials
	2.4.5 Adjustment of Vertical Leakage Factors

	2.5 Calibration Sequence
	2.5.1 Data Base Generation
	2.5.2 Boundary Extension of Prototype
	2.5.3 Scaling of Hydraulic Parameters and Calculation of Storativities
	2.5.4 Prototype Corrections and Generation of Model Manipulation Files
	2.5.5 Calibration First Approximation
	2.5.6 Prototype Adjustment
	2.5.7 Calibration Second Approximation

	2.6 Further Work

	3. The Calibration Programs
	3.1 The GABHYD Model Equation
	3.2 The GABHYD Model Data Files
	3.3 Common Subroutines
	3.4 Calculation of Storativities with Program STOCAL
	3.4.1 Program STOCAL
	3.4.2 Subroutines SLEAKA, SBOUND, STOTAQ, EFDRA
	3.4.3 Specification of Operating Parameters

	3.5 Calculation of Transmissivities and Adjustment of Potentials with Program COMCAL
	3.5.1 Program COMCAL
	3.5.2 Subroutine REXBAL
	3.5.3 Specification of Operating Parameters

	3.6 Adjustment of Vertical Leakage Factors
	3.6.1 Program VERTAD
	3.6.2 Subroutine VERCAL
	3.6.3 Specification of Operating Parameters


	4. References
	Appendix A

	Appendix B

	Appendix C


	Table

	Table 1


	Figures

	Figure 1

	Figure 2

	Figure 3

	Figure 4

	Figure 5

	Figure 6

	Figure 7

	Figure 8

	Figure 9

	Figure 10

	Figure 11

	Figure 12

	Figure 13

	Figure 14

	Figure 15

	Figure 16

	Figure 17

	Figure 18a

	Figure 18b

	Figure 18c

	Figure 18d

	Figure 19

	Figure 20

	Figure 21

	Figure 22





